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Executive Summary

Bruce Power’s mission is to provide clean, affordable and reliable energy for the province of
Ontario, as well as to provide life-savingmedical isotopes,while protecting the environment
and supporting our communities. Bruce Power has focused on innovation,returning the site
to its full operatingpotential, which contributes tothe efforts of the Province to combat the
impacts of climate change, by providingclean energy. Bruce Power recognizes thebusiness
has direct and indirectinteractions with theenvironment, and we consistently make efforts (i.e.
influencingour Supply Chain) to ensurethese interactions take place with no significant
adverse environmental effects. Ensuring environmental protection has beena focus of the
business since BrucePower was formed in 2001.

The purpose of this report is to fulfill regulatory requirements on environmental protectionin
accordance with Power Reactor OperatingLicence (PROL) for Bruce Nuclear Generating
Stations A and B Licence number 18:00/2028 Condition 3.3, andCNSC Regulatory Document
REGDOC 3.1.1 Reporting Requirements for Nuclear Power Plants, Section 3.5.

This report describes the effluent and environmental monitoringprograms related to Bruce
Power’s operations, as well as an overview of waste management. These programs are
within Bruce Power’s environmental management framework. They are developed,
implemented, periodically reviewedand enhanced where possibleto ensure environmental
protection. Monitoringof radiological, non-radiological (conventional and hazardous)
substances and assessing the effect on human and non-human biota forms the basis for
demonstrating environmental protectionat a nuclear facility. The effluent and environmental
monitoringprograms are importantto our facility becauseat they ensure, through sampling
and analysis, that there are no negative effects from our plant operations on the environment
and the public.

Bruce Power strives to maintaina positive working relationshipwith those who have an
interestin our business. We are committed to open communications with community
members, Indigenous communities andall stakeholders. This includes local residents,
government representatives, charities, service clubs, schools and students. This report
includes a summary of Bruce Power’s key environmental protection and stewardship activities
beyond compliance obligations thatoccur within thelocal communities.

Site Location

The Site is locatedon the eastern shore of Lake Huron near Tiverton, Ontario withinthe
traditional lands andtreaty territory ofthe people of the Saugeen Ojibway Nation(SON),
whichincludes the Chippewas of Nawash and Saugeen First Nations. Bruce Power is
dedicated to honouringlndigenous history andculture and is committedto moving forward in
the spiritof reconciliationand respect with the Saugeen Ojibway Nation(SON), Georgian Bay
Métis Nation ofOntario (MNO) and the Historic SaugeenMétis, and to leading by example in
this community andindustry.

Nuclear power has been safely generated from the Site for the past 52 years, initially through
the Douglas Point Nuclear GeneratingStation (1968-1982) and subsequently through the
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Bruce A and B Nuclear Generating Stations which wereput into service from 1977 to 1979
and from 1984 to 1987, respectively.

Regulatory Requirements

Bruce Power complies withrelevant Federal and Provincial environmental legislation,
regulations, and other requirements; specifically withregulations and programs which protect
human health and the environment under the Canadian Environmental ProtectionAct, and the
Nuclear Safety and Control Act. As well, Bruce Power complies withthe Environmental
Compliance Approvals and Permits issuedby the Ontario Ministry ofEnvironment
Conservation and Parks.

REGDOC 2.9.1

The CNSC Regulatory Document, REGDOC 2.9.1 Environmental Protection Environmental
Principles, Assessments and Protection Measures describe CNSC'’s principles for
environmental protectionfor new and existingnuclear facilities. Bruce Power implements this
standard to demonstrate that environmental protectionmeasures are or will bein place. The
CNSC has accepted the request from Bruce Power to move to the most recent version of this
standard, REGDOC-2.9.1, version 1.1 (2017). Bruce Power implements this standard to
demonstrate that environmental protectionmeasures are or will bein place.

1SO 14001

Registration tolSO 14001 Environment Management System is arequirement of REGDOC
2.9.1, version 1.1 (2017). Bruce Power implements ISO14001:2015 as our environmental
framework, and incorporates industry beststandards (CSA N288 Series) to conductour
effluent/environmental monitoring programs, achieve performance targets, and drive continual
improvement, to ensure continued environmental protection.

ISO 14001:2015 was released by the International Organization for Standardization on
September 15, 2015. 1SO 14001:2015 focuses on the Environment Management System
(EMS)being integrated throughout business processes to aid in the organization’s knowledge
and understanding ofexternal and internal issues, identification of stakeholders needs and
expectations, and identification ofrisks and opportunities impactinghe organizationand
interested parties. The standard also focuses on leadership’s commitment to environmental
performance, protection of the environmentbeyond prevention of pollution, and adoptionof a
lifecycle approach when consideringand evaluatingits environmental aspects.

Bruce Power had a successful re-registrationauditin 2017 to acquire certificationto this
enhanced version of the ISO 14001 standard. Bruce Power’s ISO 14001:2015 surveillance
audits were conducted by the external registrar, SAl Global, in the spring and fall of 2019.

The auditor determinedthat the management system is effectively implemented and meets

the requirements ofthe standard. As such, Bruce Power continues to maintain certification to
ISO 14001. There were zero non-conformances, several strengths and a few opportunities for
improvement (OFIs) identified whichhave been implemented.
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CSA N288 Series Implementation

The CSA N Series of standards provide an interlinkedset of requirements for the
management of nuclear facilities andactivities. The CSA N288 series of Standards and
Guidelines provide overall directioron environmental managementfor nuclear facilities and
several are a requirementof the operatinglicence for the facility.

Bruce Power has fully implementedthe following N288 series ofstandards; N288.1-2008
Update No. 1 (2011), Guidelines for CalculatingDerived Release Limits for Radioactive
Material inAirborne and Liquid Effluents for Normal Operation of Nuclear Facilities,N288.4-
10, Environmental MonitoringPrograms at Nuclear Facilities andUranium Mines andMills,
N288.5-11, Effluent Monitoring Programs atNuclear Facilities andUranium Mines andMills
and N288.6-12, Environmental Risk Assessments atClass | Nuclear Facilities andUranium
Mines and Mills.

Bruce Power continues toprogress through its implementationplans for additional standards
inthe N288 series for environmental management. N288.7-15, Groundwater Protection
Programs at Class | Nuclear Facilities andUranium mines andMills is progressing to befully
implemented by December 31, 2020 and will enhance and improve the already existing
groundwater monitoringprogram. N288.1-14 Updates No. 1 (May 2017), No. 2 (Nov. 2017),
and No.3 (June 2018) Guidelines for CalculatingDerived Release Limits for Radioactive
Material inAirborne and Liquid Effluents for Normal Operation of Nuclear Facilities is
progressingto be fully implementedby June 30, 2021. The updates inthe new N288.1-14
version of the standard were the result of significantscientific advances indosimetry and in
the understanding of radionuclide behavior in theenvironmentresultingin the Canadian
Nuclear industry consensus thatthe models and data in N288.1-2008 needed to be updated.

Bruce Power is workingtoward a voluntary implementationof another N288 standard, N288.8-
17, Establishing and Implementing Action Levels for Releases to the Environmentfrom
Nuclear Facilities. The revised limits inthis standard are more aggressive and will require
reporting to the CNSC when releases demonstrate a loss of operational control (e.g.failed
filters), even ifthe releases remainwell under levels which pose any threat to public dose
limits Bruce Power is progressingto full implementation ofthis new standard by June 30,
2021.

Fisheries Act Authorization

Bruce Power receiveda Fisheries ActAuthorizationfrom Fisheries and Oceans Canada
(DFO) inDecember 2019. The Authorizationrequires Bruce Power to quantify fishlosses
through continued monitoring fish impingement andgentrainment, and then to quantify fish
gains through monitoringimprovements tothe Lake Huron watershed. Monitoring offish
losses continuedin 2019 and is ongoing.

Bruce Power partnered with the Lake Huron FishingClub and the Municipality ofBrockton to
complete a partial removal ofthe Truax Dam on the Saugeen River inWalkerton Ontario. The
dam has long been identifiedas a major barrier to upstream passageof fish. The dam was
removed in Augustand September 2019, witha partial removal allowingfish passage while
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maintaininga recreational areafor the town. Pre-monitoringof the fish community inthe
stretch of the Saugeen River near to and upstream of the Truax Dam occurred in 2018 and
2019 and post monitoringwill beginin 2020.

In additionto the Truax dam offset project, Bruce Power worked with the Ontario Ministry of
Natural Resources and Forestry to support their lake trout stocking program in2019. Re-
establishment oflake trout enriches the deep water food web, resulting ina more stable fish
community. Bruce Power also began working with SON on a Coastal Water Monitoring
Program, designed as a complementary measure to increase understanding of the aquatic
ecosystem. Bruce Power is engaging withindigenous communitiesto develop an offsetting
plan focused on improvingfish and fish habitat inthe Lake Huron watershed. A minimum of
three cost-effective projects are to be planned for implementation withirthe duration of the
Fisheries ActAuthorization.

Thermal Emissions

Bruce Power has been inactive dialogue with the Canadian Nuclear Safety Commission
(CNSC) and Environment and ClimateChange Canada (ECCC) to ensure that fish are being
protected from the effects of thermal discharge ofwater. Quantitativeanalysis usingan
alternate methodology was conducted in the update to the ERA and further updated to
incorporate regulatory comments. Seventeen fish species representing cold,cool and warm
water guilds were assessedagainst measured temperature values over 3 years. Results
using the most thermally sensitive species andlife stage by month concluded that thermal
effluent causes minimal tonegligiblerisk to fish. Further detailed quantitativeanalysis was
completed for whitefish embryos over winter inthe nearshore and concluded a low to
moderate risk for cold water species suchas round whitefish.

In addition,with respect to the Provincial Environmental Compliance Approval withthe
Ministry ofEnvironment, Conservationand Parks, Bruce Power has a temporary amendment
to the ECA to continue withthe Operational Flexibility for thermal effluent inthe summer
months. The ECA operational flexibility has beenevaluated interms of fish thermal
benchmarks, which also resulted in minimal to negligible risk to fish.Discussions onthis topic
with regulators and Indigenous communities continuedn 2019. Monitoringhas continuedand
the potential risk will bereassessed every 5 years inthe ERA as part of regular processes at
Bruce Power, which will capture evolving conditions and new information. A Thermal
MonitoringPlan, developed with local Indigenous groups,was submittedto the Ministry of
Environment, Conservation and Parks by May 31 2019.

Effluent Monitoring

Results of the Effluent Monitoringprogram demonstrate that all conventional and radiological
effluents (waterborne and airborne) are, and continueto be, well below regulatory limits.

Radiological Effluent Monitoring

With respect to radiological airborneemissions andliquidreleases, derived release limits
(DRLs) are inplace to ensure release limits to theenvironmentwill not exceed the annual
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regulatory public doselimitof 1 mSv. Furthermore, to ensure that DRLs are never reached,
Bruce Power has developed and implemented additional administrative limits well below
DRLs, to ensure actionis taken well before there is any emissionthat would significantly
contribute to public dose. These lower levels are called Environmental ActionLevels (EALSs)
and Internal InvestigationLevels (lILs). Environmental ActionLevels are currently set at
approximately 10 percent of the DRLs for each radionuclide/radionuclide group. Action levels,
if reached, are reportable to the CNSC and require specific actions tobe taken to promptly
mitigatethe release. An Internal InvestigationLevel is anadministrative level setmuch lower
than Environmental ActionLevels. Itis setat the upper range of normal releases (both
airborne and waterborne) for each radionuclide/radionuclidegroup. If an IIL is exceeded,
Bruce Power promptly begins aninvestigation to determinewhy ithappened and put
corrective actions inplace to ensure future releases remainwithinthe normal range. Bruce
Power strives to maintainemissions as low as reasonably achievable (ALARA).

In 2019, all releases remained well below the derivedrelease limits andactionlevels. For
waterborne emissions,tritium releases from Bruce Bincreased relativeto 2018 due to
maintenance activities anddelays in de-tritiationprocessing of heavy water (D,O) off site.
Bruce A waterborne tritium emissions show dong term stable trend. Waterborne "“C
emissions havedecreased at Bruce A and Bruce B since 2015 due to an increased focus on
resin management on reactor purificationsystems, however Bruce B waterborne "C
emissions increasedsince 2018 due to ion exchangeresin dewateringand replacements in
preparation of Major Component Replacement activities. Bruce A waterborne C emissions
continue to show a long term stable trend. Waterborne gamma emissions haveremained
stable over the long term at both stations.

For airborne radiological releases,a decrease in tritium was observedin 2019 at Bruce A and
Bruce B compared to 2018. Airborne "*C emissions atBruce B have significantly declined
since 2010 and have remained relatively stablesince, and Bruce A experienced an overall
reduction in'C emissions since2015. Improvements realizedin '*C emissions can be
attributed to an increased focus on resin management and a decrease in moderator cover gas
purges. lodine emissions at BruceB have been very low and stable over the long term;
however, Bruce A experienced elevated iodineemissions in2019 due to occurrences of failed
fuel. An increased focus on the equipment monitoringand reliability ofthe exhaust stack
filters has ensured the minimizationof iodineemissions.

The dose to public remainsde minimus for the 28th consecutive year (since measurement
commenced). Bruce Power is always strivingto implementindustry best practices and
frequently requests to adopt new standards. Currently Bruce Power is workingtowards the
implementation 0ofN288.8 which would include the developmentof more stringent
Environmental Actions Levels (approximately 1,000 times lower than current EALS) that are
more closely aligned withoperational performance.

Conventional Effluent Monitoring

With respect to non-radiological (conventional) emissions, Bruce Power complies with
applicable provincial regulations,approvals, and permits. Bruce Power continues tocomply
with its Environmental ComplianceApprovals and regulations under, but not limitedto, the
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Environmental ProtectionAct and the Ontario Water Resources Act. For conventional
waterborne emissions,there were two moderate infractions in2019, as discussedin Sections
3.2.3.2and 3.2.3.3.

In accordance with the ECA (Air), noise complaints receivedfrom Inverhuron residents during
the spring/summer period 0f2019 were reported to the Ministry ofthe Environment
Conservation and Parks (MECP) DistrictOffice. Noisemonitoring andassessments
conducted between 2015 and 2019 demonstrate that Bruce Power’s noise level at concerned
receptor locations remain incompliance with MECP limits.

As discussedin Section 3.2.2.1 Bruce Power completed a noise mitigationprojectin 2019
which involved installingsilencers onthe deaerator vents at Bruce B. The installation of
silencers resulted ina 26 to 33 dBA reductionin sound levels from each of the deaerator
vents. Furthermore, the distinctivetone from the deaerator vents was nolonger audible.
During a two week community monitoringcampaign conducted after the silencers were
installed, the deaerator vents were not audible above background sound levels (i.e. waves,
wind, birds, etc.). Bruce Power provided updates tothe community as the projectprogressed,
and following its completion,received positivefeedback on sound levels from several
members of the community.

Greenhouse gas emissions havetrended downwards due to the shutdown of the Bruce Steam
Plant in 2015 and remain below thefederal and provincial greenhouse gas emission
thresholds for reporting, as discussed inSection 3.2.2.3.

Waste Management

Bruce Power manages many different forms ofwaste, including:hazardous waste (oils,
chemicals, lightinglamps and ballasts — some of these are recycled), recyclable waste (glass,
plastic, metal, cardboard, paper, wood, batteries, and electronics), organic waste (compost),
and landfill waste. Bruce Power also manages radioactivewaste in partnership withOntario
Power Generation (OPG). Bruce Power complies withall waste regulations and requirements
of the relevant Federal, Provincial,and Municipal authorities. Further, Bruce Power has taken
an active role for many years to reduce all forms of waste: from an environmental and
financial standpointwaste reductionis good for our company andthe community inwhichwe
reside. Our philosophy employs awhole life-cycle approachinthat we reduce waste at the
consumer level, generate less waste at the company level, find opportunities toreuse
products (on-site, off-site donations, or sell them at auction), and implement recycling
programs that are availablein the ever-changing recycling market. To minimize theamount of
waste sent to landfill each day, Bruce Power has implementeda number of initiatives that
apply the principles ofreduce, reuse, recycle, and recover. Wherever its fate, each waste
stream generated at Bruce Power is processed and disposed ofin a safe and
environmentally-responsible manner.

Environmental Monitoring

The environmental monitoringprogram is designedto meet the requirements of CSA N288.4-
10. This consists ofboth radiological environmental monitoring program, whichis used to
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characterize dose-to-public annually,and non-radiological (conventional) environmental
monitoring.

The conventional environmental monitoring program monitors for conventional (non-
radiological) contaminants,physical stressors, potential biological effects and pathways for
both human and non-human biota. The objectives are to: demonstrate compliance withlimits
on the concentration and/or intensity ofconventional contaminants and physical stressors in
the environment or their effecton the environment;to check, independently of conventional
effluent monitoring, onthe effectiveness of contaminant and effluentcontrol; with respect to
the ERA — verify predictions,refine models andreduce uncertainty in predictions as needed.
In 2019 monitoring includedwildlife surveys (amphibians,reptiles, birds, fish), water quality
(storm water, thermal effluent) as well as fishimpingementand monitoringfor the Truax dam
offset program. Results are indicativeof healthy local populations withno water quality
changes as a result of site activities. Phragmites removal continued in Baiedu Dore. This
type of effort, partnered with community restorationand conservationinitiatives,continue to
extend our understanding ofthe local area as well as provide opportunities for sustainable
environmental protection. Bruce Power continues towork with industrial andexternal
agencies to enhance environmental understanding(i.e. ECCC, conservation authorities,non-
profits, CANDU Owners Group).

During the 2018 licence renewal process, Bruce Power presented their commitmentto
working with Saugeen Ojibway Nation(SON), Métis Nationof Ontario (MNO) and Historic
Saugeen Métis (HSM) ina manner that best suits their communities toenhance involvement
in environmental monitoring. Recognizingthat every community has aunique set of interests,
in 2019 we worked with each community to further thesediscussions. This included:

o SON’s Coastal Waters MonitoringProgram development and the execution of year one
of a three year monitoringprogram commitment. Bruce Power was provided the
opportunity to provide inputinto the development of this program, as the program is
intended to supplement Bruce Power’s existing environmental programs.

o MNO's update to their Valued Components Report, distributionand discussionof next
steps during the multi-party EnvironmentalWorkshop in October, which includes the
MNO, Bruce Power, Ontario Power Generation and Canadian Nuclear Safety
Commission.

o HSMs Oral History Project, the project is intended tohelp inform ongoingClimate
Change study as well as other additional processes at the Bruce Power site such as
environmental monitoring.

o Involvement in Environmental Monitoringremains aroutine and active topic with all three
communities moving inta2020.

During the 2018 Licence Renewal process Indigenous Communities that Bruce Power

routinely engages withindicatedthat the dose to public calculation was notrelatable of their
specific communitiesand rather more reflective of communities further north. Over the
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course of 2019 we continued this dialogueduring our routine interactions tounderstand how
we can better refine the relevancy of this calculation. Through this process we:

) Finalizeda new version of the diet survey and in the fall of 2019 started to distributeto
communities via a process guidedoy each community.

o For SON this includedtwo community workshops; HSM participation during routine
meetings; and MNO plans to host community workshops over four days in 2020.

Following participationfrom all three communities, survey results will be used to refine the
dose to public calculationas itrelates to local Indigenous community members and citizens.

A site specific survey is conductedoutinely, typically every 5 years, and the most recent
survey was conducted in 2016 and included over 260 local respondents. This survey provides
importantinformationabout the human, social, economic andnatural environment
surrounding the site. Bruce Power gathers informationon meteorology and severe weather,
land use, population, water usage, agriculture, recreation, food sources (how much of a
person’s diet is locally produced), daycares, before/after school programs, long term care
homes, school boards and parks withinthe vicinity ofthe Bruce site. Bruce Power uses the
data to calculate an annual radiationdose to the public, perform periodic Environmental Risk
Assessments and calculate Derived Release Limits. This data is alsoused to inform the
environmental monitoring program designand itis also importantfor emergency
preparedness and response planning.

As part of the Radiological Environmental Monitoring (REM) Program, a variety of
environmental mediaare collected inthe local area each year and analyzed for radiological
contaminants. This includes air,precipitation,drinkingwater, surface and well water, milk,
fish, fruitand vegetables, deer (when available) and eggs. Mediais collected near andfar
field of the site and the results are compared to Provincial values where possible. The
information is used inverifyingboth the environmental monitoring program design and
Environmental Risk Assessmentconclusions, and also in calculating the dose to
representative persons each year. For 2019, the dose to the most exposed individuals near
site remains de minimus.

Dose to Public

Each year Bruce Power gathers informationin order to calculate the radiological doseto
potential representativepersons livingnear the site. This includes meteorological data,
analysis results from local environmental media and site radiological emissions thainclude all
utilities near or withirthe Bruce Power boundary. Following the methodology outlinedin CSA
N288.1 DRL Guidance and using the environmental transfer model Integrated Model for the
Probabilistic Assessmentof Contaminant Transport (IMPACT 5.5.2), a dose is calculated for
each representative personat three age classes — adult, child and infant. A representative
person is determinedusing the lifestyle characteristics identifiedn the Site Specific Survey
and is definedas an individual whoreceives adose that is representative ofthe most highly
exposed individuals inthe population. The most limitingresult, or highest calculateddose, is
used as the annual dose to public and is publishedannually inthis report.
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For the 28th consecutive year Bruce Power’s calculated dose to a member of the public is
less than the 10 pSv/year value that is regarded as thelower threshold for significance(de
minimus). The highest dose calculated for year 2019is 1.5 pSv, representing 0.15% ofthe
regulatory dose limitof 1000 pSv/y. The representative personestimated for year 2019 is an
adult at Bruce Farmer 14 location (BF 14 Adult).

2019 Maximum Representative Person’s Dose

Representative Person Committed EffectiveDose Percentage of Legal Limit

BF14 Adult 1.5 pSvly 0.15%

Groundwater Protection

Bruce Power has had a robust groundwater monitoringprogram in place at the site since the
early 1990’s. This program was largely based on historical risks,assessments and events as
a result of operations over many decades. Recently, the groundwater monitoringprogram has
evolved to ensure alignmentwith the new groundwater protectionstandard, CSA N288.7-15,
Groundwater Protection Programs at Class | Nuclear Facilities andUranium Mines andMills.
Groundwater monitoring onsite is an element of the groundwater protectionprogram inwhich
systems, structures and components, contaminants of potential concern,identified receptors
and pathways of migrationare evaluated as part of an overall conceptual site model toensure
the protection ofgroundwater as a resource. Samplingand analysis plans are optimizedin
order to verify that groundwater results are achievingperformance objectives specific toeach
groundwater monitoringsite. Monitoring results arecompared against either statistically
based or ecologically based evaluationcriteria. Criteria,if and when exceeded, are managed
through already established corrective action processes inorder to ensure timely resolution
and follow up investigation ifrequired. Annual assessments are conducted to ensure these
monitoringrevisions and correctiveactions are completed. Currently the Bruce Power
groundwater monitoringprogram includes 16 specific sites withover 120 wells which are
maintainedand sampled annually.

The groundwater protection program goal is to protect the overall quality and quantity of
groundwater by minimizinghe interactions withthe environmentfrom activities associated
with Bruce Power thereby allowingthe effective management of groundwater as a resource.
Through development of sampling plans, monitoring, samplingand testing, evaluationof
results against performance objectives andinvestigationof exceedances leading to revision of
sampling plans Bruce Power ensures that the overall groundwater protection goal is met.

Environmental Sustainability

Created in 2015, the Environmentand Sustainability fund,since its inception has seenthe
distribution ofabout $2 milliondollars into over 98 environmental projects, partnerships and
initiatives mainly across GreyBruce and Huron counties. This fundfocuses on the areas of
conservation, restorationand education. Some of the key initiatives i2019 included:
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Continued protection of the Lake Huron and Georgian Bay Shoreline aquatic habitat via
the removal and management of Phragmites in partnershipwith the Invasive Phragmites
Control Centre, and local resident organizations including the KincardineResidents
against Phragmites.

Improvement of water quality through the continuedinstallation oflivestock exclusion
fencing. In 2019 exclusion fencing was installed in theBothwells Creek Subwatershed
and the Pine River Watershed in partnership withGrey Sauble Conservation Authority,
Saugeen Valley Conservation Authority and PineRiver Watershed Group.

Continued effort in clean air and biodiversity enhancement through the planting of
82,480 trees briningour total effort to at least 150,923 trees since 2012 via many
organizations includingPine RiverWatershed Group, Penetangore Watershed Group,
SauGREEN, Huron Stewardship Council andSaugeen Valley Conservation Authority.

Land Preservation

o In 2019 we continued our efforts inland preservation adding 5 acres of land locally
through our partnership with Ontario Natureand their initiative to expand Petrel
Point and Sauble Dunes existingnature reserves. To date our collaborative efforts
inland preservationthrough groups such as but not limitedto Bruce Trails
Conservancy, Ontario Nature and Nature Conservancy Canada now totals 142
acres of ecologically significanfand.

Education

o Environmental community education remained a priority in2019 with the
continuationof the Earth Week Eco mentors program. For the fifth year ina row
Bruce Power in partnership withthe Bruce County Museum and Cultural Centre
and the Lake Huron Coastal Centre for conservation delivered three days of
programming to over 200 grade six students inthe local area. The program
focused on Biodiversity,including theimpacts ofinvasivespecies, plastic pollution
and benefits of pollinators, as well as the importance of protecting turtles.

Bruce Power remains dedicated topromoting environmental stewardshipand
awareness, both throughout the local communities andin the greater Ontarioregion. In
2019, Bruce Power has continuedto collaborate and realize success interms of
common environmental goals withinthe community.

Bruce Power remains dedicated topromoting environmental stewardshipand awareness,
both throughout the local communities and inthe greater Ontarioregion. In 2019, Bruce

Power has continuedto collaborate and realize success in terms of common environmental
goals withinthe community.
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1.0

1.1

1.2

1.2.1

INTRODUCTION
Purpose

The purpose of this report is to fulfill regulatory requirementson environmental protectionin
accordance with Licence Condition3.3 of the Bruce A and Bruce B Power Reactor Operating
Licence (PROL) Bruce Nuclear Generating StationsA and B 18:00/2028 [R-1] [R-3] and the
CNSC Regulatory Document REGDOC-3.1.1 Reporting Requirements for Nuclear Power
Plants, Section 3.5[R-2]. This reportmeets the content, timingand reporting requirements of
REGDOC-3.1.1 [R-2].

Canadian Standards Association(CSA) N288.4-10, Environmental monitoring programs at
Class 1 nuclear facilities and uranium mines and mills [R-3] identifiedin the licence was,
publishedin 2010 and supersedes the firsteditionpublishedin 1990, titled Guidelines for
Radiological Monitoringof the Environment. The firsteditionof this standard (N288.4-M90)
discussed the monitoringof radioactivecontaminants in theenvironmentin pathways leading
to human exposure. The second edition (2010) of CSA N288.4-10 [R-3] expanded to include
protection of the environment inalignmentwith the Nuclear Safety and Control Act, and
includes radiological andconventional contaminants,physical stressors, potential biological
effects, and pathways for human and non-human biota. The most recent third editionwas
issuedin 2019 [R-4] was updated to reflect current industry practiceand includes new
research and analysis methods. Bruce Power is currently reviewingthe third editionof
N288.4-19 to determine a path forward in the adoption of this new version.

Bruce Power has adopted CSA N288.4-10[R-3] as a framework for achievingcontinual
improvement. Previous Environmental Monitoring reports arelistedin Table 1.

Table 1
Previous Environmental Monitoring Reports

B-REP-07000-00007 | 2014 Environmental MonitoringProgram Report
B-REP-07000-00008 | 2015 Environmental MonitoringProgram Report
B-REP-07000-00009 | 2016 Environmental MonitoringProgram Report
B-REP-07000-00010 | 2017 Environmental MonitoringProgram Report
B-REP-07000-00011 | 2018 Environmental MonitoringProgram Report

Regulatory Requirements
Licence Requirements

Power Reactor OperatingLicence (PROL) Bruce Nuclear Generating Stations A and

B 18:00/2028 [R-1] and the associated Licence Condition HandbooKR-9], has Section 3.3

Reporting Requirements thatrequire Bruce Power to notify and report in accordance with

CNSC regulatory document REGDOC-3.1.1, version 2 [R-2]. Environmental Protectionis one

safety control area which covers programs that identify,control, and monitor all releases of
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radiological, non-radiological anchazardous substances, and monitors the effects on the
environment from the operation of facilities or as theresult of licensed activities.

The environmental protection reportshall be submitted annually and contain the following
information as governed by REGDOC-3.1.1, version2 [R-2]:

o A summary of the results of the environmental protectionprogram and an analysis ofits
significance,with respect to the health and safety of persons and the protection ofthe
environment.

o The amount of nuclear substances (i.e., activity concentrations,flow rates and loadings),
in International System (Systéme International d'unités [SI]) units,released to the
environmentand monitored as part of the licensee’s effluent/emission monitoring
program, presented on an appropriate basis (weekly or monthly), along with a
comparison to regulatory release limits for thenuclear substance.

. The amount of nuclear substances measured inthe environment, in Sl units,as part of
the licensee’s radiological environmental monitoring program.

o The results and calculations ofthe annual radiationdoses to the representative persons
or groups in comparison to theregulatory public doselimitwith a descriptionof the
environmental transfer/exposure pathways associated with the operation ofthe Nuclear
Power Plant (NPP), includingthe dispersionand dosimetric models used.

. The amount of hazardous substances (i.e.,concentrations, flow rates and loadings),
in Sl units, released to the environment and monitored as part of the licensee’s
effluent/emissionmonitoring program, andmeasured in the environment as part ofthe
licensee’s environmental monitoring program.

o For each parameter reported as part of the effluent/emissionmonitoringand
environmental monitoring program, adescriptionof the characteristics ofthe monitoring
results, includingbut not limitedto the sample frequency (e.g., daily, monthly,
semi-annually), sample type (e.g., grab, composite, activity counts over time),statistical
quantity reported (e.g., weekly/monthly mean, annual average, annual total).

o A descriptionof any significantevents, findings or results, inrespect to the conduct of
the environmental monitoringprogram.

o A summary of any proposed changes to the environmental monitoringprogram.
1.2.1.1 Guidance

Federal and provincial regulations requirdicencees to monitor and report on the

characteristics ofairborne and waterborne effluent. Licencees are requiredto comply with

any statutes, regulations, licences, or permits thatgovern the operation of the nuclear facility
or licenced activity. The release of hazardous substances is regulated by both the Ontario
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1.2.2

Ministry ofthe Environment Conservation and Parks (MECP) and Environment and Climate
Change Canada (ECCC) through various acts and regulations, as well as by the CNSC.

If the licencee is requiredto submitannual reports to other government departments
concerning their environmental protection program,including hazardous substances, that
show the results of the effluent/emissionand environmental monitoringprograms, sending a
copy of the report to the CNSC is acceptable. This satisfiesthe CNSC’s requirement for
oversight of the Bruce Power environmental monitoringprogram.

Environmental Protection Program

Bruce Power complies withFederal Regulations, programs,and standards which protect
human health and the environmentunder the Nuclear Safety and Control Act. The key
elements are listed below:

o The Class 1 Nuclear Facilities RegulationdR-5] set out environmental protection
requirements that must be met.

o The General Nuclear Safety and Control Regulations [R-6] require every licensee to take
all reasonable precautions to protect the environment andto control release of
radioactive nuclear substances or hazardous substances within the site of the licensed
activity andinto the environmentas a result of the licenced activity.

o The RadiationProtection Regulations prescriberadiationdose limits for thegeneral
public of 1 mSv (1000 uSv) per calendar year [R-7].

o The CNSC, when considering relicensinghas an obligationthrough the Nuclear Safety
and Control Act to consider whether anapplicantwill, in carrying on that activity, make
adequate provisionfor the protection of the environmentand the health and safety of
people. As outlined inREGDOC 2.9.1 Environmental ProtectionPolicies,Programs and
Procedures [R-8]. As a result, the CSA N288 standards are implemented through
requirements setout inthe License Condition Handbook (LCH)[R-9].

o The N288 standards are part of a series of guidelines andstandards for environmental
protection at Class | nuclear facilities anduranium mines andmills.

CNSC regulatory document REGDOC 2.9.1 Version 1.1 Environmental Protection
Environmental Principles,Assessments and Protection Measures [R-8] outlines the
requirements needed for an environmental protectionprogram as required by the PROL [R-1].
Bruce Power’s environmental governance procedure “Environmental Management BP-PROG-
00.02” [R-10] documents and outlines Bruce Power’s Environmental Protection Program
required by REGDOC 2.9.1 Version 1.1 [R-8].

REGDOC-2.9.1[R-8] requires Bruce Power to establish, implementand maintainan
Environmental Management System (EMS) that meets the requirements setby

CAN/CSA ISO 14001, Environmental ManagementSystem [R-11]. Bruce Power is currently
registered to this standard. The EMS serves as the management tool for integratingall of the
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1.2.2.1

applicable environmental protectionmeasures ina documented, managed and auditable
process.

The assessment of risks related to non-human biotawas discussedin the published
Environmental Risk Assessment(ERA) [R-12][R-13] submitted to the CNSC in 2017 with
comments incorporated and resubmitted to the CNSC in2018.

Canadian Standards Association(CSA) N288

The CSA N288 standards are part of a series of guidelines andstandards on environmental
management of nuclear facilities. The CSA standards are developed and revised by technical
experts and Subject Matter Experts (SMEs) from around the globe, such that, standards are
leading and drive improvement across theindustry. Bruce Power will continueto strive to be
industry bestand implementnewer versions ofthe CSA N288 series of environmental
standards as they become available.

The following environmental protection regulatory documents and CSA standards are relevant
to the CNSC’s regulatory framework for environmental compliance:

. CSA N288.1-14, Guidelines for calculatingderived release limits for radioactive material
in airborne and liquideffluents for normal operationof nuclear facilities[R-14];

o CSA N288.4-10, Environmental MonitoringProgram at Class | nuclear facilities and
uranium mines and mills[R-3];

o CSA N288.5-11, Effluent monitoring programs at Class | nuclear facilities and uranium
mines and mills [R-15];

. CSA N288.6-12, Environmental Risk Assessments at Class | nuclear facilities and
uranium mines and mills[R-16]; and

. CSA N288.7-15, Groundwater ProtectionPrograms at Class | nuclear facilities and
uranium mines and mills[R-17].

Bruce Power has implemented N288.1-14, N288.4-10, N288.5-11 and N288.6-12 [R-14][R-
3][R-15][R-16]. N288.6-12 outlines the requirements for anenvironmental risk assessment.
The results of the ERA inform the effluent and environmental monitoring programs and
changes to these programs are made accordingly. Results from routine effluent and
environmental monitoringprograms are incorporatedinto the 5-year ERA cycle and into the
annual environmental protectionreport. The ERA [R-12][R-13] continues to demonstrate that
the operation ofthe Bruce Power Facility andassociated life extension activities has notand
will not result in significantadverse environmental effects, both for human health of nearby
residents or visitors andfor ecological receptors as aresult of exposure to radiological or
non-radiological substances. Bruce Power is workingtowards the implementationof

CSA N288.7-15 - Groundwater Protection Programs atClass 1 Nuclear Facilities andUranium
Mines and Mills [R-17] by December 31, 2020.
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Bruce Power is workingtowards a voluntary implementationof:

CSA N288.3.4-13, Performance testing of nuclear air-cleaningsystems at nuclear
facilities[R-18]; and

CSA N288.8-17, Establishingand implementingaction levels for releases to the
environment from nuclear facilities[R-19].

1.2.2.2 Environmental ManagementSystem (ISO 14001)

ISO 14001[R-11] specifies therequirements for an environmental management system that
an organizationcan use to enhance its environmental performance. The standard is used to
manage its environmental responsibilities in a systematic manner thatcontributes to
environmental sustainability andensures environmental protection.

In 2019 Bruce Power had a successful surveillance audit confirming Bruce Power’s
management system is effectively implemented andmeets the requirements ofthe ISO 14001
standard, Environmental ManagementSystems standard (2015) [R-11] The results of the
surveillance audit showed zero non-conformances to the standard, twelve positivecomments
(strengths) and four opportunities for improvement. The strengths included:

Communicationand engagement with interested parties.
Improvements in direct inspection oburied piping systems.

Transformer failures (System ServiceTransformer 8) Corrective Action Plan (CAP)
activity demonstrates well thought causes and action plans.

Evaluation of new technologies to evaluate feasible options to reduce Impingementand
Entrainment (I&E) and to improve underground piping inspection andprotection.

I&E biomass offsettingstrategy such as the Truax Dam project.

Environmental Health Index (EHI) Summary provides adetailed analysis and breakdown
of critical areas thatdrive investigations andactions.

Applicationof risk based approach built into Bruce Power's management system.

Process Interactions— processes are integrated and do not take place inisolationfrom
other departments.

The organizational structureof Bruce Power was designed ensuring all legal and other
requirements are met.

Internal audits — Provide clear, concise conclusions. Scope and criteriais very well
defined. The follow-up from previous non-conformances is well done.
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o Environmental Aspects review andconsiderations based onEnvironmental Impact
Worksheet (EIW) for work performed on-site — EIW optimization projectto create
efficiencies for assessmentof environmental impacts.

) Emergency preparedness and response assets, training,variety ofhands on scenarios;
high level of detail on after actionreviews.

The Bruce Power Environmental ManagementProgram [R-10] oversees the planning,
implementation,and operation ofactivities, witha focus on minimizingthe potential adverse
impact of Bruce Power operations onthe environment and ensures protection of the
environment. This includes ensuringthe Bruce Power Environmental Safety Program
conforms to International Organizationfor Standardization(ISO) 14001 standard for
Environmental ManagementSystems [R-11], environmental legislation(acts and regulations),
and other requirements applicableto the activities atBruce Power (documented inBP-PROG-
00.02, Environmental Management[R-10]). Other requirements are comprised of
commitments tointerested parties (e.g. regulators, contractual agreements withOntario
Power Generation (OPG) and other community members or interested groups). Currently,
other requirements to whichBruce Power subscribes include:

o Agreement For Mutual Exchange Of Environmental Event Reports RelatedTo The
Bruce Nuclear Power Development Site[R-20], includingprovidingan annual
environmental summary reportto OPG with emphasis on contaminationof leased
grounds and any remediation activities iprogress, being considered or having been
ordered by a governmental authority.

o Drinkingwater sampling for radiological analyses atlocal water supply plant [R-21].

o Commitment to the Ministry ofthe Environment Conservation and Parks (MECP) and
Ministry ofHealth and Long Term Care (MOHLTC) to maintainthe annual average
tritium level below ~ 100Bqg/L at treatment plants upstream and downstream of Bruce
Power (i.e., the Kincardineand Southampton Water Treatment Plant) [R-22].

o Protocol agreements between Indigenous groups andBruce Power; SON — Revised
Protocol Agreement between Saugeen Ojibway Nations (SON) andBruce Power L.P [R-
23], HSM — The Amended and Restated ParticipationAgreement [R-24], MNO — The
RelationshipAgreement [R-25].

o Commitment to update Inverhuronresidents on noiseattenuation project on Bruce site
[R-26].

Environmental Policy

The Environmental Policy establishes guiding principles for environmental management and
environmental expectations for employees and those working on behalf of Bruce Power. The
Environmental Policy reflects thecommitment of Bruce Power to protect the environment.
You can count on Bruce Power to:
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o Committo comply with relevant legislation,regulations, and other requirements as a
minimum standard;

) Ingrain a sense of environmental responsibility int@ur nuclear safety culture;

o Hold ourselves accountable to preventing pollutionthrough emissions,spills, and waste,
and reducing our impact onthe environment;

o Protect, conserve, and restore our resources through energy conservation, reducing
water consumption, and by reusing or recycling materials;

o Focus on continuous improvementby adopting applicable industry bestpractices and
requirements of ISO 14001;

o Uphold the trust of the community through open and transparent communicationwith
partners, Indigenous communities,and stakeholders on environmental interests;

o Promote environmental stewardshipand awareness at work, inthe community, and
across Ontario; and

o Ensure our business decisions supportthe applicationand practice of sustainability
principles.

ISO 14001:2015, Environmental ManagementSystems [R-11] focuses on integration
throughout business processes to aid in the organization’s knowledge and understanding of
external and internal issues, stakeholder’s needs and expectations, and risks and
opportunities that impactthe organization. Bruce Power was re-registered to the newest
version of ISO 14001:2015 standard [R-11], Environmental Management inthe fall of 2017
which demonstrates that the environmental managementsystem is sufficiently implemented
across Bruce Power.

Bruce Power operates an extensive Environmentand Sustainability Program thatbenefits
local communities in various ways. From tree planting, to stream rehabilitation,to butterfly
preservation, to educational programs, and outreach to youth, Bruce Power is always
interestedin collaboratingwith community groups thatare strivingto better the local
environment for wildlife andresidents. Bruce Power also invests inindependent, university
led research projects and extensivelong term monitoringprograms that track the state of the
regional environmentand health of ecosystems.

Every person and every business has animpact onthe natural environment inwhich we live.
Wherever feasible Bruce Power develops and delivers or supports offset projects. These
projects are designed to offset the impact Bruce Power has on the natural environmentto help
ensure a sustainable environment for future generations. Some projects are based on
regulatory requirements butthe vast majority of projects are good stewardship activities.
Bruce Power has been workingwith the CNSC and received a Fisheries ActAuthorization[R-
102] from Fisheries andOceans Canada (DFQO) in 2019 thatis linkedto a carefully developed
plan to offset fish losses from Bruce Power operations. Work on the main offsetting project
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(removal of the Truax Dam, Municipality ofBrockton) was complete in 2019 and biological
monitoringwill continuefor several years to demonstrate the benefits of removing this large
migrationbarrier on the Saugeen River fishery. Bruce Power is workingwith local Indigenous
communities,the CNSC, and the DFO to define and implementa number of additional
fisheries relatedoffsets that will be tied to the authorization,including aquatic habitat
restoration projects anda coastal waters monitoringprogram. Bruce Power has also funded a
significantnumber of other aquatic habitatimprovements led by neighboring conservation
authorities and environmental groups demonstrating our ongoing commitmentto corporate
social responsibility.

BACKGROUND
Bruce Site

Bruce Power is located onthe east shore of Lake Huron, approximately 18 kilometres (km)
north of Kincardine and17 km southwest of Port Elgin. The site occupies anarea of

932 hectares (2300 acres) withinthe Municipality ofKincardine,County of Bruce, and
Province of Ontario.

The Site is locatedwithinthe traditional lands andtreaty territory ofthe people of the

Saugeen Ojibway Nation(SON), which includes theChippewas of Nawash and Saugeen First
Nations. Bruce Power is dedicatedto honouring Indigenous history andculture and is
committed to moving forward in the spiritof reconciliationand respect with the Saugeen
Ojibway Nation(SON), Georgian Bay Métis Nationof Ontario (MNO) and the Historic
Saugeen Métis and to leading by example in this community andindustry.

Nuclear power has been safely generated from the Site for the past 50 years, initially through
the Douglas Point Nuclear GeneratingStation (1968-1982) and subsequently through the
Bruce A and B Nuclear Generating Stations which wereput into service from 1977 to 1979
and from 1984 to 1987, respectively.

Land use inthe immediate vicinity is primarily agriculturatecreational, and rural residential.
Surrounding the Bruce Power siteis a mixture of rural agricultural land, former gravel pits,
fragmented woodlands, streams, and wetlands. Recreational land useincludes Inverhuron
Park and cottages inthe hamlet of Inverhuron (south of Bruce Power) and Baie du Doré/Scott
Point area (north of Bruce Power) [R-27].

On-Site Facilities

Bruce Power utilizes asite specific survey to identify on-sitdacilities as well as activities and
behaviours of neighbouringuser groups withinthe area. Bruce Power updates the facility’s
site specific survey every fiveyears. The most recent survey took place in 2016 and the
updated informationis providedin the report entitled “2016 Bruce Power Site Specific Survey
Report,” B-REP-03443-00015 [R-27]. This 2016 SiteSpecific Survey informatiorhas been
integrated into the relevant sections ofthis report. Multiple companies occupy and operate
the lands at the Bruce Site (formally known as the Bruce Nuclear Power Development). The
on-site facilities aresummarized below.
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Bruce Power

Bruce Power operates the Bruce Nuclear Generating Station A (Bruce A) and Bruce Nuclear
Generating StationB (Bruce B), which each house four CANDU® reactors. All eight of these
units are currently operational witha current production capacity of6,400 megawatts of
electricity for the Ontario grid. Two units atBruce A restarted in late 2012. Unit 6 is currently
in outage for major component replacement (MCR). Several support facilities arelocated on
the site, such as garages, warehouses, workshops, a sewage processing plant, and various
administrative buildings (collectively knowras Centre of Site) [R-27].

Life Extension Program and Major Component Replacement Project 2019 Annual
Environmental Review

In December 2015, Bruce Power reached an agreement with the Independent Electricity
System Operator (IESO) [R-92] to advance a long-term investment program which would
refurbish its nuclear fleet and secure the site’s operation until 2064.

The Life-ExtensionProgram started planning activities ondanuary 1, 2016 and involves the
gradual replacement of older systems in the company’s eight reactor units duringregularly
scheduled maintenance outages.

As part of the Life-Extension Program,Bruce Power is carryingout its intensiveMajor
Component Replacement (MCR) Project. The MCR Project activitiesbegan in January 2020
and focuses on the replacement of key reactor components in Units 3-8,includingsteam
generators, pressure tubes, calandria tubes and feeder tubes.

To support the objectives of MCR, an Environmental team made up of our in-house
Environmental Technical Officers was assigned to focus solely on environmental protection
during execution of project deliverables; this team provides environmental governance and
oversight of the project, through review of designs, work plans and packages, completion of
Environmental ImpactWorksheets (EIW), ensuring procedural adherence, via observations
and oversight EIW’s are Bruce Power’s Environmental Management Systemtool to capture
the environmental evaluationof the identifiedactivities withirprescribed scopes of work, and
outline requirements necessary to ensure thework is carried outin an environmentally
protective manner, mitigate riskand ensure the evolutions remain incompliance with
regulatory requirements.

The project itselfis managed under already established environmental programs and
processes, which have been revisited to ensurethey cover MCR activities.As an example,
the Effluent Monitoring Program includes aspecific sectionoutliningthe required effluent
monitoringand reporting parameters for a Unitthat is currently inan MCR state. In some
cases, minor modifications withirhe limits ofoperational flexibility, ofexisting Environmental
Compliance Approvals were acquired, however Bruce Power remains withinexisting
environmental limits for effluents anddose to public. Limits andreporting requirements are
based on regulatory requirements established in permits and licenses grantedto Bruce
Power.
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Involvement and oversight from the Environment team will continue throughout the duration of
MCR, and targets are set for Environmental performance.

Ontario Power Generation

The Western Waste Management Facility (WWMF) is ownedand operated by Ontario Power
Generation (OPG). Itis located on site, defined by the parcel of land designated for the
management of OPG’s radioactive waste and licenced for such use by the CNSC. This

19 hectare area currently contains the Low and Intermediate Level Waste (L&ILW) storage
area and the used fuel dry storage area. This areais situated insidethe Bruce Site (formally
known as the Bruce Nuclear Power Development).

The objectives ofthe WWMF are to provide safe material handling(receipt, transfers, and
retrieval), treatment, and storage of radioactive materials produced at nuclear generating
stations and other facilities currently or previously operated by Ontario Power Generationor
its predecessor, Ontario Hydro. This facility alsoprovides safe storage of Bruce Power’s used
fuel in Dry Storage Containers (DSC) until itcan be transported to an alternative long term
used fuel storage or disposal facility. The used fuel dry storage areais asecurity protected
area located northeast of the L&ILW storage area, and consists of DSC processing and
storage buildings[R-27].

The L&ILW storage area consists of various structures such as the Amenities Building, Waste
Volume Reduction Building(WVRB), Transportation Package Maintenance Building(TPMB),
above ground low level and intermediatelevel waste storage buildings,quadricells, inground
containers, trenches, and tile holes. These structures are primarily usedfor storage and
processing of the L&ILW from OPG'’s Pickering and Darlington Nuclear Generating Stations
as well as Bruce Power operations.

Canadian Nuclear Laboratories

The Douglas PointWaste Facility (DPWF) is ownedby Canadian Nuclear Laboratories (CNL)
and is located on the Bruce Site. The facility consists ofa permanently shut down, partially
decommissionedprototype 200 megawatt CANDU® reactor and associated structures and
ancillaries. This facility is presently irthe long-term “Storage with Surveillance” phase of a
decommissioningprogram [R-27].

Hydro One

Hydro One owns and operates a number of assets withinBruce Site. These include, but are
not limitedto office and workshops for maintenance, switchyards atBruce A and Bruce B,
switchingstations and transformer stations [R-27].

Off-Site Facilities

Kinectrics’ KI North Facility is located in Tiverton, Ontario, approximately 3 km from the
Bruce Site. The site has anapproximate footprintof 16.66 hectares and houses one building
with an approximate footprint of 3440 m?. The facility functions as a radioactivavork space to
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decontaminate and refurbish large nuclear reactor tools and equipmentused during reactor
maintenance outages. Other services providedinclude general laboratory tests andphysical
machiningprocesses [R-28].

Overview of Surrounding Area and Community

The Site is locatedinthe Municipality ofKincardineon the eastern shore of Lake Huron within
Bruce County. The Municipality ofKincardineis comprisedof the town of Kincardine and
several small villages andtowns includinglnverhuron and Tiverton. The area is a popular
tourist destinationwith many cottages and holiday parks attractingvisitors from across Ontario
and the United States. The Municipality ofKincardinewas created in 1999 following the
amalgamation of the Town of Kincardine,the Township of Kincardineand the Township of
Bruce. The Municipality ofKincardineis one of eight municipalities ilBruce County. The next
closest municipality to theSite is the Town of Saugeen Shores, which is approximately 25km
from the Site. The Town of Saugeen Shores includes Southamptonand Port Elgin.

Bruce County can be broadly splitinto three sections: (i) the Bruce Peninsula, part of the
Niagara Escarpment, (ii) the Lakeshorethat includes a number of sandy beaches and fresh
water, and (iii) the Interior Region, also known as the “bread basket” which has a strong
history of farming and agriculture. Bruce County has economic strengths inmany sectors
includingtourism, agriculture and energy.

The 2016 Census showed a population of 11,389 people inthe Municipality ofKincardine(an
increase of 1.9% from 2011) and a population of 13,715 inthe Town of Saugeen Shores (an
increase of 8.3% from 2011), whichincludes Southamptonand Port Elgin. Both municipalities
are in Bruce County, which has atotal population of 68,147 (an increase of 3.1% from 2011).

Local Indigenous Communities

The Site lies withinthe traditional lands andtreaty territory ofthe Saugeen Ojibway Nation.
Bruce Power is dedicated tohonouring Indigenous history andculture and is committedto
moving forward in the spiritof reconciliation andrespect with the Saugeen Ojibway Nation
(SON), Georgian Bay Métis Nationof Ontario (MNO) and the Historic SaugeenMétis and to
leading by example inthis community andindustry.

Saugeen Ojibway Nation

The SON is comprisedof the Chippewas of Nawash Unceded First Nation and the Chippewas
of Saugeen First Nation. They are Aboriginal peoples ofthe Grey and Bruce region, which
they know as Anishnaabekiing. Their traditional territory includes the lands and waters that
surround the Site. The SON has two main on-reserve communities whichare located
approximately 30 km (Chippewas of Saugeen FirstNation Reserve No. 29) and 80 km north
of the Site (Cape Croker Reserve No. 27). The SON also has two hunting ground reserves
that are located approximately 115km north of the Site.

The SON’s traditional territory is identified in Figure 1.
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Figure 1
SON Traditional Territory
Source: saugeenobibwaynation.ca

The SON describes their assertedand established Aboriginal andtreaty rights as follows:
“SON has asserted and proven Aboriginal and Treaty rights throughout its Traditional Territory
and continues torely on this Territory for its economic, cultural, and spiritual survival. The
SON Territory, includingits large reserves, is also the basis of significantand growing
commercial fishingand tourism economies. SON asserts its Aboriginal andTreaty rights
entitle its members to be sustained by the lands, waters and resources of their Traditional
Territory. SON has the rightto protect and preserve its Traditional Territory toensure that it
will be able to sustain its futuregenerations. SON asserts that its rights include, butare not
limitedto:

o The rightto continue to be a distinctpeople living withintheir Traditional Territory;

o The rightto maintain their culture, languageand way of life;

o The rightto be sustained by the lands, waters and resources of their Traditional
Territory;

o The rightto the exclusive use and occupation oftheir communal lands;
. The rightto continued use of all of their Traditional Territory;

. The rightto harvest for sustenance, cultural and livelihood purposes;
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. The rightto be meaningfully involvedin decisions thatwill affect their Traditional
Territory so thatthey can protect their way oflife for many generations to come;and

) The rightto be the stewards of their Traditional Territory.

SON has a proven and exclusive Aboriginal andTreaty Right to a commercial fishery irthe
waters of Georgian Bay and Lake Huron, withinSON Territory. Members of SON and their
ancestors have been fishing thesewaters for sustenance and as the basis oftrade and
commerce for many hundreds of generations, and they continueto do so today. This facthas
been recognized by the courts and by the Crown. While Lake Whitefish have significant
cultural and economic significanceto SON - and have consequently been discussed at length
in past proceedings and inthese submissions- SON’s fishing rights are not species specific
and include the right to harvest all species of fish” [R-29][R-30].

Historic SaugeenMétis

Métis people livingnear the Site may be representedby either the HSM or the MNO. The
HSM is aself-governing Métis community atthe mouth of the Saugeen River inSouthampton,
Ontario. The HSM are an independent rights bearingcommunity that began withthe arrival of
trader Pierre Pichéinthe Saugeen territory in 1818. Its members have historically hunted,
fished, traded and lived in the traditional Saugeenterritory sincethe early 1800s and assert
harvesting rights based on the R. v. Powley decisionof the Supreme Court of Canada. The
HSM became independent andself-governingin 2008 (AECOM, 2011), and left the MNO in or
around 2009. This Métis community is one othe formally organized Métis communities in
Ontariothat is not represented by the MNO. Its office is found inSouthampton (AECOM,
2011).

According to the HSM website, the HSM [R-31]:

“...are a distinctive Aboriginal community descended from unions between our European
traders and Indianwomen. We are the Lake Huron watershed Métis with a unique Métis
history and culture that lived, fished, hunted, trapped, and harvested the lands and waters of
the Bruce Peninsula, the Lake Huron proper shoreline and its watersheds, their traditional
Métis territory.

The HSM traded in aregional network since theearly 1800s as far as the north shore of Lake
Huron and have kinshipwith the Wikwemikong FirstNations community andKillarney Métis
community. The geographic scope of the contemporary community is described as covering
over 275 kms of shoreline from Tobermory and south of Goderich, and includes the counties
of Bruce, Grey and Huron. Upon the decline of the fur trade in the early 1820s, Métis families
from the Northwest joined these early Métis at Goderich. The community tradedin a cohesive
regional tradingnetwork that extended from the Upper Detroit River system tothe northern
shoreline of Lake Huron, to the historic Métis community oKillarney, creating kinshipalong
the network from Detroitto Killarney.”
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2.4.1.3 Meétis Nation ofOntario

2.5

The MNO was established in 1993 “as a representative organization with the objective to
protect, assert, and support the distinct culture, traditionseconomic wellbeing, and Métis
constitutional rights embodiedn the ConstitutionAct, 1982, Section 35, withinthe Métis
Homelands of Ontario [R-32]. The MNO has 29 community councils across Ontariowhich
represents regional rights bearing Métis communities. Three of these councils (Moon River
Metis Council,Georgian Bay Metis Council,and the Great Lakes Metis Council) representa
regional rights bearingcommunity definedas the Georgian Bay Traditional Harvesting
Territory whichincludes the area surrounding the Site. These three councils (collectively
known as “Georgian Bay Regional Consultation Committee”) are distinct from the HSM which
are no longer part of the MNO.

The MNO and the Georgian Bay Regional ConsultationCommittee assertthat their people
exercise Aboriginal rights throughouthe territory surroundingthe Site. This includes hunting,
fishing,trapping, gathering, sugaring, wood harvesting, use of sacred and communal sites,
and use of wateras described in the MNQO’s Oral Presentation to the CNSCin the public
hearing for Bruce Power’s application to renew its operating licencein 2015:

“The MNO and their Regional Consultation Committee assert that their people exercise
Aboriginal rights throughoutthe territory surroundingthe Bruce site, including,among other
things, hunting, fishing(food and commercial), trapping (food and commercial), gathering,
sugaring, wood harvesting, use of sacred and communal sites (i.e.,incidental cabins,family
group assembly locations etc.) anduse of water. These rights are protected under the
ConstitutionAct, 1982, section 35, as existing Aboriginal rights thahave not been
extinguishedby the Crown by way of treaty or other means. Métis peoples livein, harvest
throughout and extensively rely ontheir traditional territories for their individual and
community’s wellbeing’ [R-32]

Bruce Power’s Community Engagement

Bruce Power has a long history of engaging and supportinglocal communities surrounding the
Site. Bruce Power’s values guide its conduct, decision-making and relationships bothon the
Site and in the community. To Bruce Power, livingits values means conductingbusiness
ethically, respectfully, safely and with professionalism. Bruce Power’s Code of Conduct is
based upon these corporate values and sets a high standard of personal and professional
integrity and behavioural expectations for everyone. It provides detailedinformation,
guidelines, and references to other policies and resources that will help the company’s
employees make the right choices on a daily basis.

Bruce Power’s engagement with local communities andindigenous groups is supportedby its

Public DisclosureProtocol, its Indigenous Relations Policy, andts relationship/engagement
agreements withthe three Indigenous groups.
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Bruce Power’s Community Involvement and Investment

Corporate Social Responsibility (CSR) has beera core value at Bruce Power. Since 2001,
Bruce Power has been makingan overall positive contributiorto the region. Bruce Power’s
Community Investment fund has grown over the years and currently results inan annual
giving ofupwards of $2 milliona year, through five fundingstreams: Community Investment&
Sponsorship, Environment & Sustainability,Indigenous Community Investment,Gifts inKind
and Tripartite. Since2001, Bruce Power has contributed approximately $17 million to thelocal
communities. The following sections detail someof the community-relatedinitiatives that
Bruce Power has supported inrecent years. The Environment & Sustainability (E&S) Fundfor
2019 saw the distributionof around $400 k amongst sponsorship, long term partnerships and
events. Establishedin 2015 the E&S fund focuses allocation of resources to initiatives irthe
areas of:

. Conservation & Preservation;
. Education, Awareness & Research and;
. Restoration, Remediation& Quality Improvement.

Priority is given to those nitiatives within thésrey, Bruce and Huron counties, the local study
area of our site environmental interactionsBruce Power strives for as low as environmental
impact as possible, this means thateven when we are well within our regulatory limitswe
continue to seek ways to drive our impact even lower, all while aligningsupport with broader
provincial,national and global goals of sustainability. Over the years, including in2019, we
have had special opportunitiesarise which results infunds beyond the Environment &
Sustainability fundbeing allocated. Over the course of 2019, Bruce Power partnered with20
initiatives tohelp the continued enhancementof the local environment. Included below in
Table 2 is avariety ofindicatorsprovidingan overview of some of the impact the E&S Fund
has had sinceits inception in2015. A report providing moredetail of our 2019 overall
sustainability efforts was published ifNovember of 2019 [R-93]. Over the years, Bruce Power
has partnered with many difference organizations thatfocus on tree plantingincludingPine
River Watershed Group, Penetangore Watershed Group, SauGREEN, Huron Stewardship
Council and Saugeen Valley Conservation Authority In 2018 and 2019 our significant
increase in tree planting was realizedthrough our partnership with Saugeen Valley
Conservation Authority (SVCA), where we funded the planting of 53,265 and 76,130 seedlings
respectively inaddition to our other partnerships thoseyears (Table 2 ).

Bruce Power provided over 50% of the total cost for the preservation of 142 acres of land via
the Bruce Trail Conservancy, the property purchased has an ecological value of over $1.5
million. In 2019, we contributed to the preservation of 5 acres of land locally through our
partnership with Ontario Nature and their initiativeo expand Petrel Pointand Sauble Dunes
existingnature reserves (Table 2 ?).

From 2015 to 2019, Bruce Power and Butterfly Gardens of Saugeen Shores were partners in
biodiversity education andhabitat creation. Through this four year endeavorBruce Power
was one of the main funders to this organizationprovidingfunds towards the initial 13
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Monarch waystations created during the BGOSS inaugural year. Followingthe inaugural
year, the funds as well as in-kindresources were used towards additional waystations,
maintenance of the stations (pods), caterpillar corner colouring book, speaking engagements,
and educational programs. Based on citizenscience observations, there has been a noted

Egcrease in Monarchs inthe Saugeen Shores area since theinceptionof this program (Table 2
).

Bruce Power has providedfinancial contributions that attributed to the overall success
recorded by the Pine River Watershed Group through 2016, 2017, 2018 and 2019. This
number does not represent the total land restored via other watershed groups that receive
funding. This valueis acumulative value (Table 2 ).

Bruce Power has been helpingwith the control of Phragmites since2013 initially in
partnership with the Municipality ofKincardineand the Lake Huron Centre for Coastal
Conservation. The first few years’involved financial supportand in-kind professional services,
includingfield and data collection, and development of a Phragmites ManagementPlan. In
2017, Bruce Power providedfundingto the Invasive Phragmites Control Centre (IPCC)
allowing them to purchase the Truxor, an amphibious machinethat can operate in any water
depth and efficiently cutand remove large, dense Phragmites infestations from coastal areas.
In 2019, funding providedcontinued the ongoing efforts of Phragmites control alongthe Lake
Huron shoreline from Sarniaall the way to Oliphant. We want to continue to acknowledgethe
efforts many groups have contributed to this effort ofthe years (Table 2 ©)).

Livestock exclusionfencing has been installed through our partnership between the Pine
River Watershed Group from starting in2016 through to 2019. In 2019, Bruce Power funded
additional fencing installatiorthrough the Grey Sauble ConservationAuthority withinthe
Bothwell’s Creek Subwatershed. Livestock exclusionfencing restricts cattlefrom eroding
streambanks and defecating directly intothe water. Over time, these types of projects
improve water quality, mainly as aresult of the decreased sedimentationand erosion, and
indirectly improve waterquality of Lake Huron as itimproves quality ofwater goinginto
tributaries andstreams that feed into the Lake (Table 2 ©).

Total waste generated per employee is an annual metric that started in2016; this metric
allows Bruce Power another way to evaluate overall efficiency, health and use of our onsite
diversionprograms. When you look at overall metric since2016, there is an overall
improvementin the use of our diversionprograms, meaning less wasteis goingto landfill per
employee. For 2015, it is assumedthat there was an average of 4,200 employees workingon
site as this was anormal operating year (Table 2 ).

In 2019, Bruce Power continued to offer 18 additional waste diversion programs beyond those
mandated by regulatory guidelines. We have provided examples ofdiversion programs we
have onsite; the battery recycling program beinga program we offer beyond conventional
waste regulatory requirements, and the mixed stream recyclingas well as paper and
cardboard being a required regulatory driven program. All three programs we continue to
realize enhanced usage. A key objective for Bruce Power is toincrease landfill diversion
through all of our existingprograms onsite. In all three of the above examples, an increasein
usage rate corresponds to an increase in diversionrate (meaning less material going to
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landfill). In 2020, we will continue to enhancecommunication andknowledge of all diversion
opportunities that exist atour facility and continue tostrive for improvements (Table 2 ®).

Table 2
Sustainability

INDICATOR 2015 2016 2017 2018 2019 Total @
AIR, LAND & BIODIVERSITY
Cumulative Trees planted 6,291 11,384 13,978 68,443 82,480 150,923
since 2015""
Acres of Land Preserved No Data No Data No Data 142 5 147

Recorded Recorded Recorded

Monarch waystation pods " 13 2 2 0 5 22
WATER QUALITY
Hectares of land restored in No Data 2.83 2.02 4.45 29 13.2
Pine RiverWatershed Recorded
Phragmites removed along %"C(?rz‘:d é“e%(?rzfd 140 310 385 835
Lake Huron Shoreline and
Coastal wetlands ©
Livestock Exclusion Fencing No Data 0.8 0.7 1.7 2.2 5.4
installed (km)®© Recorded

WASTE DIVERSION

Zﬁsl'o";zzt?k%%‘;f;%? per 398.7 468 209.1 217 2014 | Notcumuative
Total onsite diversion
programs beglond regulatory 13 13 12 13 18 Not cumulative
compliance ©

i i P tarted
(Ezs:mtﬁgys)d @ o Prodram Cidyear | 118.0 87.4 44.1 147.4 | Notcumuiative
ped st ;‘;ﬁ?ﬁg’rﬂ; S 62.3 69.7 165.7 144.0 2051 | Notcumiative
Faper & Cardboard (tonnes) 145.2 161.3 163.4 284.1 317.8 | Notcumulative
Other
Number of environmental 16 22 20 20 20 98
organizations benefiting from
the fund
Investment into environmental $0.4 $0.4 $0.4 $0.4 $0.4 $2.0
initiatives (millions)

Note that some efforts are cumulative in nature, where this is applicable the cumulative value is shown in the (ot al
column. Some efforts are an annual value and a cumulative value is not applicable it is noted as ‘not cumulative’.
Annual receipt of funding does include organizations that have received funding multiple years in a row, the total

overall number does not mean 98 different organizations (Table 29).
3.0 EFFLUENT MONITORING

The effluent monitoring program operated by Bruce Power is described in BP-PROC-00080,
Effluent Monitoring Program [R-33]. Bruce Power’s effluent monitoring program

demonstrates:
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3.1

o Compliance with authorized release limits

o Effective monitoringof effluent

) Provisionof data to assistin modellingrefinement
o Meeting stakeholder commitments

BP-PROC-00080, Effluent Monitoring[R-33] encompasses radiological andconventional
effluent monitoring, withlower level procedures providingmore specific governancefor
radiological andconventional (non-radiological) effluentmonitoringprograms:

o BP-PROC-00171, Radiological EmissiongR-34] for radiological effluents

o BP-PROC-00099 Conventional Emissions— Water [R-35] for conventional effluentto
water

o BP-PROC-00928 Conventional Emissions— Air [R-36] for conventional emissions to air

Radiological Effluent Monitoring Programs — Bruce A, Bruce B, CMF, OPG, AECL,
Kl North Facility

Monitoringof emissions/effluents occur atBruce A and Bruce B Nuclear Generating Stations
and at the Central Maintenance Facility (CMF) inaccordance with BP-PROC-00080, Effluent
Monitoring[R-33]. Bruce Power fully implemented CSAN288.5 Effluent MonitoringPrograms
at Class 1 nuclear facilities and uranium mines and mills [R-15]in 2018. BP-PROC-00080,
Effluent Monitoring[R-33] encompasses radiological andconventional effluent monitoring,
with BP-PROC-00171, Radiological EmissiongR-34] for radiological effluents.

The purpose of Bruce Power’'s Radiological Effluent Monitoring is to establish the
requirements for radiological effluentmonitoringand equipment inorder to comply with
Nuclear Safety Control Act, regulations,and Licences. Radiological EffluentMonitoring
describes the Bruce Power framework for control of radioactive emissions fromBruce A,
Bruce B and the Central Maintenance Facility (CMF);including theradionuclideeffluent
monitoringsystem operating and quality assurance (QA) requirements.

As detailed inthe Licence Condition Handbook,to ensure that members of the public andthe
environment are protected, Bruce Power operates well below DerivedRelease Limits (DRLs)
that are developed (using CSA Standard N288.1) [R-14] based on a public dose limitof 1 mSv
per year as mandated by the CNSC (Radiation Protection Regulations, SOR/2000-203) [R-7].
Furthermore, as an added layer of protection, Environmental ActionLevels (EALs) are putin
place, to provide early warnings ofany actual or potential losses ofcontrol of the
Environmental ProtectionProgram. EALs are precautionary levels thatare set far below the
actual DRLs to alert the operator before DRLs are reached. Bruce Power strivesto control
radiological emissions As Low As Reasonably Achievable (ALARA) and to take action to
investigatecauses and mitigatecauses of increased emissions.
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To demonstrate due diligence,Radiological EffluentMonitoringfeeds intothe larger
Environmental Protectionframework to ensure the public and environment is protectedat all
times. Radiological EffluentMonitoringData is reportedto the CNSC quarterly and is
compared againstinternal investigativeand regulatory levels and limits.

Emissions data from Radiological Effluent Monitoring is also compoundedwith other
radiological andconventional environmental measurements to complete comprehensive
Environmental Risk Assessments inaccordance with CSA N288.6 [R-16]. This confirms that
Bruce Power has sound and robust Environmental Monitoring.

The OPG WWMF monitors emissions imccordance with N-STD-OP-0031 Monitoring of
Nuclear and Hazardous Substances in Effluents which establishes minimum standards for
monitoringradioactivity inairborne and waterborne effluents. One parameter thatis
monitored is unavailability (i.e.the fraction of time asample is not being collected or a stream
is not beingmonitored). Unavailability results from such incidents as component failures,
maintenance or inspectionoutages, and operator actionand calibrationsequences without
backup monitoring. At OPG WWMF, the radioactivewaste incinerator stack monitor andthe
Waste Volume Reduction Building(WVRB), Transportation Package Maintenance Building
(TPMB) and Western Used Fuel Dry Storage Facility(WUFDSF) ventilationstack monitors are
monitored for unavailability.

CNL Douglas Point monitors for emissions iraccordance with 22-00960-SWS-001,
Douglas PointWaste Facility Storagewith SurveillancePlan.

Kinectrics carries outeffluent monitoringactivities onboth airborne tritium releases through
exhaust stacks and on liquid releases to sewer, following Kinectrics’ effluent monitoring
procedures. Specifically:

o Kinectrics’ Waste Nuclear Substance Licence requires releases to air to be monitored for
tritium only,since particulates are caught in HEPA filters andpre-filters prior toexhaust.
Tritium releases throughexhaust stacks are continuously sampled, and analysis ofthe
samples is conducted weekly [R-28].

o Potentially activewaste water is temporarily storedin collection tanks, and sampled and
analyzed prior torelease. If any radiological or chemical contaminant is found to be
above administrativecontrol levels, which are set below unconditional clearancelevels,
then the tank contents are filtered through two charcoal filters and then re-analyzed.

All releases are maintained below prescribedunconditional clearance levels[R-28].

A revised PROL for Bruce A and Bruce B was received inQ4 2018 from the CNSC [R-1][R-9]
As part of Power Reactor OperatingLicence (PROL) renewal in2018, a review andrevision of
existingDerived Release Limits (DRLs) andEnvironmental Action Levels (ALs) took place and
was submitted to the CNSC for review. This revisionconsidered updates to:

o Meteorological conditions

J Limitingradionuclides
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o Representative persons
o Results from the site specific survey andassumptions
) CSA N288.8 (Establishingand implementingaction levels) [R-19]

Bruce A, Bruce B, CMF, CNL, and the OPG WWMF monitor for airborneand waterborne
radionuclides. Airborne radionuclides includetritium,noble gases, radioiodine(™*"l),
carbon-14 (**C), alpha, beta, and gamma (emitters on particulatematerial); the results are
presented in Table 6. Airborne radiological emissions aremonitored at the Bruce A and

Bruce B Nuclear Generating Stations’applicable stacks and on the applicable stacks at the
Central Maintenance and Laundry Facility (CMLF). Waterborne radionuclides includetritium,
carbon-14 (**C), gross alpha/beta/gamma; these results are presented in Table 7. All airborne
and waterborne emissions arewell below regulatory limits (DRLs, ALs) and on most
occasions below Internal InvestigationLevels (lILs).

Table 3 shows the radioactiveeffluent controls and limits. For further reference, figures
showing historical effluent data are alsoincluded, andthese are also well below regulatory
limits and withinthe normal operation range(see Sections 3.1.1 for airborne emissions and
3.1.2 for waterborne emissions).

Table 3 Framework for Radioactive Effluent Controls and Limits

Basis Levels/Limits Unit of Measure Description/Detail
1000 pSvly DRLs Bg/wk (air) For each radionuclide release group per
Bg/mo (water) facility plus “sum of fractions of DRL”

rule over all radionuclides per facility to
ensure the total dose remains below the
limit.

20 uSv/mo AlLc EEDs (uSv/mo) One combined dose Action Level for all
radionucliderelease groups from all
Bruce Power facilities EEDs =
Bruce Power emissioneffective dose.

2 uSv/wk (air) AL Ba/wk (air) For each radionuclide release group per
8 uSv/imo (water) Bg/mo (water) facility. 10% of DRL.
[ Ba/wk (air) For each radionuclide release group per
Bg/mo (water) facility. IIL is atthe highend of normal

release rates, e.g., at 97.5th percentile.

Single Pathway Thresholds are on each
release point.

0 T
. Normal releases may be characterized
ALARA Normal Range of =~ Ba/wk (air) by 95% confidence interval and/or mean.
Releases Bg/mo (water)
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Legend
_ Derived Release Limitfor individual radionuclideggroups, which triggers reporting
DRL =
to CNSC.
AL = Action Level for individual radionuclide groups, which triggers reporting to CNSC.
_ Combined Dose Action Level for all radionuclides, which triggers reportingto
AlLc =
CNSC.
lIL = Internal InvestigationLevel, which triggers the internal Bruce Power SCR process.
NOL _ Normal Operating Level, i.e.,mean of historic releases. For longer term trend
analysis.

Emissions canchange dependingon activities occurringn the nuclear facilities,such as
planned/unplanned outages, Surplus Base Load Generation (SBG) derates and shutdowns to
support dynamic electricity demand,and refurbishmentactivities. Outages are required to
complete maintenance for continued safe and reliable activities involvingperation of the site.
Maintenance activities may causeperiodic elevatedemissions duringoutage activities due to
systems that are typically closed being opened up for inspections andmaintenance. The
Bruce Power outage schedule by unit for the 451 outage days in 2019 has been provided in
Table 4. These longer outages were required for appropriate Asset Management to support
safe operationfor Life Extension and involved significantinspectionand maintenance
activities across site Surplus Baseload Generation (SBG) occurrences in2019 have been
providedin Table 5. Potential sources ofemissions in2019 are providedin the Section 3.1.1
and Section 3.1.2.

Table 4
2019 Bruce Power Outage Schedule
Unit Total Outage Days

1 0
2 51.8
3 132.5
4 22.7
5 107.5
6 231
7 113.5
8 0

Total Days 451

Note: Includes planned and unplanned outages.
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3.1.1

3.1.1.1

Table 5
2019 Bruce Power Surplus Baseload Generation
SBG Derate SBG
Unit Events Shutdown
(CSDVs) Events
1 52 0
2 37 0
3 30 0
4 40 1
5 29 1
6 33 0
7 26 0
8 47 0
Total 294 2

Air
2019 Radiological AirborneEffluent Results

Through Bruce Power’s normal operation, inclusive of outage maintenance activities, airborne
radiological emissions arereleased to the environment. These airborne emissions are
primarily monitored throughexhaust stacks and are well below regulatory levels as described
throughout the remainder ofthis report. These airborne emissions typically originatevithin
reactor systems includingthe moderator and heat transport systems as well as their
associated systems such as purification. These airborne emissions may fluctuateor elevate
during particular planned and unplanned activities. Unplanned events that may cause
emissionincreases canbe a result of; equipmentdeficiencies includingstack filter by-pass,
resin exhaustion inion-exchange purificationprocesses, boiler tube leaks causing increased
emissions throughfeedwater venting, and process leaks escapingout of reactor systems or
air ingress intoreactor systems. Planned activities whereemissionfluctuations may occur
include; scheduled fuel bundle defect removals from the heat transport system, purges from
systems including moderator cover gas required to keep key process parameters within
specifications,and increased outage days where maintenance work is performed on reactor
systems as requiredto support equipmenthealth and continued safe operation (in outages
reactor systems need to be opened up potentially releasingincreased airborne emissions).

Where possible Bruce Power has several engineeredbarriers in placeto assistin minimizing
radionuclides released to theenvironmentand keeping releases as low as reasonably
achievable (ALARA). These barriers includehigh efficiency particulateair (HEPA) filters and
high efficiency carbonair (HECA) filters to minimizehe release of radionuclides throughthe
exhaust stacks. Testing of Bruce Power’s stack filters are conducted annually by a third party
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to assess and assure their removal efficiency. Additional barriers includemoderator and heat
transport purificationsystems designed to remove radionuclides which minimizes these
contaminants from becomingan airborne emission,as well as vault vapour recovery systems
which reduce airborne tritium releases throughthe capture of water vapour withinthe vault
before it reaches the exhaust stack. These barriers inconjunction with performing work
activities inaccordance with the ALARA principle, systematic monitoringnd trending of
airborne emissions,and prompting investigations when emissions fluctuate, assists

Bruce Power in minimizingemissions and ensuringemissions remain ALARAand well below
regulatory limits.

In 2019, Bruce Power’s radiological airborne effluent emissions were well below regulatory
limits. Bruce Power routinely reports the results of the radiological airborneeffluent
monitoringin accordance with the licence to the CNSC. The 2019 Radiological Airborne
Effluent Results for all utilities onsiteare shown in Table 6. In addition tonormal operations,
maintenance work completed on the heat transport system, moderator, feeders and boilers
also contributed toradiological emissionsin 2019. The outage activities in2019 were also

focused on fuel channel inspections atboth stations.

Table 6
Annual Radiological Airborne (Gaseous) Effluent Results for 2019

Emissions (Bq)/yr
Pathway - WWMF CNL Kinectrics
Radionuclide Bruce A Bruce B CMLF (OPG) KI* Total
Air
Tritium Oxide 4.63E+14 3.30E+14 2.23E+10 1.03E+13 2.41E+11 1.88E+11 8.03E+14
Not Not Not Not
Noble Gas 7.07E+13 3.39E+13 applicable | applicable | applicable | applicable 1.05E+14
lodine131 417E+07 | 4.40E+05 | 2.52E+04 | 0.00E+00 Not Not 4.21E+07
) ) ' ' applicable | applicable '
Particulate . Not Not
Gamma 1.97E+06 4.76E+06 | 0.00E+00 6.52E+02 applicable | applicable 6.73E+06
Particulate Gross Not Not Not Not Not
Beta applicable | applicable | applicable | applicable 3.9E+04 applicable 3.90E+04
Particulate Gross | 5 43F104 | 263E+04 | 0.00E+00 Not 4.9E+03 Not 5.54E+04
Alpha applicable applicable
Carbon-14 134E+12 | 1.08E+12 Not 2.62E+09 Not Not 2.43E+12
applicable applicable | applicable

Note: * Natural occurring radionuclide material detected igamma spectrum analysis is not reported.
** Thisisthe net airborne emissionfrom Kl North Facility for the period ofDec 27, 2018 to Jan 23, 2020.
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3.1.1.2 Historical Radiological Airborne EffluenResults

The figures below provide representations of the cumulative annual releases of radionuclide
airborne effluents at Bruce A and Bruce B.

Figure 2 through Figure 4 includes thelong term trend, illustrated by the 5 year moving
average line. Note that all Bruce A units (1-4) werein lay up from 2001 to 2004, Units 3 and
Unit4 have been in operation from 2004 to present, and Units 1 and Unit2 have beenin
operations from late 2012 to present.

Figure 2 provides the historical trendin airbornetritium emissions. Airbornetritium is a
principal radiological emission associated with dose to the public. Radiological airborne
effluent emissions are managed inline with the concept of As Low As Reasonably Achievable
(ALARA). In 2019, airborne tritium emissions havedecreased at Bruce A and Bruce B
compared to 2018.

Figure 3 details the historical trendin airborne "C emissions. Airborne "*C is aprincipal
radiological emissioncontributionto dose to public. "C emissions atBruce A show an
increase from shutdown/refurbishmentyears due to return to servicein 2012, and have seen
a decrease since 2015, which may be attributed to an increasedfocus on resin management
and a heightened awareness and sustained efforts towards minimizing moderator cover gas
purging. Bruce B shows low variabilityin "*C emissions post2010 due to an increased focus
on moderator purification, resin management, and reduction of moderator cover gas purging.
In 2019, ™C emissionsremained low at Bruce B, with a slightincrease at Bruce A compared
to the previous year.

The majority ofairborne iodineemissions arecaptured by the high efficiency carbonair
(HECA) filters, which are tested on an annual basis to probe filter exhaustion,overall
efficiency, andin order to maintainequipment reliability. Most analytical results for iodineas
measured in the stacks are less than Limitof Detection (Ly). To prevent producingan
over-conservative number, as 0of2016 results that were below Ly were stated as such during
routine reporting, and results greater than Ly were includedin the summation of iodineto
provide a more representative value. The majority ofiodineemissions atboth Bruce A and B
were below Lg.

Figure 4 details the historical trendin iodineairborne emissions over the last10 years. lodine
inair is aradiological emissionassociated with dose to the public. The noted iodine
emissions at BruceA in 2014 are greater than previous years butremain well below all
regulatory limits. The Bruce A 2014 iodineemissions weredue to debris inthe heat transport
system after return to service of Units 1 and 2 whichresulted in fuel defects and associated
releases of iodinewhen these fuel defects were removed from the heat transport system. The
2012 iodineemissions aredue to iodine notbeing captured by exhausted HECA filter beds.
These HECA filter beds have since beenreplaced. Following the identification othis
deficiency, anincreased focus has beenplaced on filter maintenanceand the filter testing
program. In 2019, Bruce A experienced failedfuel issues that contributed to the increased
iodineemissions incomparison to the previous year. lodine emissions havebeen stable at
Bruce B over the long term.
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Historical Airborne Tritium Emissions
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Historical Airborne “C Emissions
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Figure 4
Historical lodine Emissions in Air

Water
2019 RadiologicalWaterborne Effluent Results

Through Bruce Power’s normal operation, inclusive of outage activities, waterborne
radiological emissions arereleased to the environment. These waterborne emissions arewell
below regulatory limits. Waterborne emissionsare monitored through release pathways
includingactive liquidwaste, feedwater discharges, a collection ofbuildingeffluent and
foundation drainage in sumps prior to releaseto the Condenser Cooling Water (CCW) duct.
These radiological waterborneemissions typically originatevithin reactor systems including
the moderator and heat transport systems as well as their associatedsystems such as
purification.

A majority ofthe waterborne radiological emissions produced from the aforementioned
systems are captured withinthe active liquid wastesystem withinthe plant where tanks are
analyzed to ensure acceptance criteria are met prior to release (batchdischarge) tothe
environment. Waterborne emissions may fluctuateor elevate during particular planned and
unplanned activities. Unplanned events that may cause emissionincreases canbe a result
of; equipment deficiencies includinghe moderator or primary heattransport upgraders being
out of service for maintenance, external challenges delaying D,O de-tritiationprocessing
off-site, purification resin exhaustionboiler tube leaks, controlled discharges from reactor
systems routed to collectionand recovery processes, air ingress intoreactor systems, and
fuel defects. Planned activities for whichemission fluctuations may occur include; scheduled
fuel bundle defect removals from the heat transport system, increased spent resin transfers,
and increased outage days where maintenance work is performed on reactor systems as
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required to support equipmenthealth and continued safe operation (in outages reactor
systems need to be opened up potentially leadingto increased waterborne emissions).

Where possible, Bruce Power has several barriers inplace to assist inminimizingwaterborne
radionuclides from beingreleased to the environment. These barriers includemoderator and
heat transport purificationto remove waterborne radionuclides from reactor systems, D,O in
H,O leak detectionto provide early indicationof a heavy water leak or boiler tubeleak, D,O
Supply and Inventory systems to maximize thecapture of D,O for re-use, and the Active
LiquidWaste system incorporates decay timeas well as a reverse osmosis/conventional
filtrationfor increased particulate removal. It is important to note that theActive Liquid Waste
system is also managed viaa batch discharge process where contents are sampled and
measured againstconservative criteria prior toapproval for discharge. These barriers in
conjunction with performing work activities inaccordance with the ALARA principle,monitoring
and trending waterborne emissions andinitiatinginvestigations whenemissions fluctuate,
assists Bruce Power in minimizing emissions anénsuring emissions remainALARA and well
below regulatory limits.

In 2019, Bruce Power’s radiological waterborne effluent emissions were well below regulatory
limits. Bruce Power routinely reports the results of the radiological waterborneeffluent
monitoringin accordance withthe CNSC licence. The 2019 waterborne radiological effluent
results are shown below in Table 7 (includingtritium emissions from foundatiordrainage
sump discharges).

Table 7
Annual Waterborne (Aqueous) Radioactive Effluent Results for 2019

Pathway Emissions (Bq)/yr

R?:(Iji;(;): u Bruce A Bruce B CMLF ‘?é)v;l\GM): CNL Kinfgaﬁcs Total
Water

oHium | 212E+14 | 8.82E+14 app’ﬁggble 1.60E+11 | 3.73E+10 app'l\:g;ble 1.09E+15
A(farbon-1 8.17E+08 4.68E+09 appll\:gtable appll\:gtable appll\:(c)table appll\:gtable 5.49E+09
E%{/Za 213400 | 226E+09 | O | obie | applcable applicable | 4.39E+09
S;?ass appl;:gtable appl;:gtable apprl\:g;ble 7.08E+07 | 4.52E+07 appll\ilggble 116508
Sllshsas <Lq <Ld apprl\:g;ble appll\:g;ble 6.75E+06 appll\ilggble 6.75E+06

Note: <Lq4 = less than limit ofdetection
*There were no waterborne emissionsin 2019 for KinectricsKI.
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3.1.2.2 Historical RadiologicaWaterborne Effluent Results

The figures below (Figure 5 through Figure 7) provide representations ofthe cumulative
annual releases of radionuclidewaterborne effluents at Bruce A and Bruce B. The

figures includethe long-term trend, illustrated by the 5 year moving averageline. Note that all
Bruce A units (1-4) werein lay up from 2001 to 2004, Units3 and 4 have been in operation
from 2004 to present, and Units 1 and 2 have been in operations from late 2012to present.

Figure 5 details the historical trendin tritium waterborneemissions. Tritium inwater is a minor
radiological emissionin terms of dose to the public. Bruce A shows a long term stable trend
with regard to tritium waterborneemissions. Bruce B experienced elevated tritium emissions
(well withinregulatory limits) in2012 due to a boiler tube leak. These emissions remainwell
below the Derived Release Limit(DRL) and dose to public values remainde minimus.

Bruce B waterborne tritium emissions increasedn 2019 comparedto 2018, and this may be
due to delays in de-tritiationprocessing of D,O off-site. Since 2017, Unit5 at Bruce B has
been experiencing a minor ongoingooiler tube leak. The leak rate is monitoredregularly and
has remained controlled withinacceptable values so as to continue operation until it canbe
repaired. The leak was inspectedduring a planned outage in 2019 and a repair strategy was

1.20E+15

1.00E+15
8.00E+14
6.00E+14
4.00E+14
2.00E+14
0.00E+00
<> < <> <> <> <7
% 2, 2, %, % %
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Bafyear

< <2
Uy =R

developed. The repair is scheduledto occur in 2022.

] | | Bruce A

— Bruce B
5 per. Mov. Avg. (Bruce A)
5 per. Mov. Avg. (Bruce B )

o, e%
Figure 5
Historical Tritium Waterborne Emissions

Figure 6 details the historical trendin "*C waterborne emissions. C in water is aradiological
emissionassociated withdose to the public. *C emissions arebeing managed through
Bruce Power’'s Resin Management Program. The increase in **C emissions in2014 and 2015
at Bruce B can be attributed to the drainingof the Emergency Water Storage Tank (EWST) in
preparation for the Vacuum BuildingOutage (VBO). These emissions remainwell below the
Derived Release Limit(DRL) and dose to public remainsde minimus. In 2016 and 2017, a
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reduction atBruce A and B returned emissions to moreconsistentlevels. This may be
attributed to an increased focus on resin management and the return of routine outage
activities (no drainingactivities from VBO). In 2019 waterborne "C emissions werehigher at
Bruce B than the previous year dueto ion exchange resin dewatering and replacements in
preparation of Major Component Replacement activities.
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Figure 6
Historical C Waterborne Emissions

Historical waterbornegamma emissions areshown in Figure 7. It should be noted that the
methodology employed for reporting Minimum DetectiorLevels (MDLs) was not consistent
from year to year. Bruce A gamma emissions havebeen consistently low since 2011however
there was a small increase in2019 due to an increase in loading of low reactivity water to the
Active LiquidWaste System and the cumulative impact of setting values that are less than
background to equal the background value. This results inover-conservative reporting.
There were no events to contribute to this slightincrease and emissions arewell below the
regulatory limits. Bruce B experienced elevated gamma emissions in2012 associated witha
boiler tube leak; these emissions remain well below the DerivedRelease Limit(DRL) and
dose to public values remainde minimus. Since 2017, Unit5 at Bruce B has been
experiencinga minor ongoingboiler tube leak, releases from which are includedin the overall
waterborne gamma emissions for 2019.
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Figure 7
Historical y Emissions in Water

3.1.2.3 Foundation Drainage Waterborne Effluent Results

Bruce A and Bruce B have a foundation drainage system that maintains awater level of 577 ft
(176 m) or less, and therefore creates a local hydraulic sinkaround the powerhouses. The
foundation drainage system is designed to collectgroundwater seepage; this water is
monitored and discharged to Lake Huron through the CCW duct.

Bruce Power monitors the foundation drainage system on a monthly basis andthe tritium
concentrations are used to estimate tritium loading(concentrations x volume) andare
included inthe total station waterborne effluent results that are routinely reported in
accordance withthe CNSC licence. All waterborne tritium results are well below any
regulatory limits. Foundation drainage contributes toonly a very minor fraction ofthe annual
total. In relationto the 2019 total stationtritium waterborneemissions foundationdrainage
contributed 4.4% atBruce A and 0.24% at Bruce B.

Tritium trends in thefoundation sumps are monitored and actions takento narrow down the
possible reasons why concentrationtrends may be fluctuatingin some cases. Variability may
be attributed to atmospheric tritium inthe powerhouse which accumulates inlow lying areas
and concentrates in collection sumps over time(this effectis particularly elevatedduring
outage maintenance activities whensystems are opened up and there are periods of elevated
tritium inthe station) It is evidentfrom the trends that the potential implications andimpacts
on the environmentare low, as indicatedby monitoringon two fronts: (1) CCW tritium
measurements remain very low, and (2) multi-level groundwater wells situatednear the
perimeter of the powerhouse continue to show no evidence of contaminationof concern with
respect to tritium measurements.

Multi-level groundwater wells show tritium concentrations that are well below the drinking

water guidelineof 7,000 Bg/L, whichis used as a reference point (note that this valueis a
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guidelinefor potable water). There is noregulatory criterion for tritium in non-potable water.
Foundation drainage acts as a hydraulic sink andpulls groundwater towards the station and
discharges outvia a monitored pathway to the lake. From the monitoring data,it can be
concluded that the potential impacts onthe environmentas a result of tritium concentrationin
foundation drainage are low.

Foundation Drainage Bruce A

The Bruce A 2019 foundation drainage waterborne tritium effluentresults are includedin the
water effluent results in Table 7 and presented withfurther detail inTable 8. Routine
monitoringon a monthly basis continues. There are periods whentritium levels areelevated;
however, there are no adverse effects on the environmentor impacton groundwater quality
as confirmed by the concentrations oftritium measured inthe multi-level groundwater wells.
Historical Bruce A foundation drainage waterborne effluent results for the past 10 years are
presented in Figure 8. It should be noted that the measured tritium concentrations improved
(lower) in 2019 compared to historical values.

Due to the slightincreasein tritium concentrations irR018 at Units 3and 4 in comparison to
Units 1 and 2 and also Units 5-8, an investigationinto the potential sources or causes was
initiatedin 2019. This investigationis ongoing, butincludes exploratory work intothe
substructure and sump liners ofthe Bruce A station and also a supplementary study with
increased samplingof the U4 foundation drainage sump.

Table 8
2019 Bruce A Foundation Drainage

Concentration of Tritium (Bg/L)

Unit1 | Unit2 | Unit3 | Unit4
January 1,036 | 4,810 | 9,398 | 77,182
February | 2,775 | 24,864 | 5,735 | 50,394

Month

March 1,850 | 32,745 | 10,027 | 106,116
April 2,627 | 13,764 | 4,329 | 7,659
May 925 27,935 | 6,549 | 12,950
June 925 13,542 | 34,114 | 105,043
July 2,294 | 2,072 | 56,092 | 52,059

August 1,295 | 1,332 | 7,955 | 72,039
September | 1,443 | 3,663 | 15,170 | 242,461
October 1,702 | 40,293 | 18,167 | 53,391
November | 2,035 | 42,957 | 19,980 | 69,523
December | 1,961 | 16,391 | 15,725 | 190,106
Average 1,739 | 18,697 | 16,937 | 86,577
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Figure 8
Bruce A Historical Foundation Drainage

Foundation Drainage Bruce B

The Bruce B 2019 foundation drainage waterborne Tritium results areincludedin the overall
station waterborne effluent results in Table 7 and presented with further detail inTable 9. As
stated previously, in2019, Bruce Power’s radiological waterborne effluent emissions
(includingfoundation drainage discharges) were well below regulatory limits. Historical

Bruce B foundation drainage waterborne Tritium results since2010 are presented in Figure 9.
In general, tritium infoundation drainage discharges has hadlow variability,with the exception
of 2012.

Table 9
2019 Bruce B Foundation Drainage

Concentration of Tritium (Bq/L)
Unit5 | Unit6 | Unit7 Unit8
January 29,515 | 4,033 | 3,552 19,329
February | 25,900 | 2,960 | 3,330 37,370

Month

March 20,350 | 2,960 | 5,920 38,850
April 1,480 | 2,590 | 15,170 | 38,480
May 1,850 | 1,850 | 23,310 | 25,160
June 18,500 | 3,700 | 21,460 | 31,450
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July 36,612 | 4,377 | 10,556 | 23,706

August 13,690 | 4,070 | 11,100 | 57,350

September | 718 3,918 | 73,197 | 80,164

October 1,661 | 4,621 | 105,350 | 14,038

November | 233 3,589 | 51,356 | 24,383

December | 2,142 | 6,601 | 74,241 | 20,261

Average 12,721 | 3,772 | 33,212 | 34,212
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Figure 9
Bruce B Historical Foundation Drainage

Wastewater Treatment (Sewage Processing Plant) Wastewater is collected from all facilities
at the Bruce Power site includingBruce A and Bruce B, CMLF, CNL (Douglas Point), OPG
(WWMF) and Centre of Site buildings, andis treated onsite at the Bruce Power Sewage
Processing Plant(SPP). The sanitary sewage collection system is anetwork of 3 km of
gravity sewers and 7 km of force mains. The Bruce Power site decreased the number of
pumping stations from 26 t019 in 2018. This decrease has occurred by combining and/or
decommissioningpumping stations withefforts to replace obsolete equipmentand simplify the
site sanitary system [R-37].

The sewage processingplant has an average design flow capacity of 1,590 m*/day and a
maximum designflow capacity of4,700 m®day. The plant consists ofan inlet chamber,
aerated equalization tank,screening and grindingequipment, liquidchemical injection, and
two parallel biological treatmenttrains consistingof aeration tanks, settling tanks, and aerobic
sludge digesters, followed by ultravioletdisinfection(UV), and two onsite lagoons for sludge
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storage. Final effluentfrom the plant is dischargedto Lake Huron via a gravity pipe to the
Lake Huron outfall located near Douglas Point.

Sewage processing plant effluent monitoringdata was previously reportedto the CNSC inthe
quarterly technical report. This included radiological analytical results from the treated liquid
effluent routed to the lake and the sludge digester tanks routedto onsite lagoons. In 2017,
Bruce Power requested to have the Waste Nuclear Substance Licence (WNSL) for the CMLF
revoked and consolidatedinto the Bruce A and Bruce B PROL sincethe activities were
already described inthe Bruce Power PROL. The consolidationoccurred July 1, 2017 and
now requires the sewage effluent to be reported in this Environmental Protection report.In
2019, the average daily effluentflow was 930m®day, a minor decrease from 961m®/day in
2018 [R-37]. Table 10 shows radiological sewage analysis for 2019.

Quarterly averages for radiological parameters in sludge and sewage effluent in 2019 were
well below internal acceptance criterialimits andthe annual average is well below the
Provincial Water Quality objective annual average limit for tritium (7,000 Bg/L). The quarterly
average tritium concentrations insludge were withinthe same range as previous years,
although the annual average is higher. The average value in 2018 was 2.79E+01 Bg/L. A low
concentration of gamma was identifiedin one digester tank inthe second quarter of 2019,
identifiedas Molebdium-99, a short half-life species. Tritium concentrations insewage
effluent in 2019 were similar to quarterly values in2018, with the exception of the third quarter
results. In August 2019, an elevated tritium concentrationwas identifiedin the SPP effluent
and digester sludge tank which launched an investigationinto the cause. The source was
identifiedas an unmonitored sewage sump at Bruce B. From this event, Bruce Power has
posted signage on all sewage sumps across site, increased awareness toall employees, and
initiateda monitoringprogram for the unmonitored sewage sumps atboth stations for 2020.
Bruce Power continues tosample sewage at the primary Bruce A and Bruce B powerhouse
sumps including theUnit0 and Unit 1-8 sumps.

Table 10
2019 Sewage Processing Plant Monitoring
Sample Source Tritium Beta Gamma
Bg/L Bg/L Bg/L

Sewage Digester Sludge
Q1 2.67E+02 Not Applicable None detected
Q2 2.59E+02 Not Applicable 5.64E-02
Q3 8.54E+02 Not Applicable None detected
Q4 3.22E+02 Not Applicable None detected
Average 4.25E+02 Not Applicable 1.41E-02
Effluent
Q1 3.08E+02 4.01E-01 **
Q2 2.32E+02 3.54E-01 *
Q3 5.33E+03 5.91E-01 *

Master Created: 17Apr2020 9:59



Approved for Issue - VERIFY STATUS PRIOR TO USE

PUBLIC
B-REP-07000-00012 Rev 000 May 1, 2020 Page 60 of 297
2019 ENVIRONMENTAL PROTECTION REPORT
Q4 3.00E+02 5.43E-01 **
Average 1.54E+03 4.72E-01 Not Applicable

Note: * Analyses are not done on sludge samples due to sample B-self absorption.
**Gamma analyses are not done on effluent samples since is the mostsensitive analysis for liquids.

3.2 Conventional (Non-Radiological) Effluent Monitoring Program

Bruce Power monitors the effluent emissionstreams for a variety ofconventional parameters
includinghazardous substances. This monitoring is performed to meet the regulatory
obligations ofseveral Federal and Provincial regulatory agencies,includingthe CNSC. The
results for these monitoring events aresubmitted to the lead environmental agencies at
various times throughoutthe year. Table 11 provides a summary of the monitoringreports
that Bruce Power submits throughoutthe year as well as identifies thetime of submissionand
the lead regulatory agency. The reports provide details andinformation necessary tomeet
regulatory report requirements. The following sections describesome of the regulatory
context for each report.

3.21 Conventional (Non-Radiological) Effluent Monitoring Program
The conventional monitoring program operated by Bruce Power is describedin:
o BP-PROC-00080, Effluent MonitoringProgram [R-33]
o BP-PROC-00099, Conventional EmissionsWater [R-35]
o BP-PROC-00928, Conventional Emissions-Ail[R-36]

The aforementioned procedures provide requirements for effluentsampling, monitoringand
compliance with limits setforth in the following:

o Ontario Regulation 215/95: Effluent Monitoringand Effluent Limits - Electrical Power
Generation Sector[R-38]

o Ontario Regulation419/05: Air Pollution- Local Air Quality[R-39]
o Ontario Water Resources Act (R.S.0. 1990, ¢.0.40)[R-40]

o ECAs issued by the Ministry ofthe Environment Conservation and Parks (MECP) [R-41]
[R-42][R-43][R-44]

o Permits to Take Water (PTTW) [R-45][R-46][R-47] issued by MECP and with Internal
AdministrativeLimits

. Ontario Regulation 389/18: Quantification,Reporting and Verification ofGreenhouse
Gas Emissions[R-48]
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o Federal Halocarbon Regulations, 2003, SOR 2003-289 [R-49]

) Wastewater Systems Effluent Regulations, 2003, SOR 2003-289 [R-50]

) Notice to Report: Under the authority of Section 46 of the Canadian Environmental
Protection Act (CEPA), operators of facilities thatmeet the criteria specifiedn the annual
notice with respect to reporting of greenhouse gases (GHGs), published inthe Canada
Gazette, are requiredto report facility GHG emissions toEnvironmentand Climate
Change Canada by the annual June 1st reporting deadline[R-51][R-51]

o Notice to Report: Under the authority ofthe Canadian Environmental ProtectionAct,
1999 (CEPA 1999), owners or operators of facilities thatmeet published reporting
requirements are required to report to the NPRI[R-52]

o Ontario Regulation463/10: Ozone Depleting Substances and other Halocarbons[R-53]

o Ozone-Depleting Substances Regulations, 1998, SOR/99-7[R-53]

Table 11

2019 Bruce Power Regulator Reporting for Conventional Parameters

Hazardous Submission
Substance Report Title Regulatory Date
(Section (Document Control Number) Agency
Reference) (Frequency)
Air- ECA) Written Summary for Reporting Year 2019 Ministry of 15JUN2020
Environmental Compliance Approval- Environment, | (Annual)
Air7477-8PGMTZ (B-CORR-00541-00010) Conservation
and Parks
Air- Halocarbon Halocarbon Release Report Pursuant to the Environment | 31JUL2019
Federal Halocarbon Regulations Climate (Semi-annual)
(SOR 2003-289) Section 33 January to Change
June 2019 (B-CORR-00521-00171) Canada

Halocarbon Release Report Pursuant To The

Environment

31JAN2020

Federal Halocarbon Regulations Climate (Semi-annual)
(SOR/2003-289), Section 33, July to Change
December 2019 (B-CORR-00521-00002) Canada
Air - Greenhouse Not required to report Internal Quantify by
Gas 2019 Federal Greenhouse Gas Reporting Report GHG
emissions by
01JUN2020
(Annual)

Not required to
report
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Hazardous s
Substance Report Title Regulatory Subg:tsesmn
(Section (Document Control Number) Agency
(Frequency)
Reference)
Not required to report Internal Quantify by
2019 Provincial GreenhouseGas Report GHG
emissions by
01JUN2020
(Annual)
Not required to
report
Air- NPRI 2019 National Pollutant Release Inventory for | Environment | 01JUN2020
Bruce Power NPRI ID #7041 Climate (Annual)
(B-CORR-00521-00003) Change
Canada
Water - EMEL 2019 Annual Effluent MonitoringEffluent Limit | Ministry o 01JUN2020
(EMEL) Report Environment, | (Annual)
(BP-CORR-00541-00019) Conservation
and Parks
Water - EMEL/ECA | Bruce Power EMEL and Environmental Ministry of 14MAY2019
Compliance Approval Submission- First Environment, | (Quarterly)
Quarter 2019 Conservation
(B-CORR-00541-00332) and Parks
Q2 2019 Effluent Monitoring Effluent Limit- Ministry of 14AUG2019
Quarterly Environment, | (Quarterly)
(B-CORR-00541-00333) Conservation
and Parks
Bruce Power EMEL and Environmental Ministy of 14NOV2019
Compliance Approval SubmissionThird Environment, | (Quarterly)
Quarter (B-CORR-00541-00334) Conservation
and Parks
Bruce Power EMEL and Environmental Ministry of 14FEB2020
Compliance Approval SubmissionFourth Environment, | (Quarterly)
Quarter Conservation
(B-CORR-00541-00011) and Parks
Water - ECA 2019 Environmental ComplianceApproval Ministry of 01JUN2020
(Water) Annual Compliance Report for Environment, | (Annual)
Bruce A (BP-CORR-00541-00020) Conservation
and Parks
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Hazardous icai
Substance Report Title Regulatory Subg:tsesmn
(Section (Document Control Number) Agency
(Frequency)
Reference)
2019 Environmental ComplianceApproval Ministry of 01JUN2020
(Water) Annual Compliance Report for Environment, | (Annual)
Bruce B (BP-CORR-00541-00021) Conservation
and Parks
2019 Environmental ComplianceApproval Ministry of 01MAR2020
(Water) Annual Compliance Report for Centre | Environment, | (Annual)
of Site (BP-CORR-00541-00013) Conservation
and Parks
Water - PTTW 2019 Water Taking Data - Permit To Take Ministry of 31MAR2020
Water 1813-8MLLHG Bruce A Environment, | (Annual)
(BP-CORR-00541-00023) Conservation
and Parks
2019 Water Taking Data - Permit To Take Ministry of 31MAR2020
Water 2233-8MLN8J Bruce B Environment, | (Annual)
(BP-CORR-00541-00024) Conservation
and Parks
2019 Water Taking Data - PermitTo Take Ministry of 31MAR2020
Water 1152-8MLPCR Centre of Site Environment, | (Annual)
(BP-CORR-00541-00025) Conservation
and Parks
Water - WSER 2019 Q1 Wastewater System Effluent Environment | 14MAY2019
Regulation (WSER) Report Climate (Quarterly)
(BP-CORR-00521-00008) Change
Canada
2019 Q2 Wastewater System Effluent Environment | 14AUG2019
Regulation Report Climate (Quarterly)
(NK37-CORR-00521-00043) Change
Canada
2019 Q3 Wastewater System Effluent Environment | 14NOV2019
Regulation Report Climate (Quarterly)
(NK37-CORR-00521-00045) Change
Canada
2019 Q4 Wastewater System Effluent Environment | 14FEB2020
Regulation Report Climate (Quarterly)
(BP-CORR-00521-00006) Change
Canada
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3.2.2

3.2.21

Air - Effluent
Environmental Compliance Approval

Site conventional air emissions arecontrolled to meet regulatory requirements and to
minimizeenvironmental impacts toprotect the environment.

Conventional air emissions are heldo performance standards stipulatedin the Environmental
Compliance Approval (ECA) (7477-8PGMTZ) [R-41] which incorporates all non-radiological air
emissionsources on site. The ECA allows flexibility to release contaminants up to a
maximum Pointof Impingent (POI) concentration limitt its property boundary. These limits
are typically MECP limits (as per O.Reg. 419/05) [R-39], and for cases where there is no
pre-defined MECP POl level, Bruce Power is boundby a Maximum Ground Level
Concentration (MGLC) accepted by the MECP upon its ECA applicationsubmission.

Air contaminants ofconcern are modelled for all non-negligiblesources inworst-case
scenarios. Estimated emission rates arethen analyzed to ensure regulatory limits atthe POI
are met. While Bruce Power is bound by ECA performance limits,the company has
operational flexibility(e.g. location of emissionsources for temporary generator units)once it
can be demonstrated that itwill remain withinthese limits.

Specific contaminants emitted from every air emission source on site are identifiedin the
EmissionSummary and DispersionModelling (ESDM) Report that reflects the actual
operation of the facility[R-39]. Bruce Power maintains upto date ESDM report that reflects
current operations. Up on making any modifications, the modificationlog and ESDM report
are updated 1o d o cu me nt that the facility is incompliance. The ESDM Report shows that:

o The nature of the operations of the facility continues to be consistent with the de scription
section of the ECA;

o The production at thefacility continues tobe below the facility productionlimitspecified
on the ECA; and

o The performance limits aremet.

During 2019, four modifications weremade. Three of the modifications werefor the
installation ofsilencers on the deaerator vents for Unit5, Unit 6 and Unit7 resultingin a
decrease innoiselevels. The fourth modificationwas for the injectionof film formingamines
(FFA) inthe Unit6 (MCR) feedwater and main steam systems resultingin the release of a
new amine contaminant. All of the modifications demonstrated compliance with the POI limits
(as per O. Reg 419/05) and the conditions ofBruce Power's ECA. As per the conditions of
the ECA, the MECP District Officewas notifiedof each modification.

Noise
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The Environmental ComplianceApproval (ECA) [R-41][R-39] for air requires thatBruce Power
is withinthe noise limits ofNPC-232 Sound Level Limits for Stationary Sources irClass 3
Areas (Rural).

Noise complaints and reports were receivedfrom various Inverhuron residents between
May 24, 2019 and October 20, 2019. In accordance with the conditions ofBruce Power’s
ECA, the MECP DistrictOffice was notifiedof the complaints inwriting following each
complaint.

2015-2018 Noise Monitoring andNoise Control Investigations

Noise investigations conducted inthe summer 2015, 2016 and winter 2017 demonstrated that
the sound levels at the concerned receptors (Lake Street) compliedwith the quantitativelimits
stipulated by the MECP. There was no direct correlation between the noise logs providedby
the residents atLake Street and operational events atBruce Power. The study revealed that
meteorological conditions influencethe propagation of sound from the stations

(i.e., Bruce Power is slightly audibleduring periods of low background noise).

A Noise Control Investigationfor the four rooftop deaerator vents at Bruce B was conducted
using sound level measurements and source measurements collected during the2015 and
2016 Noise Monitoring Programs. The sound power emissionmeasurements collected from
each of the four deaerator vents at Bruce B in 2015 were input to an acoustical model ofthe
Bruce Power site and surrounding area to determine predicted sound levels at locations within
the surrounding community. With a worst-case predicted sound level of 33 dBA at Lake
Street, the facility is well belowthe applicable criteria.

In order to mitigatethe sound level concerns from neighbours, a project was initiatedin 2018
to install silencers onthe four deaerator vents at Bruce B affording a minimum of30 dBA of
attenuation. A silencer was installedon the Unit 8 deaerator ventin October 2018.

2019 Noise Monitoring and Noise Control Investigations

A sound level measurement was collected from the Unit 8 deaerator vent following the
installation ofthe vent silencer and compared to measurements collectedin 2015. The sound
level measurement confirmed that an overall reduction of 31dBA was achievedrelative to the
unsilenced vent (4 by-pass valves open). In addition, thesound from the Unit8 deaerator
vent is nolonger tonal (highfrequency hum/whistle). The reduction exceeded the target of
30dBA as recommended by the Noise Control Investigation.

Silencers were installedon the Unit 7 deaerator vent in March; the Unit 6 deaerator ventin
May; and the Unit5 deaerator vent in October. A two week noise monitoringcampaignwas
completed in August to assess the change in sound levels following the installationof Unit6,
Unit 7 and Unit 8 deaerator vent silencers. Unit5 was in outage at the time of the campaign
which implies there were nodearator venting or associated noiseemissionsfrom Unit5.
Results indicatedthat the sounds of nature and residentactivities weredominantat Lake
Street and withinInverhuron Provincial Park. The distinct tone that was audiblefrom all four
deaerator vents prior toinstallationof the silencers was completely inaudible which is an
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3.2.2.2

indication ofthe effectiveness ofthe silencers. Bruce Power provided updates to the
community as the project progressed, and followingits completion,received positivefeedback
on sound levels from several members of the community.

Halocarbons

In Canada, the federal, provincial and territorial governments have legislation inplace for the
protection of the ozone layer and management of ozone-depleting substances and their
halocarbon alternatives. The use and handling of these substances are regulated by the
provinces and territories intheir respectivejurisdictions, and throughthe Federal Halocarbon
Regulations, 2003 [R-49] for refrigeration,air-conditioningfire extinguishing,and solvent
systems under federal jurisdiction. Bruce Power is governed by boththe provincial and
federal regulations.

Figure 10 below provides asummary of all the halocarbon releases across sitefor the 2019
calendar year. These leaks (releases) are broken down by magnitude; releases between

10 kg and 100 kg are reportable insemi-annual reports, andreleases greater than 100 kg are
immediately reportable to ECCC andMECP. There were no releases greater than 100 kg in
2019, and 8 releases on Sitethat were between 10-100 kg.

9
8
7
un
0 g
= B Bruce A
w
= 5
b W Bruce B
- 4
= Centre of Site
E 3
= B Bruce Power Total
2
1
o
=100 kg 10 - 100 kg
Figure 10

2019 Bruce Power Halocarbon Release Occurrences

Historical Conventional Halocarbons Air Monitoring

The environmental impactof these halocarbon discharges is reducedas a result of the older
ozone depleting refrigerants (chlorofluorocarbons (CFCs) and hydrochlorofluorocarbons
(HCFCs) being replaced by Hydrofluorocarbons (HFCs) withnegligibleimpact onthe ozone
layer (e.g., R134a and R410). HFCs however have high global warming potential and pose a
threat as a greenhouse gas[R-49]. Figure 11 below provides the historical trendof the total
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number of halocarbon releases reported to ECCC since 2008. The number of events has
remained stable with a slightdecrease in 2011 and 2017.

10

9

Figure 11
Historical Bruce Power Halocarbon Releases (> 10 kg)

Releases > 100 kg are immediately reportableto the Spills ActionCentre (SAC).
3.2.2.3 Greenhouse Gas

In 2018, the province ordered a wind down of the cap and trade program and filed a new
greenhouse gas reportingregulation, O. Reg 390/18 Greenhouse Gas Emissions:
Quantification,Reporting and Verification[R-55]. O. Reg. 390/18 has taken the place of O.
Reg. 143/16 which was issuedin 2016 to support the implementationof the Provincial Cap
and Trade Program.

The Provincial threshold for reportingGHG emissions droppedfrom 25,000 tonnes CO.e to
10,000 tonnes CO,e in 2015. Bruce Power was below the 25,000 tonnes CO.e threshold in
2013 and 2014 and below the 10,000 tonnes CO-e threshold in2015 to 2018. In order to
cease reporting, there must be three consecutive years reported under the threshold.
Therefore, 2015 was the last year of reporting GHG emissions

Emissions will continueto be calculated in 2019 and onwards to confirm they are below
threshold values.

Historical GreenhouseGas (GHG)

GHG releases on site have trended downwards due to the Bruce Steam Plant (BSP) shut
down strategy. The Steam Plant operated in 2015 to supplement the Vacuum Building
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Outage at Bruce B and was shut down in December of 2015 when the stack was removed.
Calculations for 2019 will be completed by June 1, 2020 and will be reported in the 2020 EPR.
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Figure 12

Provincial Greenhouse Gas Reporting Tonnes CO, Equivalent - Conventional Air

3.2.2.4 National Pollutant Release Inventory

The National Pollutant Release Inventory (NPRI) is Canada’s legislated, publicly accessible
inventory of pollutant releases, disposals and recycling.NPRI information is a major starting
point for identifying andmonitoring sources ofpollutionin Canada, and in developing
indicators for thequality ofair, land, and water. The NPRI provides Canadians withannual
information onindustrial,institutional,commercial, and other releases and transfers in
Canadian communities[R-52]. Bruce Power complies withreporting requirements and
regulatory limits, as shownin Sections 0 and 3.2.3. Bruce Power’'s NPRI contaminants
reported for the 2018 calendar year are presented in Table 12. 2019 calculations will be

available inthe 2020 EPR. A graphical comparisonof NPRI contaminantchange over timeis
shown in Figure 13, including thosethat fell below the threshold to reportin2018. There was
an incorrectformula in 2013 and 2014 calculations resultingin over reporting of Sulphur
dioxide, VOCs, particulate matter and carbon monoxide for those years. This was identified
during the 2016 calculations which resultedin a decrease for these contaminants. There was
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a slightincreasein ammonia andvolatile organic compoundreleases in2017 due to
refinements tothe calculations for air emissions from theBruce B deaerator vents. Releases
of nitrogen oxides decreaseddue to a decrease in Bruce B standby generator test runs.

Calculations and reporting for the 2019 calendar year will be completed by June 1, 2020 and
will be reported inthe 2020 EPR.

Table 12
NPRI Contaminants Reported for 2018
Contaminant Total kgs
Ammonia (total) 15,323
Hydrazine 1,596
Lead®*?® 172

Nitrogen Oxides (expressed as NO,) | 72,465

PM10% 3,922
PM2.5%° 14,466
Sulphuric acid 0.05
Volatile organic compounds?®® 18,789
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Figure 13
2014 to 2018 Contaminant Total Releases to Air, Water and Land
3.2.2.5 Chemical ManagementPlan

3.2.2.6

Environmentand Climate Change Canada routinely collects informationfrom industry to assist
in managing toxic andpriority substances identifiedinder the Canadian Environmental
Protection Act, 1999 (CEPA) Part 5 [R-56] in order to protect the environmentand human
health. Bruce Power participates inthe informationcollects. ECCC did not request any
mandatory surveys under the Chemical Management Plan in 2019.

Pollution Prevention

Under Part 4 of CEPA [R-57], Environment and ClimateChange Canada has the authority to
require preparationand implementationof pollution prevention plans for toxic substances.
Pollution prevention planning is a methodof identifyingand implementingpollution prevention
options to minimizeor avoid the creation of pollutants or waste. ECCC issueda pollution
prevention planning notice for any person who operated a facility in theelectricity sector that
has a concentration of hydrazine that is higher thanthe specified targetlevels under normal
operating conditions andat any final dischargepoint. Bruce Power reviewed the notice and
determined that the notice does not apply. As such, Bruce Power will be submittinga
Notification ofNon-Engagement in 2020.
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3.2.2.7

3.2.2.8

The Notificationof Non-Engagement is a voluntary form submitted to ECCC acknowledging
that Bruce Power does not meet the descriptionof a facility requiredto prepare and implement
a plan as specified inthe Notice.

Climate Change

In 2018, Bruce Power announced its intent to partner withthe Council ofthe Great Lakes
Region to conduct a lake level (Lake Huron) report focusing on Climate Change. This report
would describe the impacts thatthe Lake Huron area could experience based on a variety of
climate change predictions. An official Memorandum ofUnderstandingwas reached in early
2019.Aliterature review andpreliminary research wascompleted from spring to fall 2019.
Following the literature review, a scope was formed that will resultin a land based model
being developed. The intentof the land based model is to complement the existingLake
Huron climate model thatBruce Power has already developed. This portion ofthe projectis
taking place over the course of 2020 with the intent of having a first draft of the report
prepared this year.

In 2019, Bruce Power continuedto work with Golder Associates onhydrothermal dynamics in
Lake Huron with a focus on consideration ofthree future scenarios (average, extreme warm
and extreme cold conditions). Futureclimate is expected to affectlake conditions,specifically
water temperature which is expectedto increase as a result of warmer air temperatures and
increased extreme events. The validated MIKE3 FM hydrothermal model configurationwas
used to carry out climate change simulations. The meteorological, hydrological and
operational inputs used by the model to drive the lake-wide processes were updated to
develop combinations offuture climate conditions Average annual water temperatures are
expected to increase by approximately 1.5-2.0°C with higher springwater temperatures
compared to baseline. Summer water temperatures are predicted to increase 2 to 4°C and
winter water temperatures increase upto 2°C under extreme warm conditions. Operations
versus no operations scenarios werecompared and resulted inlittle change to lake
temperatures inthe vicinity ofthe Site (0.3°C in July and 1°C in December).

Carbon Footprint

The operation of the Bruce Power site has had a steadily decliningproduction of GHG
emissions anda related reductionin Carbon Footprintsince the 2014 closure of the onsite
Steam Plant.

Since 2012, Bruce Power has been steadily increasing supportfor tree planting efforts in our
neighbouringcommunities, basedon the assumption that one tree has the capability tooffset
1 ton of carbon inits lifetime. Bruce Power has generated a total of 67,078 tons of CO2 and
we have planted 150,923 trees from 2012 to 2019. These 150,923 trees have a projected
offset capability of2x the value of our GHG emissionsgenerated over the past seven years
(Table 13). Our focus in 2020 will be to increase out GHG offsets further by planting
additional trees.
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Table 13
Bruce Power Tree Planting Efforts

2012 2013 2014 2015 2016 2017 2018 2019 Total
Total Trees Planted 147 1544 4142 6291 11,384 | 13,978 | 68,443 | 82,480 | 150,923
(Cumulative)
Total GHG Emissions On 32,310 | 16,215 | 3680 5021 3948 2789 3115 3231 67,078
Site
Total GHG Emissions Off 147 1544 4142 6291 11,384 13,978 68,443 82,480 150,923
Site (assuming trees live to
40 years) (1 ton per tree)

3.23

Water - Effluent

Site conventional water effluentsare controlled to meet regulatory requirements, prevent
pollution, reduce emissions,and minimizeenvironmental impactsin an effort to protect the
environment. Conventional water emissions atBruce Power are discharged according to
specific licenses,permits, and regulations under (but not limitedto) the Environmental
Protection Act (EPA) [R-58] and the Ontario Water Resources Act (OWRA) [R-59].

The EPA contains regulations which prescribdimits ondischarge streams across nine
different industrial sectors thatdischarge more than 50,000 litres of water a day. The electric
power generating sector is regulated under O. Reg. 215/95 - Effluent Monitoring Effluent
Limits (EMEL)[R-38]. This regulationdefines a daily limitand a monthly average limitfor
each regulated parameter. It also requires that thedischargeis nottoxic tofish. Monitoring
and reporting requirements are also defined within theregulation. Non-compliances to

O. Reg. 215/95 [R-38] are reportable to the MECP and are subject to Environmental Penalties
under O. Reg. 222/07 [R-60].

In additionto EMEL, and as per OWRA, no person shall use, operate, establish, alter, extend,
or replace new or existingsewage works except under, and in accordance with, an
Environmental Compliance Approval (ECA). Bruce Power operates according to three ECAs
regulating conventional water emissions acrosssite; Bruce A, Bruce B, and Centre of Site.
The ECAs impose site-specific effluentlimits, monitoringand reporting requirements for the
operation of the facility. As mentioned, these site-specific limits arén addition tolimits
imposed by EMEL. Non-compliances to ECA limits aresubject to Environmental Penalties
under O. Reg. 223/07 [R-61]. In 2016, Bruce Power obtaineda Temporary Amendment to
Bruce A thermal limits ECA 6383-5FDRFJ, withrespect to an extensionto thermal limits and
was valid until May 2018. On 20JUL2018, Bruce A received a revised Environmental
Compliance Approval, 0732-B2MKLY, which granted Bruce A thermal flexibility for fiveyears
(6 summer seasons), expiring following thesummer season of 2023. This flexibility requires
the development of a thermal monitoringplan in collaboration with local Indigenous
communities. This plan has beendeveloped in collaborationas required and successfully
implementedin 2019.
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3.2.3.1

3.2.3.2

Permitto Take Water

In Ontario, anyone who takes more than 50,000 litres of water per day from a lake, river,
stream, or groundwater source must obtain a Permitto Take Water (PTTW) from the MECP
[R-35] (with a few exceptions). These permits helpto ensure the conservation, protection,
management, and sustainable use of Ontario’s water. Ontario’s Water Taking Regulation (O.
Reg. 387/04) [R-40] helps to ensure fair sharingof water resources and prevent interferences
among water users. Permits are not issued to assignrights to water or to establish priorities
on water use. O. Reg. 387/04 [R-40] sets out criteriathat the Ministry mustconsider when
assessing an applicationfor a PTTW. A permitwill not beissued ifthe Ministry determines
that the proposed water taking will adversely impact existing users or theenvironment [R-40].

Bruce Power has a separate PTTW for each Bruce A (1813-8MLLHG) [R-45], Bruce B (2233-
8MLN8J) [R-46], and Centre of Site (COS) (1152-8MLPCR) [R-47]. Bruce Power remainedin
compliance with all PTTW requirements in 2019.

Effluent Monitoring Effluent Limitsand Wastewater Systems Effluent Regulations (SPP only)

The Effluent Monitoringand Effluent Limits (EMEL) program (previously referenced as
Municipal Industrial Strategy for Abatement{MISA) [R-38]) is the Ontario provincial response
for addressing levels of persistent toxic substances inindustry directly dischargingnto
Ontario's waterways. The EMEL program covers nine industrial sectors. The nine sectors are
petroleum, pulp and paper, metal mining,industrial minerals,metal casting, organic chemical
manufacturing, inorganic chemical,iron and steel, and electric power generation. The
industrial sectoral regulations were promulgated between 1993 and 1995.

The mainfeatures of the EMEL Industrial Regulations includemonitoring and reporting
requirements [R-35]. Bruce Power's EMEL reporting is in line with provincial requirements as
laidout in O. Reg. 215/95 [R-38]. Table 14 summarizes the EMEL events reported in 2018.
Bruce Power met the reporting requirements inits commitment toprotect the public andthe
environment.

Table 14
2019 Bruce Power EMEL Events/WSER Events
Facility Event Description
Bruce A None
Bruce B None

Centre of Site | SPP un-ionizedammoniaWSER exceedance

SPP WSER Un-ionized AmmoniaExceedance (SCR 28732596: Elevated SPP Effluent
Discharge Parameters)

On February 13, 2019, monthly samples were collected under the WSER regulations [R-50]
for the Sewage Processing Plant (SPP) effluent. Due diligence analysis was alsoperformed
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3.2.3.3

for un-ionized ammoniaon this monthly sample, although no longer required by the WSER
regulation post July 2014. Analysis for the required parameters determinedthe compliance
limits weremet. However, the analysis for un-ionizedammonia, although no longer required
to be measured according to the regulation, was above the concentration for whichthe WSER
regulations authorizein Section6(1) [R-50].

The elevated un-ionizedammoniais attributedto a mechanical failure at theSPP and the
associated repair work that occurred inearly February whereby the West Plant was removed
from service. With only the East Plant in service duringthe repairs andlow ambient
temperatures, the ability ofthe SPP to manage ammonia was negatively impacted. The
efficiency ofthe SPP returned to normal over subsequent weeks.

The March 2019 WSER sample was also analyzed for un-ionizedammonia; the results were
well withincompliance to the WSER authorized deposits following this noted plant upset,
confirmingand demonstrating satisfactory plantperformance.

Environmental Compliance Approvals

Table 15 summarizes the ECA events reported in2019.

Table 15
2019 Bruce Power ECA Events
Facility Event Description
Bruce A U3 Boiler Blowdown/ Feedwater ECA Morpholine
Exceedance
Bruce B None

Centre of Site | None

U3 Boiler Blowdown/Feedwater ECA morpholine exceedance

On April 11,2019, Bruce A Chemistry conductedroutine feedwater samplingin the Unit3
steam drums; Unit3 was in outage atthis time. Analysis identifieda morpholine concentration
of 69 mg/L, whichis above the outage Environmental Compliance Approval limit of 50 mg/L.
No discharges were occurring at that time and appropriate steps were taken to prevent any
discharges from occurringwhile Chemistry and Operationsinitiatedan investigationand
returned the morpholine concentrationto compliantlevels prior to any further discharges.

It was determined thatduring execution of a Chemistry Control Action Request (CCAR),
morpholine was unintentionally addedinstead of hydrazine as intended, dueto a human
performance error, resultingin the elevated morpholine concentration (above compliance
limits). It was determined that two batch discharges occurred:one on April 6,2019 and the
second on April 8,2019, totaling approximately 21,000L. Note that feedwater is approvedfor
discharge under the Environmental ComplianceApproval once the parameter limits aremet.
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3.3

3.3.1

For the April 6,2019 and April 8,2019 batch discharges, there was a failure to execute the
procedural requirementto sample and analyze to confirm compliance to parameter limitsand
therefore the elevated concentration was notidentifiedprior to discharge.

The Bruce Power corrective action program was initiated, requiring further investigations and
corrective measures for this event. Corrective actionplans with the highestlevel of oversight
were developed to prevent reoccurrence of these human performance errors; actions included
organizational effectiveness investigations and informationrollouts to Operations and
Chemistry staffas well as enhancements to procedures and other administrativebarriers.

Quality Assurance
Effluent Monitoring

A revised Quality Control/ Quality Assurance(QA/QC) manual for chemistry laboratories
(Bruce A, Bruce B and Centre of Site) was issued inQ2 2016. The manual was developed to
ensure that Bruce Power chemistry laboratories practices are aligned with CSA N286-12,
Management System Requirements for Nuclear FacilitiedR-63]. ISO/IEC 17025, General
Requirements for the Competence of Calibratingand Testing Laboratories [R-64], was used
as a guidelinein developing the revised QA/QC Manual. The followingimprovement
initiatives have beenapplied since the implementationof the new QA/QC manual:

o Calculated analytical uncertainties associated with Environmental Regulatory
Parameters reported by the Chemistry Laboratories.

o Initiated a Quarterly Chemistry QA/QC Working Group to monitor the QA/QC program.

o Held the Annual Management Review Meetingto review the compliance of the QA/QC

program.
o Issued a Chemistry ImpactEvaluation (CIE) to instituteproper QC check compliance.
o Initiated definition ofCorrective Actions to be followed upon QC failure of Protocol for the

Sampling and Analysis of Industrial/Municipal Wastewater]R-65].
. Initiated QA/QC Monthly Peer Metrics.
In 2019, the focus was on the following activities:

o DerivingValid Requirements (i.e. total uncertainty) associatedwith all Control &
Regulatory Parameters reported by the Chemistry Laboratories.

o Derivingsignificant digits requireadvhen reporting Control & Regulatory Parameters
reported by the Chemistry Laboratories.

J Derivinganalytical uncertainties associatedwvith Regulatory and Control Parameters
reported by the Chemistry Laboratories.
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3.3.2

4.0

o Continuingthe definition ofCorrective Actions to be followed upon QC failure of Protocol
for the Sampling and Analysis of Industrial/MunicipalWastewater [R-65].

Bruce Power has purchased a new Laboratory InformationManagement System (LIMS)
product called NuclearlQ from GCR Inc., and has implemented the new system across all
on-site laboratories. As part of the implementationnaming conventionof samples for both
effluent and environmental monitoringmay have changed slightly and are reflected in this
annual report. Additionally,Bruce Power is movingtowards usingcritical levels inlieu of
detection levels.

OPG WWMF

A review ofthe effluent monitoringprogram at the WWMF is inprogress. The review was
dividedinto three phases and includes all potential radiological emission sources and
pathways includingstormwater and subsurface drainage,the incinerator,buildingventilation
as well as fugitiveemissions from wastestorage. The review is beingcompleted in
consideration ofsite expansion,historic performance,industry best practice, andupdated
standards. The results of the review will be usedto update the effluent monitoring program at
the WWMF. This expected to be complete inthe 2nd quarter of 2020. The findings and
recommendations ofthe review will beused to update the effluent monitoringprogram at the
OPG WWMF [R-66].

GROUNDWATER PROTECTION AND GROUNDWATER MONITORING

Groundwater protectionactivities effectively interfacewith other Bruce Power programs as
seen below. Environmental protectionis achieved throughidentification ofemissions of
concern inthe Environmental Risk Assessment (ERA)[R-12][R-13] and adequate assessment
through environmental monitoring,effluent monitoringand groundwater monitoring. With a
focus on this monitoringarray, groundwater protectionwill be achieved.
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CSA N288.7-15 Interface

The overall goal of groundwater protectionat Bruce Power is:

To protect the quality and quantity of groundwater by minimizing interactions with the
environment from the activities associated with the site, allowing for effective management of
the groundwater resource.

General groundwater protectiongoals are to:

Demonstrate compliance to regulators in alignmentwith the Bruce Power environmental

policy;

Ensure there are control measures to prevent or minimizethe release of nuclear and/or
hazardous substances directly or indirectly to groundwater by designand operation of
structures, systems and components (SSCs);

Have in place groundwater monitoringto provide timely data confirmingthat uncontrolled
releases are not occurring and, ifuncontrolled releases do occur, to identify whenand

where; and

Protect the identifiedgroundwater end-use that is potentially affectedby releases to

groundwater.

Groundwater monitoring at BrucePower considers the following objectives for determination
of applicability. All objectives listedhere shall be evaluated but may not be applicable ona
site-specific basis. Detailed design plans listapplicable groundwater monitoring objectives
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based on evaluations carriedout and in alignment withgroundwater protection goals
associated with that site. Ultimately, the objectives of groundwater monitoringwill be used to
measure the level of success in supporting groundwater protection.

General groundwater monitoringobjectives are:

o Demonstrate compliance with requirements and conditions ofthe Authority Having
Jurisdiction(AHJ) concerningthe release of nuclear and hazardous substances from the
source;

o Provide data to verify predictions madeand models used inthe Environmental
Assessment (EA) or Environmental Risk Assessment (ERA), or reduce the uncertainty in
predictions;

o Characterize groundwater flow and baselinegroundwater quality conditions ata site;

o Characterize groundwater flow and baselinegroundwater quality duringother phases of
a sites lifecycle;

o Provide informationto assess risks from site-affected groundwater to human health and
the environment;

o Evaluate monitoringdata againstgroundwater evaluationcriteriarelated to nuclear and
hazardous substances ingroundwater;

o Provide an indicationof unusual or unforeseen conditions thatmight require corrective
action or additional monitoring;

o To the extent possible, monitor for releases from highrisk SSCs associatedwith a given
facility;and

o Other objectives identifiedby a facility operator.

Objectives for the groundwater monitoring program will be dependent on the site specific
groundwater protection goals. While the overall groundwater protectiongoal would apply to
all groundwater monitoringactivities,groundwater monitoringobjectives may vary based on
intended activity at thesite or operational history.

As part of the groundwater protection program design, conceptual site models exist for each
specific groundwater monitoringsite. The conceptual site models evaluate the following
elements specific tothe sites:

o Site aerial view identifyingpatial boundaries andgeological cross sections;

o Climatology and surface water hydrology;
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o Determinationof potential contaminationsources and Contaminant of Potential
Concerns (COPCs);

) Identificationof contaminationrisks and high priority SSCs;

o Characterization ofthe groundwater flow system and COPC migration;

) Identificationof groundwater end-use and groundwater vulnerability;and

o Identificationof potential receptors thatcould be affected by groundwater contamination.
2019 Non-Potable Groundwater Monitoring - Radiological

Monitoringthe groundwater around the Bruce A and Bruce B generating stations was initiated
as a result of the Reconnaissance Level Groundwater Quality MonitoringProgram Study,
Bruce Nuclear Power Development GeneratingStations, Units 1 to 4, and Units 5to 8 [R-67].
The purpose of the study was to assess the influence of the operations ofthe stations on
groundwater tritium withsubsurface pathways that may discharge to off-sitereceptors. The
study concluded that the groundwater flow system inthe vicinity ofBruce A and Bruce B is
hydraulically isolatedfrom properties eastof the Bruce Power site boundary. Evidence
presented in the report strongly suggests that the tritium foundin the groundwater around the
station is the consequence of the station’s airborne emissions andtritiatedprecipitation
infiltratinginto the carbonate aquifer.

Bruce Power compares results to the Ontario DrinkingWater Standard. In addition,a
statistical approachis usedto understand any deviation from normal.When observed, further
investigation or other actions areundertaken as needed. This lastoccurred in 2013 with the
monitoringresults below the Ontario DrinkingWater Standard (7,000 Bq/L for tritium)[R-68].
As such, Bruce Power’s actions are in line with CNS C policies to take all reasonable
precautions to control the releases of radioactivenuclear substances, and to take reasonable
precautions to control pollution. The Generic Screening Criterionis used as a reference point,
as a comparison of relative risk,not as a trigger for further investigation. Further
investigations are conductedat much lower levels.

Groundwater samples from ten multi-level wells installedinto the bedrock around the Bruce A
and Bruce B stations are collected for semiannual sampling. The 2019 sampling results for
each well and zone level are providedin Table 16. A map of the locations as well as the
screening depths and stratigraphy type for theten multi-level wells canbe found in

Appendix E.

There are 5 groundwater monitoringwells located at each station, between the powerhouse
and Lake Huron. These wells are sampled for tritium ona semiannual basis. The 2019
groundwater results at Bruce A and Bruce B multi-level wells remain well below theGeneric
Guidelines for non-potable water and below the ProvincialWater Quality Objective(PWQO) of
7,000 Ba/L.
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Table 16

2019 Semi-Annual Groundwater in Multi-Level Wells
Installed in the Bedrock around Bruce A and Bruce B

Well Elevation to Top of Semi-Annual $1 Semi-Annual S2
Station | Number - Zone (Spring) (Fall)
Level ft. (above sea level) | Tritium (Bq/L) | +2c | Tritium (Bg/L) | +2c
1-1 548 15.5 3.4 13.6 3.2
1-2 559 53.7 4.8 32.7 4.0
2-1 536 2.2 2.2 -2.0 2.1
2-2 551 101 6.1 1.8 2.1
2-3 566 765 15 389 11
Bruce A 3-1 536 -0.5 2.2 -1.1 2.1
3-2 551 -1.5 2.2 -0.2 2.1
3-3 560 447 12 288 10
4-1 553 -0.5 2.2 0.5 2.1
4-2 567 1,610 22 1,020 18
5-1 536 1.2 2.2 1.8 2.1
5-2 549 -0.8 2.2 0.5 2.1
1-1 539 11.5 3.3 16.0 3.3
1-2 553 49.1 4.7 32.4 4.0
1-3 570 542 13 658 14
2-1 552 37.3 4.3 40.1 43
2-2 572 904 17 965 17
3-1 536 5.3 2.7 28 2.9
Bruce B 3-2 553 103.0 6.2 6.2 2.9
3-3 573 359 11 11 3.0
4-1 540 28.2 3.9 26.7 3.8
4-2 558 209 8 320 10
4-3 573 1,730 23 1,570 22
5-1 536 397 11 12
5-2 553 428 12 11
5-3 573 513 13 12
Note: L. for S1=3.2Bq/L

Lc for S2 = 3.0 Bg/L
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4.11 Historical Non-Potable Groundwater —Radiological
4.1.1.1 Bruce A

The average tritium concentrations inmulti-level wells near Bruce Afrom 2010 to 2019 are
shown in Figure 15. Generally the average tritium concentrations near Bruce Ahave
remained steady over the years and/or are decreasingover time. The elevated concentration
at well 4-2in2012 is attributed to theModerator heavy water spill near the Ancillary Services
Building. The tritium concentration at this location has steadily decreased over time.
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Figure 15
Average Tritium Concentrations in Multi-Level Wells Installed in the Bedrock
around the Bruce A Station, 2010-2019

41.1.2 BruceB
The average tritium concentrations inmulti-level wells near Bruce Bfrom 2010 to 2019 are

shown in Figure 16. In most cases, the tritium concentrationdecreased in 2019 at all wells
and zones, with the exception of well 1-3 and 2-2 that showed minor increases.
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4.2

The elevated concentration observed at Bruce B well 4-3 is attributed toa historical Ontario
Hydro spill [R-69] in the 1990s due to a spill of heavy water from a tanker inthe Ancillary
Service Building. The trend for tritium levels inwell 4-3 has shown a steady decline over the
last ten years.
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Figure 16
Average Tritium Concentrations in Multi-Level Wells Installed in the Bedrock
around the Bruce B Station, 2010-2019

Non-Potable Groundwater — Conventional

Bruce Power has been carryingout annual groundwater monitoring onthe site since 2005 to
evaluate impacton the environment. The groundwater monitoring was designed to include 14
subject locations aroundthe site. These locations were determined to be significantbased on
earlier environmental siteassessment (ESA) work that was undertaken by Ontario Hydro.
Many of these sites have had historical events whichled to groundwater contamination. The
annual groundwater monitoringis inplace to ensure that any existing contaminantplumes do
not migrate such that off-site impact occurs.

The existinggroundwater monitoringat Bruce Power will beincorporatedin order to align with
CSA N288.7 [R-17] so that Bruce Power will ensure an industry best program whichis
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managed and is continuously evaluatedand improved to adapt to changing environments on
the Bruce Power site.

Detailed design plans for groundwater monitoring sites atBruce Power are required to provide
information necessary tomeet the goals establishedfor Bruce Power Groundwater Protection.
Due to the size and complexity ofthe Bruce Power site as well as the varying phases of
operation and operational activities,use of chemicals or contaminants ofpotential concern,
proximity toreceptors, differing geological andhydrogeological conditions andhistorical
contamination,it is necessary tocustomize groundwater monitoringon a site by site basis.
Detailed design plans for various areas across site may have differing objectives andgoals for
site specific groundwater monitoring. The site specific plans arecreated to ensure that the
elements of Canadian Standards Association (CSA) N288.7-15[R-17] are consideredon a
specific basis inorder to cumulatively contributeto the achievement of the overall
groundwater protection goals of Bruce Power.

Groundwater monitoring andsampling at Bruce Power was completed between September 23
and October 8, 2019. Currently there are 15 groundwater monitoring sites at Bruce Power.
This does notinclude the non-potable groundwater monitoringsites sampled semi-annually
for tritium as partof the radiological environmental monitoring program.An additional sitewas
added in 2019 inorder to provide groundwater monitoring around the underground fuel
dispensingsystem located at the Central Maintenance Facility. Two groundwater monitoring
sites noted below (Bruce B Standby Generator, North Site and Bruce B Emergency Power
Generator Site) are undergoinglong term Monitored Natural Attenuation Programs inrelation
to fuel oil releases in 2012and 2011 respectively. Table 17 lists the groundwater monitoring
sites as well as the currentevaluated status with respectto comparison againstevaluation
criteria, MECP Site ConditionStandards and overall trends associated withthe site. A small
statement provides detail onthe current status.

Table 17
Groundwater Monitoring Sites and Status

Site Description 2019 Status | Comment

Bruce A Storage — Not sampled in 2019 due to non-detections
Compound. in previous years.

Bruce A Standby Exceedance of statistically basedevaluation

Generator Area criteriaat indicator well.

Bunker C Oil Above
Ground Storage Tanks

No issues identifiedduring 2019 sampling

Bunker C Oil and
IgnitionDay Tanks.

Decreasing concentration trendin selected
substances monitored

BCO Acid Wash Pond Exceedance of statistically basedevaluation

criteriaat indicator well.

Former Sewage
Lagoons.

Decreasing concentration trendin selected
substances monitored.

| 4w = | ¢
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4.21

Site Description 2019 Status | Comment

Fire TrainingFacility Decreasing concentration trendin selected

substances monitored.

Former Construction
Landfill #4

Similar levels as previous years

Bruce Nuclear Standby
Generators

No issues identifiedduring 2019 sampling.

Bruce B Standby
Generators -South

Similar levels as previous years

Bruce B Standby
Generators -North

Not sampled. Subject to long term MNA
program.

Bruce B Emergency
Power Generators

Not sampled. Subject to long term MNA
program.

Bruce A Transformer
Area

Exceedance of statistically basedevaluation
criteriaat indicator well.

Bruce B Transformer
Area

Decreasing concentration trendin selected
substances monitored.

DistributionStation #1 Not sampled in 2019 due to non-detections

in previous years.

Former Bruce Heavy
Water Plant

Exceedance of ecologically based
evaluation criteriaat indicator well.

Central Maintenance
Facility

= ¢m| [ = e ]| 0] 0= [|=

Initial sampling. No issues identified with
soil or groundwater.

Results from the 2019 groundwater monitoringand sampling campaignmay be used to
support achievement of the groundwater monitoringprogram performance objectives.
Performance objectives are documented insite specific detailed desigrplans.

Bruce B Long Term MNA Remediation Program

Several subsurface investigations havebeen completed includingmany remedial activitiesjo
assess and characterize the subsurface impacts associated withthe fuel oil leaks that
occurred in May 2011 and December 2012. This included theinstallationand operation of
mobile pump-and-treat (P&T) systems to recover free-phase product and impacted
groundwater near the source, inan effort to control the migrationof groundwater
contamination. Between April 2013 and November 2018, the mobile P&T systems typically
operated from springto fall of each year, followed by a shutdown period during the winter, with
the intent to monitor the potential “rebound” of free-phase product and associated
groundwater contamination. In September 2018, an in-depth evaluation of P&T systems was
completed and concluded the further operation ofthe P&T systems was no longer efficientnor
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beneficial to control, contain,or recover free-phase product, or to remediate dissolved-phase
petroleum hydrocarbon (PHC) -impacted groundwater. After an assessment of remedial
options availableas broadly defined by the Interstate Technology & Regulatory Council
(ITRC) and based on the site conditions,Bruce Power elected to implementan MNA program.

The primary objectiveof the full-scale MNA program is to monitor and evaluate theresidual
Light Non-aqueous Phase Liquid(LNAPL) and the PHC-impacted dissolved-phase
groundwater, to prevent these contaminants (tothe extent practical) from migratingfurther,
which may adversely affect the natural environment. The specific objectives ofthe approach

are to:

o Prevent LNAPL migrationand expansion.

o Prevent expansion ofdissolved phase plume and mitigateadverse effects to the natural
environmentto the extent practicable.

o Conduct performance monitoringto make recommendations for remediation

enhancement, as applicable.

. If deemed warranted, implement future recommended remediation enhancement, as

applicable.

The MNA sampling program is summarizedas follows. The primary contaminants ofconcern
(COCs) include petroleum hydrocarbon (PHC) fractions F1through F4; benzene, toluene,
ethylbenzene, and total xylenes (BTEX); and natural attenuation (NA) parameters
nitrate/nitrite,sulphate/sulphide, total and dissolvediron, alkalinity, and methane.

The following are a preliminary high-level summary ofkey observations from the MNA
monitoringdata through 2019 for Bruce B Emergency Generator (BBEG) and Bruce B
Standby Generator (BBSG). In terms of evidence; indicators ofbiological activity relatedo
MNA is occurringand was observed in2019:

o Methane is present inmany wells withinthe plume withmethane lower at the edges of,
or upgradient of the dissolved plume footprint (suggesting methanogenesis, the
anaerobic respirationthat generates methane as the final product of metabolism);

o Although sulphate is higher in some of these “background wells” and lower in some
impacted it may suggestthat sulphate reduction may be a less dominantprocess at the

BBEG than at BBSG;

o Denitrification seems tabe a slightly more apparent in the BBEG;

o Iron reduction also seems to be present with higher dissolved iron indicatedvithin the
dissolved plume (BBEG-33, BBEG-37, BBEG-54);

o Alkalinity is notably higher in some of the impacted wells (as compared to “background”
wells) suggesting biological activity;
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o Based on field Dissolved Oxygen (DO) measurements anaerobic conditions havebeen
present inimpacted wells; note that DO measurements have a low reliability unless low
flow sampling and flow-through cell are used; and

) Oxidation Reduction Potential (ORP) fieldneasurements have indicated that reducing
conditions arepresent.

Bruce Power will continue thequarterly MNA program throughout 2020 that incorporates the
current hydrogeological conditions,potential receptors, and suggested action levels/trigger
levels while meeting the objectives setout by Bruce Power, as follows:

o Monitoring— Quarterly water-level and free-phase (i.e., non-aqueous) product thickness
monitoring(March, June, September, and December) in2020. The quarterly monitoring
should include readily accessiblemonitoringwells, as well as selected other existing
monitoringwells at each site. During the quarterly monitoringevents, if free-phase is
present, bail itmanually.

o Groundwater Sampling— Complete a quarterly groundwater samplingevent, consisting
of the 47 monitoringwell locations statedinthe Sampling and Analysis Plan (SAP).
COCs include PHCs, BTEX, nitrate/nitrite, sulphate/sulphide, total iron, alkalinity,and
methane analysis. Groundwater quality parameters,includingtemperature, pH,
electrical/specific conductivityORP and DO should be monitored inthe fieldwith a
multi-parameter water quality meter. The usage of low-flow sampling techniques should
be consideredto provide improved reproducibility (i.e.Relative Percent Difference (RPD)
of field duplicates) due to the presence of trace free product in select locations and
improve the stability ofcollected MNA field parameters.

o Surface Water Monitoring and Sampling— Continue to complete walkdowns of the
Outfall Channel, Eastern Drainage Ditch and Construction North Yard Drainage
structures to note the presence or absence of petroleum-related sheen, as well as any
construction or environmental changes whichmay impact the movement of water within
the watercourse.

The observed LNAPL extent since 2015 suggests the LNAPL at the Site is notpresently
migratingand is decreasing,although fluctuations inthe water table have caused intermittent
reappearances of LNAPL. The overall decrease of the LNAPL extent is considereda
combined result of the remedial activities (groundwater remediation) to date (such as manual
recovery and operation ofthe mobile P&T system) and natural attenuation occurring inthe
subsurface.

Bruce B Standby Generator MNA Program

Four quarterly groundwater and free-phase product monitoringevents were conducted
between January 1 and December 31, 2019, as follows:

e Quarter 1—March 27", 2019 to April 2", 2019
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5.0

e Quarter 2 - June 17", 2019 to June 21%, 2019
e Quarter 3 — September 10", 2019 to September 18", 2019
e Quarter 4 — December 10", 2019 to December 13", 2019

Approximately 1,014.5litres (L) of free-phase product were recovered between May 7,2013
and November 7, 2018 by the Pump and Treat (P&T) system. Approximately 0.95L of
product was manually bailedin 2019. Approximately 50.95L of free-phase product has been
manually bailed from various wells atthe BBSG Site between December 2012 and December
31, 2019. The total free-phase product that has been bailed or recovered by the P&T system
from various wells at the BBSG Site between December 2012 and December 31,2019 is
approximately 1,065.45L.

Bruce B Emergency Power Generator MNA Program

Four quarterly groundwater and free-phase product monitoringevents were conducted during
2019, January 1 to December 31, 2019, are as follows:

e Quarter 1—March 27", 2019 to April 8", 2019
e Quarter 2 — June 17", 2019 to June 21%, 2019

J Quarter 3 — September 10", 2019 to September 30", 2019 (Wells BBEG-33 and BBEG-
53 were inaccessibleduring the original mobilization, weeturned to the site September
30" to collect)

e Quarter 4 — December 9", 2019 to December 11", 2019

Approximately 52 litres (L) of product was recovered by the Pump and Treat (P&T) system to
the end of 2018. Approximately 0.025L of product were manually bailed or purged from
BBEG-33in2019. The total free-phase product that has been bailed from various wells atthe
BBEG Site between December 2011 and December 31, 2019 is approximately 11.5 L. The
combined total of free product recovered is approximately 63.5L.

ENVIRONMENTAL MONITORING

Environmental monitoring is establishedo monitor the effects of radiological contaminants,
hazardous substances and physical stressors of concern in the environment. This
demonstrates due diligenceby quantitatively affirminghe protection ofhumans and the
environment during nuclear power plant operations on the Bruce Site and complies withCSA
N288.4-10 [R-3].

For hazardous substances and physical stressors, environmental monitoringconcentration
data are used to calculate dose and risk to humans and non-human biota at locations where
contaminants of potential concern exposure is expectedto occur. Environmental monitoring
programs are developed by Bruce Power and monitoringis performed to quantify risk as
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5.1

5.11

described above. In addition, several other agencies andregulatory bodies also perform
independent monitoringfor verificationpurposes and these are summarized below.

Canadian Nuclear Safety Commission

The Canadian Nuclear Safety Commission(CNSC) has implementedits Independent
Environmental Monitoring Program (IEMP) to verify the safety of the public andthe
environment around licensed nuclear facilities[R-70]. It is separate from, but complementary
to, the CNS C’s ongoing compliance verification program. The IEMP involves taking samples
from public areas aroundthe facilities,and measuring and analyzing the amount of
radiological (nuclear) and hazardous substances in those samples. CNSC staff collects the
samples and sends them to the CNS C’s state-of-the-art laboratory for testingand analysis [R-
70].

The IEMP is beingimplemented for facilities irall segments of the nuclear fuel cycle--uranium
mines and mills, uranium and nuclear processingfacilities,nuclear power plants, research and
medi cal isotopeproduction facilities, and waste management facilities. The CNSC’s program
aligns withthose of other national andinternational regulatory bodies and complements the
CNSC’s ongoing environmental protection activities [R-70].

A screeninglevel for a particular radionuclidein a particular environmental medium represents
the activity or mass concentrationin that medium which,if consumed as part of a typical
Canadiandietall year long, would result in 10% of the public dose limitof 1 millisievert

(1 mSv/year) or 1000uSv per year. CNSC staff compares the measured contaminantlevels to
relevant guidelines andCNSC screeninglevels to determineifthe results are safe for human
health and the environment. The CNSC developed screening levels for radionuclides where
no environmental standards, guidelines or criteriaexisted for human and environmental
health. Screeninglevels are not regulatory limits. They were developed to provide a
benchmark to compare measured IEMP results and informationabout risk. The IEMP results
provide a snapshot in timeof the contaminants inthe environment surrounding the facility. If
IEMP results are below screening levels, this confirms thatthere are no expected health
impacts and that the public andthe environment inthe vicinity ofa nuclear facilityhave been
protected from releases from that facility[R-70].

Historical IEMP Results

In 2016, 2015 and 2013, the IEMP sampling plan for the Bruce Power site focused on nuclear
contaminants. Samples were collected in publicly accessibleareas outside the Bruce Power
site perimeter. A site specific samplingplan was developed based on CSA Group standards,
Bruce Power’s environmental monitoring program, and the CNS C’s regulatory experience with
the Bruce Power site. Samples included air,lake water, soil and sediment, vegetation, and
food, such as fish, meat, and produce from local farms [R-70].

The radioactivity measuredin air,water, sediment, soil, and vegetation samples, as well as

samples of meat and produce, were below available guidelines andCNSC reference levels.
CNSC reference levels are based on conservative assumptions aboutthe exposure that
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would result ina dose of 1000 microsieverts (USv) per year or 1 millisiever{mSv) per year).
No health impacts are expectedat this dose level [R-70].

5.2 Health Canada

The Fixed PointSurveillance (FPS) network is the resultof a project to build areal time
radiationdetection system across Canada. This network monitors public doses from
radioactive materials in theair and assists Canadain becomingbetter prepared in case of
nuclear or radiological incidentdR-71].

Health Canada, as part of routine operations, continuously monitors radiation levels across
Canada through a network of stationary monitors that measure radioactivity in air, water, and
other environmental samples. The network is primarily usedto monitor the total external
gamma dose rate from all sources, measured as Air KERMA (Kinetic Energy Released

in Matter) as well as the external gamma dose rates from three radioactivegases which
escape intothe atmosphere during normal operation of nuclear facilities. These three gases
are Argon-41, Xenon-133 and Xenon-135. In addition, thesystem is calibratedfor external
gamma dose rate from airborne lodine-131[R-71]

5.3 Ontario Ministry of Labour

In additionto environmental monitoring performed by BrucePower, the Ontario Ministry of
Labour, RadiationProtection Service [R-72] establishes, maintains,and operates an
environmental radiological monitoringnetwork. This network assess radiation exposure
around designated nuclear installations, andprovides measurementdata, expertise and
services to Emergency Management Ontario (EMO), the Ministry ofthe Environment
Conservation and Parks, and other agencies toprovide early warningof any potential
radiationhazards that may affect workers and the public. The RadiationProtection Service
[R-72] provides radioanalytical andtechnical supportto other provincial agencies involvedn
radiationsurveillance programs and health studies relatedto the exposure of workers or the
public to radiation.

The RadiationProtection Field Service [R-72] inspects, evaluates, and enforces radiation
control measures and safe practices in Ontario workplaces. It reviews and approves the
registration ofemployers in possession and installationof x-ray sources (other than those
used for human diagnosis or therapy, whichare under the jurisdictionof the Ministry ofHealth
and Long-Term Care), and provides radiationsafety services and adviceto workplace parties,
agencies, and the public. The Field Service also provides assistanceand advice on exposure
of the public toradiation inthe environmentto other ministries andagencies, and co-operates
with the CNSC, Labour Canada, and Health Canada on investigations ofradiation exposurein
Ontario workplaces under federal jurisdictionand is responsiblefor the interpretationand
applicationof the Regulation Respecting X-ray Safety [R-71] [R-72].

Completed annual environmental monitoringreports are available upon request from:

Ontario Ministry ofLabour
400 University Avenue
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14th Floor
Toronto, ON M7A 1T7

Bruce Power’s Radiological Environmental Monitoring

The assessment of radiological doseto members of the public livingnear the Bruce Power
site is based uponmeasured levels of radioactivity inthe environment where available and
detectable, and where measurements are not available these levels of radioactivity are
calculated from reported emissions usingcontainmenttransport modelling (simulates the
movement of contaminants ata specific timeand location).

Dose estimates are used when direct measurements of low radiationdoses to a member of
the public from all of Bruce Power’s site operations are below detection limits[R-73].

The radiological environmental monitorindREM) program conducted by Bruce Power is in
accordance with CSA N288.4-10 [R-3] and the approach to public dose calculations inwhich
REM data are used directly to quantify levels ofexposure of representative members of the
public to key radionuclides. The data gathered from the monitoringprogram is summarizedin
this report along withsite emissions dataon a calendar year basis. OPG operates
background radiological monitoring andprovides this data toBruce Power [R-73].

REM provides measured activity levels ofradionuclides in various media.The REM data
implicitly reflect theinfluence of releases from all Bruce Power facilities as well as facilities
within/adjacentto the Bruce Power site thatare owned by other parties. This includes the
Western Waste Management Facility (WWMF),owned and operated by Ontario Power
Generation (OPG), Douglas PointWaste Management Facility (DPWMF) whichis owned by
Canadian Nuclear Laboratories (CNL),and Kl North whichis owned by Kinectrics. For use in
public dose calculations, the measured radionuclideactivities areappropriately adjustedto
account for background levels of those same radionuclides,where appropriate. In this
approach, the resulting levels of exposure and dose are representative exclusively of

Bruce Power sitereleases.

The human receptors consideredin Bruce Power’'s Dose Methodology consist of
representative persons, who are defined as an individual who receives a dose that is
representative of the most highly exposedindividuals inthe population [R-14]. The
representative persons consideredin the calculation of public doses are consistentwith the
representative persons consideredin past iterations ofpublic dose calculations, in the most
recent determination ofderived release limits (DRLs),and in the completion ofthe
Environmental Risk Assessment(ERA) [R-12][R-13].

Overall, Bruce Power’'s Dose Methodology is considered to provide the most reliable and
complete assessment of radiological doseto maximally exposed members of the public inthe
vicinity ofBruce Power nuclear facilities.

The dose calculations presentedand discussed hereinhave been conducted usingthe 2019
REM results and/or 2019 emissions dataand conservative model estimates, following the
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established methodology set forth in the BP-PROC-00076 [R-76] procedure based on the
requirements of CSA N288.4-10 [R-3].

The following sections detail the results ofthe radiological environmental monitoring for both
the Bruce Site and provincial monitoring. This sectionconveys the methods and findings of
calculations ofradiological doses tomembers of the public near the Bruce Power nuclear
facilities. Maps of sampling site locations are located in sampling site locationsin
12.0Appendix D..

Bruce Power radiological environmental monitoring carries out sampling and analysis ofthe
following media and relevant radionuclides:

. Media:
° Air
. Water

o Precipitation
o Aquatic Samples (including fish, sedimentand sand)

o Terrestrial Samples (includinganimal feed, eggs, fish, beef, pork, poultry, deer,
fruitand berries, milk, root vegetables, non-root vegetables, honey, grain, soil)

. Radionuclides:
. Tritium
o Carbon-14 (C-14)
o lodine-131 (1-131)
J Beta
. Gamma

The external gamma dose rates and the provincial monitoring program samples are measured
by the OPG Whitby Health Physics Laboratory [R-73].

Bruce Power has three types of monitoringlocations:
o Indicatorlocations are used to assess the potential doseto the public. These locations
are on or outside the facility perimeter andrepresent the most significant risk ofpublic

exposure (B02, B03, B04 on the Site-Specific Map inAppendix D). Considerations
when decidingwhere to locate an indicator locationare: locations of representative
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persons, locations of representative persons’ food for consumption and prevailing wind
directions. Indicator locations shouldbe within20 km of the facility.

) Area Near locations are used in conjunctionwith indicator locations to provide
confirmation ofthe validity ofthe computing models used to assign dose to the public.
Area Near location datais used to estimate atmospheric dispersionand doses to people
inlocal population centers located further away from the site than theindicator locations,
but less than 20 km from the facility. Data from the area location canbe used to
calculate the average dilution availableas a function of distance for a given monitoring
period.

o Area Far locations are located further away but potentially still under theinfluence of
Bruce Power (B06, B08, B09 on the map in Appendix D).

o Provincial Background - Ontario Power Generation (OPG) ' annually supplies
Bruce Power with dataon the background radiological levels in theenvironmentwhichis
used to estimate the background radiationlevels and is located away from the influence
of Bruce Power. The control locations are documented in OPG document
B-REP-03481-00002, The Provincial Radiological Environmental Monitoring Program.

For media contributing>10% to the total dose of any human receptor, Bruce Power attempts
to obtain sampling mediato be monitored at a minimum ofone location per 22.5° wind sector
over land. For other media, a total of three locations over land within theREM boundary are
required.

For aquatic media, monitorindocations mustbe downstream of the site, at locations where
radionuclides areexpected to accumulate, and at municipal supply plants thatprovide drinking
water to the local population.

Municipal drinkingwater is sampled from two Water Supply Plants (WSP) near the
Bruce Power Site:

o Southampton Water Supply Plant, 22 km NE of Bruce A.
o Kincardine Water Supply Plant,15 km SSW of Bruce B.

Additionally,municipal wells atTiverton, Scott Point, and Underwood are sampled and
monitored.

Water is sampled at residential shallow anddeep wells, as well as Lake Huron and streams in
the vicinity ofBruce Power.

Fish are monitored at downstream locations whereradionuclides may accumulate. Monitoring
locations includeBaie du Doré, a Bruce Power area near site, and area far locations in
Lake Huron.

' Some of the background data may be from out of the province.
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Sediment is monitoredat the Bruce A and Bruce B discharge locations, at nearby locations
(Baie du Doré, Scott Point, and Inverhuron), at farfield locations (Sauble Beach,
Southampton), and at provincial backgroundlocations.

For terrestrial foodstuffs (milk,meat, fruit, vegetables, grains, eggs, honey), samplingis
performed at nearby areas or atlocal farms and residences, as applicable. Therefore,
monitoringlocations are basedon practical considerations, including the availability of
samples and participation oflocal residents andfarmers. Wild animals are sampled only
when available (subject to vehicle collisions or samples provided by local hunters). Milk is
monitored from three local dairy farms.

Soil is sampledfrom various locations near the BrucePower site, far field locations, and
provincial backgroundlocations.

Ten air monitoringstations are located in the vicinity ofBruce Power, at varying distances and
inlocations coveringall landward wind directions.

The media contributinggreater than 10% to receptor dose are air, milk, meat, and terrestrial
plants (grain, fruit, and vegetables).

Site Specific Survey

The Site Specific Survey Reportis used to support a number of site programs, such as
calculation of Derived Released Limits (DRL), Emergency Preparedness,Radiological
Environmental Monitoring (REM) program Safety Reports and license renewal. The Site
Specific Survey Reportis updated typically every fiveyears to reflect recent changes to the
area surroundingthe Bruce Site.

The survey encompasses information onmeteorology, land usage, population distribution,
water usage, agriculture, recreation and food sources in the area surroundingthe Bruce Site.
In addition,daycare centers, before and after school programs, long-term care homes, school
boards, and recreational parks located within20 km of the Bruce Site were contactedto obtain
the number of visitors or residents/students/childrerand staff at each location.

Multiple surveys were generated as part ofthis Site Specific Survey process todetermine the
percentage of locally consumed food and water. Results are used as input parameters for the
calculation ofannual radiationdose to the public and DRLs, which are updated every five
years.

A key aspect of the population characterizationis the local food consumption, whichis the
fraction of an individual’s diet that is locally produced. In order to obtain this informationfrom
local residents, aLocal Food Production Survey was conducted in December 2015 to first
determine what types of foodstuff are grown by farmers inthe region, and wherefarmers
distributetheir foodstuffs for purchase andultimate consumption.

The informationobtained from the local farming community was thenincorporated into an
Online Meal and Activity Survey that was completed by a select group of 15 households
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comprised of residents and farmers. This survey was conducted from March2016 to
September 2016, and collected weekly informationpertainingto the amount of local food
consumed and the amount of time spent outdoors.

Guided by the results of the Local Food Production Survey and the preliminary results ofthe
Online Survey Meal and Activity Survey,a Local Population Survey was prepared and
disseminatedto approximately 1500residents within10 km of the Bruce Site. Approximately
260 residents completed and returned the survey.

Although the data collected in this survey didnot identify acommercial dairy farm within 10km
around the Bruce Site, it was noted that 7 households reported consuming some amount of
home-produced dairy. In 2017, additional milk samplindocations were addedto the REM
program. Changes associatedwith the findings of thelatest Site-Specific Survey,were
incorporated intothe Radiological Environmental Monitoringrocedure and used to ensure
the most effective monitoringprogram based on the indicated habits ofthe local populations.

Representative Person Discussion

The 2016 site survey conducted inthe area surrounding the Bruce Power site gathered
information regardingland usage, populationdistribution, meteorology,hydrology, water
sources, water uses and food sources. The following categories of representative persons
were identifiedas a result of the site survey, based on distinct lifestyleand proximity tothe
Site:

. Non-farm resident;

. Farm resident;

. Subsistence farm resident;

. Dairy farm resident;

. Bruce Eco Industrial park worker;and

o Hunter/Fisherman (additionbeyond survey results)

As stated inthe Site Specific Survey,the subsistence farm residentis definedas an individual
for whom over half of their dietis self-produced. Therefore, this groupis representativeof
residents who dependon locally grown foodstuff.

In additionto the above groups, a generic hunter/fishermanresidentwas considered.

The hunter/fisherman residentis definedas an individual who catches and consumes wild
game and fishin significantly greater quantities tharother residents. In this context, the
hunter/fishermanis representativeof Indigenous populations. Health Canada [R-75]
recommends the incorporationof specific ingestiorrates for fish and wild game for Indigenous
populations; the ingestion rates for all other foodstuffmay be assumed to be equivalentto
those for the Canadian general population.
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In 2019 Bruce Power began working closely withlocal First Nations and Metis communities to
develop and carry out a diet survey in order tofurther refine the hunter/fisherman receptor
characteristics. The completion of these diet surveys is ongoingand the results are not
available for inclusionin the 2019 dose to public calculation.

A total of 18 representative persons were selected, each comprised of an adult

(16 to 70 years old), child (6to 15 years old), and infant (0 to 5 years old), except for the
Bruce Eco Industrial park worker,who is assumed tobe an adult. All representative persons
were chosen based on proximity tothe Site (i.e., all locations are within15 km from the Site),
with the exception of the hunter/fisherman, whois located approximately 20 km north of the
site. The list of representative persons is consistentwith the environmental risk assessment
for Bruce Power, with an additionof five dairy farm residents who were addedas participants
to the Bruce Power Environmental Monitoringprogram in 2016, and the additionof a
hunter/fisherman.

Receptor Descriptions

Receptor Descriptions wereupdated to align withthe 2016 Site Specific Survey.

The non-farm residentis considered thetypical, full time residentin the area surroundingthe
Site. They get a large portion of their food from grocery stores.

The farm residentis more likely to consume their own crop or livestock, butstill use grocery
stores for a portion of their food intake.

The subsistence farm residentgets a larger portion of their food, milk and water from local
sources.

The hunter/fisherman shares similar dietary characteristics as the subsistence farm resident.
For both groups, the local food fractions for wildgame, fish and most other foodstuff are
assumed to be 100%.

The only difference between the subsistence farm resident and the hunter/fishermanresident
is that the hunter/fisherman consumes a greater amount of wild game and fish each year.
The wild game and fish intake rates for the hunter/fishermanwere based on mean intake
values of Indigenous peoples from theFirst Nations Food, Nutrition,and Environmental Study
reported in2014 [R-75]. This study provides adetailed report of the dietof First Nations
people based on surveying ofadults on reserve at 18 different communities throughout
Ontario. Since only adults were surveyed, intake rates for infants and children were
calculated by scaling the intake rates of adults by the average caloric intakeof each age
group, as identifiedin N288.1-14 Update No. 3 [R-14].

The dairy-farm resident is assumedto consume some fresh milk from their ownfarm, and a
slightly higher fractionof locally grown produce and livestock.

For consistency withprevious studies relatedto Site environmental risk assessment, the
Bruce Eco Industrial park worker will behereafter referred to as a BEC worker, which
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corresponds to the former name of the facility,the Bruce Energy Centre. The assessment for
a BEC worker represents occupational exposures at a location near the facility. It is assumed
that the BEC worker does not also live at one of the other selected receptor locations,i.e., the
BEC dose is independentof the other representative person doses.

A summary of the receptor descriptionand locations is provided below inTable 18 and
Figure 17 respectively.

Table 18
Identification of Representative Person
Group General Characteristics and Location of Group
Name

BR1 Non-farm resident, lakeshore at Scott Point
(Located to the northeast of Bruce A at a distance of approximately 2 km and northeast of
Bruce B at a distance of approximately 5km)

BR17 Non-farm resident, inland (Located to the southeast of Bruce A at a distance of
approximately 4 km and east of Bruce B at a distance of approximately 5km)

BR25 Non-farm resident, inland (Located to the south of Bruce A at a distance of approximately
5 km and to the southeast of Bruce B at a distance of approximately 4 km)

BR27 Non-farm resident, inland, trailer park (Located tothe south of Bruce A at a distance of
approximately 5 km and to the southeast of Bruce B at a distance of approximately 3 km)

BR32 Non-farm resident, lakeshore (Located to the south of Bruce A in Inverhuron at a distance
of approximately 6 km and to the south of Bruce B in Inverhuron at a distance of
approximately 3 km)

BR48 Non-farm resident, inland (Located to the southeast of Bruce A near Baie du Doré at a
distance of approximately 2 km and to the east of Bruce B near Baie du Doré at a distance
of approximately 3 km)

BF8 Agricultural, farm resident (Located to the south of Bruce A at a distance of approximately
8 km and to the southeast of Bruce B at a distance of approximately 7 km)

BF14 Agricultural, farm resident (Located to the south of Bruce A at a distance of approximately
5 km and to the southeast of Bruce B at a distance of approximately 3 km)

BF16 Agricultural, farm resident (Located to the southeast of Bruce A at a distance of
approximately 7 km and to the east of Bruce B at a distance of approximately 8 km)

BSF2 Agricultural, subsistence farm resident (Located to the southeast of Bruce A at a distance of
approximately 9 km and to the southeast of Bruce B at a distance of approximately 9 km)

BSF3 Agricultural, subsistence farm resident(Located to the southeast of Bruce A at a distance of
approximately 8 km and to the southeast of Bruce B at a distance of approximately 8 km)

BHF1 Generic hunter/fishermanresident (Located approximately 20 km north of the Sitein

Southampton)
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(:lroup General Characteristics and Location of Group

ame

BDF1 Agricultural, dairy farm resident(Located to the northeast of Bruce A at a distance of
approximately 11 km and to the northeast of Bruce B at a distance of approximately 14 km)

BDF9 Agricultural, dairy farm resident(Located to the southeast of Bruce A at a distance of
approximately 13 km and to the southeast of Bruce B at a distance of approximately 12 km)

BDF12 Agricultural, dairy farm resident(Located to the east of Bruce A at a distance of
approximately 13 km and to the northeast of Bruce B at a distance of approximately 15 km)

BDF13 Agricultural, dairy farm resident (Located to the southeast of Bruce A at a distance of
approximately 13 km and to the southeast of Bruce B at a distance of approximately 12 km)

BDF14 Agricultural, dairy farm resident(Located to the southeast of Bruce A at a distance of
approximately 14 km and to the southeast of Bruce B at a distance of approximately 13 km)

BDF15 Agricultural, dairy farm resident(Located to the southeast of Bruce A at a distance of
approximately 13 km and to the southeast of Bruce B at a distance of approximately 12 km)

BEC Worker in Bruce Energy Centre (Located to the southeast of Bruce A at a distance of

approximately 4 km and to the east of Bruce B at a distance of approximately 4 km)

5.4.2
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Figure 17
Human Receptor Locations
Left — local receptors, Right — fare field receptors
(Source Base Map from Bruce County Map Factory)

Environmental Monitoring and Emission Data

All emissions/effluentand monitoringdata used as inputfor the 2019 dose calculation process
where providedto the contractor by Bruce Power. The environmental monitoringdata used to
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specify radionuclideconcentrations ateach location of interest were initially reviewedfor
QA/QC purposes. The data were then processed (e.g., adjusted for background, converted to
required units of input for IMPACT) for the specific purpose of dose calculations.

For some radionuclide/mediacombinations,technological limitations may inhibit the abilityto
collect the desired radionuclidemeasurements. In cases where monitoring data were not
available for a particular exposure media, environmental monitoringdata were used to
explicitly define radionuclide concentrations in the intermediatemedia as far alongthe
exposure pathway as possible. In some cases, the availability ofreliable data in 2019 was
such that concentrations ofa specific radionuclide couldhot be defined for any mediaalong a
specifiedexposure pathway. In such cases, transport modelling and emissions datafor the
specifiedfacility release(either atmospheric or aqueous) wereused to define radionuclide
concentrations inexposure mediaat the Bruce Power site [R-73]

The environmental transportmodels in IMPACT are active for all exposure pathways for which
the concentration ofany radionuclideor radionuclidegroup has not been explicitly defined
based on directmeasures in the exposure medium (i.e.,the medium of directexposure to
receptors). The transport models are functional from the point furthest along each exposure
pathway for which direct measures (i.e.,monitoringdata) are available. In some cases,
transport modelling may calculate radionuclide concentrations inexposure media based on
defined concentrations in other contributingnedia, or they may calculate concentrationsin
each medium along the entire pathway onthe basis of defined rates of emissionfrom the
source [R-73].

For 2019 public dose calculations, the basic set-up of the IMPACT model, interms of transfer
parameters and environmental variables, is identical to thatused inthe most recent ERA [R-
12][R-13] pathways analysis and DRL updates. The transport models inthe current version of
IMPACT (Version 5.5.2) are taken from CSA N288.1 DRL Guidance[R-14]. As noted, these
models are only activated incases where environmental monitoringdata for a given
radionuclidein the exposure media are notavailable. Where such data are available, the
calculation of exposure and subsequent dose to human receptors are not based on model
results [R-73].

Bruce Power conducts routine monitoringof major radionuclides inboth atmospheric
emissions andliquid effluent releasesfrom the Bruce Power site. Every operational facility
present at each site is monitoredfor emissions ifthere is significantspatial separation
between those facilities. This approach provides distinct measures ofradionuclides from each
source (e.g. Bruce A versus Bruce B) [R-73].

Radionuclide and Exposure Pathways
The following radionuclidegroups contribute more than 1% to the total dose of a human
receptor of interest, and must therefore be monitoredinthe environment as part of REM

program:

o Tritium (HTO)
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. Organically Bound Tritium (OBT)
. Carbon-14

. Radioiodines

o Noble gases

o Airborne gross beta/gamma

) Waterborne gross beta/gamma

All human receptors inthe ERA are consideredin the designof REM program, based on the
IMPACT environmental transfer model.

Doses are calculated for each of the representative persons according to the exposures to
each of the following radionuclides viathe pathways listed inTable 19 and represented
graphically inFigure 18. The results are then summed to produce the total dose.

Table 19
Radionuclides Measured as Part of Radiological Environmental Monitoring
Radionuclide Sample Medium Exposure Pathway
Tritium Air Inhalation
(includes skin absorption)

Water (drinking water,surface Ingestion

water, well water)

Water (precipitation, Ingestion

groundwater)

Plants (fruits, vegetables, grains) | Ingestion

Animals (meat, milk,honey) Ingestion
Fish Ingestion
C-14 Air Inhalation, External

Plants (fruits, vegetables, grains) | Ingestion

Animals (meat, milk,honey, Ingestion

eggs)

Fish Ingestion
Gamma Air Inhalation, External
(e.g., Cs-137) Water (surface water) Ingestion

Animals (meat, honey) Ingestion
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Radionuclide

Sample Medium

Exposure Pathway

Fish Ingestion
Sediment External
Soil External
Gross Beta Water (drinking water,surface Ingestion
water, well water, precipitation)
1-131 Site emissions Air inhalation, Air external
Terrestrial animals (ingestion)
Milk Ingestion
Noble Gases (t,,~days) Air Air External
Organic Bound Tritium (OBT) Fish Ingestion
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Figure 18

Environmental Transfer Model
Extracted from CSA N288.1-14

54.4 2019 Dose Calculations
5.4.41 Dose Calculations Methods

The Bruce Power Public Dose Calculations 2019 Report provides the following information
regarding the dose to public calculationand outcomes [R-73].

The public dose calculationprocess considers anddiscriminates between all significant
pathways of exposure. The process also discriminates betweenthe various radionuclides
(or radionuclidegroups) that have been identifiedas importantor potentially importantwith
respect to public dose implications atBruce Power and other CANDU facilities.
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The calculation of the 2019 public doses has followedthis general approach, and the specific
routines are documented [R-76]. The procedure employed for the 2019 dose calculations is
generally consistentwith the procedure employed by Bruce Power since 2001, in the following
respects:

o Doses have been calculated for a series of representative persons (formerly termed
“critical group members”), identified and characterized based on the most current
Site-Specific Survey. For the 2019 public dose calculations,the representative persons
are based on the findings ofthe 2016 Site-Specific Survey[R-27]., and are consistent
with those consideredin the recent Environmental Risk Assessment(ERA) [R-12][R-13],
and also in the most recent Derived Release Limit (DRL).

o Doses have been calculated for those radionuclides or radionuclide groups that have the
potential to contribute measurably to the total public dose, as determined during the
preparation of the ERA and based on overall experiencewith CANDU® facilities.

o Exposure of representative persons has been selected based on direct measurements
of key radionuclides inthe environment (i.e., REM data). For exposure pathways where
REM data are not available or do not apply, measures of emissions have beenentered
into the environmental transportmodels of IMPACT to conservatively estimate
environmental activity levels ofradionuclides atlocations of public exposure.

o The calculations have been completed using IMPACT software package.

The various general steps in thedose calculation process have been completed in overall
keeping with Bruce Power’s established procedure.

For public dose calculations for 2019, the basic set-up of the IMPACT model, in terms of
transfer parameters and environmental variables,is identical to thatused in the most recent
ERA and DRL updates. For 2019, the IMPACT application for public dosecalculation was not
subject to any changes relativeto 2018.

As in previous years, characteristics ofrepresentative persons in 2019 were based inlarge
part on the latest Site Specific Survey[R-27]. The generic intakerates of air, water and
various foods have beenrevised to be consistent withupdated central values reported inthe
DRL Guidance. For the purpose of public dose calculations, the values adopted for the
various intake parameters aremean values reported in the DRL Guidance or other select
sources, rather than the more conservative 90 to 95th percentile values thatare
recommended for DRL calculation purposes.

The detailed characteristics ofthe representative persons are summarized Table 20 and
Table 21. The general physiological characteristics othese representative persons (e.g.,
inhalationrates, water ingestionrates, food intake rates) are taken from the DRL Guidance [R-
14]. For the "hunter/fisherman" group (HF1), rates of intake of fish and game animals have
been adjusted slightly from the DRL Guidance values to reflect conservative wild game intake
rates of Indigenous communities from the First Nations Food, Nutrition,and Environmental
Study (FNFES) [R-75]. For fishintake by the Hunter/Fisherman group, central intakerates
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taken from the DRL Guidance [R-14] are used. A recent study has indicatedthat the DRL
central intakes are more representative offish ingestionrates of communities near Bruce

Power [R-78].

The fractions ofingested foodstuffs that originatefrom local sources (backyard gardens or
local farm markets) are based in parton the results of the most recent Site Specific Survey[R-
27]. The net percentage contributionof each specific foodtype (e.g., fruits or beef) toeach
major category of consumption (i.e.,total plant product or animal product) is basedon both
the local fraction and the generic intakerates. The local intake fractions of all representative
persons have been recalculated to reflect new values for the generic intake rates.

Table 20

Local Percentage of Food Intake Obtained by Local Sources

Food Type Infant (1-yr old) | Child (10-yr old) Adult

Non-Farm Residential

Milk and dairy 23.09% 19.89% 12.06%
Beef 0.72% 1.95% 6.95%

Pork 0.39% 1.07% 2.23%

Poultry 0.85% 2.07% 4.06%

Egg 0.29% 1.00% 2.62%

Deer 0.10% 0.29% 1.11%

Honey 0.08% 0.20% 0.27%

Total Animal Products 25.5% 26.5% 29.3%
Grain 3.44% 3.84% 3.35%

Fruitand Berries 10.41% 7.40% 6.23%

Vegetables (above-ground) 4.26% 5.02% 6.95%

Root Vegetables 1.57% 2.44% 2.85%

Total plant Products 19.68% 18.70% 19.38%
Fish 23.00% 23.00% 23.00%
Non-Dairy Farms

Milk and dairy 12.47% 10.74% 6.51%

Beef 1.04% 2.80% 9.97%

Pork 0.58% 1.59% 3.33%

Poultry 1.41% 3.42% 6.70%

Egg 0.56% 1.94% 5.10%
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Food Type Infant (1-yr old) | Child (10-yr old) Adult
Deer 0.20% 0.57% 2.22%
Honey 0.10% 0.26% 0.34%
Total Animal Products 16.4% 21.3% 34.2%
Grain 4.25% 4.73% 4.13%
Fruitand Berries 21.09% 14.99% 12.62%
Vegetables (above-ground) 10.12% 11.95% 16.52%
Root Vegetables 3.60% 5.62% 6.56%
Total Plant Products 39.07% 37.29% 39.83%
Fish 22.30% 22.30% 22.30%
Dairy Farms
Milk and dairy 61.98% 53.38% 32.37%
Beef 1.04% 2.82% 10.05%
Pork 0.67% 1.82% 3.81%
Poultry 1.88% 4.57% 8.96%
Egg 0.66% 2.31% 6.07%
Deer 0.20% 0.57% 2.22%
Honey 0.12% 0.30% 0.40%
Total Animal Products 66.60% 65.80% 63.90%
Grain 7.92% 8.82% 7.71%
Fruitand Berries 13.78% 9.79% 8.25%
Vegetables (above-ground) 10.28% 12.14% 16.79%
Root Vegetables 3.51% 5.48% 6.39%
Total Plant Products 35.50% 36.24% 39.13%
Fish 25.00% 25.00% 25.00%
Subsistence Farms
Milk and dairy 73.90% 63.64% 38.59%
Beef 1.97% 5.33% 19.00%
Pork 1.33% 3.64% 7.61%
Poultry 3.14% 7.62% 14.93%
Egg 0.81% 2.81% 7.39%
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Food Type Infant (1-yr old) | Child (10-yr old) Adult
Deer 0.20% 0.57% 2.22%
Honey 0.18% 0.47% 0.62%
Total Animal Products 81.50% 84.10% 90.40%
Grain 18.67% 20.80% 18.18%
Fruitand Berries 28.40% 20.18% 16.99%
Vegetables (above-ground) 17.06% 20.14% 27.85%
Root Vegetables 5.80% 9.04% 10.54%
Total Plant Products 69.93% 70.16% 73.56%
Fish 100.00% 100.00% 100.00%
Hunter-Fisher
Milk and dairy 72.87% 62.10% 37.82%
Beef 1.95% 5.20% 18.62%
Pork 1.32% 3.55% 7.46%
Poultry 3.10% 7.44% 14.63%
Egg 0.79% 2.74% 7.24%
Deer 1.58% 2.98% 4.17%
Honey 0.18% 0.46% 0.60%
Total Animal Products 81.80% 84.50% 90.50%
Grain 18.67% 20.80% 18.18%
Fruitand Berries 28.40% 20.18% 16.99%
Vegetables (above-ground) 17.06% 20.14% 27.85%
Root Vegetables 5.80% 9.04% 10.54%
Total Plant Products 100.00% 100.00% 100.00%
Fish 100.00% 100.00% 100.00%
Table 21
Generic Rates of Intake of Air, Water and Various Foods
Parameter Units ( 1!;:1?;)1 (10?;‘?3' d) Adult (male)
Inhalation Rate m/yr 1830 5660 5950
Water Ingestion Rate L/yr 0 151.1 379.6
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Parameter Units (1!;:?;;)1 (1 chyrilgl d) Adult (male)
Grain Intake kglyr 55.2 140.7 163.5
Fruit & Berry Intake kglyr 54.6 88.8 99.4
Vegetable Intake kglyr 25.8 69.7 128.1
Mushrooms Intake kalyr 0.3 1.0 1.2
Potato Intake kglyr 8.7 30.9 47.9
Total Plant Product kg/yr 144.5 331.1 440.0
Ingestion Rate
Beef Intake kaglyr 4.4 13.1 45.8
Pork Intake kglyr 3.5 104 19.8
Lamb Intake kalyr 0.0 1.0 0.6
Poultry Intake kglyr 8.2 21.9 38.9
Egg Intake kglyr 2.1 8.1 19.2
Deer Intake kglyr 0.0/4.21 0.0/8.75 0.1/11.08
Milk Intake kaglyr 2427 2281 125.6
Total Animal Product kg/yr 261.0/264.2 | 282.6/291.4 | 250.0/261.0
Ingestion Rate
Total Fish Ingestion Rate kg/yr 1.8 5.4 8.2

1. The 1-year old infant is assumed to ingest cow’s milk, which accounts for all fluid needs. Water (or formula
made from water) is not ingested.

2. All values are mean or central values from DRL Guidance (CSA N288.1-14), with the exception of
Hunter/Fisheman Group Deer intake, which is based on the FNFES [R-75].

5.4.4.2 Radiological Doseto the Public

Canadians are exposed to natural background radiation intheir homes, at work and in their
everyday lives. Exposure to naturally-occurring radiationoccurs from rocks, soil, and
space[R-79]. We breathe radon gas whichis produced by the earth’s crust and the food we
eat contains many natural sources ofradiation(e.g., potatoes, carrots, bananas, milk, red
meats) [R-80]. Consumer products, medical or clinical devices suchas X-ray machines and
CT scanners [R-79] also provide exposure to Canadians [R-80]. Natural background dose is
estimated at 2,400 uSv/year. The operation of medical equipment(600 uSv/year), medical
isotope production (10 uSv/year), a cross-country flight (30 uSv), diagnostic procedure such
as a dental X-ray (10 uSv) and CT scans may deliver approximately 5,000-30,000 uSv [R-79].

The doses are calculated using data obtained from Bruce Power's REM program, whichis

designed to meet the radiological monitoringequirements of CSA N288.4-10 [R-3].
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For the 28" consecutive year, Bruce Power's calculated dose to a member of the public is
less than the 10 uSv/year value that is regarded as the lower threshold for significance
(the de minimus) [R-81]. The representative person’s dose associated with Bruce Power
operations in2019 who is calculated to have the maximum is theBF 14 Adult who received
1.5 ySv/a. All other representative persons have a lower dose (see Appendix C).

This maximum doseis a small fraction ofa percent of the legal limit(i.e., 1,000 uSv/a) and of
the background dose (i.e., ~ 3,100 pSv/a) (see Table 22, Table 23 and Figure 19,). Itis also
well below the de minimus threshold of 10 uSv/a [R-81]. Consistent withprevious years, most
of the radiological doseis from two radionuclides {*C ~ 46%, tritium oxide~ 40%). Pathways
are predominantly viainhalation(for tritium) andingestionof local food sources (for tritium and

14C).
Table 22
2019 Maximum Representative Person’s Dose
Maximum Committed Percentage
Representative Person Effective Dose of Legal Limit
BF14 Adult 1.5 ySv/a 0.15%
Table 23
2019 Radiological Dose by Contaminant for Representative Persons Group BF14 Adult
C-14 | Co-60 | Cs-134 | Cs-137 | HTO' | I(mfp) | Qo Total
ases
Dose 6.98E-01 | 1.14E-02 | 2.59E-03 2.71E-03 | 5.93E-01 | 1.90E-04 | 1.97E-01 1.50E+00
(uSv/a)
Percentage 46% 0.8% 0.2% 0.2% 40% 0.0% 13% 100%

! Includes dose incurred via ingestion of Organically Bound Tritium(OBT) in fish,plant produce, and animal

products.

OBT - tritiumis bound to organic matter, resulting from tritium being incorporated in various organic compounds
during the synthesis process ofliving matter.
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2019 Radiological Dose by Contaminant for Representative Persons Group BF14 Adult

5.4.4.3 Dose Results and Interpretation

The routine monitoring ofradionuclides in atmospheric releases from the Bruce Power site
includes tritium oxide(HTO), carbon-14 (C-14), noble gases, iodine(l-131), and combined
beta/gamma-emittingparticulates (includes Cs-134,Cs-137, Co-60). Combined alpha-
emittingparticulates (e.g. Pu-239, Pu-240, Am-243, and Cm-244) have been monitored since
2012. Routine monitoringof liquideffluent releases from the Bruce Power site encompasses
HTO, C-14 and gross beta/gamma emitters and alpha emitters (since2012). For Bruce A and
B liquideffluents, beta/gamma emitter isotopes aremeasured. The emissions thatare directly
considered in the dose calculation process include HTO, C-14, noble gases, and radio-
iodines. For the purpose of public dose calculations, itis assumed that iodineemissions are
in the form of mixed fissionproducts (mfp), assumed to be present in ratioassociated with a
state of secular equilibrium. The dose calculation process assumes that all iodine is [-131 for
longer duration pathways (i.e.,anything related to sedimentor soil partitioning, or bio-uptake),
but for shorter duration pathways (i.e.air inhalationor immersion,lake water immersionor
ingestion) thefull release is equivalentto I(mfp). In modeling the environmental transportand
partitioningof radio-iodines,there is assumed to be no isotopic discriminationand that I(mfp)
behaves the same as [-131.

Beta/gamma-emitters are also considered inBruce Power's emissions monitoringand in the
dose calculation process, assumingthe full complement of the combined measure consists of
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a single radionuclidewith a high dose implication. It is conservatively assumedthat all
reported beta/gamma emissions were Co-60.This approachis consistent withthe ERA [R-12]
and is very likely over-statingthe actual dose associated with emissions. Doses for Cs-134
and Cs-137 are still calculated where direct environmental measures ofthose radionuclides
are available through the REM program.

For alpha emitters, the ERA [R-12] and past analysis determinedthat the dose associated
with all alpha emitters is negligible. For this reason, alpha emissions are notincludedin the
dose calculation process.

Both atmospheric andliquid effluent releases arefrequently sampled and analyzed for
radionuclidecontent (weekly for atmospheric releases and monthly for liquid effluent
releases). The emissions datawhich are used for public dose calculations consistof the
annual total values of each radionuclideat each release source in the most recent year. The
use of annual values for public dosecalculationsis appropriatein that the established dose
limits arethemselves establishedon an annual basis.

In essence, the site-specific REM program includes thecollection of representative samples of
exposure mediaand subsequent analysis ofthese samples for the presence of key
radionuclides or radionuclidegroups. The design of the monitoringprogram focuses on the
collection of samples near the identifiedrepresentative persons (i.e., at indicator locations)
near the Bruce Power site. This approach provides samples, and ultimately measures of
radionuclides, which are representative of the exposure media encountered at the location of
residence ofrepresentative persons. Accordingly, monitoring data ofthis nature are
appropriate for calculating radiological doses tomembers of the public.

The specific radionuclides whichare included inthe Bruce Power REM program are based on
the radionuclides and thespecific pathways ofexposure which have beenidentifiedas
significant, typically througha site-specific Pathways Analysis. The inclusionof the significant
radionuclides andspecific pathways is also dependenton the availability ofreliable sampling
and analytical techniques. Despite the incorporationof best available practices, notall
radionuclides can bereliably monitoredin all media. For example, exposure to tritium is
based on average measures of atmospheric HTO takendirectly atindicator locations;
whereas exposure levels of other radionuclides in air aggiven locations have typically been
based on measured facility emissions othose radionuclides andthe applicationof
atmospheric dispersions models.

It is importantto note that, unlike emissions data,the radiological dataobtained through the
REM program are not necessarily reflective ofradionuclides which originateexclusively from
Bruce Power facilities. Levels of radionuclides measuredin environmental media may also be
reflective of other sources, such as long distance transport of radionuclides from nuclear
weapons testing or acute reactor events (e.g., Fukushima, Chernobyl), and also naturally
occurring radionuclides. Radionuclides from sources other than the Bruce facilities are
referred to in the current context as background. In order to account for the presence of
background levels of radionuclides inthe context of REM data, Bruce Power has also
established site specificcontrol locations for radiological monitoring for each nuclear facility
specifically to provide aquantitativemeasure of background concentrations ofkey
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radionuclidesin certain media(e.g. fish). Bruce Power has also undertaken or supported
several monitoringefforts which serve to identify thebackground levels of various
radionuclides invarious mediathroughout the province.

In order to be able to calculate doses associated specifically withany nuclear facility,itis
necessary to be able to distinguishbetween radionuclides in theenvironmentwhich originate
from that facility andradionuclides which haveoriginatedfrom other sources. In dose
calculations where transport models are used to define environmental concentrations of
radionuclides based onemissions data alone,the resultingdoses are associated only with the
nuclear facility(ies) from which theemissions data wereobtained. In those cases where
environmental monitoring datafor various media serveas the basis for dose calculation, those
doses may represent sources of radionuclides other than nuclear facilities. In order for dose
calculations based on such data to be relevant to a specifiedfacility or facilitiesjt is necessary
to adjust those data for the presence of background concentrations ofthe radionuclides of
concern. In cases where monitoringdata have been employed in the Bruce Power public
dose calculations, the concentrations of radionuclides invarious mediahave been adjusted by
subtracting the background values, where available. In doing so, theradiological doses are
related exclusively toroutine releases from Bruce Power site facilities.

The approach taken in selecting representative values from themonitoring data availablefor
2019 is as consistentas possible with the approach taken in previous calculations ofpublic
dose at the Bruce Power site. For radionuclides inair and water, the levels of activity for each
radionuclideat each location of representative person exposure are average values of all
measures recorded in 2019 at those locations, or at the nearest monitoringstation during
2019. For animal and plant produce, the maximum radionuclidelevel from all available
samples from the closest samplinglocation(s) is conservatively adoptedas representative of
that location. For those exposure media notspecific toany one locationof residence ofany
representative person (e.g., beach sands, fishflesh, lake water), the values selected are
averages of all measures taken inthe Bruce Power receivingenvironmentin 2019.

In 2019, the approach taken when REM data included values that were less than the
associated detection limit(Ld) or critical level (Lc), thosevalues were taken as reported. For
example, inthe calculation of local or background averages where some measured values
were reported as less than Lc or Ld, the uncensored analytical results were used inthe
calculation. In previous years dose calculations, values <Ld or <Lc were assumed to be half
of the respective limitfor background samples, and equivalentto the limitfor local samples.
This change inprocedure, initiated for the2018 dose calculations, is intended to achieve
consistency inreporting of REM data and also to achieve consistency withother procedures
where those data are also used (e.g. ERA). The implications ofthis changeto the reported
doses are very minor. In most cases, the resultingdoses are slightly higher infollowing the
new approach.

The critical level or decisiornthreshold, Lc, is the calculated value based on background
measurements, below whichthe net counts measured from the sample are indistinguishable
from the background at the 95% probability level. The detection limit,Ld, is the calculated
value based on the decisionthreshold and the measurement system parameters (e.g. count
time) above which the net counts measured from the sample are expected to exceed the
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decisionthreshold at the 95% confidence level. These definitions ofLc and Ld are consistent
with CSA N288.4-10 Annex D [R-3].

In 2019, there were a few additional instances inwhich the applicationof the REM data was
not as specifiedin Bruce Power's procedure [R-76] [R-67], however the measures taken were
largely conservative and the associated dose is minor in terms ofthe total calculated public
dose. This includes thefollowing:

o The reported levels of HTO activity inProvincial Backgroundfish samples collected in
2019 were higher than expected, exceedingHTO activity inlocal fish samples caughtin
close proximity tothe Bruce Power site (i.e. inBaie du Doré). As a conservative
alternative, the background HTO activity level inwaters of the Great Lakes (taken from
the Klukas model), was used as representative of the background HTO activity level in
fish. The dose associatedwith the ingestionof HTO infish accounts for less than 1% of
the total dose.

o In 2019, no milk sample was available for location DF14. The average results for the
milk samples collected from the nearest dairy farm thatis closer to the sources of
emissions (i.e., DF13) was appliedor location DF14.

o For deep residential wells,the activity level ofHTO in all samples collected in 2019 was
reported to be less than the critical level. In this specific case,the critical level itselfwas
assigned, with adjustment for background, as the representative value for HTO in all
deep residential wells. The public dose associatedwith HTO in deepresidential wells is
inthe order of 0.01 ySv/a or less.

o The activity level of C-14 inlocal samples of grain and deer collected in2019 was lower
than the C-14 activity incorresponding background samples. To estimate the C-14
activity inthese media, the environmental transportmodels in IMPACT wereinvoked.

The dose calculationresults for 2019 for the 19 distinctgroups of representative persons are
providedin Appendix C, whichincludes a breakdown of doses by both radionuclideand
pathway of exposure.

The maximum doseto the public in 2019was 1.5 uSv/a, representing a decrease of about
10% compared to the maximum dose calculated in2018 (i.e., 1.67 ySv/a). The maximum
dose was calculated for the "Adult" age class of the Farmer (F) group BF14. Withinthe BF14
group, the higher meat ingestion rate for the “Adult” compared to the “Infant” and “Child” age
groups resulted in the “Adult” having the higher dose. The Farmergroup as the maximum
dose group is aslightdeparture compared to the past few years, when the highestdose was
received by the Subsistence Farmer (SF) group. In 2019, the doses calculated for the SF
group at both locations (BSF2and BSF3) are just slightly less thanthe BF14 group, inthe
range of 1.2 to 1.4 pSv/a. Doses to the various representative locations and age classes of
the Dairy Farm (DF) group, and also farm groups other than BF 14, range from 0.7 to 1 ySv/a.
The doses calculated for the non-farming Resident (R) group at various locations inclose
proximity toBruce Power are of similar magnitude,ranging from 0.7 to 1.2 pSv/a. The dose
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calculated for members of the Hunter-Fisher (HF) group near Southampton are between 0.4
and 0.5 puSv/a.

About 60% of the total dose to the BF14 group is from foodingestion, whichsimply reflects
the relatively high rateof local food consumption by members ofthis farm-based group. For
the various other farm-based groups (DF, F, SF), food ingestion similarly accountedor the
majority (~60to 80%) of total dose. For non-farm residential group, theproportion of total
dose associated with food ingestion was slightly less butstill significant (i.e., abou0% to
50%). Directexposure to radionuclides inair viainhalationand immersionwas the only other
significantcontributor to total dose, accounting for about 20% to30% of dose for farm-based
groups (DF, F, SF) and 40% to 60% for residential (R) groups. These general patterns are
consistentwith the patterns observed for the past decade.

The main contributing radionuclides tathe limitingdose (BF14 Adult) are C-14 (~46 % of total
dose) and HTO (~40% of total dose). Overall, C-14 and HTO (includingOBT) combined
account for an average of about 84% of the total dose for all groups of representative persons
that have been consideredin 2019. This dominanceof C-14 and HTO as contributors tototal
dose in 2019 is consistentwith the findings ofpublic dose calculations over the pastdecade.
Noble gases were the only other radionuclidegroup to contribute more than 1% of public
dose, accountingfor an average of about 15% of total dose for all groups considered.

The decrease in public dosein 2019 relative to 2018is related primarily totrends in facility
emissions. In 2019, total HTO emissions toair from all BP facilities combineddecreased by
about 20% relative to 2018. This was dueto the difference inoutage activities atBruce A and
Bruce B that occurred in 2019 compared to 2018. Levels of HTO invarious environmental
media (air, shallow wells, and various plantand animal products) also exhibitedgeneral
declines of similar magnitudein 2019. The dose attributable to HTO, which accounts for an
average of almost 40% of total dose, declined by about 22% on average for all groups
considered. The dose associated with noble gases also declinedby about 30% on average,
primarily as aresult of a decline in total emissions ofabout 20%.

For C-14, the trend in dose did notfully reflect the trend in emissions. Total atmospheric
emissions ofC-14 were only slightly (~7%) higher in2019 than they were in2018. On
average, the public dose attributable to C-14 increased by an average of almost 120% for all
the groups considered. This relatively largedose increaseis attributablein large part to very
large C-14 dose increases tothe members of the BF14 group. For the adult member of this
group, exhibitingthe maximum public dose in2019, the increase inthe C-14 dose was about
35-fold compared to 2018. For the 1-yr old and 10-yr old members of the group, the C-14
dose increased 6-fold and 15-fold, respectively. When excludingthe members of the BF14
group, the average C-14 dose to the public in2019 was about 13% higher than itwas in 2018,
whichis comparable to the slightincreasein total C-14 emissions to air. For the BF14 group,
the large increasein C-14 doseis attributableto a few main factors, including

. the activationof conservative models when background values exceed local measures,
includingfruitand vegetable samples in2018 and grain samples in 2019, and
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o a 10% declinein Provincial backgroundmeasures of C-14 inair in2019 compared to
2018, resulting inrelatively highadjusted measures of C-14 in air at various locations,
particularly at BF14, and subsequently highmodel-based estimates of C-14 in various
food sources.

Except for the notable exception ofthe BF14 group, and also a minor exception ofthe BR1
group, each of the groups of representative persons experienced a drop in total dose from
2018 to 2019, with an overall average decrease of about 13%. This is drivenby decreases in
emissions ofthe radionuclides thatcontribute meaningfully to public dose, particularly HTO
emissions.

Historical Doseto Public

The calculation of public dose demonstrates thatthe emissions from BrucePower facilities
have an extremely small public dose impact. The maximum public doseassociated with
Bruce Power operations in2019 (i.e., 1.5 ySv/a for the BF14 Adult) is still only afraction of a
percent of the legal limit(i.e., 1,000 pSv/a) and of the background dose (i.e., ~ 3,100 uSv/a).
The dose to public has beenwell below the de minimus threshold of 10 ySv/a for 28
consecutive years.

The historical dose to public trendis shownin Figure 20. The data pointfor 2015 shows a
slightincrease due to tritium andC emissions from vacuum building/unit outages occurring
at the same time as the annual media sampling.
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Figure 20
Historical Dose to Public Trend
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5.4.5

Integrated Model for the Probabilistic Assessment ofContaminant Transport (IMPACT)

For radiological contaminants,environmental monitoringdata is used inthe IMPACT
(Integrated Model for the Probabilistic Assessmentof Contaminant Transport) calculation of
dose to humans and non-human biota by replacing modeled concentrations withactual
measured concentrations. IMPACT is a customizable tool thatallows the user to assess the
transport and fate of contaminant through auser-specifiedenvironment. It also enables the
quantificationof human exposure to those environmental contaminants andthe calculation of
DRLs for nuclear facilities (power generating stations, research reactors, waste management
(facilities). It covers all of the potential exposure and release scenarios, includingatmospheric
and aquatic pathways thatare in CSA N288.1-14 Update No. 3. IMPACT Version5.5.2 was
released in April 2018 and is the latest version of the code. This versionfully implements the
models of N288.1-14 and its recommended parameter values, including corrections to
parameter values as per CSA N288.1-14 Updates 1, 2 and 3. The code was developed by
EcoMetreix Inc., under contractto CANDU Owners Group (COG). The development of
IMPACT 5.5.2 has been guided by, and subject to, an overall Tool QualificationProgram
(TQP), which follows the CSA N286.7-99 [R-126]. Code verificationand validation were
documented in the Tool QualificationReport. A user manual and theory manual are also
available for the version[R-82].

Meteorological Data
This section is extracted from the2019 Meteorological Data Analysis report [R-77].

There are two meteorological towers onthe Bruce Power site,one 50 m on-site tower and one
10 m off-site tower. These towers were installed in 1990, at specific locations toensure that
the meteorological measurements arerepresentative of local atmospheric conditions
experienced, and to better account for how emissions are conveyed inland. The 50 m on-site
tower measures wind speed and direction at the10 m and 50 m elevations, as well as
temperature at the 10 m elevation. The 10 m off-site tower measures wind speed and
directionat the 10 m elevation [R-76].

Meteorological data (12.0Appendix F:) are requiredin order to calculate doses to the public
resulting from the operation of nuclear facilities on theBruce Power site. Specifically, the
processed meteorological datain the format of Triple Joint Frequency (TJF) arerequired as
inputs to the computer code Integrated Model for Probabilistic Assessment of Contaminated
Transport (IMPACT) for public dose calculations as part of Bruce Power’s annual
Environmental ProtectionReport (EPR) and Derived Release Limits report (five-year cycle).

The data gaps inthe 2019 raw meteorological dataprovided by Bruce Power [R-84][R-84] are
significant, whichdoes not meet the requirementof Canadian Standards Association(CSA)
N288.2-14 [R-85] to have ninety percentcomplete data for processing (before substitution) .
An explanation for this significanioss of data is discussedin the next section. Therefore, the
five-year datasets (from 2011— 2016) have been analyzed to derive meteorological datasets
that will representthe Double JointFrequency (DJF) and TJF for Bruce Power sitein 2019.
The calculation of joint frequency data meets the requirements described inSection 6.1.4 of
CSA N288.1-14 Update 3 [R-14].
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5451

Data Availability

For year 2019, raw meteorological datawere missingfor the following periods oftime:

o 50 m on site tower: Data are unavailable for the following period,March 05 to July 16,
August 24 to Aug 30. In addition,there are multiple cases where there are two datasets
reported for one time slot.

o 10 m off site tower: Data are unavailable from January 01 to July 12.

The meteorological data availablefor 2019 does not satisfy the 90% criterionfor overall valid
data collection; as suchthe data cannot be used.

Table 24
Summary of Missing Records for 2019
Data Source Available Total Records Records Missing
Records Planned (%)
10 m Meteorological Tower 4145 8760 53
50 m Meteorological Tower 5419 8760 38

In 2019, the Meteorological Tower datacollection process has faced multi-faceted recurring
issues. The process of dialinginto the tower modems to collect data appears to be failing on
a regular basis. The vendor reports that the phone modems appear to pick up but cannot
complete a handshake to exchange data. This aligns withreports from Bruce Power IT
Analysts that see the PC209W v2.2 software that indicateboth the 10Meter and 50Meter are
failing to communicate, transfer data,or pass basic datachecksums on a regular basis. This
indicates thatthe modems are likely defective,showing higherror rates in the few
communications thatare getting through.

To complicate the data communications issues,the data logger devices (Model: Campbell
Scientific 21X) areof a vintage that they do nothave any non-volatile memory or battery
backup.

Finally, the devices inquestion are all of a vintage where they areno longer supported.

Taken together, this means that dial-inprocesses were not downloading data correctly, the
data loggers were capturing datainto volatile storage, and there is no support contract to
understand the resulting data corruptionissues.

In previous years, data gaps havebeen reported in the meteorological data dueto ongoing
data storage issues. However, with the exception of2014, the period of data loss was
insignificant and data analysis was performed “omitting” the missing data without the need for
interpolation,while still meetingthe requirements described inSection 4.3.2.6 of CSA N288.2-
14, Guidelines for Calculating theRadiological Consequences tothe Public of a Release of
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545.2

Airborne Radioactive Material for Nuclear ReactorAccidents, which states that “...ninety
percent of the data must be available before substitution” [R-85].

However, the data gaps in2017-2019 raw meteorological dataare significant, with less than
90% of the data available. Therefore, omitting thesedata is not an option for processing and
analysis. For this reason, the five-year average datasetfrom the years 2011, 2012, 2013,
2015, and 2016 were utilizedas a surrogate to calculate TJF and DJF for 2019. Data from
2014, 2017 and 2018 cannot be used for the same reason as described above for the 2019
data.

The surrogate datasets were collected from the same meteorological towers as previously
described, and provide better representationof the 2019 meteorological conditions compared
to an alternative off-site location. Although radionuclide transportand dispersionmodels are
sensitive to wind conditions, using this “five-year average” approach will have very low impact
on annual doses to representative persons reported inthe Environmental Protection Report
because these are largely based on measured environmental concentrations.

Meteorological Data Analysis Methodology
Meteorological Data Analysis Methodology
The 2019 surrogate DJF and TJF for Bruce Power site were calculated as follows:

1. The raw meteorological datafor each year from 2011 to 2016 (excluding 2014) provided
by Bruce Power were sorted to select hourly data only.

2.  For the 10 m off-site tower, DJF was calculated based on the hourly data from step one.
For the 50 m on-site tower, DJF was calculated for both heights and TJF was calculated
only for the 10 m height, based on the hourly data from step one. The wind speedbins,
wind directionsectors and stability class were determined as follows:

Wind speed groupings are defined as per Table 10 of CSA N288.1 14[R-14]. Table 10 of CSA
N288.1 14 is reproduced below in Table 25.

Table 25
Wind Speed Bins Used for the Generation of DJF and TJF Tables
Wind Speed Class Wind Speed, u (m/s)
1 us?2
2 2<us3
3 3<uc=<4
4 4<us<b
5 5<u<6
6 u>6
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The wind directionis then divided into16 wind directionsectors with each sector being
22.5 degrees, as shown in Table 26.

Table 26

Wind Direction Sectors

Wind Sector

(direction from which wind is blowing)

Wind Direction (0) in degrees

N 0 >348.750r 6 = 11.25
NNE 11.25 <0 =33.75
NE 33.75<6<56.25
ENE 56.25<6=<78.75
E 78.75 <6 =101.25
ESE 101.25 <9 =<123.75
SE 123.75 <0 £146.25
SSE 146.25 <9 <168.75
S 168.75 25 <0 = 191.25
SSW 191.25 <9 <213.75
SW 213.75 <0 £236.25
WSW 236.25 <0 <258.75
W 258.75 <0 <281.25
WNW 281.25 <0 <303.75
NW 303.75 <0 <326.25
NNW 326.25 <0 <348.75

The Pasquill-Giffordstability classes Ato F were used. Stability class was estimatedfrom the
standard deviation ofwind directionmeasured, takinginto account night-time conditions and
wind speeds [R-86]. A surface roughness of 0.4 m was assumed for all sectors. This value
represents rural areas with mixedfarming, tall bushes andsmall villages, consistentwith CSA
N288.2-14[R-85]. Inclusion of surface roughness inthe methodology for determiningPasquill-
Gifford stability category is a refinementn the classificationscheme, which results in shifting
more cases towards the neutral D-stability class conditions with increased roughness [R-87].

Fo r TJF, annual average and seasonal average data were calculated separately. The
seasonal average TJF data account for the months of May to September inclusive.

The calculated DJF data for the Bruce Nuclear site are presented in Table 27and Table 28.

Master Created: 17Apr2020 9:59



Approved for Issue - VERIFY STATUS PRIOR TO USE

PUBLIC
B-REP-07000-00012 Rev 000 May 1, 2020 Page 118 of
2019 ENVIRONMENTAL PROTECTION REPORT
Table 27
Annual Average DJF (Surrogate) for Bruce Power Site
for Year 2019 — 50 m Meteorological Tower at 10 m Height
Wind Speed, u (m/s)
Wind Direction (wind blowing | us2 |2<us |3<us (4<us |[5<us |[u>6 | Total
from) 3 4 5 6
Frequency (%) at 10 m Height

N 1.71 0.88 1.00 0.80 0.42 | 0.50 5.30
NNE 1.77 1.02 1.10 0.72 0.31| 0.34 5.27
NE 1.57 0.80 0.57 0.40 0.20 | 0.09 3.62
ENE 2.69 0.86 0.68 0.40 0.17 | 0.11 4.90
E 2.15 0.72 0.49 0.15 0.09| 0.12 3.72
ESE 1.75 0.52 0.32 0.20 0.15| 0.16 3.09
SE 2.66 0.92 0.56 0.35 0.22| 0.19 4.91
SSE 4.00 1.70 1.08 0.54 0.31| 0.37 8.00
S 4.31 1.60 1.42 1.05 0.61| 0.64 9.63
SSwW 3.30 1.62 1.44 1.17 1.20 | 1.54| 10.27
SW 2.73 1.21 1.74 1.69 1.07| 1.33 9.77
WSW 1.57 0.99 0.95 0.82 0.72| 1.77 6.81
w 1.08 0.85 0.82 0.57 0.54| 1.44 5.30
WNW 1.36 0.89 0.77 0.67 0.72| 1.50 5.89
NW 1.56 0.92 0.77 0.80 0.63| 1.16 5.85
NNW 2.24 1.37 1.24 1.00 0.71| 1.10 7.67
Total 36.44 16.85 14.95 11.32 8.07 | 12.37 | 100.00
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Table 28
Annual Average DJF (Surrogate) for Bruce Power Site
for Year 2019-50 m Meteorological Tower at 50 m Height
Wind Speed, u (m/s)
(wi‘:lv(iinlglgvi\rl}?\(;tizgm) usS2 | 2<us3|3<us4|4<us5|5<us6|u>6] Total
Frequency (%) at 50 m Height
N 0.47 0.57 0.72 0.79 0.80| 1.96 5.30
NNE 0.44 0.65 0.84 0.89 0.88| 2.35 6.05
NE 0.46 0.60 0.79 0.74 059 | 1.21 4.39
ENE 0.40 0.68 0.96 0.96 0.74 | 0.74 4.49
E 0.43 0.80 1.04 0.71 0.33| 0.40 3.70
ESE 0.38 0.71 0.93 0.45 0.25| 0.41 3.13
SE 0.30 0.52 0.85 0.90 0.72| 1.01 4.31
SSE 0.32 0.44 0.77 1.12 149 | 1.94 6.08
S 0.28 0.50 0.83 1.58 231| 262 8.12
SSW 0.36 0.52 0.94 1.68 260| 559| 11.69
SwW 0.56 0.76 1.16 1.56 1.78 | 449 | 10.31
WSW 0.40 0.63 0.91 0.85 0.70 | 3.52 7.00
W 0.39 0.65 0.68 0.56 0.55| 2.76 5.59
WNW 0.43 0.60 0.61 0.56 0.62| 3.03 5.85
NW 0.52 0.73 0.65 0.61 0.62| 3.37 6.50
NNW 0.60 0.82 0.87 0.78 0.79 | 3.64 7.49
Total 6.74 10.18 13.53 14.75 15.77 | 39.02 | 100.00

5.4.6 External Gamma in Air

Environmental external gammadose rates were measured using Harshaw EGM
Thermoluminescent Dosimeters (TLDs) at air monitoringstations. The dosimeters were
exposed for three month periods, collected quarterly and the annual doses are calculated as
the sum of the quarterly results. The accuracy of the dosimetersis estimatedto be £ 15
percent. The accuracy is verifiedby the quality control program describedin the Ontario
Power Generation 2018 Results of Radiological Environmental Monitoringrrogram [R-88].
The external gamma dose rates and the provincial monitoring program samples are measured
by the OPG Whitby Health Physics Laboratory. The location ofthe representative persons
(Critical Groups) are detailedin Table 18 and shown graphically inFigure 19. The sampling
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locations inthe vicinity ofBruce Power are detailedin Appendix D. Background dosimeters
are also located at various locations aroundOntario and are collected quarterly.

54.6.1 2019 External Gamma in Air Results

The dosimeter locations throughoutthe province show the range of background radiation
levels experienced during theyear. Bruce Power and Provincial Backgroundresults are
detailed inTable 29.

The Bruce Power indicator sites areB2, B3, and B4, and are located closest to the Bruce
Power site. The average external gamma dose in air at BrucePower indicator sites B2,B3,
and B4 was 51 nGy/h.

Provincial backgroundsites measure ambient external gammaradiationin air. The average
of the provincial backgroundsites was 58 nGy/h. The average of the provincial background
sites is slightly higher thanthe Bruce Power indicator sites. TLD measurements alone cannot
resolve the very low gamma doses inair associatedwith station emissions or those observed
provincially. As a result, a conservative modelling method of estimatingnoble gas activity in
the environment usingemissiondata and atmospheric dilutionfactors is usedin the dose
estimates. This demonstrates thatthe impact of Bruce Nuclear on the surrounding
environment, with regards to gamma inair, is de minimus.

Table 29
2019 Annual External Gamma Dose Rate Measurements

Total Total Annual Average | Annualized
S le Locati Exposure Measured Dose Rate in Air | Exposure
ample Location Time (days) Dose in Air (nGy/h) (LGy)
(nGy)

Indicator
B02-TLD 366 468 53 467
BO3-TLD 364 464 53 466
B04-TLD 365 408 47 408
Average (Indicator) 365 447 51 447
Area Near
BO5-TLD 365 402 46 402
BO7-TLD 365 421 48 421
B10-TLD 365 542 62 542
B11-TLD 365 513 59 513
Average (Area Near) 365 470 54 470
Area Far
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Total Total Annual Average | Annualized
Sample Location TI.Exposure Meas_ureq Dose Rate in Air | Exposure
ime (days) Dose in Air (nGy/h) (1Gy)
(nGy)
B0O6-TLD 365 401 46 401
BO8-TLD 365 400 46 400
B0O9-TLD 365 409 47 409
Average (Area Far) 365 403 46 404
Provincial Background
Bancroft 365 590 67 590
Barrie 354 517 61 533
Lakefield 365 546 62 546
Niagara Falls 365 415 47 415
North Bay 344 527 64 560
Ottawa 381 438 48 420
Thunder Bay 366 543 62 542
Windsor 368 457 52 454
Average (Provincial 364 504 58 508
Background)

546.2

Historical External Gammain Air Results

Figure 21 shows that Bruce Power external gamma values remainrelatively constantover the
past five years. This is primarily dueto stabilizationin atmospheric radiation levels from
historical abovegroundweapons testingfallout.

Bruce Power’s levels have remained below provincial background for more than 10 years.

Both Bruce Power and provincial measurements show similar trends.

A general linear model was performedand identifiedthat there was no interactionbetween
location and year for gamma in air (a=0.05). Analysis of Variance shows a significant
difference (p<0.001 a=0.05) by site with the provincial site having the highest mean, the
indicator andarea near sites havingno significantdifference from each other and the area far
sites havingthe lowest mean.
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Figure 21
Annual Average External Gamma Dose Rates at Bruce Power
Indicator Sites and Provincial Background Sites Over Time

Tritium in Air
Active Sampling Methodology

Tritium inair is collectedusing active samples. Water vapour is collected by passingair at a
continuous rate through an absorbent material (molecular sieve). The water is extractedand
analyzed monthly for tritium,and results are obtained by multiplyingthe specific activity of
tritium inthe extracted water by the average absolute humidity measured for the sampling
period. The average absolute humidity is determinedy dividing themass of water collected
on the molecular sieve by the volume of air sampled as measured by an integratingflow
meter. Samples from the active samplers are collected and analyzed monthly. Monthly
samples are averaged by location per year.
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54.7.2 2019 Tritium inAir Results

The 2019 results of the active tritium air samplingare detailedin Table 30 and graphed in
Figure 22 on a monthly basis. Locations ofactive samplers are depictedin Appendix D.

The 2019 annual average for tritium inair atindicator sites closestto Bruce Nuclear Site was
2.1 Bq/m3 while area near and area far, ingeneral, were. The 2019 average is lower thanthe
previous year (2.5Bg/m®) however the results of measurements near the Bruce Power site
are consistently higher than provincial averageairborne tritium, which was much lower in 2019
than in previous years. The elevated tritium inair results for July may be attributed to the
outages and maintenance activitiesat Bruce A and Bruce B that occurred during the summer

(Figure 22).
Table 30
2019 Annual Average Tritium in Air
Sample Active Sampling'
Location (Bg/m®)
Indicator
B02-ST 22
BO3-ST 1.8
B04-ST 22
Average (Indicator) 21
Area Near
BO5-ST 1.5
BO7-ST 1.8
B10-ST 1.1
B11-ST 0.7
Average (Area Near) 1.3
Area Far
B06-ST 0.2
B08-ST 0.2
B09-ST 0.3
Average (Area Far) 0.2
Provincial Background
Nanticoke 0.03

Note: ' Tritiumresult is based on the arithmetic
mean of the activity of two replicate samples.
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Figure 22
2019 Tritium Concentrations (Bg/m®) in Air from Active Samplers
Near the Bruce Power Site as Compared to the Provincial Average on a Monthly Basis

5.4.7.3 Historical Tritium in Air Results

Figure 23 shows the historical trendof tritium inair (obtainedby averaging results from all
Bruce Power locations annually) surrounding the Bruce Power site. Tritium inair emissions
increased after Unit1 and 2 were restarted in2012 andin 2010 due to major outage
evolutions. The annual average tritium inair decreased at indicator,area near and area far
sites in 2019. CNSC IEMP tritium inair samples collectedin 2016 had values ranging from
less than 2.5 Bg/m® and was well below the guideline/reference level of 340 Bg/m®.

Analysis of variance shows a significant difference (p<0.001 a=0.05) by site. The indicator
site showed the highest mean concentration, followed by area near. The area far and
provincial sites had thelowest mean concentrations and were significantly differenfrom each
other. lItis unclear why the 2018 Provincial valueis higher thanprior years.
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Figure 23
Annual Average Tritium in Air Concentrations (Bq/m®) from Active Samplers
At Bruce Powerand Provincial Locations Over Time

Carbon-14 in Air

Carbon-14 (**C) inair is collectedusing passive samplers. The '*C passive samplers consist
of mixed soda lime pellets to absorb CO, from air ata controlled rate. The CO, is released
from the pellets in thelaboratory by titrationwith acid, then collected and analyzed by liquid
scintillations countingfor *C content. The passive sampler samples are collected and
analyzed quarterly. The sampling locations in thevicinity ofBruce Power are also detailed on
Appendix D.

2019 Carbon-14 Air Sampling Results

The 2019 results of the passive "C in air sampling (onand off site) are detailedin Table 31
and depicted graphically inFigure 24 with Bruce Power locations showingslightly higher
levels than provincial locations. Bruce Power 2018 results are consistentwith provincial
background as shown in Figure 24. The highest "C concentrations arelocalized around the
source areas (WWMF, Bruce A, and Bruce B), whichis as expected. The %C concentrations
decrease with distancefrom the source areas, nearing provincial backgroundlevels at the site
boundary.
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Table 31
2019 Annual Average “C in Air from Passive Samplers
Passive Sampling
Sample Location ” ”
C (Bq "C/kgC)

Indicator
B03-PC 248
Area Near
B05-PC (#1) 260
B05-PC (#2) 249
B11-PC 225
BF01-PC 237
BF14-PC 253
BF23*-PC 232
(formerly known as BDF11)
BRO1-PC 248
BR11-PC 258
Average (Area Near) 245
On-Site
C01-PC 336
C02-PC 378
C03-PC 7515
C04-PC 1167
C05-PC 1001
C06-PC 2103
C07-PC 419
C08-PC 417
C09-PC 328
C10-PC 354
C11-PC 651
C12-PC 462
C13-PC 1341
C14-PC 1963
Average (On-Site) 1317
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Sample Location

Passive Sampling

'“c (Bq'*C/kgC)

Provincial Background

Background)

Bancroft 209
Barrie 222
Nanticoke 199
Lakefield 232
Picton 207
Average (Provincial 214

Note: Nanticoke has replaced Belleville as a
Provincial monitoring station
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Figure 24
2019 C Concentrations in Air from Passive Samplers Sampled Quarterly
near the Bruce Power Site as Compared to the Provincial Average
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5.4.8.2 Historical™C Air SamplingResults

In the historicalC inair sampling (as shownin inFigure 25), the Bruce Power annual
average is above the provincial annual averageconsistently from year toyear. Both Bruce
Power and the provincialC trends remainstable. The CNSC IEMP have not analyzed "C in
airin2013, 2015 or 2016. C in air contributionto a representative person is well below the
regulatory limit to a representative person’s total exposure to radiation. Analysis of variance
shows a significant difference (p<0.001 a=0.05) by site, with the provincial mean
concentrations beinglower. The indicator andarea far sites showed the highestmean
concentrations and were not significantly different from each other.
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Indicator Area Near Provincial

Site

Figure 25
Annual Average “C in Air Concentrations at Bruce Power
And Provincial Locations Over Time

5.4.9 Tritium and Gross Beta in Precipitation
The precipitationcollector is abucket on a stand at various locations near Bruce Power site

(indictor, area,far). These collectors are changed out on a monthly basis, and the gathered
precipitationis analyzed for tritium andgross beta.
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5.4.9.1 2019 Tritium andGross Beta in PrecipitationResults

The 2019 annual average for tritium andgross beta in precipitation are presentedin Table 32.
The annual average for tritium inprecipitation at indicator sites (closesto Bruce Nuclear Site)
was 123 Bq/L, while the annual average was 75 Bq/L for sites within approximately 10 km
indicating thattritium precipitatiorare elevated near site.

The annual average for gross beta inprecipitationwas 22 Bg/m2/month at Indicator Sites,
while sites withinapproximately 10 km had an annual average of 23 Bg/m2/month indicating
that there are no substantial impacts inprecipitationfrom beta. Provincial data for gross beta
in precipitationis not collected. Locations of sample sites can be found in Appendix D.

Table 32
2019 Annual Average Precipitation Data
Average Tritium Average Gross
Activity in Beta Deposition
Precipitation Rate
Sample Location (Bg/L) (Bg/m?month)

Indicator
B02-WP 140 23
B0O3-WP 96 22
B04-WP 132 23
Average (Indicator) 123 22
Area Near
BO5-WP 105 24
BO7-WP 78 22
B10-WP 62 25
B11-WP 56 18
Average (Area Near) 75 23
Area Far
B06-WP 12 20
B08-WP 17 21
B09-WP 22 20
Average (Area Far) 15 21
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5.4.9.2 Historical Tritium PrecipitatiofResults

The historical trends oftritium inprecipitationat Bruce Power Indicator sites (B2, B3,and B4)
are shown graphically inFigure 26. Precipitationwill invariably become surface water,ground
water, and potentially asource of drinking water viashallow wells or surface water.

Figure 26 shows a downward trend for tritium from 2010 to 2013,likely due to increased
precipitation(which dilutes concentrationlevels), taking intoconsiderationthat Bruce A tritium
emissions haveincreased slightly after 2013 since thereturn to service of Unit 1 and Unit 2 at
Bruce Ain2012. Another small increase occurred followingthe vacuum buildingoutage in
2016. In 2019 the tritium results at theindicator andare near locations continuedto decrease
in comparisonto previous years.. Analysis of variance shows a significant difference
(p<0.001 0=0.05). The indicator site showed the highest mean concentration, followed by
area near, and the lowest being area far. There is no provincial samplingat this

time
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Figure 26
Annual Average Tritium Concentrations in Precipitation at the Bruce Power Site

Over Time
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5.4.10

5.4.10.1

5.4.10.2

Water

Bruce Power conducts drinking water testing (for radiological parameters) toquantify dose to
public as required by thePROL. The samplinglocations in thevicinity ofBruce Power are
detailed inAppendix D.

Municipal Water Supply

Municipal drinkingwater sources are sampled twiceper day duringregular business hours
from two Water Supply Plants (WSP) on Lake Huron near the Bruce Power site.

o Southampton Water Supply Plant, 22 km NE of Bruce A
. Kincardine Water Supply Plant,15 km SSW of Bruce B

Municipal drinkingwater well samples are also collected and analyzed. Weekly composite
samples are analyzed for tritium by liquidscintillationcounting (a process that measures the
activity ofa sample of radioactivematerial) and monthly composite samples are analyzed for
gross beta by proportional countingand a gross gamma screening. The 2019 annual average
for tritium atthe Kincardine WSP was 4.3Bg/L and at the Southampton WSP was 11.6 Bqg/L
(Table 33). In 2019, the water from the WSPs were well below the annual average Ontario
DrinkingWater Standard of 7,000 Bg/L and also below the 100 Bg/L (annual average)
objective set forth in a stakeholder commitment withthe Municipalities[R-89].

The reported municipal drinkingwater well results are net values where background radiation
has been subtracted. Negative values indicatethat results are indistinguishablefrom
background. Background subtractionin these cases results in netvalues that are close to 0O,
and sometimes negative.

Residential Wells

In additionto the WSPs in Southampton and Kincardine,water samples are collected from
local residential wells. Samples are analyzed for tritium by liquidscintillation counting andor
gross beta by proportional counting(where gross betais detected). Results are shown in
Table 33, and locations can be viewed inAppendix D; provincial results areshown in

Table 33. The shallow wells are sampled bimonthly based on occupant availability. Deep
wells are sampled semiannually. For shallow wells, the source of tritium canbe attributed to
tritium emissionfrom the Bruce Power site related to precipitationwashout migratinginto the
shallow wells. The shallow wells continue to have elevated tritium concentrations relative to
provincial backgroundlevels. Although there are no regulatory standards which apply
specifically to thesewells, the 2019 sampling results are well below Ontario Drinking Water
Standard of 7,000 Bq/L.

The reported results for residential deep wells arenet values where background radiationhas
been subtracted. Negative values indicate thatresults are indistinguishable from background.
Background subtractionin this caseresults in netvalues that are close to 0, and sometimes
negative. Tritium concentrations in thedeep wells continueto be negligible.
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5.4.10.3 Lakes and Streams

Water samples are collected from Lake Huron and from streams withinthe vicinity ofthe
Bruce Power site. Samples are analyzed for tritium by liquidscintillationcounting and for
gross beta by proportional counting. Results are shown in Table 33 and locations canbe
viewed inAppendix D. The Lake Huron and streams sites aresampled bimonthly when free
of ice. Results for most radionuclides (i.e.2°Co, "**Cs and "*"Cs) measured are not
distinguishablefrom background. Lake water at locations BR2and BR39 have been renamed
to BM20 and BM10, respectively, because the samples from these locations are lake water
samples rather than residential samples.

The provincial backgroundsamples are collected from locations throughoutthe province ona
quarterly basis for tritium andgross beta, presented in Table 33.

2019 Annual Average TritiJna1baI$\c?:(53ross Beta Concentrations
Water Source Tritiu(n;(ﬁl\-/;arage Gross Beta (Bg/L)

Municipal Water Supply:

K-WS (Kincardine surface 4.3 0.06
water)
S-WS (Southampton surface 11.6 0.13
water)

BMO3-WW (Scott Pointwell) -0.9 N/A
BM06-WW (Underwood well) -0.01 N/A
BM12-WW (Tiverton well) -0.4 N/A
BM13-WW (Tiverton well) 0.5 N/A
Residential Deep Wells

BRO1-WW no sample N/A
BRO8-WW -1.1 N/A
BR25-WW -1.2 N/A
BFO1-WW -0.5 N/A
BF14-WW -1.0 N/A
BF23-WW (formerly known as -1.3 N/A
BDF11)

BMO02-WW -0.9 N/A
Residential Shallow Wells
Area Near

BR02-WW 58.6 0.01
BRO3-WW 91.6 N/A
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Water Source Tritiu(n;cﬁt;arage Gross Beta (Bg/L)
BRO4-WW 9.3 N/A
BR41-WW 28.1 N/A
BR42-WW 39.0 N/A
BF06-WW 13.9 N/A
BR32-WW 16.9 0.31
Average (Area Near) 36.8 0.16
Lakes and Streams
On Site
BM16-WL (ornamental pond) 196 N/A
BM21-WL (former sewage 546 N/A
lagoon)
Indicator
BC02-WC 83 0.11
BMO4-WL 62 0.08
BMO04-WL duplicate 64 0.08
Average (Indicator) 70 0.09
Area Near Creeks
BCO1-WC 27 0.14
BC03-WC 26 0.16
BC04-WC 69 0.06
Average Near Creeks 41 0.12
BM10-WL 16 0.07
BM20-WL 40 0.07
Average Near Lakes 36 0.10
Provincial Background
Bancroft (Clark Lake) 0.9 0.03
Belleville (Bay ofQuinte) 1.2 0.04
Cobourg (Lake Ontario) 2.6 0.08
Brockville (WSP) 3.4 0.11
Burlington (WSP) 4.1 0.11
Goderich (WSP) 3.1 0.10
Kingston (WSP) 3.1 0.10
Niagara Falls (WSP) 1.6 0.10
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Water Source Tritiu(r;cﬁl\_/;arage Gross Beta (Bg/L)

North Bay 1.3 0.08
Parry Sound 2.7 0.05
St. Catharines 1.9 0.10
Thunder Bay -0.6 0.05
Windsor 23 0.10
Average (Provincial 21 0.08
Background)

Note: * For calculation of local averages where analyses were less than L.
(Bruce Power); and Ly (Provincial), uncensored analytical result was
used.

eN/A is not available
o\WSP Water Supply Plant

eBancroft, Belleville, and Cobourg are not sampled during winter months
(Q1 and Q4)

5.4.10.4 HistoricalWater Sample Results

Background levels of tritium area combinationof natural cosmogenic sources (produced by
the action of cosmic rays) and residual falloutfrom historical nuclear weapons testing. Atomic
Energy Canada Limited (AECL) developed a mathematical model for estimatingbackground
Lake Huron tritium activity from cosmogenic sourcesand fallout from nuclear weapons testing
source [R-90]. A graphical representationof this is shownin Figure 27. Natural Lake Huron
tritium levels inthe absence of CANDU tritium emissions areestimatedto be 1.6 Bq/L.

A recent project with CANDU® Owners Group reviewed the Great Lakes tritium concentration
time model that was developed by Klukas, and updated with CANDU® emissiondata [R-90].
The model was found to have accurately reflected the recent Great Lakes tritium
concentration by the incorporated CANDU® data.
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Figure 27
Historic Lake Huron Tritium Activity

The impact of site emissions onthe local water supply plants varies andis dependenton the
distance from the stations,lake current direction, andgeneral dispersion conditions.In order
to minimize theimpact of emissions,Bruce Power has a long standing stakeholder
commitment to keep the municipal water supply plants annual average tritium levels below
100 Bg/L [R-89]. As shown in Figure 28, the annual average tritium concentrations atall local
water supply plants have remained relatively constantfor the past years. Concentrations are
well below 100 Bg/L and remain a small fraction of the provincial drinkingwater limitof 7,000
Bg/L. CNSC IEMP samples collected near Bruce Power in 2016 had values for lake surface
water ranging from 5Bq/L — 88.9 Bq/L, for creek surface between 21.8 Bg/L and 27.8 Bqg/L
samples, and 28.7 Bq/L for pond surface samples. All samples collected and analyzed by the
CNSC for the IEMP were well below the guideline/reference level of7,000 Bg/L. Tritium
concentrations continueto remain well below provincial drinking water limits.
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Figure 28
Annual Average Tritium Concentrations (Bg/L)
In Municipal Water Supply Plants Near The Bruce Power Site Over Time

Note: Bruce Power’scommitmentis 100 Bq/L at theMunicipalWater Supply Plant (monthly
and annual) Ontario DrinkingWater Standard is 7,000 Bg/L at the MunicipalWater
Supply Plant (annual) [R-89].

Figure 29 shows tritium concentrations inwater samples at multiple locations over time. In
2019, both the indicator andarea near stream annual average tritium valuedecreased in
comparison to the previous year, as did the indicator lake annual average. The area near lake
average tritium valuewas marginally higher thanin 2018.
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Figure 29

Annual Average Tritium Concentrations (Bqg/L)
in Lake Huron and Streams Near Bruce Power Site Over Time

5.4.11 Milk

Milk samples are collected weekly from dairy farmers near the Bruce Power site. The milk
samples are analyzed monthly for tritium and'*C and weekly for *'l. The milk receivedis
analyzed by gamma spectrometry. Tritium,*C and "'l concentrations inmilk are due to
ingestionof feed, water and inhalationof air. Tritium resultis based on the arithmetic mean of
the activity oftwo replicate samples of a monthly composite sample. 'C result is based on
the arithmetic meanof two counts of a monthly composite sample. ™'l result is based on a
single sample, weekly composite of all locations, counted once.
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5.4.11.1 2019 Milk Results
There are five samplinglocations inthe vicinity ofBruce Power detailed on Appendix D.

Milk results are shown in Table 34, alongside Provincial sampling results for 2019. The iodine
result reported is the average of the weekly composite samples for the year, with background
radiationsubtracted from each sample. The net negative value indicates thatresults are
indistinguishablefrom background. Background subtractionin this caseresults innet values
that are close to 0, and sometimes negative.

Table 34
2019 Annual Average Concentration Tritium, "I, C in Dairy Milk Samples
Tritiumi 131|ii 14Ciii
Sample Location

(Bg/L) (Bg/L) (Bq/kg-C)
Area Near
BDF01-MK 5.1 232
BDF09-MK 15.6 236
BDF12-MK 9.1 -0.01 235
BDF13-MK*** 7.4 239
BDF15-MK 4.2 228
Average (Area Near) 8.3 -0.01 234
Provincial Background
DF1 | Belleville- Sample A** 24 Not analyzed 225
DF1 | Belleville- Sample B** 2.8 Not analyzed 224
DF1 | Belleville- Sample C** 2.7 Not analyzed 224
DF2 | London** 1.5 Not analyzed 214
Average (Provincial 2.3 222
Background)

Note: i.Tritiumresultis based on the arithmetic mean of the activity of two replicate samples of a monthly
composite sample.
ii 1“C result is based on the arithmetic mean of two counts of a monthly composite sample.
iii™"l result is based on a single sample, weekly composite of all locations, counted once.
*where monthly analyticalvalues were less than L (Bruce Power), uncensored analytical result was
used to create averages
***where monthly analytical values were less than L4 (Provincial),uncensored analytical result was used
to create averages

***BDF13-MK is a new sample location, sampling began June 2019.
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5.4.11.2 Historical Milk Results

5.4.12

Milk analysis was suspendedin April 2012, but was resumed in Q2 2016 with cooperationwith
the Dairy farmers of Ontario Milk. CNSC IEMP tritium milk samplecollected in 2016 near
Bruce Power had a value of 1.7 Bqg/kg fresh weightand was well below the
guideline/referencelevel of 5,560 Bg/kg fresh weight. CNSC IEMP iodine milk sample
collected in 2016 had a value of less than 0.3 Bqg/kg fresh weightand was well below the
guideline/referencelevel of 1.64 Bg/kg fresh weight.

Analysis of variance shows a significant difference (p<0.001 a=0.05). The Bruce Power site
showed the highest mean concentration, followed by Provincial.
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Figure 30

Annual Average Tritium Concentrations (Bqg/L) in Milk Samples
Collected Near the Bruce Power Site and Provincial Locations Over Time

Soil and Sediment

Samples of soil and sediment are collectedonce every five years from various locations in the
vicinity ofthe Bruce Power site and further afield along the shore of Lake Huron. The samples
are dried, sieved, packaged, andanalyzed via gamma spectrometry (identificationand/or
quantificationof radionuclides by analysis ofthe gamma ray energy spectrum). Onsite soil
was last sampled in 2016.

The sampling locations inthe vicinity ofBruce Power are shown in Appendix D. The results of
the individual analyses for 2019are detailedin Table 35, along with provincial background
results. CNSC IEMP "*’Cs soil samples collected near Bruce Power in 2016 had values
ranging from less than 1.5 Bqg/kg dry weightto 3.8 Bqg/kg dry weightand were well below the
guideline/referencelevel of 58.6 Bqg/kg dry weight.
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Table 35
Soil and Sediment Data
40K GOCO 134Cs 137Cs
Sample Location (Ba/kg) | +2c | (Bglkg) | +2c | (Bakg) | £2c | (Ba/kg) | +2¢
(dry (dry (dry (dry
weight) weight) weight) weight)

Sediment - Indicator
Bruce A Discharge #1 417] 34| 002 0.18] -023] 014 148] 0.18
Bruce A Discharge #2 395| 32| 016] 018| 0412] 012]| 1.10| 0.16
Bruce A Discharge #3 387| 32| 007 018| 003] 012 123] 0.16
Bruce A Discharge #4 372| 30| -012| 017| -0.04]| 012] 1.02] 0.15
Bruce B Discharge #1 184| 15| 003] 0.14| o000 0.10] 031] 0.10
Bruce B Discharge #2 188 16 0.13| 0.14 -0.03 | 0.11 0.40 | 0.07
Bruce B Discharge #3 188| 16| -005| 013| -001| 0.10] 042] 0.06
Bruce B Discharge #4 187 16| 000]| 014 -0.02] 0.11 0.38| 0.08
Average (Sediment — Indicator) 290 0.03 -0.02 0.79
Sediment - Area Near
Baie du Dore Spar #5 - #1 303| 25| 001 016| -009| 012| 154| 0.17
Baie du Dore Spar #5 - #2 207| 24| -003| 016| 0.02] 0.11 161 0.18
Baie du Dore Spar #5 - #3 309| 25| o008 014| 001] 0.11 149 0.16
Baie du Dore Spar #5 - #4 309| 25| 0413 016| o008| 012| 167| 0.18
Baie du Dore Spar #6 - #1

282| 23| 008! 016| -0.02| 0.11 173 ] 0.19
Baie duDore Spar #6 - #2

276| 23| o0o08| 016| 007| 012| 166| 0.16
Baie duDore Spar #6 - #3

203| 24| 007| 014| 000]| 010| 1.92| 020
Baie duDore Spar #6 - #4

301| 25| -006| 0.17| -004| 013| 226| 0.30
Baie du Dore Spar #103 - #1 340| 28| -007| 06| 0.13] 0.11 1.93| 0.20
Baie du Dore Spar #103 - #2 355| 29| 008| 018| -071| 047| 1.93| 0.21
Baie du Dore Spar #103 - #3 337| 28| o014| 018| -0.19| 014| 1.70| 0.20
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40K 60Co 134Cs 137Cs
Sample Location (Ba/kg) | £ 20 | (Bglkg) | +2c | (Ba/kg) | £2c | (Bglkg) | +20
(dry (dry (dry (dry
weight) weight) weight) weight)
Baie du Dore Spar #103 - #4 338| 28| -006| 016| -0.07| 0.11 2.00| 0.18
Scott Point #1 272| 23| 008| 025| -029| 022| 1.05| 022
Scott Point #2 267| 22| 004 0.14| -0.16]| 0.11 1.23] 0.12
Scott Point #3 273| 23| 003 016| -003| 012| 1.11] 0.14
Scott Point #4 268| 22| 000| 016| 0.10]| 0.11 112 0.27
Inverhuron- R32 245| 20| 012 043| -0.15| 0.11 066 | 0.08
Inverhuron- R32 247 20| 000/ 0.15| -0.07| 0.11 0.70 | 0.09
Inverhuron- R32 243| 20| -007| 06| -0.03| 0.11 0.69| 0.10
Inverhuron- R32 241| 20| 007| 013| -030| 012| 072 0.19
Average (Sediment - Area Near) 290 0.03 -0.09 1.44
Sediment - Area Far
Sauble Beach #1 352 20| 003 018 -007] 014] 074] 013
Sauble Beach #2 345 28| 005 045| 0.06] 0.11 091 0.10
Sauble Beach #3 311 26| -001| 016| -0.08] 0.11 076 0.13
Sauble Beach #4 333] 27| o000 047] 005] 0.11 074 013
Southampton # 2 250 | 22 002| 032| -1.45]| 0.39 0.19| 0.40
Average (Sediment - Area Far) 335 0.02 -0.01 0.79
Sediment - Provincial Background
Grand Bend - A 344 | 4.6
Grand Bend -B 342 | 4.5
Not analyzed Not analyzed Not analyzed
Grand Bend - C 339| 54
Grand Bend - D 403 | 5.1
Average (Sediment - Provincial
357

Background)

Soil - Area Near
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40K 60Co 134Cs 137Cs
Sample Location (Ba/kg) | £ 20 | (Bglkg) | +2c | (Ba/kg) | £2c | (Bglkg) | +20
(dry (dry (dry (dry
weight) weight) weight) weight)
BM04-SO (Baie du Doré Beach - 388| 32| -001| 020| -004| 0.14 2.20| 0.23
Lakeshore soil)
BM10-SO (Inverhuron Beach - 257 | 21| -0.08| 0.16 0.00| 0.11 0.51 | 0.12
Lakeshore soil)
BM10-SO (Inverhuron Beach - 269 | 22| -0.02| 017| -0.11| 0.9 069 | 0.09
Lakeshore soil #2)
BR04-SO (Scott Point) (beach
291 24 -0.08 | 0.15 -0.04 | 0.04 1.97 | 0.18
sand)
Average (Soil — Near) 301 -0.05 -0.05 1.34
Soil - Area Far
é(;’;ge”ey Background #1 0-6” 476 | 39| 026| 026| 000| 0.09| 474| 0.46
Amberley Background #1 494| 41| 006| 027| 010| 019| 1.47| 046
6-12"core
Average (Soil — Far) 485 0.10 0.05 3.1
Beach Sand - Provincial Background
Cobourg - A 331 | 4.5| Notanalyzed Not analyzed Not analyzed
Cobourg - B 326 | 4.3 | Not analyzed Not analyzed Not analyzed
Cobourg - C 313 | 5.1 | Not analyzed Not analyzed Not analyzed
Cobourg - D 323 | 4.4 | Notanalyzed Not analyzed Not analyzed
Cobourg - E 349 | 4.5| Not analyzed Not analyzed Not analyzed
Cobourg - F 312 5| Not analyzed Not analyzed 0.369 | 0.14
Cobourg - G 320 | 4.3 | Not analyzed Not analyzed 0.315| 0.12
Cobourg - H 339 | 4.4 | Notanalyzed Not analyzed 0.326 | 0.11
Goderich- A 350 | 4.6 | Notanalyzed Not analyzed Not analyzed
Goderich-B 319 | 5.1 | Not analyzed Not analyzed Not analyzed
Average ( Beach Sand -
Provincial Background) 328 0.337
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5.4.12.1 Historical Sediment Results

Sediment is analyzed viagamma spectrometry and results for specific radionuclides including
potassium-40, cobal-60, cesium-134 and cesium-137 are provided here.

The current practice for standard error and average will be reevaluated when techniques are
standardized. Standard error bars were calculated on the total sample size, and include
samples less than the limit of detection, which are shown as “< Ld”. Average was calculated
on quantitativedata less than the limitof detection (> Ld).

Potassium-40

Analysis ofthe samples indicates thatthe primary radionuclidepresent in the sediment
samples is “’K (see Figure 31), whichis naturally occurring. “°K concentrations have
remained stable on all sites over time. Results from the Bruce Power site are similar to
provincial background. “°K concentrations showeda significantdifferencein sedimentby site
(p=0.002, a= 0.05). The area near site was significantly differenfrom area far while the
indicator locationwas similar toboth the area near and the area far.
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Figure 31
Annual Average Concentration of “°K (Bq/Kg) in Sediment Samples
(* Standard Error), 2008-2019
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Cesium

Cesium 134 (**Cs) was near the detectionlimits inall sediment samples atthe Bruce Power
sitein 2019. Cesium 137 ("*'Cs) (see Figure 32) is afission productresulting from
atmospheric nuclear weapons testing and from activities at the Bruce Power site. The
elevated levels of cesium observedin Bruce A, Baie du Doré, and Scott Point (2007-2008),
may be attributed to boiler tube leak at Bruce B and the predominant northern flow of Lake
Huron’s near shore current. The annual average *’Cs concentrations have shown an
increasingtrend at locations near the Bruce Power site in recent years but have dropped
since 2016. Itis possiblethat the increase seen atthe indicatorand area near sitesfor 2016
could be attributed to water draining activities duringhe vacuum buildingoutage at Bruce B.

37Cs concentrations showed a significant difference in sediment by site (p=0.001, a= 0.05).
The indicator sitewas similar tothe area near site and both were significantly differenfrom
area far site. CNSC IEMP "*’Cs sediment samples collected in2016 near Bruce Power had
values ranging from less than 0.5 Bg/kg dry weightand 6.6 Bg/kg dry weightand were well
below the guideline/reference level 0f37,300 Bqg/kg dry weight.
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Figure 32
Annual Average Concentration of *’Cs (Bq/Kg) in Sediment Samples
(* Standard Error), 2009-2019
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Cobalt

Cobalt 60 (*°Co) (see Figure 33) is notnaturally occurringand results from the Bruce Power
site and therefore attributedto effluent emissions. The annual average concentration of ®°Co
has shown a steady decrease since 2008 at both the indicator andarea near locations.The
elevated levels of cobalt in 2008 may be attributed to a boiler tube leak at Bruce B and the
predominant northernflow of Lake Huron’s near shore current. Values in 2016 and 2019 were
near or below the limitof detection at all sites. Area far has been consistently below or near
the limitof detection.

9Co concentrations showed a significantdifference in sediment by site (p<0.0001, a= 0.05).
The area near site was similar tothe area far site and was significantly different from indicator
site. CNSC IEMP ®Co sediment samples collectedin 2016 near Bruce Power had values
ranging from less than 1 Bg/kg dry weightand were well below the guideline/reference level of
5,870 Bqg/kg dry weight.
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Figure 33
Annual Average Concentration of ®*Co (Bq/Kg) in Sediment Samples
(* Standard Error), 2008-2019
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5.4.13 Fish

Bruce Power monitors the health of local fish populations by collectingsamples of benthic
forager (bottom feeders) and pelagic forager (openwater) fish species thatare collected near
the Bruce Power site, at a Bruce Power control site, and further afield at locations along the
western shore of Lake Huron (see Figure 34). The analysis ofa variety of species provides a
comprehensive perspectiveof potential impacts for siteoperations on thelakebed (where
benthic species inhabit) throughopen water ecosystems where pelagic fish inhabit.

In 2017, Bruce Power was informedthat there are new policies in placenot allowing Bruce
Power to import fish samples into Canada unless the receivinglab has been certifiedas Level
2 In Vitro Facilities. Neither the Bruce Power’s nor the Whitby Health Physics Lab has this
certificationand obtaining this certificatiowould require a significantcost, and level of effort,
and further would not have facilitatedsamples to be obtainedin2017. A new Canadian

location for far field samples was selected in 2017.
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2018 Fish Sampling Locations
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The target fish species representing bothbenthic and pelagic foragers are as follows:

o White Sucker (Catostomus commersoni) represents a benthic forager species. Brown
Bullhead (/ctalurus nebulosus) is the alternate benthic species. Sample collectionis
conducted in the spring when adults are near shore to spawn.

) Lake Whitefish (Coregonus clupeaformis) represents a predominantly pelagic forager
that feeds on a wide variety of organisms from invertebrates,to small fish, to plankton.
Round Whitefish(Prosopium cylindraceum) is the alternate pelagic species. Collection
is conductedin the fall when adults are near shore to spawn. The secondary alternative
is Lake Trout (Salvelinus namaycush).

The fish flesh ventral to the lateral lineis includedin the samples prepared for analysis.
Samples are analyzed for “°K, ®Co, **Cs, *’Cs, "*C, tritium oxide, and organically bound
tritium (OBT),following the preparation and methods in Table 36.

Table 36
Fish Preparation and Methods
Analyte Sample Preparation Method
K Individual fish Skinned, filleted, and Gamma spectrometry
flesh sliced
®Co Individual fish Skinned, filleted, and Gamma spectrometry
flesh sliced
¥Cs Individual fish Skinned, filleted, and Gamma spectrometry
flesh sliced
¥Cs Individual fish Skinned, filleted, and Gamma spectrometry
flesh sliced
Yc Two counts of a Freeze-dried flesh Liquidscintillation
single sample per | combusted counting
individual fish
Tritium oxide Average of two Water from freeze dried | Liquidscintillation
samples per flesh counting
individual fish
Organically Bound | Single composite | Solid residue (washed Liquidscintillation
Tritium (OBT) by fish type to remove free tritium counting
oxide) combusted
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5.4.13.1 2019 Fish Results

The results of the fish analysis are detailed in Table 37 and Table 38 for Bruce Power data and Table 39 for provincial data. Tritium oxide,
C, K and "¥'Cs values are generally above the limitof detection, whereas ®°Co and "*Cs are generally indistinguishablefrom background.
The reported results are net values where background radiationhas been subtracted. Negative values indicate that results are
indistinguishablefrom background. Background subtractionin this caseresults in net values that are close to 0, and sometimes negative.

Table 37
2019 Annual Near - Field Fish Data
Sample Type/ Fish Tvoe Tritium C OBT K ®Co Cs 'Cs
Location yp Bg/L | +20 | Ba/kg | +2c | B/l | 25 | Bqlkg | +2c | Bqlkg | Bqlkg | Balkg | + 26
Near-Field
Sucker #1 5.8 2.6 260 28 109 9.3 0.0 -0.1 0.3 0.1
Sucker #2 54 2.6 273 29 104 9.0 0.1 -0.2 0.3 0.1
Sucker #3 7.1 2.7 222 28 109 9.4 0.0 -0.2 0.3 0.1
. , . Sucker #4 5.2 2.6 216 27 93 8.1 0.0 0.0 0.1 0.1
Baie du Dore Benthic |5 o 45 50| 26| 238] 29 32| 3314 95 0.0 0.0 02| 0.1
Sucker #6 6.2 2.6 234 28 112 9.6 0.2 0.0 0.2 0.1
Sucker #7 8.6 2.8 225 27 107 9.3 0.0 -0.2 0.2 0.1
Sucker #8 71 2.7 228 28 118 10.2 0.1 -0.2 0.2 0.1
Average (Near-Field Benthic) 6.6 228 3.2 108 0.1 -0.1 0.2
Whitefish #1 3.7 2.5 263 31 120 10.2 0.0 -0.1 0.7 0.1
Whitefish #2 4.1 2.5 266 32 116 9.9 0.0 -0.2 0.4 0.1
Whitefish #3 4.4 2.8 232 28 108 9.2 0.1 -0.1 0.3 0.1
Baie du Doré Pelagic Wh@tef@sh #4 3.4 2.7 267 30 29| 31 117 9.9 0.0 -0.1 05| 0.1
Whitefish #5 4.5 2.8 264 32 119 10.1 0.0 -0.2 0.8 0.1
Whitefish #6 3.8 2.7 236 29 112 9.5 0.1 0.1 0.7 0.1
Whitefish #7 3.5 2.4 257 29 117 10.0 0.1 -0.1 05| 0.1
Whitefish #8 4.8 2.8 242 27 115 9.8 0.0 0.0 0.9 0.1
Average (Near-Field Pelagic) 4.0 253 29 116 0.0 -0.1 0.6
Note: *For calculation oflocal averages where analyses were less than criticallevel (Bruce Power), uncensored analyti calresult was used.
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Table 38

2019 Annual Far - Field Fish Data

Bruce Power Far-Field
Fish type Tritium “c OBT oK %co | "*cs ¥cs
Sample Type/ Location
Bqg/lL |+ | Bg/kg | + 26 | Bq/L | + 26 | Bag/kg | + 26 | Bg/kg | Bg/kg | Bg/kg | + 26
White Sucker#1| 78| 29| 208 | 27 15| 99| -01| -01 00| 0.2
White Sucker#2| 56| 28| 222| 27 116 | 9.8 0.0 0.0 0.1] 041
White Sucker #3| 3.3 | 2.4 197 27 124 | 10.6 -0.1 0.1 02| 0.2
Lake Huron Benthic White Sucker#4 | 6.8 | 28 212 27 23| 31 121 | 10.2 0.0 -0.1 01| 0.1
White Sucker#5| 6.6 | 2.8 238 28 117 | 10.0 0.0 0.0 00| 0.2
White Sucker #6| 34| 24| 217| 28 120 | 10.1 0.1 0.0 0.1] 0.1
White Sucker #7 | 7.7 | 2.9 219 27 119 | 10.2 0.1 0.0 01| 0.1
White Sucker #8 | 4.7 | 2.7 231 28 109 | 94 0.1 -0.1 02| 02
Average (Far-Field Benthic) 5.8 223 23 117 0.0 0.0 0.1
Whitefish #1 34 (25 243 28 110 | 94 0.0 -0.1 03| 0.1
Whitefish #2 39|25 228 27 111 9.4 0.0 -0.1 05| 041
Whitefish #3 25125 241 29 105 | 8.9 0.0 0.0 08| 01
Whitefish #4 45129 231 28 114 | 9.6 0.1 0.0 03| 0.1
Lake Huron Pelagic Whitefish #5 23] 25| 24a| 27| >°| *'[109] 92| o4 00| 06| od
Whitefish #6 25125 261 29 111 9.4 0.1 0.0 03] 041
Whitefish #7 38|25 237 27 113 | 9.6 0.1 -0.1 1.0| 041
Whitefish #8 51129 245 29 109 9.2 0.0 0.0 05| 01
Average (Far-Field Pelagic) 3.5 241 5.6 110 0.0 0.0 05
Note: Forcalculation of local averages where analyses were less than critical lev el (Bruce Power), uncensored analytical result was used
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Table 39
2019 Annual Provincial Fish Data
Provincial Background
Sample Tvoe! Tritium “c OBT K ®Co B4cs cs
amp’e 1yPel | Fish type Bq(C)/

Location Bq/L +2c kgC + 2c Bg/lL | +2c Ba/kg | +2c Ba/kg Ba/kg Ba/kg + 26
White Sucker A 8.6 2.6 261 20 144 3.1
White Sucker B 9 2.7 247 19 142 3.5
White Sucker C 9.7 2.7 253 19 137 29

Lake Huron White Sucker D 1.2 2.8 241 19 129 2.8

. 49.2 3.5 N/A N/A N/A

Benthic White Sucker E 10.7 2.7 250 19 135 3
White Sucker F 9.8 2.7 240 19 136 3.4
White Sucker G 10.3 2.7 237 18 133 3.3
White Sucker H 9.7 2.7 241 19 137 3

Average (Provincial Background 9.9 246 49.2 136

Benthic)
Round White A 6.4 25 237 18 134 2.9 0.8 0.11
Round White B 58| 24 236 17 142| 35 07| 012
Round White C 6.7 25 242 18 145 3.1 03| 0.093

'F-,z‘f:g'i*curon Round White D 44| 23 236 18| 457 | 34 140 3 N/A N/A 07| 0075
Round White E 5.1 2.4 254 18 139 35 0.7 0.13
Round White F 5.2 2.4 240 18 150 3.1 0.5 0.072
Round White G 5.8 2.4 258 19 147 3 0.5 0.099
Round White H 6.4 25 247 18 138 3 0.5 0.087

Avera_ge (Provincial Background 5.7 244 45.7 142 0.6

Pelagic)

Note:For calculation of local averages where analyses were less than detection level (Provincial),uncensored analytical result was used

N/A not analyzed
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5.4.13.2 Historical Fish SampleResults

For the following figures, Bruce Power is the same as Near-Field; BrucePower Control is the
same as Bruce Power Far-Field.

Historical fishsampling results are provided in:
. Figure 35 for Tritium Oxidein Pelagic Fish
o Figure 36 for Tritium Oxidein Benthic Fish
o Figure 37 for C-14 in Pelagic Fish

. Figure 38 for C-14 in Benthic Fish

o Figure 39 for Cs-137 in Pelagic Fish

o Figure 40 for Cs-137 in Benthic Fish

o Figure 41 for K-40 in Pelagic Fish

o Figure 42 for K-40 in Benthic Fish

o Figure 43 for OBT inPelagic Fish

o Figure 44 for OBT inBenthic Fish

Tritium Oxidein Fish

The 2019 annual average concentration of tritium oxide inpelagic fishwas 4.0 Bg/L and in
benthic fishwas 6.6 Bg/L. The average Tritium oxidein pelagic fish tissuedecreased in2019,
and remains less than provincial results (average5.7 Bg/L). The average tritium oxidein
benthic fishtissue also decreased in 2019 and was less than provincial results (average 9.9
Bq/L). The differences between benthic andpelagic may be attributedto the timing ofcatch,
habitat, and correlationto operational activities. Levels remain consistentinthe recent pastin
pelagic fishand have decreased since 2017 for benthic fish(see Figure 35and Figure 36).

Kruskal Walllis analysis ofvariance showed a significant difference irboth pelagic and benthic
fish by site (p<0.001, a= 0.05). The pelagic near field and far-field were not significantly
different from each other; however both had higher concentrations compared to theprovincial
control. The benthicnear-field had a significantly higher concentratiorthan the far-field and
provincial;these latter two were not significantly differenfrom each other. CNSC IEMP tritium
fish samples collected in 2016 near Bruce Power had values of 1.7 Bg/kg fresh weight and
was well below the guideline/reference level 0f5,560 Bqg/kg fresh weight.
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Figure 35

Annual Average Tritium Oxide (Bg/L) in Pelagic Fish Tissue
by Year (* Standard Error)
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Figure 36

Annual Average Tritium Oxide (Bg/L) in Benthic Fish Tissue by Year (+ Standard Error)
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"“C inFish

The 2019 annual average concentration of '*C in pelagic fishwas 253 Bq/kg and 237 Bq/kg in
benthic fish. "C levels have remainedsteady over timein both pelagic and benthic fish tissue
and are similar tothe provincial values (2019average was 246 Bg/kg for both pelagic and
benthic fish).

Kruskal Wallis analysis ofvariance showed a significant difference for benthic fishy site
(p<0.001, a= 0.05), medians for near-field were higher than the far field and provincial sites
medians (whichwere not significantly differenfrom each other). Pelagic fish were not
significantly differenty site.
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Figure 37
Annual Average "C in Pelagic Fish Tissue (+ Standard Error)
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Figure 38

Annual Average "C in Benthic Fish Tissue (+ Standard Error)

3’Cs inFish

The 2019 annual average concentration of '*’Cs in pelagic fishwas 0.60 Bqg/kg and 0.21
Ba/kg in benthic fish(Figure 39 and Figure 40). The average concentration for near-field
pelagic fishis lower thanthe average Provincial value 0f0.57 Bg/kg (Kruskal-Wallace, p=0.03,
a=0.05). No Provincial results were available for benthic fish forthe last two years. *'Cs
concentrations showed asignificantdifference for both benthic and pelagic fishby site
(p<0.001 0=0.05).
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Annual Average *’Cs in Pelagic Fish Tissue (+ Standard Error)
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Figure 40

Annual Average *'Cs in Benthic Fish Tissue (+ Standard Error)
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4K in Fish

The 2019 annual average concentration of “°K in pelagic fishwas 116 Bqg/kg and 108 Bq/kg in
benthic fish. Average concentrations remainconsistent over thelast 10 years and are
typically less than provincial values for bothpelagic and benthic fish. “°K concentrations
showed significantdifferences in both pelagic andbenthic fishby site (p<0.001, a= 0.05). For
both pelagic and benthic fish, Provincial values hada higher mean than near-field and far-field
which were not significantly different from eachother (Figure 41 and Figure 42).
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Figure 41

Annual Average *’K in Pelagic Fish Tissue (+ Standard Error)
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Figure 42

Annual Average *°K in Benthic Fish Tissue (+ Standard Error)

OBT in Fish

OBT results for the past 10 years are presented inFigure 48 and Figure 49 for pelagic and
benthic fish, respectively. The 2019 Bruce Power and Bruce Power control results areinline

with previous years andless than 10 Bq/L.

The methodology used to measure OBT in fish is not standardized. Bruce Power uses a
different methodology than the Province and therefore the results cannot be directly
compared. In the past several years the Provincial OBT results for Lake Huron pelagic and
benthic fishhave consistently been anorder of magnitude higher thanthose at Bruce Power.

The 2017 OBT results for Bruce Power and Bruce Power control benthic and pelagic fish
results were not available due to several factors includingsample delivery, equipment

reliability andQC failure.
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Figure 43

OBT in Pelagic Fish Tissue
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Figure 44

OBT in Benthic Fish Tissue
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5.4.14

5.4.14.1

Agricultural Products

Bruce Power routinely samples avariety ofterrestrial sources thatare analyzed for tritium and
C by liquidscintillationcounting. Some samples undergo gamma measurement of “°K,
34Cs, ¥"Cs, and *°Co. Only results for “°K are shown where applicable,as '**Cs, "*'Cs and
®Co results were indistinguishablefrom background. In general, gamma spectrometry results
represent a single count of a single sample, tritium results are anaverage of two subsamples,
and "C results are an average of two counts of a single sample.

2019 Agricultural Products Results

Local farm BF14 has inthe past supplied Bruce Power with samples ofvarious animals raised
on the farm and samples of animal feed for analysis. No livestock samples have been
available since 2013. A number of farms supplied fruitand vegetables in2019. Bruce Power
collects eggs at BF24 in the spring and fall andhoney at BR22 harvested near and far field.
Bruce Power also collects and analyzes samples resultingfrom wild animal fatalities dueto
vehicular collisions on site. Provincial results areavailable for tritium and "C in eggs.
Provincial values remain within theange of natural background. The results of these
analyses are detailedin Table 40.

Table 40

2019 Annual Radionuclide Concentration in Animal & Agricultural Products Sampled

Near the Bruce Power Site (*Standard Error)

Tritium “c 0K
Sample Location Sample Type 14
P ple 1yp BaL | +2 | BAC | Lo BqlL + 26
kgC

Indicator
On Site Deer Meat #1 201 8 211 28 105 | 9
On Site Coyote #1 220 9 298 29 N/A
Area Near |
BF24 Eggs (spring) 16 3.3 247 27 N/A
BF24 Eggs (fall) 29 4.1 236 27 N/A
BR22-HO Honey 62 5.1 254 29 9 | 2
Area Far
BR22-HO | Honey | 50 | 29 | 251 29 27 | 4
Provincial Background
Picton
(Sample A) Poultry 0.7 23 203 18 N/A
Picton
(Sample B) Poultry 45 25 215 18 N/A
Picton
(Sample C) Poultry 2.1 23 238 19 N/A
Picton
(Sample D) Poultry 1 23 225 19 N/A
Picton Poultry 2.9 2.4 232 19 N/A
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Tritium “c K
Sample Location Sample Type 14
P ple 1yp BalL | +2o Bl‘jgg’ + 26 BqlL + 26
(Sample E)
Picton
(Sample F) Poultry 15 2.3 207 19 N/A
Picton
(Sample G) Poultry 17 23 233 19 N/A
Picton
(Sample H) Poultry 0 22 209 18 N/A
Average (Provincial Background Poultry) 1.8 223
Picton A Eggs 2.7 220 Not analyzed
Picton B Eggs 3.3 223 Not analyzed
Picton C Eggs 2.9 215 Not analyzed
Average (Provincial Background Eggs) 3.0 219 Not analyzed
Note: N/A = Not analyzed.
Provincial samples: Poultry is sampled annually. Eggs are sampled quarterly.
*Where analyses were less than detection level (Provincial), uncensored analytical result was used

Local farms supply Bruce Power with samples of various grains producedon lands in the
vicinity ofthe Bruce Power site for analysis (locations depictedin Appendix E). The
commercial alcohol plantat the Bruce Energy Centre (BEC) also provides Bruce Power with
samples of corn mash for analysis (analyzed for tritium only,not "C) as detailedin Table 41.
As animal products availablefor sampling differ betweenBruce Power and provincial data,
comparisons cannotbe made.

Table 41
2019 Annual Grains, Forage Data and Animal Feed
Sample Location Sample Type Tritium ‘e
(Bglkg) | %20 (Bq'*C/kg-C) | %20

Area Near
NEAR-NE-GR Beans 3.5 27 217 26
NEAR-ENE-GR No Sample N/A N/A
NEAR-E-GR Beans 10.6 3.3 224 26
NEAR-ESE-GR Corn 33.6 4.2 233 27
NEAR-SE-GR Beans 22.6 3.8 227 26
NEAR-SSE-GR Beans 35.8 4.3 218 26
NEAR-S-GR *No sample available
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Sample Location Sample Type Tritium ‘e
(Bqkg) | %20 (Bq'C/kg-C) | 20

Bruce Energy Centre Q1 | Corn Mash 22.9 3.6 N/A
Bruce Energy Centre Q2 | Corn Mash 12.8 3.4 N/A
Bruce Energy Centre Q3 | Corn Mash 16.0 3.3 N/A
Bruce Energy Centre Q4 | Corn Mash 32.0 4.0 N/A
Average (Area Near) 21.2 226
Provincial Background
DF1-A Animal Feed-S1 6.0 25 240 21
DF1-B Animal Feed-S1 44 24 241 21
DF1-C Animal Feed-S1 45 24 229 21
DF1-D Animal Feed-S1 6.4 25 229 20
DF1-A Animal Feed-S2 1.7 25 224 19
DF1-B Animal FeedS2 21 25 225 19
DF1-C Animal FeedS2 3.7 26 228 19
DF1-D Animal Feed-S2 4.0 26 223 19
Average (Provincial Background) 41 230

Note:N/A = Not analyzed.
*Where analyses were less than detection (Provincial), uncensored analytical result was used

5.4.14.2 2019 Fruits and Vegetable Produce Results

Samples of fruitand vegetables are collected inthe vicinity ofthe Bruce Power site and at
provincial backgroundlocations. These samples are analyzed for tritium and '*C (see
Table 42). Where multiple sample types are found at the same location, the samples were
combined intocomposite samples for analysis. Provincial fruitand vegetable samples are
composited and therefore directcomparisonto the Bruce Power site data (apples and above
ground, below ground, and leafy vegetables) cannot be made at this time.

Table 42
2019 Produce Data

Tritium 1o
Sample Location Sample Type (Free Water)
Bq/L + 26 (Bq**C/kg-C) + 20
Area Near (Fruit)
BF 14-FR Apple 82.9 5.6 245 27
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Tritium 14c

Sample Location Sample Type (Free Water)

Bq/L +2c (Bq'“C/kg-C) + 20
BF 24-FR Apple 30.8 3.9 238 27
NEAR-ENE-FR Apple 73.6 5.3 249 27
NEAR-E-FR Apple 92.2 5.8 254 28
NEAR-ESE-FR Apple 51.0 4.7 257 27
NEAR-SE-FR Apple 72.1 5.3 251 27
NEAR-SSE-FR Apple 102 6.1 252 27
NEAR-S-FR Apple 70.6 5.3 240 27
Average (Area Near Fruit) 71.9 248
Area Far (Fruit)
?S):cf;oun d) Apple 8.3 3.0 235 27
Near Area (Vegetable)
NEAR-ENE-VE Leafy 452 4.6 258 27
NEAR-ESE-VE Leafy 20.8 3.7 244 29
NEAR-SE-VE Leafy 32.9 4.2 242 27
NEAR-SSE-VE Leafy 58.8 5.0 256 27
NEAR-S-VE Leafy 15.0 3.5 229 27
Average (Area Near Leafy Vegetable) 345 246
NEAR-ENE-VE Above Ground 41.8 4.5 255 28
NEAR-E-VE Above Ground 27.0 3.9 248 28
NEAR-SSE-VE Above Ground 49.4 4.7 246 27
NEAR-S-VE Above Ground 25.6 3.9 262 29
C;/gezgglgrea Near Above Ground 36.0 253
NEAR-ENE-VE Below Ground 24.7 3.8 253 27
NEAR-SSE-VE Below Ground 35.3 43 237 27
NEAR-S-VE Below Ground 5.9 3.0 257 28
’(oxlri':?\l:ar Below Ground Vegetable 22.0 249
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Tritium 14C
Sample Location Sample Type (Free Water)
Bq/L +2c (Bq'“C/kg-C) + 20
Average Vegetable
(Area Near Leafy, Above Ground, Below 31.9 249
Ground Vegetable)
Provincial Fruit
Bancroft A 1.1 2.2 220 17
Fruit Composite
Bancroft B 3.5 2.3 236 18
Lakefield A 2.2 2.2 211 17
Fruit Composite
Lakefield B 3 2.3 223 18
Picton A 3.3 2.3 220 17
: Fruit Composite
Picton B 1.7 2.2 222 17
SarniaA _ . 1.3 22 217 17
. Fruit Composite
SarniaB 1.6 2.2 218 17
Average
(Provincial Background - Fruit) 22 221
Provincial Vegetable
Bancroft A _ 1 23 208 18
Vegetable Composite
Bancroft B 0.2 2.2 210 18
Lakefield A ) 0.7 2.3 201 18
Vegetable Composite
Lakefied B 0 2.2 216 19
Picton A 2.2 2.3 219 19
Vegetable Composite
Picton B 0.6 2.3 236 19
SarniaA 1.9 2.3 214 19
Vegetable Composite
SarniaB 0.8 2.3 232 19
Average
(Provincial Background - Vegetable) 0.9 217

Note:  *Where analyses were less than criticallevel (Bruce Power), detectionlevel (Provincial) uncensored analytical result

was used.
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5.4.14.3 Historical Agricultural Produce, Fruits andVegetables Results

The annual average trend of tritium in fruits andvegetables can be seen graphically in
Figure 45 and Figure 46 , respectively. The 2019 average tritium valuein fruitwas similar to
the previous year, but was lower in vegetables compared to 2018. Fruitand vegetables near
Bruce Power are consistently higher thanthat of provincial levels. The annual average trend
of "C is shown graphically inFigure 47 and Figure 48. C values in fruit andvegetables

remain consistentwith historic trends and similar toprovincial values.
fruits and vegetable samples collected near Bruce Power in2016 had

CNSC IEMP tritiumin
values ranging from

less than 1.5 Bq/kg fresh weight to 7.1 Bg/kg fresh weightand were well below the
guideline/referencelevel of 104,000 Bqg/kg fresh weightto 123,000 Bg/kg fresh weight.
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Figure 45
Annual Average Tritium in Fruit Trend
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Annual Average Tritium in Vegetable Trend
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Annual Average "C in Fruit Trend
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Annual Average "C in Vegetable Trend
5.5 Conventional (Non-Radiological) Environmental Monitoring

The conventional environmental monitoring program is designed to meetthe requirements of
CSA N288.4-10 [R-3]. This program monitors for conventional (non-radiological)
contaminants, physical stressors, potential biological effects andpathways for both human
and non-human biota. The objectives are to:

o Demonstrate compliance with limits onthe concentration and/or intensity ofconventional
contaminants and physical stressors inthe environment and/or their effect onthe
environment;

o Check, independently ofconventional effluentmonitoring,on the effectiveness of
contaminant and effluent control; and

o Verify predictions,refine models andreduce uncertainty inpredictions as neededfor the
Environmental Risk Assessment(ERA).

Conventional environmental monitoringconducted by Bruce Power is described in BP-PROC-
00977 [R-94]. The data gathered from the 2019 monitoringprogram is summarizedin this
report, with earlier data summarizedin the 2017 ERA [R-12]. Updates to Ecological Land
Classification, WildlifeHabitat, Wildlife Bioinventory,Bat Monitoring, Breeding BirdSurveys,
Migratory BirdSurveys, Creel, Soil and Sedimentand lake water quality monitoringwere
completed in 2016, 2017and/or 2018 and the frequency of updates is notannual thus further

Master Created: 17Apr2020 9:59



Approved for Issue - VERIFY STATUS PRIOR TO USE

PUBLIC

B-REP-07000-00012

Rev 000

May 1, 2020

Page 167 of
297

2019 ENVIRONMENTAL PROTECTION REPORT

work was not done inthese areas in2019. Reporting frequency for permits is provided in

Table 43.

2019 Bruce Power Regulator Reporting for Conventional Environmental Monitoring

Conventional
Monitoring
(Section Reference)

Table 43
Report Title
(Document Control ReAg‘S:EOW
Numbering) gency

Submission Date
(Frequency)

Avian Permits Migratory BirdPermit ECCC a) Egg destructiondetails within
(See s 5.5.6.4) (B-CORR-00521-00181) 30 days of permitexpiry.

b) Nest destruction or relocation of
nests and eggs within 30days of
permitexpiry.

c) Birdrelocation details within
30 days of permitexpiry.

d) Birdkill details within15 days of
permitexpiry.

Pesticide PesticideUse MECP Annually

(See s 5.5.6.5) (B-CORR-00541-00336)

Fisheries Authorization | BP-CORR-00531-00118 | Department | Based on contingencies beingmet:
of Fisheries | 3)Various dates and commitments
and b)Annual report due March 31
Oceans

5.5.1 Amphibians

Amphibians aremonitored as an indicator for ecosystem healthas they have a dual life cycle
(water and land) and are sensitiveto pollutants during all life stages. Targeted nocturnal
amphibianvocalization surveys wereconducted in the Spring/Summer 2019 season, following
the Marsh MonitoringProgram methodology. A total of three evening surveys were completed
in 2019. In additionto the targeted vocalizationsurveys, pedestrian surveys and incidental
observations made during other field studies were also completed to document any potential
amphibianbreeding evidence (e.g.egg masses, larvae, spermatophores, daytime calling,

etc.)
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5.5.2

5.5.3

A total of 6 species offrogs were recorded during the amphibianvocalizationsurveys,
consistingof Spring Peeper (Pseudacris crucifer), Gray Tree Frog (Hyla versicolor), Northern
Leopard Frog (Lithobates pipiens), American Toad (Anaxyrus americanus), Green Frog
(Lithobates clamitans)and Wood Frog (Lithobates sylvaticus) (listed inorder of abundance).
Frogs are sensitiveto changes such as weather conditions,which may impactyearly survey
results. Taking intoconsideration natural annualvariabilityin monitoring amphibian’s species,
both the diversity and densities offrog species has remained relatively consistent among sites
and monitoringyears.

Reptiles

Investigations specific to reptiles havebeen conducted inthe form of pedestrian surveys from
2016-2019 to locate and characterize the herpetofauna assemblage and to identify potential
habitat withinthe project area. Data collection has included consideration ofturtle and snake
habitat use at various lifestages for overwintering, breeding,and foraging. This includes
hibernacula, grassland, wetlands, and other surface water features. As well, site
investigations haveincluded surveys under conditions appropriateto note individuals ofthis
group (e.g., basking or utilizingcover for temperature regulation). Field data was used to
identify andcharacterize reptilehabitat.

In conjunction with the above surveys, a database was initiatedto record and track incidental
reptile observationon site. Long-term monitoringresulted in additional signage onCounty
Road 20 and on Tie Road, indicatinghe use of the areas by snakes and turtles. The Wildlife
Vehicle Interaction survey (see Section5.5.6.1) continuedin 2019 on a weekly basis which
helped to locate areas of higher density ofreptiles both off site and along the main access
roads to site.

In 2019, reptiles identified included Dekay’s Brown Snake (Storeria dekayi), Eastern
Gartersnake (Thamnophis sirtalis sirtalis), Midland Painted Turtle (Chrysemys picta
marginata), Eastern Ribbon Snake (Thamnophis sauritus), and Snapping Turtle (Chelydra
serpentina). This observation is consistent withthe species presentin 2017-2018.

In 2018, reptiles identified included: Midland Painted Turtle, Snapping Turtle, Dekay’s
Brownsnake and Eastern Gartersnake. In 2017, Eastern Ribbon Snake, Northern Water
Snake (Nerodia sipedon) and Red-bellied Snake (Storeria occipitomaculata) were also
observed.

Waterfowl and Shorebird Surveys

The purpose of waterfowl and shorebird surveys is tomonitor overwintering andstopover
migrationareas to trend species abundance anddistributionover time. The shoreline of
Bruce Power is surveyed for waterfowl and shorebirds withboth binoculars and a spotting
scope from a set of 10 viewpoints whichwere selected to cover most of the shoreline with
very little overlap. Two areas inBaie de Doré have been classifiedas potential stopover
waterfowl migrationhabitat.
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5.5.4

5.5.5

In 2019, a total of 3,034 individual birds wereobserved and comprised of 44 different species.
The most abundant species observedwas the Double-Crested Cormorant (Phalacorax
auritus) with a total of 631 individuals. The next most common species were the Ring-Billed
Gull (Larus delawarensis) and Herring Gull (Larus argentatus), with a total of 449 and 401
individuals respectively. Twenty species of duck were observed accountingfor 150
individuals; themost abundant being the Bufflehead (Bucephala albeola). Only two
shore/wading bird species wererecorded, the Greater Yellowlegs (Tringa melanoleuca) and
the Spotted Sandpiper (Actitis macularius). A greater number of species were observed in
2019 than previous years andthe most abundant species remainconsistentyear to year.

Winter Raptor Surveys

Bald Eagles (Haliaeetus leucocephalus) are currently listed as Special Concernin Ontario and
are an important indicator ofecosystem health. Bruce Power monitors habitat useby Bald
Eagles and other raptors inthe vicinity ofthe Bruce Power Site over the winteringperiod
between November and early March. Observations continuedat the consistentseven
locations usingbinoculars and a spotting scope.

Bald Eagle winteringsurveys are conducted over four days between November and February.
In 2019, the highest numbers of Bald Eagles were observed along the south-east end of Baie
du Doré, which has several largetrees that are utilizedas perches. In 2019, the lowest
numbers of eagles were observed at the southwest corner of the Bruce Power property
bordering Inverhuron Provincial Park. This is relatively consistent withprevious years. In past
years, the lowest abundance has also been observed at the south end of site. In total, 97
Bald Eagles were recorded over the four day survey in2019, consisting of41 juveniles and 56
adults. Bald Eagle abundance has been consistentover the past three years, averaging 93
individuals observedwith about 1/3 of those being observedin Baiedu Doré. There are a
high proportion ofjuveniles, indicativeof a healthy population.

Raptor wintering surveys areconducted over three days between January and early March.
Surveys were conducted inthe same manner as those in prior years, inopen or meadow
areas that were adjacent to woodlots. Only two raptors were observed during the three
monitoringdays. A Snowy Owl (Bubo scandiacus) was observed on the 28th of February
flying from a northerly to southerly directionon the OPG monitoringsite and an actively
hunting Northern Harrier (Circus hudsonius) was observed by the sewage lagoons on
Concession 2. No raptors were recording during the2017 survey and only one Red-Tailed
Hawk (Buteo jamaicensis) was observed in 2018. Some of the common incidental bird
species recorded included Northern Shrike (Lanius borealis), Ring-BilledGull (Larus
delawarensis), Herring Gull (Larus argentatus) and American Black Duck (Anas rubripes).

Stream C Redd Surveys

In the early spring and late fall, salmonids migrate upstream toreach suitable cool-cold water
spawning grounds. The female selects a nest site and begins excavatinga pit, referred to as
aredd. This reddis where eggs will be depositedfor fertilizationby one or more males. Redd
surveys are a tool for assessingthe productivity andhealth of a watercourse, as presence and
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5.5.6

5.5.6.1

success of spawning salmonids indicates thewatercourse has necessary environmental
conditions topromote healthy spawning/hatchingand rearing (i.e. substrate, temperature and
flow regimes). Timingof the start for the survey varies dependingon conditions likewater
temperature, rainfall and stream water levels. Stream C surveys are conducted inthe spring
to capture the migrationof Rainbow Trout (Onchorynkus mykiss) and in the fall to observe
various salmon species, which may include both Chinook (Oncorhynchus tshawytscha) and
Coho (Oncorhynchus kisutch) salmon, and historically BrownTrout (Salmo trutta) and Brook
Trout (Salvelinus fontinalis).

A total of four spring and four fall surveys were completed in2019. The 2019 spring surveys
resulted in a total of 42 Rainbow Troutredds observed (7 with trout on or near the redd, and 6
with a pair oftrout). The spring surveys have seen increased redds from 2017 to 2019 (4, 30,
and 42 respectively). The 2019 fall survey resulted in a total of 30 salmon redds observed.
Of the 30 redds, 8 of them had paired spawningCoho Salmon on or near the redd. The fall
surveys have seen variable redds counts from 2017-2019 (20, 37, and 30 respectively). The
large increase in 2018 may be attributed to two additional survey dates.

Wildlife Interactions
Deer Collisions

White-taileddeer (Odocoileus virginianus) are abundant throughout the local area. Biological
population sizes naturally fluctuate from year to year depending on hunting, predation and
natural mortality. The local area represented by the Ontario Ministry ofNatural Resources
and Forestry (MNRF) WildlifeManagement Unit 84 (WMU 84), which includes theBruce
Power site, Figure 49. Harvestingtags are distributedthrough the MNRF and are reflective of
sustainable harvest. Harvesting data from the MMNRF WMU 84 estimates atotal of 15,877
white-tail deer wereharvested between 2008 and 2018 [R-95].

In 2019, a total of one deer-vehicle collisionoccurred and resulted in fatality. Figure 50 shows
the annual deer-vehicle collisionand collisionmortality between 2007 and 2019. Between
2012 and 2019, a total of 15 deer vehicle collisions occurredand resulted in 7 deer mortalities.
On-site deer mortality from vehiclecollisions represents less than 0.1% ofthe total loss due to
harvest from 2008 to 2018. Since the loss due to harvestingis consideredto be sustainable
to the local population, theloss associated from collisions withvehicles on Site is considered
to have a negligibleeffect on the local deer population. Bruce Power will continueto monitor
deer-vehicle collisions as theBruce site is expected to have increased traffic duringMajor
Component Replacement.
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Wildlife Management Unit - 84
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Figure 50
Deer Collisions and Mortalities on the BNPD Site by Year

5.5.6.2 Vehicle-WildlifeMonitoring

Beginninginthe summer of 2017, Bruce Power initiateda standardized approach to collecting
vehicle-wildlifecollisiondata at the site toimprove understandingof collisionrisk to various
species of wildlife occupying thesite and local area.

Two pass surveys were conducted on the main access roads to site (Bruce Road 20 and
Concession 2 to Highway 21) and the main roads onsite as these have the most traffic.
Concession 6 was added as a result of increased traffic aroundthe Farrell Drive industrial
complex creating an additional routefrom Highway 21 to site. The survey frequency was
once per week after 9:00 a.m. when peak morning traffic hadsubsided. Surveys were
conducted by an experienced biologist ina vehicle travellingat a maximum of 30 km/h and
remain ongoing.

All carcasses were identifiedto species tothe extent possible, photographed, and
georeferenced. Wildlifecarcasses observed incidentally alongroads on site outside of the
standardized survey were also georeferenced, and recorded as incidental observations within
the database. Incidental wildlife sightindy employees were also tracked and recorded.

The risk of vehicle-wildlifecollisions is notuniform among species. Highly mobilespecies
such as bats and most birds have alower mortality risk thanslower species such as
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5.5.6.3

amphibians and reptiles becausethey are more capable of avoidingcollision. Further adding
to this risk is the tendency for many species of amphibianand reptiles to use warm road
surfaces for thermoregulation. Larger species are alsoat lower mortality risk becausethey
are more likely to be seen and avoided by drivers.

In total there were 48 survey days with 85 wildlifecarcasses recorded in 2019, including15
observed incidentally. Mammals constituted41%, amphibians 25%,reptiles 18%, insects
(Monarch) 8% and birds were 7% of the total carcasses recorded. The most recorded species
were: Northern Leopard Frog, Eastern Cottontail, Eastern Grey Squirrel, Eastern Garter
Snake and the Monarch Butterfly. Three species of concern were recorded during 2019 (6
Snapping Turtles and 7 Monarch Butterflies (both Special Concernin Ontario) and3 Midland
Painted Turtles (Specially Protected under the Ontario Fish and Wildlife Conservation Act)).

The roads cominginto site, Bruce Road 20 and Concession 2, accounted for 43% of recorded
mortalities. Traffic onthese roads is alsofrom other local businesses, mainly the industrial
complex on Farrell Drive onBruce Road 20 and Inverhuron Park on Concession 2. Both of
these roads are dissected by the Algonquin Bluff whichis a key wildlife corridor. Road signs
warning drivers ofturtle and snake crossings were postedon Bruce Road 20in 2018 and
have been requested to be installed on Concession2 as well. The posting was made where
there are wetlands on each side ofthe road as this is akey corridor for reptiles and
amphibians.

Monitoringhas been completed now for three seasons. Mortalities arerelatively consistent
with 46 observations in2017 (July to Dec only), 90 in 2018 and 85 total mortalities in 2019.

Seasonal trends have been observed, with the months of June and September having the
most amphibians recorded; this is reflective ofhe time of the year when they are the most
active and are searching out the breeding or hibernationareas. Monitoringwill remain
ongoing and traffic volumes are expected to be higher in2020 with the addition of MCR staff
travelling to site.

Bird Interactions withStructures

CSA N288.4-10 identifies structures as potential physical stressors to birds [R-3]. Springand
fall migrationhave been identified as periods ofncreased collisionrisk for migratory birds.
Two buildings (B10 andB31) on site have large window installations andsee the most bird
collisions ofthe onsite buildings. B10 is the tallest building onsite with glass and is located
centrally near a woodlot. B31 is aone story buildingin the vicinity ofwoodlot and open field.
Standardized collisionmonitoringwas initiatedin June 2017 and is ongoing. Surveys were
conducted weekly on foot by an experience biologist,with the perimeter of each building
walked slowly in each direction,completing two full perimeter passes. Surveys were
conducted before 2:00 p.m. to the extent possible as mostbird collisions withbuildings occur
in the hours between early morning and early afternoon. All carcasses were identifiedto
species to the extent possible, photographed, and georeferenced. Bird carcasses observed
incidentally aroundthe two monitored buildings outsideof the scheduled survey period were
also recorded and georeferenced.
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5.5.6.5

5.5.7

In 2019, one Northern Flicker (Colaptes auratus) and one Song Sparrow (Melospiza melodia)
carcass were recorded. Both bird mortalities were recorded at building8d31. Three years of
bird collisionmonitoringof these two buildings resulting ineight recorded bird carcasses. All
recorded species are associated withforests which may reflect the presence of woodlots in
the vicinity ofthe buildings.

In addition, birds have been incidentally reportedas colliding withB23 and this buildingwill be
added to the monitoring program startingin January 2020.

Avian Permits

In the instance that geese or gull eggs or nests create an unsafe work environment and
damage to property, the removal or relocationof eggs or nests must be done in accordance
with a permitissued under the Migratory Birds Regulation[R-96] as proscribed by authority of
the Migratory Birds ConventionAct, 1994 [R-97].

In 2019, Bruce Power received adamage or danger permit, DA-OR-2019-3949 [R-98], for
mitigatingCanadian Geese (Branta canadensis), Herring Gull (Larus argentatus), and Ring
Billed Gull (Larus delawarensis) populations onsite. Geese nests or eggs are relocated as
required. Gull eggs and nests need to be controlled on a continual basis oncenesting season
has started, usually from April to June. Sterilizationvia oiling eggs is preferredas this will
deter gulls from continuingto lay new eggs; however, gulls may remainin the area.

Pesticide

Pesticides areused by Bruce Power to control pests and weeds only whendoing so is an
essential business need,commonly relatingto health and safety or security matters. Bruce
Power works to ensure the use of pesticides is donein compliance with the requirements of
essential and cosmetic applications as describedy the Ontario Pesticide Act and as
implemented by Ontario Regulation63/09 [R-99][R-100]. Bruce Power has two staff licensed
for onsite pesticideapplication. In 2019, no pesticides wereapplied by Bruce Power licensed
exterminators.

Fisheries Act Authorization

Bruce Power receiveda Fisheries ActAuthorizationfrom Fisheries and Oceans Canada
(DFO) in December 2019 [R-102]. The Authorizationrequires Bruce Power to quantify fish
losses through continued monitoringfish impingementand entrainment, and then to quantify
fish gains through monitoringimprovements tothe Lake Huron watershed.

Bruce Power will continue to monitor I&Ein alignmentwith CSA N288.4 standard, and utilizing
additional guidanceprovided by CSA N288.9 [R-103] as appropriate. In addition,a draft I&E
MonitoringPlan [R-104] was submittedto DFO as part of the Fisheries ActAuthorization,and
this outlines ongoingl&E monitoringthrough to 2028. Bruce Power will provideDFO a final
I&E monitoring planin 2023, and Indigenous Nations and Communities will be engaged in the
finalization ofthis plan.
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The Authorization[R-102] also stipulates a biomass value(estimated in Habitat Productivity

Index (HPI)) that is notto be exceeded inany year. Additional reportingto DFO is requiredif
a higher than expected number of fishis impinged,or if any Species atRisk areidentifiedas

impingedor entrained.

An Authorizationunder Paragraph 35(2)(b) of the Fisheries Act[R-102] requires the proponent
to undertake offsetting. This consists ofremediationprojects which are designed to increase
fish biomass within thegreater Lake Huron watershed, and are intended to offset on site
losses that occur from fish I&E.

Bruce Power has partnered with the Lake Huron Fishing Club andthe Municipality ofBrockton
to complete a partial removal ofthe Truax Dam on the Saugeen River in Walkerton Ontario.
The dam has long been identified as amajor barrier to upstream passageof fish. The dam
was removed in August and September 2019, with a partial removal allowingfish passage
while maintaining a recreational aredor the town.

The headpond was slowly lowered over the course of 4 days from Aug 12-15, 2019. A
concerted effort was made during this timeto ensure that no fish or macroinvertebrates were
stranded as the headpond elevation lowered. Volunteers from the Lake Huron FishingClub
(LHFC) systematically walked the entire lengths of the stream banks every morningand
evening from Aug 12-15. A fact sheet on freshwater mussels was prepared by Bruce Power
and provided to the volunteers to ensure proper protocols were in place in case a Rainbow
Mussel was observed to be stranded. No Rainbow Mussels were found during any of the river
bank patrols. Biologists from BrucePower and Biotactic Inc.were on-hand during the
decommissioningof the fish ladder to assistwith relocationof fish and macroinvertebrates that
were stranded in the fishway as the water was lowered. The engineeringfirm overseeingthe
removal, GSS Engineering,was also at the project site during all hours of construction. The
Site Manager from GSS Engineeringwas at the shoreline near the dam on many occasions
and patrolled this area.

The removal of the Truax Dam inWalkerton Ontario has improvedfish passage onthe
Saugeen River. The Saugeen River has alarge watershed which drains intoLake Huron in
Southampton, Ontario. The system supports a diverse fish community and is valuedfor
recreation includingfishing andcanoeing. The Truax Dam was a major year-round barrier to
upstream fish passage and movement of both salmonids andthe warm-water fish community.
The removal of the dam is expected to restore the natural connectivity, increasing upstream
fish passage ability andreduce uneven fish distributionthroughout the watershed. The dam
removal has already started to allow the re-establishment of natural riffle-pool flow sequences
[R-105]. Itis expectedthat the dam removal will resultin access to more spawninggrounds
and a correspondingincrease in production.

Monitoringof the impact of Truax Dam removal project is following abefore after control
impact approach. This means thatthe monitoringis beingconducted both before and after
the dam is removedto understand how fish biomass changes as aresult of the removal.
Control sites are used beyondthe study area to understand how the fish community is
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changingover timein an area not affected by the dam removal and thus the changes due to
natural variationcan be understood and used to normalize the before/after results.

Pre-monitoring ofthe fish communityin the stretch of the Saugeen River near to and
upstream of the Truax Dam occurred in 2018 and 2019. This consistedof habitat
assessments inthe mainriver, both near and farther from the dam locationas well as inthe
associated tributaries. Electrofishingwas completed at all sites to monitor species
distribution. Abundance, lengths and weights ofindividual fishcaught was recorded. This
information was thenused to calculate the standingbiomass ateach of the 22 monitoring
sites.

Monitoringwill continuepost dam removal, planned for 2020 and beyond. Results will be
analyzed to quantify the biomass gainedfrom the project, predicted to be much larger than
that lost via station operations. This work is being further supplemented using video graphic
surveys, redd counts and radio telemetry to obtain alarger picture of fish movement withinthe
Saugeen River.

In additionto the Truax Dam removal, Bruce Power is conductingtwo other offset measures.
One is a jointenvironmental monitoring program withthe Saugeen Ojibway Nationas a
complementary measure. The objectiveis toincrease the understanding of the overall
aquatic ecology inthe Lake Huron watershed, with an emphasis on the aquatic ecosystem in
the vicinity ofBruce Power. The other is engaging withindigenous Nations andCommunities
to develop an offsetting plan focused on improving fishand fish habitat inthe Lake Huron
watershed. A minimum ofthree cost-effective projects areto be planned for implementation
withinthe duration of the Fisheries ActAuthorization[R-102].

Lake Trout stocking was included indraft offsetting plans as this is aprogram implemented by
the Ontario Ministry ofNatural Resources inLake Huron for the stabilization ofkey predators
inthe Lake Huron fishcommunity. Deep water fish, like Lake Trout, are specialized to fill in
missinglinks inthe deep-water food webs that are now only marginally occupied. Re-
establishment provides anenriched community thatis capable of supporting more stable
fisheries[R-106]. Lake trout rearing begins 18 months inadvance for stocking with Bruce
Power supporting this work for spring2019 and 2020 campaigns. This was startedin
anticipationof the issuance of the Fisheries ActAuthorization. In consultation withIndigenous
Nations and Communities andDFO, this was subsequently removedas an officially credited
offsetting measure when the Fisheries ActAuthorizationwas issued as this was not supported
by Indigenous Nations and Communities.

Impingement Monitoring

Fish impingement monitoringvas completed at both Bruce A and Bruce B. Fish baskets are
routinely monitored for debris loadingon a daily basis atBruce A and Bruce at each unit. In
2019, monitoringof fish baskets occurred 1,435 and 1,456 times at Bruce A and Bruce B
respectively (seeroutines inFigure 51). This represents completionof >98% of all planned
monitoring. The total number of fish impingedin 2019 was lower than that observed in 2017
and 2018. Field QA/QC andoversight of impingementwas implementedin 2012 at Bruce A
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and in 2013 at Bruce B. This continuedon a regular basis atthe both stations in2019 and is
ongoingin 2020.
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Figure 51
Fish Impingement Routine Completion and Total Fish Count

A total of 8,946 fish were collected in2019. A total of 447 were too decomposed to initially
assignto a species therefore the distribution ofspecies present inthe week of impingement
was used to determine the probable species. These 447 species were reassigned andare
accounted for in Table 1.

A total of 8,946 fish were collected in 2019, with a distribution by species shownin Table 44.
The total loss of fish productionin 2019 due to impingementand entrainmentwas 2,806 kg
using the HPI metric (Table 44). This is anestimated quantity based onthe actual
(measured) loss due to impingement in2019, and the estimated annual entrainmentloss.
Entrainmentwas not measured in 2019, so the 2,806 kg loss value includes aconservative
estimate of entrainmentbased on the highestvalue observed (by species) inthe 2013 and
2014 monitoring campaigns. Background details on the HPI metric andits suitability for use
as a common metric to compare impingement and entrainment losses to gains experienced
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from offset projects are found in Bruce Power’s application for a Fisheries Act Authorization,

[R-107] and [R-108]. This estimated loss for 2019 0f2,806 kg was below the 4,500 kg/yr
threshold authorizedin the FAA. The nominal total weight(less Round Goby) of impingedfish

in 2019 was 2,456 kg.

Table 44

Impingement and Entrainment Fish Losses at Bruce A and Bruce B in 2019

2019 Impingement 2013/2014 Entrainment’ Total

Species | ¢oune o v\l;l;minal C°:g;_(f @] Age-1 2019 HPI _
ght (g) equivalents) Weight (g) | Losses (kg yr)
Alewife 293 1,486 6 24 23
Bloater - - 14,124 790,944 510.4
Brown Trout 12 15,554 - - 3.3
Bullhead 3 768 - - 0.3
Burbot 207 153,064 9,089 78,165 198.2
Carp 47 40,590 - - 10.1
Channel Catfish 47 67,170 - - 13.9
Chinook Salmon 8 23,516 2,208 266,285 139.0
Cisco - - 17,545 538,632 428.9
Coho Salmon 9 16,280 - - 3.1
Cyprinid - - 431 259 0.8
DeepwaterSculpin - - 2,610 3,654 8.6
FreshwaterDrum 16 35,268 - - 6.3
Gizzard Shad 4,540 1,496,469 - - 519.2
Lake Trout 49 84,072 - - 16.4
Lake Whitefish 35 72,818 8,547 639,316 400.4
Rainbow Smelt 974 13,291 16,898 152,082 200.4
Rainbow Trout 26 21,613 - - 5.4
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Rock Bass 3 343 - - 0.2
Round Goby 2,018 18,685 2,529 2,529 32.7
Salmonid - - 427 8,028 7.6
Smallmouth Bass 16 7,095 - - 2.2
Spottail Shiner 105 3,862 - - 2.9
Suckers 359 217,921 5,089 26,972 170.7
Walleye 133 181,208 75 8,730 46.1
White Bass 2 770 - - 0.3
White Perch 1 361 - 0.1
Yellow Perch 43 3,892 10,512 81,994 108.9
Total 2,838.6
Total (less Round Goby) 2,805.9

' Entrainment is estimated fromdata collected in 2013 and 2014 at Bruce A. Shown here is the countand age-1
weightfor the higher ofthe two years, yielding the mostconservative estimate based on the 2013/2014 data.

5.5.8 Thermal Monitoring
5.5.8.1 Physical monitoringof lake temperature and water currents

Temperatures of water discharged from both Bruce A and Bruce B are monitored year round,
and the discharge points have environmental complianceapprovals (ECA) limitingthe extent
of thermal emissions from site to Lake Huron. These thermal limits areset by the Ministry of
Environment, Conservation and Parks at levels that limithabitat alterationand negative effects
to fish habitat and behavior. As documented inthe 2017 ERA, thermal effluent is a physical
stressor to aquatic life as egghatching and larval survival are known to be affected by thermal
changes.

Temperature and current monitoring inLake Huron continuedin 2019 to collect verification
data for the MIKE3 atmospheric-hydrothermal modellingplatform. This modellingplatform
was developed for Bruce Power by Golder Associates to provide atmospheric and
hydrothermal understanding ofLake Huron lake-wide and locally. In 2019, Golder Associates
won an Award of Excellence inWater Resources for their work withBruce Power on Bridging
the Hydrometric ModellingData Gap, Lake Huron [R-109].
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5.5.8.2

5.5.9

The thermal validationsites include eighteenlocations that extended from south of Bruce B
(McRae Point) to north of Bruce A (MacGregor Point) to adepth of 20 m. Each year a Notice
to Shippingis provided to theCanadian Coast Guard for boater awareness. Thermal
monitoringis ongoing andwill continuein 2020. To measure current speed and direction,an
ADCP was deployed off of Gunn Point(south of Bruce B) at a depth of 20 meters. Fall
weather challenged retrieval ofthe 2019 data, however this is plannedfor retrieval in2020.

Thermal Environmental ComplianceApproval

Bruce A has a temporary amendment of thermal ECA to allow operational flexibility conditions
that permitan increasein the maximum effluenttemperature limitby 2.3°C to 34.5°C for a
maximum of 30 aggregate days and for no more than a maximum of 15 consecutive days for
each event, during the ECA window of June 15 to September 30 each year. At no point
during the 2019 year didthe effluent exceed the ECA limitat both stations.

Bruce Power provided monthly updates throughoutthe ECA window to SON, MNO and HSM.
Discussions remainongoing.

Smallmouth Bass Nesting

Smallmouth bass nesting surveys to monitoringlocal populations continuedin 2019 at Bruce
A and Bruce B discharge channels and in Baiedu Doré (12.0Appendix A:). Two temperature
loggers were placed at each location. Nests were monitored throughoutthe season (early
May to mid-July) to observe nest development and success. Observations were made by
running transects ina small boat (16 ft.) and stopping to observe any nesting sites witha
translucent viewing box (aquarium)which minimizedglare and allowed for a clear view ofthe
nest.

The location of each nest was recorded via GPS and the development stage documented
during each of 7 surveys for Bruce A and Bruce B discharge channels and6 surveys inBaie
du Doré. Once a nest was observed, itwas given aunique identificationrnumber. Nests were
re visitedduring each subsequent survey, withthe development stage code recorded on each
visit. The coding method followed a standardized protocol thatwas developed during historic
monitoringstudies andis shownbelow in Table 45. A nest was considered ‘successful’ if it
had reached development stage 6 8 (risen fry to green fry), ‘unsuccessful’ if it was abandoned
and ‘remained active’ if it had reached development stage 1 5 during the extent of the survey.
Monitoringcontinued past the opening of bass season on the last Saturday inJune until mid-
July. The longer time period of monitoringwas needed as a second cohort of nesting began
in mid to late June and these were monitored throughdevelopment. The second cohort was
subject to fishing pressure at the opening of bass season. The percentage of ‘successful’
nests at the end of the season includes those codedas stage 6 8 as these fry are likely to still
disperse following the opening ofbass season.
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Table 45

Smallmouth Bass Nesting Survey Development Stage Codes

Pairing

A pair of adult Smallmouth Bass with no nest observed.

Cleared nest

A cleared nest with no observed guarding male

Cleared nest; bass
guarding

A cleared nest with a guarding bass, but no observed eggs or fry

Eggs

A cleared nest was present and eggs were observed inthe nest.

Yolk-sac larvae

Transparent yolk-sac fry that had not risen off the bottom
observed inthe nest

Fry risen; tightto bottom

Fry, observed at or very near the bottom

Fry <2 cm risen;
suspended

Fry <2 cm total length, observed swimming suspended in the
water column

Fry >2 cm risen; dispersed

Fry >2 cm total length, observed swimming suspended in the
water column and starting to disperse

Green fry Fry with a green colouration, which occurs at approximately
1.5 cm total length, observed in proximity ofnest
Abandoned Nest was observed to be abandoned by male adult Smallmouth

Bass or an abrupt absence of eggs, fry, or adults was observed.
This code includes nests that are abandoned as the result of
natural physical destruction(e.g., nest silted up).

Quality assurance (QA) and quality control (QC) procedures wereapplied duringfield
sampling, data entry, and data analysis. Field equipment was calibratedaccording to
manufacturers’ recommendations. Data sheets were checked at the end of each field day for
completeness and accuracy, then scanned and saved as electronic copies. All data were
entered into an electronic spreadsheet, with entered data validated by a second person to
identify andcorrect any transcriptional errors. Tables containingcalculated values and data
summaries were reviewed, and values were verifiedby a second, independent individual.

Nests are consistently located insimilar geographic areas from oneyear to the next, whichis
likely due to site fidelity. Males are known to return to the same location year after year, with
the majority returningto within140m of prior nestingsites [R-110]. Nests in Bruce Ain 2019

were found near the sheltered dock area, along the bedrock shelves and also in between the
crevices withinthe large boulders that line the north and south areas of the discharge channel.
This is consistentbetween all monitoring years andis likely aresult of physical conditions,(i.e.
substrate type, water velocity). In the Bruce B discharge, the majority of the nests were
located on the north side, which is anarea sheltered by the Bruce B dock, and inthe shallow
areas along the discharge groyne. The sheltered shoreline areas of Baie du Doré and areas
around the submerged island whichseparates the bay into east and west sections under high
water conditions,continued to be highly utilizedfor bass nestingin 2019.
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A total of 56 nests inthe Bruce A discharge channel, 74 nests in the Bruce B discharge
channel, and 150 nests in Baie du Doré were recorded duringthe 2019 Smallmouth Bass
nesting surveys. At the end of the survey, most nests recorded at Bruce A and Bruce B were
classifiedas either successful (Stages 6-8) or abandoned (Stage A). A total of seven active
nests (Stages 0-5) were recorded at Bruce A discharge at the end of the survey, five active
nets were recorded at Bruce B at the end of the survey and at Baie du Doré and the final
survey only included one active nest. Overall, the monitoringeffort in 2019 captured the
period of nest maturation and success. The percentage of successful nests ranged from 61%
at Bruce A to 78% at Bruce B.

5.5.10 Historical Smallmouth Bass nesting

Both the total number of nests and the number of successful nests observed in 2019 were the
highest recorded since surveys began in2010. The total number of unsuccessful nests
observed in Baie du Doré was intermediate,with 37 out of 150 nests being unsuccessful, and
similar tocounts of unsuccessful nests in2011, 2012, 2017, and 2018. Percent nest success
(75%) was relatively highcompared to previous years.

In May and June 2019, water levels at Lake Huron were higher than inall previous sampling
years, inundatingmore shallow areas and creating new (compared to 2010-2013 monitoring
years) habitat suitablefor Smallmouth Bass spawning inBaie du Doré. This findingwas
similar tothe 2014 to 2018 results, as shown in Figure 52, Figure 53 and Figure 54, when
water levels were also relatively high. With the exception of the newly inundated shallow
water areas, the nest locations utilizedby Smallmouth Bass were similar betweensurvey
years.
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Figure 52
Bruce A Nesting Results 2009-2019
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Figure 53
Bruce B Nesting Results 2009-2019

Master Created: 17Apr2020 9:59



Approved for Issue - VERIFY STATUS PRIOR TO USE

PUBLIC
B-REP-07000-00012 Rev 000 May 1, 2020 Page 184 of
2019 ENVIRONMENTAL PROTECTION REPORT
160 -
. Active (stages 0-5) Successful (stages 6-8) Unsuccessful . Total Number of Nests Observed

5.5.11

120

80-

Number of Nests

40-

Year

Figure 54
Baie du Doré Nesting Results 2009-2019

Storm Water Monitoring

Storm water is an episodic or event-basedvector for contaminationto enter waterways and
impactaquatic life. Short term surface runoffs occur from heavy-volume rainfall and rapidly
melting snow, which have the potential to suspend residual chemicals and sediments that
release pollutants to the water column. These short-term runoff events may cause long-term
effects inthe receivingwater body. As such, monitoring is performedquarterly to provide a
reasonable probability tocapture the response to events.

Storm water monitoring is ongoing.Water quality datais collected by Saugeen Valley
Conservation Authority. Samples are collected on a quarterly basis at5 locations on site and
analyzed for E.coli, total suspended solids (TSS), pH, alkalinity, conductivity nitrates, total
nitrogen, total phosphorus, chloride and sulphate. These locations representall the surface
water features that traverse the Bruce Power site and eventually drainto Lake Huron.
Supplemental samplingwas completed at two locations onStream C.

Along with laboratory analysis of water samples collected, field parameters are also recorded
at each sample collection location. These field parameters include pH,temperature, dissolved
oxygen, electrical conductivity andFormazin Nephelometric Unit(FNU) or turbidity.

Recently, two YSI EXO 2 sondes water quality meters wereinstalled which collect hourly
baseline data for temperature, specific conductivitytotal dissolved solids, dissolved oxygen
and turbidity.
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5.6
5.6.1

5.6.1.1

5.6.1.2

These results are compared to the Canadian Council of Ministers ofthe Environment (CCME)
Water Quality Guidelines for theprotection of aquatic life[R-111] and the CCME long-term
and short-term exposure limits[R-112]. Elevated E. coli and phosphorous concentrations
were observed whichare not due to Site operations. This corresponds withagricultural
activities,such as tillage andfertilization ofcrop fields thatoccurs infall and spring and
therefore elevated runoff concentrations duringsnow melt and spring precipitationevents are
expected. Studies alongthe shoreline of Lake Huron have identified agricultural land uses as
the source of phosphorous and E. coli [R-113]. As a result, elevated levels of E.coli and
phosphorous are not considered emissions dueto the nature of industrial activities at Bruce
Site and are reflective of agricultural activities irthe vicinity ofsite. Storm water samplingwill
continuein 2020.

Quality Assurance — Environmental Monitoring
Radiological Environmental Monitoring
Meteorological Data Analysis

The meteorological data analysis documented in this report was conducted in accordance with
the Kinectrics NSSQA Quality Assurance program[R-114]. The Kinectrics NSS Quality
Assurance program is ISO9001 registered and the scope of the ISO 9001:2000 registration
covers “consulting, scientific and engineering services to nuclear and other industries to
support siting, safety, licensing,design and operations by providingpecialized:asset
management, project management, procurement, software, environmental, integrated
analytical and engineeringsolutions and services consultingto nuclear and other industries to
support design and operations by providingspecialized:software, integrated analytical and
engineering solutions and services”. The Kinectrics NS S Quality Assurance program is
regularly audited by organizations suchas CANPAC and has consistently beenassessed as
compliantwith requirements of CSA Z299.1 85 [R-115] and the applicable sections of CSA
N286 12 [R-63].

Public Dose Calculations

The 2019 public dose calculations were conducted using the IMPACT 5.5.2 software. All
inputs to the IMPACT model were verified basedon Bruce Power environmental and
emissions data. A verificationtool was utilizedto ensure that all numerical entries tothe
IMPACT model were inputted correctly,and the results of this IMPACT model verification
were recorded. The results of the IMPACT calculationwere independently verified.

The development of IMPACT 5.5.2 has been guided by, and subject to, an overall Tool
QualificationProgram (TQP), which follows the CSA N286.7-99 (Canadian Standards
Association, 1999) Quality assurance ofanalytical, scientific,and design computer programs
for nuclear power plants [R-126].
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5.6.1.3

5.6.1.4

5.6.1.5

Provincial Background— OPG Whitby Laboratory

The OPG Whitby Laboratory performed the TLD gamma analyses and most of the provincial
sample analyses. Details regardingthe OPG QA program are describedinthe OPG report
2017 Results of Environmental Monitoring Programs [R-88].

Bruce Power Health Physics Lab

The Bruce Power Health Physics Lab operates a comprehensive QA program, which includes
quality control samples, blank/background samples, process control samples, and externally
generated proficiency testingsamples.

Sample Availability

The Bruce Power Health Physics Lab collected and analyzed 997 analyte samples againsta
target of 1,028 for an overall sample availability 0f97%. Sample unavailabilityis due to
several factors, notably seasonal conditions (such as variations in agricultural yields) or dueto
the nature of seasonal residences closedfor certain months of the year, making the wells
unavailable for sampling. Details ofthe sample availability for 2019are presented in Table 46
below.

Table 46
2019 Sample Availability Data

Bruce Power
Sample Types Collection Frequency Planned | Actual Con:/;|ete

Atmospheric

Monthly (*H) 120 120 100%
Air Effluents Quarterly (°*H,"C) 156 156 100%
Environmental Gamma Quarterly (GS’ 64 64 100%
Precipitation/Particulate* Monthly (°*H, GB) 120 118 98%
Water

Weekly Composite (°*H) 96 96 100%
Water Supply Plants Monthly Composite (GB) 24 24 100%
Domestic Water Weekly Composite (*H) 0 0 0%

Bi-Monthly (°*H, GB) 64 57 89%
ResidentWell & Lake Water* Semi-Annually (°*H, GB, GS) 74 59 80%
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Bruce Power

Sample Types Collection Frequency Planned | Actual Con:/;|ete

Bi-Monthly (°*H) 36 31 86%
Local Streams* Semi-Annually (GB) 8 8 100%
Site Ground Water Semi-Annually (°*H) 52 52 100%
Aquatic
Fish Annually (°*H,"C, GS, OBT) 32 32 100%
Sediment Annually (GS) 36 33 92%
Terrestrial

Weekly Composite (GS) 52 52 100%
Milk Monthly Composite (*H,'*C) 54 54 100%
Fruits & Vegetables Annually (*H,"C) 15 16 107%
Honey Annually 2 2 100%
Eggs Annually 2 2 100%

Annually (°*H,"C) 6 6 100%
Grains Quarterly (°*H) 4 4 100%
Animal Meat & Feed Annually (*H,"C, GS) 2 2 100%
Soil & Sand Annually (GS) 9 9 100%
Overall Site Sample Availability 877 1,028 997

Note: GB = Gross Beta

GS= Gross Scan

*Samples may have been unavailable because of seasonal conditions (e.g.,freezing of water samples
and seasonal residences thatare closed for certain months of the year).

5.6.1.6 Laboratory Analysis Summary

A total of 1,303 laboratory analyses were conducted in support of the Bruce Power REMP this
year (2019). The analyses included tritium, gross beta, *C, ™'I, TLD gamma (under contract
to OPG), gamma spectrometry and organically boundtritium (OBT). Table 47 provides a
summary of the number of samples analyzed for each analysis method.
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Table 47
2019 Laboratory Analysis Summary
Laboratory Analysis Number of Analyses

*H 643

Gross Beta 185

“C 270

131| 52

TLD Gamma* 52

Gamma Spectrometry - **Cs, "*'Cs, “°K, %°Co 149

Organically Bound Tritium (OBT) 4

Total 1303

Note:*52 TLD Gamma Analysis Completed by OPG Whitby Laboratory

5.6.1.7 Laboratory Quality Assurance andQuality Control

The purpose of inter-laboratory proficiency testing is tgrovide independentassurance to
Bruce Power, the CNSC, and external stakeholders that the laboratory’s analytical
performance is adequate and the accuracy of the measurements meets requiredstandards.
Table 48 presents a summary of the Bruce Power REMP QA/QC program.
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Table 48

Summary of the QA/QC Program

Analyses Tritium Gross Beta “c Gamma Spec
Medium OBT Water Air Water Produce Water |Sediment Soil
2% | Historical X X X X X X X
T
0 < .
v O | Relative X X X X X X
(]
-
g s Eckert & Eckert & Eckert & | Eckert & [Eckert &
t £ | Interdab : : : . .
& < | Comparison Ziegler Ziegler Ziegler Ziegler | Ziegler
] g P Analytics Analytics Analytics | Analytics [Analytics
m

o QC Sample

£ | Bias QC Sample 7 P ?S?av?;?;?)le Mixed Gamma QC Sample

S (7Cs)

2 | Precision QC Sample QC Sample QC Sample Mixed Gamma QC Sample

E P (*’Cs) (Sawdust) P

<] Background | Low TritiumWater Blank Blank Blank

[} . . . .

€ | Process o Contamination | Contamination

) Contamination ]

= | Controls (de-min water) | (Coal)

5.6.1.8 Laboratory Quality Control

Various quality control samples areutilized to estimatethe precisionand accuracy of
analytical results andto indicate errors introduced by laboratory practices. There are two
types of quality control samples usedto accompany the analyses of the environmental
samples collected for the REMP: process control samples and quality control samples.

Process Control Samples

Process Control samples are low analyte samples that are treated as actual samples and go
through the same handling process. These are intended to detect contaminationand specific
sources of error. The following main process control samples are used for REMP samples:

) Low tritium referencewater samples kept open to the air duringsample handling to
detect iftritium contaminationis pickedup

e  Coal (low "C) samples to detect anomalies with'*C analyses

o Demineralizedwater samples run as low gross beta samples to detect contamination

Master Created: 17Apr2020 9:59




Approved for Issue - VERIFY STATUS PRIOR TO USE

PUBLIC

B-REP-07000-00012 Rev 000 May 1, 2020

Page 190 of
297

2019 ENVIRONMENTAL PROTECTION REPORT

5.6.1.9

) Blank TLDs to detect radiationexposure during shippingto and from the OPG Whitby
laboratory

Quality Control Samples

Quality control samples are samples which containknown values of the analyte (usually
derived from traceable standards), which are included for analysis. Statistically basedquality
control charts are used to evaluate validity ofenvironmental sampleresults; results are
considered valid when the values for the accompanying quality control samples are withint 3
standard deviations ofthe known or expected value for the respective control chart.

External Laboratory Comparisons

The main purpose of inter-laboratory comparisonprograms is to provide independent
assurance to Bruce Power, the CNSC, and external stakeholders that the laboratory’s
analytical proficiency is adequate and theaccuracy of the measurements meets required
standards. The comparison program forms a crucial part ofthe overall laboratory QA program
and demonstrates that the laboratory is performingwithinacceptable limits as measured
against external unbiased standards.

Proficiency testingservice is operatedby Eckert & Ziegler Analytics Inc. ofAtlanta, Georgia.
On a quarterly basis Eckert &Ziegler Analytics provides samples containing known quantities
of radionuclides tothe Bruce Power Health Physics Laboratory. The samples are
environmental matrices which are analogous to the samples collected for the REM program.
These samples include:

Tritium inwater

Beta emitters inwater

lodinein milk

Gamma emitters inwater

Gamma emitters insoil

lodine-131 iniodinecartridge (annually)
Gamma emitters on particulate filter (annually)

Upon completion of analysis, the Bruce Power analytical values are submitted to Eckert&
Ziegler Analytics,which subsequently provides a final report forBruce Power, detailingthe
expected values and the ratio ofthe laboratory value to the expected value.

5.6.1.10 Acceptance Criteria

All results obtained from Eckert & Ziegler Analytics shall meet thefollowing self-imposed
pass/fail investigation criteria:

V+191) 5 675 anp V=19 ¢

A A
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5.6.2

5.6.3

5.6.4

5.7

Where:
V, = HPL value

o, = HPL one sigma uncertainty value

V, = Analytics Supplier value

The results for the proficiency testingare presented in Appendix B. All results meet the
acceptance criteria inSEC-D0OS-00028, Radiological Analysis Proficiency TestingR-117].
All results are acceptable.

Conventional Environmental Monitoring
Smallmouth Bass

Quality assurance and quality control procedures wereapplied during field sampling, data
entry, and data analysis. Field equipment was calibrated according to manufacturer’s
recommendations. Data sheets were checked at the end of each field day for completeness
and accuracy, then scanned and saved as electronic copies. All data were entered into an
electronic spreadsheet, with entered data validated by a second person to identify andcorrect
any transcriptional errors. Tables containing calculatedvalues and data summaries were
reviewed, and values were verifiedby a second, independentindividual.

Impingement and Entrainment

There are several levels of QA and QC checks withthe impingementand entrainment data.
One level is atthe data entry stage where data from field sheets is entered intoa database
and then a minimum of10% of the data entered was checked to verify it was entered
correctly. A second level of data entry is inthe field. Impingement monitoringwas overseen
by an independentthird party inthe field. The third party aidedinfield fish identification,
verified identificatiorof samples inthe freezer, and ensured forms were completed in a
consistentmanner. Samples that were frozen included Whitefish, Spottail Shiners,and any
other individuals thatrequired verificationof identification. Form completion and QA results
are communicated weekly to the stations. The independentthird party submitted bi-weekly
impingementaudits. Audits were reconciled withthe original datasheets,and the database
was updated accordingly.

Updates to Environmental Monitoring

Bruce Power conducted a local populationsurvey in2016. The purpose of this survey is to
understand the current human, social, economic, and natural environmentsurrounding Bruce
Power’s site. The survey is performed every five years to support regulatory requirements set
by the federal and provincial governments. This information is essential for Bruce Power’s
Environmental Monitoring Programwhich supports our commitmentto protect local residents
and the environment.
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5.7.1

5.7.2

6.0

6.1

The purpose of the survey is to gather feedback about the food and water that is consumed by
the people who live at residences as well as their specific lifestyle and activities. Additionally,
the survey results willbe shared with the local municipalities tosupport emergency
preparedness planning. Individual answers will be keptconfidential andwill not be released
or used for any purpose other than for this survey. A summary of the survey findings after the
survey was completed has been providedto those requested and involved withthe survey.
Incorporation of survey results into environmental monitoringoccurred in 2017.

Radiological Environmental Monitoring

For the 2018 dose calculations, there was a change in the approach taken when REM data
included values thatwere less than the associated detection limi{Ld) or critical level (Lc). In
previous years’ dose calculations, values <Ld or <Lc were assumed to be half of the
respective limitfor background samples, and equivalentto the limitfor local samples. In 2018,
those values were taken as reported. For example, in the calculation of local or background
averages where some measured values were reported as less than Lc or Ld, the uncensored
analytical results were used in the calculation. This changein procedure is intendedto
achieve consistency in reportingof REM data and also to achieve consistency withother
procedures where those data are also used (e.g. ERA). The implications ofthis change to the
reported doses are very minor. In most cases, the resultingdoses are slightly higherin
following the new approach. This approachwas continuedfor 2019 data.

The transition to anelectronic workflow was completedin 2018, and 2019 marks the first full
year usingthe new laboratory information management system (with NuclearlQ at the core).
The system reduces the potential for humanerror in data processing, and provides
improvements intraceability, andaccess to additional measurement parameters (e.g.sample
specific detection limits) for EnvironmenPrograms.

Conventional Environmental Monitoring

Baseline wildlifeinventories alongwith procedural updates are occurringto align withN288.4.
INSPECTIONS AND AUDITS

Inspections

The Canadian Nuclear Safety Commission(CNSC) conducts regulatory activities such as
compliance field and Type Il inspections under the authority othe Nuclear Safety and Control
Act to assess licensee compliance with regulatory requirements. The purpose of inspections
is toverify:

o Compliance with the licence and other regulatory documents

o Compliance with licensee documentation and procedures
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Implementation and executionis consistentwith CNSC requirements, andfollows
industry standards and bestpractices.

The methodologies usedto collect informationwere the following:

Document review

Database review

Observations such as field,laboratory, sampling techniques

Discussions with licensee staff

Inspections were conducted in the areas of Environmental Monitoring,Effluent Control and
Monitoringand waste. Table 49 presents the inspections conductedby the CNSC throughout

2019.
Table 49
Environmental Monitoring Inspection Recommendations
MONTH | INSPECTION | SUBJECT # OF # OF GENERAL CONCLUSION
TYPE AREA MAJOR MINOR
FINDINGS | FINDINGS
MAR Field Environmental | 0 0 Compliantwith Environmental
2019 Monitoring Monitoring
MAR Field Effluent 0 0 Compliant with Effluent
2019 Monitoring Monitoring
MAR Field Bruce A and 0 1 Bruce A - Compliant
2019 Bruce B Bruce B - One of the chem waste
Hazardous drums staged for offsite shipment
Waste did not have the SAM/BARREL
Management MONITOR RESULTS: PASS box
checked off on FORM-13799
SEPT Type Il Effluent 0 0 Based on the scope of the
2019 Control and inspection, CNSC staff concludes
Monitoring that Bruce Power met the

regulatory requirements. CNSC
recommend that Bruce Power
evaluates their operationof
monitoringequipment at Bruce A
and consider expeditingthe
replacement of Bruce A stack
monitors.
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7.0

Based on the scope of the inspection, CNSC staff concluded that Bruce Power met all
regulatory requirements. CNSC staff did not find evidence of unsafe operations that would
result in undue risk to the health and safety of persons, the environment, or thatwould
compromise respect for Canada’s international obligations.

ENVIRONMENTAL RISK ASSESSMENT

To account for continued Operations, including Major ComponentReplacement, the 2015
ERA was updated in 2017 to accommodate the PROL renewal process for Major Component
Replacement (MCR) and submitted as part of the 2018 licence submissionpackage. The
Environmental QuantitativeRisk Assessmentincluded a Predictive Effects Assessment (PEA)
to demonstrate considerationof environmental protectionduring future site activities,including
MCR activities. The ERA, PEA and associated tables are a retrospective and predictiveERA
respectively thathas been prepared following the guidance of CSA N288.6 12. An updated
version of ERA was submittedin December 2018 and incorporated comments from CNSC
and Indigenous groups as applicable and applied a different approach to the thermal risk
assessment. The ERA and PEA were combined inone document withassociated appendices
in a separate document (see [R-12][R-13]). The ERA fulfills the environmental protection
requirements under the Nuclear Safety and Control Act. The Canadian Environmental
Assessment Act does not apply. An importantarea of focus related to this regulatory item is
public and Indigenous engagementand consultation activities that were integratednto routine
communications.

CNSC and Environmentand Climate Change Canada (ECCC) staff reviewed the ERA and
PEA submissions and updates. They concluded that the potential risk from physical stressors
and from radiological and non-radiological releases to the environmentare generally low to
negligible andthat the ERA was completed consistentwith the overall methodology of
N288.6-12 [R-118].

The ERA found that operation of the Site has not resulted in adverse effects on human health
or nearby residents or visitors dueto exposure to non-radiological substances. Risks to
ecological receptors from exposure to non-radiological substances werelimitedto exposure to
soil ina small number of former industrial areas onsite. These included the former
construction landfill, and the fire training facility. A small number of non-human receptors
were identifiedas potentially at risk. However, it should be noted that the conservative nature
of the assessment likely overestimates theactual risks.

Risks tofish and wildlifepopulations due to physical stressors were generally considered to
be negligible,with a low to moderate risk related to thermal effects for cold water species such
as Round Whitefish. This low to moderate risk is expected tobe limitedto a small geographic
area and thermal monitoringand modelling will continuein order to further refine the risk
related to thermal effluent and cold water fishspecies.

The radiationdoses to members of the public residing inthe area surrounding the Site are
less than 1% of the CNSC effective doselimitfor a member of the public (1 mSv/y). With a
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hazard quotientof less than 0.01, and with the uncertainties inthe assessment (e.g.,
concentrations reported as less than a detection limit) addressedin a conservative manner,
there is no radiological risk tohuman health for members of the public resulting from normal
operations on the Site.

The radiationdose rates to non-human biotaresidingon or near the Site are less than 10% of
the applicable United Nations Scientific Committeef the Effects of Atomic Radiation
(UNSCEAR) benchmark value. With an exposure ratioof less than 0.1, and with many of the
uncertainties inthe assessment (e.g., occupancy factors and ingestionparameters)

addressed in a conservative manner,itis reasonable to assert that there is no radiological risk
to non-human biotaresulting from normal operations onthe Site.

Based on the review ofthe past Bruce Power-specific relatedconcerns raised by Indigenous
communities,all technical considerations withirthe construct of the CSA N288.6 framework
have been dispositioned. Bruce Power has taken actionin response to many of these
concerns and continues towork to address these issues. Bruce Power remains committedto
having ongoing consultation and discussions withall three Indigenous communities toensure
we can enhance our monitoringprograms to address areas of concern and interest.

Bruce Power provided copies ofthe entire licence application,and any further applications
associated with environmental regulatory approvals toSON, MNO and HSM, and as
previously communicatedwith all three communities,will make any necessary time beyond
our routine meetings to discuss contentand concerns.

During the 2018 licence renewal process, Bruce Power presented their commitmentto
working with SON, MNO and HSM ina manner that best suits their communitiesjo enhance
involvement inenvironmental monitoring. Recognizingthat every community has aunique set
of interests, in 2020 we will continue to work witheach community to determinewhere they
see their involvementin Environmental Monitoring.

Over the course of 2019, Bruce Power worked with SON, MNO and HSM to discuss any
outstanding concerns or issues as it relates toregulatory items (i.e.Mitigation Assessment,
Fisheries Act, Thermal ECA). Over the course of 2020, Bruce Power is workingwith all three
communities tocontinue discussions,with afocus on developingplans for fish improvement
projects.

The design and use of mitigationtechnologies have been implemented to minimize impacts to
the greatest extent possible. The Bruce Power site location, situated on the Douglas Point
headland, was strategically pickedbecause of its high energy zone withaccess to cold, deep
water. The headland juts into Lake Huron providinga natural feature for dispersionof thermal
effluent and the shoreline locationitselfis naturally low indiversity offish species dueto high
wave action and winter icemovement. Bruce Power has measured and evaluated the results
of the past activities inrelation to Bruce A restart of Units 3 & 4 and Refurbishment of

Units 1 & 2; this extensiveevaluation program has positioned us well topredict the potential
impacts of Major Component Replacement (MCR) activities. This experience,and improved
processes and materials, has further enhanced the rigour of our current Environmental Risk
Assessment (ERA) Process. Prior Environmental Assessments (EA) andFollow-up
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Monitoring Programs confirmed that there were no unreasonable risks to the natural
environment from either restart or refurbishmentwork.

The ERA process is meantto provide an on-going analysis of a company’s interaction with the
environment enhancing oversight from the previous process where asingle EA and follow-up
program would have been required. Completion ofthe ERA on a 5-year cycle is supported by
the annual EPR reports and both documents are subject to in-depth regulatory review. The
next ERA will be submittedin 2022.

Bruce Power complies withFederal Regulations, programs,and standards, which protect
human health and the environmentunder the Nuclear Safety and Control Act. The Class |
Nuclear Facilities Regulations under theNuclear Safety and Control Act set out requirements
related to environmental protection thatmust be met. The General Nuclear Safety and
Control Regulations requireevery licensee totake all reasonable precautions to protectthe
environment and to control the release of radioactivenuclear substances or hazardous
substances within theSite and into the environmentas a result of the licensed activity.

Comprehensive environmental monitoringprograms have been in place for nearly 40 years,
since the pre-construction phases of Bruce A and Bruce B. This monitoringcontinued
throughout construction and operation phases and several comprehensiveassessments have
been conducted over the years to ensure ongoing on-site and off-siteenvironmental
protection. This includesthe Bruce Power Development Ecological Effects Review

(OPG 2000) [R-119], monitoringassociated with EAs completed since2001 under the
Canadian Environmental AssessmentAct (e.g., for the Restart of Bruce A), as well as
associated EA follow-up programs, environmental permittingand environmental monitoring.
In the last 20 years alone these have included:

. 2017 Environmental QuantitativeRisk Assessment

o Annual Environmental Assessment Follow-up MonitoringReports for Unit 1&2 Restart
(2007-2015)

o Annual Environmental MonitoringProgram Reports (pre 2001 to present)

. 2015 Environmental QuantitativeRisk Assessment

o 2008 Environmental Impact Statement for the Bruce New Nuclear Power Plant Project
o 2006 EA Study Report for the Bruce A Refurbishment Project(Units 1&2 Restart)

o 2004 EA Study Report for the Bruce B New Fuel Project

o 2001 EA Study Report for the Bruce A Units 3&4 Restart

J 2000 Bruce Nuclear Power Development Ecological Effects Review

Master Created: 17Apr2020 9:59



Approved for Issue - VERIFY STATUS PRIOR TO USE

PUBLIC

B-REP-07000-00012 Rev 000 May 1, 2020

Page 197 of
297

2019 ENVIRONMENTAL PROTECTION REPORT

o 1999 Bruce B Environmental Effects Reportfor Units 5-8

o 1998 Phase 1 Environmental SiteAssessment for the Bruce Heavy Water Plant
) 1997 Phase 1 Environmental AssessmentBruce Nuclear Power Development
) 1997 Bruce Used Fuel Dry Storage Facility Environmental Assessment

The ERA provides sufficientinformationto the CNSC to support their preparation ofan EA
under the Nuclear Safety Control Actas indicated inREGDOC-2.9.1[R-8]. The information
providedinthe ERA is as per the known status of projects as of June 1, 2017. Existing
environmental monitoring will be retaineds requiredto confirm predictions and bereported
through the annual Environmental Monitoring Pogram (EMP) findings, which have been in
place since 2001.

One of the benefits of using the ERA construct is the regular check-in points withregulators
and the public as an ERA reoccurs every 5 years on an ongoing basis. This gives all parties
an opportunity to contribute and identify concerns. This process allows for theidentificationof
emerging trends and identifies any new risks thaimay arise, whichis a further enhancement
from past assessment processes. Indigenous groups andother members of the public had
the opportunity to participatein and provide feedback on many of these recent impact
assessments and will continueto do so inthe future. We are actively engagingand providing
Indigenous groups and the public opportunities todiscuss topics ofinterest such as thermal
effluent and impingement andentrainment offish. However, this dialogueis not new and the
company’s future operations will not differfrom what has been experienced and monitored
since 2001; the company is confidentinits conclusions andwill continue tomonitor and
confirm the facility operates within these limits.

As outlined earlier,prior Environmental Assessments area one-time process, are only
triggered when a major change to operations is proposed,and predictionswere verifiedwith a
follow-up monitoringprogram that does not need to follow the construct of the CSA N288
suite. The new process combines theone-time rigour ofthe previous process withan ongoing
requirement that continually verifies performance ina number of important areas.

Bruce Power continues tobe engaged in understandingthe impacts from climatechange
predictions andconsideringhow they may affect future operations and the local environment.
As climate change predictionmodels become more advanced and/or the environment
changes, the ERA will continue to beupdated to determine if and how such change impacts
the operation of Bruce Power’s facilities and, if required, assess what changes arenecessary
to ensure continued environmental protection.

Finally, Bruce Power acknowledges the need to address the cumulative environmental effect
of multiple stressors when and where itis warranted. The science behind the determinationof
cumulative effects is at its infancy: thereis no consensus on a definitionof “cumulative impact’
and assessment methods are largely absent. Understanding cumulativeimpacts toa system
first begins by evaluatingits individual stressors. Bruce Power has done this and none of the
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8.0

individual stressors poses anunreasonable risk to the environment. Thus itis unlikely that the
combinationof single stressors withlow to no risk will resultin a cumulative impact or
approach an unreasonable risk. Over, forty (40) years of operations ofthe Bruce site and
continued monitoringand assessment has provided empirical evidence oflittle to no risk to the
local environment.

WASTE MANAGEMENT

Bruce Power manages many different forms ofwaste to ensure they are disposed of safely
without polluting the environment:

o Hazardous waste (oils, chemicals lightindamps and ballasts — some of these are
recycled)

o Recyclable waste (glass, plastic, metal, cardboard, paper, wood, batteries and
electronics)

o Organic waste (compost)

o Radiological waste(low-, intermediate-, andhigh-level radiological wasteis taken to the
on-site Western Waste Management Facility, whichis operated by Ontario Power
Generation)

. Landfill waste (for thoseitems thatare neither hazardous, recyclable, organic, nor
radiological)

Bruce Power complies withall waste regulations and requirements ofthe relevant Federal,
Provincial,and Municipal authorities. Further, Bruce Power has taken an active role for many
years to reduce all forms of waste: from an environmental andfinancial standpointwaste
reduction is goodfor our company and the community in which wereside. Our philosophy
employs a whole life-cycle approach in that we reduce waste at the consumer level, generate
less waste at the company level, find opportunities toreuse products (on-site, off-site
donations, or sell them at auction), and implement recyclingprograms that are available inthe
ever-changingrecycling market. To minimizethe amount of waste sent to landfill eachday,
Bruce Power has implementeda number of initiatives thatapply the principles ofreduce,
reuse, recycle, and recover. Wherever its fate, each waste stream generated at Bruce Power
is processed and disposed ofin a safe and environmentally-responsible manner.

Table 50 summarizes the waste management and pollution prevention reports submitted to
regulatory agencies.
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Table 50
Bruce Power Waste Regulatory Reporting
. Submission
Waste Report Title Regulatory Date
(Document Control Number) Agency
(Frequency)
Conventional Report of a Waste ReductionWork Internal Report Q1 2020
Waste (See s8.1) | Plan (2019) O Reg 102/94 (Annual)
Conventional Report of a Waste Audit (2019) Internal Report Q12020
Waste (See s8.1) | O Reg 102/94 (Annual)
Hazardous Generator Registration Report Ministry of 13JAN2020
(See s8.2) (O Reg 347) Records Environment, (Annual)
Conservation and
Parks
Waste & Pollution | Federal PCB Regulations Environmentand | 31MAR2020
Prevention- PCB | Bruce Power 2019 Annual Report Climate Change (Annual)
(See s8.2.2) Declaration (BP-CORR-00521- Canada
00004)
Waste & Pollution | 2019 Annual Bruce A Polychlorinated | Ministry of 29JAN2020
Prevention- PCB | Biphenyl (PCB)Waste Storage Environment, (Annual)
(See s8.2.2) Report for Bruce A Storage Facility # | Conservationand
10400A003 (BP-CORR-00541-00006) | Parks
2019 Annual WCTF Polychlorinated Ministry of 29JAN2020
Biphenyl (PCB)Waste Storage Environment, (Annual)
Report for Storage Facility # Conservation and
10402A001 (BP-CORR-00541-00005) | Parks
8.1 Conventional Waste

The primary objectives ofthe Conventional Waste Program areto process wastes ina safe
and environmentally responsiblemanner while achievingwaste minimizationthrough the
applicationof reduce, reuse, recover, and recycle principles.

Conventional waste at Bruce Power is managed anddisposed of in accordance with
regulatory requirements including:

o The Ontario Environmental Protection Act[R-58] Ontario Regulation 347, General Waste
Management [R-120]

. Ontario Regulation 103/94, Industrial, Commercial and Institutional Source Separation
Programs [R-121]

o Ontario Regulation 102/94, Waste Audits and Waste Reduction Work Plans [R-122]
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) Transport Canada’s Transportation of Dangerous Goods (TDG) Act [R-123]
Management of conventional wasteincludes all non-hazardous and non-radiological items:
recyclables, compost, and waste destined for landfill. As definedin Ontario Reg. 103/94 [R-
121], Bruce Power is considered to bea large manufacturing establishmentand is mandated
to have recycling programs in place for the following materials:

o Aluminum

o Cardboard (corrugated)

o Fine paper

o Glass

. Newsprint

o Polyethylene (high density) jugs, pails,crates, totes, and drums

o Polyethylene (linear low density andlow density) film*

o Polystyrene (expanded) foam*

o Polystyrene trays, reels and spools*

. Steel

o Wood (not includingpainted, treated, or laminated wood)

*Limitations apply dependingon the availability ofservice providers able to recycle these
materials.

In additionto these recycling programs, Bruce Power has an established compostingprogram
for organic wasteincluding food,paper towels, coffee cups and lids, and biodegradable
containers.

Bruce Power utilizes approvedwaste disposal contractors to collectconventional wastes on

site. Waste disposal vendors arebound by Environmental Compliance Approvals (ECA) that
stipulate approved wastes thatcan be accepted by the landfill or facility.
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Table 51
Conventional Waste Generated at Bruce Power from 2016 102019
(1 metric ton (mt)=100kg)

... | Compost: Compost: . Number | Waste

Year :'na]?)dﬂ" Zebra Other :Qrstc)ycllng {r:::‘;“ of _ | Generated per
Mussels (mt) | (mt) Workers | Worker (kg)

2016 555 162 103 1,145 1,965 | 8,201 240
2017 462 195 97 1,042 1,795 | 8,584 209
2018 572 58 111 1,226 1,967 | 9,654 204
2019 609 58 61 1,288 2,016 | 10,010 218

Note: * Includes all categories ofactive workers: Regular, Temporary, Casual, Augmented Staff,
Student, and External Non-Time Reportingworkers.

The total amount of conventional waste produced in the last 4 years at Bruce Power has

remained relatively constant (Table 51). In 2019, 2,016 metric tons of conventional waste was
generated, which was only slightly higher thanin 2016 and 2018 (2.5% increase from 2018).

In 2019, 30% of Bruce Power’s conventional waste was sent to landfill (a 70% diversion rate),
5.9% was composted, and the remainder was processedvia several differentrecycling
streams (Figure 55). Historically,the total amount of conventional waste generated by Bruce

Power has not changed markedly; it has ranged between 1,550-2,400 metric tons over the
last 12 years, although the distributionamong differentwaste streams has changed
significantly over timedepending on the types of activities occurringat the company
(commissioning/decommissioning) and thelifferent recycling processes availablein the
global waste management market Figure 56.
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Zebra Mussels
2.9%

Compost
3.0%

Figure 55
Distribution of all waste streams generated at Bruce Power in 2019,

with the exception of zebra mussels, compost (both are sent to an organics processing facility)
and landfill. All waste streams are processed at recycling facilities.

Lamps & Ballasts
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2014

2015 2016

|
|

2017 2018 2019
q

Historical amount and distribution of all conventional waste generated at Bruce Power
between 2008 and 2019. Not shown are the relativity small amounts of batteries, electronic
wastes and lamps and ballasts which made up 138, 109, 78 and 167 metric tons (mt) in 2016,
2017, 2018 and 2019 respectively.
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8.2

8.21

8.2.2

8.3

As per Ontario Reg. 102/94, Bruce Power must also perform an annual conventional waste
audit. The waste auditmust be completed by a third-party vendor, and a waste audit report
that includes a waste reduction work plan must be prepared for Bruce Power. Independent
assessments of Bruce Power’s performance in conventional waste management have
occurred annually for many years. The auditor's assessments consistently show that
Bruce Power is performingwell in comparison to other large industrial facilities.

Hazardous Waste

Waste programs are in place across Bruce Power to safely handle and dispose of hazardous
wastes in accordance with regulatory requirements outlinedin the Environmental Protection
Act, O Reg. 347, General Waste Management [R-120].

Hazardous wastes, such as chemicals, oils,batteries, and fluorescent tubes, are generated at
numerous locations on-site. They are carefully tracked to ensure all hazardous wasteis
safely disposed of in accordance with all applicable regulatory requirements. Bruce Power
has an excellent network of external waste vendors (certifiedto carry and/or receive
hazardous wastes) who frequently work with us to dispose ofall our hazardous waste streams
in an industrially andenvironmentally safe manner. Hazardous wastes are routinely diverted
from landfill by recyclingbatteries, lamps, and electronic waste.

Hazardous Waste Inspections

In January and June of 2019, the MECP completed inspections ofthe Centre of Site and
Bruce A PCB Storage Facilities,respectively. There were no significantfindings andno
follow-up actions were required. Routine Bruce Power inspections ofboth PCB Storage
Facilities continueto occur monthly.

Polychlorinated biphenyl (PCB)

According to the PCB regulations (SOR/208-273)[R-124], equipment containingPCBs in a
concentration of at least 50 parts per millionbut less than 500 parts per million,must have the
equipmentremoved from site by December 31, 2025. This includes electrical transformers
and their auxiliary electrical equipmentlightingballasts, and capacitors. Electrical cables in
any concentration must also be removed so that they are not “abandoned in place” which is a
violationof the Environmental ProtectionAct [R-58]. Currently there is no regulatory removal
date for PCB cables. In 2018 a plan was created for PCB removal, focusing onthe above
equipment, inorder to meet the regulatory deadline of December 31, 2025. This planis
reviewed and updated on a regular basis to ensure that Bruce Power will complete the
regulatory deadline.

Radiological Waste
The volume of radiological wasteis managed and minimizedthrough effective material
management, decontaminationand segregation techniques,and by utilizingthe principles of

reduce, reuse, recycle, and recover wherever possible. Radiological wastes areprocessed in
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9.0

9.1

a safe, environmentally responsiblemanner that recognizes key factors suchas ALARA
principles,environmental footprintreduction, and full compliance with regulatory requirements.

Following on the excellent work done in 2017, overall volumes of low-level waste continued to
trend below what was planned for 2018. An increased awareness amongst staff to minimize
overall material usage and improved segregationefforts by all allowed for a greater emphasis
on overall volume reduction and an increase in the amount of material diverted torecycling
rather than being disposed ofas waste. This trendin volume reduction is expectedto
continue through to 2019 and beyond.

AUDITS
External Audit—1S0O 14001

External audits ofthe EMS are annually performed by the registrar, currently SAl Global.
Every three years a re-registration auditoccurs, and that registration thenstands for three
years. The re-registration audit is longer andgreater in scope than the surveillance audits
which are conducted in-between the re-registrationcycle. Surveillance audits are conducted
to examine a slice of the management system and assess ongoingconformance to the
elements of the standard.

In the fall of 2017, Bruce Power was re-registeredto the new version of the

CSA ISO 14001standard released in 2015 as well as completed a successful surveillance
auditin 2018 and againin2019. The external auditgenerally identifies Non-Conformances
(NCs) to the standard, Areas of Concern (AoC) or Opportunities for Improvement(OFIs).
There have been no non-conformance or areas of concern identified in 2018 or 2019, or for
the previous six years, Table 52.

In 2019, the auditwas successfully completed with no non-conformances, no system
weaknesses, and a demonstration of continual improvement. Overall, the auditor was
satisfiedwith Bruce Power’s Environmental Management Systemand implementation of
environmental programs. Bruce Power management, includingthe Board of Directors,
continues to demonstrate and maintain ahigh level of commitmentto the implementation of
the environmental managementsystem. Environmental safety is consideredone of the four
pillars of safety of the facility.

Table 52

Historical Bruce Power External Audit

Y Opportunities For | Areas of Non
ear
Improvements | Concern | Conformances

2012 6 0 0
2013 4 0 0
2014 7 0 0
2015 5 0 0
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9.2

9.2.1

9.2.2

10.0

10.1

2016 8 0 0
2017 6 0 0
2018 8 0 0
2019 4 0 0

Internal Independent Oversight Audits
ISO 14001 — Environmental Management System Audit

Internal Independent Oversight Audits are performed once annually againstthe ISO 14001
standard [R-11]. These audits are performed to ensure Bruce Power’s environmental
management system (EMS) continually conforms tothe standard. These audits are generally
more in depth than the external audits and canbe used to focus on certain environmental
program areas each year. All programs are required to be audited oncein a three year
period. This three year period aligns withthe external re-registrationtimeframe set out by the
accreditationbody. The 2019 Environmental ManagementSystem Audit, AU-2019-00004,
concluded that Bruce power has a mature EMS that is effectively implemented and
maintainedin accordance with the requirements ofboth the organizationand the ISO 14001
Standard [R-11].

N288.4 and N288.5 Environmental and Effluent Monitoring Programs

The N288.4 and N288.5 [R-4][R-15] environmental standards require an auditto be performed
once every five years to help ensure that the effluent and environmental monitoringprograms
operate in compliance with their procedures and elements. The initial IndependentOversight
AuditagainstN288.4 and N288.5, AU-2018-00001, was performed in the spring of 2018.
Bruce Power addressed all audit finding and is ircompliance with these standards.

SUPPLEMENTARY STUDIES
Environment Research Programs

The environmental research programsat the Nuclear Innovation Institute (NII) [R-125]aim to
support research examiningthe overall health of Lake Huron and the Great Lakes, including
exploring concerns such as invasive species,climate change and changes in population of
native fish species such as Whitefish. These research programs will enhance our knowledge
of the impacts of plant operations on the surrounding aquatic lifewith the following long-term
goals:

o Fully understand the thermal, ecological andenvironmental impacts ofonce-through
cooling on the surrounding aquatic environment.

o Determine the potential implications ofttlimate change scenarios and other stressors for
the overall ecological health of Lake Huron.
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10.1.1

Predict the potential impact ofclimate change scenarios for theuse of once-through
cooling on Lake Huron, includingwarming lake temperatures, increasedbiofouling, and
changes in species composition.

Contribute to the basic science surroundingthe impacts of changing temperature and
water conditions onthe aquatic environment.

Aquatic Biota (2018-2022)

This research program will continueto investigatethe research gaps identifiedin the course of
the previous Whitefishresearch program.

A Mitacs grantapplication was successfully submitted in 2017 seeking support for four Post-
doctoral fellows for an additional five years of research. These post-doctoral fellows will
engage inresearch on the following areas:

1.

Determine the genetic population structure ofLake Whitefish, Round Whitefish,and
Yellow Perch using advanced DNA analysis techniques.

Examine potential mechanisms causingmortality duringembryogenesis andreduced
fitness later in lifeby comparing transcriptomes offish using advanced DNA analysis
techniques.

Determine the survival andfitness of Lake and Round Whitefish subjected tothermal
discharges during embryonic development.

Assess the survival of embryos from a model species (Yellow Perch) reared in varying
temperatures reflective of thermal discharges.

An NSERC applicationwas submitted in2018 in support of research addressingthree
remainingkey questions:

1.

Thermal effects in Lake and Round Whitefishhatchlings and juveniles: Whatare the
effects of variable and increased incubationtemperatures on Lake and Round Whitefish
hatchlings and juveniles?

Thermal effects inspring spawningfish: Using Yellow Perch as a model species, what
are the effects of variable and increasedincubationtemperatures on the embryonic,
hatchling and juvenile stages ofspring spawningfish?

Population structure ofLake and Round Whitefishand Yellow Perch: What are the
underlying population structures and habitatuse of Lake and Round Whitefishand
Yellow Perch in Lake Huron and near Bruce Power? In particular, whatare the
boundaries ofthe populations near Bruce Power?
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10.1.1.1 Research Activities andResults

Developmental effects of elevated rearing temperatures onLake and Round Whitefish larval
and juvenile stages

This research is investigatingvhether thermal stress experienced during embryonic
development of Lake Whitefish impacts fitness offish during the larval and juvenile lifestages.
The objectives areto compare response of the following between species (LakeWhitefishand
Round Whitefish) and among differentthermal groups.

An R-based analysis of embryo size (morphometrics) measurements wasdeveloped. Data
collection from 2018 larvae is complete and data analysis and manuscript preparation is
ongoing.

In the fall of 2018, Lake and Round Whitefish embryos from LakeHuron, Ontario, Superior
and Simcoe were collected. Additional LakeWhitefishembryos were collected from Lake
Diefenbaker inSaskatchewan.

In 2018-2019, the experimental set-upwas designed and the first studies ofthe thermal
preferences of juvenile Lake Whitefishwere completed. The 2019 studies examinedthe post-
hatch survival, feeding, growth and behaviour effects ofseasonal and elevated seasonal
thermal regimes on post-hatch development.

Developmental effects of elevated rearing temperatures onLake and Round Whitefish
embryos

In 2018-2019, Round and Lake Whitefishembryos collected inthe fall of 2018 were incubated
under seasonal regimes startingat 8°C or 6°C and dropping by 1°C/week until 2°C,then
staying at 2°C or 5°C per week for 6 weeks, followed by a rise of 1°C per week until hatch. An
elevated seasonal regime was tested at +4°C above the seasonal regime. Data analysis is
ongoing for these experiments but has been complicated by high overall mortality across
experimental thermal regimes.

Testing of acute heat shocks early inthe seasonal declinefor Lake Whitefishwas also
completed in 2018-2019. A threshold temperature of mortality was observedin one of the
early incubationacute heat shock experiments,where exposure to 8 or 10 °C during early life
had no effect while exposure to 12 °C induced an increase in embryonic mortality.

Performance effects of elevated rearing temperatures on Lake and Round Whitefish larval and
juvenile stages

The performance effects examinedin this researchlook at the long-term effects of sub-optimal
rearing temperatures on 1) swim performance and metabolism and 2) thermal stress
responsiveness using transcriptomics. Experiments will continueto examine the effects of
sub-optimal incubation temperatures anddaily heat shocks on thermal tolerance in Lake
Whitefish.

Master Created: 17Apr2020 9:59



Approved for Issue - VERIFY STATUS PRIOR TO USE

PUBLIC

B-REP-07000-00012 Rev 000 May 1, 2020

Page 208 of
297

2019 ENVIRONMENTAL PROTECTION REPORT

Swim tunnels were attempted unsuccessfully with 18-month-old Lake Whitefishbut may be
tried again with 2.5-year-old Lake Whitefishin the future.

Juvenile Lake Whitefish (embryos reared at 0, 2 or 5°C “C and held at 14-16°C) aged 19 to 20
months old were exposed to 6°C heat shocks for two hours followed by varied recovery
periods of 4-48 hours inlength. Transriptomic (mRNA) profiles will be obtained from this
experiment.

Lake Whitefish embryos werereared at seasonal, elevated seasonal or seasonal plus daily
heat shock groups. Larvae from the elevated seasonal groupin this experimentwere found to
hatch earlier and have a higher critical thermal maximum tharthose inthe seasonal or
seasonal plus daily heatshock group. No morphometric differences were foundbetween
groups. Heat shock experiments were completed on these larvae to examine the threshold
for heat shock protein inductionwith heat shocks from 0 to 12°C. Work examining stress
genes inlarvae from these groups is ongoing.

Thermal effects in spring spawningfish

Obtainingyellow perch embryos for experiments continues to be challenging and researchers
are working to develop a collaborative network at multiple site across Ontario to ensure
embryos are obtained during the very short spring 2020 spawningseason.

Population structure of Lake and Round Whitefishand Yellow Perch

The research continues to expand upon the population structure work from prior Whitefish
research. The recent focus has been on developingthe use of single nucleotide
polymorphisms (SNPs) as atool for investigatingWhitefishpopulation structure. The data
analysis has explored the trade-off between the cost of DNA sequencing andthe resolution
power provided by the resulting SNP data. Specifically,Search Bay shows relatively strong
differentiationfrom the other sites withinthe lake, while North Point and Hammond Bay
showed slight differentiation irthe ordinationand maximum likelihoodapproaches. The area
around Bruce Power shows no genetic differentiationin all three analyses with Scougall Bay,
Douglas Point, McRae Pointand Fishing Islands having very littledifferentiation. This
indicates thatthere is notlikely a distinct lakewhitefishpopulationin the Bruce Power area.
On a larger scale, preliminary results suggest that the genetic diversity ofLake Whitefishmay
be higher outside ofthe Great Lakes region. The SNP Whitefishgenetic populationstructure
manuscript has been accepted for publication.

Researchers are continuingto develop a network to facilitatethe collection of Round Whitefish
specimens from additional sites in LakéHuron. This species is notcommercially harvested
and is therefore only available via targeted netting, such as that done by government and
tribal biologists for population monitoring.These specimens will beused to delineate the
population structure of Round Whitefishin Lake Huron using SNPs.
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Researchers are also developinga network to collect Yellow Perch specimens from Lake
Huron. Two specimens are currently available and will be used to pilot basic genomic
characterizationfor Yellow Perch.

Lab evaluationis inprogress for the completion of bulk- and compound-specific stable
isotopes analyses of Lake and Round Whitefishand Yellow Perch from a variety of sites in
Lake Huron.

10.1.1.2 Outcomes

Table 53
Scientific reports for Aquatic Biota

Graham, C.F., Boreham, D.R., Manzon, R.G., Stott, W., Wilson, J.Y., and Somers C.M. How Publication
“simple” methodological decisions affect interpretation of population structure based on

reduced representation library DNA sequencing: a case study using the lake whitefish. Accepted

to PLOS One

Mitz, C., Thome, C., Cybulski, M.E., Somers, C.M., Manzon, R.G., Wilson, J.Y., and Boreham, D.R.,  Publication
2019. Thermal dependence of size-at-hatch in the lake whitefish (Coregonus clupeaformis).

Canadian Journal of Fisheries and Aquatic Sciences 76:2069-2079.

Eme, J., Mueller, C.A., Lee, A.H., Melendez,C., Manzon, R.G., Somers, C.M., Boreham, D.R., and Publication
Wilson, J.Y. 2018. Daily, repeating fluctuations in embryonic incubation temperature alter

metabolism and growth of Lake whitefish (Coregonus clupeaformis). Journal of Comparative

Physiology B, 226:49-56.

Lim, M., Manzon, R.G., Somers, C.M., Boreham, D.R., and Wilson, J.Y., 2018. Impacts of Publication
temperature, morpholine, and chronic radiation on the embryonic development of round

whitefish (Prosopium cylindraceum). Environmental Toxicology and Chemistry, 37:2593-2608.

Hulley, E.N., Taylor, N.D.J., Zarnke, A.M., Somers, C.M., Mazon, R,G., Wilson, J.Y., and Boreham, Publication
D.R., 2018. DNA barcoding vs. morphological identification of larval fish and eggs in Lake Huron:

advantages to a molecular approach. Journal of Great Lakes Research 44:1110-1116.

Morgan, T.D.; Graham, C.F.; McArthur, A.G.; Raphenya, A.R.; Boreham, D.R.; Manzon, R.G.; Publication
Wilson, J.Y., Lance, S.L.; Howland, K.L.; Patrick, P.H.; Somers, C.M., 2018. Genetic population

structure of the round whitefish (Prosopium cylindraceum) in North America: multiple markers

rev eal glacial refugia and regional subdivision. Canadian Journal of Fisheries and Aquatic

Sciences, 75:836-849.

Sreetharan, S., Thome, C., Tsang, K.K.; Somers, C.M.; Manzon, R.G.; Boreham, D.R.; Wilson, J.Y., Publication
2018. Micronuclei formation in rainbow trout cells exposed to multiple stressors: morpholine,

heat shock, and ionizing radiation. Toxicology In Vitro 47:38-47.

10.1.1.3 2020 Research Plan

Thermal effects in Lake and Round Whitefish hatchlings and juveniles

Researchers will continueexperiments examiningthe effects of embryonic sub-optimal
temperature on temperature preferences in Lake Whitefish. Tissue processingand
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preparation of samples for RNA seq submissionwill continue alongwith transcriptome
assembly and transcriptomics data analysis.

Pending sufficient embryos,researchers will conductsub-optimal incubationtemperature
experiment to assess the short-term impacts of embryonic incubation temperatureon the
stress response using transcriptomics. Also pending sufficient embryos, chronic irradiation
exposures and repeat assessment of proposed thermal regulatory limits will berepeated in
Round Whitefish.

Thermal effects in spring spawningfish

Researchers plan to initiatestudies onrearing and development of Yellow Perch embryos and
on sub-optimal temperaturein Yellow Perch embryos and juveniles.

Population structure of Lake and Round Whitefishand Yellow Perch

Researchers will publishthe manuscripton developing the use of single nucleotide
polymorphisms (SNPs) as atool for investigatingWhitefishpopulation structure. Collaborative
network development for specimen collectionfor Round Whitefishand Yellow Perch in Lake
Huron will continue. Stable isotope contract services will beestablished.

10.1.2  Thermal Study (2016-2020)

The Thermal Study research program is intended to develop and improve technology for
substrate temperature monitoring. This includes examininghe accuracy of aerial thermal
scans. The program intends to explore theeffect of the substrate on temperature changes
experienced by aquatic biota.

10.1.2.1 Research Activities andResults

Data from 2 winters of simulated thermal flume Lake Whitefish embryoincubationswas
compiledinto a manuscriptthat was submitted for publicationin 2019.

10.1.2.2 Outcomes

Table 54
Scientific Reports for the Thermal Study Research

Ciezaldo, M., 2018. Assessing the effectiveness of airborne thermal technology for delineating environmental MSc thesis
thermal effluence. Lakehead University, Thunder Bay, 2018

10.1.2.3 2020 Research Plan

Researcher plan to complete the publicationof work related to the modifyingeffects of
spawning ground substrate on the temperatures experiencedby Lake Whitefish embryos
incubatingwithinthe substrate.
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10.1.3

10.1.3.1

10.2

10.2.1

Biodiversity (2019-2020)

Spotted Turtles (Clemmys guttata) are an endangered species inOntario, and worldwide.
The Biodiversity researchprogram is workingtowards enhancingthe knowledge about this
endangered species inOntario.

The project will examine thedaily movements, location, range, hibernationsite and average
daily movement of Spotted Turtles duringlow and high lake-level years. The project will also
examine the impact of flooding events onthe reproductive rates ofthe populationand the risk
of population extinction. This will provideinformationregarding the impact of climate change
on aquatic systems andimpacts on threatened or endangered species.

Both mark-recapture and radio transmitters are beingused to survey Spotted Turtle
populations.

2020 Research Plan

Data collection for the project will continueuntil December 2020.

Public Health Research Programs

The public health low-dose radiation effects researchprograms at NIl are focused on
improving our understandingof how radiationimpacts biological systems. Programs explore
both cancer and non-cancer endpoints relatedto removing background radiation, radiation
exposure during sensitive lifestages and to specific organs duringmedical diagnostics,witha
focus on the low-dose range. Goals of the public health low-dose radiation effects research
programs include:

o Contribute to basic radiation science particularly inthe low dose range, to understand
how radiation impacts biological systems

o Inform regulations and practices for medical andoccupational radiationexposure in
Canada and internationally

Ultra-Low Dose (2016-2022)

The laboratory establishedin the Sudbury Neutrino Observatory Laboratory (SNOLAB) will
allow researchers to examine the biological effects ofprolonged exposure to a sub-natural
background radiationenvironment. The 2 km of overhead rock effectively shields outcosmic
radiation. Because livingorganisms have evolved inthe continual presence of natural
background ionizing radiationresearchers believe itis essential for life andhelps to maintain
genomic stability. Prolonged exposure to sub-background radiationenvironments will
therefore be detrimental to biological systems.
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10.2.1.1

The ultra-low dose research program has explored the effect of ultra-low levels of background
radiationon Lake Whitefishembryo survival and development. Single-cell models grown in
typical ambient radiationand under ultra-low dose Sudbury NeutrinoObservatory Laboratory
(SNOLAB) conditions will be evaluatedfor markers of cancer development including mutation
frequency, chromosomal aberrations anddifferentiation. The effect of irradiationon single cell
models and Lake Whitefishembryos raised under ambient and ultra-low-dose conditionswas
determined and the results have been submitted for publication.

In 2018, this project successfully received a5-year NSERC grant to match the Bruce Power
funding and will now be extended until 2022. Additional matchingfunding from Mitacs for a
SNOLAB postdoctoral fellow was obtainedin 2019 for three years.

Research Activities andResults

Low-Radon SpecializedTissue Culture Incubator

Due to radiological decay inthe surrounding rock, underground radon levels are higher than
on the surface (approximately 130 Bg/m* underground compared to 5 Bg/m? on surface). A
low-radon specialized tissueculture incubator was installedunderground to reduce radon
levels below natural background and allow researchers to achieve muchlower radiationlevels
underground compared to the surface.

In 2019, training andtesting of specializedtissue culture incubator monitoringsystems was
completed. This included work toquantify and calculate the levels of natural background
radiation(NBR) components (i.e.,radon, gamma, neutrons) inthe SNOLAB, both inthe
underground Researching the Effects of the Presence and Absence of lonizingRadiation
(REPAIR) laboratory and withinthe custom low-radon glovebox, and above ground laboratory.
This work demonstrated that the low-radon specializedtissue culture incubator successfully
reduced the major component gamma, neutron and radon radiological contaminants toa sub-
NBR environment Methodology for the transportationand growth of cell lines in the
underground laboratory was tested in preparationfor longer-term experiments.

Cell Culture System

Preliminary work has beenprogressingin the NOSM laboratory withthe cell culture systems
and endpoints to be used underground. In 2019, the radiationdose response for cell
transformation (i.e. how often a normal cell becomes tumorigenic) characterization began.

Adaptive Response in Yeast

The adaptiveresponse is a process where cells previously exposed to low doses ofa stressor
obtain a level of resistance as aform of protection against subsequenthigher doses ofthe
same or differentenvironmental stress. A number of different stressors have been shown to
induce the adaptive response, particularly ionizing radiation and thermal stress. To better
understand the adaptive responseand the molecular mechanisms underlyingthe biological
effects of low dose stressors, three different strains of yeast (Saccharomyces cerevisiae) were

used as test organisms and subjected to thermal stress. The three strains of yeast include the
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BY4743 wild type strainwhichis the parental strainused to create collections ofgene deletion
mutants and two genetically engineered strains providedy the BioSentinel Groupat NASA
Ames Research Center. The BioSentinel strains consist ofa wild type strain anda
radiosensitiverad51 deletion mutant strain. Collaboration between NOSM/NII and NASA will
study how these yeast strains respondto high dose space radiation(while travelling indeep
space) compared to ultra-low shielded space radiationin SNOLAB.

Heat shock response in the three yeast strains was assessedto determine a) the degree of
cell killingand b) the optimal timing for thedelivery ofa primingheat shock to initiate an
adaptive response prior toa higher heatshock. After determiningthe optimal dose of thermal
stress to induce an adaptive response, wholetranscriptomic analysis was performedto
identify all themolecular pathways involvedin initiatingand maintaining this adaptive
response. Evaluation ofthe transcriptomic datarevealed that all three strains of
Saccharomyces cerevisiae showed a distinctmolecular response to the thermal stress when
compared to the untreated controls. Preliminary data suggestthat genes associated with
protein folding, nutrientmetabolism and reproduction are significantly alteredduring the
thermal adaptive response in this study.

Low dose radiation andtumorigenesis

The research lab utilizes the CGL1 human hybrid cell system to study the effects of Low Dose
Radiation (LDR) ontumorigenesis(i.e., tumor growth). This cell-linewas derived from the
hybridizationof a tumorigenic HeLacell and a normal human fibroblastresultingin a non-
tumorigenic cell line. Research has demonstrated that LDR inhibits thebaseline levels of
tumorigenesis in theCGL1 model. Consequently, LDR reduces cancer risk and risk is not
linear and proportional todose. The projectis studying themolecular mechanism responsible
for LDR-mediated inhibitiorof tumorigenesis usingadvanced omics-based approaches.
Researchers have establishedthe CRISPR gene editingtechnology at NOSM. The research
lab is now capable of augmenting research with precise gene-editingtechnology enablingthe
lab to perform state-of-the-art molecular mechanistic studies.

Epigenetic biomarkers for low doseradiation exposures

LDR can alter the “molecular marks” on the DNA without causing gene mutation. The
“molecular marks” on the DNA allows the cells to alter its functiondepending onthe location of
these “marks”. These “molecular marks” are referred to as “epigenetic modifications”.
Epigenetic modificatiorcan result in altered cellular functions thatcan ultimately translateinto
altered health outcomes. The overall objective ofthis research project is toinvestigate
whether LDR mediated epigenetic changes are an underlying mechanism by whichLDR alters
cell phenotypes.
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10.2.1.2 Outcomes

Table 55
Scientific reports for the Ultra-low dose (SNOLAB) research

Pirkkanen, J., Boreham, D., Mendonca, M., 2017. The CGL1 (HeLa x normal skin fibroblast) human hybrid cell Publication
line: A history of ionizing radiation induced effects on neoplastic transformation and novel future directions in
SNOLab. Radiaion Research 188(4.2):512-524

Thome, C., Tharmalingam, S.,Pirkkanen, J., Zarnke, A., Laframboise, T., Boreham, D., 2017. The REPAIR Commentary
project: Examining the biological impacts of sub-background radiation exposure within SNOLAB, a deep
underground laboratory. Radiation Research 188(4.2):470-474

Pirkkanen J, Tharmalingam$S, Morais IH,Lam-Sidun D, Thome C, Zarnke AM, Benjamin LV, Losch AC, Publication
Borgmann AJ, Sinex HC, Mendonca MS, Boreham DR, 2019. Transcriptomic profiling of gamma ray induced

mutants from the CGL1 human hybrid cell system reveals novel insights into the mechanisms of radiation

induced carcinogenesis. Free RadicalBiology and Medicine, 145:300-311. doi:

10.1016/j.freeradbiomed.2019.09.037.

10.2.1.3 2020 Research Plan

The results of the specialized tissueculture incubator bio-dosimetry,showing that the system
is as close to zero radiationas experimentally possible,will be prepared for publicationand
submitted.

The radiationdose response for cell transformation (i.e. how often a normal cell becomes
tumorigenic) characterizatiorwill be completed.

Cell culture experiments will beginunderground in 2020. Researchers will beginto determine
the level of reactive oxygen species (ROS) as aresult of ultra-low dose background radiation
and the gene expression of ROS scavenging proteins. These studies will includethe
comparison of data from the surface labs inSudbury and Thunder Bay and the underground
SNOLAB.

Over the next year, the yeast strain genes that have shown the greatest alterations will be
further evaluated using strains of yeast that are mutated to specifically deletethe major genes
identifiedin the adaptive response. The differentially expressedgenes will be analysed using
sophisticatedbioinformatics softwaredesigned to determinewhich molecular pathways are
associated with the altered gene expression. The transcriptomic dataproduced will link the
adaptive response phenotype to the molecular mechanisms involvedin this response. The
work will support NASAin understandingcellular response to environmental stress.

Additionally,adaptive response in yeastresearch inthe next year will includelooking at the
adaptive response induced by ionizingadiation andevaluating the transcriptomic response.
This work is inpreparation to duplicate these studies withinthe sub-natural background
radiological (NBR) environment othe SNOLAB. This partof the study aims toexplore the
hypothesis thatthe absence of NBR will lead to the absence of the adaptive response.
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10.2.2

10.2.2.1

Human cells adapted inan ultra-low dose environment(SNOLAB), and above ground low
dose exposure will be usedto identify epigenetic biomarkers thatinderlie ultra-low dose and
low dose radiationexposures.

Radiation Hormesis (2018-2020)

More than 90% of animals are arthropods and of these, insects crucially mediatehealth and
function of diverse terrestrial and most freshwater ecosystems. Radiation contaminationcan
significantly impact arthropodiunction, density and diversity, but the subject remains
understudied. NII (inassociationwith the Mitacs and NSERC funding Agencies) has
supported comprehensive studies of radiation impacts on amodel insect— the domestic
cricket, Acheta domesticus. Lifetime studies ofradiationimpacts onlongevity, growth,
maturation, reproduction, cognition andbehaviour can be obtainedin months withcrickets
(rather than years required for vertebrates). The small size of crickets allows large sample
sizes and low costs. Most results withinsects, includingbiomarkers of stress and radiation
impacts, can be extrapolated to vertebrates due to similarregulatory and functional aspects.

Gene expressionis associatedwith methylation status, and methylation-supportingdiets have
proven effective inoffsetting impacts ofmutations. In general, radiation reduces global
methylation and methylation alsodeclines with age. Some suggest that radiationinitially
reduces methylation but that methylation may subsequently increaseas a defensive
response. Alterations in methylation status havebeen reported from radiation-contaminated
environments. As a result, a dietary supplement that wouldenhance methylation processes
under radiation exposuremight be of value inlimitinglosses or potentially enhancingdefense.
A radio-protectiveantioxidant enhanced dietwill be tested in crickets. This dietmay have
applications inthe space program, the military and thenuclear power industry.

Research Activities andResults

Juvenile crickets (Acheta domesticus) were irradiated andfollowed for growth, maturation,
longevity, fecundity,motor and cognitivestatus, reproductiveimpacts andimmune system
function.

The impact ofradiationon the growth, reproductionand social and sexual behaviour of
crickets is beingexamined. Experiments exposed crickets to2Gy to 12Gy of radiationas 2-
week old juveniles. Cricket matingis dependenton male acoustic cues andboth male and
female chemical cues. At lower radiationdose ranges, no change in acoustic matingcues
was noted but at higher doses radiationdamage to wings interfered withsingingto the degree
that mating was no longer possible. A paper was submitted describingthese changes.
Growth, maturation timeand maturation mass of male crickets irradiatedas juveniles were
recorded along with hatching success and biomarkers for immunological changes DNA
damage and stress resistance.

The radio-protective antioxidanenhanced diet irradiations arein progress. Preliminary results
show that the radioprotectivediet effectively protectscrickets and alters maturationrate.
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10.2.2.2 Outcomes

Table 56
Scientific reports for the Ultra-low dose (SNOLAB) research

Lemon J.A., Aksenov, V., Samigullina, R., Aksenov, S., Rodgers, W.H., Rollo C.D., Boreham, D.R. 2016. A Publication
multi-ingred ent dietary supplement abolishes large-scale brain cell loss, improves sensory function, and
prevents neuronal atrophy in aging mice. Environ.Mol. Mutag. 57: 382-404.

Tran, J. 2017. Impacts of low-dose ionizing radiation on life history and immunity in the MSc Thesis

cricket, Acheta domesticus L. M.Sc Thesis Online by McMaster, 2018:
https://macsphere.mcmaster.ca/handle/11375/22131

Shephard, A.M. 2017. Effects of early life ionizing radiation exposure on the life-history of the cricket, Acheta  MSc Thesis
domesticus. M.Sc Thesis, McMaster University September 2017 Online McMaster 2018:
http://hdl.handle.net/11375/22201

Shephard, A., Aksenov, V., Rollo, C.D. 2018. Hormetic effects of early juvenile radiation on adult reproduction  Publication
and offspring performance in the cricket (Acheta domesticus)" Dose Response July-September 2018:1-7

Fuciarelli,T. 2019. Transgenerational and reproductive impacts of acute early-life radiation on the house MSc Thesis
cricket, Acheta domesticus. M.Sc. Thesis, McMader University. Published Online by McMaster University.

10.2.2.3 2020 Research Plan

10.2.3

10.2.3.1

Chemical cricketmating cue, growth, maturationtime and mass and hatching success data
analysis will be completedfor the irradiatedcrickets. Biomarker analysis is inprogress.
Experiments examiningthe potential for early irradiation to induce resistance to subsequent
doses will be completed.

Fetal Programming (2015-2020)

The fetal programmingresearch program explores the effects of radiation exposureduring
pregnancy (fetal programming) inmice on cardiovascular and metabolic diseaseendpointsin
offspring. The effect of low-dose radiationin attenuatinginduced fetal programmingwill also
be explored. This research is importantfor the medical communityto help characterize risks
associated with radiationexposure during pregnancy. Sources of radiationexposure include
both diagnostic imagingexposure and occupational exposure.

The research is relevant to NIl inadding to the knowledge base used to set dose limits and
determine regulations surroundingoccupational radiationexposure in pregnancy.

NIl funding for this researchis matched by a peer-reviewed NSERC grant.
Research Activities andResults

In 2018, two additional cohorts ofmice were irradiated in utero at 10, 100 and 1000mGy to
assess changes inlung development. One of the cohorts received an induced acute lung

injury to assess radiation-inducedpulmonary immuneresponse. Also in2018, a cohort of
C57BI/6J micereceived no treatment, a sham salineinjectionor a dexamethasone steroid
injectionto examine the effects of glucocorti coid-inducedfetal programming.
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In 2019, behavioural testingand gene expressiondata analysis was completedto correlate
changes in offspringbehaviour withcellular changes. From the mice that underwent
behavioral testing,tissue analysis of gene expressionwas completed to look at various genes
involvedin a number of cellular pathways and to look for reactive oxidative species thatwould
indicate potential stress thatdid not show a behavioral response. Gene expressionchanges
were only detected for one gene at 1000 mGy. There were no significant changes inprotein
expression. There was a significantincrease in glycogen content inthe heart at higher doses,
indicating increasedglucose storage in hearttissuein response to adverse conditions. There
were significantchanges inenzyme activity relatedto the cellular response to oxidative stress
caused by radiation. This datawas incorporated with micro Positron EmissionTomography

(PET) data for publication (currently under review).

The assessment of the outcomes of glucocorti coid-inducedfetal programmingincludingPET
imaging, glucose tolerance tests and tissue collection was completed in2019. PET imaging
showed some significantdifferences in glucoseuptake inthe brown adipose (fat) tissue

related to dexamethasone treatments but no differences in thebody weightof offspringor in

the weight or size ofthe adipose (i.e., fat) tissue.

Additional work related to thedevelopment of pulmonary testing endpoints andthe

development of an Acute Lung Injury Model to include prenatal radiationexposure continues
in collaboration with Study #5 (Prenatal Exposure to Diagnostic Radiation) irthe Genetic

Models of Risk project.
10.2.3.2 Outcomes

Table 57
Scientific reports produced for Fetal Programming research

Sreetharan, S., 2017. Prenatal ionizing radiation exposure effects on cardiovascular health and disease in
C57B1 mice.MSc thesis, McMaster University,September 2017

Sreetharan S, Thome C, TharmalingamS, Jones DE, Kulesza AV, Khaper N, Lees SJ, Wilson JY, Boreham
DR and Tai TC.lonizing radiation exposure during pregnancy: effects on postnatal development and life.
Radiation Research 187(6):647-658

Puukila,S.,Lemon, J., Lees, S., Tai, T.,Boreham, D., Khaper, N., 2017. Impact ofionizing radiation on the
cardiovascular system: A review. Radiation Research 188:539-546

TharmalingamS, Sreetharan S, Kulesza AV, Boreham DR and Tai TC. Low dose ionizing radiation
exposure, oxidative stress and epigenetic programming of health and disease. Radiation Research
188(4.2):525-538

Davidson, C., Phenix,C.P., Tai, T.C., Khaper, N.K., Lees, S.J., 2018. Search for a novel PET probe for
cardiac inflammation detection. Am. J. Nucl. Med. Mol. Imaging.In Press.

Sreetharan S, Stoa L, Cybulski ME, Jones DR, Lee AH, Tharmalingam$S, Kulesza AV, Boreham DR, Tai TC
and Wilson JY. (2019). Cardiovascular and growth outcomes of C57BI mice offspring exposed to maternal
stress and ionizing radiation during pregnancy. InternationalJournal of Radiation Biology. 95(8): 1085-1093.

MSc thesis

Publication

Publication

Publication

Publication

Publication
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Davidson CQ,Phenix CP, Tai TC, Khaper N and Lees SJ. (2018) Searching for novel PET radiotracers: Publication

imaging cardiac perfusion, metabolism and inflammation.American Journal of Nuclear Medicine and
Molecular Imaging. 8(3): 200.

10.2.3.3 2020 Research Plan

10.2.4

10.2.4.1

The x-ray irradiationcabinet set-up will be completed. This will allow mice to beirradiated
withinthe animal facility,minimizingtransportation stress.

Behavioural testingand gene expressiondata analysis results will besubmitted for
publication.

The assessment of the outcomes of glucocorti coid-inducedfetal programmingincludingPET
imaging, glucose tolerance tests and tissue collection and protein expression studies
examiningvarious antioxidant proteins results will be submitted for publication.

The results of the effects of radiationexposure on modulating an acute lung injury stimulus will
be submitted for publication.

Genetic Models of Risk (2016-2019)

The genetic models ofrisk program explores the effects oflow dose radiation inthree ways.
First, the biological effects oflow-dose radon exposure are being explored in cellular and
invertebrate models. Second, the effects of low-dose radiationon immune function are being
examined. Finally, the associationbetween low-dose radiationexposure and acute lung injury
in both animal models and human hospital patients is beingobserved.

Research Activities andResults

2019 RESEARCH COMPLETED

Study #1: Immunological Effects

Aim: To conduct an assessment of the acute immunological effects ofclinically relevant
radiationdoses ina rat model.

Progress: Institutional ethics approval obtained. Rats (n=90) were irradiated using the X-RAD
320 (PrecisionX-Ray) withwhole body single doses of 0 (sham), 20, 200 mGy or 4Gy before
assessment at 30 min, 4 and 24 h post irradiation. A manuscriptdescribingthe effect of
irradiationon the pulmonary and immune function of Sprague Dawley rat model was
submitted in2019. Spleen tissue underwent gene array analysis for DNAdamage, apoptosis,
cell cycle panels and RNA.

A manuscriptwill be prepared in 2020 to publish theresults of the gene array analysis.
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Study #2: ICU Radiation Exposure

Aim: To conduct a retrospective audit ofdaily and cumulativeradiationexposure over the
course of hospital admissionin Intensive CareUnit(ICU) patients andin pregnancy.

Progress: A chart audit for radiation exposurereceived by pregnantwomen admitted to
hospital receivedethical approval in2019. Data collection and analysis are completeand a
manuscript was submitted for review.

Publicationof a manuscript describingdiagnostic radiation exposurein pregnant women
admitted to hospital is expectedin early 2020.

Study #3: Cell Lines

Aim: To understand the effect of both diagnostic (i.e., x-rays) and occupational (i.e., radon)
radiationon cell viability, proliferation, RNAand protein expression.

Progress: Irradiations werecompleted using the X-Rad 320 irradiator for diagnostic exposure
(200mGy) of respiratory epithelial cell ineA549. The more radiation sensitive CGL1cell lines
was established and irradiated.

Cell lines will betransported to radon chamber and radon exposure will be initiatedor both
A549 and CGL1 cell lines in 2020.

Study #4: Radon Exposure

Aim: To examine the acute immunological effects ofenvironmentally and occupationally
relevant doses of inhaled radon gas in a healthy rat model.

Progress: Thisresearch program continued to examine clinically andenvironmentally
relevant doses of x-ray and inhaled radon radiationon pulmonary immune response. These
immune responses include oxidative stress,acute physiological andlonger-term tissue repair
and fibrosis in ratmodels. Parallel in vitro experimental programs have been being
established at Flinders University and at NOSM laboratories. These programs will examine
radon and x-ray effects on cell lines atdoses ranging from absolute zero (SNOLAB) to those
mimickingdiagnostic, environmental andoccupational exposures. A radon chamber was built
at Flinders Medical Centre. Dosimetry otthe new chamber was establishedin2019. A
manuscriptis inpreparationto describe radon chamber dosimetry.

In 2020, pilotanimal studies will startin the radon chamber. The radon chamber dosimetry
manuscript will be submitted for publication.

Study #5: Prenatal Exposure to Diagnostic Radiation

Aim: To investigatethe developmental effects on the respiratory system and pulmonary
immunology of ionizingradiation-inducedfetal programming inan acute lung injury model.
This is incollaboration with the Fetal Programming project.
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Progress: Two cohorts of mice were irradiated toestablish the baseline model in C57/BL6
mice and to examine the effect of radiation oninduced Acute Lung Injury (ALI). Data
collection and tissue analysis was completedfor the cohorts examining theeffects of radiation
on induced ALI. Manuscript preparation and submissionof the results for both cohorts are in
progress.

In 2020, a manuscript describingthe results of radiation-inducedacute lung injury inrats will
be submitted for publication.

Study #6: Lipopolysaccharide RadiatiorExposure Study

Aim: To examine the acute immunological effects ofenvironmentally relevant doses of
radiationin a lipopolysaccharidemale Sprague-Dawley rat model. Lipopolysaccharides (LPS)
are endotoxins and are trigger highlevels of immune response. LPS are linked to septic
shock and other acute immune-responserelated illnesses inhuman.

In 2018, Male Sprague-Dawley rats (n=28) were inoculated with3mg/kg of LPS. After 20
hours rats were irradiated (X-RAD 320) withwhole body single dose of20 mGy or 0 (sham).
In 2019, data analysis for cell response, physiology and protein expressionwas completed
and a manuscript submittedto describe the results. Publicationof this manuscriptis expected
in 2020.

10.2.4.2 Outcomes

Table 58
Scientific reports produced for Genetic Models of Risk research

Puukila, S., C. Thome, A.L. Brooks, G. Woloschak, and D.R. Boreham. 2017. The role of radiation induced Publication
injury on lung cancer.Cancers. 9:89

McEvoy, J., Hooker, A.M., Boreham, D., Dixon,D.L., 2019. Auditof single and cumulaive diagnostic Publication
radiation exposures in patients admitted to the intensive care unit. J Citr Care. 21(3):212

Puukila, S., Muise, S., McEvoy, J., Hooker, A.M., Boreham, D.R. Dixon, D.I., 2019. The effect of low dose Publication
diagnostic levelradiation onthe lung and spleen in an In Vivo model. Int J Rad Biol, 29:1-32.

Jobson, S., 2018. Modulation of the immune response to viral and bacterial stimulants. B Med Sci (Honours), BSc Thesis
Flinders University, Adelaide, Australia

McEvoy, J., 2019. Diagnostic exposure of ionizing radiation and its long-term effects. PhD cotutelle between PhD Thesis
Flinders University, Adelaide, Australia and McMaster University, HamiltonCanada

10.2.5

Radiation Tools (2015-2019)

The radiationtools research programs aims to develop new radiationdetectors to measure
the dose and impact of realistic low-doseradiation exposure. Fundingis being providedjointly
by the CANDU Owners Group and Bruce Power as part of a larger NSERC CRD project.
Bruce Power fundingis beingused for proton microbeam detector development.
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10.2.5.1 Research Activities andResults

A microbeam is avital probein modern radiationbiology experiments. However,
instrumentationof a proton or alpha microbeam facility is extremely challengingnd only a
small number of laboratories offer these microbeams worldwide. The McMaster proton
microbeam projectbegan in 2005 and a dedicated proton collimationand control system has
been built. To conduct radiationbiology experiments usinga microbeam, the number of
protons hittinga cell, or another biological target mustbe accurately controlled and therefore,
reliable operation ofthe proton counter is vital.

In 2019, researchers fabricateda 50um thick CVD diamond detector andtested its signal
performance using an alpha source.

10.2.5.2 Outcomes

Table 59
Scientific reports produced for Radiation Tools research

Tong, X., Thompson, J., Byun, S.H., in press. Development of a scCVD diamond detector as a transmission- Publication
type alpha particle counter. Nucl. Instr. Meth. A.

10.2.5.3 2020 Research Plan

10.2.6

10.2.6.1

In 2020, researchers are fabricatinga thinner diamond detector (1Qum thick) and the
technology required tofabricateit. Once the thinner diamonddetector is fabricated,it will be
performance tested.

Lens of the Eye (2017-2021)
Research Activities andResults

The lens of the eye program aims to investigatethe development of cataracts following
exposure to ionizing radiationlonizing radiationexposure to the lens of the eye is a known
cause of cataracts. Historically,itwas believed thatthe threshold dose for cataract formation
was 5 Sv and annual equivalentdose limits tothe lens were set at 150 mSv. The
International Commissionon Radiological Protection(ICRP) and International Atomic Energy
Agency (IAEA) have now reduced their threshold dose estimate for deterministic effects t00.5
Gy and are now recommendingan occupational limitof 20 mSv per year, averaged over 5
years, up to a maximum of 50 mSv ina single year.

In 2018 and 2019, an epidemiological study was completed toexamine the association
between patient exposure to multiple head CT scans and subsequent cataract formation. A
research proposal was submittedto the Institute for Clinical EvaluativeSciences (ICES)
outlining aproject to identify ifthere is a correlationbetween CT scans and cataract surgery in
Ontario. The data set contained all individuals residingn Ontario between 1994 and 2015 (22
years), resultingin a sample size of over 16 million. Several groups were excluded from the
analysis: individuals witha history of congenital/trauma inducedcataracts or anyone receiving
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radiotherapy for head and neck cancers. Data were extracted on the presence/timingof
cataract extraction surgery as well as the number and timing of head CT scans received.
Subjects were grouped based on the number of CT scans they received from Oto 10+ (5-year
lag) or 6+ (10-year lag). Data were also extracted for covariates to include inthe analysis,
which have previously beenlinked to cataract formation. This included age, sex,diabetes,
hypertension and previous intraocular surgery. The full data set was analyzed usinga
multivariatecox proportional hazards survival model with 5-year and 10-year lags. There is a
known latency period between radiationexposure and cataract formation, soitis unlikely that
any cataract occurringwithin several years ofa CT scan is due toradiation. The 5-year and
10-year lag omitted any CT scan from the analysis thatoccurred within5 or 10 years of a
cataract surgical procedure respectively. Overall, the multivariable cox model didnot show
any significantcorrelation between head CT scans and cataract extraction surgery.
Individuals receiving 1- 3 head CT scans didhave a small increasedrisk of cataract surgery.
However, individuals receivingt or more head CT scans did not have an increasedrisk. In
general, an inverse dose response was observed, where the cataract risk decreasedas the
number of CT scans increased. Therefore, the conclusion of this study is thationizing
radiationexposure associatedwithhead CT scans does notincrease the risk of cataract
formation. The paper was accepted for publicationin January 2020.

During 2019, researchers also began in-vitrostudies to investigatethe mechanism behind
radiationinduced cataracts. Despite the large number of epidemiological studies on radiation
cataracts, the exact mechanism by whichradiationexposure inthe lens can progress to
opacifications still remains unknown.lIt is hypothesizedthat radiation primarily interacts with
lens epithelial cells (LEC),one of the two cell types found withinthe human lens. DNA
damage and oxidativestress in LEC may result inimpaired differentiationproliferation and
migration. This could leadto a buildup of cells thereby reducing thenormal transparency of
the lens resultingin a cataract. Researchers are testingthis hypothesis usinga LEC cell line
cultured inthe laboratory.

10.2.6.2 Outcomes

Table 60
Scientific reports produced as part of the Lens of the Eye collaboration

Thome, C., Chambers, D.B., Hooker, A.M., Thompson, J.W. and Boreham, D.R., 2017. Deterministic effects to Publication
the lens of the eye following ionizing radiation exposure: Is there evidence to support a reduction in threshold
dose? Health Physics. 114(3): 328-343

Gaudreau K*, Thome C*, Weaver B, Boreham DR. Cataract formation and low dose radiation exposure from Publication
head computed tomography (CT) scans in Ontario, Canada, 1994 — 2015. Radiat Res.February 4, 2020,
online ahead ofprint *Co-firstauthor.

10.2.6.3 2020 Research Plan
In 2020, lens epithelial cell lines will be exposed to ionizing radiation at differentdoses and

dose rates. Researchers will investigatewhether there is a doserate dependency for
radiationinduced effects as well as determinewhat the threshold is for long term physiological
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10.2.7

10.2.7.1

changes. Overall, these mechanistic studies will helpto further our understandingregarding
the level of risk for cataract formationfollowing low dose exposures.

Environment, Radiation & Health (2015-2019)

The Environment, Radiationand Health program is exploring theeffects of adaptive immunity
in prostate cancer patients whohave received radiationtherapy. A review ofthe Linear No
Threshold (LNT) radiationscience model is alsoin progress. Bruce Power funding for this
research is matched by aMitacs grant.

Research Activities andResults

Adaptive immunity inprostate cancer patients

Ethics approval for the low-dose half-body irradiationclinical trial was grantedby the Hamilton
Integrated Research Ethics Boardin June 2017. The clinical trial has 15patients currently
enrolled or completed to date.

In 2019, the clinical trial continuedo recruitthree additional patients. No major side effects
were reported, the most common minor problems were fatigue and minor short-term
decreases inwhite blood cell count, platelet and hemoglobinlevels. Recruitment, data
collection and analysis will continue. An amended ethical approval has beensubmitted to
allow recruitment of five additional patients whoare not on testosterone deprivationtherapy as
these patients have a more positiveresponse to the half body irradiation therapy.

A decisionregarding the amended ethical approval for the half body irradiation trial for
prostate cancer is expectedin 2020. The recruitment offive additional patients is planned if
ethics approval is received. If not approved, results will be complied for publicationin 2020.

LNT Review — Literature review

This project has substantially contributedto a comprehensive, industry-led, international
review of low dose radiation(LDR) biology. The project involved collaboration with world
renowned radiationbiologists resulting imumerous manuscripts thatwere published as a
special editionin the journal of Chemic-Biological Interactions. These manuscripts collectively
challenge the current model used for radiationrisk prediction,known as the linear no-
threshold (LNT) model. This model states thatradiation is always considerecharmful with no
safety threshold. These publications disputethis model and shows that low doses of radiation
provide numerous cellular advantages.

Three literature reviews werepublishedin 2019, including reviews of:1) cellular effects of
radiation, 2) areview ofthe Biological Effects oflonizing Radiation(BEIR) VI Radon report
and 3) the epidemiological modeling othe effect of ionizingradiationexposures
(Tharmalingham et al., 2019, Zarnke et al., 2019 and Ricci and Tharmalingham,2019). All
manuscripts associatedwith this projecthave now been published.

LNT review— Data re-analysis
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Researchers have been workingto investigatecancer risk dueto inhaled beta-gamma
emittingradionuclides in beagledogs. From the late 1960s through the 1970’s the Lovelace
Respiratory Research Institute conducted lifespan studies on beagles that inhaled a single
dose of "*Ce, 2°Sr, °°Y or °'Y imbedded inan insoluble fused aluminosilicatematrix. T his
existingdata is beingused to complete several studies.

Study #1 (Dose rate) is examiningthe role of dose-rate on cancer inductionin the lung
following inhalationof beta-gamma emittingradionuclides. Using the data collected from the
Lovelace studies, Bruce Power-funded researchers are re-analyzing the dose-rates of dogs
that developed lung cancer. Previous work calculatedthe dose rate using the cumulative
dose at death and over the lifespan. Since each emitter has adifferent half-life,the dose rate
used for previous work is believedto be incorrect. This study aims tocalculate the correct
dose rate and examineits association withung cancer induction. A manuscript of this work

was publishedin 2019.
Work related to other Lovelace data re-analyses is complete and published.
10.2.7.2 Outcomes

Table 61
Scientific reports for Environment, Radiation & Health

Puukila, S., Thome, C., Brooks, A., Woloschak, G., Boreham, D.,2017. The role of Radiation Induced Injury Publication
on Lung Cancer. Cancers 9(89)

Tharmalingam, S.,Sreetharan, S., Kulesza, A., Boreham, D., Tai, T., 2017. Lowdose ionizing radiation Publication
exposure, oxidative stress and epigenetic programming of health and disease. Radiation Research 188:525-

538

Leblanc, A., 2017. Préconcentration du plutonium dans les possions entiers par extraction au point trouble Preliminary
couplé a la spectrométrie alpha: Rapport préliminaire. M.ScUniversité Laval report
Tharmalingam, S.,Sreetharan, S., Brooks, A. L., and Boreham, D. R. (2019) Re-evaluation of the linear no- Publication
threshold (LNT) model using new paradigms and modern molecular studies. Chemicaobiological interactions

301, 54-67

Zarnke, A. M., Tharmalingam, S.,Boreham, D. R., and Brooks, A. L., 2019. BEIR VIradon: The rest of the Publication
story. Chemico-biologcal interactions 301:81-87

Ricci, P.F., and Tharmalingam, S., 2019. lonizing radiations epidemiology does not support the LNT model. Publication
Chemico-biological interactions 301:128-140

Puukila, S., Thome, C., Brooks, A.L., Woloschak, G., Boreham, D.R. , 2018. The influence ofchanging dose Publication
rate patterns frominhaled betaagamma emitting radionuclides on lung cancer. Int J Radiat Biol. 94(11):955-

966

Scott, B. R., and Tharmalingam, S., 2019. The LNT model for cancer induction is notsupported by Publication
radiobiological data. Chemico-biological interactions 301:34-53

Golden, R., Bus, J., Calabrese, E., Costantini, D., Borremans, B., Scott, B., Tharmalingam, S., Sreetharan, S., Publication

Brooks, A. L., Boreham, D. R., Zarnke, A. S., Kobets, A. M., Williams, G.,Clewell, R. A., Clewell, H.,
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Thompson, C., Ricci, P. F., and Williams, R. A. , 2019. An examination of the linear no-threshold hypothesis of
cancer risk assessment:Introduction to a series of reviews documenting the lack of bidogical plausibility of
LNT. Chemico-biologicalinteractions 301:147

10.2.8

10.2.8.1

10.2.8.2

NEUDOSE (2019-2022)

Started in 2015, NEUtron DOSimetry & Exploration (NEUDOSE, pronounced “new dose”) is a
satellite missionthat is beingdesigned and built by researchers at McMaster University to
measure the properties ofradiation to which astronauts areexposed while performing
spacewalks inlow-Earth orbit. The official website for the NEUDOSEsatellite project is
updated weekly and can be accessed at https://mcmasterneudose.cal.

Research Activities andResults

In 2019, the NEUDOSE project successfully completed the following Canadian Space Agency
milestones:

e  Mission Concept Review — hosted by McMaster University onJanuary 15" and 16",
2019

e  Preliminary Design Review — hosted by Western University on October 10" and 11",
2019

The project also implemented software for configuration anddata management and obtained
licenses for basic and advancedradio licensingfor team members to allow for communication
and commanding ofthe radio transceiver onthe satellite.

Initial modellingwork was completed on the electrical and power subsystem. A custom
mechanical structure was designed. A prototype flight computer was designedand is being
fabricated. Initial ground-stationdesign and testingis underway for the tracking telemetry and
command station. The final engineeringmodel for the data acquisition instruments to
measure the properties ofradiation inspace was redesigned and tested successfully.

2020 Research Plan

The solar power electrical and power subsystem prototype will be built and tested. A
preliminary mechanical structure engineeringnodel will be produced. The thermal responses
from the 2018 High Altitude Student Platform (HASP) balloon launch are being incorporated
into future thermal models. The potential for passivealtitude control to improve
communicationresponse and power generationis beinginvestigated. The prototype flight
computer will be tested. Tracking telemetry and command ground station testing will continue.
The final data acquisitioninstruments will be fabricatedand tested.
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10.3

11.0

Conventional Water Effluent

On August 23, 2018, quarterly EMEL samples were collected from the process effluent
Control Point0100 and shippedfor analysis. Final results were provided on August 31, 2018
with Rainbow Troutat 60% mortality and 20% immobilityDaphnia Magnahad 0% mortality
and 0% immobility. Further sample analysis indicatedthat elevated levels of nitritewere the
likely cause of the failure. Corrective actions to preventreoccurrence include an enhanced
monitoringprogram includingpre-release sampling for nitriteto ensure levels are acceptable
prior to each batch discharge. This enhanced monitoringprogram provides Bruce Power the
ability toidentify andprevent the discharge oftoxic effluent, and to better trend and
understand the potential source for of nitritegeneration. To date, we have not seen elevated
levels of nitritein this process effluent sump [R-127].

Following the Bruce A CP 0100 EMEL Acute Toxicity Failure in2018, pre-discharge sampling
for nitritewas initiatedfor one year with review todetermine long term requirements. This
samplingwas done to both prevent the discharge oftoxic effluentand to monitor for nitritein
an attempt to identify its source. Upon completion of one year of sampling no conclusive
determination ofthe source could be identifiedand although nitritewas detected regularly at
no time did the level approach known toxic levels.

CONCLUSION

Bruce Power’s mission is to provide clean, affordable and reliable energy for the province of
Ontario, as well as to provide life-savingmedical isotopes,while protecting the environment
and supporting our communities. Bruce Power has focused on innovation,returning the site
to its full operatingpotential, which contributes tothe efforts of the Province to combat the
impacts of climate change by providing cleanenergy. Ensuringenvironmental protectionhas
been a focus of the business sinceBruce Power was formed in 2001.

The Environmental Protection Program atBruce Power implements therequirements in
REGDOC-2.9.1, Environmental ProtectionPolicies,Programs and Procedures utilizingthe
framework outlinedin ISO 14001, Environmental ManagementSystems. This program
ensures the protection of human health and the environment.

The environmental protection program includes effluent monitoring,environmental monitoring,
waste management, spills managementand sustainability. Together, these programs ensure
Bruce Power adheres to all regulatory requirements as well as adopted environmental
standards and upholds Bruce Power’s social responsibility. The N288 series of environmental
standards, many of which are includedin the licence, provide instruction andguidance to
continue to improve the environmental protectionprogram and strive for industry excellence.

This report describes the effluent and environmental monitoringprograms related to Bruce
Power’s operations, as well as an overview of waste management. These programs are
within Bruce Power’s environmental management framework. They are developed,
implemented, periodically reviewedand enhanced where possibleto ensure environmental
protection. Monitoringof radiological, non-radiological (conventional and hazardous)
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12.0

substances and assessing the effect on human and non-human biota forms the basis for
demonstrating environmental protectionat a nuclear facility. The effluent and environmental
monitoringprograms are importantto our facility becauseat they ensure, through sampling
and analysis, that there are no negative effects from our plant operations on the environment
and the public.

Bruce Power strives to maintaina positive working relationshipwith those who have an
interestin our business. We are committed to open communications with community
members, Indigenous communities andall stakeholders. This reportincludes asummary of
Bruce Power’s key environmental protection and stewardship activities, beyond compliance
obligations, that occur within thelocal communities.

This reporton environmental protectionfulfills the reporting requirementoutlinedin section 3.3
of the licence as well as section 3.5 of REGDOC-3.1.1, Reporting Requirements for Nuclear
Power Plants.
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APPENDIX A: SMALLMOUTH BASS NEST LOCATIONS
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Figure 57
Smallmouth Bass Nest Locations in the Bruce A Discharge Channel, 2019
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Smallmouth Bass (A) Active, (B) Successful, (C) Abandoned) Nest Location
in the Bruce A Discharge Channel 2009 2019
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Figure 59

Smallmouth Bass Nest Locations in the Bruce B Discharge Channel, 2019
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Figure 60

Smallmouth Bass (A) Active, (B) Successful, (C) Abandoned) Nest Location
in the Bruce B Discharge Channel 2009 2019
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Figure 61
Smallmouth Bass Nest Locations in Baie du Doré, 2019
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Smallmouth Bass (A) Active, (B) Successful, (C) Abandoned) Nest Location

in Baie du Doré, 2009-2019
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APPENDIX B: RADIOLOGICAL ENVIRONMENTAL MONITORING QUALITY
ASSURANCE TESTING

Table 62
2019 - Eckert & Ziegler Analytics Test Results for Tritium in Water
Eckert &
Bruce Power | 4 standard | Ziegler
Quarter | Value Deviation Analytics | (VL+S.)/Va | (VL-SL)/Va
(Su) Value VA
V. (pCilL) (pCilL)
Q1 4.79E+02 1.26E+01 4.83E+02 | 102% 97%
Q2 5.15E+02 6.92E+00 5.15E+02 | 101% 99%
Q3 5.00E+02 5.57E+00 5.19E+02 | 97% 95%
Q4 1.81E+01 3.87E+00 1.87E+01 | 117% 76%
Table 63

2019 - Eckert & Ziegler Analytics Test Results for Gross Beta in Water

Eckert &
Bruce Power | 1 gtandard | Ziegler
Quarter | Value Deviation | Analytics | (VL+SU)/Va | (VL-SL)/Va
(Sv) Value VA
V. (pCilL) (pCilL)
Q1 1.23E+01 8.27E-01 1.07E+01 | 123% 107%
Q2 7.97E+00 5.35E-01 7.36E+00 | 116% 101%
Q3 1.12E+01 7.49E-01 1.03E+01 | 116% 101%
Q4 9.20E+00 6.18E-01 8.64E+00 | 114% 99%
Table 64

2019 - Eckert & Ziegler Analytics Test Results for lodine in Milk

Eckert &
Bruce Power | 1 standard | Ziegler
Quarter | Value Deviation | Analytics | (VL+S)/Va | (VL-SU)/Va
(Su) Value VA
V. (pCilL) (pCilL)
Q1 3.27E+00 2.09E-01 3.31E+00 | 105% 92%
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Q2 208E+00 | 1.27E-01 | 3.01E+00 | 103% 95%

Q3 3.40E+00 | 1.73E-01 | 3.41E+00 | 105% 95%

Q4 343E+00 | 1.38E-01 | 3.50E+00 | 102% 94%
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Appendix B (Continued)
Table 65
2019 - Eckert & Ziegler Analytics Test Results for Gamma in a Filter
Bruce Power Eckert &
1 .
Value Standard Ziegler
Annual e Analytics (VL+S|_)NA (VL-SL)NA
V. (pGilL) Deviation Value VA
i
- P (Su) (pCilL)
Cerium-141 3.35E+00 1.19E-01 | 3.43E+00 | 101% 94%
Cobalt-58 3.45E+00 1.02E-01 | 3.72E+00 | 95% 90%
Cobalt-60 4.73E+00 9.24E-02 | 4.76E+00 | 101% 97%
Chromium-51 | 1.01E+01 3.82E-01 | 9.97E+00 | 105% 97%
Cesium-134 4 45E+00 9.17E-02 | 4.66E+00 | 97% 94%
Cesium-137 4.21E+00 1.36E-01 | 4.20E+00 | 103% 97%
Iron-59 3.51E+00 9.68E-02 | 3.60E+00 | 100% 95%
Manganese-54 | 5.41E+00 1.75E-01 | 5.35E+00 | 104% 98%
Zinc-65 6.54E+00 1.77E-01 | 6.56E+00 | 102% 97%
Table 66
2019 - Eckert & Ziegler Analytics Test Results for 1131 in a Cartridge
Bruce Power Eckert &
Value 1 Standard | Ziegler
Annual Deviation | Analytics | (V.+S.)/Va | (VL-SL)/Va
(SL) Value VA
V. (pCilL) (pCilL)
lodine-131 | 3.07E+00 1.52E-01 3.49E+00 | 92% 84%
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Appendix B (Continued)
Table 67
2019 - Eckert & Ziegler Analytics Test Results for Gamma in Water
Eckert &
Bruce Power | 1 ZiegIeI:
Quarter | Analyte Value g:a:’r;:taii(r)cril C:Iaulgtlcs (VL+SU)Va | (VL-SL)/Va
V. (pCilL) (50 Va (pCilL)
Chromium-51 | CE-141 4.82E+00 | 3.19E-01 4.20E+00 | 122%
Manganese-54 | CO-58 5.59E+00 | 2.64E-01 5.14E+00 114%
Cobalt-58 CO-60 1.18E+01 | 2.16E-01 1.07E+01 112%
Iron-59 CR-51 1.18E+01 1.04E+00 1.05E+01 122%
a1 Cobalt-60 CS-134 6.26E+00 | 1.26E-01 5.74E+00 | 111%
Zinc-65 CS-137 8.04E+00 | 2.19E-01 7.05E+00 | 117%
lodine-131 FE-59 6.24E+00 | 1.78E-01 5.70E+00 | 113%
Cesium-134 1-131 3.47E+00 | 5.84E-01 3.20E+00 | 127%
Cesium-137 MN-54 5.85E+00 | 1.67E-01 513E+00 | 117%
Cerium-141 ZN-65 8.43E+00 | 2.69E-01 7.90E+00 | 110%
Cerium-141 CE-141 6.26E+00 | 2.72E-01 5.38E+00 | 121%
Cobalt-58 CO-58 4 57E+00 | 1.42E-01 4 52E+00 | 104%
Cobalt-60 CO-60 8.14E+00 | 1.61E-01 8.00E+00 | 104%
Chromium-51 | CR-51 1.42E+01 9.92E-01 1.36E+01 112%
az Cesium-134 CS-134 5.54E+00 | 1.11E-01 5.67E+00 | 100%
Cesium-137 CS-137 6.71E+00 | 1.89E-01 6.79E+00 | 102%
Iron-59 FE-59 5.88E+00 | 2.99E-01 5.70E+00 | 108%
lodine-131 1-131 3.32E+00 | 1.99E-01 3.30E+00 | 107%
Manganese-54 | MN-54 7.69E+00 | 2.07E-01 7.66E+00 | 103%
Zinc-65 ZN-65 9.55E+00 | 2.92E-01 1.00E+01 | 98%
a3 Cerium-141 CE-141 5.26E+00 | 2.80E-01 4 68E+00 | 118%
Cobalt-58 CO-58 4 99E+00 | 2.27E-01 4 91E+00 | 106%
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Cobalt-60 CO-60 6.35E+00 | 1.55E-01 5.91E+00 | 110%
Chromium-51 | CR-51 101E+01 | 8.29E-01 9.28E+00 | 118%
Cesium134 | CS-134 6.12E+00 | 1.46E-01 5.81E+00 | 108%
Cesium137 | CS-137 477E+00 | 2.35E-01 423E+00 | 118%
Iron-59 FE-59 415E+00 | 1.65E-01 4.16E+00 | 104%
lodine-131 131 3.46E+00 | 2.05E-01 3.33E+00 | 110%
Manganese-54 | MN-54 4.62E+00 1.67E-01 4.33E+00 111%
Zinc65 ZN-65 8.64E+00 | 3.26E-01 8.22E+00 | 109%
Cerium141 | CE-141 3.24E+00 | 1.87E-01 3.11E+00 | 110%
Cobalt-58 CO-58 3.23E+00 | 1.09E-01 3.37E+00 | 99%
Cobalt-60 CO-60 4.38E+00 | 1.65E-01 432E+00 | 105%
Chromium51 | CR-51 9.31E+00 | 6.83E-01 9.04E+00 | 111%
a4 Cesium134 | CS-134 426E+00 | 9.13E-02 423E+00 | 103%
Cesium137 | CS-137 3.80E+00 | 1.23E-01 3.81E+00 | 103%
Iron-59 FE-59 3.27E+00 | 1.08E-01 3.26E+00 | 104%
lodine-131 131 346E+00 | 1.72E-01 3.50E+00 | 104%
Manganese-54 | MN-54 4.82E+00 | 1.40E-01 4.86E+00 | 102%
Zinc65 ZN-65 5.70E+00 | 2.42E-01 5.95E+00 | 100%
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Appendix B (Continued)
Table 68
201 - Eckert & Ziegler Analytics Test Results for Gamma in Soil
1 Eckert &
Bruce Power Standard | Ziegler
Quarter | Analyte xalueC " Deviation | Analytics Value (VL+SU)/Va | (VL-SL)/Va
L(RCIL) sy Va (pCilL)
CE-141 7.59E+00 3.15E-01 | 6.76E+00 117% 108%
CO-58 7.69E+00 2.04E-01 | 8.27E+00 95% 91%
C0-60 1.64E+01 2.81E-01 | 1.73E+01 96% 93%
CR-51 1.65E+01 8.46E-01 | 1.69E+01 103% 93%
Q1 CS-134 8.68E+00 1.34E-01 | 9.25E+00 95% 92%
CS-137 1.40E+01 3.69E-01 | 1.41E+01 102% 97%
FE-59 8.51E+00 1.85E-01 | 9.19E+00 95% 91%
MN-54 7.93E+00 2.15E-01 | 8.26E+00 99% 93%
ZN-65 1.18E+01 3.24E-01 | 1.27E+01 95% 90%
CE-141 9.58E+00 3.53E-01 | 9.99E+00 99% 92%
CO-58 7.56E+00 2.00E-01 | 8.39E+00 92% 88%
CO-60 1.38E+01 2.33E-01__| 1.49E+01 94% 91%
CR-51 2.38E+01 9.99E-01 | 2.53E+01 98% 90%
Q2 CS-134 9.22E+00 1.34E-01 | 1.05E+01 89% 87%
CS-137 1.40E+01 3.40E-01 | 1.53E+01 94% 89%
FE-59 9.63E+00 2.12E-01 | 1.06E+01 93% 89%
MN-54 1.34E+01 3.24E-01 | 1.42E+01 97% 92%
ZN-65 1.74E+01 4.33E-01 | 1.86E+01 96% 91%
CE-141 1.04E+01 4.65E-01 | 1.02E+01 107% 97%
CO-58 1.00E+01 3.10E-01 | 1.07E+01 96% 91%
CO-60 1.26E+01 2.61E-01 | 1.29E+01 100% 96%
CR-51 2.00E+01 1.06E+00 | 2.03E+01 104% 93%
Q3 CS-134 1.17E+01 2.13E-01 | 1.27E+01 94% 90%
CS-137 1.15E+01 3.50E-01 | 1.19E+01 100% 94%
FE-59 8.57E+00 2.26E-01 | 9.08E+00 97% 92%
MN-54 8.79E+00 2.91E-01 | 9.44E+00 96% 90%
ZN-65 1.71E+01 5.05E-01 | 1.79E+01 98% 93%
CE-141 8.01E+00 3.00E-01 | 7.97E+00 104% 97%
CO-58 7.86E+00 2.03E-01 | 8.64E+00 93% 89%
Q4 C0-60 1.04E+01 1.80E-01 | 1.11E+01 95% 92%
CR-51 2.24E+01 9.53E-01 | 2.32E+01 101% 92%
CS-134 9.84E+00 1.71E-01__| 1.08E+01 93% 90%
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CS-137 118E+01 2.89E-01 | 1.25E+01 97% 92%
FE-59 7.78E+00 1.73E-01 | 8.36E+00 95% 91%
MN-54 1.18E+01 3.10E-01 | 1.24E+01 98% 93%
ZN-65 1.42E+01 3.45E-01 | 1.52E+01 96% 91%
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APPENDIX C: ASSIGNED RADIONUCLIDE LEVELS AT REPRESENTATIVE PERSONS LOCATIONS
Table 69
Dose to Representative Person Located at BR1
Soil Sediment
. . Air Air Water Water ingestion ingestion Fish Plant Animal
Age Class | Radionuclide . . . . (ing (ing . . ) Total
Inhalation | Immersion | Ingestion | Immersion and and Ingestion | Ingestion | Ingestion
external) external)
C-14 5.18E-04 5.95E-07 6.25E-06 1.22E-09 5.84E-11 2.40E-08 1.98E-03 2.01E-01 2.11E-01 4.15E-01
Co-60 7.38E-07 2.80E-08 1.39E-04 6.17E-03 2.39E-03 5.19E-04 3.23E-04 1.53E-05 1.33E-06 9.56E-03
Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.91E-04 2.16E-03 0.00E+00 0.00E+00 2.65E-03
Adult ,
(16-70 yrs) Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.47E-03 2.47E-04 0.00E+00 0.00E+00 2.72E-03
HTO? 2.59E-01 0.00E+00 9.04E-03 4.22E-03 0.00E+00 0.00E+00 1.46E-04 8.26E-02 3.12E-02 3.86E-01
[(mfp) 1.43E-05 9.65E-07 0.00E+00 0.00E+00 1.93E-06 0.00E+00 0.00E+00 5.36E-05 5.26E-05 1.23E-04
Noble Gases | 0.00E+00 1.81E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.81E-01
Total 2.59E-01 1.81E-01 9.18E-03 1.04E-02 2.40E-03 3.48E-03 4.86E-03 2.84E-01 2.42E-01 9.97E-01
C-14 7.39E-04 5.95E-07 3.43E-06 1.22E-09 1.27E-10 2.97E-07 1.78E-03 2.19E-01 1.68E-01 3.89E-01
Co-60 1.05E-06 2.80E-08 1.79E-04 6.17E-03 2.39E-03 5.22E-04 6.79E-04 3.73E-05 2.29E-06 9.98E-03
Child
(6-15 yrs) Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.97E-04 1.04E-03 0.00E+00 0.00E+00 1.53E-03
Cs-137" 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.53E-03 1.24E-04 0.00E+00 0.00E+00 2.65E-03
HTO? 3.08E-01 0.00E+00 4.50E-03 3.52E-03 0.00E+00 0.00E+00 1.23E-04 7.77E-02 1.89E-02 4.12E-01
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Soil Sediment
Age Class | Radionuclide Air_ Air . Wate_r WateI: (ingestion (ingestion Fish. PIan.t Anim.al Total
Inhalation | Immersion | Ingestion | Immersion and and Ingestion | Ingestion | Ingestion
external) external)
I(mfp) 3.21E-05 9.65E-07 0.00E+00 0.00E+00 1.94E-06 0.00E+00 0.00E+00 9.71E-05 1.09E-04 2.41E-04
Noble Gases 0.00E+00 1.81E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.81E-01
Total 3.09E-01 1.81E-01 4.68E-03 9.69E-03 2.40E-03 3.55E-03 3.74E-03 2.96E-01 1.87E-01 9.96E-01
C-14 5.04E-04 5.95E-07 0.00E+00 4.11E-11 2.16E-10 6.55E-07 1.21E-03 1.79E-01 1.90E-01 3.71E-01
Co-60 7.72E-07 3.64E-08 0.00E+00 7.23E-05 3.11E-03 6.84E-04 5.68E-04 4.16E-05 2.24E-06 4.48E-03
Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.45E-04 4.04E-04 0.00E+00 0.00E+00 1.05E-03
Infant 1
(0-5 yrs) Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.29E-03 5.05E-05 0.00E+00 0.00E+00 3.34E-03
HTO? 2.12E-01 0.00E+00 0.00E+00 1.23E-04 0.00E+00 0.00E+00 8.78E-05 8.16E-02 2.41E-02 3.18E-01
[(mfp) 3.84E-05 1.25E-06 0.00E+00 0.00E+00 2.53E-06 0.00E+00 0.00E+00 1.50E-04 2.94E-04 4.87E-04
Noble Gases | 0.00E+00 2.34E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.34E-01
Total 2.13E-01 2.34E-01 0.00E+00 1.95E-04 3.11E-03 4.62E-03 2.32E-03 2.61E-01 2.14E-01 9.33E-01

Note:All doses reported in units ofuSv/a.
"includes dose due to external exposure to progeny of Cs-137 in air, water, soil, and sediment

2 includes dose incurred via ingestion of OBT in fish, plant produce and animal products.
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Table 70
Dose to Representative Persons Located at BR17
Soil Sediment
. . Air Air Water Water ingestion ingestion Fish Plant Animal
Age Class | Radionuclide . . . . (ing (ing . . . Total
Inhalation | Immersion | Ingestion | Immersion and and Ingestion | Ingestion | Ingestion
external) external)
C-14 2.20E-04 2.53E-07 2.79E-06 1.18E-09 7.96E-12 2.40E-08 1.98E-03 1.28E-01 1.12E-01 2.43E-01
Co-60 5.08E-07 1.93E-08 1.39E-04 6.17E-03 2.58E-03 5.19E-04 3.23E-04 1.55E-05 1.35E-06 9.74E-03
Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.91E-04 2.16E-03 0.00E+00 0.00E+00 2.65E-03
Adult ]
(16-70 yrs) Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.47E-03 2.47E-04 0.00E+00 0.00E+00 2.72E-03
HTO? 1.77E-01 0.00E+00 9.04E-03 4.22E-03 0.00E+00 0.00E+00 1.46E-04 1.04E-01 2.67E-02 3.21E-01
[(mfp) 9.87E-06 6.64E-07 0.00E+00 0.00E+00 1.45E-06 0.00E+00 0.00E+00 4.09E-05 4.37E-05 9.66E-05
Noble Gases | 0.00E+00 1.24E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.24E-01
Total 1.77E-01 1.24E-01 9.18E-03 1.04E-02 2.58E-03 3.48E-03 4.86E-03 2.33E-01 1.39E-01 7.04E-01
C-14 3.14E-04 2.53E-07 1.53E-06 1.18E-09 1.73E-11 2.97E-07 1.78E-03 1.35E-01 1.08E-01 2.46E-01
Co-60 7.25E-07 1.93E-08 1.79E-04 6.17E-03 2.58E-03 5.22E-04 6.79E-04 3.77E-05 2.33E-06 1.02E-02
Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.97E-04 1.04E-03 0.00E+00 0.00E+00 1.53E-03
Child y
(6-15 yrs) Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.53E-03 1.24E-04 0.00E+00 0.00E+00 2.65E-03
HTO? 2.10E-01 0.00E+00 4.50E-03 3.52E-03 0.00E+00 0.00E+00 1.23E-04 9.32E-02 1.70E-02 3.28E-01
[(mfp) 2.21E-05 6.64E-07 0.00E+00 0.00E+00 1.45E-06 0.00E+00 0.00E+00 7.41E-05 9.88E-05 1.97E-04
Noble Gases | 0.00E+00 1.24E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.24E-01
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Soil Sediment
Age Class | Radionuclide Air_ Air . Wate_r WateI: (ingestion (ingestion Fish. Plan.t Anim.al Total
Inhalation | Immersion | Ingestion | Immersion and and Ingestion | Ingestion | Ingestion
external) external)
Total 2.10E-01 1.24E-01 4.68E-03 9.69E-03 2.58E-03 3.55E-03 3.74E-03 2.28E-01 1.26E-01 7.13E-01
C-14 2.14E-04 2.53E-07 0.00E+00 2.31E-11 2.94E-11 6.55E-07 1.21E-03 1.18E-01 1.48E-01 2.67E-01
Co-60 5.31E-07 2.50E-08 0.00E+00 7.23E-05 3.35E-03 6.84E-04 5.68E-04 4.20E-05 2.28E-06 4.72E-03
Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.45E-04 4.04E-04 0.00E+00 0.00E+00 1.05E-03
Infant 1
(0-5 yrs) Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.29E-03 5.05E-05 0.00E+00 0.00E+00 3.34E-03
HTO? 1.45E-01 0.00E+00 0.00E+00 1.23E-04 0.00E+00 0.00E+00 8.78E-05 9.22E-02 2.28E-02 2.60E-01
[(mfp) 2.64E-05 8.64E-07 0.00E+00 0.00E+00 1.89E-06 0.00E+00 0.00E+00 1.15E-04 2.81E-04 4.25E-04
Noble Gases | 0.00E+00 1.61E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.61E-01
Total 1.45E-01 1.61E-01 0.00E+00 1.95E-04 3.35E-03 4.62E-03 2.32E-03 2.10E-01 1.71E-01 6.98E-01

Note:All doses reported in units of uSv/a.
"includes dose due to external exposure to progeny of Cs-137 in air, water, soil, and sediment

2 includes dose incurred via ingestion of OBT in fish, plant produce and animal products.
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Table 71
Dose to Representative Persons Located at BR25
Soil Sediment
. . Air Air Water Water ingestion ingestion Fish Plant Animal
Age Class | Radionuclide . . . . (ing (ing . . . Total
Inhalation | Immersion | Ingestion | Immersion and and Ingestion | Ingestion | Ingestion
external) external)
C-14 5.21E-04 5.99E-07 6.05E-06 1.22E-09 1.36E-11 2.40E-08 1.98E-03 2.02E-01 2.12E-01 4.17E-01
Co-60 8.15E-07 3.09E-08 1.39E-04 6.17E-03 3.03E-03 5.19E-04 3.23E-04 1.66E-05 1.49E-06 1.02E-02
Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.91E-04 2.16E-03 0.00E+00 0.00E+00 2.65E-03
Adult ]
(16-70 yrs) Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.47E-03 2.47E-04 0.00E+00 0.00E+00 2.72E-03
HTO? 2.86E-01 0.00E+00 9.04E-03 4.22E-03 0.00E+00 0.00E+00 1.46E-04 1.10E-01 3.26E-02 4.42E-01
[(mfp) 1.58E-05 1.06E-06 0.00E+00 0.00E+00 2.18E-06 0.00E+00 0.00E+00 6.07E-05 5.75E-05 1.37E-04
Noble Gases | 0.00E+00 1.98E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.98E-01
Total 2.86E-01 1.98E-01 9.18E-03 1.04E-02 3.03E-03 3.48E-03 4.86E-03 3.12E-01 2.45E-01 1.07E+00
C-14 7.44E-04 5.99E-07 3.32E-06 1.22E-09 2.94E-11 2.97E-07 1.78E-03 2.21E-01 1.68E-01 3.91E-01
Co-60 1.16E-06 3.09E-08 1.79E-04 6.17E-03 3.03E-03 5.22E-04 6.79E-04 4.05E-05 2.56E-06 1.06E-02
Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.97E-04 1.04E-03 0.00E+00 0.00E+00 1.53E-03
Child y
(6-15 yrs) Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.53E-03 1.24E-04 0.00E+00 0.00E+00 2.65E-03
HTO? 3.40E-01 0.00E+00 4.50E-03 3.52E-03 0.00E+00 0.00E+00 1.23E-04 1.04E-01 1.94E-02 4.71E-01
[(mfp) 3.54E-05 1.06E-06 0.00E+00 0.00E+00 2.18E-06 0.00E+00 0.00E+00 1.10E-04 1.15E-04 2.64E-04
Noble Gases | 0.00E+00 1.98E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.98E-01
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Soil Sediment
Age Class | Radionuclide Air_ Air . Wate_r Water_ (ingestion (ingestion Fish. Plan.t Anim.al Total
Inhalation | Immersion | Ingestion | Immersion and and Ingestion | Ingestion | Ingestion
external) external)
Total 3.40E-01 1.98E-01 4.68E-03 9.69E-03 3.03E-03 3.55E-03 3.74E-03 3.24E-01 1.88E-01 1.08E+00
C-14 5.08E-04 5.99E-07 0.00E+00 4.04E-11 5.01E-11 6.55E-07 1.21E-03 1.82E-01 1.91E-01 3.75E-01
Co-60 8.52E-07 4.02E-08 0.00E+00 7.23E-05 3.94E-03 6.84E-04 5.68E-04 4.50E-05 2.49E-06 5.31E-03
Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.45E-04 4.04E-04 0.00E+00 0.00E+00 1.05E-03
Infant 1
(0-5 yrs) Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.29E-03 5.05E-05 0.00E+00 0.00E+00 3.34E-03
HTO? 2.34E-01 0.00E+00 0.00E+00 1.23E-04 0.00E+00 0.00E+00 8.78E-05 1.10E-01 2.46E-02 3.69E-01
[(mfp) 4.23E-05 1.38E-06 0.00E+00 0.00E+00 2.85E-06 0.00E+00 0.00E+00 1.70E-04 3.01E-04 5.18E-04
Noble Gases | 0.00E+00 2.57E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.57E-01
Total 2.35E-01 2.57E-01 0.00E+00 1.95E-04 3.94E-03 4.62E-03 2.32E-03 2.93E-01 2.15E-01 1.01E+00

Note:All doses reported in units ofuSv/a.

"includes dose due to external exposure to progeny of Cs-137 in air, water, soil, and sediment

2 includes dose incurred via ingestion of OBT in fish, plant produce and animal products.
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Table 72
Dose to Representative Persons Located at BR27
Soil Sediment
. . Air Air Water Water ingestion ingestion Fish Plant Animal
Age Class | Radionuclide . . . . (ing (ing . . . Total
Inhalation | Immersion | Ingestion | Immersion and and Ingestion | Ingestion | Ingestion
external) external)
C-14 5.21E-04 5.99E-07 1.29E-05 1.25E-09 1.36E-11 2.40E-08 1.98E-03 2.02E-01 2.12E-01 4.17E-01
Co-60 8.15E-07 3.09E-08 1.96E-04 6.17E-03 2.20E-03 5.19E-04 3.23E-04 1.79E-05 1.83E-06 9.43E-03
Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.91E-04 2.16E-03 0.00E+00 0.00E+00 2.65E-03
Adult ]
(16-70 yrs) Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.47E-03 2.47E-04 0.00E+00 0.00E+00 2.72E-03
HTO? 2.86E-01 0.00E+00 1.31E-02 4.26E-03 0.00E+00 0.00E+00 1.46E-04 1.10E-01 3.28E-02 4.46E-01
[(mfp) 1.58E-05 1.06E-06 0.00E+00 0.00E+00 2.07E-06 0.00E+00 0.00E+00 5.72E-05 5.50E-05 1.31E-04
Noble Gases | 0.00E+00 1.98E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.98E-01
Total 2.86E-01 1.98E-01 1.33E-02 1.04E-02 2.20E-03 3.48E-03 4.86E-03 3.12E-01 2.45E-01 1.08E+00
C-14 7.44E-04 5.99E-07 7.09E-06 1.25E-09 2.94E-11 2.97E-07 1.78E-03 2.21E-01 1.68E-01 3.91E-01
Co-60 1.16E-06 3.09E-08 2.53E-04 6.17E-03 2.20E-03 5.22E-04 6.79E-04 4.36E-05 3.15E-06 9.88E-03
Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.97E-04 1.04E-03 0.00E+00 0.00E+00 1.53E-03
Child y
(6-15 yrs) Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.53E-03 1.24E-04 0.00E+00 0.00E+00 2.65E-03
HTO? 3.40E-01 0.00E+00 6.50E-03 3.55E-03 0.00E+00 0.00E+00 1.23E-04 1.04E-01 1.95E-02 4.73E-01
[(mfp) 3.54E-05 1.06E-06 0.00E+00 0.00E+00 2.08E-06 0.00E+00 0.00E+00 1.04E-04 1.12E-04 2.54E-04
Noble Gases | 0.00E+00 1.98E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.98E-01
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Soil Sediment
Age Class | Radionuclide Air_ Air . Wate_r WateI: (ingestion (ingestion Fish. Plan.t Anim.al Total
Inhalation | Immersion | Ingestion | Immersion and and Ingestion | Ingestion | Ingestion
external) external)
Total 3.40E-01 1.98E-01 6.76E-03 9.72E-03 2.20E-03 3.55E-03 3.74E-03 3.24E-01 1.88E-01 1.08E+00
C-14 5.08E-04 5.99E-07 0.00E+00 7.27E-11 5.01E-11 6.55E-07 1.21E-03 1.82E-01 1.91E-01 3.75E-01
Co-60 8.52E-07 4.02E-08 0.00E+00 7.76E-05 2.86E-03 6.84E-04 5.68E-04 4.88E-05 3.01E-06 4.24E-03
Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.45E-04 4.04E-04 0.00E+00 0.00E+00 1.05E-03
Infant 1
(0-5 yrs) Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.29E-03 5.05E-05 0.00E+00 0.00E+00 3.34E-03
HTO? 2.34E-01 0.00E+00 0.00E+00 1.58E-04 0.00E+00 0.00E+00 8.78E-05 1.10E-01 2.46E-02 3.69E-01
[(mfp) 4.23E-05 1.38E-06 0.00E+00 0.00E+00 2.71E-06 0.00E+00 0.00E+00 1.60E-04 2.98E-04 5.04E-04
Noble Gases | 0.00E+00 2.57E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.57E-01
Total 2.35E-01 2.57E-01 0.00E+00 2.35E-04 2.86E-03 4.62E-03 2.32E-03 2.93E-01 2.15E-01 1.01E+00

Note:All doses reported in units of uSv/a.
"includes dose due to external exposure to progeny of Cs-137 in air, water, soil, and sediment

2 includes dose incurred via ingestion of OBT in fish, plant produce and animal products.
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Table 73
Dose to Representative Persons Located at BR32
Soil Sediment
. . Air Air Water Water ingestion ingestion Fish Plant Animal
Age Class | Radionuclide . . . . (ing (ing . . . Total
Inhalation | Immersion | Ingestion | Immersion and and Ingestion | Ingestion | Ingestion
external) external)
C-14 5.21E-04 5.99E-07 2.47E-05 1.52E-09 1.57E-10 2.40E-08 1.98E-03 2.02E-01 2.12E-01 4.17E-01
Co-60 8.03E-07 3.05E-08 1.41E-04 6.15E-03 6.46E-03 5.19E-04 3.23E-04 1.47E-05 3.49E-06 1.36E-02
Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.91E-04 2.16E-03 0.00E+00 0.00E+00 2.65E-03
Adult ]
(16-70 yrs) Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.47E-03 2.47E-04 0.00E+00 0.00E+00 2.72E-03
HTO? 2.82E-01 0.00E+00 2.07E-02 4.52E-03 0.00E+00 0.00E+00 1.46E-04 1.10E-01 3.26E-02 4.50E-01
[(mfp) 1.56E-05 1.05E-06 0.00E+00 0.00E+00 2.04E-06 0.00E+00 0.00E+00 5.61E-05 5.43E-05 1.29E-04
Noble Gases | 0.00E+00 1.97E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.97E-01
Total 2.83E-01 1.97E-01 2.09E-02 1.07E-02 6.46E-03 3.48E-03 4.86E-03 3.12E-01 2.45E-01 1.08E+00
C-14 7.44E-04 5.99E-07 1.36E-05 1.52E-09 3.41E-10 2.97E-07 1.78E-03 2.21E-01 1.68E-01 3.91E-01
Co-60 1.15E-06 3.05E-08 1.82E-04 6.15E-03 6.46E-03 5.22E-04 6.79E-04 3.63E-05 6.09E-06 1.40E-02
Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.97E-04 1.04E-03 0.00E+00 0.00E+00 1.53E-03
Child y
(6-15 yrs) Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.53E-03 1.24E-04 0.00E+00 0.00E+00 2.65E-03
HTO? 3.35E-01 0.00E+00 1.03E-02 3.76E-03 0.00E+00 0.00E+00 1.23E-04 1.04E-01 1.95E-02 4.73E-01
[(mfp) 3.49E-05 1.05E-06 0.00E+00 0.00E+00 2.04E-06 0.00E+00 0.00E+00 1.02E-04 1.11E-04 2.51E-04
Noble Gases | 0.00E+00 1.97E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.97E-01
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Soil Sediment
Age Class | Radionuclide Air_ Air . Wate_r WateI: (ingestion (ingestion Fish. Plan.t Anim.al Total
Inhalation | Immersion | Ingestion | Immersion and and Ingestion | Ingestion | Ingestion
external) external)
Total 3.36E-01 1.97E-01 1.05E-02 9.91E-03 6.46E-03 3.55E-03 3.74E-03 3.24E-01 1.88E-01 1.08E+00
C-14 5.08E-04 5.99E-07 0.00E+00 1.00E-10 5.81E-10 6.55E-07 1.21E-03 1.82E-01 1.91E-01 3.75E-01
Co-60 8.40E-07 3.96E-08 0.00E+00 1.13E-05 8.39E-03 6.84E-04 5.68E-04 3.95E-05 5.66E-06 9.70E-03
Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.45E-04 4.04E-04 0.00E+00 0.00E+00 1.05E-03
Infant 1
(0-5 yrs) Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.29E-03 5.05E-05 0.00E+00 0.00E+00 3.34E-03
HTO? 2.31E-01 0.00E+00 0.00E+00 1.53E-04 0.00E+00 0.00E+00 8.78E-05 1.10E-01 2.46E-02 3.67E-01
[(mfp) 4.18E-05 1.36E-06 0.00E+00 0.00E+00 2.66E-06 0.00E+00 0.00E+00 1.57E-04 2.96E-04 5.00E-04
Noble Gases | 0.00E+00 2.55E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.55E-01
Total 2.32E-01 2.55E-01 0.00E+00 1.64E-04 8.40E-03 4.62E-03 2.32E-03 2.93E-01 2.15E-01 1.01E+00

Note:All doses reported in units of uSv/a.
"includes dose due to external exposure to progeny of Cs-137 in air, water, soil, and sediment

2 includes dose incurred via ingestion of OBT in fish, plant produce and animal products.
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Table 74
Dose to Representative Persons Located at BR48
Soil Sediment
. . Air Air Water Water ingestion ingestion Fish Plant Animal
Age Class | Radionuclide . . . . (ing (ing . . . Total
Inhalation | Immersion | Ingestion | Immersion and and Ingestion | Ingestion | Ingestion
external) external)
C-14 4.60E-04 5.29E-07 5.63E-06 1.21E-09 5.84E-11 2.40E-08 1.98E-03 1.81E-01 1.92E-01 3.75E-01
Co-60 1.07E-06 4.04E-08 1.39E-04 6.17E-03 5.15E-03 5.19E-04 3.23E-04 2.08E-05 2.03E-06 1.23E-02
Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.91E-04 2.16E-03 0.00E+00 0.00E+00 2.65E-03
Adult ]
(16-70 yrs) Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.47E-03 2.47E-04 0.00E+00 0.00E+00 2.72E-03
HTO? 3.75E-01 0.00E+00 9.04E-03 4.22E-03 0.00E+00 0.00E+00 1.46E-04 7.65E-02 3.75E-02 5.02E-01
[(mfp) 2.07E-05 1.39E-06 0.00E+00 0.00E+00 3.00E-06 0.00E+00 0.00E+00 8.46E-05 7.41E-05 1.84E-04
Noble Gases | 0.00E+00 2.60E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.60E-01
Total 3.75E-01 2.60E-01 9.18E-03 1.04E-02 5.16E-03 3.48E-03 4.86E-03 2.58E-01 2.29E-01 1.16E+00
C-14 6.56E-04 5.29E-07 3.09E-06 1.21E-09 1.27E-10 2.97E-07 1.78E-03 2.00E-01 1.56E-01 3.58E-01
Co-60 1.52E-06 4.04E-08 1.79E-04 6.17E-03 5.15E-03 5.22E-04 6.79E-04 5.10E-05 3.47E-06 1.28E-02
Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.97E-04 1.04E-03 0.00E+00 0.00E+00 1.53E-03
Child y
(6-15 yrs) Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.53E-03 1.24E-04 0.00E+00 0.00E+00 2.65E-03
HTO? 4.46E-01 0.00E+00 4.50E-03 3.52E-03 0.00E+00 0.00E+00 1.23E-04 7.74E-02 2.14E-02 5.53E-01
[(mfp) 4.63E-05 1.39E-06 0.00E+00 0.00E+00 3.01E-06 0.00E+00 0.00E+00 1.53E-04 1.34E-04 3.38E-04
Noble Gases | 0.00E+00 2.60E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.60E-01
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Soil Sediment
Age Class | Radionuclide Air_ Air . Wate_r WateI: (ingestion (ingestion Fish. Plan.t Anim.al Total
Inhalation | Immersion | Ingestion | Immersion and and Ingestion | Ingestion | Ingestion
external) external)
Total 4.46E-01 2.60E-01 4.68E-03 9.69E-03 5.16E-03 3.55E-03 3.74E-03 2.77E-01 1.78E-01 1.19E+00
C-14 4.48E-04 5.29E-07 0.00E+00 3.78E-11 2.16E-10 6.55E-07 1.21E-03 1.69E-01 1.82E-01 3.53E-01
Co-60 1.11E-06 5.25E-08 0.00E+00 7.23E-05 6.70E-03 6.84E-04 5.68E-04 5.62E-05 3.30E-06 8.08E-03
Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.45E-04 4.04E-04 0.00E+00 0.00E+00 1.05E-03
Infant 1
(0-5 yrs) Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.29E-03 5.05E-05 0.00E+00 0.00E+00 3.34E-03
HTO? 3.07E-01 0.00E+00 0.00E+00 1.23E-04 0.00E+00 0.00E+00 8.78E-05 8.80E-02 2.60E-02 4.22E-01
[(mfp) 5.53E-05 1.81E-06 0.00E+00 0.00E+00 3.92E-06 0.00E+00 0.00E+00 2.37E-04 3.24E-04 6.23E-04
Noble Gases 0.00E+00 3.37E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.37E-01
Total 3.08E-01 3.37E-01 0.00E+00 1.95E-04 6.70E-03 4.62E-03 2.32E-03 2.57E-01 2.08E-01 1.12E+00

Note:All doses reported in units of uSv/a.
"includes dose due to external exposure to progeny of Cs-137 in air, water, soil, and sediment

2 includes dose incurred via ingestion of OBT in fish, plant produce and animal products.
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Table 75
Dose to Representative Persons Located at BF8
Soil Sediment
. . Air Air Water Water ingestion ingestion Fish Plant Animal
Age Class | Radionuclide . . . . (ing (ing . . . Total
Inhalation | Immersion | Ingestion | Immersion and and Ingestion | Ingestion | Ingestion
external) external)
C-14 1.86E-04 2.13E-07 6.74E-06 1.16E-09 1.36E-11 2.40E-08 1.92E-03 1.84E-01 1.40E-01 3.26E-01
Co-60 3.05E-07 1.16E-08 1.67E-03 6.11E-03 1.29E-03 5.19E-04 3.13E-04 1.85E-04 9.91E-06 1.01E-02
Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.91E-04 2.10E-03 0.00E+00 0.00E+00 2.59E-03
Adult ]
(16-70 yrs) Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.47E-03 2.39E-04 0.00E+00 0.00E+00 2.71E-03
HTO? 1.04E-01 0.00E+00 1.97E-02 4.17E-03 0.00E+00 0.00E+00 1.42E-04 1.24E-01 3.73E-02 2.89E-01
[(mfp) 5.92E-06 3.99E-07 0.00E+00 0.00E+00 8.38E-07 0.00E+00 0.00E+00 4.23E-05 3.19E-05 8.14E-05
Noble Gases | 0.00E+00 7.44E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.44E-02
Total 1.04E-01 7.44E-02 2.14E-02 1.03E-02 1.29E-03 3.48E-03 4.71E-03 3.08E-01 1.77E-01 7.05E-01
C-14 2.65E-04 2.13E-07 3.70E-06 1.16E-09 2.94E-11 2.97E-07 1.72E-03 1.89E-01 1.07E-01 2.98E-01
Co-60 4.35E-07 1.16E-08 2.15E-03 6.11E-03 1.29E-03 5.22E-04 6.59E-04 4.30E-04 1.59E-05 1.12E-02
Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.97E-04 1.01E-03 0.00E+00 0.00E+00 1.50E-03
Child y

(6-15 yrs) Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.53E-03 1.20E-04 0.00E+00 0.00E+00 2.65E-03
HTO? 1.23E-01 0.00E+00 9.82E-03 3.48E-03 0.00E+00 0.00E+00 1.19E-04 1.24E-01 1.85E-02 2.79E-01
[(mfp) 1.33E-05 3.99E-07 0.00E+00 0.00E+00 8.39E-07 0.00E+00 0.00E+00 7.40E-05 6.22E-05 1.51E-04
Noble Gases | 0.00E+00 7.44E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.44E-02
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Soil Sediment
Age Class | Radionuclide Air_ Air . Wate_r WateI: (ingestion (ingestion Fish. Plan.t Anim.al Total
Inhalation | Immersion | Ingestion | Immersion and and Ingestion | Ingestion | Ingestion
external) external)
Total 1.23E-01 7.44E-02 1.20E-02 9.59E-03 1.29E-03 3.55E-03 3.63E-03 3.13E-01 1.26E-01 6.67E-01
C-14 1.81E-04 2.13E-07 0.00E+00 1.05E-11 5.01E-11 6.55E-07 1.18E-03 1.69E-01 1.13E-01 2.83E-01
Co-60 3.19E-07 1.50E-08 0.00E+00 0.00E+00 1.68E-03 6.84E-04 5.51E-04 4.93E-04 1.39E-05 3.42E-03
Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.45E-04 3.92E-04 0.00E+00 0.00E+00 1.04E-03
Infant 1
(0-5 yrs) Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.29E-03 4.90E-05 0.00E+00 0.00E+00 3.34E-03
HTO? 8.49E-02 0.00E+00 0.00E+00 7.97E-05 0.00E+00 0.00E+00 8.51E-05 1.40E-01 1.87E-02 2.43E-01
[(mfp) 1.59E-05 5.18E-07 0.00E+00 0.00E+00 1.09E-06 0.00E+00 0.00E+00 1.17E-04 1.62E-04 2.97E-04
Noble Gases | 0.00E+00 9.64E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 9.64E-02
Total 8.51E-02 9.64E-02 0.00E+00 7.97E-05 1.68E-03 4.62E-03 2.25E-03 3.09E-01 1.32E-01 6.31E-01

Note:All doses reported in units of uSv/a.
"includes dose due to external exposure to progeny of Cs-137 in air, water, soil, and sediment

2 includes dose incurred via ingestion of OBT in fish, plant produce and animal products.
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Table 76
Dose to Representative Persons Located at BF14
Soil Sediment
. . Air Air Water Water ingestion ingestion Fish Plant Animal
Age Class | Radionuclide . . . . (ing (ing . . . Total
Inhalation | Immersion | Ingestion | Immersion and and Ingestion | Ingestion | Ingestion
external) external)
C-14 5.96E-04 6.86E-07 1.11E-05 1.22E-09 1.36E-11 2.40E-08 1.92E-03 3.45E-01 3.50E-01 6.98E-01
Co-60 8.03E-07 3.05E-08 1.67E-03 6.11E-03 2.54E-03 5.19E-04 3.13E-04 1.89E-04 1.05E-05 1.14E-02
Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.91E-04 2.10E-03 0.00E+00 0.00E+00 2.59E-03
Adult ]
(16-70 yrs) Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.47E-03 2.39E-04 0.00E+00 0.00E+00 2.71E-03
HTO? 2.82E-01 0.00E+00 1.97E-02 4.17E-03 0.00E+00 0.00E+00 1.42E-04 2.36E-01 5.13E-02 5.93E-01
[(mfp) 1.56E-05 1.05E-06 0.00E+00 0.00E+00 2.09E-06 0.00E+00 0.00E+00 1.05E-04 6.69E-05 1.90E-04
Noble Gases | 0.00E+00 1.97E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.97E-01
Total 2.83E-01 1.97E-01 2.14E-02 1.03E-02 2.54E-03 3.48E-03 4.71E-03 5.81E-01 4.02E-01 1.50E+00
C-14 8.51E-04 6.86E-07 6.11E-06 1.22E-09 2.94E-11 2.97E-07 1.72E-03 3.67E-01 2.32E-01 6.02E-01
Co-60 1.15E-06 3.05E-08 2.15E-03 6.11E-03 2.54E-03 5.22E-04 6.59E-04 4.42E-04 1.68E-05 1.24E-02
Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.97E-04 1.01E-03 0.00E+00 0.00E+00 1.50E-03
Child y
(6-15 yrs) Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.53E-03 1.20E-04 0.00E+00 0.00E+00 2.65E-03
HTO? 3.35E-01 0.00E+00 9.82E-03 3.48E-03 0.00E+00 0.00E+00 1.19E-04 2.18E-01 2.43E-02 5.91E-01
[(mfp) 3.49E-05 1.05E-06 0.00E+00 0.00E+00 2.10E-06 0.00E+00 0.00E+00 1.83E-04 1.02E-04 3.23E-04
Noble Gases | 0.00E+00 1.97E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.97E-01
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Soil Sediment
Age Class | Radionuclide Air_ Air . Wate_r WateI: (ingestion (ingestion Fish. Plan.t Anim.al Total
Inhalation | Immersion | Ingestion | Immersion and and Ingestion | Ingestion | Ingestion
external) external)
Total 3.36E-01 1.97E-01 1.20E-02 9.59E-03 2.54E-03 3.55E-03 3.63E-03 5.85E-01 2.57E-01 1.41E+00
C-14 5.81E-04 6.86E-07 0.00E+00 3.28E-11 5.01E-11 6.55E-07 1.18E-03 3.07E-01 2.02E-01 5.11E-01
Co-60 8.40E-07 3.96E-08 0.00E+00 0.00E+00 3.30E-03 6.84E-04 5.51E-04 5.06E-04 1.47E-05 5.06E-03
Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.45E-04 3.92E-04 0.00E+00 0.00E+00 1.04E-03
Infant 1
(0-5 yrs) Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.29E-03 4.90E-05 0.00E+00 0.00E+00 3.34E-03
HTO? 2.31E-01 0.00E+00 0.00E+00 7.97E-05 0.00E+00 0.00E+00 8.51E-05 2.29E-01 2.29E-02 4.83E-01
[(mfp) 4.18E-05 1.36E-06 0.00E+00 0.00E+00 2.74E-06 0.00E+00 0.00E+00 2.89E-04 2.09E-04 5.44E-04
Noble Gases | 0.00E+00 2.55E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.55E-01
Total 2.32E-01 2.55E-01 0.00E+00 7.97E-05 3.31E-03 4.62E-03 2.25E-03 5.37E-01 2.25E-01 1.26E+00

Note:All doses reported in units of uSv/a.
"includes dose due to external exposure to progeny of Cs-137 in air, water, soil, and sediment

2 includes dose incurred via ingestion of OBT in fish, plant produce and animal products.
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Table 77
Dose to Representative Persons Located at BF16
Soil Sediment
. . Air Air Water Water ingestion ingestion Fish Plant Animal
Age Class | Radionuclide . . . . (ing (ing . . . Total
Inhalation | Immersion | Ingestion | Immersion and and Ingestion | Ingestion | Ingestion
external) external)
C-14 2.20E-04 2.53E-07 7.09E-06 1.16E-09 7.96E-12 2.40E-08 1.92E-03 2.42E-01 1.57E-01 4.02E-01
Co-60 5.08E-07 1.93E-08 1.67E-03 6.11E-03 2.39E-03 5.19E-04 3.13E-04 1.88E-04 1.04E-05 1.12E-02
Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.91E-04 2.10E-03 0.00E+00 0.00E+00 2.59E-03
Adult ]
(16-70 yrs) Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.47E-03 2.39E-04 0.00E+00 0.00E+00 2.71E-03
HTO? 1.77E-01 0.00E+00 1.97E-02 4.17E-03 0.00E+00 0.00E+00 1.42E-04 1.64E-01 4.31E-02 4.07E-01
[(mfp) 9.87E-06 6.64E-07 0.00E+00 0.00E+00 1.43E-06 0.00E+00 0.00E+00 7.23E-05 4.88E-05 1.33E-04
Noble Gases | 0.00E+00 1.24E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.24E-01
Total 1.77E-01 1.24E-01 2.14E-02 1.03E-02 2.39E-03 3.48E-03 4.71E-03 4.06E-01 2.01E-01 9.50E-01
C-14 3.14E-04 2.53E-07 3.89E-06 1.16E-09 1.73E-11 2.97E-07 1.72E-03 2.44E-01 1.18E-01 3.63E-01
Co-60 7.25E-07 1.93E-08 2.15E-03 6.11E-03 2.39E-03 5.22E-04 6.59E-04 4.39E-04 1.66E-05 1.23E-02
Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.97E-04 1.01E-03 0.00E+00 0.00E+00 1.50E-03
Child y

(6-15 yrs) Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.53E-03 1.20E-04 0.00E+00 0.00E+00 2.65E-03
HTO? 2.10E-01 0.00E+00 9.82E-03 3.48E-03 0.00E+00 0.00E+00 1.19E-04 1.43E-01 2.08E-02 3.88E-01
[(mfp) 2.21E-05 6.64E-07 0.00E+00 0.00E+00 1.43E-06 0.00E+00 0.00E+00 1.27E-04 8.13E-05 2.32E-04
Noble Gases | 0.00E+00 1.24E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.24E-01
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Soil Sediment
Age Class | Radionuclide Air_ Air . Wate:r WateI: (ingestion (ingestion Fish. Plan.t Anim.al Total
Inhalation | Immersion | Ingestion | Immersion and and Ingestion | Ingestion | Ingestion
external) external)
Total 2.10E-01 1.24E-01 1.20E-02 9.59E-03 2.39E-03 3.55E-03 3.63E-03 3.87E-01 1.39E-01 8.92E-01
C-14 2.14E-04 2.53E-07 0.00E+00 1.22E-11 2.94E-11 6.55E-07 1.18E-03 2.14E-01 1.20E-01 3.36E-01
Co-60 5.31E-07 2.50E-08 0.00E+00 0.00E+00 3.11E-03 6.84E-04 5.51E-04 5.03E-04 1.46E-05 4.87E-03
Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.45E-04 3.92E-04 0.00E+00 0.00E+00 1.04E-03
Infant 1
(0-5 yrs) Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.29E-03 4.90E-05 0.00E+00 0.00E+00 3.34E-03
HTO? 1.45E-01 0.00E+00 0.00E+00 7.97E-05 0.00E+00 0.00E+00 8.51E-05 1.38E-01 2.04E-02 3.04E-01
[(mfp) 2.64E-05 8.64E-07 0.00E+00 0.00E+00 1.86E-06 0.00E+00 0.00E+00 2.00E-04 1.85E-04 4.14E-04
Noble Gases 0.00E+00 1.61E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.61E-01
Total 1.45E-01 1.61E-01 0.00E+00 7.97E-05 3.11E-03 4.62E-03 2.25E-03 3.53E-01 1.41E-01 8.11E-01

Note:All doses reported in units of uSv/a.
"includes dose due to external exposure to progeny of Cs-137 in air, water, soil, and sediment

2 includes dose incurred via ingestion of OBT in fish, plant produce and animal products.
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Table 78
Dose to Representative Persons Located at BSF2
Soil Sediment
. . Air Air Water Water ingestion ingestion Fish Plant Animal
Age Class | Radionuclide . . . . (ing (ing . . . Total
Inhalation | Immersion | Ingestion | Immersion and and Ingestion | Ingestion | Ingestion
external) external)
C-14 1.86E-04 2.13E-07 2.31E-06 1.16E-09 1.36E-11 2.40E-08 8.61E-03 4.47E-01 2.84E-01 7.40E-01
Co-60 3.05E-07 1.16E-08 0.00E+00 6.11E-03 9.75E-04 5.19E-04 1.40E-03 9.20E-06 9.26E-07 9.02E-03
Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.91E-04 9.41E-03 0.00E+00 0.00E+00 9.90E-03
Adult ]
(16-70 yrs) Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.47E-03 1.07E-03 0.00E+00 0.00E+00 3.54E-03
HTO? 1.04E-01 0.00E+00 9.79E-03 4.17E-03 0.00E+00 0.00E+00 6.37E-04 1.99E-01 5.93E-02 3.77E-01
[(mfp) 5.92E-06 3.99E-07 0.00E+00 0.00E+00 7.97E-07 0.00E+00 0.00E+00 9.45E-05 8.94E-05 1.91E-04
Noble Gases | 0.00E+00 7.44E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.44E-02
Total 1.04E-01 7.44E-02 9.79E-03 1.03E-02 9.75E-04 3.48E-03 2.11E-02 6.46E-01 3.43E-01 1.21E+00
C-14 2.65E-04 2.13E-07 1.27E-06 1.16E-09 2.94E-11 2.97E-07 7.73E-03 4.80E-01 2.57E-01 7.46E-01
Co-60 4.35E-07 3.64E-08 0.00E+00 7.23E-05 9.75E-04 5.22E-04 2.95E-03 2.33E-05 1.86E-06 4.55E-03
Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.97E-04 4.51E-03 0.00E+00 0.00E+00 5.01E-03
Child y
(6-15 yrs) Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.53E-03 5.37E-04 0.00E+00 0.00E+00 3.07E-03
HTO? 1.23E-01 0.00E+00 4.87E-03 3.48E-03 0.00E+00 0.00E+00 5.33E-04 1.98E-01 4.85E-02 3.78E-01
[(mfp) 1.33E-05 3.99E-07 0.00E+00 0.00E+00 7.98E-07 0.00E+00 0.00E+00 1.72E-04 2.60E-04 4.46E-04
Noble Gases | 0.00E+00 7.44E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.44E-02
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Soil Sediment
Age Class | Radionuclide Air_ Air . Wate_r WateI: (ingestion (ingestion Fish. Plan.t Anim.al Total
Inhalation | Immersion | Ingestion | Immersion and and Ingestion | Ingestion | Ingestion
external) external)
Total 1.23E-01 7.44E-02 4.87E-03 3.55E-03 9.75E-04 3.55E-03 1.63E-02 6.78E-01 3.06E-01 1.21E+00
C-14 1.81E-04 2.13E-07 0.00E+00 1.03E-11 5.01E-11 6.55E-07 5.27E-03 4.03E-01 3.24E-01 7.32E-01
Co-60 3.19E-07 1.50E-08 0.00E+00 0.00E+00 1.27E-03 6.84E-04 2.47E-03 2.38E-05 2.38E-06 4.45E-03
Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.45E-04 1.76E-03 0.00E+00 0.00E+00 2.40E-03
Infant 1
(0-5 yrs) Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.29E-03 2.20E-04 0.00E+00 0.00E+00 3.51E-03
HTO? 8.49E-02 0.00E+00 0.00E+00 7.97E-05 0.00E+00 0.00E+00 3.82E-04 2.12E-01 7.75E-02 3.75E-01
[(mfp) 1.59E-05 5.18E-07 0.00E+00 0.00E+00 1.04E-06 0.00E+00 0.00E+00 2.54E-04 8.43E-04 1.11E-03
Noble Gases | 0.00E+00 9.64E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 9.64E-02
Total 8.51E-02 9.64E-02 0.00E+00 7.97E-05 1.27E-03 4.62E-03 1.01E-02 6.15E-01 4.02E-01 1.22E+00

Note:All doses reported in units of uSv/a.
"includes dose due to external exposure to progeny of Cs-137 in air, water, soil, and sediment

2 includes dose incurred via ingestion of OBT in fish, plant produce and animal products.
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Table 79
Dose to Representative Persons Located at BSF3
Soil Sediment
. . Air Air Water Water ingestion ingestion Fish Plant Animal
Age Class | Radionuclide . . . . (ing (ing . . . Total
Inhalation | Immersion | Ingestion | Immersion and and Ingestion | Ingestion | Ingestion
external) external)
C-14 1.86E-04 2.13E-07 2.31E-06 1.16E-09 1.36E-11 2.40E-08 8.61E-03 5.24E-01 2.84E-01 8.16E-01
Co-60 3.05E-07 1.16E-08 0.00E+00 6.11E-03 1.30E-03 5.19E-04 1.40E-03 1.19E-05 1.20E-06 9.34E-03
Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.91E-04 9.41E-03 0.00E+00 0.00E+00 9.90E-03
Adult ]
(16-70 yrs) Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.47E-03 1.07E-03 0.00E+00 0.00E+00 3.54E-03
HTO? 1.04E-01 0.00E+00 9.79E-03 4.17E-03 0.00E+00 0.00E+00 6.37E-04 2.72E-01 5.93E-02 4.50E-01
[(mfp) 5.92E-06 3.99E-07 0.00E+00 0.00E+00 8.38E-07 0.00E+00 0.00E+00 1.00E-04 9.50E-05 2.03E-04
Noble Gases | 0.00E+00 7.44E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.44E-02
Total 1.04E-01 7.44E-02 9.79E-03 1.03E-02 1.30E-03 3.48E-03 2.11E-02 7.96E-01 3.43E-01 1.36E+00
C-14 2.65E-04 2.13E-07 1.27E-06 1.16E-09 2.94E-11 2.97E-07 7.73E-03 5.46E-01 2.57E-01 8.12E-01
Co-60 4.35E-07 1.16E-08 0.00E+00 6.11E-03 1.30E-03 5.22E-04 2.95E-03 3.01E-05 2.42E-06 1.09E-02
Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.97E-04 4.51E-03 0.00E+00 0.00E+00 5.01E-03
Child y
(6-15 yrs) Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.53E-03 5.37E-04 0.00E+00 0.00E+00 3.07E-03
HTO? 1.23E-01 0.00E+00 4.87E-03 3.48E-03 0.00E+00 0.00E+00 5.33E-04 2.38E-01 4.85E-02 4.19E-01
[(mfp) 1.33E-05 3.99E-07 0.00E+00 0.00E+00 8.40E-07 0.00E+00 0.00E+00 1.83E-04 2.76E-04 4.73E-04
Noble Gases | 0.00E+00 7.44E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.44E-02
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Soil Sediment
Age Class | Radionuclide Air_ Air . Wate_r WateI: (ingestion (ingestion Fish. Plan.t Anim.al Total
Inhalation | Immersion | Ingestion | Immersion and and Ingestion | Ingestion | Ingestion
external) external)
Total 1.23E-01 7.44E-02 4.87E-03 9.59E-03 1.30E-03 3.55E-03 1.63E-02 7.85E-01 3.06E-01 1.32E+00
C-14 1.81E-04 2.13E-07 0.00E+00 1.03E-11 5.01E-11 6.55E-07 5.27E-03 4.57E-01 3.24E-01 7.86E-01
Co-60 3.19E-07 1.50E-08 0.00E+00 0.00E+00 1.69E-03 6.84E-04 2.47E-03 3.07E-05 3.08E-06 4.87E-03
Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.45E-04 1.76E-03 0.00E+00 0.00E+00 2.40E-03
Infant 1
(0-5 yrs) Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.29E-03 2.20E-04 0.00E+00 0.00E+00 3.51E-03
HTO? 8.49E-02 0.00E+00 0.00E+00 7.97E-05 0.00E+00 0.00E+00 3.82E-04 2.22E-01 7.75E-02 3.84E-01
[(mfp) 1.59E-05 5.18E-07 0.00E+00 0.00E+00 1.10E-06 0.00E+00 0.00E+00 2.70E-04 8.96E-04 1.18E-03
Noble Gases | 0.00E+00 9.64E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 9.64E-02
Total 8.51E-02 9.64E-02 0.00E+00 7.97E-05 1.69E-03 4.62E-03 1.01E-02 6.79E-01 4.02E-01 1.28E+00

Note:All doses reported in units of uSv/a.
"includes dose due to external exposure to progeny of Cs-137 in air, water, soil, and sediment

2 includes dose incurred via ingestion of OBT in fish, plant produce and animal products.
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Table 80
Dose to Representative Persons Located at BDF1
Soil Sediment
. . Air Air Water Water ingestion ingestion Fish Plant Animal
Age Class | Radionuclide . . . . (ing (ing . . . Total
Inhalation | Immersion | Ingestion | Immersion and and Ingestion | Ingestion | Ingestion
external) external)
C-14 2.20E-04 2.53E-07 2.14E-06 1.16E-09 7.96E-12 2.40E-08 2.15E-03 2.36E-01 2.01E-01 4.40E-01
Co-60 5.08E-07 1.93E-08 0.00E+00 6.11E-03 2.26E-03 5.19E-04 3.51E-04 9.89E-06 1.28E-06 9.25E-03
Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.91E-04 2.35E-03 0.00E+00 0.00E+00 2.84E-03
Adult ]
(16-70 yrs) Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.47E-03 2.68E-04 0.00E+00 0.00E+00 2.74E-03
HTO? 1.77E-01 0.00E+00 7.64E-03 4.17E-03 0.00E+00 0.00E+00 1.59E-04 1.03E-01 4.70E-02 3.39E-01
[(mfp) 9.87E-06 6.64E-07 0.00E+00 0.00E+00 1.41E-06 0.00E+00 0.00E+00 8.25E-05 1.18E-04 2.13E-04
Noble Gases | 0.00E+00 1.24E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.24E-01
Total 1.77E-01 1.24E-01 7.65E-03 1.03E-02 2.26E-03 3.48E-03 5.28E-03 3.40E-01 2.48E-01 9.18E-01
C-14 3.14E-04 2.53E-07 1.18E-06 1.16E-09 1.73E-11 2.97E-07 1.93E-03 2.50E-01 1.87E-01 4.39E-01
Co-60 7.25E-07 1.93E-08 0.00E+00 6.11E-03 2.26E-03 5.22E-04 7.38E-04 2.44E-05 2.70E-06 9.66E-03
Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.97E-04 1.13E-03 0.00E+00 0.00E+00 1.62E-03
Child y

(6-15 yrs) Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.53E-03 1.34E-04 0.00E+00 0.00E+00 2.66E-03
HTO? 2.10E-01 0.00E+00 3.80E-03 3.48E-03 0.00E+00 0.00E+00 1.33E-04 9.99E-02 2.84E-02 3.46E-01
[(mfp) 2.21E-05 6.64E-07 0.00E+00 0.00E+00 1.41E-06 0.00E+00 0.00E+00 1.46E-04 3.72E-04 5.43E-04
Noble Gases | 0.00E+00 1.24E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.24E-01
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Soil Sediment
Age Class | Radionuclide Air_ Air . Wate_r WateI: (ingestion (ingestion Fish. Plan.t Anim.al Total
Inhalation | Immersion | Ingestion | Immersion and and Ingestion | Ingestion | Ingestion
external) external)
Total 2.10E-01 1.24E-01 3.80E-03 9.59E-03 2.26E-03 3.55E-03 4.07E-03 3.50E-01 2.16E-01 9.24E-01
C-14 2.14E-04 2.53E-07 0.00E+00 1.22E-11 2.94E-11 6.55E-07 1.32E-03 2.08E-01 2.45E-01 4.54E-01
Co-60 5.31E-07 2.50E-08 0.00E+00 0.00E+00 2.93E-03 6.84E-04 6.18E-04 2.48E-05 3.81E-06 4.26E-03
Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.45E-04 4.39E-04 0.00E+00 0.00E+00 1.08E-03
Infant 1
(0-5 yrs) Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.29E-03 5.49E-05 0.00E+00 0.00E+00 3.34E-03
HTO? 1.45E-01 0.00E+00 0.00E+00 7.97E-05 0.00E+00 0.00E+00 9.54E-05 1.06E-01 3.61E-02 2.87E-01
[(mfp) 2.64E-05 8.64E-07 0.00E+00 0.00E+00 1.84E-06 0.00E+00 0.00E+00 2.15E-04 1.25E-03 1.49E-03
Noble Gases | 0.00E+00 1.61E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.61E-01
Total 1.45E-01 1.61E-01 0.00E+00 7.97E-05 2.93E-03 4.62E-03 2.52E-03 3.14E-01 2.82E-01 9.13E-01

Note:All doses reported in units of uSv/a.
"includes dose due to external exposure to progeny of Cs-137 in air water, soil, and sediment

2 includes dose incurred via ingestion of OBT in fish, plant produce and animal products.
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Table 81
Dose to Representative Persons Located at BDF9
Soil Sediment
. . Air Air Water Water ingestion ingestion Fish Plant Animal
Age Class | Radionuclide . . . . (ing (ing . . . Total
Inhalation | Immersion | Ingestion | Immersion and and Ingestion | Ingestion | Ingestion
external) external)
C-14 1.86E-04 2.13E-07 1.81E-06 1.16E-09 0.00E+00 2.40E-08 2.15E-03 2.17E-01 1.94E-01 4.14E-01
Co-60 3.05E-07 1.16E-08 0.00E+00 6.11E-03 1.10E-03 5.19E-04 3.51E-04 4.91E-06 6.31E-07 8.08E-03
Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.91E-04 2.35E-03 0.00E+00 0.00E+00 2.84E-03
Adult ]
(16-70 yrs) Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.47E-03 2.68E-04 0.00E+00 0.00E+00 2.74E-03
HTO? 1.04E-01 0.00E+00 7.64E-03 4.17E-03 0.00E+00 0.00E+00 1.59E-04 1.03E-01 5.87E-02 2.77E-01
[(mfp) 5.92E-06 3.99E-07 0.00E+00 0.00E+00 8.12E-07 0.00E+00 0.00E+00 4.72E-05 6.76E-05 1.22E-04
Noble Gases | 0.00E+00 7.44E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.44E-02
Total 1.04E-01 7.44E-02 7.65E-03 1.03E-02 1.10E-03 3.48E-03 5.28E-03 3.20E-01 2.53E-01 7.79E-01
C-14 2.65E-04 2.13E-07 9.92E-07 1.16E-09 0.00E+00 2.97E-07 1.93E-03 2.27E-01 2.08E-01 4.37E-01
Co-60 4.35E-07 1.16E-08 0.00E+00 6.11E-03 1.10E-03 5.22E-04 7.38E-04 1.21E-05 1.34E-06 8.48E-03
Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.97E-04 1.13E-03 0.00E+00 0.00E+00 1.62E-03
Child y

(6-15 yrs) Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.53E-03 1.34E-04 0.00E+00 0.00E+00 2.66E-03
HTO? 1.23E-01 0.00E+00 3.80E-03 3.48E-03 0.00E+00 0.00E+00 1.33E-04 9.99E-02 6.58E-02 2.96E-01
[(mfp) 1.33E-05 3.99E-07 0.00E+00 0.00E+00 8.14E-07 0.00E+00 0.00E+00 8.37E-05 2.13E-04 3.11E-04
Noble Gases | 0.00E+00 7.44E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.44E-02
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Soil Sediment
Age Class | Radionuclide Air_ Air _ Wate_r WateI: (ingestion (ingestion Fish. Plan.t Anim.al Total
Inhalation | Immersion | Ingestion | Immersion and and Ingestion | Ingestion | Ingestion
external) external)
Total 1.23E-01 7.44E-02 3.80E-03 9.59E-03 1.10E-03 3.55E-03 4.07E-03 3.27E-01 2.74E-01 8.21E-01
C-14 1.81E-04 2.13E-07 0.00E+00 1.03E-11 0.00E+00 6.55E-07 1.32E-03 1.89E-01 3.07E-01 4.98E-01
Co-60 3.19E-07 1.50E-08 0.00E+00 0.00E+00 1.42E-03 6.84E-04 6.18E-04 1.23E-05 1.89E-06 2.74E-03
Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.45E-04 4.39E-04 0.00E+00 0.00E+00 1.08E-03
Infant 1
(0-5 yrs) Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.29E-03 5.49E-05 0.00E+00 0.00E+00 3.34E-03
HTO? 8.49E-02 0.00E+00 0.00E+00 7.97E-05 0.00E+00 0.00E+00 9.54E-05 1.06E-01 1.24E-01 3.15E-01
[(mfp) 1.59E-05 5.18E-07 0.00E+00 0.00E+00 1.06E-06 0.00E+00 0.00E+00 1.23E-04 7.13E-04 8.53E-04
Noble Gases | 0.00E+00 9.64E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 9.64E-02
Total 8.51E-02 9.64E-02 0.00E+00 7.97E-05 1.43E-03 4.62E-03 2.52E-03 2.95E-01 4.31E-01 9.17E-01

Note:All doses reported in units of uSv/a.
"includes dose due to external exposure to progeny of Cs-137 in air, water, soil, and sediment

2 includes dose incurred via ingestion of OBT in fish, plant produce and animal products.
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Table 82
Dose to Representative Persons Located at BDF12
Soil Sediment
. . Air Air Water Water ingestion ingestion Fish Plant Animal
Age Class | Radionuclide . . . . (ing (ing . . . Total
Inhalation | Immersion | Ingestion | Immersion and and Ingestion | Ingestion | Ingestion
external) external)
C-14 2.20E-04 2.53E-07 2.14E-06 1.16E-09 7.96E-12 2.40E-08 2.15E-03 2.81E-01 2.11E-01 4.94E-01
Co-60 5.08E-07 1.93E-08 0.00E+00 6.11E-03 2.27E-03 5.19E-04 3.51E-04 9.96E-06 1.29E-06 9.27E-03
Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.91E-04 2.35E-03 0.00E+00 0.00E+00 2.84E-03
Adult ]
(16-70 yrs) Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.47E-03 2.68E-04 0.00E+00 0.00E+00 2.74E-03
HTO? 1.77E-01 0.00E+00 7.64E-03 4.17E-03 0.00E+00 0.00E+00 1.59E-04 1.51E-01 5.37E-02 3.93E-01
[(mfp) 9.87E-06 6.64E-07 0.00E+00 0.00E+00 1.41E-06 0.00E+00 0.00E+00 8.27E-05 1.18E-04 2.13E-04
Noble Gases | 0.00E+00 1.24E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.24E-01
Total 1.77E-01 1.24E-01 7.65E-03 1.03E-02 2.27E-03 3.48E-03 5.28E-03 4.32E-01 2.64E-01 1.03E+00
C-14 3.14E-04 2.53E-07 1.18E-06 1.16E-09 1.73E-11 2.97E-07 1.93E-03 2.88E-01 2.10E-01 5.00E-01
Co-60 7.25E-07 1.93E-08 0.00E+00 6.11E-03 2.27E-03 5.22E-04 7.38E-04 2.46E-05 2.72E-06 9.67E-03
Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.97E-04 1.13E-03 0.00E+00 0.00E+00 1.62E-03
Child y
(6-15 yrs) Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.53E-03 1.34E-04 0.00E+00 0.00E+00 2.66E-03
HTO? 2.10E-01 0.00E+00 3.80E-03 3.48E-03 0.00E+00 0.00E+00 1.33E-04 1.28E-01 4.36E-02 3.90E-01
[(mfp) 2.21E-05 6.64E-07 0.00E+00 0.00E+00 1.41E-06 0.00E+00 0.00E+00 1.47E-04 3.73E-04 5.43E-04
Noble Gases | 0.00E+00 1.24E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.24E-01
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Soil Sediment
Age Class | Radionuclide Air_ Air . Wate_r WateI: (ingestion (ingestion Fish. Plan.t Anim.al Total
Inhalation | Immersion | Ingestion | Immersion and and Ingestion | Ingestion | Ingestion
external) external)
Total 2.10E-01 1.24E-01 3.80E-03 9.59E-03 2.27E-03 3.55E-03 4.07E-03 4.16E-01 2.54E-01 1.03E+00
C-14 2.14E-04 2.53E-07 0.00E+00 1.22E-11 2.94E-11 6.55E-07 1.32E-03 2.38E-01 2.95E-01 5.34E-01
Co-60 5.31E-07 2.50E-08 0.00E+00 0.00E+00 2.95E-03 6.84E-04 6.18E-04 2.50E-05 3.84E-06 4.29E-03
Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.45E-04 4.39E-04 0.00E+00 0.00E+00 1.08E-03
Infant 1
(0-5 yrs) Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.29E-03 5.49E-05 0.00E+00 0.00E+00 3.34E-03
HTO? 1.45E-01 0.00E+00 0.00E+00 7.97E-05 0.00E+00 0.00E+00 9.54E-05 1.17E-01 7.04E-02 3.32E-01
[(mfp) 2.64E-05 8.64E-07 0.00E+00 0.00E+00 1.84E-06 0.00E+00 0.00E+00 2.15E-04 1.25E-03 1.49E-03
Noble Gases | 0.00E+00 1.61E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.61E-01
Total 1.45E-01 1.61E-01 0.00E+00 7.97E-05 2.96E-03 4.62E-03 2.52E-03 3.54E-01 3.66E-01 1.04E+00

Note:All doses reported in units of uSv/a.
"includes dose due to external exposure to progeny of Cs-137 in air, water,soil, and sediment

2 includes dose incurred via ingestion of OBT in fish, plant produce and animal products.
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Table 83
Dose to Representative Persons Located at BDF13
Soil Sediment
. . Air Air Water Water ingestion ingestion Fish Plant Animal
Age Class | Radionuclide . . . . (ing (ing . . . Total
Inhalation | Immersion | Ingestion | Immersion and and Ingestion | Ingestion | Ingestion
external) external)
C-14 1.86E-04 2.13E-07 1.81E-06 1.16E-09 0.00E+00 2.40E-08 2.15E-03 2.62E-01 2.03E-01 4.67E-01
Co-60 3.05E-07 1.16E-08 0.00E+00 6.11E-03 8.53E-04 5.19E-04 3.51E-04 3.94E-06 5.03E-07 7.84E-03
Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.91E-04 2.35E-03 0.00E+00 0.00E+00 2.84E-03
Adult ]
(16-70 yrs) Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.47E-03 2.68E-04 0.00E+00 0.00E+00 2.74E-03
HTO? 1.04E-01 0.00E+00 7.64E-03 4.17E-03 0.00E+00 0.00E+00 1.59E-04 1.51E-01 4.50E-02 3.11E-01
[(mfp) 5.92E-06 3.99E-07 0.00E+00 0.00E+00 7.81E-07 0.00E+00 0.00E+00 4.51E-05 6.45E-05 1.17E-04
Noble Gases | 0.00E+00 7.44E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.44E-02
Total 1.04E-01 7.44E-02 7.65E-03 1.03E-02 8.54E-04 3.48E-03 5.28E-03 4.13E-01 2.48E-01 8.67E-01
C-14 2.65E-04 2.13E-07 9.92E-07 1.16E-09 0.00E+00 2.97E-07 1.93E-03 2.65E-01 2.30E-01 4.97E-01
Co-60 4.35E-07 1.16E-08 0.00E+00 6.11E-03 8.53E-04 5.22E-04 7.38E-04 9.70E-06 1.07E-06 8.24E-03
Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.97E-04 1.13E-03 0.00E+00 0.00E+00 1.62E-03
Child y
(6-15 yrs) Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.53E-03 1.34E-04 0.00E+00 0.00E+00 2.66E-03
HTO? 1.23E-01 0.00E+00 3.80E-03 3.48E-03 0.00E+00 0.00E+00 1.33E-04 1.28E-01 3.44E-02 2.93E-01
[(mfp) 1.33E-05 3.99E-07 0.00E+00 0.00E+00 7.82E-07 0.00E+00 0.00E+00 7.99E-05 2.03E-04 2.97E-04
Noble Gases | 0.00E+00 7.44E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.44E-02
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Soil Sediment
Age Class | Radionuclide Air_ Air . Wate_r WateI: (ingestion (ingestion Fish. Plan.t Anim.al Total
Inhalation | Immersion | Ingestion | Immersion and and Ingestion | Ingestion | Ingestion
external) external)
Total 1.23E-01 7.44E-02 3.80E-03 9.59E-03 8.54E-04 3.55E-03 4.07E-03 3.93E-01 2.65E-01 8.78E-01
C-14 1.81E-04 2.13E-07 0.00E+00 1.03E-11 0.00E+00 6.55E-07 1.32E-03 2.19E-01 3.54E-01 5.75E-01
Co-60 3.19E-07 1.50E-08 0.00E+00 0.00E+00 1.11E-03 6.84E-04 6.18E-04 9.87E-06 1.51E-06 2.42E-03
Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.45E-04 4.39E-04 0.00E+00 0.00E+00 1.08E-03
Infant 1
(0-5 yrs) Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.29E-03 5.49E-05 0.00E+00 0.00E+00 3.34E-03
HTO? 8.49E-02 0.00E+00 0.00E+00 7.97E-05 0.00E+00 0.00E+00 9.54E-05 1.17E-01 5.34E-02 2.55E-01
[(mfp) 1.59E-05 5.18E-07 0.00E+00 0.00E+00 1.02E-06 0.00E+00 0.00E+00 1.17E-04 6.80E-04 8.15E-04
Noble Gases | 0.00E+00 9.64E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 9.64E-02
Total 8.51E-02 9.64E-02 0.00E+00 7.97E-05 1.11E-03 4.62E-03 2.52E-03 3.36E-01 4.08E-01 9.34E-01

Note:All doses reported in units of uSv/a.
"includes dose due to external exposure to progeny of Cs-137 in air, water, soil, and sediment

2 includes dose incurred via ingestion of OBT in fish, plant produce and animal products.
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Table 84
Dose to Representative Persons Located at BDF14
Soil Sediment
. . Air Air Water Water ingestion ingestion Fish Plant Animal
Age Class | Radionuclide . . . . (ing (ing . . . Total
Inhalation | Immersion | Ingestion | Immersion and and Ingestion | Ingestion | Ingestion
external) external)
C-14 1.86E-04 2.13E-07 1.81E-06 1.16E-09 0.00E+00 2.40E-08 2.15E-03 2.17E-01 2.03E-01 4.23E-01
Co-60 3.05E-07 1.16E-08 0.00E+00 6.11E-03 7.06E-04 5.19E-04 3.51E-04 3.35E-06 4.27E-07 7.69E-03
Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.91E-04 2.35E-03 0.00E+00 0.00E+00 2.84E-03
Adult ]
(16-70 yrs) Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.47E-03 2.68E-04 0.00E+00 0.00E+00 2.74E-03
HTO? 1.04E-01 0.00E+00 7.64E-03 4.17E-03 0.00E+00 0.00E+00 1.59E-04 1.03E-01 4.50E-02 2.64E-01
[(mfp) 5.92E-06 3.99E-07 0.00E+00 0.00E+00 7.62E-07 0.00E+00 0.00E+00 4.37E-05 6.26E-05 1.13E-04
Noble Gases | 0.00E+00 7.44E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.44E-02
Total 1.04E-01 7.44E-02 7.65E-03 1.03E-02 7.07E-04 3.48E-03 5.28E-03 3.20E-01 2.48E-01 7.74E-01
C-14 2.65E-04 2.13E-07 9.92E-07 1.16E-09 0.00E+00 2.97E-07 1.93E-03 2.27E-01 2.30E-01 4.59E-01
Co-60 4.35E-07 1.16E-08 0.00E+00 6.11E-03 7.06E-04 5.22E-04 7.38E-04 8.26E-06 9.06E-07 8.09E-03
Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.97E-04 1.13E-03 0.00E+00 0.00E+00 1.62E-03
Child y
(6-15 yrs) Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.53E-03 1.34E-04 0.00E+00 0.00E+00 2.66E-03
HTO? 1.23E-01 0.00E+00 3.80E-03 3.48E-03 0.00E+00 0.00E+00 1.33E-04 9.98E-02 3.44E-02 2.65E-01
[(mfp) 1.33E-05 3.99E-07 0.00E+00 0.00E+00 7.64E-07 0.00E+00 0.00E+00 7.75E-05 1.97E-04 2.89E-04
Noble Gases | 0.00E+00 7.44E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.44E-02
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Soil Sediment
Age Class | Radionuclide Air_ Air . Wate_r WateI: (ingestion (ingestion Fisr] Plan.t Anim.al Total
Inhalation | Immersion | Ingestion | Immersion and and Ingestion | Ingestion | Ingestion
external) external)
Total 1.23E-01 7.44E-02 3.80E-03 9.59E-03 7.07E-04 3.55E-03 4.07E-03 3.27E-01 2.65E-01 8.11E-01
C-14 1.81E-04 2.13E-07 0.00E+00 1.03E-11 0.00E+00 6.55E-07 1.32E-03 1.89E-01 3.54E-01 5.45E-01
Co-60 3.19E-07 1.50E-08 0.00E+00 0.00E+00 9.18E-04 6.84E-04 6.18E-04 8.41E-06 1.28E-06 2.23E-03
Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.45E-04 4.39E-04 0.00E+00 0.00E+00 1.08E-03
Infant 1
(0_5 yrs) Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.29E-03 5.49E-05 0.00E+00 0.00E+00 3.34E-03
HTO2 8.49E-02 0.00E+00 0.00E+00 7.97E-05 0.00E+00 0.00E+00 9.54E-05 1.06E-01 5.34E-02 2.44E-01
I(mfp) 1.59E-05 5.18E-07 0.00E+00 0.00E+00 9.96E-07 0.00E+00 0.00E+00 1.14E-04 6.60E-04 7.92E-04
Noble Gases 0.00E+00 9.64E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 9.64E-02
Total 8.51E-02 9.64E-02 0.00E+00 7.97E-05 9.19E-04 4.62E-03 2.52E-03 2.95E-01 4.08E-01 8.93E-01

Note:All doses reported in units of uSv/a.
"includes dose due to external exposure to progeny of Cs-137 in air, water, soil, and sediment

2 includes dose incurred via ingestion of OBT in fish, plant produce and animal products.
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Table 85
Dose to Representative Persons Located at BDF15
Soil Sediment
. . Air Air Water Water ingestion ingestion Fish Plant Animal
Age Class | Radionuclide . . . . (ing (ing . . . Total
Inhalation | Immersion | Ingestion | Immersion and and Ingestion | Ingestion | Ingestion
external) external)
C-14 1.86E-04 2.13E-07 1.81E-06 1.16E-09 0.00E+00 2.40E-08 2.15E-03 2.17E-01 1.69E-01 3.88E-01
Co-60 3.05E-07 1.16E-08 0.00E+00 6.11E-03 8.42E-04 5.19E-04 3.51E-04 3.89E-06 4.98E-07 7.83E-03
Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.91E-04 2.35E-03 0.00E+00 0.00E+00 2.84E-03
Adult ]
(16-70 yrs) Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.47E-03 2.68E-04 0.00E+00 0.00E+00 2.74E-03
HTO? 1.04E-01 0.00E+00 7.64E-03 4.17E-03 0.00E+00 0.00E+00 1.59E-04 1.03E-01 3.98E-02 2.58E-01
[(mfp) 5.92E-06 3.99E-07 0.00E+00 0.00E+00 7.80E-07 0.00E+00 0.00E+00 4.50E-05 6.44E-05 1.16E-04
Noble Gases | 0.00E+00 7.44E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.44E-02
Total 1.04E-01 7.44E-02 7.65E-03 1.03E-02 8.43E-04 3.48E-03 5.28E-03 3.20E-01 2.09E-01 7.34E-01
C-14 2.65E-04 2.13E-07 9.92E-07 1.16E-09 0.00E+00 2.97E-07 1.93E-03 2.27E-01 1.43E-01 3.73E-01
Co-60 4.35E-07 1.16E-08 0.00E+00 6.11E-03 8.42E-04 5.22E-04 7.38E-04 9.59E-06 1.06E-06 8.23E-03
Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.97E-04 1.13E-03 0.00E+00 0.00E+00 1.62E-03
Child y
(6-15 yrs) Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.53E-03 1.34E-04 0.00E+00 0.00E+00 2.66E-03
HTO? 1.23E-01 0.00E+00 3.80E-03 3.48E-03 0.00E+00 0.00E+00 1.33E-04 9.98E-02 2.26E-02 2.53E-01
[(mfp) 1.33E-05 3.99E-07 0.00E+00 0.00E+00 7.81E-07 0.00E+00 0.00E+00 7.97E-05 2.03E-04 2.97E-04
Noble Gases | 0.00E+00 7.44E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.44E-02
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Soil Sediment
Age Class | Radionuclide Air _ Air . Wate_r WateI: (ingestion (ingestion Fish. Plan.t Anim.al Total
Inhalation | Immersion | Ingestion | Immersion and and Ingestion | Ingestion | Ingestion
external) external)
Total 1.23E-01 7.44E-02 3.80E-03 9.59E-03 8.43E-04 3.55E-03 4.07E-03 3.27E-01 1.66E-01 7.13E-01
C-14 1.81E-04 2.13E-07 0.00E+00 1.03E-11 0.00E+00 6.55E-07 1.32E-03 1.89E-01 1.70E-01 3.60E-01
Co-60 3.19E-07 1.50E-08 0.00E+00 0.00E+00 1.09E-03 6.84E-04 6.18E-04 9.76E-06 1.49E-06 2.41E-03
Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.45E-04 4.39E-04 0.00E+00 0.00E+00 1.08E-03
Infant 1
(0-5 yrs) Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.29E-03 5.49E-05 0.00E+00 0.00E+00 3.34E-03
HTO? 8.49E-02 0.00E+00 0.00E+00 7.97E-05 0.00E+00 0.00E+00 9.54E-05 1.06E-01 2.67E-02 2.18E-01
I(mfp) 1.59E-05 5.18E-07 0.00E+00 0.00E+00 1.02E-06 0.00E+00 0.00E+00 1.17E-04 6.79E-04 8.13E-04
Noble Gases | 0.00E+00 9.64E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 9.64E-02
Total 8.51E-02 9.64E-02 0.00E+00 7.97E-05 1.10E-03 4.62E-03 2.52E-03 2.95E-01 1.97E-01 6.82E-01

Note:All doses reported in units of uSv/a.
"includes dose due to external exposure to progeny of Cs-137 in air, water, soil, and sediment

2 includes dose incurred via ingestion of OBT in fish, plant produce and animal products.
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Table 86
Dose to Representative Persons Located at BHF1
Soil Sediment
. . Air Air Water Water ingestion ingestion Fish Plant Animal
Age Class | Radionuclide . . . . (ing (ing . . . Total
Inhalation | Immersion | Ingestion | Immersion and and Ingestion | Ingestion | Ingestion
external) external)
C-14 4.18E-05 4.80E-08 4.38E-05 9.36E-10 2.78E-10 5.36E-09 8.61E-03 7.99E-02 6.14E-02 1.50E-01
Co-60 9.64E-08 3.65E-09 2.03E-04 6.59E-05 6.49E-03 5.19E-04 1.40E-03 6.30E-05 1.50E-05 8.75E-03
Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.91E-04 9.41E-03 0.00E+00 0.00E+00 9.90E-03
Adult ]
(16-70 yrs) Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.47E-03 1.07E-03 0.00E+00 0.00E+00 3.54E-03
HTO? 2.86E-02 0.00E+00 7.61E-02 2.58E-03 0.00E+00 0.00E+00 6.37E-04 1.25E-01 4.89E-02 2.82E-01
[(mfp) 1.88E-06 1.27E-07 0.00E+00 0.00E+00 2.43E-07 0.00E+00 0.00E+00 2.86E-05 2.76E-05 5.84E-05
Noble Gases | 0.00E+00 2.36E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.36E-02
Total 2.86E-02 2.36E-02 7.63E-02 2.65E-03 6.49E-03 3.48E-03 2.11E-02 2.05E-01 1.10E-01 4.77E-01
C-14 5.96E-05 4.80E-08 2.40E-05 9.36E-10 6.04E-10 6.64E-08 7.73E-03 8.84E-02 6.05E-02 1.57E-01
Co-60 1.38E-07 3.65E-09 2.61E-04 6.59E-05 6.49E-03 5.22E-04 2.95E-03 1.56E-04 2.80E-05 1.05E-02
Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.97E-04 4.51E-03 0.00E+00 0.00E+00 5.01E-03
Child y

(6-15 yrs) Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.53E-03 5.37E-04 0.00E+00 0.00E+00 3.07E-03
HTO? 3.40E-02 0.00E+00 3.79E-02 2.15E-03 0.00E+00 0.00E+00 5.33E-04 1.15E-01 6.06E-02 2.50E-01
[(mfp) 4.21E-06 1.27E-07 0.00E+00 0.00E+00 2.43E-07 0.00E+00 0.00E+00 5.21E-05 8.05E-05 1.37E-04
Noble Gases | 0.00E+00 2.36E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.36E-02

Master Created: 17Apr2020 9:59




Approved for Issue - VERIFY STATUS PRIOR TO USE

PUBLIC
B-REP-07000-00012 Rev 000 May 1, 2020 Page 284 of 297
2019 ENVIRONMENTAL PROTECTION REPORT
Soil Sediment
Age Class | Radionuclide Air_ Air . Wate_r WateI: (ingestion (ingestion Fish. Plan.t Anim.al Total
Inhalation | Immersion | Ingestion | Immersion and and Ingestion | Ingestion | Ingestion
external) external)
Total 3.40E-02 2.36E-02 3.81E-02 2.22E-03 6.49E-03 3.55E-03 1.63E-02 2.03E-01 1.21E-01 4.49E-01
C-14 4.07E-05 4.80E-08 0.00E+00 1.77E-10 1.03E-09 1.46E-07 5.27E-03 7.09E-02 8.09E-02 1.57E-01
Co-60 1.01E-07 4.75E-09 0.00E+00 1.62E-05 8.43E-03 6.84E-04 2.47E-03 1.62E-04 2.90E-05 1.18E-02
Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.45E-04 1.76E-03 0.00E+00 0.00E+00 2.40E-03
Infant 1
(0-5 yrs) Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.29E-03 2.20E-04 0.00E+00 0.00E+00 3.51E-03
HTO? 2.34E-02 0.00E+00 0.00E+00 5.62E-04 0.00E+00 0.00E+00 3.82E-04 1.05E-01 1.08E-01 2.37E-01
[(mfp) 5.04E-06 1.65E-07 0.00E+00 0.00E+00 3.18E-07 0.00E+00 0.00E+00 7.68E-05 2.59E-04 3.41E-04
Noble Gases 0.00E+00 3.05E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.05E-02
Total 2.35E-02 3.05E-02 0.00E+00 5.78E-04 8.43E-03 4.62E-03 1.01E-02 1.76E-01 1.89E-01 4.43E-01

Note:All doses reported in units of uSv/a.
"includes dose due to external exposure to progeny of Cs-137 in air, water, soil, and sediment

2 includes dose incurred via ingestion of OBT in fish, plant produce and animal products.
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Table 87
Dose to Representative Persons Located at BEC
Soil Sediment
. . Air Air Water Water ingestion ingestion Fish Plant Animal
Age Class | Radionucdlide . . . . (ing (ing . . . Total
Inhalation | Immersion | Ingestion | Immersion and and Ingestion | Ingestion | Ingestion
external) external)
C-14 5.06E-05 5.82E-08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.06E-05
Co-60 1.17E-07 4.43E-09 0.00E+00 0.00E+00 5.75E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.75E-04
Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Adult ]
(16-70 yrs) Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
HTO? 4.06E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.06E-02
[(mfp) 2.27E-06 1.53E-07 0.00E+00 0.00E+00 3.31E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.75E-06
Noble Gases | 0.00E+00 2.86E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.86E-02
Total 4.07E-02 2.86E-02 0.00E+00 0.00E+00 5.75E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.99E-02

Note:All doses reported in units of uSv/a.
"includes dose due to external exposure to progeny of Cs-137 in air, water, soil, and sediment

2 includes dose incurred via ingestion of OBT in fish, plant produce and animal products.
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Figure 63
Environmental Monitoring Sample Points -1
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Appendix D (Continued)
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Figure 64
Environmental Monitoring Sample Points - 2
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On-Site C Sampling Locations
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Figure 66
Milk Sampling Locations within Circumference
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Figure 67
On-Site Soil Sample (2016)
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APPENDIX E: SUMMARY OF BRUCE A AND BRUCE B MONITORING WELLS
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Figure 68
Bruce A and Bruce B Monitoring Wells
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Figure 69
Summary of Bruce A Monitoring Well Installation

Master Created: 17Apr2020 9:59



Approved for Issue - VERIFY STATUS PRIOR TO USE

PUBLIC

B-REP-07000-00012

Rev 000

May 1, 2020

Page 293 of 297

2019 ENVIRONMENTAL PROTECTION REPORT

Appendix E (Continued)
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Summary of Bruce B Monitoring Well Installations
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APPENDIX F: METEOROLOGICAL DATA ANALYSIS
Table 88
Annual Average TJF (Surrogate) for Bruce Power Site
for Year 2019 50m Meteorological Tower at 10m Height
Wind Wind Speed, u (m/s)
Stability Direction | y<2 [2<us<3[3<us4|[4<us5[5<us6| u>6 Total
Class (wind blowing -
from) Frequency (%) at 10 m Height
A N 0.53 0.30 0.25 0.05 0.03 0.03 1.19
NNE 0.52 0.36 0.34 0.1 0.03 0.01 1.37
NE 0.29 0.17 0.09 0.02 0.01 0.01 0.58
ENE 0.33 0.15 0.10 0.01 0.00 0.00 0.59
E 0.46 0.20 0.07 0.01 0.01 0.00 0.76
ESE 0.43 0.12 0.05 0.02 0.01 0.00 0.63
SE 0.36 0.18 0.05 0.02 0.00 0.00 0.60
SSE 0.35 0.13 0.11 0.03 0.00 0.00 0.62
S 0.34 0.16 0.13 0.03 0.01 0.00 0.68
SSW 0.37 0.14 0.13 0.07 0.03 0.00 0.74
SW 0.37 0.27 0.19 0.08 0.01 0.01 0.93
WSW 0.36 0.28 0.20 0.03 0.01 0.02 0.89
W 0.29 0.37 0.16 0.02 0.02 0.02 0.88
WNW 0.35 0.39 0.16 0.02 0.01 0.00 0.94
NW 0.49 0.43 0.14 0.05 0.03 0.00 1.14
NNW 0.90 0.54 0.19 0.07 0.03 0.00 1.72
Total 6.72 419 2.37 0.64 0.23 0.11 14.26
B N 0.21 0.10 0.32 0.32 0.12 0.05 1.12
NNE 0.35 0.37 0.55 0.42 0.15 0.05 1.89
NE 0.13 0.09 0.14 0.12 0.03 0.02 0.54
ENE 0.26 0.10 0.14 0.1 0.03 0.00 0.65
E 0.11 0.11 0.08 0.03 0.00 0.00 0.32
ESE 0.07 0.05 0.07 0.05 0.03 0.02 0.29
SE 0.24 0.16 0.12 0.05 0.03 0.02 0.63
SSE 0.37 0.28 0.26 0.15 0.08 0.06 1.20
S 0.40 0.21 0.27 0.26 0.12 0.10 1.36
SSwW 0.38 0.27 0.37 0.41 0.36 0.40 2.19
SW 0.77 0.38 0.94 0.90 0.42 0.15 3.56
WSW 0.26 0.18 0.28 0.12 0.08 0.06 0.98
W 0.15 0.14 0.25 0.1 0.08 0.09 0.81
WNW 0.22 0.15 0.22 0.21 0.13 0.10 1.03
NW 0.23 0.14 0.22 0.27 0.12 0.10 1.09
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Wind Wind Speed, u (m/s)
Stability | Direction | y<2 [2<u<3[3<us4[4<us5[5<u<6| u>6 Total
Class (wind blowing -
from) Frequency (%) at 10 m Height
NNW 0.34 0.35 0.47 0.39 0.20 0.14 1.89
Total 4.49 3.09 4.71 3.90 1.98 1.36 19.54
C N 0.00 0.01 0.03 0.03 0.02 0.01 0.10
NNE 0.03 0.03 0.02 0.01 0.00 0.00 0.08
NE 0.01 0.01 0.01 0.01 0.00 0.00 0.05
ENE 0.09 0.05 0.03 0.02 0.00 0.00 0.20
E 0.02 0.02 0.00 0.00 0.00 0.00 0.03
ESE 0.01 0.00 0.00 0.00 0.00 0.00 0.03
SE 0.08 0.01 0.00 0.00 0.00 0.00 0.10
SSE 0.14 0.12 0.10 0.04 0.01 0.01 0.42
S 0.19 0.16 0.14 0.08 0.05 0.01 0.64
SSW 0.17 0.11 0.13 0.06 0.08 0.07 0.62
SW 0.18 0.14 0.39 0.47 0.19 0.24 1.60
WSW 0.21 0.13 0.19 0.18 0.19 0.54 1.43
W 0.07 0.11 0.09 0.11 0.11 0.23 0.73
WNW 0.06 0.04 0.06 0.09 0.07 0.13 0.45
NW 0.01 0.01 0.04 0.06 0.07 0.11 0.30
NNW 0.04 0.05 0.12 0.16 0.08 0.16 0.61
Total 1.33 1.00 1.34 1.33 0.88 1.51 7.39
D N 0.00 0.03 0.43 0.33 0.22 0.24 1.26
NNE 0.00 0.00 0.24 0.27 0.14 0.11 0.76
NE 0.07 0.03 0.26 0.21 0.10 0.05 0.73
ENE 0.22 0.17 0.29 0.11 0.04 0.04 0.87
E 0.11 0.02 0.11 0.04 0.01 0.00 0.29
ESE 0.05 0.02 0.12 0.07 0.04 0.03 0.33
SE 0.15 0.09 0.27 0.17 0.08 0.04 0.80
SSE 0.57 0.69 0.76 0.25 0.12 0.04 2.43
S 0.52 0.38 0.92 0.63 0.25 0.11 2.81
SSW 0.25 0.45 0.86 0.72 0.64 0.68 3.60
S 0.02 0.19 0.50 0.51 0.42 0.51 2.15
WSW 0.01 0.12 0.31 0.51 0.42 0.91 2.28
W 0.00 0.07 0.30 0.35 0.34 0.72 1.80
WNW 0.00 0.08 0.37 0.44 0.51 0.66 2.06
NW 0.00 0.06 0.37 0.48 0.45 0.43 1.79
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Wind Wind Speed, u (m/s)
Stability | Direction | y<2 [2<us3[3<us<4[4<us<5[5<u<6| u>6 Total
Class (wind blowing -
from) Frequency (%) at 10 m Height
NNW 0.00 0.07 0.54 0.54 0.44 0.45 2.05
Total 1.99 2.48 6.63 5.63 4.24 5.03 26.00
E N 0.03 0.23 0.06 0.00 0.00 0.00 0.32
NNE 0.06 0.15 0.10 0.00 0.00 0.00 0.32
NE 0.22 0.18 0.05 0.00 0.00 0.00 0.45
ENE 0.68 0.22 0.02 0.00 0.00 0.00 0.91
E 0.38 0.10 0.02 0.00 0.00 0.00 0.51
ESE 0.20 0.08 0.00 0.00 0.00 0.00 0.29
SE 0.60 0.30 0.01 0.00 0.00 0.00 0.92
SSE 1.17 0.60 0.02 0.00 0.00 0.00 1.78
S 1.20 0.55 0.03 0.00 0.00 0.00 1.78
SsSw 0.93 0.48 0.04 0.00 0.00 0.00 1.44
SW 0.40 0.24 0.05 0.00 0.00 0.00 0.69
Wsw 0.34 0.17 0.03 0.00 0.00 0.00 0.54
W 0.17 0.11 0.03 0.00 0.00 0.00 0.30
WNW 0.21 0.13 0.05 0.00 0.00 0.00 0.39
NW 0.06 0.18 0.05 0.00 0.00 0.00 0.29
NNW 0.06 0.27 0.07 0.00 0.00 0.00 0.41
Total 6.72 4.00 0.63 0.00 0.00 0.00 11.35
F N 0.94 0.27 0.00 0.00 0.00 0.00 1.21
NNE 0.97 0.30 0.00 0.00 0.00 0.00 1.27
NE 1.05 0.25 0.00 0.00 0.00 0.00 1.31
ENE 1.37 0.22 0.00 0.00 0.00 0.00 1.59
E 1.42 0.17 0.00 0.00 0.00 0.00 1.59
ESE 1.08 0.12 0.00 0.00 0.00 0.00 1.20
SE 1.43 0.17 0.00 0.00 0.00 0.00 1.60
SSE 1.95 0.22 0.00 0.00 0.00 0.00 2.17
S 2.14 0.34 0.00 0.00 0.00 0.00 2.49
SSw 1.47 0.25 0.00 0.00 0.00 0.00 1.72
SW 1.01 0.18 0.00 0.00 0.00 0.00 1.20
Wsw 0.37 0.12 0.00 0.00 0.00 0.00 0.49
W 0.42 0.14 0.00 0.00 0.00 0.00 0.55
WNW 0.57 0.15 0.00 0.00 0.00 0.00 0.73
NW 0.86 0.19 0.00 0.00 0.00 0.00 1.05
NNW 1.03 0.27 0.00 0.00 0.00 0.00 1.31
Total 18.09 3.38 0.00 0.00 0.00 0.00 21.46
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Wind
Stability Direction
Class (wind blowing
from)

Wind Speed, u (m/s)

us2

| 2<us<3 |3<us<4|4<us5|5<us6| u>6 Total

Frequency (%) at 10 m Height

Grand Total

| 39.33 | 18.15 | 15.69 | 11.49 |

7.33

| 8.01 | 100.00
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