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Highlights of the program during the current licence period are as follows:

Highlights

Internal performance targets are more stringent than regulatory requirements
Environmental releases are monitored and results made available to the public
Groundwater monitoring locations are sampled annually

Public dose remains a small fraction of the regulatory limit

Environmental Risk Assessment and Predictive Effects Assessment confirms
no significant impacts to environment

Issuance of a Fisheries Act authorization
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Environmental Safeguards and Public Dose

The goal of OPG’s comprehensive environmental protection program is to continually
minimize impacts from station operation to the environment and to the public. This is
achieved by ensuring that there are multiple barriers in place to control and minimize
radioactive emissions to the environment and to ensure all emissions are monitored. The
framework to control emissions is based on the guiding principle of keeping radiation
impacts to the public and the environment As Low As Reasonably Achievable (ALARA).
This is achieved by establishing operational emission limits to ensure that the dose to the
public does not exceed the legal limit and in fact is kept far below that limit. There have
been no Derived Release Limit (DRL) or Action Level exceedances on an annual basis
for emissions to air or water. DRL and Action Levels are established in accordance with
the approved CSA N288.1 standard. The dose to the public from Pickering NGS has
consistently been orders of magnitude lower than the legal limit.

The annual dose to the critical group (the urban resident adult) from 2013 to 2017 ranged
from 1.1 — 1.8 uSv or approximately 0.2% of the regulatory dose limit. The protection of
the most exposed critical group ensures that other populations near Pickering NGS are
protected. This is supported by the routine environmental monitoring of radiological
emissions and their potential impacts on the public, including measurement of
radionuclides in air, water, soil, vegetation, and food products taken near Pickering NGS
as well as other background locations in the province. The CNSC also conducts
independent sampling and has posted results which demonstrate Pickering monitoring
results are consistent with the CNSC results.

As shown in Figure 7, the radiation dose to the public resulting from the operation of the
Pickering Nuclear Generating Station is a very small fraction of the estimated annual
average natural background radiation dose around the station and thus the risk to the
public is low.
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Pickering Nuclear Contribution 0.1%

Figure 7: Radioactive Dose to Public versus Natural Background Radiation

Environmental Performance

In the spirit of continuous improvement, internal targets are set to drive improvement and
limit impacts to the environment. During the licensing period, there has been steady
improved performance year over year in the areas of environmental infractions, spills,
conventional emissions and waste management. Radiological emissions remain low and
work continues to reduce emissions even further. In 2017 the tritium emissions to air at
Pickering Nuclear was a very small fraction (0.45 percent) of the annual Derived Release
Limit which if exceed would result in a member of the public (represented by a member of
the most affected critical group, i.e., the urban resident) receiving a dose equivalent to
the legal limit of 1000 pSv.

OPG has an extensive groundwater monitoring program around the Pickering site. This
program continues to inform and identify onsite flow characteristics. The flow of
groundwater on the site is towards station sumps which are all sampled before being
discharged to the environment and any contaminants in the sump are reported to the
CNSC. Monitoring is designed to detect changes to on-site groundwater quality to
ensure timely detection of potential impacts. In the 2017 third quarter report on
Environmental Emissions Data for Pickering Nuclear, published on OPG.com, OPG
began posting site perimeter monitoring well data in response to requests for more
information. This report states that “Groundwater monitoring is conducted at monitoring
wells around the Pickering site perimeter, including along the Lake Ontario shoreline, to
confirm that there are no adverse off-site impacts from tritium in groundwater.” Twenty-
eight data points covering the site boundary are presented, demonstrating that there are
no significant offsite adverse environmental effects associated with groundwater.

Fisheries Act Authorization

Impingement — Occurs when fish are taken up in the water and caught in the
screens that keep external objects and substances out of the cooling water — which
results in the loss of those fish.

Entrainment - Occurs when very small fish eggs and small young are able to pass
through the screens and are carried through the turbine condenser system.
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In 2010, OPG began installing a fish diversion system (FDS) on a seasonal basis to
protect the aquatic fish community during the taking of cooling water from Lake Ontario.
The FDS, which consist of 2000 linear feet of netting, has proved to be greater than 80
percent effective in reducing fish impingement. In fact, in January of this year Fisheries
and Oceans Canada acknowledged the FDS as an integral component of OPG’s
mitigation measures and issued a Fisheries Act authorization for the residual effects. The
authorization was obtained following over a year of significant discussions on the extent
of the residual effect, proposed offsets including the Big Island Wetland restored by OPG
in 2014, committed wetland restoration in Duffins Creek and support to the Ontario
Federation of Anglers and Hunters for the Bring Back the Salmon project. OPG also
participated in a number of engagement sessions with local Indigenous groups to keep
them informed of work being done in this area.

This authorization now provides a mechanism for OPG to not only report on the residual
effects but a means of demonstrating the effectiveness of the offset measures.

Since 2011, with the exception of 2015 and 2017, Pickering Nuclear has met the 80
percent fish impingement reduction target based on CNSC accepted methodology. In the
two years where the target has not been met, the contributing factors have been due to a
breach in the net and unexpected environmental conditions. Where there have been
challenges to the system, OPG has completed investigations and implemented measures
to minimise recurrence where practical. In addition, OPG provides offsets to compensate
for fish losses.

Environmental Risk Assessment

In addition to regular monitoring programs, risks to humans and the environment were
recently assessed in an updated Environmental Risk Assessment that focused on
operations of Pickering site facilities from the year of 2011 to 2015. The assessment
consisted of a Human Health Risk Assessment (HHRA) and an Ecological Risk
Assessment (EcoRA) for the risks of radiological and non-radiological contaminants and
physical stressors associated with Pickering and its activities.

The HHRA assessed the risks of non-radiological contaminants and radionuclides to off-
site members of the public (i.e. critical groups that are used for dose calculations).
Predicted exposures from Pickering NGS emission sources were evaluated on the basis
of potential toxicological effects from non-carcinogenic Contaminants of Potential
Concern (COPCs), cancer risk from carcinogens, and radiation exposure from
radionuclides. Human receptors evaluated include off-site members of the public,
specifically those critical groups used for dose calculations in the annual OPG
Environment Monitoring Program reports within approximately 20 km of the Pickering
NGS site. Measured and modeled concentrations of COPCs were evaluated against
screening benchmarks that are protective of human health. Radiological stressors were
also assessed.

The HHRA concluded for radiological contaminants that the annual dose to the critical
group (the urban resident adult) during this five-year period was approximately 0.12% of
the regulatory public dose limit of 1000 uySv/a. The HHRA results indicated that likely
exposure levels for non-radiological contaminants are below benchmark values, and
therefore no adverse effects on human receptors are expected
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The EcoRA identified a number of plant and animal receptors known as Valued
Ecosystem Components (VECSs) to be assessed at their most exposed locations near or
within the Pickering NGS site. The assessment of these receptors for the ECoRA focused
on the nearshore in Lake Ontario, the Pickering NGS site, and Frenchman’s Bay.

In general, the ECORA showed that the exposure levels for non-radiological contaminants
are below benchmark values. Where benchmark values were exceeded, the effects are
highly localized and therefore the receptor populations are not expected to experience any
adverse effects due to non-radiological releases from Pickering NGS operations.

Radiation doses were calculated for fish, aquatic plants or invertebrates, and riparian
birds and mammals at the Pickering NGS outfall and Frenchman’s Bay; and for terrestrial
plants or invertebrates, and terrestrial birds and mammals on the Pickering NGS site.
Calculated doses were compared to accepted dose benchmarks for aquatic and
terrestrial biota. The radiation doses calculated for all VECs at all locations were well
below benchmark values (i.e., no adverse effects on plant and animal life).

In addition to evaluating the effects of Pickering NGS emissions, the ECoRA also
considered the thermal effects of the cooling water discharge, storm water discharge and
impingement and entrainment of aquatic organisms at the cooing water intake.

Thermal Effects

The Environmental Risk Assessment included an assessment of effects from the thermal
plume. This assessment considered both cold water and warm water species at different
life stages. Specifically, thermal impacts on Round Whitefish embryos (a cold water
species) have been a long-standing concern for nuclear stations. OPG has worked
collaboratively with CNSC and Environment Climate Change Canada (ECCC) to develop
a thermal survival model for Round Whitefish embryos incorporating recent CANDU
Owners Group research. This model was applied considering three years of measured
lake temperatures from the thermal plume and compared to the survival loss of 10%
relative to the reference locations which is the threshold for no-effect level for Round
Whitefish embryo survival.

The estimated survival losses at the plume stations compared to the reference stations,
were all below the survival loss of 10% with the exception of one winter season (2011-
2012). The threshold no-effect level of 10% relative survival loss was exceeded (10.8%)
at one station which represents only a small fraction of the suitable habitat (1.2%) in the
plume area. In addition, new research by Ontario Ministry of Natural Resources and
Forestry indicates that the Round Whitefish population is lake wide which further supports
that the thermal plume from Pickering is not having an adverse effect on Round Whitefish
embryo survival.

Since climate change and potential increased lake water temperature may be a concern,
OPG continues to monitor ambient lake temperature for adaptive management purposes.
The monitoring data since 1997 shows no trend in increasing water temperatures. Itis
expected that any changes in ambient water temperatures up to 2024 will be within the
normal year to year variation. OPG has committed to monitor two additional winter
seasons starting in winter 2018-2019 and to assess the potential for thermal effects to
Round Whitefish embryos which will be incorporated into future updates of the
Environmental Risk Assessment.
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Storm Water Discharges

OPG has a Ministry of Environment and Climate Change Environmental Compliance
Approval to discharge storm water from the site drainage system. Through this
Environmental Compliance Approval, OPG is obligated to sample and monitor storm
water collected in dyked areas prior to discharging to site drainage system.

There are no Environmental Compliance Approval requirements for routine monitoring of
the site drainage system (storm water). OPG has included monitoring of the storm water
catchment areas as part of past studies and more recently as part of the update of the
Environmental Risk Assessment.

This storm water sampling campaign was comprehensive, containing a number of
catchment areas, four monitoring events and a detailed list of analytes including acute
toxicity testing to effectively characterize the storm water runoff from the Pickering site.
The monitoring results concluded that the final concentration in each of the discharge
channels, and in the lake, resulting from storm water runoff were below the benchmarks
values. Future storm water sampling will be carried out to be consistent with the
requirements of CSA N288.6-12 to periodically review major facility changes and
incorporate into the Environmental Risk Assessment accordingly.

Overall, the Environmental Risk Assessment confirms that Pickering NGS continues to
operate in a manner that is protective of human and ecological receptors residing in the
surrounding area. These reports are available to the public at www.opg.com.

Predictive Effects Assessment

In 2017, OPG completed a Predictive Effects Assessment (PEA) to evaluate the potential
for adverse effects to human health and the environment from the activities associated
with transitioning the station from end of commercial operation to a Safe Storage with
Surveillance state. The PEA encompasses both the Stabilization Phase and the Safe
Storage with Surveillance Phase.

Overall, the change from power generation to the Stabilization and Safe Storage with
Surveillance Phases will result in reductions in emissions from the Pickering NGS. Noise,
atmospheric emission, waterborne emissions and thermal discharges will all be reduced
as Pickering moves from the current operational condition to a safe storage state.

No interactions were identified that are predicted to pose an unacceptable risk to humans
or the environment during the Stabilization and Safe Storage with Surveillance activities
proposed. Therefore, no new mitigation is required based on the conclusions of the
Predictive Effects Assessment. During both the Stabilization and Safe Storage with
Surveillance Phases, OPG’s environmental programs will be maintained, and updated as
needed.

Emission control measures and discharge limits are specified within specific permits.
These permits and in-design mitigation measures will remain in place until such a time
that it can be demonstrated, in discussion with the regulator as applicable, that they are
no longer required.
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Figure B.2: Dry Storage Containers — Detailed View

The containers are rectangular, with walls of reinforced, high-density concrete sandwiched
between interior and exterior shells made of carbon steel. Helium is used as the inert cover
gas in the dry storage container cavity to protect the fuel bundles from potential oxidation
reactions and to facilitate leak testing of the containment boundary. There are no radiological
releases under normal operating conditions and the dry storage modules do not pose a
radiological risk to staff (see figure B.3).
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Figure B.3: Dry Storage Containers at Pickering Waste Management Facility

The movement of used fuel from the bays to dry storage is performed to ensure that
sufficient fuel bay storage area is available to receive used fuel from the refueling of the
reactor during normal operation or defueling of the units as part of the activities to place
the unit in a safe storage state. The dry storage facility provides safe, secure, passive
dry storage of used fuel onsite until a permanent storage facility is in operation.

Pickering NGS has been removing used fuel from the irradiated fuel bays and
transferring it as dry fuel to the Pickering Waste Management Facility since 1996.
PWMF staff have not had a lost-time accident in over 23 years.

The PWMF is licensed separately by the CNSC.
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The Used Fuel Dry Storage Process
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Figure B.4: Used Fuel Dry Storage Process
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