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ACRONYMS, UNITS AND GLOSSARY

Note: In the electronic version of this report, acronyms are linked to this list for easy lookup of meaning by the reader.

ABB Arthur N. Bourns Building

ALARA as low as reasonably achievable (principle)

ALl Annual limit on intake [29]

biota animals and plants living in a particular place

Bq Becquerel = Sl unit of radioactivity strength = the amount of released radiation

kBq kilo- Becquerel = 1000-Bq

cfm cubic feet per minute

CNSC Canadian Nuclear Safety Commission

CSA Canadian Standards Association

DEL Derived Emission Limit (synonym of DRL)

DRL Derived Release Limit (synonym of DEL)

effluent A liquid release of a hazardous or nuclear substance to the environment [1].

emission An airborne release of a hazardous or nuclear substance to the environment [1].

ERA Environmental Risk Assessment

eV electron Volt = unit of energy used in nuclear physics = 1.602x10°' J.

keV kilo electron Volt = 1000xeV

IAEA International Atomic Energy Agency

IAHS Institute of Applied Health Sciences

ICRP International Commission on Radiological Protection

GSB General Sciences Building

Gy Gray = Sl unit of absorbed dose = energy deposited by ionizing radiation in a unit mass
of matter being irradiated

nGy nanoGray = Gyx10~°

ha hectare, metric unit of area equal to 10,000 m?

HEPA High-Efficiency Particulate Absorbing (filter)

HEU High-Enrichment Uranium

HHRA Human Health Risk Assessment

HQ Hazard Quotient [2]
Estimated dose or concentration divided by benchmark dose or concentration

HVAC Heating, Ventilation, and Air Conditioning

J Joule = Sl unit of energy

L Litre (or Liter) is non-SI unit of volume = 1x10° m3

LEU Low-Enrichment Uranium

MDC Minimum Detectable Concentration

MHRA Multiple High Radiation Alarm

MNR McMaster Nuclear Reactor

mR Milli-Roentgen (unit of measuring ionizing radiation)

mSv Milli-Sievert = Sv-10~ (SI unit of ionizing radiation dose)

MW megawatt (unit for measuring power that is equivalent to 10° watts)

NFAS Norfolk Fire and Ambulance Station — Station 10

NRB Nuclear Research Building

Continues on next page
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ACRONYMS, UNITS AND GLOSSARY continued

QMS Quality Management System

RB Reactor Building

RCS Reactor Cooling System

RIFLS Reactor Irradiation Facilities for Large Samples

SAR Safety Analysis Report

Sl abbreviation for International System of Units

SLRA Screening Level Risk Assessment

Sv Sievert = Sl unit represents the stochastic health risk of ionizing radiation.
mSv milli-Sievert = 10 Sv

uSv micro-Sievert = 10 Sv

ti Half life symbol

UNSCEAR United Nations Scientific Committee on the Effects of Atomic Radiation
B Beta (particle) radiation symbol

Y Gamma (ionizing) radiation symbol
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1. INTRODUCTION

The Canadian Nuclear Safety Commission (CNSC) requires an Environmental Risk Assessment (ERA)
report to be submitted for the McMaster Nuclear Reactor (MNR). The ERA is an evaluation of hazards
that the MNR poses to the environment and of impacts these hazards have on the environment and the
public.

REGDOC-2.9.1 [1] outlines “the CNSC'’s requirements and guidance to applicants and licensees for
developing environmental protection measures, including an ERA™?. It is stipulated that, for Class |
facilities and uranium mines and mills, the licensee shall conduct an ERA in accordance with Canadian
Standards Association (CSA) N288.6 [2]. This standard focuses on the normal operation of a facility
(Sections 1.2 and 1.3 in [2]). Hence, the ERA does not cover hypothetical accidents, which are
addressed by existing safety analyses (e.g., MNR Safety Analysis Report (SAR) [3] and other reports
such as [4]).

The ERA is an iterative activity as illustrated in Figure 1. The MNR is a small, research reactor which
houses only small amounts of hazardous substances. With more than 6 decades of safe operating history,
ample data is available on the actual (existing) physical and administrative provisions for protecting
humans and the environment from harm. It follows that the conservative Tier 1 process of CSA N288.6
[2] (called the Screening Level Risk Assessment (SLRA)) shown in Figure 1 is adequate and appropriate
for this report.

This report covers:

e Site characteristics including terrestrial and aquatic environments, climate and meteorology,
geology and hydrology (Section 2).

e MNR and its features for limiting hazardous emissions into internal and external environments
(Section 3).

e MNR interactions with the environment and the public = airborne emissions, liquid effluents and
energy releases to the environment (Section 4).

e Monitoring of hazardous substances within and outside of MNR (Section 5).

e Risk-related criteria = criteria to confirm that there are no concerns with the emissions® from the
MNR (Section 6).

e Human risk assessment (Section 7).
e Ecological risk assessment (Section 8)
e Summary of findings (Section 9).

1 Citation (in italic font) from Preface of [1].
2 Citation (in italic font) from Requirements in Section 4.1 of [1].
3 There are no hazardous liquid effluents from the MNR as explained in Section4.2.
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Figure 1: ERA progression through tiers of assessment

Annotated Figure 5.1 from [2].
Green lines and text identify the SLRA tasks.
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2. PHYSICAL AND BIOLOGICAL ENVIRONMENT

2.1 General Site Information

This information is updated Section 3.1 of MNR SAR [3] supplemented by information on indigenous interests related to the
site.

McMaster University recognizes and acknowledges that it is located on the traditional territories of the
Mississauga and Haudenosaunee nations, and within the lands protected by the “Dish with One Spoon”
Wampum agreement.

The University’s main campus is located at the western end of the City of Hamilton, west of the
community of Westdale and east of the town of Dundas (Figure 2). The University is situated on lands
previously owned and maintained by the Royal Botanical Gardens.

The campus is bounded on the west by Cootes Drive, on the east by Forsythe Avenue, on the south by
Main Street, and on the north by Cootes Paradise valley*. The site topology is shown in Figure 3.

MNR is located on the University’s main campus. The surrounding area is mostly residential with some
commercial activity and light industry as illustrated in Figure 4. Hamilton population in 2022 is
estimated at 819,167° residents. There are no indigenous communities in the proximity of the MNR
(Figure 5).

John C. Munro Hamilton International Airport is located approximately twelve kilometres south of
McMaster University (Figure 4). The campus is in the flight path for some take-offs and landings, but
the majority of flights are well to the east of the campus. An infrequently used helipad is located about
500 metres to the west of MNR.

The potential for vehicular impact is reduced by separation. The nearest highway or major road is 200
metres from the Reactor Building (Figure 2). Internal roads are speed-limited and there are no lengthy,
clear paths leading to the Reactor Building (Figure 6). There are no railway lines within one kilometre of
the Reactor Building.

2.2 Natural Environment
This information is from Section 3.2 of MNR SAR [3].

221 Terrestrial Environment

Cootes Paradise marsh (also known as Dundas marsh) is an 840 ha sanctuary located North of the
University in the Dundas Valley (Figure 3). Approximately 250 ha of the sanctuary is wetland®. Its two
main tributaries are Spencer's Creek to the southwest, and Chedoke Creek to the southeast. Both creeks
have been altered to accommodate growth and development in Dundas and Hamilton. Westdale Brook
(east of the campus), unnamed creek in the northern part of the campus and Coldwater Creek (to the
west) drain into Cootes Paradise marsh. The physical appearance and biotic nature of the Cootes
Paradise sanctuary have changed significantly in the last century.

Dundas Valley includes a relatively large forested area which contains plant and animal species that are
considered to be rare, threatened or vulnerable, not only locally but also in Ontario and Canada’.
Several forest types exist in and around the valley. The Broad Leaf Upland Wood is composed of Red
Oak, White Oak, Sugar Maple and Red Maple. The Mixed Upland Wood is similar to the Broad Upland

Also known as Dundas valley.

https://www.populationu.com/cities/hamilton-population

This wetland is not a source of drinking water.

See [5] to [9] for lists of animals in the Hamilton Area. See [10] for the list of trees in the Hamilton Area.
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Wood except it also contains White Pine and Eastern Hemlock. The Broad Flood Plain Forest is
composed of willow and the Tall Shrub Thicket is largely Hawthorn and Large-Toothed Aspen.

The Carolinian forest® tends to be lost or fragmented because of development for agriculture and
housing and because it lies within areas of the highest population density in Canada. It is currently
considered to be disturbed rather than pristine habitat because of heavy recreational use, large
populations of invasive plants and proximity to steel mills, heavy industry and other sources of
pollutants. Increasing average water levels have reduced the extent of marsh vegetation bordering the
forest and increased erosion at the steep banks of Cootes Paradise.

2.2.2 Aquatic Environment

Prior to 1940 Cootes Paradise had a relatively diverse community of aquatic plants which covered the
whole western half of the marsh. The water quality, plankton and fish communities were indicative of
clear conditions. Water was clear and cool but tended to be depleted of oxygen. Algae were mostly
green algae and diatoms®. The macrophyte'® community supported a diverse assemblage of benthic!!
invertebrates while the zooplankton community of Daphnia, copepods and rotifers supported a healthy
community of piscivores'? such as northern pike and largemouth bass. There is relatively low species
diversity in all levels of flora and fauna communities, and those present are hardier, pollution-tolerant
forms. The macrophyte!® community is almost entirely emergent plants covering less than ten percent of
Cootes Paradise Marsh and only along the fringe. The water is very turbid, warm and high in nutrients,
but well-oxygenated because of wind and algal photosynthesis. The water quality is indicative of the
Dundas sewage treatment plant being put into operation in 1972. The algal communities are dominated
by species which are common inhabitants of sewage ponds such as green algae, diatoms and others. The
zooplankton community is dominated by small-bodied cladocerans®® and rotifers!#, supporting a thriving
community of planktivores® and benthivores®®. There are essentially no piscivores'?. The benthic!!
community consists of pollution-tolerant forms such as blood worms and oligochaetes!’. Many of the
insect families abundant in the past century have disappeared. The fish community is dominated by the
fish feeding on the plankton and the benthic'! prey with a large population of turbidity-tolerant carp and
a few sport-fish [11].

Additional information on the Cootes Paradise marsh is available in Appendix D of [12].

2.3 Climate and Meteorology
This information is updated Section 3.6 of MNR SAR [3].

The Hamilton region has a continental climate moderated by proximity to Lake Ontario. The lake
modifies both winter and summer extremes and provides additional moisture to intensify precipitating
systems. Hamilton has rainy weather (including trace) on more than half of the days in the year. The
average annual precipitation in the area is 806 mm with a fairly uniform distribution on both monthly
and annual bases. February is the driest month (average precipitation 53.5 mm) while August is the
wettest (75.7 mm). Winter (December to February) precipitation arises from frontal depression systems
and occurs mainly as snow. Spring precipitation is mainly frontal, with some due to convective

8 Predominantly deciduous (broad-leaf) forest.

®  Diatoms are single-celled algae.

10 Macrophyte is an aquatic plant, large enough to be seen by the naked eye.
1 Living in the bottom of lakes, rivers and ponds.

12 Fish-eating animals.

13 Commonly known as water fleas.

14 Commonly called wheel animals.

15 Aquatic organisms that feeds on planktonic food.

16 Animals that feed of benthic®* prey.

17 Earthworms and many small species of freshwater worms.
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activities. Most of the summer precipitation is relatively brief and showery, resulting from convective
and thunderstorm activities. During autumn, more cold air masses and frontal depressions approach the
area, resulting in longer periods of precipitation.

The wind directions at the reactor site are illustrated in Figure 7. Buildings near the Reactor Building
(Figure 6) affect the wind distribution slightly by shielding it somewhat from the south and southwest.

Temperature inversions are very common in the area partly because of the Niagara Escarpment; these
inversions frequently persist for extended periods.

Additional information is provided in the following sub-sections.
2.3.1 Climatic Aspects

2.3.1.1 Physiography (Physical Geography)

Hamilton lies at the foot of the Niagara Escarpment, which here turns from a westerly to a northerly
trend. This 61-metre step in the landscape tends to deflect winds, to cause temperature contrasts between
its crest and its foot, to induce condensation when humid air is forced to rise over it, and thus causing
development of clouds, fog, and precipitation. Conversely, air dropping down over the Escarpment tends
to be adiabatically warmed, leading to evaporation rather than condensation. In the Hamilton District the
Escarpment's influence is modified by the Dundas Valley over a distance of 25 kilometres. This re-
entrant, formed by river and ice erosion, trends from WSW to ENE as seen in Figure 3. It acts like a
funnel on moving air. This topological feature influences wind patterns around MNR (Figure 7), which
tend to appreciably differ from the city patterns (Figure 8). Often, especially in spring and autumn, the
Dundas Valley provides steady orographic®® lift for cool, stable, saturated air moving westward from
Lake Ontario, in which case the University becomes shrouded in fog. Above the cool, foggy air is
usually found a temperature inversion, at the level of the Escarpment crest, above which warm air flows
in a direction quite different from that in the valley. Such a weather condition may persist for a week or
more and cause smog over the eastern industrial zone of Hamilton.

2.3.1.2 Water Bodies

Air passing over Lake Ontario tends to be cooled or warmed by convection and thus made more stable
or more unstable, depending on the season. Similarly, air masses passing over the lake evaporate water
and thus have higher humidity and increased probability of condensation on reaching shore. Generally,
winds from the E, ENE, and NE bring instability showers of rain or snow or else stability drizzle or fog.
Burlington Bay and Cootes Paradise tend to accentuate such conditions over the McMaster campus as
long as waters remain unfrozen.

2.3.1.3 Latitude

At approximately 43°10" north of the equator, Hamilton receives the sun's rays at an angle of 70°15' at
the June solstice and at 23°15' at the December solstice. The energy balance of the atmosphere, and thus
the dependent climatic elements, undergo a typically wide middle-latitude fluctuation between the
seasonal extremes.

2.3.1.4 Altitude

Since McMaster University lies at about 99 metres above sea level, the normal lapse rate air
temperatures are about 0.5°C lower than at sea level. By the same argument, temperatures at the base of
the Niagara Escarpment are about 0.5° warmer than at the crest.

18 Associated with or induced by the presence of mountains.
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2.3.1.5 Prevailing Winds

The location of Hamilton places it on the south-west side of the North Atlantic belt of high cyclonic
frequency and to the south-east of the Canadian source region of cold high-pressure air masses. The
City's climate is thus dominated by SW-NE or W-E air flow. Winds from McMaster University flow
towards Hamilton and Burlington one-third to one-half of the days in an average year (Figure 7).

2.3.1.6 Air Masses, Fronts, and Storms

Winds from west and south-west occur most frequently over Hamilton but they are often interrupted by
other air streams, controlled by the procession of cyclones and anticyclones which dominates the
migration zones of the Polar and Arctic Fronts. In winter Hamilton lies slightly to the south of the mean
position of the Arctic Front, which separates Continental Arctic air from the milder Continental Polar.
Cyclonic disturbances involving such cold air masses seldom lead to heavy precipitation unless a mass
which is forced to rise has been previously modified by passage over a water body. Quite frequently in
every Hamilton winter, Modified Maritime Polar air from the north-east and Modified Maritime
Tropical air from the south override the Continental air, bringing cloud, heavy precipitation and strong
cyclonic wind flow.

In summer, Hamilton lies within the belt over which the Polar Front migrates, separating Maritime
Tropical from Modified Continental Polar air. Although cyclonic wind circulations and associated
frontal precipitation occur frequently in summer, much of Hamilton's rainfall in this season comes from
thunderstorms which develop in unstable Maritime Tropical air as a result of differential surface heating
and/or mechanical turbulence set off by the Niagara Escarpment.

23.2 Climatic Elements

2.3.2.1 Temperature

Occurrences and values of temperatures above 21°C and below -6°C are shown in Tables 1 and 2,
respectively. The age of the data should not be taken as an indication of a lack of applicability.
February is the coldest month and July the warmest, their average daily temperatures being separated by
27°C.

2.3.2.2 Precipitation, Including Snowfall

The distribution of precipitation (including rain and snow) is uniform throughout the year. There is no
summer maximum because of the proximity of unfrozen Lake Ontario in winter and the influence of
frontal lift at all seasons. Snowfall taken alone reaches a maximum in January and occurs in seven
months of the year. Total snowfall is small, representing only 125 - 150 mm out of a total precipitation
of nearly 788 mm. Rain falls in nearly every winter month.

2.3.2.3 Wind

In the Hamilton area, calm conditions are rare. Strong winds occur frequently, especially in winter.

Lake breeze, which develops under weak geostrophic wind*® conditions on clear days in response to
differential heating over land and water surfaces, has rather a unique development in Hamilton. Steel
making processes in the heavy industrial zone by Hamilton harbour add substantial heat to the natural
heat mechanism. As a result, lake breeze is established from March to October and gains its maximum
intensity in July and August. Land breeze forms at night in most of the months of the year, with a
maximum intensity in July. Lake and land breeze patterns are quite localized, and only occasionally
extend beyond the Niagara escarpment to some distance to the south. Average wind frequency and speed

19 the theoretical wind that would result from an exact balance between the Coriolis force and the pressure gradient force
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for the period 1990 to 1999 are shown in Figure 8. The monthly variations for the same period are in
Figures 3-6 through 3-17 of the MNR SAR [3].

2.4 Geology
This information is from Section 3.4 of MNR SAR [3] and from [4].

The campus lies immediately south of Cootes Paradise and approximately 1 km north of the Niagara
Escarpment on a plain within a broad topographic depression known as the Dundas Valley (Figures 2
and 3). This valley was cut prior to the Great Ice Age by a major river; during the Ice Age the valley was
partially filled with glacial debris. A post-glacial lake, Lake Iroquois, extended well up the Dundas
Valley west of the present Town of Dundas, forming a pronounced embayment. The pre- and postglacial
geomorphic processes have resulted in a relatively deep layer (12-50 m) of sediment, with shallow
coarser-grained sediments deposited on top of underlying silts. The Reactor Building is constructed
within these coarser-grained deposits.

Given that there are no contaminated liquid effluents from the MNR (see Section 4.2), details of
geological and hydrogeological properties outlined in Annex C of CSA N288.6-22 [2] are not required
for this ERA.

2.5 Hydrology
This information is from Section 3.5 of MNR SAR [3].

The subsurface sediments below the McMaster campus area form the following hydro-geological zones;
a bedrock surface aquifer?® (Zone 1), a silty-clay aquitard®* (Zone 2), and a near surface aquifer (Zones 3
and 4). The coarse-grained Zone 1 sediments form a relatively deep aquifer?® which lies directly on the
bedrock surface. Water in the aquifer arrives either from poorly sorted coarse sediments or from
fractured portions of the bedrock. The thick fine-grained Zone 2 deposits form an aquitard®* which
appears to be continuous from the base of the Niagara Escarpment to Cootes Paradise and for at least 10
kilometres from west to east. The predominantly fine-grained nature of Zone 2 sediments severely
retards groundwater movement, although fractures may provide local conduits for vertical groundwater
flow. It is unlikely that any direct hydraulic connection exists between the bedrock surface aquifer and
the overlying aquifer. Zone 3 and 4 sediments form a near-surface aquifer?® across the campus area, with
low-permeability Zone 2 sediments forming the base. This upper aquifer?® extends continuously from
near the Niagara Escarpment in the south to Cootes Paradise in the north. Regional groundwater flow is
northward and north-eastward towards Cootes Paradise and Hamilton Harbour. The above noted
aquifers are not sources of potable groundwater (i.e., drinking water).

Zone 3 sediments form the major aquifer?® body below the campus area since the upper sediments of
Zone 4 are largely de-watered. Groundwater flow in Zone 4 deposits is probably mainly downward into
Zone 3. Groundwater flow beneath MNR is likely to be towards the north, in the direction of Cootes
Paradise; there may also be a slight north-eastward component.

The base of MNR lies seven metres below the surface in silty sands. Given that the sediments are mostly
unsaturated, any released water would migrate until it reached the top of Zone 3 deposits. Static
groundwater elevations across the campus suggest that water movement in Zone 3 is towards the north
and northeast. Groundwater migrating into Zone 3 would be discharged to the unnamed creek north of
the campus and would ultimately enter Cootes Paradise.

20 Aquifer is a body of permeable rock which can contain or transmit groundwater.
2L Aquitard is a geologic formation or stratum that lies adjacent to an aquifer and that allows only a small amount of liquid
to pass.
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A transport time of approximately 22 years has been calculated [13] for contaminated water to migrate
from the reactor vicinity to the creek. Additional information on the hydrology is available in Appendix
B of [12].
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Figure 2: Site map
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Figure 3: Site topography
Annotated Figure 3-10 in [4]
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Figure 4: Hamilton land use (2016)
Annotated map from https://uwaterloo.ca/library/geospatial/blog/post/city-hamilton-land-use-2016
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Figure 7: Wind directions around MNR

This is annotated Figure 2. Frequency as percent of all wind directions at (a) Burke Science Building (directions
from MNR), and at (b) Royal Botanical Gardens (directions to Arboretum). Lengths of direction lines are
proportional to frequency percentage.

(a) Prevalence summarized from hourly observations for years 2016 to 2021 from McMaster School of Earth,
Environment & Society.

(b) Prevalence summarized from hourly observations for years 2000 to 2009 from Environment Canada ?2.
Human population in grey areas. Wild fauna and flora in green areas..

22 This data is used in legacy calculations of atmospheric dispersion of the emissions from MNR.
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WIND ROSE PLOT
Station #6153194 - Ten Year, 12 Month Average - January to December
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Figure 8: 1990 Hamilton average annual wind direction and speed

Figure 3.5in [3].
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Table 1: Frequency of temperatures above 21°C, 1898-1956

Temperature Range Number of days
21.7 - 26.7°C 2716
27.2-32.2°C 1922
32.8-37.8°C 448
Over 37.8°C 14

Number of days with temperatures above 21.1°C
to show annual variations

1953 1954 1955 1956
21.7-26.7°C 67 67 66 77
27.2 - 32.2°C 45 40 49 28
32.8-37.8°C 13 8 22 3
Over 37.8°C 1

Table 3-2in [3]%

Table 2: Frequency of temperatures below -6.7°C, 1898-1956

Temperature Range

Number of days

-12.2to -7.2°C 1596
-25t0-12.7°C 847
Below -17.8°C 270

Number of days with temperatures below -6.7°C
for the last four years to show annual variations

1953 1954 1955 1956
-12.2to-7.2°C 67 67 66 77
-25t0-12.7°C 45 40 49 28
Below -17.8°C 13 8 22 3

23

Table 3-3in [3]%®

-16 -

The age of the data should not be taken as an indication of a lack of applicability.
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3. FACILITIES AND OPERATIONS
The MNR is located in the south-west quadrant of the campus (Figure 2).

3.1 Reactor Building

The MNR building is illustrated in Figures 9 and 10. It is the reinforced concrete structure®* described in
Section 4.1 of the MNR SAR [3] commonly called the containment. It forms the outermost barrier to the
release of radioactivity into the environment. The free air volume of the containment is approximately
8500 m?®.

The building is occupied by the operating staff during reactor operation, and it may be unattended when
the reactor is shut down. The ventilation system of the building (Figure 11) provides heating, ventilation,
and air conditioning as well as performs the safety function of ‘vented confinement’ for areas of the
building that may house radioactive materials other than irradiated fuel. Fresh air is drawn into the
building through the inlet damper by the Pre-Heat fan at a rate of 4,800 cfm (136 m3/min)?°. Some of
this air is diverted to the Office fan which supplies the offices, stairwells, washrooms and the lodine
Production Enclosure. The remaining air is distributed throughout the building and re-circulated by the
Reactor Hall fan at the nominal flow of 5,000 cfm (140.2 m*/min). All building volumes are at sub-
atmospheric pressure relative to the outside environment?. The exhaust air is filtered through particulate
and High-Efficiency Particulate Absorbing (HEPA) filters before discharge through the exhaust damper.
The nominal outflow is also 4,800 cfm (136 m3/min). A Geiger counter in the exhaust duct monitors
airborne activity. If an elevated radiation level is detected, the inlet and exhaust ducts are automatically
sealed by the dampers, and the inlet and exhaust fans are shut off.

The building has four floors as illustrated in Figures 12 through 15. Radioactive materials are located
either within one of the pool segments (irradiated fuel submerged in pool water) or on the sub-terrain
floor of the building (waste) as indicated in Figure 12. In addition, small amounts of radioactive
substances used to produce the medical isotope lodine-125 are handled and temporarily stored on the
Experimental Floor as indicated in Figure 14. Miscellaneous non-radioactive chemicals are present at
various building locations as listed in Appendix A of [17].

3.2 Reactor

The reactor is a low-power?’, pool-type research reactor illustrated in Figure 16. It is operated since
1959. Initially, it used High-Enrichment Uranium (HEU), eighteen-plate (sixteen fuelled, two dummy)
fuel assemblies. At times, ten-plate (all fuelled) HEU fuel assemblies have also been used. The reactor
was converted to Low-Enrichment Uranium (LEU) fuel between 1999 and 2006. General specifications
of the current (LEU) reactor are given in Table 3%,

24 The structure was built in accordance with procedures and standards in effect in 1959.

% The recent fan upgrade has increased the air inflow and outflow from 3500 c¢fm to 4800 cfm.

% This means no emission other than that through the engineered exhaust duct.

27 The MNR is designed for 10 MW thermal power. It is currently licensed to operate at <5 MW and it operates at 3 MW
over the past 2 decades.

2 Additional information on the reactor is provided in Section 5 of MNR SAR [3].
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Redrawn Figure 4-2 in [3] with grade with height of emissions release enumerated.
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Figure 11: Schematic of ventilation system in MNR building

Updated Figure 3-7 in [17] and Figure 4-7 in [3].
The inflow/outlow rates are updated; the flow distribution is approximate. The ductwork layout in the lodine
Enclosure is updated. Approximate locations of radiation sources and monitoring provisions are illustrated.
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Figure 12: Beam floor of MNR building
Updated Figure 3-3in [17]. Approximate locations of radiation sources and monitoring provisions are illustrated.
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Figure 13: Mechanical floor of MNR building
Updated Figure 3-4 in [17]. Approximate locations of radiation sources and monitoring provisions are illustrated.
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Figure 14: Experimental floor of MNR building
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Figure 15: Office floor of MNR building
Updated Figure 3-6 in [17].
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Table 3: General Reactor Specifications

(Table 3-1in[4])

Maximum power

5 MW (thermal)

Fuel Materials

UAISi meat in aluminium cladding

Critical core loading

5.3 kg at 5 MW

Lattice

54 holes in 6 x 9 grid; 36 fuelled locations (typical)

Average thermal flux

2x10% n.cm2-stat 5 MW

Moderator H.O
Reflector H.O, graphite, beryllium
Shielding H-0, lead, barite (BaSO,) and regular concrete

Primary Cooling

Primary H,O to heat exchanger

Secondary Cooling

Heat exchanger to secondary H,O to atmosphere

Primary H,O purification

Continuous demineralization at pool surface

Control

Fine: 1 stainless steel regulating rod

Coarse: 5 Ag-In-Cd shim-safety rods

Irradiation Facilities

Beam tubes; capsule irradiation assemblies;
Reactor Irradiation Facilities for Large Samples (RIFLS);
drypipe,
various medical isotope production sites.
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4. STRESSOR CHARACTERISTICS

A stressor is a chemical or biological agent, environmental condition, external stimulus or an event seen
as causing stress to an organism. In plain language, it is an adverse interaction of MNR with humans and
environmental biota.

MNR has only a small inventory of radioactive relative to the operating power reactors as illustrated in
Figure 17. This means that there is only a small potential for harm to the public and the environment.
Sections 4.1 and 4.2 describe the relevant radiological stressors and Section 4.3 discusses the physical
stressors.

41 Airborne Emissions

In normal operation, there is a forced inflow of fresh outside air into the Reactor Building as outlined in
Section 3.1. This air is circulated within the building, filtered in the exhaust duct and then discharged
from the top of the Reactor Building. The outflowing air is continuously monitored for radioactivity
(Section 5.1.3). The fail-safe?® building dampers (both inlet and outlet) automatically close if the
radioactivity of the discharged air was to reach > 5 mR/hr (50 uSv/hr) (Table 2 in [18]). This automatic
closure is backed-up by the manual damper closure on Multiple High Radiation Alarm (see Section
5.1.3). Closing the dampers isolates the containment envelope and stops the fan-driven air discharge.

The isolated Reactor Building (i.e., the isolated containment) is designed for low air leakage. Building
access is through interlocked doors in several air-locks; this maintains continuity of the containment
envelope. The building leakage test is performed at least annually (Section 8 in [18]). Only a small air
leakage from the unattended containment could eventually occur following a slow depletion of the sub-
atmospheric pressure margin in the containment envelope which exists at containment isolation’. The
contained air heats up slowly due to a slow heat-up of the reactor pool at decay power levels since the
Reactor Cooling System (RCS) is turned off after the reactor is shut down (i.e., prior to containment
isolation). In the context of environment and public safety, this tiny and temporary leakage from the
unattended Reactor Building is not considered to be a significant emission.

Insight: Normal emissions of airborne radioactivity from the MNR are minimized to as low as
reasonably achievable (ALARA) magnitudes. The concentrations of these emissions are enumerated in
Section 5.

4.2 Liquid Effluents

The MNR collects liquids in either of two sumps (pits) on the Beam Port floor with individual capacities
of 1,600 litres (see location in Figure 12). The collected water is transferred to a cleanup system or a
storage tank. The practice is to treat all collected water and return it to the RCS. Should a discharge to
the city sewer be necessary, the water would be sampled and analyzed for activity®. Such discharge
would only be made following an incident or mechanical failure which makes waste-water cleanup
impractical. There have been no liquid releases to the city sewer since 1988 (i.e., for more than 35
years).

Insight: There are no hazardous liquids released from the Reactor Building during normal MNR
operation. Thus, there are no effects of liquid effluents on the public or the environment.

2 The damper closure is automatically actuated on fault; the damper operation is checked at least weekly.
30 Based on experience, the sub-atmospheric margin is not depleted during normal reactor shutdowns over the weekend.
81 Regulatory and internal limits which apply to liquid effluent releases are in Table 12-7 of [3].
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4.3 Other Physical Stressors

Physical stressors are defined in Section 1.5 of CSA N288.6-22 [2] as “noise, heat, wildlife-vehicle/bird-
structure mortalities, and intake cooling water withdrawal”. None of these stressors is relevant to MNR
other than a heat release into the atmosphere in the immediate proximity of the Reactor Building (see
Cooling Towers in Figure 6). The carbon-free (i.e., non-polluting) heat release during normal operation
is approximately equal to the reactor’s thermal power (currently licensed to <5 MW). No adverse effect
of the heat release have been observed in many decades of MNR operation. The secondary water is
cooled by air in the cooling towers (i.e., there is no ‘intake cooling water’). The reactor is shutdown
following a loss of secondary side cooling in the towers and the fuel at decay power is then cooled by
the natural circulation of pool water (Section 16.5.4.3 in the MNR SAR [3]).

The MNR is located in the urban environment. Hence, any wildlife-vehicle mortalities can only be
similar to, or lower than, those in the City of Hamilton. In other words, the MNR does not affect the
normal wildlife mortalities. Similarly, the bird/structure mortalities do not differ from, or are lower than,
those of the surrounding urban environment.

Insight: Based on experience, the heat release does not have any noticeable impact on the environment
or the public. A detailed engineering study and design is currently underway to capture this thermal
energy in a tertiary loop and use it in local building Heating, Ventilation, and Air Conditioning( HVAC)
systems.
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Figure 17: Inventories of important radioactive products in MNR and CANDU Reactor
Based on Figure 7-3 in [4]. MNR values are for a continuous operation at 5 MW; the values for the actual 3 MW operation are much lower.
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5. MONITORING PROVISIONS

The requirement of REGDOC-2.9.1 [1] is that the report describes measures for “avoiding harmful
releases into the environment and for confirming that the existing measures are effective. This section
describes the provisions for monitoring of radioactivity at MNR and the monitoring results used to
confirm the effectiveness of the measures.

The monitoring during normal operation focuses on mobile radioactivity®. The environmental
monitoring (i.e., monitoring of the outside environment) is the confirmatory activity (i.e., the purpose is
to verify that existing measures are effective). The internal environment within the Reactor Building is
monitored to ensure safe working conditions for the staff**, to activate the containment boundary
isolation in case of an event and to provide information on the performance of MNR systems for
adjustment and maintenance purposes.

511 Monitoring of External Atmosphere

Locations of monitoring stations for the outside atmosphere operated by the McMaster Health Physics
Department are shown in Figure 18. Each station consists of a continuously-operating air sampler with a
particulate filter and charcoal cartridge in series. The particulate filters are collected and analysed
weekly to determine the concentrations of f-emitting activity in the particles. The charcoal cartridges are
collected monthly and analyzed for the y-emitting 1-125 content. Historical measurements of
environmental concentrations are shown in Figure 19 (particles) and in Figure 20 (1-125). No grab
samples of local atmosphere are taken upon collections of filters/cartridges. Hence, no data on Ar-41 is
available from these monitoring stations.

An independent monitoring station located in close proximity to the MNR is operated by Health Canada
since early 2015 (see Figure 18 for the location). The data on Ar-41 in the outside atmosphere are
reported by Health Canada as absorbed doses (in nGy/kg per month) [20]. A calibration factor converts
the signal measured by the detector to an absorbed dose rate. The concentration of Ar-41 required to
produce these dose rates are calculated in Appendix B, and the calculated concentrations are plotted at
the bottom of Figure 21. Actual Ar-41 exhaust concentrations measured at the MNR are plotted at the
top of the figure.

51.2 Monitoring of External Water

Any aqueous release to the environment would be a batch release into the city sewers (see Section 4.2).
This water would beforehand be confirmed as safe (i.e., water would be be below the limits in Table 12-
7 of [3]). Threrefore, during the normal operation, monitoring of water outside of the MNR building is
not required and is not performed.

513 Monitoring of Internal Atmosphere

The Radiation Safety Program at MNR is documented in [21]. The routine internal surveillance covers
the radiation field monitoring, the surface contamination monitoring, the airborne contamination
monitoring and the reactor water analysis.

The Reactor Building is monitored at all times. Locations and types of monitors are identified in Table 4
and in the figures cross-referenced in this table. The radiation monitor in the exhaust stack

32 See the 3" (third) bullet of Section 1.

33 The immobile radioactivity is contained in solid structures (such the irradiated fuel) or in closed containers (such as the
radioactive waste); it is not of environmental concern while being stored in the Reactor Building.

The Reactor Building is accessible and occupied in the ‘attended’ state.
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(®in Figure 11) automatically isolates the containment envelope® should the radioactivity in the
gaseous emission exceed the set-point. The automatic containment isolation is backed by the manual
containment isolation upon the Multiple High Radiation Alarm (MHRA), which is triggered when any
two area monitors (i.e., local radiation field monitors) in Table 4 exceed their set-points.

Examples of data from the internal atmosphere monitoring are given in Figures 22 to 24. History of the
readings by the radiation field monitors is available but not in a format that can be readily plotted.

514 Monitoring of Internal Water

Pool water is continuously monitored for fission product activity during high power (>110 kW)
operation. Furthermore, weekly samples of water are collected and analyzed from the pool and from the
demineralising, secondary, and sump systems (Section 12.4.4.4 of the MNR SAR [3]). The pool water
(i.e., the primary water) is analyzed for tritium, short-lived gross beta activity and long-lived gross beta
activity. The other water samples are not analyzed for tritium. An isotopic analysis for long-lived
gamma-emitting radionuclides is performed annually. Figure 25 illustrates the history of radioactivity in
the pool water.

Section 5.1 insights: MNR has multiple hazards-monitoring provisions available which are coupled with
the comprehensive program [21] for avoiding harmful releases into the environment as well as any
harm to the operating staff. Large databases of measurements and derived doses illustrates that the
existing measures are effective®.

% The containment envelope is isolated when the intake and outlet dampers are closed and the fans are shut down.
% The concentration values are acceptable and their long-term trend is steady or decreasing.
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Figure 18: Locations of stations for monitoring of external atmosphere
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Figure 19: History of B-emitting particles measured in filters of external stations

See Figure 18 for measurement locations. Sample accumulated for weekly counting.
Numerical data of this figure for the past 5 years are in Addendum to MNR ERA.
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CONTEXT: 1 year continuous inhalation by adult to this concentration = 10 pSv effective dose = 1% of 1 mSV dose limit.
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Figure 20: History of soft y-emitting 1-125 measured in charcoal cartridges of external stations

See Figure 18 for measurement locations. Not adjusted for 1-125 decay during 1 month sample accumulation.
Numerical data of this figure for the past 5 years are in Addendum to MNR ERA

Some of the airborne iodine is likely in the form of the aerosols. The 1-125 particles tend to be removed by the upstream
interactions with the structures and by the particulate filter. Thus. the charcoal cartridges likely measure only a portion of the
airborne lodine.
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Figure 21: History of B and y-emitting Ar-41 in outside atmosphere and exhaust
Health Canada (HC) reports doses in nGy/month [20]. Doses are converted to concentrations in Bg/m? in Appendix B.
See Figure 6 or 18 for location of HC monitoring station. HC data is direction specific as explained in Appendix B.
Projected concentration for potential 24/7 operation from [B§].
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Figure 22: History of B and y-emitting Ar-41 gas in Reactor Hall and Exhaust Duct

Records of air grab samples taken on the Experimental Floor (Figure 14) and in the exhaust (Figure 11).
Data from Health Physics from 2008-01-03 to 2021-12-01.
Benchmark concentration enumerated in Appendix A.
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Figure 23: History of airborne, soft y and X-ray-emitting 1-125 in Reactor Hall and Exhaust Duct

Records of air grab samples taken on the Experimental Floor (Figure 14) and in the exhaust (Figure 11).
Health Physics records from 2008-01-07 to 2022-01-03. Benchmark concentration enumerated in Appendix A.
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Figure 24: History of airborne, hard B-emitting particles in Reactor Hall and Exhaust Duct
Records of air grab samples taken on the Experimental Floor (Figure 14) and in the exhaust (Figure 11). Health Physics records from 2008-01-02 to 2022-02-22
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Figure 25: History of radioactivity in primary water
Records of weekly pool water grab samples

* Trigger Level is a MNR-specific parameter which defines when the investigation and follow up are mandatory
(equivalent to Action Level in [29]). The illustrated limit value is currently being updated to a higher value.
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Table 4: Internal Radiation Monitoring and Sampling

CM Continuous monitoring

CMS Continuous monitoring and sampling, periodic analysis of samples

CS Continuous sampling, periodic analysis of samples

PS Periodic sampling and analysis of samples

Location Type of Monitoring

RB exhaust Figure 11 lodine & Particles CMS
@ | Particles CMS
® |Ar4l PS
@® | Local radiation field CM

Beam port floor Figure 12 7® | Local radiation field CM
D@ | lodine & Particles CMS
@ | Particles CS

Mechanical floor Figure 13 3® | Local radiation field CM

Experimental floor  Figure 14 2® | Local radiation field CM

3@® | lodine & Particles CMS

@ | Particles CMS
® |Ar4l PS
@ | Tritium PS

Information on internal monitoring is comprehensively documented in Section 6 of [21].
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6. RISK-RELATED CRITERIA

As noted in Section 1, this report is the ERA for the small, research reactor with the small inventory of
hazardous substances, many decades of safe operation history and the ample data on the performance of
existing physical and administrative provisions. REGDOC-2.9.1 [1] as well as CSA N288.6 [2] note
that the graded approach (e.g., [21] to [23]), which uses the existing information, is suitable for this
report. The risk-related criteria used in the past for small, non-power reactors are summarized in the
following subsections..

The following information is based on Section 2 in the MNR SAR [3].

6.1 Radiological Protection Criteria

The current limits on the maximum permissible doses to humans are listed in Table 6. Radioactivity
releases that cause doses which are lower than the Regulatory Limits are recognized as inconsequential.

The relevant radioactive nuclides®’ released from the MNR in normal operation are Ar-41% and 1-125%.
The MNR is operated such that releases during normal operation of these radio-nuclides are less than the
Derived Emission Limits (DELS) in Table 7. This table specifies the amount of radiation that may be
released from the MNR in a calendar year. The reactor is actually operated such that the arbitrary and
lower Administrative Control Limits for emissions (labelled as ‘Admin. Control Limits’ in Table 7) are
not exceeded.

Note that the above mentioned limits are the reference values. In practice, the ‘as low as reasonably
achievable (ALARA)’ principle [26] [30] is rigorously applied to all doses and emissions.

For emergency actions (e.g., in responses to accidents for rescue and lifesaving), an individual operator
dose of up to 1 Sv is permissible [21].

6.2 Environmental Protection Criteria

No quantitative, regulatory criteria are currently defined for biota*® exposures in the environments which
surrounds the MNR. The common understanding is that protecting humans (evaluated in Section 7) also
protects the environment (e.g., [27] [28]). The international consensus is that “it is highly probable that
limitation of the exposure of the most exposed humans (the critical human group), living on and
receiving full sustenance from the local area, to 1 mSv-a’* will lead to dose rates to plants and animals
in the same area of less than 1 mGy-a*. Therefore, specific radiation protection standards for non-
human biota are not needed” [27].

37 The airborne particles are also monitored but their concentrations are too low to be significant (Figures 19 and 24).

3 Ar-41 is produced by irradiation of pool water. It decays by B~ radiation with half life (t,2) of 1.83 hrs to stable K-41.

3 1-125 is the medical isotope produced in sealed rigs within the reactor pool and handled/packaged on the Experimental
Floor of the Reactor Building (see Figures 11 and 14). Its ty is 59.49 days. It decays by electron capture to an excited
state of Te-125, which decays immediately by y decay with a maximum energy of 35 keV.

40 Animals and plants.
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Table 5: Risk Tolerable Frequency of Human Doses
Legacy criteria from Table 2-1 in MNR SAR [3] for normal operation and plausible accidents

Frequency Individual Limit | Public Limit
(occurrences per reactor-year) (mSv) (person-Sv)
f>3x10" 0 0
3x10! > f< 3x1072 0.5 1
3x102 > f< 3x10* 5 10
3x10% > f< 1x10® 100 100

Table 6: Current Human Dose Limits
Regulatory limits from [30]for individual member of the public.

Dose Time Regulatory
Period Limit
(mSv)
Whole Body One calendar year 1
Skin 50
Hands and Feet 50
Lens of the Eye* 15

Table 7: Derived Emission Limits for MNR

Also called Derived Release Limits. Updated Table 2-3 in MNR SAR [3].

Isotope Half Derived Emission Limits | Admin. Control Limits
Life (Bq per week) (Bq per year)
[15] & [21] [21]
Ar-41 | 109.6 min 9.20-10* 1.6-10%
1-125 59.5 day 7.56:10% 1.0-10%
Gross B (particles) not defined 5.0-108
MNR - ERA 2023 R1 -42 -
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7. HUMAN HEALTH RISK ASSESSMENT

This section covers the topics (clauses) in Section 6 of CSA N288.6-22 [2]. The same subsection
structure and labels are used here to simplify reviews of conformance with the applicable standard.

7.1 General
Label of Section 6.1 in [2]

7.2 Problem formulation
Label of Section 6.2 in [2]

7.2.1 General
Label of Section 6.2.1 in [2]

71.2.2 Site characterization
Topic in Section 6.2.2 of [2]

A detailed description of the MNR site and its operations is provided in Sections 2 and 3. The
contaminants and the physical stressors are identified in Section 4. Receptors associated with past,
present, and anticipated future activities is the Hamilton population described in Section 2.1.

7.2.3 Receptor selection and characterization
Topic in Section 6.2.3 of [2]

The receptor is selected and described in Section 4 of [15]. It is an adult, non-Nuclear Energy Worker
who is occupationally exposed within the neighbouring Nuclear Research Building (NRB) that has one
of its air intakes located approximately 30m from the airborne emission from the MNR exhaust damper
(see Figure 6). The receptor is thus a conservative representation of persons exposed anywhere in the
University campus. This adult receptor is assumed to be present within the NRB for half of the day (12
hours) for a full year (including weekends and holidays)*'. Previous Human Health Risk Assessments
(HHRA'’s) used an approach in which a vulnerable member of the public (an infant) was assumed to be
present outdoors 24 hours per day for the full year at a location of the maximum ground level exposure.
The present receptor treatment avoids the physically impossible infant assumption while using
conceivable receptor exposure boundary conditions. The present treatment produces a more conservative
(higher) Boundary Dose estimate (see Figure 27).

724 Assessment and measurement endpoints
Topic in Section 6.2.4 of [2]

For HHRAs, the assessment and measurement endpoints are the same: to show no meaningful health
effects on individual human receptors. As a result, there is no need to translate measurement endpoints
into different yet applicable assessment endpoints.

7.25 Selection of chemical, radiological, and other stressors
Topic in Section 6.2.5 of [2]

Relevant stressors are identified in Section 4 based on multi-decade operating experience and
monitoring. There are no chemical stressors.

41 Most individuals in the NRB work around 40 hours per week.
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7.2.6 Selection of exposure pathways
Topic in Section 6.2.6 of [2]

The exposure pathways involve immersion in and inhalation of the contaminated air within the NRB
[15].

7.2.7 Human health conceptual model
Topic in Section 6.2.7 of [2]

The model is described in [15].

7.3 Exposure assessment
Label in Section 6.3 of [2]

Only indoor exposures within the NRB are relevant [15].

7.4 Toxicity assessment
Label in Section 6.4 of [2]

There are no chemical contaminants released from MNR. Thus this topic is not applicable.

7.4.1 Radiation dose limits and targets
Label in Section 6.4.6 of [2]

Throughout the long operating history of MNR, radiation exposure levels have been consistently safe
and well below applicable limits on doses. This section summarizes dose history due to reactor operation
up the last year for which complete data are available.

External doses to operations staff are mainly determined by operating time and power of the reactor
and the number and type of irradiation samples handled. The highest routinely encountered external
dose rates are in the Pump Room. Localized dose rates as high as 20 mSv/h (2 rem/h) are in the pump
pit. The most recent building survey (2022-12-05) measured the highest value of 850 mrem/h at valve
102, The combination of time spent in the Pump Room and the local radiation field determines the dose
to the operator. The history of effective doses acquired by operations personnel is shown in Figure 26.
The average (mean) and the maximum doses in the past 25 years were 0.71 and 3.11 mSv, respectively.
These are small fractions of the regulatory dose limit. Extremity exposures to operations staff have
consistently been less than 5 mSv annually®.

Internal doses to operations staff resulting from routine operations are very small. Historic whole
body counts have consistently not detected any evidence of intakes of radio-nuclides by operations
personnel. 1-125 is the only radionuclide that is detected for operator intakes. The operators self-test
their thyroids for activity on weekly basis. Only a very low presence of 1-125 is routinely detected which
is insignificant (i.e., well below levels at which ‘assigning’ the worker doses to the National Dose
Registry is warranted).

Boundary Dose is a MNR term for the largest conceivable dose to a most vulnerable individual member
of the public** due to the routine discharge of the mildly contaminated air by the Reactor Building

42 See Figure 16 for valve numbers.

4 Asingle outlier is the 5.87 mSv extremity dose in 2020.

4 An infant postulated to be outside for the whole year at a location with the highest ground-level concentration of Ar-41.
This receptor type and residence time are impossible in reality.
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Ventilation System [15]*>%6. Figure 27 shows the calculated annual boundary doses due to the MNR
effluents in the past 20 years. A projection for a potential future operation up to the maximum reactor
power permitted by the operating licence is also illustrated.

Insight: Historical data confirms that doses to the operating personnel are small (well below the
regulatory limits). The public doses are orders of magnitude below the regulatory limit which delineates
the safe doses. This means that there is no human health risk stemming from the MNR operation.

7.5 Risk characterization
Label in Section 6.5 of [2]

The risk posed to receptors resulting from exposure to contaminants and physical stressors in the
environment is to be quantified by integrating the results of the exposure assessment and toxicity
assessment (Section 6.5 of [2]). This integration is not relevant since there are no physical stressors
affecting the public (Section 4.3) and non-radiological toxic substances are not released from the MNR,

4 The ground concentration is calculated by a modified Gaussian plume model in [31] using the wind data from the Royal

Botanical Gardens (Figure 7), choosing the wind properties which produce the highest ground-level concentration
(regardless of wind direction), assuming that this wind prevails for the whole year, and neglecting any obstructions in the
plume path which would dilute the concentration. Hence, highly stylized boundary conditions of contaminated plume
behaviour are defined, which are physically impossible at the MNR site.

46 At the time of ERA report writing, [15] is in the process of being updated.
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CONTEXT: Regulatory limit = 50 mSv per year
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Figure 26: History of MNR Operations Personnel Doses
Whole-Body Effective Doses from Health Physics records. Dose limits see Table 6
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CONTEXT: Annual dose limit for individual member of public =1 mSV per year = 1000 pSv per year.
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Figure 27: History of MNR Boundary Dose

Data to 2021 from Health Physics records. Data points for the past 5 years (covering a potential operation at 5 MW permitted by the operating license) from [33]*.
Past DRL methodology and calculation are documented in [14]. Current (updated) DRL methodology and calculation are documented in [15].
See Table 6 for the annual dose limit. This limit is lower than the Canadian average effective dose from natural sources (background radiation) of 1.77 mSv [34].

47 Tabular data for these points is recorded in [33].
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8. ECOLOGICAL RISK ASSESSMENT

This section covers the topics (clauses) in Section 7 of CSA N288.6-22 [2]. The same subsection
structure and labels are used here to simplify reviews of conformance with the applicable standard.
However, the CSA structure of the topics is not editorially optimal for compact and coherent explanation
of the assessments performed in this ERA.

8.1 Problem formulation
Label of Section 7.2 in [2]

8.1.1 Site characterization
Topic of Section 7.2.2 in [2]

The MNR site is described in Section 2.1. As illustrated in Figures 2 and 4, the environments
surrounding the reactor include:

a. The human-populated urban and industrial areas. This urban environment is assessed by the Human
Risk Assessment in Section 7.

b. Lands with the terrestrial biota which are sparely populated by humans. This environment is
described in Section 2.2.1.

c. Water-filled areas with the aquatic biota. This environment is described, and its flora and fauna are
identified in Section 2.2.2. This biota is not affected by routine emissions from the MNR as
explained in Section 2 of Appendix A and in Section 8.1.5 below. Thus, it is not examined further in
this ERA.

8.1.2 Receptor selection and characterization
Topics of Section 7.2.3 in [2]

A small terrestrial bird is chosen in Table 1 of Appendix A as the limiting receptor®®. No taxonomic
properties are published for the bird. Its properties (mass and size) are reported to be closely similar to
the properties of a small mammal. They are stylized as the properties of Reference Rat [35] with the
mass of 0.314 kg,

8.1.3 Assessment and measurement endpoints
Topics of Section 7.2.4 of [2]. “Assessment endpoints are explicit expressions of the environmental values ... should be
defined at population or community levels”.

Regulatory limits are not defined for the environmental parameters.

Endangered, threatened, and vulnerable species potentially living in MNR vicinity are identified in
Table 2 of Appendix A, based on locations of such species in “Species at risk in Ontario” [36]. The
species in this table are taken to be of ‘environmental value’.

8.14 Selection of chemical, radiological, and other stressors
Topics in Section 7.2.5 of [2]

Environmental stressors during normal MNR operation are described in Section 4.1. The relevant
stressors are:

e small emissions of noble gas isotope Ar-41 into the outside atmosphere; and
e extremely small emissions of 1-125 vapour and radioactive particles into the outside atmosphere.

4 Limiting receptor = a community of potentially endangered animals with the highest potential for harm by exposure to
radiation in the surrounding air.
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8.15 Selection of exposure pathways
Topics in Section 7.2.6 of [2]

All exposure pathways to the biota involve the airborne transport and its associated dispersion (dilution)
of MNR emissions. These two variables are governed by the time-dependent, local weather and by the
locations of the biota habitats relative to the airborne emission plume.

Pathways to the aquatic biota entail additional transport variables, i.e., the dissolution of gases in water
and the dilution of isotope concentrations in liquid water. Given the composition of MNR emission,
these latter parameters are the governing parameters for the exposure of aquatic biota to radiation as
explained below. For Ar-41 gas, a contaminated plume stream comes into contact with surfaces of water
that has a natural equilibrium concentration of Argon. The atmospheric Ar-41 gas transfers into water by
the concentration-driven diffusion process which is very slow and which competes with the fast decay of
Ar-41* to the non-radioactive K-41. For 1-125 vapour or aerosols, both forms are slightly and slowly
soluble in water®®. In conjunction with a rather fast 1-125 decay®! and with the natural turbidity of water
in Dundas marsh and connected water steams °2, it is not credible that the aquatic biota living within
water would be exposed to any appreciable, sustained 1-125 liquid concentration. In other words, there is
not a plausible pathway to expose the submerged biota to an appreciable radiation from the MNR
emission gases.

Similarly, all pathways to the terrestrial biota living mainly below the ground surface are constrained by
an access of the contaminated air into the soil. There is not a plausible pathway to directly expose of the
underground biota to the MNR emission gases.

8.1.6 Ecological conceptual model
Topic in Section 7.2.7 of [2]

Based on preceding considerations, this ERA only assesses exposures of the terrestrial biota residing
above ground to Ar-41 and 1-125 gases.

8.2 Exposure assessment
Label of Section 7.3 in [2].

8.2.1 Exposure points/locations
Topic of Section 7.3.2 in [2]

Populations of wild, terrestrial flora and fauna are located in WNW to ENE directions from the MNR
building (green spaces in Figure 7) on the lands below the cliff of the Niagara Escarpment. The largest
radiation exposures of biota populations invariably arise at shortest distances of biota habitats from the
source of radioactive emission. Figure 28 illustrates the relevant areas as the hatched spaces. The closest
distance to the potential receptor habitat is approximately 500 m from the MNR. There is no doubt that
the exposures will be negligible at distances beyond 1 km. This figure also illustrates the worst
(limiting) wind direction for the transport of radioactivity to the biota habitat, which is relevant to the
topic covered in Section 8.2.6.

8.2.2 Exposure frequency, duration, and averaging
Topics in Section 7.3.3 of [2]

These three topics are addressed by conservative (bounding) assumption listed below:

49 Ar-41 has B~ decay with half life (t1,2) of 109.34 minutes.

50 lodine solubility is 0.34 gm per kg of water (e.g., https://onlinelibrary.wiley.com/doi/abs/10.1002/047084289X.ri005 )
51 1-125 decays with t1, of 59.49 days. It emits soft y radiation and x-rays (max. energy ~ 35 KeV).

52 See the description of Aquatic Environment in Section 2.2.2.
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e The receptor (i.e., the nesting bird) is continuously and perpetually exposed to the contaminated
plume of MNR emission passing through its habitat.

This means the 100% exposure frequency, the continuous and indefinite duration of exposure, and no
averaging of the exposure boundary conditions. These are unrealistic but bounding assumptions,
especially for the bird receptor which is stationary (i.e., remains in a nest = stays continuously in the
exposure locations) only for a few weeks in a year.

8.2.3 Dose calculation methods
Topic in Section 7.3.4 of [2]

Doses to receptors need not be, and are not, explicitly enumerated in order to examine the impact of
MNR emissions on the biota. The approach in this ERA is:

a) Use the benchmark dose (i.e., the highest chronic dose that does not adversely affect the receptor)
from United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR) 2008
[377%.

The UNSCEAR doses for taxonomic families of biota are extracted into Table 3 of Appendix A.

b) Convert the above benchmark dose to the benchmark concentrations of relevant isotopes (Ar-41 and
[-125) in the air that surrounds the limiting receptor (the terrestrial bird) using the Dose Coefficients
in BiotaDC database [38] of International Commission on Radiological Protection (ICRP) 136 [39].
These coefficients are listed in Table 4 of Appendix A. The benchmark concentrations are
enumerated in the Attachment to Appendix B at 2.56-10° Bq-m™ for Ar-41 and 1.4-10" Bq-m™ for
[-125.

c) Graphically compare the benchmark concentrations with the measured concentrations in the
emission from the MNR (i.e., the source concentrations, Figures 22 and 23) and with the
conservatively calculated concentrations in the emission plume as the function of distance from the
source (Figure 29).

Figure 29 is derived in the Attachment to Appendix B. The source concentrations in this figure are
the highest concentrations measured in frequent, periodic grab samples of MNR exhaust (i.e., they
are not the averaged concentration measurements).

8.2.4 Transfer factors, exposure factors, and dose coefficients
Topics in Section 7.3.5 of [2]

Dose coefficients used in this ERA are the internationally recommended ‘external’ dose coefficients
defined and described in the preceding section.

Note that the ‘internal’ 1-125 dose in the thyroid of the bird is not enumerated. Common concerns
regarding the thyroid dose are mainly due to exposures to the long lived 1-131 (a fission product) during
open-air atomic bomb testing in the 1950s and daring severe nuclear power plant accidents such as
Chernobyl and Fukushima. These concern are not applicable to the medical isotope 1-125 but no
information could be located on the 1-125 benchmark thyroid dose or the corresponding concentration
for any environmental fauna. A conservatively calculated (i.e., overestimated) 1-125 concentrations as
the function of distance show very low concentrations in the receptor habitat (Figure 29). These
concentrations do not credit the removal of iodine from the plume by its reactions with surfaces of
metallic and cementitious materials and by other applicable removal mechanisms. Thus, it is reasonable
not to enumerate the thyroid dose to the bird receptor given that this would be an effort-intensive
endeavour based on unrealistic, calculated concentrations. The judgements are that the actual 1-125

5 As prescribed in Section 7.4.2 of the applicable standard [2].
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concentrations would be even lower than those in Figure 29 and that the thyroid doses would be
negligible.

8.25 Modelled versus measured exposure concentrations
Topic in Section 7.3.6 of [2]

Concentrations of the release source (exhaust) are routinely measured and their magnitudes are
consistently below the benchmark concentrations (Figures 22 and 23). Thus, the external exposure of the
receptor to the undiluted emission would not harm it. However, it is desirable to have information on the
concentrations at locations of the biota habitats, for which no measured data exists. In order to fill the
data gap, a simple plume transport model is defined and used in the Attachment to Appendix B as
discussed below.

8.2.6 Models
Topic in Section 7.3.7 of [2]

The atmospheric transport is a very complex topic. Complex, sophisticated calculations of contaminated
plume behaviour are possible, but they are effort intensive as well as laden with uncertainties in the
many assumptions required for such calculations. For practicality, a simple (textbook) and conservative
model is documented in the Attachment to Appendix B which presumes the worst conceivable transport
path for the contaminated plume (illustrated in Figure 28) that prevails continuously and indefinitely.
These are, of course, stylized and unrealistic conditions which exaggerate the receptor exposure to
radiation. The results (Figure 29) are not realistic but they delineate the highest conceivable radioactivity
concentrations to which the terrestrial biota receptor might be exposed. The calculated bounding
concentrations are sufficient for demonstrating that the routine MNR emission cannot adversely affect
the environment but they do not represent the expected concentrations which a lower.

8.2.7 Exposure point concentrations and doses
Topics in Section 7.3.8 of [2]

Relevant concentrations are shown in Figure 29. Relative to the source concentrations, the
conservatively calculated exposure point concentrations are ~ 3 orders of magnitude lower. The actual
exposure point concentrations are expected to be > 5 orders of magnitude lower given the real-world
variability of weather at the MNR site. In plain language, the exposure concentrations are small. For I-
125, they will likely be below the detectable concentration.

8.3 Effects Assessment
Label of Section 7.4 in [2]

8.3.1 Radiological benchmarks
Topic in Section 7.4.2 of [2]

The benchmark for the chronic exposure prescribed in [2] and defined in [37] is used in this ERA (see
Section 8.2.3).

8.3.2 Toxicological benchmarks
Topic in Section 7.4.3 of [2]

Only the prescribed radiological benchmark is used. This benchmark (expressed as benchmark
concentrations in Figure 29) is not exceeded. Hence, no interpretation of adverse effects when the
benchmark is exceeded needs to be performed. Uncertainties in the benchmark dose from [37] and in the
coefficients used to interpret it as the benchmark concentrations in Figure 29 are not examined.
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The benchmark dose from [37] is the most recent value available. No significant, non-radiological
stressors are caused by MNR operation (Section 4). Hence, site-specific benchmarks, or benchmarks for
short term (acute) exposures, are not required.

8.3.3 Thermal benchmarks
Topic in Section 7.4.4 of [2]

No thermal benchmarks are required for, or used in, this ERA.

8.4 Risk characterization
Label of Section 7.5 in [2]

8.4.1 Risk estimation
Topic in Section 7.5.2 of [2]

Hazard Quotients (HQs) are to be calculated and presented for each ecological receptor in each exposure
area, for each ‘Contaminant and Stressor of Potential Concern’ in that area. This ERA is not an all-
encompassing, probabilistic study but the conservative, bounding assessment focussed on enumerating
the worst conceivable impact that routine MNR emission releases might have on the surrounding
environment. In this context, only the worst conceivable risk is estimated for only one ecological
receptor (i.e., the limiting receptor defined in Appendix A, see Section 8.1.2) who is located in the single
area with the highest potential for receptor exposure (see Section 8.2.1 and the plume path in Figure 28).

The Hazard Quotients for Ar-41 and 1-125 and a given receptor are enumerated as follows:

HO concentration @ specified distance to which receptor is continuously exposed

benchmark concentration that receptor can withstand without harm

The input values are recorded in Figure 29. The HQ values are enumerated in the Attachment to
Appendix B as follows:

Table 8: Hazard Quotients at different distances from MNR exhaust

HQ at distance — 40 m> 500 m 1 km
for isotope |
Ar-41 0.02 2.13-10* 1.07-10*
1-125 1.44-107 1.31-107° 6.56-1010

All HQs are well below the value of 1, including those in the close proximity to the source. This means
that additional clauses in Sections 7.5.2.2 through 7.5.2.6 of [2] are irrelevant. As discussed in Section
8.2.4, the 1-125 emission would result in a negligible thyroid dose. The HQ for the thyroid dose need not
be enumerated.

8.4.2 Other lines of evidence
Topic in Section 7.5.3 of [2]

No other lines of evidence are available or are needed.

% 40 m is approximately the distance to the intake of Health Canada monitoring station, see Figure 18.
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8.4.3 Thermal effects
Topic in Section 7.5.4 of [2]

These effects are pertinent to boundary conditions when the HQs are = or > 1; they are not pertinent to
the MNR conditions and are not examined in this ERA.

8.4.4 Wildlife-vehicle and bird-structure mortalities effects
Topic in Section 7.5.5 of [2]

Refer to Section 4.3 for an explanation of how the MNR does not affect normal wildlife mortalities.

8.5 Uncertainties of Ecological Risk Assessment
Topic in Section 8 of [2]

Important uncertainties are to be evaluated qualitatively or semi-quantitatively and discussed in the ERA
report [2]. Approaches or parameters used in the assessment that lead to an overestimation or
underestimation of exposure, toxicity, or risk are to be identified and judgments about the degree of
over- or underestimation are to be provided, if possible [2].

This ERA is the bounding assessment. Thus, the exposure is undoubtedly overestimated. The reason for
using this bounding approach is mainly the variability of local weather (and the associated variability of
local winds), which govern the transport and dispersion of airborne radioactivity in the environment.
Limited data on measured concentrations of pollutants in the environment is available (Section 5.1.1)
but this data is not directly usable in the ecological risk assessment as explained in Appendix B. The
conservative modelling of the plume transport and the calculation of the concentrations away from the
MNR (Section 8.2.6) are used to quantify the concentrations. Based on the experience with modelling of
atmospheric dispersions following nuclear reactor accidents, the transport treatment in the Attachment to
Appendix B results produces a > 2 orders of magnitude (> factor of 100) over-estimate of the dilut