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Radionuclides as Potential Chemicals of Mutual Concern

Executive Summary

The Great Lakes Water Quality Agreement (GLWQA) is an agreement between Canada
and the United States of America (U.S.), first signed in 1972. It was amended in 2012,
and includes Annex 3: Chemicals of Mutual Concern (CMCs). Through the annex,
Canada and the U.S. have committed to:

“... contribute to the achievement of the General and Specific Objectives of this
Agreement by protecting human health and the environment through cooperative
and coordinated measures to reduce the anthropogenic release of chemicals of
mutual concern into the Waters of the Great Lakes.”

Annex 3 commits the parties to identify and designate, on an ongoing basis, CMCs in the
Great Lakes, which originate from anthropogenic sources and that both parties may be
harmful to the environment or human health.

Under Annex 3, it is the responsibility of the parties to nominate substances for review
and evaluation for potential designation as CMCs. As a means to foster enhanced
GLWQA stakeholder engagement, the Great Lakes Executive Committee co-chairs
agreed to introduce a process by which stakeholders in Canada and U.S. may formally
propose the designation of specific chemicals. Following this process, the Canadian
Environmental Law Association nominated radionuclides for consideration as candidate
substances for classification as CMCs. A supporting letter was also submitted by 110
environmental, health and other advocacy groups.

This report evaluates the request for the designation of radionuclides as a candidate CMC
under Annex 3. The evaluation was completed by the Canadian Nuclear Safety
Commission (CNSC), at the request of Environment and Climate Change Canada. The
CNSC is the federal agency responsible for regulating the use of nuclear energy and
materials to protect health, safety, security and the environment; to implement Canada’s
international commitments on the peaceful use of nuclear energy; and to disseminate
objective scientific, technical and regulatory information to the public.

Part | of this report provides a review of the current state of the science with respect to
the health and environmental risks associated with radionuclides. The environmental and
human health consequences of the radionuclides measured in the Great Lakes were
evaluated and assessed against internationally and nationally recognized environmental
and human health benchmarks. Based on an assessment using the best available science,
there is no evidence to indicate that radionuclides currently within the Great Lakes are
posing an unreasonable risk to the environment, or human health and safety.

Part Il of this report presents the existing international and national risk management
activities with respect to legislation and regulation on the development, production and
use of nuclear energy, and the possession and use of nuclear substances (i.e.,
radionuclides). The transparency of these regulatory processes and the opportunities for
public participation in the regulatory process are discussed. Governmental risk-
management programs, monitoring programs and research activities are also presented.

Radionuclides are currently among the most heavily regulated substances in the world.
Canada has an independent national nuclear regulatory body (i.e., the CNSC), the
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mandate of which is to ensure Canada’s nuclear industry is protective of the environment
and the health and safety of persons. Strong intergovernmental relationships have been
established both federally and provincially to ensure radionuclides and radiation are
safely managed.

The report concludes that radionuclides are not recommended as a candidate CMC for
further evaluation under Annex 3. However, it identifies opportunities to improve the
public availability of, and access to, release and monitoring data associated with the
nuclear fuel cycle in Canada, and the need to continue to improve coordination and
collaboration among various stakeholders on science priorities, research, surveillance and
monitoring activities in the Great Lakes basin ecosystem.
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1.0 Introduction

The Great Lakes Water Quality Agreement (GLWQA) is an agreement between Canada and the
United States of America (U.S.), first signed in 1972. It was amended in 2012, and includes
Annex 3: Chemicals of Mutual Concern (CMCs). Through the Annex, Canada and the U.S. have
committed to:

“... contribute to the achievement of the General and Specific Objectives of this Agreement
by protecting human health and the environment through cooperative and coordinated
measures to reduce the anthropogenic release of chemicals of mutual concern into the Waters
of the Great Lakes.”

Annex 3 commits the parties to identify and designate, on an ongoing basis, CMCs in the Great
Lakes, which originate from anthropogenic sources and that are agreed to by both parties as
being potentially harmful to the environment or human health.

Under Annex 3, it is the responsibility of the parties to nominate substances for review and
evaluation for potential designation as CMCs. As a means to foster enhanced GLWQA
stakeholder engagement, the Great Lakes Executive Committee co-chairs agreed to introduce a
process by which stakeholders in Canada and U.S. may formally propose specific chemicals.

Proposals must be accompanied by supporting rationale that outlines the justification for the
proposal. This supporting rationale should be based on currently available data or other
information.

Radionuclides were nominated as a candidate CMC in March 2016 by the Canadian
Environmental Law Association (CELA) and supported by 110 environmental, health and
advocacy groups across the U.S. and Canada, including the Great Lakes Indian Fish & Wildlife
Commission, which represents 11 tribal governments in the U.S.

This report evaluates the nomination of radionuclides as a candidate CMC under Annex 3. The
evaluation was completed by the Canadian Nuclear Safety Commission (CNSC) at the request of
Environment and Climate Change Canada. The CNSC is the federal agency responsible for
regulating the use of nuclear energy and materials to protect health, safety, security and the
environment; to implement Canada’s international commitments on the peaceful use of nuclear
energy; and to disseminate objective scientific, technical and regulatory information to the
public.

Part | of this report provides a review of the current state of the science with respect to health and
environmental risks associated with radionuclides. The quantities of radionuclides released to
and measurable within the Great Lakes are evaluated and assessed against internationally and
nationally recognized environmental and human health benchmarks.

Part Il of this report presents the existing international and national activities with respect to
legislation and regulation of the development, production and use of nuclear energy and the
possession and use of nuclear substances (i.e., radionuclides). The transparency of these
regulatory processes and the opportunities for public participation in the regulatory process are
discussed. Governmental risk management and monitoring programs and research activities are
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also presented. Radionuclides are currently among the most heavily regulated substances in the
world. Canada has an independent national nuclear regulatory body (i.e., the CNSC) with a
mandate to protect the environment, health and safety with no promotional role for the industry.
Strong intergovernmental relationships have been established both federally and provincially to
ensure radionuclides and radiation are safely managed

Throughout the main report, reference is made to the accompanying appendices where more
detailed supportive technical information is provided.
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Part I: Science and assessment

2.0 Ionizing radiation and human health

2.1 Basics of radiation science

This section describes the basic science of radiation that is needed to understand the discussions
in the remainder of this report, including the units for releases of nuclear substances to the
environment, exposures of people and the environment to radiation, and the health implications
of these exposures.

Radioactive materials (also called radionuclides or radioisotopes) consist of atoms, the nuclei of
which have unstable ratios of neutrons and protons. Where a nucleus is unstable and has excess
energy, the energy will be discharged during a decay process. Radioactive decay occurs when a
radioactive atom releases its excess energy and is transformed to a more stable state, which may
or may not be radioactive. This excess energy is carried by one or more subatomic particles
and/or one or more gamma ray photons. These subatomic particles and photons collectively are
referred to as radiation. Such radiation has enough energy to remove an electron from an atom,
leaving it electrically charged — or ionized. Consequently, radiation emitted by radionuclides is
classified as ionizing radiation. Non-ionizing radiation includes microwaves, infrared and
ultraviolet radiation. It does not possess enough energy to ionize atoms and thus is not
considered in this report.

The rate at which a sample of radionuclides decays, as described above, is called the activity of
that sample. The International System of Units (SI unit) for activity is the becquerel (Bg). One
becquerel of activity is equal to one nuclear transformation per second. The time it takes for a
radioisotope to decay to half its starting activity is called the radiological half-life. Radionuclide
specific half-lives vary immensely — from fractions of a second to billions of years. Stable
elements do not have half-lives. Thus, a given quantity of a chemically toxic element such as
arsenic remains toxic forever, while a radionuclide loses its radiotoxicity through decay
processes, and becomes a stable element over time.

As stated above, through the process of radioactive decay, one radioactive element is
transformed to another in a more stable state. This new radionuclide or decay product is the
daughter or progeny of the previous one (i.e., the parent). Where the resultant progeny is itself
unstable, decay continues until a stable nuclide is attained. Each radionuclide generated along
this chain has unique physical, chemical and radiological characteristics of half-life and type of
radiation emitted as it decays. An example of a relatively complex but more commonly
recognized decay chain is that of uranium-238. This chain is shown in figure 1 along with the
basic types of radioactive decay associated with each step in the chain.
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Figure 1: Example of radioactive decay showing alpha, beta and gamma emissions for
uranium-238
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In general, radioactive decay can be simplified into three basic forms:
¢ alpha radiation
e Deta radiation
e gamma radiation

Alpha radiation involves the release of alpha particles which are identical to the nuclei of helium
atoms, being a cluster of two neutrons and two protons (*He*?). These are relatively large,
charged (+2), but slow-moving particles with limited ability to penetrate matter. For example, an
alpha particle can move through only a few centimetres of air and can be blocked by a sheet of
paper. Beta radiation involves the transformation of a neutron within the nucleus into a proton
with the associated emission of a charged energetic electron called a beta particle. Beta particles
are generally faster than alpha particles. They are capable of travelling through a few metres of
air and can be blocked by a sheet of aluminum or a few millimeters of glass.
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Gamma radiation consists of electromagnetic waves similar to X-rays of no charge or mass.
Gamma radiation has significant penetrating power. It can move great distances through air and
requires high-density materials, such as lead, to block its passage.

These types of radiation and their characteristic interactions with matter, more specifically
biological tissue, will be discussed in more detail when addressing the health risks associated

with radionuclides.

2.2 Calculation of dose

When alpha or beta particles or gamma photons penetrating matter pass close to an atom, there is
the potential for interaction with the atom’s electrons. While the exact process differs for each
type of radiation, this interaction can result in the ionization of the atom.

Figure 2: Hierarchy of dose
guantities and their associated
modifying factors and units
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Alpha particles with their high charges and mass create
concentrated ionization. In the process, they lose energy
— and thus their ability to penetrate a material — rapidly.

Beta particles with their lower charges and mass cause
less concentrated ionization. This, combined with their
high speed, enables them to penetrate further through
materials, although their path is less linear due to
deflections arising from each interaction.

Since gamma photons have no mass or charge, they
behave quite differently. They can pass near electrons
with no effect until by chance they collide with
electrons, atoms or nuclei. Collisions can result in the
release of energetic charged particles, such as electrons.
These charged particles in turn can result in ionization.
Thus gamma photons can penetrate deeply due to the
low concentration of ionizations produced as they travel
through a material.

Dose: Absorbed = Equivalent = Effective

When radiation penetrates matter such as biological
tissues, energy is deposited. The amount of energy
deposited or absorbed from exposure to radiation is
called a dose. It is necessary to understand the basic
concepts of dose calculations if the potential health
effects of radionuclides are to be understood. Radiation
dose calculations are based on a hierarchical approach
that begins with the absorbed dose, moves to an
equivalent dose and finishes with an effective dose as
shown in figure 2 and discussed below.
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When ionizing radiation passes through tissue, the structure of molecules may be changed if the
atoms these molecules contain are ionized. If the molecule is a part of the cell structure, the cell
may be damaged. If the molecule is a component of the genetic material of the cell (e.g., DNA),
then the behaviour or functioning of the cell may be altered.

The effect on a tissue is considered to be proportional to the energy deposited. The amount of
radiation energy (measured in joules) absorbed per kilogram of a material is the absorbed dose.
Its Sl unit is the gray (Gy). Equal absorbed doses do not necessarily have the same biological
effects. For example, an absorbed dose of 0.1 Gy of alpha radiation is about 20 times more
harmful than the same absorbed dose provided by beta or gamma radiation.

This is considered by weighting the absorbed dose with a factor related to the type of radiation
(i.e., alpha, beta or gamma). To calculate the dose to a tissue or organ, the absorbed dose is
multiplied by the relevant weighting factor (w;) to obtain the equivalent dose, which is reported
in sieverts (Sv). The overall equivalent dose to a tissue or organ (Hy) is provided by the
following equation:

Hr =Xz wy Dy

where Dt is the absorbed dose averaged over the tissue (T) due to radiation (R) and w; is the
radiation weighting factor.

An equivalent dose of 1 Sv due to beta particles is expected to result in an equivalent biological
effect as an equivalent dose of 1 Sv due to alpha particles. However, tissues themselves vary
with respect to their radiosensitivity for cancer induction. For example, gonads are more
sensitive than the thyroid. These differences in the various tissues’ susceptibility to cancer
induction must be accounted for if the radiation risk for an organism as a whole, such as a human
being, is to be represented. This is achieved through the concept of effective dose, where the
equivalent dose is weighted for individual tissue radiosensitivity. These weighted doses can be
summed to provide a total-body dose. The effective dose (E) is thus represented by the following

equation:
E = Z WT HT
T

where Hr is the equivalent dose in a tissue or organ (T) and wr is the weighting factor for the
tissue or organ.

2.3 Radiation health effects, standards and guidelines

An international network of scientific and regulatory bodies focuses on the protection of humans
and the environment from radiation and radionuclides (see figure 3). The scientific basis is
provided by the United Nations Scientific Committee on the Effects of Atomic Radiation
(UNSCEAR). UNSCEAR, formed in 1955, is the official independent international authority on
the sources and effects of ionizing radiation. UNSCEAR publishes reports on its assessment of
the state of the latest science related to radiation sources and their potential risks to human health
and the environment. The U.S. National Academy of Science plays a similar role through its
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periodic evaluations of the biological effects of ionizing radiation (BEIR), the latest of which is
BEIR VII 2006.

The science from UNSCEAR feeds directly into the activities of the International Commission
on Radiological Protection (ICRP), the goals of which are to prevent cancer and other diseases
and effects associated with exposure to ionizing radiation, and to protect the environment. The
ICRP developed, maintains and elaborates the International System of Radiological Protection
(ISRP), which is used worldwide as the common basis for radiological protection standards,
legislation, guidelines, programs and practices applied to industrial and medical applications of
nuclear technology and materials. This radiation protection system is based on the current
understanding of the science of radiation exposures and effects as well as socio-economic
factors. The ICRP is an independent international not-for-profit organization consisting of
members from approximately 30 countries encompassing six continents. Funding is provided by
organizations with an interest in radiological protection. The scientific secretariat is hosted in
Canada. The U.S. National Council on Radiation Protection and Measurements (NCRP) serves a
similar role as the ICRP.

Figure 3: The core radiation science and safety organizations and their roles with respect to
protecting the public and the environment from ionizing radiation

United Nations Scientific Committee on the Effects
UNSCEAR of Atomic Radiation
- Science of sources and effects of radiation

) 2

IERP International Commission on Radiological Protection
- provides protection philosophy, principles and units

«’W International Atomic Energy Agency
IAEA - develops safety standards and protection programmes

Canadian Nuclear Safety Commission

- develops Canadian regulatory framework based
international recommendations and best science

The next agency within this international network is the International Atomic Energy Agency
(IAEA). This United Nations body develops safety standards and protection programs in support
of the safe, secure and peaceful application of nuclear technologies for its member states. The
IAEA addresses a wide range of civilian nuclear activities including the operation of nuclear
installations, the production, transport and use of radioactive material, and the management of
radioactive waste.
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The IAEA Safety Standards consists of three sets of publications: Safety Fundamentals, Safety
Requirements and Safety Guides. The first of these three establishes the fundamental safety
objective and principles of protection and safety. The second sets out the requirements that must
be met to ensure the protection of people and the environment, both now and in the future (e.g.,
is General Safety Requirement Part 3 Radiation Protection and Safety of Radiation Sources
which incorporates the ISRP developed by the ICRP). Lastly, the Safety Guides provide
recommendations and guidance on how to comply with the requirements.

The CNSC uses the information from this international network to develop Canada’s regulatory
framework. In turn, Canada financially supports the activities of these organizations, and CNSC
regulatory and scientific staff participate in the work of these organizations.

These agencies have been integral in the development of the international and national radiation
health science and safety frameworks discussed in section 5.

2.3.1 Effects of radiation on human health

“Today, we know more about the sources and effects of exposure to radiation than to almost any
other hazardous agent, and the scientific community is constantly updating and analyzing its
knowledge” (United Nations Environment Program (UNEP) 2016). As a result of more than 100
years of radiation research, the relationship between radiation exposure and specific health
effects is well understood. In recent decades, science has made significant advances towards
understanding the underlying mechanisms associated with exposure and effects (UNSCEAR
2015).

Such understanding is informed by a wide range of sources and scientific studies. At one end of
the scale are studies of whole populations (i.e., epidemiological studies) that consider these
groups’ lifespans. These include the lifespan studies of the 86,500 survivors of the Second World
War atomic bombing in Japan and studies of occupational exposures (routine and accidental) and
accidental public exposures (e.g., Chernobyl, Goiénia). At the opposite end of the scale are the
more traditional biomedical laboratory studies involving experimental animals or animal and
human cell cultures. A more specific source of extensive biomedical information is studies for,
and follow-up from, the extensive use of radiation and radionuclides in radiation therapy and
nuclear imaging.

Radiation effects can be broadly categorized into deterministic and stochastic. Deterministic
effects result when a cell receives a large enough dose such that it dies or is damaged beyond
repair. The effects vary according to the radiation dose and the exposed tissue type, and effects
may become evident within days to a year. These can range from reduced blood cell production
(~0.5 Gy), sterility (~3-6 Gy), skin reddening and burns (<3-10 Gy), loss of gastrointestinal
mucosa lining (~6 Gy) and, in extreme cases, death (> 1 Gy, although the likelihood of mortality
is related to the availability of medical intervention and the dose received). These health effects
are associated with the upper ranges of radiation exposure with no evident effects arising unless
some threshold (approx. 0.5 Gy) is exceeded. The severity of the effect increases with increasing
dose above the threshold.
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Stochastic effects are associated with the modification of a cell’s genetic material which is not
fatal to the cell. If such damage is not adequately repaired, the resultant mutation may be
replicated in cells arising from subsequent cell division. Depending on the mutation, these cells
may have no discernable health effect or may lead to solid cancers and leukaemia in later years.
An increase in the frequency of occurrence of heritable disease from radiation exposure has been
demonstrated in animal and plant studies at moderate or high doses; however, they have not been
demonstrated in human populations exposed to radiation in any range (UNSCEAR 2015). While
the probability of occurrence of stochastic effects (e.g., cancer) within a population has been
shown to be dependent on the dose, the severity of the effect is not dose dependent. In addition,
there is generally a significant lag time or latency in the order of months to years between
exposure and discernable health effects.

UNSCEAR classifies radiation exposure into the general dose bands shown in table 1.

Table 1: UNSCEAR's general classification of dose bands (whole body or whole
organ/tissue) for exposures in addition to background (modified from UNEP 2016), with
examples

Terminology for Examples with associated approximation of

Absorbed dose

dose bands effective dose in sieverts
Severe radiation accident
High Greater than about 1 Gy (e.g., firemen during Chernobyl accident)

e greater than 1,000 mSV

Post-accident recovery operation workers at
Chernobyl
e average recorded dose 1986-87 =170
mSv/130 mSv

Moderate ~ 100 mGy to ~1 Gy

~ 10 mGy to ~ 100 MGy Receiving multiple computer tomography

Low scans
e ~10-100 mSv

Very low <~10 mGy Conventional radiography (e.g., X-rays)
e ~0.1-3mSv

As this assessment addresses levels of radiation in the environment and exposure of the public
and non-human biota, the focus is on the “very low” range of exposures. Thus, only stochastic
effects are relevant with the effect of primary interest represented by the potential for increased
cancer risk.

At doses below 100 mSv/year, observed cancer incidence in people is not statistically different
from zero (Health Physics Society (HPS) 2016). In other words, within the low to very low dose
ranges associated with typical environmental and occupational exposures, it is not possible to
determine if these exposures result in an increase in cancer incidence above the natural cancer
rate. However, studies at the cellular and molecular levels demonstrate that there are biological
responses (both negative and positive) at low and very low doses of radiation. The implications
of these responses at the whole organ, individual person or population level are currently not
known. Therefore, as a precautionary measure, for radiation protection purposes, it is necessary
to mathematically estimate the risk of cancer at these low doses (i.e., < 100 mSv/year). Of the
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four proposed dose models shown in figure 4, the linear-no-threshold model (LNT) has been
endorsed for radiation protection purposes by the ICRP and the NCRP.

The LNT extrapolates cancer risk determined from epidemiological studies of populations
exposed to moderate and high doses to lower doses where effects cannot be distinguished from
background. It assumes that the linear relationship present at doses of > 100 mSv/year continues
down through the low to very low dose ranges. In other words, as the radiation dose increases,

the risk of excess cancer proportionally increases.

Figure 4: Dose response models proposed for low-dose radiation exposures

Radiation Biology Epidemiology

(experimental (observed in populations)
cell and animal studies)

------------- Supralinear
= = — Linear-non-threshold
—— —— = Linear-quadratic

— — = = Hormesis
Threshold

Effects
~

Beneficialand/or Stochastic Effects
Detrimental (i.e., increased cancerincidence)
Biological Effects

The adoption of this model has been incorrectly interpreted by some as supporting the statement
that, “there is no level of radionuclides below which exposure can be defined as “safe;’ therefore,
very low levels of exposure can be significant” (CELA 2016). This is a significant over-
simplification of the risks. The application of the LNT represents regulatory application of the
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precautionary principle. It should not be interpreted as stating that low dose exposures are
unsafe.

A more accurate summation of radiation health risk is shown in figure 5. At doses below 100
mSv, the observed radiation effects in people are not statistically different from zero (HPS 2016).
In other words, health effects such as cancer are biologically plausible at the low and very low
dose bands, but any possible increases in carcinogenesis are so small as to be negligible and not
possible to discern from natural incidence rates. This scientific information should be kept in
mind when evaluating environmental exposures. This is especially important when these
exposures are below the regulatory dose limit of 1 mSv/year for members of the public and
represent small fractions of natural and medical diagnostic radiation exposures.

Figure 5: Graphical representation of the probability of health effects as a function of dose
rates (Source: UNEP 2016)
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2.3.2 Radiation health standards and regulatory limits

Most international regulatory bodies as well as the CNSC adopt the radiation protection
standards proposed by the ICRP. The ICRP and associated Canadian dose limits are derived
from models incorporating the LNT as recommended by UNSCEAR. The Canadian Radiation
Protection Regulations restrict nuclear energy worker exposures to a maximum effective dose of
50 mSv in a year and no more than 100 mSv over a five-year period. For a member of the public,
the maximum dose limit is 1 mSv/year. In addition to meeting these dose limits, licensed nuclear
facilities in Canada are required to keep doses as low as reasonably achievable (ALARA) to
further decrease exposures. It is important when applying these dose limits, especially the public
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dose limit, to remember that these apply to anthropogenic doses, not natural background doses.
Thus, these doses can be thought of as being incremental to natural background.

Health Canada (HC) drinking water guidelines (HC 2009) have been calculated such that
consuming two litres of water per day for one year results in an effective dose of 0.1 mSv for
each radionuclide taken separately. The resulting maximum allowable concentrations are
available for a range of radionuclides and applied in this assessment. As uranium is more
chemically toxic than it is radiologically toxic, the total uranium drinking water guideline of 20
Ma/L is applied in this assessment.

The CNSC requires licensed facilities to calculate the annual doses to members of the public
using their release data and the results of their environmental monitoring programs incorporating
multiple exposure pathways. These are calculated as per methods approved by the CNSC which
are based on the methodology identified in the Canadian Standards Association (CSA) document
N288.1, Guidelines for calculating derived release limits for radioactive material in airborne and
liquid effluents for normal operation of nuclear facilities (CSA 2014a). Public radiation doses
from nuclear activities and facilities are required to be below the public dose limit of 1 mSv/year.

Simplified single media screening criteria have been developed by the CNSC and are used for
screening radionuclide activity concentrations for single sample media in the CNSC’s
Independent Environmental Monitoring Program (IEMP). The CNSC screening level for fish
consumption is used in this report with the derivation methodology provided in appendix A.

2.33 Radiological protection of non-human biota

The field of radioecology has advanced tremendously since the 1990s. Regulatory standards and
guidance for environmental protection in the context of exposure of non-human biota to
radionuclides have advanced in parallel. Some uncertainties remain in an academic sense, but
confident statements can now be made about the absence of significant effects on populations or
ecosystems at the low levels of radionuclides that typically result from the operation of Canada’s
nuclear facilities. More recent evidence from field monitoring of nuclear accidents at Chernobyl
and Fukushima has also clarified whether or not large-scale effects occur at very high levels of
contamination. The evidence for population level effects remains weak.

Most major developments in the science of radiological protection for non-human biota have
been the result of many multidisciplinary projects that began in 2000 such as: the Framework for
the Assessment of Environmental Impact (FASSETT), Environmental Risk from lonising
Contaminants: Assessment and Management (ERICA), Protection of the environment from
ionising radiation in a regulatory context (PROTECT), Strategy for Allied Radioecology
(STAR), and Coordination and implementation of a pan-Europe instrument for radioecology
(COMET). These large efforts continue to make major contributions to the scientific literature.
In parallel, ICRP formed Committee 5 (Larsson 2016) to provide advice on a complete system of
environmental protection for biota. This is being applied gradually. Certain countries such as the
U.S., Canada and the United Kingdom have also developed national approaches and continue to
refine how radioecological risk assessment is done. The necessary tools and databases to do
these assessments are now very sophisticated and include dose modelling software (e.g.,
European Union ERICA, U.S. RESRAD-BIOTA), IAEA handbook of parameter values (IAEA
2014a), and Canadian guidance such as CSA N288.1 (CSA 2014a) and CSA N288.6,

12
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Environmental risk assessments at class | nuclear facilities and uranium mines and mills (CSA
2012).

Canada was the first nation to directly incorporate the protection of the environment into nuclear
legislation. This was done within the Nuclear Safety and Control Act (NSCA) in 2000. The
principle is now incorporated throughout regulations, regulatory documents and standards
associated with the CNSC’s regulatory framework. A series of nuclear environmental protection
standards (i.e., the CSA’s N288 series) has been developed for, and are incorporated into, CNSC
regulatory documents and licences. Similarly, the IAEA has been actively facilitating
international collaboration in science and modelling through the multi-year Environmental
Modelling for Radiation Safety and Modelling and Data for Radiological Impact Assessments
projects. With these many significant developments, environmental protection of non-human
biota in the nuclear sector is now a fundamental requirement of several governments (e.g., UK
Environment Agency 2010), and has been incorporated in the Basic Safety Standards of the
IAEA (IAEA 2014b) and the European Union (CEU 2013). To date, Canada is the only country
in which doses of radiation to non-human biota and radiological risks to these organisms are
used by the nuclear regulator for decision making.

Altogether, a great deal is known about the effects that can be anticipated under different
circumstances and how to manage the impacts of operating facilities to minimize any potential
impacts.

The specific screening benchmarks for radiological doses are discussed in section 4 where a
generic screening risk assessment is presented for Great Lakes aquatic biota.

3.0 Radionuclides in the Great Lakes

Radionuclides within the Great Lakes are of natural or anthropogenic origin. Radionuclides of
natural origin are composed of two main groups: cosmogenic radionuclides (i.e., those that are
formed by the interaction of cosmic radiation with nuclei present in the atmosphere) and
terrestrial radionuclides (i.e., those present in the earth’s crust and in all environmental media).
The latter consist of non-chain radionuclides with half-lives comparable to the age of the earth or
those which are progeny of three chains of radioactive elements: uranium-238, thorium-232 and
uranium-235.

Anthropogenic sources of radionuclides to the Great Lakes can be subdivided into weapons-
testing fallout and industrial activities. Some industrial activities can increase the release of
natural radionuclides. The more significant contributors among these include resource extraction
(e.g., oil and gas, coal, phosphate and uranium), uranium refining and conversion, and coal
thermal energy production. Other nuclear activities, such as nuclear power generation and
nuclear medicine, release anthropogenic radionuclides.
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3.1 Natural background and weapons testing fallout

Worldwide, the main cosmogenic radionuclides contributing to doses are carbon-14, sodium-22,
beryllium-7 and tritium. Of these, carbon-14 and tritium are of most interest to the Great Lakes
as natural activity concentrations can be further augmented by anthropogenic releases arising
from weapons fallout and nuclear power plants (NPPs). Tritium is the most relevant as it
accounts for more than 99 percent of total radioactivity released from Canadian CANada
Deuterium Uranium (CANDU) reactors.

Since 1959, HC has continuously operated a network of stations across the country to monitor
radioactivity levels in the environment. The original purpose of the network was to measure
radioactive fallout from intensive nuclear weapons testing during the Cold War. With the growth
of nuclear power in Canada in the 1970s, the network was expanded to include monitoring of
radioactivity levels in the vicinities of the nuclear power stations. This monitoring continues
today (see section 5.3.3).

Despite the post 1970s surge in civilian nuclear activities, including such accident events as
Chernobyl and Fukushima, the past use and testing of nuclear weapons still dominate the total
anthropogenic radioactivity present in the environment (HC 2015). The significance of bomb
testing to airborne exposure is demonstrated in figure 6. Atmospheric cesium-137 peaked in the
early 1960s. Relative to the bomb releases, the operation of nuclear power plants and both the
Chernobyl and Fukushima accidents have had little influence on North American atmospheric
radioactivity.

The systematic monitoring of the Great Lakes water for radionuclides under the aegis of the
GLWQA commenced in 1973. The focus of this monitoring was on weapons-testing related
radionuclides and those associated with releases from NPPs. Selected radionuclides included
plutonium-239, plutonium-240, strontium, tritium and cesium. Numerous papers and reports
published by Canadian and U.S. federal, provincial or state agencies (IJC 1983), the power
generation industry (Ontario Hydro 1987), and academia were reviewed and summarized by
Joshi (1991). These studies confirmed the presence of radionuclides in the Great Lakes basin
from a mix of natural (i.e., cosmogenic and terrestrial) and anthropogenic sources.

Studies confirm that for most anthropogenic radionuclides, levels currently present in the Great
Lakes have decreased relative to the peaks in the 1960s. This is despite the commencement of
operation of Canada’s fleet of NPPs in the 1970s. In other words, radionuclide concentrations
have decreased in the Great Lakes over the period of operation of the Canadian nuclear power
plants. This is illustrated by comparing 1970s radioactivity levels influenced by peak
atmospheric bomb testing period and 1980s monitoring in the post atmospheric bomb testing
period (see table 2).
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Table 2: Great Lakes anthropogenic radionuclides (Bg/L) from 1973 and 1981 (modified
from Joshi 1991)

L ocation Cesium-137 Plutoniun-239, 240 Strontium-90 Tritium
1973 | 1981 1973 | 1981 1973 | 1981 |1973] 1981
Drinking water
e 10 0.5 5 7,000
Lake Ontario 0.0018 | 0.0008 | 0.00000024 | 0.00000017 | 0.0466 | 0.0247 | 11.1 | 13.5
Lake Erie 0.0008 | 0.0006 | 0.0000002 | 0.00000018 | 0.0407 | 0.0235 | 12.6 | 8.5
Lake Huron 0.0015 | 0.0012 | 0.00000062 | 0.00000048 | 0.0318 | 0.0226 | - | 10.6
Lake Michigan | 0.0018 | 0.0012 | 0.00000077 | 0.00000044 | 0.0305 | 0.0171 | - 7.4
Lake Superior | 0.0028 | 0.0017 | 0.00000022 - 0.0194 [ 0.0163 | 11.1 | 6.7
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Figure 6: Influence of nuclear bomb testing on North American average airborne concentration of radioactive cesium-137
(Bg/m®) (simplified from HC 2015)
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Between these two sampling periods, activities of most radionuclides declined at a rate of 2-5%
percent per year (Joshi 1991). Activities of other short-lived anthropogenic radionuclides (e.g.
cerium-144 with a half-life of 284 days and antimony-125 with a half-life of 2.8 years) were
originally detected at extremely low levels and expected to decrease over time, primarily due to
decreased fallout as a result of the 1963 ban on atmospheric weapons testing (Joshi 1991).
Indeed, sampling completed by Baweja et al. (1987) from 1981 to 1984 in the Niagara and St.
Lawrence rivers showed lower numbers for tritium (averaging ~ 5-8 Bg/L) likely due to whole
lake dilution while antimony-125 (Sh-125) averaged at or below the detection limit as a result of
both dilution and its short half-life.

Both Baweja et al. (1987) and Joshi (1991) concluded that radionuclide concentrations in the
Great Lakes waters were low. They also noted that radiological doses committed from ingestion
of surface waters were below the dose of 10 pSv/year as stipulated in the GLWQA at that time.

Tritium fallout vs CANDU releases

The historical and current monitoring data set indicates tritium in the Great Lakes is the
radionuclide most influenced by anthropogenic sources (i.e., nuclear weapons testing fallout and
CANDU reactors).

Figure 7 shows the average lake-wide tritium concentrations complied from several sources
between 1953 and 1997 along with the results of the most recent 2008 sampling campaigns
completed in conjunction with the Canada Centre for Inland Waters (King-Sharp 2009), which is
responsible for the data management and field support of Environment and Climate Change
Canada’s Great Lakes Surveillance Program. Consistent with the work of Joshi (1991), the
maximum concentrations of tritium in all of the Great Lakes peaked prior to the operation of
Canada’s NPPs, and tritium concentrations have decreased continuously despite the operation of
Canada’s NPPs.

Determining the relative contribution of natural background, atmospheric bomb testing and
CANDU releases to the Great Lakes has been the objective the Great Lakes Tritium Model
developed to support public dose calculations associated with Canadian licensed NPPs (Klukas
1999, King-Sharp 2009).

The model was developed through the compilation of the historical monitoring data set that
began in 1958 and periodic sampling campaigns completed for updating and testing the model.
Model predictions have been tested against whole-lake surveys completed in 1991, 1997 and
2008. The model has performed well, with the ratio of predicted to observed tritium
concentrations being 1.35, 1.15 and 1.1 for Lake Huron and 1.14, 1.11, and 1.21 for Lake
Ontario. The results of the 2008 survey are consistent with this pattern. They show a clear
decline in average lake-wide tritium concentrations as weapons-sourced tritium decays
unmasking a small (few Becquerels) but evident tritium signature from Lake Huron through
Lake Ontario primarily associated with controlled liquid effluent releases from CANDU reactors
(see figure 7).

The performance of the model — which is regarded to be relatively accurate but slightly over-
predictive — helps to predict future Great Lakes water quality. Figure 8 presents model
predictions from 1953 to 2038 for Lake Huron and Lake Ontario. The results clearly demonstrate
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what the empirical field measurements confirm: that tritium levels today, outside the immediate
vicinity of NPP discharge points, are significantly lower than those experienced from the 1960s
through the 1990s, despite CANDU inputs. Projecting forward to 2038 shows the relative
contribution from CANDU releases increasing as weapons fallout continues to decline due to
decay. Total concentrations are predicted to stabilize at approximately 5 Bg/L from roughly 2000
onward. This is supported by the results of Ontario drinking water supply monitoring program
(see section 5.3.2) and the NPPs’ reference surface water monitoring programs (see section
3.2.4). Compilation of this monitoring data results in a mean tritium concentrations

of 3.1 (x 0.087 SD) Bg/L with a maximum recorded value of 5.6 Bg/L.

Figure 7: Great Lakes historical lake average tritium concentrations along with sampling
locations from the 2008 tritium lake-wide monitoring campaign. Bolded years mark
periods where CANDUS reactors have been in operation on Lake Huron and Lake Ontario
(see King-Sharp 2009 for literature sources for specific sampling years)
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Figure 8: Great Lakes Tritium Model predictions for tritium concentrations in Lake
Huron and Lake Ontario from 1953 to 2038 showing relative contributions of sources

(adapted from King-Sharp 2009)
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In summary, the evidence indicates that tritium levels have continued to decline since the peaks
in the 1960s, and despite CANDU releases. This decline can be expected to stabilize based on
modelling and current water monitoring results to concentrations approximating 5 Bg/L or lower
in Lake Ontario and Lake Huron. Current monitoring confirms this.

Terrestrial radionuclides

Terrestrial radionuclides include primordial radionuclides and the decay progeny of three chains
of radioactive elements: uranium-238, thorium-232 and uranium-235. Worldwide, the main
contributors to natural background radiation doses are potassium-40 in the body approximating
0.17 mSvl/year, and the uranium-238 and thorium-232 series radionuclides, which account for
approximately 0.12 mSv/year (UNSCEAR 2010). The primordial radionuclides of most
relevance to the Great Lakes are those of the uranium-238 series. These enter surface waters
through the weathering and erosion of minerals and soils, and can be further enhanced by
releases from nuclear industrial sources such as uranium mining and milling, tailings
management, fuel refining and conversion, and non-nuclear sources such as resource extraction
(e.g., hydrocarbon extraction and mining of metal, coal and phosphates) and coal thermal power
generation. Environmental concentrations for primordial radionuclides associated with the
nuclear fuel cycle in the Great Lakes basin are addressed in section 3.2.
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3.2 Industrial sources

A range of anthropogenic activities can result in releases of radionuclides to the Great Lakes
including industrial, commercial, research and medical activities. Activities associated with the
nuclear fuel cycle or the use of substances created via the nuclear fuel cycle are regulated in
Canada by the CNSC. CNSC-regulated facilities associated with the Great Lakes basin discussed
in this section are identified in figure 9. Interactive maps showing the locations for the complete
range of nuclear facilities regulated by the CNSC throughout Canada are available on the
CNSC'’s website.

Figure 9: The major nuclear facilities within the Great Lakes basin regulated by the CNSC
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As a result of the regulatory oversight provided by the CNSC for nuclear fuel cycle activities,
there is extensive data on releases and environmental concentrations of the most significant
radionuclides associated with these activities. The following sections outline the different types
of facilities that the CNSC regulates in the nuclear fuel cycle and includes a summary of the:

e overview of the facility type
e presence and location in the Great Lakes basin
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e primary radionuclides of interest
e facility environmental monitoring programs
e monitoring data results and comparisons to criteria

CNSC-licensed facilities are required to have extensive environmental protection programs that
address releases of nuclear (i.e., radionuclides) and hazardous substances (e.g., chemicals) (see
section 5.2.1 for environmental protection regulatory requirements). This document limits its
focus to radiological monitoring elements associated with the Great Lakes themselves or waters
flowing into the Great Lakes.

Non-nuclear fuel cycle activities that may release radionuclides to the Great Lakes are discussed
in section 3.2.8.

For information on all CNSC compliance requirements and monitoring results, the sector-
specific regulatory oversight reports (RORs) may be consulted. The RORs are presented
annually to the Commission at public meetings where written interventions are encouraged.
Participant funding is also available upon successful application to the CNSC. These reports are
available for comment prior to Commission meetings with final versions posted on the CNSC’s
website. In the following sections, the links to the specific RORs are provided.

To complement compliance activities, the CNSC has established its IEMP to verify that the
public and environment around CNSC-regulated nuclear facilities are not adversely affected by
releases to the environment. This verification is achieved through independent sampling and
analysis by the CNSC. are available on the CNSC website. Further
information on the IEMP is provided in section 5.2.2 on the regulation of nuclear activities in
Canada.

3.2.1 Uranium mines and mills

The nuclear fuel cycle begins with the mining and milling of uranium ore. All of Canada’s
currently operating uranium mines and mills are located in the Athabasca Basin of northern
Saskatchewan with no connection to the Great Lakes basin. The

are available on the CNSC website. Uranium mining and milling has
historically occurred in Ontario, with the greatest activity concentrated in the Elliot Lake region.

The Elliot Lake region supported active mining and milling for approximately 40 years. The
region now contains 11 decommissioned mining operations situated within the Serpent River
Watershed. This watershed ultimately flows into the north channel of Lake Huron. The
monitoring program was designed to assess the recovery of the receiving environment following
the implementation of decommissioning. Commenced in 1999, the program was designed to
evolve in response to monitoring results, and report to a joint regulatory advisory group with
representatives from multiple federal and provincial agencies. The program addressed
radionuclides within the natural uranium series (i.e., the uranium-238 series) and heavy metals.

The monitoring program element of most relevance to this assessment is that of water quality
nearest the outflow to Lake Huron. The results for the two stations situated in the lower reaches
of the Serpent River with an extensive historical record are provided in figure 10. The original
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impact from the historic mining practices on water quality is evident in the early 1960s where
radium-226 increased to such an extent that it briefly exceeded current drinking water guidelines.
Activity levels since this peak have remained below current drinking water guidelines and have
consistently declined over time returning to background levels. At no point in time have uranium
concentrations at these locations exceeded the drinking water guideline nor the guideline for the
protection of aquatic life and concentrations are currently at natural background levels.

On the basis of these results, it is clear that Elliot Lake activities have little influence if any on
radionuclide activity levels in Lake Huron. A similar conclusion was reached by Joshi (1991)
based on monitoring activities of the Province of Ontario. Therefore, this area will receive no
further discussion within this report.

Figure 10: Temporal trends for radium-226 (Ra-226) and total uranium (U) in Serpent
River waters at Highway 17* (circles) and further upstream at McCarthy Lake? (squares)
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! Sampling ceased in 1999 as U and Ra-226 were below federal drinking water guidelines.
2 Sampling ceased in 2004 as U and Ra-226 were below federal drinking water guidelines.
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3.2.2 Refining and conversion

The next step of the nuclear fuel cycle is uranium refining and conversion. There are two
refining and conversion facilities on the Canadian side of the Great Lakes basin: the Blind River
Refinery (BRR) and the Port Hope Conversion Facility (PHCF). The BRR is the first stage in the
Canadian refining and conversion process. Materials move from the BRR to the PHCF for
further processing.

The performance of both these facilities is presented to the Commission in the annual ROR for
nuclear processing facilities.

Blind River Refinery

The BRR is located east of the community of Blind River on shores of the north channel of Lake
Huron. The facility is bordered to the south by Lake Huron and to the west by the Mississagi
River (see figure 11).

Figure 11: Aerial view of the Blind River refinery situated on the shores of Georgian Bay of
Lake Huron

Town of
Blind River

The refining and conversion process commences at the BRR, which receives uranium
concentrate (e.g., yellow cake from uranium mills) and small quantities of scrap natural uranium
bearing materials such as uranium dioxide and natural uranium metal. The process involves
separating the uranium from impurities through a series of chemical processes to produce a high-
purity uranium trioxide (UO3). The UOjs is transported for further processing to the PHCF.

23


http://nuclearsafety.gc.ca/eng/resources/publications/reports/report-on-uranium-and-nuclear-processing-facilities.cfm
http://nuclearsafety.gc.ca/eng/resources/publications/reports/report-on-uranium-and-nuclear-processing-facilities.cfm

Radionuclides as Potential Chemicals of Mutual Concern

BRR submits quarterly and annual compliance monitoring and performance reports to the CNSC
that include the results of their environmental monitoring program. These reports are available
on the

The BRR emissions and effluent monitoring program addresses releases to the atmosphere and
discharges to surface waters. The receiving environment monitoring program includes
groundwater, surface waters, ambient air and soil. Only the results of the radionuclide
environmental monitoring program associated with releases to Lake Huron are summarized here.

Uranium is the primary radionuclide of interest associated with this facility. The majority of
uranium decay products from the ore are retained within the mine tailings that are managed at the
uranium mill sites. Monitoring therefore concentrates on uranium and radium-226. Treated
process effluents are released offshore to the north channel of Lake Huron through a diffuser.
Table 3 summarizes the results of Lake Huron water samples collected at a sampling station near
the diffuser.

Table 3: Annual average and maximum uranium and radium-226 values for Blind River
Refinery Lake Huron water samples from 2006-2015 (the method detection limit (MDL) is
reported for values below the MDL)

Uranium (ug/L) Radium-226 (Bg/L)
Year Annual Annual Annual Annual
average maximum average maximum

- Drinking water: 20 il

Guidelines Protection ofgaquatic life: 15 Drinking water: 0.5
2006 0.22 0.31 < 0.005 0.006
2007 0.2 0.28 < 0.005 < 0.005
2008 0.51 <0.9 0.0006 0.008
2009 0.21 0.21 < 0.005 < 0.005
2010 3.1 8.9 <0.008 0.02
2011 0.4 0.5 0.006 0.007
2012 0.2 0.3 < 0.005 < 0.005
2013 0.4 0.6 < 0.005 < 0.005
2014 <0.2 <0.2 < 0.005 < 0.005
2015 0.2 0.4 < 0.005 < 0.005

Uranium and radium-226 concentrations have consistently been well below their respective
drinking water guidelines and well below the criteria for the protection of aquatic life. These
results indicate that this well regulated facility is not having an impact on the Great Lakes.

Port Hope Conversion Facility

The PHCEF is located on the north shore of Lake Ontario in the Municipality of Port Hope,
Ontario. The facility is bounded to the south by Lake Ontario and to the east by the Port Hope
Harbour. The PHCF receives uranium trioxide (UO3) for conversion to either uranium
hexafluoride (UFg) or uranium dioxide (UO,). UO; is used to manufacture fuel for nuclear power
plants in Canada whereas UF; is exported to make fuel for light-water reactors around the world.
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Figure 12: Aerial view of the Port Hope Conversion Facility and Port Hope Harbour

The PHCEF licence requires the monitoring of releases of radioactive and non-radioactive
materials to the environment (i.e., to air, water, sewer and waste). Extensive environmental
monitoring is also required at this facility. Once again, uranium and radium-226 are the
radionuclides of interest as decay progeny have been removed along the processing chain (e.g.,
milling and refining). In the past, process waters were released to the harbour. In 2007, this
release ceased. An evaporator was installed in the treatment system. Despite the cessation of
process water releases, harbour monitoring has continued so the effects of indirect sources and
the continuing legacy sources arising from contaminated groundwater, storm sewers and reflux
from the contaminated sediments (see section 3.2.5 for discussion of historically contaminated
harbour sediments) can be assessed. Table 4 shows the annual mean and maximum values
reported from 2006 through to 2015 for uranium.

Table 4: Annual average and maximum uranium values for Port Hope Harbour waters
from 2006 through 2015

Year Annual average (ug/L) Annual maximum (pg/L)
N Drinking water: 20
Guidelines Protection ofgaquatic life: 15

2006 55 16
2007 5.4 14
2008 6.5 21
2009 55 16
2010 4.4 21
2011 4.1 9.2
2012 3.7 10
2013 3.3 8.3
2014 3.3 7.6
2015 2.9 6.6

25



Radionuclides as Potential Chemicals of Mutual Concern

Despite the historical legacy of contamination, the annual average harbour uranium
concentrations have consistently remained below both the drinking water and the aquatic life
guidelines with a decreasing trend continuing to be evident. Even the maximum values have
remained below guidelines since 2011. It should be noted, however, that the harbour is not used
as a source of drinking water. With the removal of the primary source terms (i.e., contaminated
sediment) by the Port Hope Area Initiative in the future, uranium in harbour waters can be
expected to further decrease (see section 3.2.5).

Radium-226 has also been monitored throughout the harbour and approach channel. The
majority of the samples were determined to be below the analytical detection limit reported as
0.05 Bg/L up to 2014 decreasing to 0.01 Bg/L in 2015. The maximum recorded value comes
from a single sample in 2014 collected just above the sediment which measured 0.1 Bg/L. Thus,
for radium-226, Port Hope Harbour waters have been consistently below the drinking water
guideline for the last decade despite the legacy contamination of the sediments. In summary, the
PHCEF is not impairing Great Lakes water quality.

3.2.3 Fuel fabrication

At fuel fabrication facilities, the UO, powder is pressed into small cylindrical shapes called
pellets. These pellets are baked at high temperatures to gain strength and density. Afterwards, the
pellets are ground to achieve a specific, precise uniform size. The pellets are then loaded into
zirconium alloy tubes, which are grouped into cylindrical fuel bundles.

There are three fuel fabrication facilities in Canada which include the BWXT Nuclear Energy
Canada Inc. (formerly GE Hitachi Nuclear Energy Inc.) facilities in Peterborough and Toronto,
and the Cameco Fuel Manufacturing Inc. facility in Port Hope. The BWXT-owned facilities are
not located on the shores of the Great Lakes.

Cameco Fuel Manufacturing is located near Lake Ontario but has no direct liquid effluent
discharges to the lake. Similar to PHCF, Cameco Fuel Manufacturing is licensed to discharge
small amounts of uranium in liquids to the municipal sewer. These releases report to the
municipal sewage treatment plant prior to being released to the Lake Ontario via an offshore
diffuser.

3.24 Nuclear power plants

All NPPs in Canada are CANDU reactors. These pressurized heavy-water reactors use natural
uranium as fuel and heavy water as a coolant and moderator. Fission reactors in the nuclear core
heat the heavy water. A heat exchanger transfers the heat from the heavy water to a light-water
coolant, which powers a steam turbine with an attached electrical generator. There are three
nuclear power plants located on the Great Lakes basin. Each operates a number of reactor units.
The Bruce A and B nuclear generating stations are located on the shore of Lake Huron, while
both Ontario Power Generation (OPG) facilities, the Pickering and Darlington nuclear generation
stations, are located on the shores of Lake Ontario.

The CNSC requires all nuclear power plants to monitor and report their releases. Discharges
from Bruce, Darlington and Pickering are continuously sampled and monitored. Samples are
analyzed at least weekly. OPG and Bruce Power prepare quarterly operation reports to inform
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the CNSC. These reports contain concentrations of nuclear substances including, for each month
of the quarter, the total activity or total amount released. In addition, OPG and Bruce Power
submit annual reports on environmental monitoring that summarize the data from the year and
compare results to historical values and to values at reference locations. The reports also present
the dose calculations for the representative person for comparison to the public dose limit and to
demonstrate that doses are ALARA.

Monitoring of atmospheric releases focus on the following radionuclides or radionuclide proxies
(i.e., gamma, alpha or beta scans): tritium, noble gas (as a group), iodine-131, particulate gamma,
particulate alpha and carbon-14. Liquid releases are monitored with focus on tritium, carbon-14
and gross beta, alpha and gamma.

Each facility is also required to have a corresponding comprehensive environmental monitoring
program. The radiological portion of this program is designed to provide empirical
measurements of radionuclides within the environmental media and sampling locations most
critical to determining radiation exposure to a representative member of the public. This person
is a theoretical construct customized to capture site-specific characteristics of the environment
and public.

The programs are somewhat site-specific, but retain the same core elements. Sampling media
include:

o air

e precipitation

e drinking water (i.e., from water supply plants and wells)

e aquatic samples (i.e., from water, sediments, fish and beach sands)

e agricultural products (i.e., animal feed, soils, eggs, poultry, beef, pork, milk, fruits and
berries, vegetables, honey, grain and soils)

The radionuclides of interest are those known to be the primary contributors to dose.
Measurements include tritium, carbon-14, iodine-131, gross beta and gamma along with external
gamma dose rates at selected locations. Specifics on each facility’s sampling program and the
associated dose calculations can be found in the facility’s annual report. These are submitted to
the CNSC for review and are publicly available on the and

websites. can also be found on the CNSC’s website.

The release data and monitoring data are used according to CSA N288.1 to calculate the public
dose to ensure that no member of the public is exposed to greater than 1 mSv/year — the
regulatory public dose limit in Canada. This modelling addresses multiple exposure pathways
including external doses and internal doses. The calculated public dose for the highest exposed
representative person is provided in figure 13 for the years 2006 through 2015. Note that doses
have consistently been below 1% of the public dose limit.

27


http://www.brucepower.com/category/publications-resources-blog/environment/
http://www.opg.com/news-and-media/Pages/reports.aspx
http://www.opg.com/news-and-media/Pages/reports.aspx
http://nuclearsafety.gc.ca/eng/reactors/power-plants/regulatory-oversight-report-npp/index.cfm

Radionuclides as Potential Chemicals of Mutual Concern

Figure 13: Maximum annual incremental dose to the public for CANDU reactor sites on

the Great Lakes for the assessment period (2006—-2015). Presented graphically as a

percentage of the public dose limit with insert table providing the dose in uSv/year. Note 1

mSv/year = 1000 puSv/year
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concentrations in the various media can also be assessed independently against guidelines. Of
specific relevance to this assessment are the results of radionuclide analyses in drinking water
supply plants in close proximity to the NPPs, the intake supply for which is either Lake Ontario
or Lake Huron. Intake water samples are collected either twice or three times daily and combined
to form a weekly composite for tritium analyses and a monthly composite for gross beta. The
results for the 10-year assessment period are summarized in table 5. The overall annual averages

for this period as well as the maximum annual average are orders of magnitude below the

drinking water guideline of 7,000 Bg/L. Similarly, gross beta measurements have consistently

been below the drinking water guideline of 1 Bqg/L.
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Table 5: Annual average and maximum tritium and gross beta values from the 2006-2015
monitoring period for near-field water supply plants

Nuclear Water supply Tritium (Bg/L) Gross beta (Bg/L)
power plant plant Annual Annual Annual Annual
average maximum average maximum
Drinking water guideline 7,000 1
Kincardine 6.6 9.8 0.07 0.08
Bruce Southampton 10.8 14.4 0.08 0.09
Port Elgin 13.4 16.8 0.07 0.08
Ajax 5.6 7.1 0.10 0.12
. . F.J Horgan 4.8 5.8 0.11 0.11
Pickering :
R.C Harris 4.7 54 0.11 0.12
Whitby 5.9 8.2 0.12 0.19
Bowmanville 5.2 6.7 0.11 0.11
Darlington Newcastle 5.1 6.4 0.12 0.17
Oshawa 6.7 9.2 0.11 0.12

The NPPs also collect surface water samples from near-field exposure areas in Lake Ontario and
Lake Huron and from further afield reference stations. There is a clear tritium signature at these
near-field lake sampling stations, however, even these samples are well below drinking water
guidelines (see table 6).

Table 6: Annual average and maximum tritium and gross beta values from the 2006-2015
monitoring period for near-field lake surface water samples

Tritium (Bg/L) Gross beta (Bg/L)
NUBEET Location
power plant Annual An_nual Annual Anpual
average maximum average maximum
Drinking water guideline 7,000 1
Baie du Doré 98.7 163.5 0.08 0.11
Bruce Inverhuron Park 11.4 21.3 0.07 0.13
Scott Pt. Lake 56.2 99.5 0.07 0.09
Frenchman's Bay 29.4 49.9 — .t
Pickering Beachfront Park 21.7 41.4 S S
Squires Beach 19.1 31.1 — I
Darlington Provincial Park 7.6 9.5 0.13° 0.17°
_ McLaughlin Bay 24.3 31.4 0.20° 0.22°
Darlington e t/East Beach 47 5.4 0.132 0.172
Courtice Road Beach 7.1 7.9 — —

T - -
Pickering does not monitor gross beta in surface waters.

2 Darlington stopped monitoring gross beta in lake water in 2013. Courtice Road Beach was added to the environmental
monitoring program in 2013.

Fish are also collected and analyzed for radionuclides from Lake Huron and Lake Ontario. Fish
are collected in the vicinity of effluent releases and much farther away where the water quality is
expected to be at background. The core fish sampling program is consistent among the three
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NPPs. Eight fish are collected per target species® per sampling location. Some additional fish
sampling is also completed on a site-specific basis.

The complete fish database is not included in this assessment, however, the pattern of results is
similar for all species. This assessment concentrates on white suckers. This fish has been the
most consistently collected target species and better integrates both lake water and sediment
exposure due to its foraging habits. Each replicate fish sample is analyzed for free water tritium
content, carbon-14, cobalt-60, cesium-137 and potassium-40 (note potassium-40 is a significant
natural dose contributor and not of NPP origin).

The results of the fish sampling program over the 10-year assessment period are shown in table 7
along with the relevant radionuclide specific CNSC screening benchmarks. Both the average and
the maximum values for the radionuclides in fish flesh are orders of magnitude below CNSC
screening benchmarks for human consumption (equal to 0.1 mSv per year).

Table 7: Annual average (2006-2015: X) and maximum (Max) radionuclide activity levels
(Bg/kg fresh weight) for white suckers from exposure locations over the assessment period
in comparison to CNSC screening levels

Nuclear Tritium Cesium-134 | Cesium-137 Carbon-14 Cobalt-60 Potassium-40
%?;V:tr X |Max | X [Max | X | Max | X Max | X | Max X Max
CNSC

screenilng 488,000 710 1,040 16,800 1,350 1,020
level

Bruce 248 | 588 |0.04 | 0.067 | 0.07 | 0.13 | 30.26 | 33.1 0.04 | 0.084 | 28.54 34.2

Pickering 1.32 | 2.88 | 0.02 | 0.044 | 0.05 | 0.089 | 29.47 | 33.5 0.03 | .067 29.64 34.9

Darlington | 1.04 | 1.78 | 0.02 | 0.044 | 0.04 | 0.067 | 28.89 | 33.7 0.03 | 0.067 | 29.52 34.7

1 See appendix A for screening level derivation

Overall, the environmental monitoring data demonstrates that despite slight increases in levels of
radioactivity in close proximity to the NPPs, the public is protected. This fact is supported by the
site-specific multi-pathway, multi-radionuclide exposure modelling for public dose and by the
media-specific screening assessments for water supply plants, lake waters and fish tissue
monitoring.

3.2.5 Waste management

This section provides an overview of radioactive waste-management activities as they relate to
the Great Lakes. in Canada is provided on
the CNSC’s website.

Radioactive wastes are classified as low-, intermediate- or high-level depending on the nature of
the waste (see CSA N292.0-14 (2014)). General principles for the management of radioactive
waste and irradiated fuel, for detailed information on classification and management. There are
different methods for storing each type of radioactive waste.

® Target species are lake whitefish and white sucker. Back-up species are brown bullhead and round whitefish.
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Low and intermediate-level wastes consist of all non-fuel waste arising from the activities
associated with nuclear electricity generation, nuclear research and development, and from the
production and use of radioisotopes in medicine, education, research, agriculture and industry.
Low-level radioactive waste (LLRW) has radionuclide content above established clearance
levels and exemption quantities, and generally limited amounts of long-lived radioactivity (CSA
2014b). Most LLRW requires limited shielding for handling. The most common forms of LLRW
are contaminated equipment and materials, rags, protective clothing and contaminated soils.

Intermediate-level radioactive waste (ILRW) consists of wastes generally requiring shielding
during handling and interim storage due to elevated levels of penetrating radiation. Unlike high-
level wastes, ILRWs require little or no provision for heat dissipation during handling,
transportation and long-term management (CSA 2014b). Some ILRW may however, have heat
generation implications in the short term (e.g., refurbishment waste) because of its total
radioactivity level. The most common form of ILRW is ion exchange resins and filters.

All low and intermediate level radioactive wastes produced at the Great Lakes NPPs are
transported and stored on an interim basis at the Western Waste Management Facility located
adjacent to the Bruce Power site on the shore of Lake Huron. Here the LLRW is sorted, stored,
compacted or incinerated. After processing, the LLRW is stored in above-ground warehouses. In
contrast, ILRW is not processed. Instead, it is stored in steel-lined concrete containers and set in
the ground.

High-level radioactive waste (HLRW) is irradiated nuclear fuel that has been declared waste
and/or any waste that generates significant heat (i.e., typically more than 2 KW per cubic metre)
as a result of radioactive decay (CSA 2014b). Such waste requires significant shielding for
handling and storage as well as considerations for heat dissipation and long-term isolation.
HLRW most commonly involves used nuclear fuel from nuclear power plants, prototype and
demonstration power reactors, and research and isotope production reactors. These high-level
wastes are stored underwater in the nuclear station’s used fuel bay for seven to ten years. It is
then transferred to specially designed dry storage containers stored in above-ground warehouses
at each of the NPPs. Used fuel from research reactors (i.e., SLOWPOKE-2s and the McMaster
nuclear reactor) are shipped to Chalk River Laboratories for storage.

Interim storage waste-management facilities

There are three interim storage waste-management facilities located on the Great Lakes basin:
the Western Waste Management Facility (on Lake Huron), the Pickering Waste Management
Facility (on Lake Ontario) and the Darlington Waste Management Facility (on Lake Ontario).
Any radioactive effluents from these facilities are generally routed to the nearby power plant’s
radioactive water management system, and storm water run-off is monitored through the storm-
water management program. Environmental monitoring programs associated with these facilities
are incorporated within the associated NPP’s radiological environmental monitoring program
and is a licence requirement.

The Douglas Point Waste Management Facility is located at the site of the former Douglas Point
Nuclear Generating Station on the Bruce nuclear site. All internal liquids are collected and stored
in holding tanks. Liquid effluent releases are a result of the external groundwater diversion
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system and are 10,000 times lower than the releases from a power plant. Bruce Power
Development Radioactive Waste Operations Site 1 is a storage facility located on the Bruce
nuclear site that stores low- and intermediate-level waste from Douglas Point Waste
Management Facility and Pickering units 1 and 4. Once again, releases from these facilities are
monitored as part of the site receiving environment monitoring programs.

Long-term waste-management storage facilities

Historical low-level waste-management areas: Port Hope and Clarington municipalities

The historic LLRW contamination found in Port Hope and Port Granby is a result of the area’s
long history of involvement with the nuclear industry. This legacy extends back to the 1930s
with the commencement of radium refining activities by Eldorado Gold Mines Ltd. In the 1940s,
Eldorado switched its focus to uranium processing and became a Crown corporation. During
those early years of refining and processing, the need for careful management of process wastes
was not well recognized. Consequently, these wastes were stockpiled at various locations
throughout the community, and used for fill material in construction and landscaping.

In 1948, Eldorado Nuclear began placing process wastes in the Welcome Waste Management
Facility (WMF) in Port Hope. The Welcome WMF continued to receive new waste until 1955,
when Eldorado began operating the Port Granby WMF, located in nearby Clarington, Ontario.
The Port Granby WMF received process wastes and other waste materials until 1988. Although
these facilities represented an improvement from the initial practices of Eldorado Gold Mines
Ltd., it was recognized that the WMFs did not provide for acceptable long-term management of
LLRW. A solution was therefore necessary to upgrade these facilities and to remedy the LLRW
contamination that had resulted from activities of the former Crown corporation. This solution
became the Port Hope Area Initiative (PHAI).

The PHAI represents the Government of Canada’s commitment to the development and
implementation of a safe, local, long-term management solution for historic LLRW in the
municipalities of Port Hope and Clarington (see figure 14). It consists of two projects, reflecting
the work being done in each municipality: the Port Hope Project and the Port Granby Project.
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Figure 14: Locations for the two new long-term waste-management facilities under
construction in the Ontario municipalities of Port Hope (Port Hope Project) and
Clarington (Port Granby Project)

Both projects involve the relocation of waste to two separate long-term waste-management
facilities consisting of multi-layered engineered mounds. Each facility is engineered with a base
liner consisting of multiple layers of natural and synthetic materials to prevent the release of
contaminants to the environment. Within the base liner, a leachate collection system will be
installed to direct leachate for treatment. Upon placement of the LLRW on the base-liner, a
multi-layered cover system will be constructed. Once complete, radiation levels on the mounds
are expected to be similar to natural background levels.

Each project includes new state-of-the-art water treatment plants that were commissioned in
2015-16, and designed to meet the needs of the specific liquid wastes they will be treating. Both
plants utilize multi-stage treatment processes involving initial separation of solids for disposal in
the engineered mounds followed by reverse osmosis treatment. (Port Granby uses biological
reactors, while Port Hope uses chemical precipitation.) The clean stream from the reverse
osmosis treatment is released to Lake Ontario; the dirty stream is directed through an evaporator
system with remaining solids disposed of in the engineered mounds.

Temporary improvements and increased monitoring commenced in 2011 at the old WMFs (i.e.,
Welcome and Port Granby) until the new treatment systems began operating in 2015-16. For
both these sites, associated monitoring of Lake Ontario surface waters from 2012 to present
showed annual mean and maximum concentrations of uranium and radium-226 at concentrations
below drinking water guidelines and guidelines for the protection of aquatic life.

The Port Granby Project is to receive wastes relocated from the current Port Granby WMF. The
Port Hope Project will receive waste relocated from the Welcome WMF plus additional
materials from various remediation sites throughout Port Hope. Of significant relevance to this
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assessment will be the relocation of the contaminated Port Hope Harbour sediments — which are
classified as an area of concern under the GLWQA - to the Port Hope long-term waste-
management facility. Approximately 120,000 m® of contaminated sediments are to be removed
from the harbour. As these contaminants are removed from the Great Lakes, they will no longer
measurably contribute radionuclides to the Great Lakes.

The PHALI has completed the required environmental assessments under the Canadian
Environmental Assessment Act (1992) as well as those required to receive the necessary permits
and licenses from the CNSC and other federal and provincial regulatory bodies to commence the
final remediation. Both projects have commenced activities and completed construction of their
new water treatment plants. More information on the PHAI can be obtained from their

including construction schedules and environmental monitoring programs and their results.
Information on CNSC regulatory activities, licensing and the CNSC’s IEMP associated with
these projects are available on the

These new long-term waste management systems will significantly reduce radionuclide loads
(and other hazardous substances) to Lake Ontario associated with these historical wastes.

Proposed Deep Geologic Repository for low-level and intermediate waste

Ontario Power Generation is currently seeking regulatory approval for the construction and
operation of a proposed Deep Geologic Repository (DGR) near Lake Huron. The DGR would
store low and intermediate-level radioactive waste underground in a stable geologic
environment. The Minister of Environment and Climate Change Canada has yet to make a
decision on the environmental assessment of the project. If approved, this project would relocate
waste currently managed on-surface to below-ground. This change would significantly lower the
long-term risk of releases to the Great Lakes.

The Nuclear Waste Management Organization (NWMO) Adaptive Phase Management (APM)
project seeks to find a solution for the long-term management of used nuclear fuel — a solution
that is socially acceptable, technically sound, environmentally responsible and economically
feasible to Canadians. The project remains in the planning stages. No site has been selected, nor
has a licence application under the NSCA been received. As of June 2017, six areas remained the
focus of the site-selection process. A number of those areas are located within the Great Lakes
basin. Further information on the APM process can be found at the

3.2.6 Nuclear processing facilities and non-power research reactors

A brief introduction is provided for each of these facilities to ensure complete coverage of
nuclear facilities. None of these facilities has direct releases to the Great Lakes.

Tritium processing

SRB Technologies is the only operating tritium processing facility in Canada. SRB Technologies
uses tritium to make various products, such as self-luminous emergency exit signs. Its facility is
located in Pembroke, Ontario and thus is not associated with the Great Lakes basin. Shield
Source Incorporated, a tritium processing facility located near Peterborough, Ontario was
permanently shut down in 2014.
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Medical isotope processing

Chalk River Laboratories is a nuclear research facility that conducts research and development of
nuclear technologies. Chalk River Laboratories operates the National Research Universal reactor.
The National Research Universal reactor supports and advances the design of the CANDU,
produces neutrons, and produces medical radioisotopes. Nordion is a company that also produces
radioisotopes for medical and industrial applications. Neither of these facilities is located near
the Great Lake basin.

McMaster Nuclear Reactor

The McMaster University research reactor is operated by McMaster University for research,
education and commercial services. The McMaster Nuclear Reactor does not have direct releases
to the Great Lakes or to the sewers.

SLOWPOKE-2

There are currently four operating SLOWPOKE-2 reactors. These are located at the University
of Alberta, the Saskatchewan Research Council, the Polytechnique Montréal and the Royal
Military College. The Royal Military College is the only SLOWPOKE-2 facility situated near a
Great Lake (i.e., the St. Lawrence River outlet of Lake Ontario). The facility does not have direct
releases to surface water and releases effluent to sewer only when the radioactivity is within
background levels.

3.2.7 Medical applications

Radionuclides play a significant role in Canada’s healthcare system for both diagnostic and
therapeutic purposes. Use of these materials is strictly regulated, as is the management and
disposal of wastes associated with medical practices. Only agueous medical liquid wastes are
allowed to be released to municipal sewer systems.

As medical radioisotopes are short-lived (i.e., half lives of minutes to hours), most are managed
through retention in holding tanks to allow complete or partial decay prior to release. Those with
slightly longer half-lives, usually in the order of days (e.g., iodine-131 has a half life of 8.5 days)
are managed to ensure compliance with release criteria within a facility’s licence. The release to
sewer limits is based on radionuclide specific clearance levels. Disposal limits are either generic
or facility specific. Radionuclide specific generic clearance levels are based on highly
conservative models limiting exposure to less than 0.01 mSv/year (compared to public dose limit
of 1 mSv/year) (IAEA 1998). Site-specific disposal limits are derived for situations where the
assumptions associated with the generic clearance values are not considered to be adequately
conservative for a facility.

As a result of these waste management practices and the short half-lives associated with these
radionuclides, releases from medical facilities are not expected to adversely affect human health
or the Great Lakes ecosystem.
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3.2.8 Non-nuclear industrial sources

Nuclear activities are not the only activities that can raise radionuclide concentrations in surface
waters. Most non-nuclear industrial activities with this potential are associated with processing
materials that naturally contain elevated levels of primordial radionuclides that are commonly
referred to as naturally occurring radioactive material (NORM). Thus, the dominant
radionuclides are those associated with uranium and thorium decay chains. Potassium-40 is the
most important non-uranium series radionuclide among them.

The main industrial activities of interest are phosphate mining and phosphate fertilizers, fossil
fuel extraction and energy production and non-uranium* mining mineral extraction. Regulation
of these activities is a provincial responsibility in Canada with assistance provided by an
intergovernmental committee known as the Federal Provincial Territorial Radiation Protection
Committee. A NORM working group within the FPTRPC has produced a guideline document
titled Canadian Guidelines for the Management of Naturally Occurring Radioactive Materials -
NORM (HC 2011). There are also a number of IAEA documents for helping member states to
regulate these activities.

Agricultural phosphate is obtained through the extraction of phosphate rock. This is often found
in sedimentary rock formations interbedded with marine shales or limestones. This rock can have
elevated uranium concentrations. Uranium and associated daughters are present within waste
products and the fertilizer end-product. The application of phosphate fertilizers can result in an
increase in soil radionuclide content as well as that of associated streams. These do not
significantly affect the dose received by the general population. Depending on the radionuclide
content of the ore, there can be a need for precautions to protect workers and a need to consider
radiation hazards for appropriate decommissioning of a site to make it suitable for the final end-
use. IAEA Safety Report Series No. 78, Radiation Protection and Management of NORM
Residues in the Phosphate Industry provides detailed recommendations for managing and
regulating these activities (IAEA 2013).

Canada is not identified as being among the top-10 phosphate producing regions, and the CNSC
is not aware of any significant phosphate rock and fertilizer and production on the Canadian side
of the Great Lakes basin.

Coal contains radionuclides of the uranium and thorium decay series and potassium-40. The
extraction process and the burning of coal can slightly increase environmental concentrations
fractionally above background. Coal fly ash can concentrate lead-210 and polonium-210 up to
five to ten times greater than in the original coal, and thus must be appropriately managed.
Modern fly ash regulations tend to address this appropriately.

The last coal electrical generating plant on the Canadian side of the Great Lakes basin was closed
in 2014. In 2015, the Ontario government passed legislation permanently banning coal-fired
electricity generation in the province. Thus, coal is no longer a potential source of radionuclides
for the Canadian side of the Great Lakes basin.

* Uranium mining in Canada is considered to be part of the nuclear fuel cycle and is thus regulated by the CNSC.
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Radionuclides associated with oil and gas production have recently received increased attention,
especially with increased North American production from fracking. Radionuclides of the
uranium and thorium decay series can accumulate in various components associated with the
recovery process. This can lead to concentration in scales deposited in wellheads, valves, pumps,
separators, water treatment vessels, gas treatment and oil storage tanks (IAEA 2003).
Radionuclide content may need to be considered when handling and disposing of these materials.
Production waters may also contain low levels of radionuclides requiring consideration before
releasing to the environment. The level of radioactivity varies significantly, depending on the
radioactivity of the reservoir rock and the salinity of the water co-produced from the well. The
higher the salinity, the more NORM is likely to be mobilized.

Guidance for managing and regulating these activities can be found in IAEA Safety Report
Series No. 34, Radiation Protection and the Management of Radioactive Waste in the Oil and
Gas Industry (IAEA 2003). Industry best practices guides are also available (International
Association of Oil and Gas Producers (IAOGP) 2008). The CNSC is not aware of any significant
oil and gas recovery activities occurring on the Canadian side of the Great Lakes basin that
would be considered significant contributors of radionuclides to the Great Lakes, nor would the
CNSC have any regulatory authority over such activities.

The last activity to be discussed is the extraction of rare earth elements. Rare earth is often used
as a generic term applied to a range of elements (e.g., lanthanoids, scandium and yttrium) more
commonly extracted from mineral deposits of bastnaesite and monazite. Interest in rare earth
mining is increasing due to the elements’ importance in advanced high-technology products
ranging from wind turbines to hybrid cars. These deposits are often associated with thorium and
to a lesser extent uranium. This, combined with the fact that they are usually found in low
concentrations requiring the processing of significant amounts of material, can result in the
creation of low activity wastes. In some instances, uranium can actually be processed as a
commercially viable byproduct as is proposed for the Kvanefjeld deposit in Greenland. This
represents good environmental practice as processing the uranium as a byproduct removes it
from the tailings.

In summary, there are currently no significant industrial activities involving NORM on the
Canadian side of the Great Lakes basin that would result in a measurable effect on water quality
or the ecology of the Great Lakes.
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4.0 Genericrisk assessment

Within the previous sections, radionuclide environmental monitoring results associated with the
various Canadian nuclear facilities were assessed against media-specific criteria. From this
information, it can be stated that radionuclides within the Great Lakes do not pose an
unreasonable risk to health of people when considering single radionuclides along single-
exposure pathways (e.g., drinking water and fish consumption). However, radiation exposures
are integrated across multiple radionuclides and exposure pathways to provide total doses. It is
the total dose that is of interest when assessing potential impacts on human health or on non-
human biota. To address this issue, a conservative screening risk assessment has been completed
for multiple pathways and multiple radionuclides within the Great Lakes.

For this analysis, a database was created containing the results of the radionuclide environmental
monitoring programs for CNSC-regulated facilities along the Great Lakes from 2006 to 2015.
This information was supplemented by data from the provincial water supply monitoring
database from 2006 to 2012.

4.1 Human health risk assessment - public dose

As previously discussed in section 3.2.4, facility-specific doses to members of the public are in
the range of 1-3 uSv/year, which is a small fraction of the dose resulting from natural
background and less than 0.5% of the public dose limit. These assessments are site-specific, and
incorporate local characteristics that may not be representative of more sensitive sub-populations
within the Great Lakes basin. To address this, a bounding, generic screening assessment has been
completed for a range of theoretical representative persons experiencing the highest potential
exposure pathways generated from monitoring data collected throughout the Great Lakes. See
appendix B for details on input parameters and modelling assumptions.

Three exposure scenarios were assessed:
e radionuclides associated with nuclear power plants
e radionuclides associated with fuel refining and conversion facilities

e ascenario combining the highest exposure values (i.e., from either Lake Huron or Lake
Ontario) for both facility categories combined

In all instances, dose estimates from the main exposure pathways to Great Lakes radionuclides
are extremely low (i.e., three orders of magnitude below the public dose limit) (see table 8). The
main exposure pathway for NPP scenarios is drinking water associated with the slight increase in
tritium from drinking water plants near NPPs. The main dose contributor for uranium refining
and conversion facilities is associated with fish ingestion using conservative assumptions for
transfers of radionuclides from water to fish. The most sensitive representative person tends to be
Indigenous peoples due to the higher fish ingestion rates for this sub-population for all
assessment scenarios.
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Table 8: Theoretical incremental dose (mSv/year) to the most sensitive representative
person from main Great Lakes exposure pathways"

Source of Dose: . - fish Dose: Dose: Most sensitive
ublic drinking | e DIGEEE Tl external total representative
P immersion ingestion . 2
exposure water sediment (%) person
Nuclear 3x10°
power 2.8x10° 7.6x10° 6.7x10° | 5.9x107 Indigenous adult
plants (0.3%)
Fuel
e 4x10° :
i 33x10* | 66x107 | 27x10° | 1.2x10° indigenous
conversion (0.4%)
e 7x10°
-~ fg?"'ges 2.7x10° 1.0x10* | 27x10° | 12x10% Indigenous child
combine (0.7%)

! see appendix B for calculations

% Total dose as a percent of the public dose limit of 1 mSv/year. Public dose limit is 1 mSv/year.

These extremely low doses, despite the conservative assumptions, indicate that further sampling
and analyses of additional radionuclides and exposure pathways beyond the more detailed site-
specific monitoring and dose calculations already completed for licensing purposes, although of
scientific interest, are not justified from a risk assessment and management perspective.

4.2 Ecological risk assessment

In 2004, a comprehensive ecological risk assessment (EC and HC 2004) of the Canadian nuclear
fuel cycle was released under the Canadian Environmental Protection Act 1999 (CEPA 1999).
The assessment concluded the following:

“Based on available data concerning the effects from exposure to ionizing radiation, it has
been concluded that ionizing radiation emitted by radionuclides released from uranium mines
and mills, uranium refineries and conversion facilities, stand-alone waste management
facilities, power reactors and their associated waste management facilities, and research
reactors is not (emphasis added) entering the environment in quantities or concentrations or
under conditions that have or may have an immediate or long-term harmful effect on the
environment or its biological diversity.” (EC and HC 2004°).

Thus, from an ionizing radiation perspective, radionuclides associated with the Canadian nuclear
fuel cycle were not considered to be CEPA toxic to non-human biota and posed no unreasonable

>A synopsis is available at
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risks to the environment. The assessment did conclude that uranium as a chemical substance
(e.g., acting as a heavy metal) released from uranium mines and mills was CEPA toxic based on
three sites in northern Saskatchewan. Releases of uranium at the identified facilities have been
addressed and procedures are in place for other facilities to ensure uranium does not pose a
problem at any future sites®. Moreover, these sites are located in northern Saskatchewan and do
not pose a risk to the Great Lakes basin.

Since the CEPA assessment, a series of models for calculating doses to non-human biota, a
transfer factor handbook and proposed exposure benchmarks have been published in the
scientific literature and undergone evaluation by national and international regulatory bodies.
The New York State Department of Environmental Conservation provides a review of these
aspects in a recent assessment report (NY DEC 2014). Two of these models, the U.S. DOE
RESRAD-BIOTA and the European Union ERICA Tool are utilized here to evaluate
radionuclide data specific to the Great Lakes in section 4.2.1 and 4.2.2. Additional details on the
calculations are provided in appendix C.

4.2.1 Nuclear power plants on the Great Lakes

Following Brown et al. (2003), concentrations of radionuclides in water, sediment and fish tissue
from exposure associated with nuclear facilities and reference locations were converted into a
dose rate using the ERICA Tool (Brown et al. 2016) and RESRAD-BIOTA (DOE 2004) models.
Doses derived from these models were compared to the UNSCEAR aquatic screening
benchmark of 400 uGy/h (approximately 10 mGy/day) by RESRAD-BIOTA’ and the
significantly more stringent generic screening value of 10 pGy/h (Andersson et al. 2009) used by
the ERICA Tool (Brown et al. 2016).

A radionuclide dose assessment using the ERICA Tool (Brown et al. 2008, 2016) was completed
for benthic and pelagic fish, using the most conservative model parameters. An extremely
conservative approach (i.e., over-predictive) was taken for assessing dose to non-human biota
from sediment exposure. Modelling of carbon-14 exposure to the sediments requires correction
for organic content of the sediments. The highest recorded organic carbon content for sediments
from a recent sediment Great Lakes survey was selected (OPG 2014) for this purpose.

The significantly more conservative default screening dose rate of 10 pGy/h contained in the
ERICA model is based on species sensitivity distribution derived from the scientific literature.
This is considered to represent a chronic no-effects-level dose rate below which one would
expect no effects on populations of aquatic biota (Garnier-Laplace and Gilbin 2006, Garnier-
Laplace et al. 2008).

Model results, shown in table 9, demonstrate that potential dose rates near the Bruce, Pickering,
and Darlington NPPs would be lower than the ERICA dose threshold of 10 uGy/h (Brown et al.
2008) and substantially below UNSCEAR threshold of 400 pGy/h for fish. This holds true even

® http://nuclearsafety.gc.ca/eng/resources/publications/reports/uranium/index.cfm.

" RESRAD-BIOTA model applies the 10 CFR 834 Subpart F, 10 mGy/day limit as the screening benchmark. This
equates to 416 uGy/h and as such is identical to the aquatic screening benchmarks proposed by UNSCEAR and the
IAEA (i.e., 400 pGy/h).
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with the conservative assumptions inherent in the ERICA Tool and those applied for carbon-14
and carbon content for sediment exposure. In addition, the estimated dose rates are similar
between those calculated for reference areas and those located in proximity to the NPPs showing
that radiological effluent releases are having a negligible impact on aquatic biota.

Table 9: Dose rates (uGy/h) calculated by the ERICA Tool to benthic and pelagic fish from
exposure to radionuclides in the water and sediment of the Great Lakes in proximity to
nuclear power plants (ERICA screening criteria: 10 uGy/h)

Site Exposure (LGy/h) Reference (uGy/h)
Radionuclides in water (tritium and gross beta)
Benthic fish
Bruce 5.09 x 10~ 450 x 10”
Pickering 6.19 x 10” 450 x 10”
Darlington 7.32 x 10° 450 x 10”
Pelagic fish
Bruce 4,90 x 10~ 434 x107
Pickering 5.97 x 10” 434 x 10°
Darlington 7.05 x 10° 4.34x 10°
Radionuclides in sediment (cesium-137, carbon-14, cesium-134 and cobalt-60)
Benthic fish
Bruce 7.68 5.76
Pickering 7.68 5.76
Darlington 4.99 5.76
Pelagic fish
Bruce 7.68 5.76
Pickering 7.68 5.76
Darlington 4.99 5.76

Therefore, these results indicate that the fish populations in close proximity to nuclear power
plants are not likely to be affected by the levels of radionuclides in the water and sediments and
that less conservative more realistic modelling is not warranted.

Additional model runs were made applying the U.S. Department of Energy’s graded approach
(DOE 2002) with conservative parameters for aquatic and riparian species exposed through a
suite of radionuclides in Great Lakes water and sediment. The RESRAD default screening dose
rate of 10 mGy/day (~ 416 uGy/h) was applied.

Results of this modeling exercise, presented in table 10, demonstrate that the average dose rate to
aquatic and riparian species is comparable to the average dose rate for reference areas
(background), and in both cases, results were below the screening threshold for aquatic biota.
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Table 10: Dose rates (mGy/d) calculated by RESRAD-BIOTA to aquatic and riparian
animals from exposure to radionuclides in the water and sediment of the Great Lakes in
proximity to nuclear power plants (RESRAD screening threshold: 10 mGy/day)

Site Exposure (mGy/day) Reference (mGy/day)
Radionuclides in water (tritium and gross beta)
Aquatic animal
Bruce 4.74 x 10 4.20 x 10
Pickering 5.77 x 10" 419x 10"
Darlington 6.82 x 10 419 x 10"
Riparian animal
Bruce 8.85 x 10” 7.87 x 107
Pickering 1.08 x 10 7.87 x 107
Darlington 1.28 x 10 7.87 x 10°

Radionuclides in sediment (cesium-137, carbon-14,

cesium-134 and cobalt-60)

Aquatic animal

Bruce 6.58 x 10 4.93x 10"
Pickering 6.58 x 10 493x10"
Darlington 427 x 10™ 4.93x107
Riparian animal

Bruce 8.52 x 10 6.39 x 10
Pickering 8.52 x 10™ 6.39 x 10
Darlington 5.53x 10" 6.39 x 10

Therefore, it can be concluded that radionuclides associated with nuclear power plant operations
in the Great Lakes contribute a negligible radiation dose to non-human biota and do not pose a

risk to the aquatic environment.

These screening assessments using the latest dose models (i.e., the RESRAD-BIOTA and
ERICA Tool) support the conclusions of the previous CEPA toxic assessment for radionuclides.
Radionuclides associated with releases from NPPs are not resulting in exposures to ionizing
radiation at levels that would affect non-human biota.

4.2.2

Nuclear processing and waste-management facilities on the
Great Lakes

A radionuclide dose assessment for aquatic and riparian animals was done using RESRAD-
BIOTA using conservative parameters (DOE 2004), similar to those used for the previous
assessment on NPP releases. The calculated absorbed doses for modelled aquatic and riparian
wildlife exposed to the measured radionuclides concentrations in the water and sediments near
nuclear processing and waste management facilities are provided in table 11. Absorbed doses for
all scenarios are at least two orders of magnitude below the screening dose rate criterion of 10
mGy/d indicating populations of non-human biota are not likely to be affected. Doses between
reference and exposure populations are similar with the exception of the PHCF. These higher
doses are primarily a result of exposure to the uranium series radionuclides in the harbour
sediments. As previously mentioned, these sediments have already been identified under the

42




Radionuclides as Potential Chemicals of Mutual Concern

GLWOQA as an area of concern. They are being removed as part of the PHAI and will no longer
be a source of exposure in the future.

Table 11: Dose rates (mGy/d) calculated by RESRAD-BIOTA to aquatic and riparian
animals from exposure to radionuclides in the water and sediment near nuclear processing
/ waste management facilities located on the Great Lakes (RESRAD screening threshold:
10 mGy/day)

- Agquatic animal (mGy/d) Riparian animal (mGy/d)
ite

Exposure Reference Exposure Reference
Port Hope Conversion Facility | o5, 101 | 2715102 | 1.47x102 | 8.09x10%
(Lake Ontario)
Pttt Cxehlgy il (el 244x10" | 214x107 | 754x10? | 6.35x10?
Ontario)
ﬁ:?gn';"’er RETHIET { 1% 169x100 | 1.93x10% | 401x10% | 423x10?

Similarly, a radionuclide dose assessment for benthic and pelagic fish was completed using the
ERICA Tool (Brown et al. 2016), applying the model’s most conservative parameters and the
more stringent ERICA generic screening value of 10 uGy/h. Results from this modeling exercise
are presented in table 12. Findings are similar to those of the RESRAD analyses. All doses are an
order of magnitude below the ERICA screening threshold indicating there is little risk to benthic
and pelagic fish species. Again, there is little difference between absorbed doses for the exposure
and reference scenarios with the exception of the PHCF scenario. As discussed this is a result of
the contaminated harbour sediments scheduled for remediation. However, even with this known
contamination, there is little radiological risk to fish.

Table 12: Dose rates (UGy/h) calculated by ERICA Tool to benthic and pelagic fish from
exposure to radionuclides in the water and sediment near uranium processing / waste
management facilities located on the Great Lakes (ERICA screening criteria: 10 uGy/h)

S Benthic fish (uGy/h) Pelagic fish (uGy/h)
ite

Exposure Reference Exposure Reference
Port Hope Conversion Facility | 7 55, 101 | 4015107 | 7.28x10" | 4.01x107
(Lake Ontario) ' ' ' '
Pt EEag HYE (L 350x 107 | 571x10% | 311x10 | 500x10%
Ontario)
Elie ';i"er RETHIET { 1% 208x10° | 242x10% | 169x10% | 2.02x10%
Huron ' ' ' '

The modelled doses to aquatic and riparian biota using the latest versions of RESRAD and
ERICA continue to support the conclusions of the previous CEPA toxic assessment (EC and HC
2004) that ionizing radiation associated with releases of nuclear facilities impart a negligible
dose to non-human biota and thus are not posing an unreasonable risk to the environment.
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Part I conclusion

Current health and environmental science clearly indicates that radionuclides may pose a risk to
both human and ecological health if not properly managed and regulated. As a result, an
international and national radiation protection framework has been established based on the latest
science and best management practices. Standards and risk assessment methodology and
benchmarks have been derived from the latest science for the protection of human health and the
environment.

There is currently a reasonable understanding of concentrations of the key radionuclides within
the Great Lakes basin as a whole and a very good dataset and knowledge of radionuclide
concentrations in close proximity to major nuclear facilities. The primary conclusion from the
available data is that the most significant contribution to radionuclides within the Great Lakes
basin as a whole has been fallout from atmospheric nuclear weapons testing. As a result, current
radiation levels in the mixed waters of the Great Lakes area are actually significantly lower than
they were in the 1960s. Thus, despite increased nuclear activity since the 1970s, radionuclide
exposure as a whole to populations in the Great Lakes basin has actually decreased with the
decay of fallout radionuclides.

After fallout, tritium associated with CANDU nuclear power reactors becomes the primary
radionuclide of interest. For this reason, tritium has received a substantial amount of attention
with respect to research and monitoring (see section 5.3). Great Lakes tritium concentrations are
modelled and periodically field verified to support the public dose assessments required of
Canadian NPPs. Tritium, along with gross alpha and beta are also extensively monitored at water
supply plants along the Canadian shores of the Great Lakes (see section 3.2.4). Extensive
monitoring data are available for radiological releases from nuclear facilities as well as for the
local environment associated with these facilities. Radionuclides of secondary interest are also
monitored as part of these facility-specific programs.

Based on the extremely well developed radiation health sciences, there is no evidence to indicate
that radionuclides currently within the Great Lakes are posing an unreasonable risk to the
environment or to the health and safety of persons.
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Part II: Current management and regulatory practices

5.0 International and national science and regulatory
frameworks

There currently exists an extremely robust science and regulatory network both internationally
and nationally for radionuclides.

5.1 International science and radiation safety framework

As discussed in section 2.3, there exists an international network of scientific and regulatory
bodies focusing on the protection of humans and the environment from exposure to radiation and
radionuclides (see figure 3). The scientific basis is provided by UNSCEAR. The science from
UNSCEAR feeds directly into the activities of the ICRP, which uses this information to maintain
and expand as necessary the ISRP. This system serves worldwide as the basis for radiological
protection standards, legislation, guidelines, programs and practices to control industrial and
medical applications of nuclear technology and materials. Using the science of UNSCEAR and
the radiation protection system of the ICRP, the IAEA develops safety standards and protection
programs to assist member states in their management and regulatory oversight of nuclear
activities.

An additional important service of the IAEA is the Integrated Regulatory Review Service
(IRRS). The IRRS is designed to strengthen and enhance the effectiveness of the national
regulatory infrastructure of states for nuclear, radiation, radioactive waste and transport safety.
IRRS missions are focused audits of member states’ regulatory technical and policy frameworks
against international guidelines embodied in the IAEA Safety Standards and of good practices
observed in other member states. The both as evaluation team
members and as the subject of IRRS reviews.

The CNSC incorporates the information from this international network to ensure that Canada’s
regulatory framework remains current and consistent with the best science. An example of this is
the to the Radiation Protection Regulations to incorporate the latest
UNSCEAR and ICRP recommendations.

5.2 Regulation of radioactive materials and nuclear activities in
Canada

Formal regulation of nuclear activities in Canada commenced in 1946 with the coming in to
force of the Atomic Energy Control Act and the resultant creation of the Atomic Energy Control
Board.

Subsequently, the Nuclear Safety and Control Act (NSCA) came into force in May 2000,
replacing the Atomic Energy Control Act. The NSCA reaffirmed the federal government
authority over the regulation of activities associated with the nuclear fuel cycle in Canada and
represented a modernization of Canada’s nuclear regulatory regime.
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The specific objectives under the NSCA are to:

e regulate the development, production and use of nuclear energy and the production,
possession and use of nuclear substances, prescribed equipment and prescribed
information in order to:

0 prevent unreasonable risk to the environment and to the health and safety of
persons, associated with that development, production, possession or use

0 prevent unreasonable risk to national security associated with that development,
production, possession or use

o0 achieve conformity with measures of control and international obligations to
which Canada has agreed

e disseminate objective scientific, technical and regulatory information to the public
concerning the activities of the Commission and the effects, on the environment and on
the health and safety of persons, of the development, production, possession and use

The CNSC can be broadly separated into two parts: a decision-making body consisting of the
Commission (up to seven permanent members) and the Commission staff responsible for
ensuring the implementation of Commission’s decisions, the management and maintenance of
the NSCA and regulations, and the day-to-day operation of the organization. The Commission is
an independent administrative tribunal set up at
arm's length from government, with ties to neither
the nuclear industry nor to any specific federal

minister. The Commission reports directly to
@ Parliament. The Commission has all the powers

necessary to carry out its duties with respect to the

Figure 15: The hierarchical structure
of the CNSC regulatory framework

appearance, summoning and examination of
witnesses, the production and inspection of records,
the enforcement of its orders, and any other matter
necessary for the due exercise of its jurisdiction.

The CNSC's regulatory framework (see figure 15)
consists of laws passed by Parliament that govern
the regulation of Canada's nuclear industry, and
regulations, licences and documents that the CNSC
uses to regulate the industry. The CNSC is
committed to providing regulatory instruments that
make its expectations clear. Regulatory documents are a key part of the CNSC's regulatory
framework for nuclear activities in Canada. They explain to licensees and applicants what they
must achieve to meet the requirements set out in the NSCA and the associated regulations.
Regulatory documents may also contain practical guidance and suggestions to licensees and
applicants on how to meet the CNSC's regulatory requirements.

Assuring compliance with legislation, regulations and licensing requirements is one of the
CNSC's core business processes and is carried out through compliance verification and
enforcement. Compliance verification includes site inspections and the review of operational
activities and licensee documentation. CNSC inspectors are designated and empowered under the
NSCA to enforce regulatory requirements.
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The CNSC uses a graduated approach to enforcement to encourage and compel compliance and
deter future non-compliances. When a non-compliance (or a continued non-compliance) has
been identified, CNSC staff assess the significance of the non-compliance, and determine the
appropriate enforcement action, based on the CNSC's graduated approach to enforcement.

The Commission makes decisions on the licensing of major nuclear facilities through a public
hearing process. The public hearing gives involved parties, members of the public and
Indigenous groups an opportunity to be heard before the Commission. Following a public
hearing, the Commission deliberates and makes its decision. The Commission also holds public
Commission meetings. Commission proceedings are webcast and available for viewing by
interested parties. To help facilitate public and Indigenous participation in CNSC-related matters,
a participant funding program is in place.

The CNSC ensures reporting transparency by making all annual compliance reports and
regulatory oversight reports available to the public. This includes publicly posting the results of
national and international (e.g., IRRS) audits and CNSC responses to those audits.

5.2.1 Protection of the environment under the NSCA

The CNSC, under the NSCA, is responsible for ensuring that licensed nuclear facilities are
operating in a safe manner that ensures the protection of the environment and the health and
safety of people.

documents the CNSC framework and expectations for this
mandate area. In accordance with the NSCA and its regulations, and as a requirement of their
licences, each licensee is required to develop and maintain an environmental protection program
addressing all aspects of its facility or activity with the potential to influence the environment.

The environmental protection program consists of an environmental policy with commitments to
the application of ALARA (for radionuclides) and best available technology economically
achievable (BATEA) (for hazardous substances), the “polluter pays” and precautionary
principles, and the concepts of pollution prevention, sustainable development and adaptive
management.

The core elements to an environmental protection program for a major facility will include an:
e environmental risk assessment
e emissions and effluent monitoring program
e environmental monitoring program
e environmental management system

The relationships among these elements are shown in figure 16 along with the corresponding
CSA standards addressing the requirements for each element. The process commences with an
environmental assessment completed under either the Canadian Environmental Assessment Act,
2012 or the NSCA. An element of this assessment involves the completion of an environmental
risk assessment (ERA) consisting of an ecological risk assessment and a human health risk
assessment.
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Figure 16: Environmental protection framework and the inter-relationship between
environmental risk assessment, monitoring and management (Source: CNSC Regulatory
Document 2.9.1).
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The CNSC ensures that licensees have effective control measures (e.g., wastewater treatment
systems, air pollution control technologies, engineered and administrative barriers and other
techniques) in place to prevent or minimize releases to the environment. These preventative and
control measures are expected to implement technologies and techniques that would be
considered ALARA and BATEA. Release limits are established within the licence along with
regulatory action levels. Action levels, set well below licence limits, act as an early warning
system to ensure that licensees are carefully monitoring their operation and performance, and to
ensure release limits are not reached.

The effluent monitoring program serves to measure the releases of radiological and hazardous
substances in air and water to the environment and to ensure releases are below licence release
limits. In addition, this program is required to address any additional radiological or hazardous
substances identified on a site-specific basis through the ERA that merit monitoring.

An environmental monitoring program is used to measure the concentrations of nuclear and
hazardous substances in different environmental media (e.g., air, water, vegetation, foodstuffs
and soil) to demonstrate that abiotic and biotic components of the environment and members of
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the public are protected. The specifics of this monitoring program are determined by regulatory
requirements and the results of the site-specific ERA.

The ERA is reviewed and updated periodically (i.e., five years or earlier) with a corresponding
re-evaluation of the associated monitoring programs. Revisions to the ERA are informed by the
accumulated site knowledge derived from operational experience, monitoring, special
investigations, and the incorporation of advances in other knowledge (e.g., scientific). All of
these elements are managed within a licensee’s environmental management system.

In recognition of the fact that protection of the environment in Canada is a shared federal and
provincial responsibility, the CNSC cooperates with other jurisdictions and federal departments
to protect the environment. Where appropriate, the CNSC may enter into formal arrangements to
increase the effectiveness of environmental protection. For example, the CNSC holds
memoranda of understanding with other federal departments (e.g., Fisheries and Oceans Canada,
ECCC and HC).

5.2.2 The CNSC Independent Environmental Monitoring Program

In addition to requiring licensees to have comprehensive environmental monitoring programs,
the CNSC itself conducts independent monitoring around major nuclear facilities. The CNSC’s
Independent Environmental Monitoring Program (IEMP) is used to verify that the public and the
environment around licensed nuclear facilities are safe.

The IEMP is implemented for facilities in all sectors of the nuclear fuel cycle. Site-specific
sampling plans are developed for each facility. These focus on measuring concentrations of
contaminants in the environment at publicly accessible locations such as parks, residential
communities and beaches, and in areas of interest identified in ERAs. Samples may be taken for
air, water, soil, sediment, vegetation such as grass and weeds, and some food, such as fish, meat
and produce.

Samples are analyzed at the CNSC’s laboratory for both radiological and non-radiological
contaminants related to the activities of the nuclear facility and as identified in the site-specific
ERA. Contaminant levels are compared to applicable values (e.g., guidelines and natural
background levels) to confirm there is no impact on human health or the environment.

are provided on CNSC’s website. The IEMP and the
licensee monitoring programs continue to demonstrate that the public and the environment are
protected.

5.2.3 Transportation under the NSCA

In Canada, the responsibility for ensuring safe transport of radioactive materials is shared
between the CNSC and Transport Canada.

There are primarily two regulations that apply to the transport of radioactive materials: Transport
Canada’s Transportation of Dangerous Goods (TDG) Regulations and the CNSC’s Packaging
and Transport of Nuclear Substances Regulations, 2015 (PTNSR 2015). The purpose of both
sets of regulations is to ensure health, safety and security of the public and the protection of the
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environment as it relates to the transport of radioactive material. Both the TDG and PTNSR 2015
apply to all persons who handle, offer for transport, transport or receive radioactive materials.

In Canada, as in the case in most industrialized countries, IAEA’s Regulations for the Safe
Transport of Radioactive Material, 2012 Edition are used as the basis to regulate the packaging
and transport of radioactive material. Through the PTNSR 2015, the CNSC regulates all aspects
of the packaging of radioactive material, including the design, production, use, inspection,
maintenance and repair of packages. The CNSC also regulates all phases of transport from the
preparation of packages for shipment to unloading at the final destination.

The basic philosophy that has guided the development of the regulations is that safety relies
heavily on the design of the transport package. Package designs are combined with additional
regulatory administrative controls including labeling, placarding, documentation, quality
assurance and maintenance records, and allow for radioactive material to be carried safely in all
modes of transport.

All radioactive materials are transported in packages that are selected based on the nature, form
and quantity or activity of the substance. There are general design requirements that apply to all
package types to ensure they can be handled safely and easily, secured properly, and can
withstand routine conditions of transport.

Packages designed for the transport of high-risk levels of radioactive material require
certification by the CNSC before they can be used in Canada. Persons must register their use of
the package with the CNSC and acknowledge that they have the necessary training to properly
prepare the package for shipment. These packages are required to undergo stringent testing since
improper handling of their contents can give rise to severe consequences. Testing must simulate
both normal and hypothetical conditions of transport and can include free-drop testing, puncture
testing, thermal testing and simulated aircraft accidents.

Pursuant to the PTNSR 2015 and the TDG regulations, consignors must have measures in place
to respond in the event of an emergency involving the transport of their radioactive material. In
addition, the TDG regulations require the shipper to display a 24-hour telephone number on the
shipping document that accompanies a shipment of dangerous goods. The purpose of these
requirements is to ensure that appropriate technical assistance is available to initial emergency
responders immediately.

The PTNSR 2015 requires that all incidents be reported to the CNSC immediately. Once notified
of a transport incident involving radioactive material, CNSC staff will follow up to provide
appropriate technical information and advice to responders on site. CNSC staff can be deployed
immediately, if needed, to assist in managing the incident.

Under the TDG regulations, the transport of certain radioactive materials also requires an
emergency response assistance plan (ERAP) be developed by the consignor and approved by
Transport Canada before they can be transported. An ERAP describes what is to be done in the
event of a transportation accident involving certain dangerous goods. The plan is intended to
assist local emergency responders by providing them with technical experts and specially trained
and equipped emergency response personnel at the scene of an incident. The ERAP will describe
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the specialized response capabilities, equipment and procedures that will be used to support a
response to incidents involving dangerous goods.

The overall safety record of the transport of radioactive material in Canada and throughout the
world has historically been excellent. There have never been any serious injuries, fatalities or
environmental consequences attributable to the radioactive nature of material being transported
since the IAEA transport regulations were established more than 60 years ago.

5.2.4 Minimizing the risk from nuclear accidents

CELA’s nomination letter (CELA 2016) highlighted concerns regarding potential releases of
radionuclides to the Great Lakes from accidents, including those related to transportation.

Each nuclear power plant in Canada has multiple, robust safety systems that are designed to
prevent accidents, and reduce their effects should they occur. All of these systems are maintained
and inspected regularly, and upgraded when necessary, to ensure plants meet or exceed strict
safety standards established by the CNSC.

Shortly after the accident at Fukushima, the CNSC launched a review of all major nuclear
facilities in Canada. The review, led by a CNSC task force, confirmed that nuclear facilities in
Canada are able to withstand and respond to credible external events such as earthquakes.

In response to the task force’s recommendations and following extensive consultation activities,
the CNSC established an action plan to further strengthen the safety of nuclear power plants and
other major nuclear facilities.

The action plan was implemented in three phases (i.e., short, medium and long term) based on
management direction and public consultation. The final actions were completed in 2016.

Post-Fukushima, the CNSC’s emphasis shifted to prevention and mitigation taking into account
defense in depth. These continuous safety improvements have resulted in enhanced accident
prevention, improved consequence mitigation and increased public protection.

The potential consequences of accidents are also considerations under the NSCA as well as the
Canadian Environmental Assessment Act, 2012. For example, the CNSC requires proponents to
provide information on malfunctions and accidents in their technical studies (i.e., environmental
impact statements) to support the conduct of environmental assessments under the Canadian
Environmental Assessment Act, 2012.

For some previous environmental assessments, accidental releases directly to the Great Lakes
were assessed in both the Pickering B Refurbishment and Continued Operations EA (OPG 2007)
and Bruce A Refurbishment for Life Extension and Continued Operations Project (Bruce Power
2006). For both environmental assessments, the conclusions were no significant environmental
effects.

CELA’s nomination letter (CELA 2016) also highlighted two transportation-related activities for
which there has been extensive accident analysis undertaken under the NSCA.
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With respect to the transport of steam generators, CNSC staff assessed the protection of drinking
water supplies as a bounding environmental and human health scenario for an accident during
the loading and marine transport of Bruce Power steam generators (CNSC 2010). The
assessment concluded that drinking water supplies would be protected should an accident occur.

With respect to the transport of highly enriched uranyl nitrate liquid, CNSC staff completed an
assessment (CNSC 2014) that evaluated potential impacts on major water bodies during an
accidental release. One scenario in this assessment involved a bridge crossing near the outlet of
Lake Ontario along the Ottawa River. Given the low expected doses (i.e., a fraction of the 1 mSv
public dose limit), the nature of any potential release and timely remediation efforts, no adverse
effects on human health were expected.

In summary, malfunctions and accidents are thoroughly considered under the Canadian
regulatory framework to ensure that risks are minimized throughout the lifecycle of a facility.

5.3 Government coordination, monitoring initiatives and research

There are various government initiatives and research activities associated with either
radionuclides within the Great Lakes or radionuclides that may be, or are, released to the Great
Lakes.

5.3.1 Federal Provincial Territorial Radiation Protection Committee

The Federal Provincial Territorial Radiation Protection Committee is an intergovernmental
committee established to support federal, provincial and territorial radiation protection agencies
in their respective mandates by:

e providing a national focus for government radiation protection agencies
e promoting the harmonization of radiation health and safety programs

e identifying emerging issues in radiation protection and recommending actions to the
appropriate jurisdictions

e developing and harmonizing radiation protection standards, guidelines and input for
legislation

e providing a forum for representatives of the provinces and territories, the CNSC, the
Department of National Defence, HC and other federal departments and agencies

e considering requests from other governmental committees and agencies concerned with
health, safety and environmental issues and liaising regularly with such committees and
agencies

Activities of relevance to this assessment have been the preparation of the technical support
document for the Canadian radiological drinking water guidelines (HC 2009), guidelines for
assessing and managing NORM (HC 20011), intervention guidelines for managing nuclear
emergencies (HC 2003) and guidelines for restricting radioactively contaminated food and water
following an emergency (HC 2001).
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5.3.2 Ontario reactor and drinking water surveillance programs

The Government of Ontario’s Radiation Protection Monitoring Service operates a radionuclide
laboratory and associated radiation monitoring equipment throughout the province under the
auspices of the Ontario Ministry of Labour. The service manages the Ontario Reactor
Surveillance Program, the network of which continuously monitors the environment around the
province's nuclear installations. The Radiation Protection Monitoring Service also provides
laboratory services in support of Ontario’s Provincial Nuclear Emergency Response Plan.

A network of environmental monitoring stations has been established around Ontario's three
NPPs at Bruce, Darlington and Pickering, and in the vicinity of the Chalk River Nuclear
Laboratories located north of Ottawa. An additional station is in the Amherstburg area to monitor
the Fermi 2 NPP south of Detroit, Michigan.

Environmental samples collected at these locations are analyzed by the Radiation Protection
Monitoring Service for select radionuclides. Air, drinking water and foodstuff (i.e., milk) are also
routinely sampled at all locations. The program is designed to detect radionuclide concentrations
in the environment that could expose members of the public to an annual dose commitment of
0.1 mSv to a member of the public from either inhalation or ingestion. Reports are published on
the

The Ontario Ministry of Environment and Climate Change manages the Ontario Drinking Water
Surveillance Program. This program monitors water quality at selected municipal drinking water
systems for scientific and research purposes. This program is a voluntary partnership that
complements the regulatory monitoring that must be completed by the operators of the drinking
water systems. This program addresses a range of inorganic, organic and radiological
parameters. The radiological parameters include gross alpha and beta and tritium. The results of
this program are used in support of the assessment of the near-field monitoring programs
completed at CNSC-regulated facilities. Downloadable data sets are available on the
Government of Ontario

5.3.3 Health Canada radiation monitoring networks

HC manages a national radiation surveillance program, the Canadian Radiological Monitoring
Network (CRMN), involving a series of interrelated radiation surveillance monitoring networks.

CRMN stations are located in major population centres and at the major nuclear facilities in
Canada. Currently, HC and the Ontario government have coordinated activities such that the
Ontario Reactor Surveillance Program addresses Ontario facilities and HC manages the
monitoring stations for the Gentilly-2 Nuclear Generating Station in Quebec and the Point
Lepreau Generating Station in New Brunswick. The CRMN routinely collects drinking water,
precipitation, atmospheric water vapour, air particulate, external gamma dose and milk samples
for radioactivity analysis.
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Figure 17: Health Canada radiation surveillance monitoring networks

26 CRMN stations

80 CTBT stations

In 2000, HC complemented the CRMN network with the Fixed Point Surveillance (FPS) system.
The FPS functions as a real-time radiation detection system monitoring public doses from
radioactive materials in the air. It monitors atmospheric releases associated with nuclear facilities
and activities both nationally and internationally. The system consists of 77 remotely operated
monitoring stations across the country covering major population centres, nuclear facilities and
potential berthing areas for nuclear powered vessels. These stations continuously measure
gamma radiation levels from ground-deposited and airborne contaminants. From this data,
external dose estimates are calculated. This information is published on the Health Canada
website.

In addition to the CRMN and FPS networks, HC also manages four of the 80 stations located
worldwide for measuring aerosol particulate radionuclides and radioactive noble gases in support
of the Comprehensive Nuclear-Test Ban Treaty (CTBT).

The various HC radiation surveillance monitoring networks are shown in figure 17. This network
is capable of detecting minor increases in radionuclide activity levels and tracing the originating
source on a global (e.g., North Korean underground bomb testing) or local scale (e.g., Canadian
nuclear facilities). The system is sensitive enough to detect fluctuations in releases from
Canadian NPPs well within their regulatory licence limits.
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5.34 The CNSC’s research and development program

The CNSC funds a research program to obtain knowledge and information necessary to support
its regulatory mission. The program provides the CNSC with access to independent advice,
expertise, experience, information and other resources via contracts, grants and contributions
placed in the private sector, and with other agencies and organizations in Canada and elsewhere.

Tritium has received a great deal of attention through this research program due to its importance
within the Canadian nuclear fuel cycle. A significant focus of this program has involved research
on the biological effects of tritium as well as the physical, chemical and biological aspects
influencing tritium transport through the environment. This research has focused on tritium
industrial management practices, tritium monitoring technologies, laboratory studies of tritium
carcinogenicity and dosimetry, and the environmental science necessary to effectively model the
environmental fate and transport of tritium and associated dose calculations. The CNSC
publishes an annual report on its research and other science activities titled, The Science of
Safety. This report provides information on the CNSC’s Research and Support Program. The
annual research report and additional scientific information on radiation and nuclear safety are
available on the

5.3.5 Federal Nuclear Science and Technology Program

The Government of Canada has established the Federal Nuclear Science and Technology
Program (FNSTP) to ensure that Canadian nuclear priorities, especially those associated with
ensuring health and safety, are supported by the science and technology necessary for Canadians
to benefit from nuclear technology in a safe manner. The program, managed by Atomic Energy
Canada Limited supports research and technology development at the Canadian Nuclear
Laboratories in Chalk River, Ontario.

Research funded through the FNSTP is sub-divided into five themes, four of which focus on
health and safety. Advisory groups consisting of representatives from government agencies
responsible for regulating or working within a theme area provide direction with respect to
beneficial research directions.

The health theme area focuses on research supporting the development of biological applications
and understanding the implications of radiation on living organisms. Within this theme, a
number of research projects are investigating low-dose effects of chronic gamma or tritium beta
irradiation at both the cellular and whole animal levels of biological organization.

The environment theme area focuses research on environmental stewardship and radioactive
waste management. A significant amount of the research in this theme area is of indirect and
direct relevance to radionuclides within the Great Lakes. A number of recent and current projects
are studying cesium and strontium in the environment in water, soil, plants sediment and fish to
increase understanding of environmental transport mechanisms and biokinetics. The role of
organically bound tritium (terrestrial and aquatic) in the environmental cycling of tritium is
specifically being investigated to update the science used in predictive models such as the those
used by the CNSC and licensees for modelling radionuclide transport.
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Of note is a new project commencing in 2017, to develop biokinetic models for cesium and
strontium in Great Lakes aquatic food webs.

Part Il conclusion

The previous sections have reviewed the current international and national risk management and
regulatory frameworks for radionuclides, and provided an outline of current provincial and
federal monitoring and research activities. Radionuclides are among the most heavily regulated
substances, both internationally and nationally. There is a well-developed internationally
recognized protection framework that has effectively kept doses of radiation in workers and the
public well below the regulatory limits. Radiation monitoring networks have been established
nationally with extensive coordination among provincial and international monitoring networks.

Canada has an independent national nuclear regulatory body (i.e., the CNSC), the mandate of
which is to protect the environment and the health and safety of persons. The CNSC has no
promotional role for the industry. The CNSC regulatory framework requires licensees to
complete site-specific radiation monitoring, while the CNSC itself performs independent
monitoring of the environment surrounding regulated nuclear facilities. Strong inter-
governmental relationships have been established both federally and provincially to ensure
radionuclides and radiation are managed safely.

The comprehensive nature of the current regulatory framework and federal and provincial
monitoring and research networks can be evaluated by comparing current practices and
structures against Annex 3 commitments for designated Chemicals of Mutual Concern (CMCs).
Potential CMC risk-management initiatives with an assessment of the status of such activities
within Canada are provided in table 13.

Table 13: Comparison of risk-management activities associated with a CMC classification
to the current status of such activities within Canada for radionuclides

Develop risk-management strategies that may include research, monitoring, surveillance and pollution
prevention and control provisions

v Currently in place: There are currently a range of research, monitoring and surveillance
activities (both whole basin and facility specific) for radionuclides within the Great Lakes. There
are established regulatory controls on releases of radionuclides and commitments at both the
facility level and within the nuclear regulatory framework to pollution prevention.

Develop and implement water-quality standards objectives, criteria and guidelines, subject to domestic
law and regulation.

v Currently in place: Radiation dose limits and drinking water quality standards already exist in
legislation and are monitored and enforced. International and national regulatory bodies have
developed risk-management objectives and guidelines for the protection of the public and the
environment. Radionuclides are already regulated in Canada to protect the public and the
environment. Canada’s drinking water quality guidelines are based on recommendations of the
World Health Organization.

Reduce anthropogenic releases of CMCs and products containing CMCs throughout their entire
lifecycles.

v Currently in place: The principles of ALARA and continuous improvement required under the
NSCA, regulations and regulatory documents commit licensees to not only meeting regulatory
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limits but also reducing releases and exposures on an ongoing basis.

Promote the use of safer chemical substances and the use of technologies that reduce or eliminate the uses
and releases of CMCs.

v Currently in place: The ICRP system of radiological protection addresses this issue through the
application of the core principles of justification, optimisation and limitation. Justification ensures
that a nuclear practice not be adopted unless the benefits to individuals and/or society offset
potential detriments. Once justified, the application of optimisation (BATEA and ALARA)
ensures the use of the most appropriate technologies reduce releases.

Continue progress toward the sound management of CMCs using approaches that are accountable,
adaptive and science-based.

v Currently in place: Under the NSCA, accountability is demonstrated through the regulatory
process. Stakeholder participation is legislated within the process with financial support available
to encourage meaningful participation.

v Currently in place: Adaptive management is directly incorporated within the CNSC
environmental framework as documented in REGDOC-2.9.1, and has been demonstrated in
Commission decisions.

v Currently in place: There is an established international and national science-based regulatory
framework that continuously evaluates the science underlying nuclear activities modifying as
necessary the radiological protection framework and associated regulations. New science is
incorporated within CNSC regulations and regulatory practices as it evolves, and is required to be
incorporated within the licensees’ site-specific environmental risk assessments through the
cyclical five-year review process.

Monitor and evaluate the progress and effectiveness of pollution prevention and control measures for
CMCs and adapt management approaches as necessary.

v Currently in place: Current regulatory requirements address this, including the requirement of
continuous improvement which has resulted in a reduction in the amounts of radionuclides
released by facilities regulated by the CNSC.

Exchange information on monitoring, surveillance, research, technologies and measures for managing
CMCs.

v Currently in place: An extensive international network that is dedicated to the exchange and
transfer of knowledge related to protection the public and the environment from radiation
currently exists.

v Opportunity for improvement: The CNSC considers this to be an area that could benefit from
additional improvements, and initiatives are currently under development to achieve this goal.
There is a need to improve public access to data regarding releases of radionuclides and the
results of environmental monitoring collected and reported by various government agencies.

Coordinate and collaborate with various stakeholders on science priorities, research, surveillance and
monitoring activities in the Great Lakes basin ecosystem.

v Currently in place: Substantial progress has been made towards improving coordination and
collaboration nationally, including: the activities of the Federal Provincial Territorial Radiation
Protection Committee, the signing of multiple memoranda of understanding between the CNSC
and other federal and provincial bodies, and the establishment of the Federal Nuclear Science and
Technology Program with various government agencies providing an advisory role on research
themes.

v Opportunity for improvement: This will continue to be an area marked for continuous
improvement, especially with respect to coordination of whole lake research and surveillance
activities due to the logistical difficulties and costs associated with such activities.
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6.0 Conclusions and recommendations

The data on the quantities of radionuclides monitored within the Great Lakes have been
summarized and assessed using internationally and nationally recognized environmental and
human health risk assessment approaches. The results are compared to science-based
benchmarks for protection of the environment and of human health. This assessment, using the
large volume of available environmental data and the best science on the effects of radiation on
human health and the environment, indicates that there is no evidence to suggest that
radionuclides pose an unreasonable risk to environment, health or safety within the Great Lakes
basin ecosystem.

Furthermore, radionuclides are among the most heavily regulated substances both internationally
and nationally. Canada has an independent national nuclear regulatory body (i.e., the CNSC), the
mandate of which is to protect the environment, and the health and safety of persons. The CNSC
has no promotional role for the industry. Strong inter-governmental relationships have been
established both federally and provincially to ensure radionuclides and radiation are safely
managed.

When the comprehensive nature of the current regulatory framework and national monitoring
and research network is considered, it is clear that activities are already in place federally which
would satisfy all Annex 3 commitments for designated CMCs. Therefore, based on the
evaluation summarized in this report, the CNSC has concluded that:

e the health and safety of persons and the environment associated with the Great Lakes are
protected

e designating radionuclides as a CMC would not lead to or enable any additional action on
the part of the Canadian federal government

As such, it is recommended that Canada does not support the nomination of radionuclides as a
candidate CMC for further evaluation.
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ALARA
APM
BATEA
BEIR
Bq
BRR
CANDU
CELA
CEPA
cMmcC
CNSC
COMET
CRMN
CSA
DGR
EA
ECCC
ERA
ERAP
ERICA
FASSETT
FNSTP
FPS
FPTRPC
GLWQA
Gy

HC
HLRW
IAEA
ICRP
IEMP
ILRW
IRRS
ISRP
LLRW
LNT
MDL
NCRP
NORM
NPP
NSCA

ACRONYMS

as low as reasonably achievable

Adaptive Phase Management

best available technology economically achievable
Biological effects of ionizing radiation

bequerel

Blind River Refinery

CANada Deuterium Uranium

Canadian Environmental Law Association

Canadian Environmental Protection Act

Chemical of Mutual Concern

Canadian Nuclear Safety Commission

Coordination and implementation of a pan-Europe instrument for radioecology
Canadian Radiological Monitoring Network

Canadian Standards Association

Deep Geologic Repository

environmental assessment

Environment and Climate Change Canada
environmental risk assessment

emergency response assistance plan

Environmental Risk from lonising Contaminants: Assessment and Management
Framework for the Assessment of Environmental Impact
Federal Nuclear Science and Technology Program

Fixed Point Surveillance

Federal Provincial and Territorial Radiation Protection Committee
Great Lakes Water Quality Agreement

gray

Health Canada

high-level radioactive waste

International Atomic Energy Agency

International Commission of Radiation Protection
Independent Environmental Monitoring Program
intermediated-level radioactive waste

Integrated Regulatory Review Service

International System of Radiological Protection
low-level radioactive waste

linear-no-threshold

method detection limit

National Council on Radiation Protection and Measurements
naturally occurring radioactive material

nuclear power plant

Nuclear Safety and Control Act
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NWMO
PHAI
PHCF
PROTECT
PTNSR
ROR
STAR

Sv

TDG
UNSCEAR
WMF

Nuclear Waste Management Organization

Port Hope Area Initiative

Port Hope Conversion Facility

Protection of the environment from ionising radiation in a regulatory context
Packaging and Transport of Nuclear Substances Regulations

regulatory oversight report

Strategy for Allied Radioecology

sievert

Transportation of Dangerous Goods

United Nations Scientific Commission on the Effects of Atomic Radiation
Waste Management Facility
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Appendix A: CNSC radionuclide single media screening criterion —
fish consumption

The CNSC has based its development of screening levels on an annual effective dose to a
member of the public of 0.1 mSv/year. This screening dose is one tenth of the annual public dose
limit, and more than an order of magnitude lower than the average exposure to Canadians from
natural background radiation of 1.8 mSv per year (Grasty and Lamare 2004). This screening dose
was chosen to account for potential exposure to other pathways and media. This approach is
consistent with that used to develop Health Canada’s Guidelines for Canadian Drinking Water
Quality (HC 2009), the World Health Organization’s Guidelines for Drinking-water Quality
(WHO 2004), and the United Kingdom’s generalized derived limits (NPRB 1998).

Exposure modelling calculations are based on the environmental transfer and pathways exposure
equations in CSA N288.1 (CSA 2014a), the approved Canadian standard for the calculation of
public dose from environmental releases. Calculations were made for the three age classes
identified in table A1l to account for differences in dietary consumption rates and lifestyle habits.
For each radionuclide in each type of environmental media, the most conservative screening
level is selected.

Table Al: Age classes adapted from table 2 of CSA N288.1-14

Designation | Age range (years) | Nominal age for characteristics and dose coefficients
Infant 0-5 1 year

Child 6-15 10 years

Adult 16-70 Adult

Default model parameters for dose coefficients and ingestion rates for the age classes were
selected from CSA N288.1-14. For example, ingestion rates for each age class were represented
by the 95th percentile of their distribution (i.e., adult: 28.1, child: 18.5, infant: 6.4 g fresh weight
(fw)/day).

Screening levels in Bq (kg fw)™ for fish ingestion (SLysn) were calculated using equation 1.

0.1 mSv yr—1!
P(i)gg - 1000 mSv Sv—1

SLgisn = 1)

where, P(i) e is the fish ingestion dose coefficient (Sv yr* Bq™ kg fw) calculated using
equation 2
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. 1kg
P(i)gg = Ifish m * fiocar DCFf ' dyear (2)

where, I, is daily ingestion rate in units of g fw day™ for the type of food:; fioca is the unitless
local fraction of fish consumed; DCF;is the ICRP dose coefficient for intake by ingestion for
members of the public (Sv Bq™); and dyear 1S the number of days in a year (i.e., 365).

Example calculations of the generic screening level for fish consumption containing tritium are
provided below.

0.1 mSv yr=1

SLfishaquit = Thkg Bq (kg fw)™*
28.1- m 1:-2.0x10"11-365-1000 mSv Sv~1
SLgish.qauir = 4.88 X 10°Bq (kg fw)™!
0.1 mSv yr~! )
SLfisn,chita = Tkg Bq (kg fw)
18.5 m 1:-2.5x%x10711.365-1000 mSv Sv—1
SLfisnchita = 5.92 X 10°Bq (kg fw)™*
0.1 mSv yr~! .
SLfish,infant = 1kg Bq (kg fw)
6.4 - m -1-5.3x 10113651000 mSv Sv~1

SLfish,infant = 8.06 X 1OSBq (kg fW)_l

In this case, the adult screening level is selected. Examples of calculated screening levels for fish
ingestion are provided in table A2.

Table A2: CNSC screening levels for fish consumption

: : Fish screening level

Radionuclide (Ba/kg fresh weight)
Cesium-134 710
Cesium-137 1,040
Carbon-14 16,800
Cobalt-60 1,350
Potassium-40 1,020
Tritium (HTO) 488,000
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Appendix B: Human health risk assessment: public dose from Great
Lakes exposure pathways

The methodology to ascertain doses to persons as a result of radionuclides in the Great Lakes is
consistent with the method detailed in CSA N288.1-14 (CSA 2014a).

Representative persons

An individual with characteristics that reflect those of the group that receives the highest doses
from a particular source is referred to as a representative person (CSA 2014a). Eight
representative persons were included in this assessment.

Lake Ontario residents include:
¢ non-Indigenous persons residing near nuclear power plants

e non-Indigenous persons residing near facilities discharging radionuclides of the uranium-
238 series

¢ Indigenous persons residing near nuclear power plants

e Indigenous persons residing near facilities discharging radionuclides of the uranium-238
series

Lake Huron residents include:
¢ non-Indigenous persons residing near nuclear power plants

¢ non-Indigenous persons residing near facilities discharging radionuclides of the uranium-
238 series

¢ Indigenous persons residing near nuclear power plants

¢ Indigenous persons residing near facilities discharging radionuclides of the uranium-238
series

Data used in the assessment

Environmental monitoring data from 2006 to 2015 were used to generate summary statistics for
the 10-year assessment period. The specific data used as input variables are shown in table B1.
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Table B1: Environmental data incorporated in the dose assessment

Facility

Sample type

Parameter

Darlington Nuclear
Generating Station

Fish

Tritium (HTO)

Tritium (OBT)

Carbon-14

Water (lake)

Tritium (HTO)

Cobalt-60

Cesium-137

Water (water supply plant)

Tritium (HTO)

Total beta (assumed to be strontium-
90)

Sediment

Cesium-137

Pickering Nuclear
Generating Station

Fish

Tritium (HTO)

Tritium (OBT)

Carbon-14

Water (lake)

Tritium (HTO)

Cobalt-60

Cesium-137

Water (water supply plant)

Tritium (HTO)

Total beta (assumed to be strontium-
90)

Sediment

Cesium-137

Bruce A and B
nuclear generating
stations

Fish

Tritium (HTO)

Water (lake)

Tritium (HTO)

Total beta (assumed to be cobalt-60)

Water (water supply plant) Tritium (HTO)
Total beta (assumed to be strontium-
90)
Sediment Cesium-137
Port Hope Water (lake) Total uranium
Conversion Facility | Water (water supply plant) Total uranium
Port Granby Project | Water (lake) Total uranium
Polonium-210
Radium-226
Elliot Lake Water (lake) Total uranium
Radium-226
Water (water supply plant) Total uranium
Radium-226

Sediment

Total uranium

Blind River Refinery

Water (lake)

Total uranium

Water (water supply plant)

Total uranium
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Exposure pathways

The following exposure pathways associated with radionuclides in Great Lakes water or aquatic
environment were included:

e ingestion of drinking water
e immersion in lake water (e.g., from swimming)
e external exposure to sediment
e ingestion of fish
Human exposure factors

The ingestion rates used in the dose assessment are shown in table B2, with dose coefficients for
ingestion and external exposure from sediment taken from CSA N288.1-14 (CSA 2014).

Table B2: Ingestion rates used in the dose assessment in litres per day (L/d)
or grams fresh weight per day (g (fw)/d) from CSA N288.1-14 (CSA 2014a).

Parameter Value

Drinking water ingestion rates

Adult 2.96 L/d
Child 1.32 L/d
Infant 0.837 L/d
Indigenous adult 2.96 L/d
Indigenous child 1.32 L/d
Indigenous infant 0.837 L/d

Fish ingestion rates

Adult 28.1g (fw)/d
Child 18.5 g (fw)/d
Infant 6.4 g (fw)/d
Indigenous adult 220 g (fw)/d
Indigenous child 170 g (fw)/d
Indigenous infant 95 g (fw)/d

70



Radionuclides as Potential Chemicals of Mutual Concern

Consideration of background data and averaging

For each facility, sample type and parameter, exposure and reference data were extracted from
the environmental monitoring data associated with CNSC regulated facilities within the Great
Lakes. The maximum monitoring result for each year was carried forward in the assessment. For
each year, the average value of reference data was selected, and used for background correction.

Calculation method

The net concentrations calculated as described above were then used as input into the equations
for each relevant pathway, as set out in CSA N288.1-14 (CSA 2014a). Where radionuclide
concentration data in fish were not available, namely those radionuclides associated with the
uranium-238 series, these were modelled from lake water data. The modelling approach is
described in section 7.7 of CSA N288.1-14 (CSA 2014a), by applying the bioaccumulation
factors from CSA N288.1-14 table A25a [Default values of P (BAF), transfer from water to
fish muscle for freshwater fish (L/kg fw)].

The annual dose thus calculated, by facility and by year, for each parameter was summed to yield
a year-by-year dose for each exposure pathway. The annual doses by pathway were summed to
yield the total dose, by facility, by year. The year with the maximum annual dose was retained as
the representative dose for each representative person. Annual doses were calculated for infants,
children and adults. The maximum annual dose to residents near nuclear power plants and
residents near facilities releasing uranium series radionuclides were reported for both of these
types of facilities.
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Appendix C: Radiological ecological risk assessment

ERICA Assessment Tool (Version 1.2) analyses — Benthic and Pelagic Fish

Table C1: ERICA input parameters for radionuclides in water (Bg/L) for non-human biota

dose assessment

Receptor

| Tritium | Gross beta

Benthic fish: exposure

Bruce 35.6 0.09
Pickering 11.6 0.11
Darlington 9.17 0.13
Pelagic fish: exposure

Bruce 35.6 0.09
Pickering 11.6 0.11
Darlington 9.17 0.13
Benthic fish: reference

Bruce 3.10 0.08
Pickering 3.10 0.08
Darlington 3.10 0.08
Pelagic fish: reference

Bruce 3.10 0.08
Pickering 3.10 0.08
Darlington 3.10 0.08
Comments

e Analyses completed using ERICA Tier Il defaults with conservative assumptions
resulting in maximum potential dose.

e Gross beta is represented by strontium-90 used in this dose rate assessment using the
ERICA Assessment Tool (Version 1.2).
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ERICA Assessment Tool (Version 1.2) analyses — Benthic and Pelagic Fish

Table C2: ERICA input parameters for radionuclides in sediments (Bg/Kg d.w.) for non-
human biota dose assessment

Receptor | Cesium-137 | Cesium-134 | Cobalt-60 | Carbon-14

Benthic fish: exposure

Bruce 2.08 0.26 0.38 19.22
Pickering 2.44 0.44 0.51 19.22
Darlington 0.48 0.32 0.34 12.48
Pelagic fish: exposure

Bruce 2.08 0.26 0.38 19.22
Pickering 2.44 0.44 0.51 19.22
Darlington 0.48 0.32 0.34 12.48
Benthic fish: reference

Bruce 0.66 0.30 0.31 14.4
Pickering 0.66 0.30 0.31 14.4
Darlington 0.66 0.30 0.31 14.4
Pelagic fish: reference

Bruce 0.66 0.30 0.31 14.4
Pickering 0.66 0.30 0.31 14.4
Darlington 0.66 0.30 0.31 14.4
Comments

Analyses completed using ERICA Tier Il defaults with conservative assumptions
resulting in maximum potential dose.

Values for carbon-14 were reported as Bg/kg C, therefore, these values were corrected
for organic carbon content in the sediment. The highest mean total organic carbon content
of sediment (i.e., 9.6%) was used in this correction, based on mean measured values
(1.8% to 9.6%) reported (OPG, 2014), resulting in a conservative estimate of carbon-14
in the sediments.

Carbon-14 values for the Bruce nuclear generating stations were not available, therefore
the highest available value measured at the Pickering Nuclear Generating Station was
used for modelling dose to aquatic biota, based on general similarities between the Bruce
and Pickering NPPs (e.g. number of reactors, years of operation and CANDU design).

Sediment carbon-14 values used in this assessment are likely an overestimate because
they include carbon-14 produced naturally in the upper atmosphere, by the irradiation of
nitrogen-14 by neutrons of cosmic ray origin, which imparts natural radioactivity to
carbon present in the atmosphere and the biosphere due to mixing with stable isotopes of
carbon (Yim and Caron 2006). Also, past atmospheric testing of nuclear weapons has
contributed substantial carbon-14 to the carbon reservoir in the environment (Choppin et
al. 2002).
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RESRAD-BIOTA (Version 1.5) analyses — Aquatic Animal and Riparian Animal

Table C3: RESRAD-BIOTA input parameters for radionuclides in water (Bg/L) for non-

human biota dose assessment

Receptor

| Tritium | Gross Beta

Aquatic animal: exposure

Bruce 35.6 0.09
Pickering 11.6 0.11
Darlington 9.17 0.13
Riparian animal: exposure

Bruce 35.6 0.09
Pickering 11.6 0.11
Darlington 9.17 0.13
Aguatic animal: reference

Bruce 3.10 0.08
Pickering 3.10 0.08
Darlington 3.10 0.08
Riparian animal: reference

Bruce 3.10 0.08
Pickering 3.10 0.08
Darlington 3.10 0.08
Comments

e Analyses completed using RESRAD-BIOTA Tier Il defaults with conservative
assumptions resulting in maximum potential dose.

e Gross beta is represented by Sr-90 used in this dose rate modelling using RESRAD-

BIOTA.
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RESRAD-BIOTA (Version 1.5) analyses — Aquatic Animal and Riparian Animal

Table C4: RESRAD-BIOTA input parameters for radionuclides in sediments (Bg/Kg d.w.)
for non-human biota dose assessment

Receptor | Cesium-137 | Cesium-134 | Cobalt-60 | Carbon-14

Aquatic animal exposure

Bruce 2.08 0.26 0.38 19.22
Pickering 2.44 0.44 0.51 19.22
Darlington 0.48 0.32 0.34 12.48
Riparian animal exposure

Bruce 2.08 0.26 0.38 19.22
Pickering 2.44 0.44 0.51 19.22
Darlington 0.48 0.32 0.34 12.48
Aquatic animal reference

Bruce 0.66 0.30 0.31 14.4
Pickering 0.66 0.30 0.31 14.4
Darlington 0.66 0.30 0.31 14.4
Riparian animal reference

Bruce 0.66 0.30 0.31 14.4
Pickering 0.66 0.30 0.31 14.4
Darlington 0.66 0.30 0.31 14.4
Comments

Analyses completed using RESRAD-BIOTA Tier Il defaults with conservative
assumptions resulting in maximum potential dose.

Values for carbon-14 were reported as Bg/kg C, therefore, these values were corrected
for organic carbon content in the sediment. The highest mean total organic carbon content
of sediment (i.e., 9.6%) was used in this correction, based on mean measured values
(1.8% to 9.6%) reported (OPG, 2014), resulting in a conservative estimate of carbon-14
in the sediments.

Carbon-14 values for the Bruce nuclear generating stations were not available, therefore
the highest available value measured at the Pickering Nuclear Generating Station was
used for modelling dose to aquatic biota, based on general similarities between Bruce and
Pickering NPPs (e.g., number of reactors, years of operation and CANDU design).

Sediment carbon-14 values used in this assessment are likely an overestimate because
they include carbon-14 produced naturally in the upper atmosphere, by the irradiation of
nitrogen-14 by neutrons of cosmic ray origin, which imparts natural radioactivity to
carbon present in the atmosphere and the biosphere due to mixing with stable isotopes of
carbon (Yim and Caron 2006). Also, past atmospheric testing of nuclear weapons has
contributed substantial carbon-14 to the carbon reservoir in the environment (Choppin et
al. 2002).
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