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Executive Summary

Ontario Power Generation (OPG) maintains Environmental Monitoring Programs (EMPS) in the
vicinity of Darlington Nuclear (DN) and Pickering Nuclear (PN) stations in accordance with
operating licence requirements. The EMPs comply with the Canadian Standards Association
(CSA) N288.4-10 standard for Environmental Monitoring Programs at Class | Nuclear Facilities
and Uranium Mines and Mills. The program scope encompasses protection of both the public
and the environment from nuclear substances, hazardous substances, and physical stressors
resulting from the operation of DN and PN sites, including the on-site waste management
facilities.

The EMPs are designed to satisfy the following four primary objectives of CSA N288.4-10:

1. Assess the impact on human health and the environment of contaminants and physical
stressors of concern resulting from operation of OPG nuclear facilities.

2. Demonstrate compliance with limits on the concentration and/or intensity of
contaminants and physical stressors in the environment or assess their effect on the
environment.

3. Demonstrate the effectiveness of containment and effluent control, and provide public
assurance of the effectiveness of containment and effluent control, independent of
effluent monitoring.

4. Verify the predictions made by the Environmental Risk Assessments (ERAS), refine the
models used, and reduce the uncertainty in the predictions made by these assessments
and models.

Additionally, environmental sampling and analyses for the EMPs support the calculation of
annual public dose resulting from operation of OPG nuclear facilities, as required by Canadian
Nuclear Safety Commission (CNSC) REGDOC-3.1.1, Reporting Requirements for Nuclear
Power Plants.

The 2016 program results contained in this report include concentrations of radionuclides in the
air, water, milk, vegetation, animal feed, eggs, poultry, beach sand, and fish samples taken in
the vicinity of DN and PN, and the associated public radiation dose assessments. Samples from
provincial-background locations were used to determine background radiation levels in areas
considered to be outside the influence of the nuclear stations.

In addition, a supplementary study was conducted in 2016 on tritium concentrations in Hydro
Marsh water, near PN. This study confirmed that there is only a minor difference in dispersion
factors between Hydro Marsh and Frenchman’s Bay. Therefore, for ERA purposes using
Frenchman’s Bay for the assessment of riparian and aquatic receptors is acceptable.

The EMP designs address the monitoring of non-radiological substances through scheduled
supplementary studies. No supplementary studies on non-radiological substances were
scheduled for 2016.
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In 2016, OPG operated 10 nuclear reactors that produced 45.6 terawatt hours (TWh) of
electricity. The production performance of DN and PN stations was 88.1% and 73.4% of their
respective rated capacities. Site radiological emissions remained at a very small fraction of their
licensed Derived Release Limits (DRLS).

A total of 979 laboratory analyses were performed on a variety of environmental media used for
the annual public dose calculation. The availabilities of PN and DN samples analyzed for the
dose calculation met the annual performance requirements.

IMPACT 5.4.0 software was used for the dose calculations and is consistent with the method of
dose calculation described in the CSA N288.1-08 standard, Guidelines for Calculating Derived
Release Limits for Radioactive Material in Airborne and Liquid Effluents for Normal Operation of
Nuclear Facilities.

The 2016 critical group doses resulting from the operation of the PN and DN sites continue to
be a very small fraction of both the annual legal limit of 1,000 microsieverts (uSv) and the
estimated annual average background radiation dose around DN and PN of 1,400 uSv. The
2016 public doses for the DN and PN sites are similar to those observed in 2015 and are
summarized in Table 1-1:

Table 1-1: OPG Public Dose Estimates - 2016

Percent ¢ Percentage of
Site Critical Group Effective Dose Eeceal E?n?i? Background Radiation
(Receptor) (uSv) g(%) around DN and PN
(%)
Darlington Nuclear Dairy Farm (Infant) 0.6 0.1 <0.1
Pickering Nuclear Urban Resident (Adult) 15 0.2 0.1
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1.0

1.1

INTRODUCTION

Ontario Power Generation (OPG) owns and operates the Pickering Nuclear (PN) and
Darlington Nuclear (DN) Generating Stations. To ensure nuclear activities at these
sites are conducted in a manner that minimizes any adverse impact on the public and
the natural environment, OPG has established an Environmental Management
Program that is consistent with the Canadian Nuclear Safety Commission (CNSC)
standard S-296 [R-1]. Additionally, this program is registered to the International
Organization for Standardization (ISO) 14001 Environmental Management Systems
standard.

As part of this program, each site has an Environmental Monitoring Program (EMP),
which identifies the contaminants and physical stressors to be monitored and conducts
monitoring in the environment surrounding the site. The EMP designs use a risk-based
approach and rely on the results of site Environmental Risk Assessments (ERAS), as
described in Section 3.1.1. Locations considered to be outside the influence of PN
and DN site operations are also monitored to allow for a baseline comparison with
background values.

The EMPs are maintained in accordance with the operating licences issued to PN and
DN and are required to comply with the Canadian Standards Association (CSA)
N288.4-10 standard, Environmental Monitoring Programs at Class | Nuclear Facilities
and Uranium Mines and Mills [R-2]. This report is prepared and submitted to the CNSC
in accordance with their Regulatory Document REGDOC-3.1.1, Reporting
Requirements for Nuclear Power Plants [R-3]. Itis also made available to the public.

The emissions and environmental data collected for each site during the 2016
sampling year, their interpretations, and the estimates of radiation doses to the public
resulting from the operation of PN and DN sites are provided in this report.

Emissions and environmental data are summarized in Sections 2.0 and 3.0,
respectively. Assessment of the doses to the public is provided in Section 4.0.

Program Objectives
The PN and DN EMPs are designed to satisfy the following primary objectives:

(@) To assess the impact on human health and the environment of contaminants
and physical stressors of concern resulting from operation of OPG nuclear
facilities.

(b) To demonstrate compliance with limits on the concentration and/or intensity of
contaminants and physical stressors in the environment or assess their effect on
the environment.

(c) To demonstrate the effectiveness of containment and effluent control, and
provide public assurance of the effectiveness of containment and effluent
control, independent of effluent monitoring.
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1.2

1.2.1

(d) To verify predictions made by ERAs, refine the models used in ERAs, or reduce
uncertainty in the predictions made by ERAs.

The EMPs are also designed to facilitate realistic estimates of radiation doses to the
public resulting from the operation of PN and DN sites, and to demonstrate that these
doses remain below the regulatory limit specified in the current Radiation Protection
Regulations under the Nuclear Safety and Control Act [R-4].

Overview of Pickering and Darlington Nuclear Sites

Site Description

DN and PN Generating Stations have a combined generating capacity of about
6,600 megawatts (MW). A brief description of the two stations is as follows:

Darlington Nuclear

The DN Generating Station is an OPG CANDU (CANadian Deuterium Uranium)
nuclear generating station. It is a four-unit station with a total output of 3,500 MW and
is located on the shores of Lake Ontario in the Municipality of Clarington in Durham
Region. It provides about 20% of Ontario’s electricity needs.

The DN site also contains the Tritium Removal Facility (TRF), where tritium is
extracted from tritiated heavy water, and the Darlington Waste Management Facility
(DWMF) for used fuel dry storage and processing. The EMP encompasses all the
facilities on the DN site.

The immediate area around the Darlington station is mostly rural and farm lands with
some industrial/commercial areas. The urban residential locations of Oshawa,
Bowmanville and West/East Beach are more than 3 km from the site.

Based on the results of site-specific surveys, the residents around DN are grouped into
categories which best represent their locations and/or lifestyle characteristics. The
categories are known as potential critical groups and are further described in Appendix

N-TMP-10010-R012 (Microsoft® 2007)



Report

Public Information

Document Number: Usage Classification:

N-REP-03443-10016 Information

Sheet Number: Revision Number: Page:

N/A R0O00O 13 of 114

Title:

2016 RESULTS OF ENVIRONMENTAL MONITORING PROGRAMS

1.2.2

E, Section E.1.0. The DN EMP design focuses primarily on the farm, dairy farm, and
rural resident potential critical groups, as described in Section 4.0.

Pickering Nuclear

The PN site is located on the shores of Lake Ontario, in the city of Pickering. The site
contains the PN Generating Stations and the Pickering Waste Management Facility
(PWMF) which consists of sites located inside and outside of the station protected
area. The EMP encompasses all the facilities on the PN site.

PN has six operating CANDU reactors. This station has a total output of 3,200 MW.
PN Units 2 and 3 are in a safe storage state.

Unlike DN, the area around PN is mainly urban residential and industrial/commercial.
The closest farm lands are more than 6 km from the station.

Based on the results of site-specific surveys, the residents around PN are grouped into
categories which best represent their locations and/or lifestyle characteristics. The
categories are known as potential critical groups and are further described in Appendix
E, Section E.2.0. The PN EMP design focuses primarily on the urban resident, dairy
farm, industrial/commercial worker, and correctional institute occupant potential critical
groups, as described in Section 4.0.

Nuclear Generation Performance

In 2016, OPG operated ten nuclear reactors that produced 45.6 terawatt hours (TWh)
of electricity. This production is broken down as follows:

Darlington Nuclear: Net electrical output in 2016 was 25.7 TWh.

Pickering Nuclear:  Net electrical output in 2016 was 19.9 TWh.
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2.0 EFFLUENT MONITORING PROGRAM
2.1 Radiological Emissions

The radiological emissions from DN and PN sites in 2016 remain at a very small
fraction of the site Derived Release Limits (DRLS). These licensing limits represent
radionuclide release rates that correspond to an exposure at the legal public dose limit
of 1,000 microsieverts per year (uSv/year) for the most affected critical group. See
Section 4.0 for the description of a critical group.

Table 2-1 shows the 2016 total airborne and waterborne emissions for radionuclides
measured at the DN and PN sites, including the waste management facilities, and the
percentage of their respective DRLs.

Table 2-1: DN and PN Annual Site Radiological Emissions 2016

_ @ DN PNA (Units 1-4) PNB (Units 5-8)

Site Emissions

Bq % DRL Bq %DRL Bq %DRL
AR
Tritium Oxide 1.8E+14 0.3 2.2E+14 0.2 4.6E+14 0.2
Elemental Tritium @ 1.7E+13 <0.01 NA NA NA NA
Noble Gas 1.6E+13 0.04 1.1E+14 0.3 5.8E+12 0.01
-131© 1.4E+08 0.01 9.9E+06 <0.01 4.1E+06 <0.01
Particulate 3.2E+07 <0.01 5.5E+06 <0.01 2.4E+07 <0.01
C-14 1.6E+12 05 1.2E+12 0.05 1.2E+12 0.1
WATER
Tritium Oxide 3.5E+14 <0.01 1.1E+14 0.03 2.1E+14 0.03
Gross Beta/Gamma 4.9E+10 0.1 6.8E+09 0.4 5.1E+10 16
c-14® 2.2E+09 <0.01 NA NA 4.7E+09 <0.01

NOTES: NA = Not Applicable, Bq = Bequerels

(a) Emissions from Darlington Tritium Removal Facility

(b) Units for noble gas emissions are yBg-MeV

(c) Weekly samples are usually < Method Detection Limit (MDL)

(d) Annual air emissions are the sum of continuous samples analysed w eekly (daily for PN tritium).
Note that if interim Noble Gas sampling is in place, samples may not be continuous.
Annual w ater emissions are the sum of monthly composite samples for C-14, and w eekly
composite samples for tritium oxide and gross beta/gamma.

(e) While reported under PNB emissions in this table, the 2016 C-14 w aterborne emission value is the total for all Pickering units.
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211 Radiological Emissions Graphs

Graphs displaying the past ten years of tritium and C-14 emissions to air and tritium
emissions to water from DN and PN are provided in Figures 2-1 to 2-7. DN and PN
gross beta-gamma emissions to water are provided in Figures 2-8 and 2-9. Given that
the reported noble gas stack emissions are often below the instrument detection limits,
the results of environmental noble gas monitors are used to trend the station noble gas
emissions as described in Section 3.3.2.3. lodine and particulate in airborne emissions
and C-14 waterborne emissions are not graphed because their contribution to the
overall public dose is minimal.
Elemental Tritium Airborne Emissions
DN — Figure 2-1
As indicated in Figure 2-1, the elemental tritium (HT) emissions from DN have
remained at low levels. In 2016, the HT emissions were 1.7 x 10" becquerels (Bq),
and remain unchanged from the previous year.

2.0E+15

1.5E+15 -

& 1.0E+15 -
5.0E+14 -
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Figure 2-1: Darlington Nuclear Airborne Elemental

Tritium Emissions

PN

PN does not experience substantial HT emissions as it does not have a TRF.

Tritium Oxide Airborne Emissions

DN — Figure 2-2

In 2014, a small increase was observed in DN tritium oxide (HTO) airborne emissions
which was attributed to both dryer performance and TRF restart activities. During
2015, work plans were executed to begin refurbishment of dryers throughout the
station. Work was completed to replace motor bearings, valves, fan motors, and filters,
in addition to other maintenance activities. The refurbishment of the dryers continued
in 2016 and resulted in a decrease of emissions to 1.8 x 10* Bq.
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PN — Figure 2-3

PN HTO airborne emissions decreased from 2008 to 2010 and again in 2013 as a
result of improvements in emissions management, reliability and operation of vapour
recovery dryers, and reduction of HTO source terms. Airborne HTO emissions in 2016
wer