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1 INTRODUCTION 

1.1 Background 

Cameco operates a uranium refinery near Blind River, Ontario.  The Blind River Refinery (BRR) processes 
natural uranium concentrates, along with small quantities of scrap natural uranium bearing materials such as 
uranium dioxide (UO2) and natural uranium metal, into natural uranium trioxide (UO3).  More detailed 

characterization of the BRR is presented in Section 2. 

Arcadis Canada Inc. (Arcadis) has been contracted to update the existing Environmental Risk Assessment 

(ERA) for the site; provide updated plume delineation and field verification, along with sediment sampling; and 
provide a review of the existing BRR soil monitoring program. 

This report contains the updated ERA for the BRR. 

1.2 Objectives of the Present Study 

The objective of the present study is to complete an Environmental Risk Assessment (ERA) for the BRR, 
including Human Health Risk Assessment (HHRA) and Ecological Risk Assessment (EcoRA) in order to 

assess risks to human and non-human receptors from radiological and non-radiological contaminants related 
to current operations at the BRR, and, to account for: 

(i) Newly acquired data from environmental monitoring and other studies (e.g. updated DRL 

[SENES 2013]); 

(ii) Changes in ecological risk assessment guidance (e.g. publication of CSA N288.6 guidance on 
ERA [CSA 2012]); and,  

(iii) Any potential changes to the BRR site or its surroundings since completion of the prior ERA in 
2006.   

The receptors in this HHRA are based on the most recent DRL (SENES 2013) for consistency.  

Overall, this ERA is based on data provided to Arcadis as of March 2015, in addition to sediment data collected 

in May of 2015 (see Section 2.5 for further discussion). 
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1.3 Report Organization 

This report is structured as follows, based on the CSA (2012) recommended outline for ERAs: 

Section 2 provides a characterization of the Site, including a description of the study area, engineered and 

natural environment, hydrogeology, and data currently available from monitoring programs and site 
investigations.  

Section 3 describes modelling activities undertaken.  

Section 4 presents the methodology and results of screening for contaminants of potential concern (COPCs). 

Section 5 presents the Human Health Risk Assessment (HHRA), including selection of receptors, conceptual 
model for HHRA, methodology and results. 

Section 6 presents the Ecological Risk Assessment (ERA), including selection of receptors, conceptual model 
for EcoRA, methodology and results. 

Section 7 summarizes the conclusions and recommendations resulting from this study. 
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2 SITE CHARACTERIZATION 

2.1 Location and Boundaries 

Cameco operates a uranium refinery near Blind River, Ontario.  The facility is located in northern Ontario on 
the north shore of Lake Huron, about midway between Sudbury and Sault Ste. Marie (see Figure 2.1).   

Figure 2.1 Cameco Blind River Refinery - Location 

 

The property is 636 acres in total, which includes a secured area of 28 acres, where the facility is located and 
where the CNSC licensed activities are carried out.  Cameco has a lease arrangement for an additional 
481 acres to the east of the existing property boundary (Figure 2.2).  The property boundary on the north is 

approximately the CP railway line.  It is bounded on the west by the Mississagi River and extends south to 
the North Channel of Lake Huron (Figure 2.3).  
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Figure 2.2 Cameco Blind River Refinery – Site Area & Boundaries 
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The BRR has a comprehensive liquid effluent treatment system to process effluents generated from the 
operation.   

 
 

The original facility design from the 1980s included three outdoor lagoons, but a fourth lagoon (the Effluent 

Lagoon) was installed in the late 1990s.  These four lagoons are used to hold process effluent and stormwater 
before release to Lake Huron.  The Effluent Lagoon (see Figure 2.4) and the Monitor Lagoon (see Figure 2.5) 
are the largest, .  The Stormwater Lagoon (see Figure 2.6) and Treatment 

Lagoon (see Figure 2.7) are smaller, .  

Figure 2.4 Effluent Lagoon (SENES 2012) 
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Figure 2.5 Monitoring Lagoon (SENES 2012) 

 

Figure 2.6 Stormwater Lagoon (SENES 2012) 
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Figure 2.8 BRR Discharge to Lake Huron (SENES 2006a) 
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2.3 Natural and Physical Environment 

2.3.1 Geology & Hydrogeology 

The geology and hydrogeology of the BRR site has been investigated as part of previous studies including: 

 Golder (2007) Evaluation of Groundwater Monitoring Program – Cameco Blind River Uranium 

Refinery; 
 Golder (2008a) Blind River Geological Conceptual Model; and, 
 Golder (2008b) Monitoring Well Installation at Cameco Blind River Uranium Refinery. 

Golder (2008a) describes the geology of the site based on previous site investigations as well as data from 
historical boreholes and boreholes drilled as part of the 2008 investigation itself.  As outlined in Golder (2008a), 
borehole records show the site to be underlain by a sequence of predominantly sand and silt overburden 

deposits up to 33 m in thickness (average thickness 17 m where boreholes progressed to bedrock or assumed 
bedrock refusal), above crystalline bedrock.  The bedrock, where proven, is described as greyish green 
medium to coarse grained diabase (dolerite).  The overburden deposits comprise of six primary lithological 

units.  Shallow subsurface soils show some variability, predominantly described as brown medium to fine 
sand, but also in places described as silty sand and in others encompassing sandy gravel fill.  This surficial 
unit is typically beneath the lower sand horizon in some areas (see Golder 2008a for specific locations).  

However, the base of the overburden deposit sequence and typically comprises silty clay or silt over glacial 
till (described as compact sandy silt, trace gravel). The distribution of the lower parts of the sequence across 
the site is not uniform.  Any one of all three of the lower silt horizons are noted to be absent at some locations. 

In particular, the glacial till unit may occur immediately beneath the lower sand horizon or may be absent.  
Contacts between the lithological units in the overburden deposits, with the possible exception of the upper 
glacial till, are considered likely to be transitional rather than representative of a distinct surface of geological 

change.  For more detailed discussion on the geology of the site, and the 3D stratigraphic model, the reader 
is referred to the original Golder (2008a) study. 

Site hydrogeology is discussed in Golder (2007) and Golder (2008b).  Golder (2007) included the development 
of groundwater elevation contours based on measured groundwater elevations in BRR wells.  Using 
measured data from 2002 to 2007 the water table was estimated to be located within the sand unit between 

approximately 1.5 and 4 mbgs, and groundwater flow direction was interpreted to be southwest toward the 
Mississagi River.  The horizontal hydraulic gradient for the shallow groundwater flow system within the sand 
unit was estimated to range from 0.0009 to 0.0029. A generally downward hydraulic gradient was noted in the 

areas of BH9, BH10, and BH13.  Later, in Golder (2008b), the hydraulic conductivity for the sand unit was 
calculated to be 0.0022 cm/s (based on a geometric mean of data). Golder (2008b) estimated the horizontal 
hydraulic gradient for the shallow groundwater flow system to be 0.003 m/m, and the average groundwater 

velocity to be 1.5 m/yr for the silty fine sand unit and 6.9 m/yr for the sand unit. It is noted that higher 
groundwater velocities are possible for the deeper groundwater flow system, given that hydraulic conductivity 
is higher in the deeper sand unit.  Golder (2008b) also estimated groundwater elevation contours. 
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2.3.2 Terrestrial Environment 

Adjacent Lands (within ~2 km radius) 

As shown in Figure 2.3, the terrestrial environment surrounding the BRR is predominantly forested.  
Figure 2.16(a & b) shows aerial photographs of the site and surrounding area which illustrate the extent of the 

naturalized forest area.  A large area to the east of the BRR is forested lowland, referred to as the ‘bog’ 
(Figure 2.9, green outlined area).  There is an 18-hole golf course, operated by the Town of Blind River, 
located just north/northwest of the secured area.   

As discussed in SENES (2007), the BRR site lies near the northern edge of the Great Lakes St. Lawrence 
Forest. In the adjacent lands (i.e. within ~2 km), vegetation communities generally fall into three community 

classes: Fen, Forest, and Cultural.  In addition, manicured grass field surrounds the site.  Forests include dry 
oak-pine mixed forest, dry-fresh white cedar mixed forest, and coniferous plantations. The reader is referred 
to the original SENES (2007) study for detailed descriptions and vegetation mapping of the terrestrial 

environment.  As a consequence of having a diversity of plant species and vegetation communities, a high 
diversity of fauna is expected, including several amphibians, reptiles, birds, and mammals. 

It is of note that the southern portion of the property, below the canal, is predominantly mixed forest of second 
growth, interrupted nearly throughout by rock outcroppings.  Also, the northeast corner of the BRR property 
has been influenced by gravel excavation, relatively recent cutting, and activity associated with the adjacent 

Blind River mill yard. 

Surrounding Lands (within ~25 km radius) 

SENES (2007) provides detailed descriptions of the surrounding terrestrial environment, within a 25 km radius 
of the BRR site. Brief summaries are included here, though the reader is referred to the original SENES (2007) 
study for in-depth descriptions.  

Overall, the BRR is in the Central Region of Ontario and lies within the Great Lakes-St. Lawrence Forest 
Region, a forest zone that extends across Ontario.  The Central Region is south of the Boreal Forest and 

north of the Carolinian Forest of Southern Ontario.  It is noted for its diverse mix of conifer and hardwood 
forest ecosystems.  Hardwood mixed wood stands are widespread across the landscape, with trembling 
aspen, largetooth aspen, white birch, white spruce, eastern white cedar, balsam fir, red maple, eastern white 

pine and red pine. 

The lands east and west of the BRR are of importance.  Ecosystems identified through a search of the MNR 

Natural Heritage Information Centre (NHIC) as part of SENES (2007) are as follows: 

 Mississagi Bay Shoreline Marsh, a Candidate Life Science for Area of Natural and Scientific Interest 

(ANSI); 

 Mississagi Delta Provincial Park (PP) and Nature Reserve (NR), a Candidate Life Science for Area 

of Natural and Scientific Interest (ANSI); and, 
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 Marsh Bay Wetland – Island 9, a Provincially Significant Wetland (PSW). 

The Mississagi Bay Shoreline Marsh is an extensive 75 ha area of shallow and deep shoreline marshes along 
the coast of the North Channel.  There are meadow marshes on wet coble and sand beaches along the shore, 
as well as extensive shallow and deep marshes.   

The Mississagi Delta Provincial Nature Reserve protects 2,395 ha of sand delta at the mouth of the Mississagi 
River as well as a chain of offshore bedrock (gneissic) islands known as the French Islands.  It is located west 

of the BRR, within a few kilometres.  The delta is made of a number of islands by several active river channels. 
Old remnant flooded channels with wetland vegetation characterize the delta islands as well as the mainland.  
The area itself is located within the Great Lakes Heritage Coast Signature Site, one of nine such areas 

featured in the Ontario’s Living Legacy Land Use Strategy.  The Nature Reserve is an important staging and 
breeding area for waterfowl. Use of the park is restricted to trails, signs and low-intensity recreational activities. 

Marsh Bay Island 9 is a 254 ha Provincially Significant Wetland (PSW), more specifically a coastal wetland 
complex.  It is located a few kilometres east of the BRR.  It is made of six individual wetlands, composed of 
four wetland types (<1% bog, 23% fen, 32% swamp and 45% marsh).   
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2.3.3 Aquatic Environment 

As discussed in SENES (2007), waters in the vicinity of the Cameco facility include:  

 the southern section of Mississagi River and Delta; 

 the southern section of Blind River, western branch; and, 

 the shallow offshore area of the North Channel known as the Blind River Bank. 

The Mississagi River drains into the North Channel on the western boundary of the land on which Cameco 

currently operates the BRR.  The river is approximately 150 m from the Site Study Area.  Mean monthly flow 
at the Mississagi mouth is approximately 100 m3/sec, but varies from a monthly average of 285 m3/sec in May 
to less than 70 m3/sec during the summer.  River mouth average velocity is 6 cm/sec, varying from 14 cm/sec 

in the spring to less than 4 cm/sec in the summer (MacLaren PlanSearch 1981).  The Mississagi River Delta 
is an exceptional delta environment divided into a number of islands by several active channels.  Off the 
Mississagi River at Patrick Point on the North Channel is a shallow sandy bottom referred to as Patrick Bank.  

The Blind River western branch marks the eastern boundary of the general area on which the BRR is located.  
This branch does not physically make contact with any portion of the facility boundary.  The river has a low 

flow rate throughout the year and is quite turbid.  Occasionally, wind action is strong enough to reverse the 
direction of water flow upstream. 

The North Channel is one of three discrete water masses of Lake Huron, along with Georgian Bay and Lake 
Huron proper.  The North Channel is a shallow enclosed passage with prominent bays and headlands 
imposed by the northern shoreline of Manitoulin Island.  Blind River Bank is a large and shallow area of the 

North Channel extending from Mississagi Bay located west of the Mississagi Delta to the offshore Mississagi 
Island, and well east of the North Passage (South of the inland Lauzon Lake).  Cameco’s effluent outfall and 
diffuser is located on the Blind River Bank, east and adjacent to the near surface Patrick Bank, 650 m 

southeast from Patrick Point at the mouth of the Mississagi River. 

2.3.4 Meteorological Statistics and Climate Setting 

Meteorological mechanisms govern the dispersion, transformation and eventual removal of pollutants from 
the atmosphere. This section summarizes the climatic parameters in the study area and provides an overview 

of the meteorological elements such as wind speed and wind direction, temperature and precipitation.  

The local meteorology near the Cameco Blind River facility is characterized by the surface meteorological 

data set collected from the Killarney automated meteorological station and Gore Bay station presented in 
Figure 2.10.  
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Figure 2.10 Meteorological Station Locations 

 

Temperature 

Temperature data have been summarized for the 2011 to 2015 period, from data provided by the Killarney 
automated meteorological station (Table 2.1) and Gore Bay climate station (Table 2.2).  These data are 
compared to long-term data from the 30-year period, the Canadian climate normals (1971 to 2000) for the 

Gore Bay station, provided by Environment Canada (Table 2.3).  As it can be seen from these tables, 
differences in average daily temperatures, daily maximum and minimum temperatures and extreme 
temperatures throughout the seasons are small between the two stations and periods. 

The daily temperature at Killarney ranges from a high of 19.2C in July to a low of -10.5C in February, with 
the average annual temperature of 5.5C. The daily maximum temperature ranges from a high of 22.5C in 

July to -6.2C in February, with extreme maximum temperature of 31.5C in July. The daily minimum 
temperature at Killarney is lowest in January (-14.8C) and highest in July, 15.8C, with extremes of -29.4C 
in January.  Table 2.2 shows the highest daily temperature of 19.8C at Gore Bay in July and the lowest 

one in February (-10.3C), with extreme maximum temperature of 33.3C in July and extreme minimum 
temperature of -34.3C in February. The average daily temperature at Gore Bay in the thirty-year period 
(1971 to 2000) ranges between 19.1C in July and -10.0C in January, with extreme maximum temperature 

of 36.2C in July and extreme minimum temperature of -36.9C in January. The average annual 
temperature observed at Killarney and Gore Bay from 2011 to 2015 (5.5°C and 5.9°C) is very similar to the 
Gore Bay climate normal (1971 to 2000) of 5.2°C. Average daily temperatures are below 0°C from 

December through March at both stations in the past 5-year period (2011 to 2015) as well as in 30-year 
climate normals for the Gore Bay station. 
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Figure 2.11 and Figure 2.12 illustrate the distribution of daily maximum temperatures and daily minimum 
temperatures at Killarney and Gore Bay in the period 2011 to 2015, and climate normals for Gore Bay (1971 

to 2000).  The very similar seasonal pattern in the temperature on both figures indicate that the most recent 
5-year temperature data is well representative of the climatic temperatures in the region. 

Figure 2.11 Daily Maximum Temperature 

 

 

Figure 2.12 Daily Minimum Temperature 
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Wind 

Wind direction is reported as the direction from which the wind blows and is based on surface (i.e. 10 m) 

observations. In general terms, if the wind doesn't blow toward a receptor, human or environmental, there 

will be no air quality impact. 

However, the wind does blow in all directions with certain directions occurring more frequently than others. 

These are known as the prevailing wind directions. Ambient contaminant concentrations typically decrease 
with increasing wind speed as a result of dilution. When wind speed is high there is good dispersion; with 
a low wind speed local ambient contaminant concentrations near the ground can be much higher due to 

poor dispersion. Higher wind speeds also induce greater mechanical turbulence as a result of flows around 
obstacles on the surface (topography, buildings, etc.).  

Figure 2.14 presents the frequency distribution of hourly surface wind speed and direction at the Killarney 
station and Gore Bay station in the period from 2011 to 2015 in the form of a wind rose. The hourly surface 
wind speed and direction observed at the Killarney stations in this period were missing approximately 39% 

of data. As is illustrated in Figure 2.14, the prevailing annual wind direction was from the W, occurring 9 % 
of the time. The average wind speed was 4.28 m/s. Calm wind conditions were observed to occur at 0.3% 
of the time. The hourly surface wind speed and direction observed at the Gore Bay station in the period 

from 2011 to 2015 was more completed, with less than 2% of missing hourly data. The prevailing annual 
wind directions at Gore Bay were from the S, W and WNW, occurring 10.8 %, 10.4% and 10.4% of the time, 
respectively. The average wind speed was 4.33 m/s. Calm wind conditions were observed to occur at 0.27% 

of the time. The frequency distribution of the wind speed and direction from the MOE site specific pre-
processed 5-year meteorological surface data that was used in air dispersion modelling (from 2005 to 2009) 
is also presented in Figure 2.14. The source of the meteorological data was the wind data from Killarney 

with missing data filled with Gore Bay then Sudbury data. The prevailing annual wind directions were from 
the WNW, W and ENE, occurring 11.1%, 10.6 % and 10.4 % of the time, respectively.  The average wind 
speed was 4.28 m/s. 
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2.4 Key Prior Risk Assessments & Environmental Studies 

 Ecological Risk Assessment (SENES, 2004) 

An ecological risk assessment (EcoRA) of BRR was completed in 2004 (SENES 2004).  The ERA followed a 
tiered approach, based on the guidelines of the Canadian Council of Ministers of the Environment (CCME).  

The report was prepared for and accepted by the CNSC.  The report concluded that routine releases of both 
radioactive and non-radioactive chemicals from the refinery are not expected to significantly impact the 
aquatic or terrestrial environment, based on a conservative Tier 1 assessment.    

 Effluent Plume Delineation, Field Verification, and Sediment Sampling (SENES, 2006a) 

In 2006 the BRR was requested by the CNSC to measure the dispersal and accumulation of contaminants in 

sediments from an effluent diffuser in order to validate prior EcoRA estimates by SENES (2004).   

To investigate sediment quality, an initial effluent plume delineation was performed using the Cornell Mixing 

Zone Expert System (CORMIX) model.  This modeling exercise allowed characterization of effluent dilution 
at known concentrations in order to plan where to locate the sediment sampling stations.  Following a field 
verification of the plume geometry and dilution characteristics, sediment sampling was performed based on 

the known effluent plume specifications.  Sediment sampling involved establishing reference sampling 
locations (upgradient, not influenced by the plume) and exposure sampling locations (downgradient; 
influenced by the plume).  Sediment samples were obtained and analyzed for several parameters including 

both radionuclides and chemical parameters. The measured concentrations of all parameters in the 
Reference and Exposures Areas were below guideline values (or below reference conditions, in the case of 
radionuclides).  Prior to this field assessment, the ERA estimated sediment concentrations of three 

parameters of potential concern (Cu, Pb, Zn) using water concentrations and water-sediment distribution 
coefficients (Kds).  The estimated concentration values were conservative by overestimating the actual 
(measured) concentrations by a factor ranging from 2.5 to 5.6.   

 Ecological Risk Assessment (as part of EA) (SENES, 2006b) 

In 2006, a Canada-wide standard for emissions of dioxins and furans from incinerators came into effect, and 

based on test work and sampling completed at that time, the incinerator operated at the BRR would not have 
been able to consistently meet the new dioxin and furans emissions limits without the addition of pollution 
abatement equipment.  The BRR site had also accumulated an inventory of waste oils that were slightly 

contaminated with uranium, making them unsuitable for conventional waste oil recycling.  As well, the BRR 
produces a uranium-bearing organic recyclable material called regeneration product, which is sent off-site to 
another processing facility for uranium recovery.  As a result of these factors, Cameco proposed to install 

pollution control systems for incinerator exhaust to ensure compliance with the Ontario Ministry of the 
Environment’s Guideline.  An EcoRA was completed (SENES 2006b) as part of larger Environmental 
Assessment (EA) to determine the effects of baseline operation, and of the proposed incinerator modifications 

(and other proposed changes, such as production increases) on the environment.  The SENES (2006b) 
EcoRA again followed a tiered approach based on CCME guidance.   
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The SENES (2006) EcoRA concluded that the routine releases of both radioactive and non-radioactive 
chemicals from the Blind River facility are not expected to significantly impact the aquatic or terrestrial 

environment based on a conservative Tier 1 assessment.  

 Ecological Risk Assessment of Wildlife Near Lagoons (SENES, 2012) 

As part of the liquid effluent treatment system at the BRR, there are four outdoor lagoons on-site which hold 
process effluent and stormwater before discharging to Lake Huron. There have been a number of waterfowl, 
amphibian and reptile sightings on and around these lagoons. Due to the presence of wildlife, Cameco had 

voluntarily initiated an EcoRA to determine:  

(i) if there are any risks to the wildlife; and,  
(ii) if there is a need for mitigation measures to reduce exposures and risks. 

The SENES (2012) EcoRA considered exposure of aquatic biota (aquatic plants and phytoplankton), 
amphibians, reptiles and waterfowl (with diets of aquatic plants and/or phytoplankton) to contaminants in the 

lagoons. Water concentrations and estimated intakes and doses were compared to toxicity reference values 
(TRVs) that were considered to be protective of ecological species. Conservative assumptions were applied 
so as to not underestimate the exposures and potential risks. 

The assessment determined that there are not expected to be any adverse effects to aquatic plants, 
amphibians, reptiles and waterfowl present in and around the four lagoons. Therefore, there was no need to 

implement any mitigation measures at these lagoons.  

 Derived Release Limits (SENES 2013) 

At present, SENES (2013) contains the most recent Derived Release Limits (DRLs) for the BRR.  Prior to this 
version, DRLs were established or revised in 2004, 2001, 1986, and 1983.   

As a regulatory requirement, DRLs are calculated to predict the radionuclide release rates that would result 
in a dose of 1 mSv/y to a reasonably maximum exposed member of the public.  Although uranium is the 
principal radionuclide of interest at the BRR, other long-lived radionuclides present as contaminants in the 

feedstock for the facility and are released from the facility.  The doses from these radionuclides are included 
in the dose from uranium when the DRL for uranium releases are calculated.  The DRLs also consider doses 
from accumulation of radioactivity in soil attributable to operations from 1983-2009.  SENES (2013) notes that 

there has been a large decrease in the uranium releases to air from the refinery operations over time.  The 
DRL focusses on radiological doses to the human receptors, namely, off-site members of the public.  The 
DRL identifies and describes the relevant human receptors in the surrounding area.   

The estimated DRL for water releases is 16,000 g U/h.  This is a lower DRL than the 2004 value primarily due 
to higher transfer factor from water to fish flesh than that used in 2004.  The DRL for gamma radiation 

emissions from materials stored within the fenceline is an incremental value of 2.0 μSv/h at the Golf Course 
monitoring location.   
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The DRLs for the Blind River facility are much higher than the current release rates.  Environmental 
concentrations attributable to the facility were found to be close to, or within the natural variation in, 

background levels at many of the receptor locations.  The SENES (2013) DRL report concludes that current 
operations are having only small effects on the environment and result in minor levels of dose to the potential 
representative human receptors. Under current operations all human receptors have a dose of less than 

10 μSv/y. 

 Assessment of Flooding Potential at the Blind River Facility (AMEC, 2009) 

An assessment of the flood potential of BRR was completed by AMEC in 2009.  The report was prepared 
based on some of the elements consistent with the guidelines of the International Atomic Energy Agency 
(IAEA) and Canadian Nuclear Safety Commission (CNSC) which address the need for the assessment of 

potential flood hazards associated with coastal flooding by storm surges, waves and seiches.  The report 
concluded that BRR is not at risk from flooding from either Lake Huron or the Mississagi River and has a very 
low risk associated with wave and riverine based flooding.   

  

 Assessment of Flooding on the Mississagi River (Hatch, 2012) 

In 2012, a study was completed to develop an understanding of the potential for flooding at the BRR from an 
extreme flood event on the Mississagi River.  The study found that the BRR is not at risk from flooding from a 
significant flood event on the Mississagi River or from an extreme event like the spring probable maximum 

flood.  Combination of spring probable maximum flood with potential breaching of the upstream earth 
embankment dams could potentially inundate the BRR with water at the south and north end of the site.  
Installation of additional flood protection (e.g. berms) has been initiated following this study. 

2.5 Available Environmental Data 

The follow environmental data were included in this ERA. 

2.5.1 Groundwater Quality Data 

Groundwater quality data are primarily available from BRR’s groundwater monitoring program (GWMP), from 
2012 to 2014.  

Additional information on the GWMP and the groundwater conceptual model for the site was provided via the 
following reference documents: 

1. BRR (2014a) Environmental Monitoring Program – Cameco Corporation – Fuel Services Division – 
Blind River Refinery Facility; 

2. Golder (2007) Evaluation of GWMP - Cameco Blind River Uranium Refinery - Blind River, Ontario;  

3. Golder (2008) Blind River Geological Conceptual Model; and, 
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2.5.2 Soil Quality Data 

Soil quality data are available from the following sources:  

 BRR soil uranium monitoring data from 2011 to 2014;  

 MOE soil uranium monitoring data from the 2012 MEMORANDUM: Soil and Tree Foliage Survey in 
the Vicinity of Cameco’s Blind River Refinery, Blind River, Ontario, 2012 (MOE 2012); and, 

 Golder (2008) Monitoring Well Installation at Cameco Blind River Uranium Refinery, Blind River, 
Ontario – select locations, obtain during groundwater well installation. 

Soil data from the BRR monitoring program and MOE (2012) are used for this study as they are the 
most recent data available, and because data are obtained from several off-site monitoring locations as shown 

in Figure 2.16 (including nearby stations adjacent to the BRR active site boundaries, and, distant stations in 
or near receptor locations such as camps, residential subdivisions, recreational areas, or occupational areas).  
Data from the BRR monitoring program and MOE (2012) focus on uranium.   
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Figure 2.16 Soil Sampling Locations 

a) MOE (2012) Soil Sampling Locations Near the BRR (reproduced from MOE (2012)) 
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b) MOE (2012) Soil Sampling Locations At Distance from the BRR (reproduced from MOE (2012)) 
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c) BRR Soil Monitoring Locations (reproduced from (BRR 2014)) 
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2.5.3 Surface Water Quality Data 

Surface water quality data are available from the BRR environmental monitoring program, for 2013 to 2014.  
Surface water quality data are obtained from three main locations (see Figure 2.17): 

1. River – obtained from the nearby Mississagi River, including an upstream and a downstream 
sampling location; 

2. Lake – obtained from Lake Huron; and, 

3. Bog – obtained from each of the 4 bog monitoring locations on the BRR property.  

The 2013-2014 surface water quality data from the BRR surface water monitoring program are used 
for this study.  Surface water quality analytes include Ra-226, ammonia, uranium, general physical/chemical 
properties, TBP, and phosphorus. 
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2.5.4 Sediment Quality Data 

Sediment quality data are available from the Arcadis (2015a) Plume Modelling, Delineation and Sediment 
Study.  These sediment data were obtained from sediment sampling and analysis activities performed in May 
of 2015. Samples were obtained from a total of 20 sediment sampling locations. Fifteen (15) of these locations 

are found in the vicinity of the diffuser, representing an area potentially influenced by effluent releases (referred 
to as ‘Exposure Locations’).  Five (5) of these locations are positioned approximately 4 km upgradient from 
the diffuser, representing background (reference) conditions which are not influenced by effluent releases 

(referred to as ‘Reference Locations’) (see Figure 2.18 and Figure 2.19).  For more information, the reader is 
referred to the Arcadis (2015a) Plume Modelling, Delineation and Sediment Study.  Historical sediment quality 
data are also available from the past SENES (2006) Effluent Plume Delineation and Sediment Quality at 

Cameco, Blind River Refinery study.  

The 2015 sediment data from Arcadis (2015a) are used in this study.  Sediment quality data include the 

following analytes: metals mercury, uranium, phosphorus, ammonia, nitrate and nitrite, select radionuclides, 
PAHs, PHCs, and PCBs.  

Figure 2.18 Sediment Sampling Locations (Arcadis 2015a) 
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Figure 2.19 Sediment Sampling – ‘Exposure’ Locations (Arcadis 2015a) 
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2.5.5 Air Quality Data 

Air quality data from the SENES (2015) Consolidated Emission Summary and Dispersion Modelling 
Report - Cameco Blind River Refinery study, encompassing emissions data from 2014, are used in 
this study.  Emissions to air, extracted from this report, are summarized and screened for COPCs in 

Table 4.3.  Air quality analytes include nitrogen oxides, carbon monoxide, uranium, suspended particulate 
matter, fluorides, and magnesium. 

2.5.6 Discharge (Liquid Effluent) Quality Data 

Liquid effluent data from the BRR monitoring program, covering 2014, are used in this study. The 

location of the BRR effluent discharge diffuser is shown in Figure 2.8.  Several effluent samples are obtained 
each month, and analytes include: select metals, ammonia, general chemical and physical parameters, select 
biological analytes (e.g., E.coli), and tributylphosphate (TBP).   

2.5.7 Gamma Measurement Data 

Overall, gamma measurement data are available from 2 sources: 

1. Quarterly gamma measurements at air monitoring (HiVol) locations, from the BRR monitoring 
program; and, 

2. Monthly gamma measures at the fenceline, from BRR annual compliance reports (BRR 2014b, 
2014c, 2014d, 2014e). 

Gamma measurements from 2014, from the BRR monitoring program, are used in this study.  These 
gamma data are BRR gamma data are obtained on a quarterly basis (i.e. four sets of gamma data, one for 
each quarter).  This includes measurements for each of the following 5 locations: 

1. South East Yard: located inside the facility perimeter fence, at the south-east corner of the yard. 
2. East Yard: located inside the facility perimeter fence, directly east of the main aisle. 
3. Golf Course: located north-west of the facility at the southern end of the golf course, between the 

putting green and the river, inside a locked and fenced area. 
4. Hydro Yard: located approximately 1 km north of the BRR, inside a secured OPG equipment yard.  
5. Town Sewage Treatment Plant: located in the Town of Blind River, at the sewage treatment plant 

property, inside a locked fenced area. 

However, fenceline gamma measurement data from BRR annual compliance reports are also used for 

comparison purposes. 
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The DRL report (BRR 2013; ) is the primary source of information used in this method, 
as it presents estimates of the radionuclide content of facility releases relative to natural uranium.  These 

estimates are based on actual measured data from air and liquid releases from the facility, and therefore, this 
represents a more realistic (and less conservative) approach. This method is used for HHRA investigations 
(Section 5) as well as Tier 2 EcoRA investigations (Section 6.2.4). 

The ratios of radionuclides in facility effluents are related to corresponding environmental media as follows: 

 To estimate levels of radionuclides in air:  the air Unat concentration was used to correlate U-238; then 
the ratio of Unat in airborne effluent to each given radionuclide in airborne effluent, was used to 
estimate the levels of other radionuclides in air. 

 To estimate levels of radionuclides in surface water (SW):  the SW Unat concentration was used to 
correlate U-238; then the ratio of Unat in liquid effluent to each given radionuclide in liquid effluent, was 

used to estimate the levels of other radionuclides in SW. 

 To estimate levels of radionuclides in soil: the same ratio-method for air was used (i.e., using airborne 

effluent rad. ratios) since soil concentrations are driven by deposition, and therefore air 
concentrations. 

Again, it is important to note that the method discussed above (i.e. applying effluent ratios) is only used in the 

absence of measured radionuclide data.  Wherever radionuclide levels are measured directly in environmental 
media, those measured data are used preferentially. 

It should be noted that when the measured Ra-226 value for surface water in the environment is compared 
to the calculated value using the estimated ratios, there is a discrepancy.  This is most likely due to the 

inclusion of background concentrations in the measured value, which would not be included in the calculated 
value. 

The resulting radionuclide activity concentrations used in the HHRA are outlined in Table 5.13; the resulting 
radionuclide activity concentrations used in the EcoRA are outlined in Table 6.8. 
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3 MODELLING 

3.1 Air Dispersion Modelling 

Air dispersion modelling was completed as part of the SENES (2015) Consolidated Emission Summary and 
Dispersion Modelling Report - Cameco Blind River Refinery study, encompassing emissions data from 2014.   

Air dispersion modelling was conducted in order to estimate airborne concentrations of effluent constituents 
at receptor locations.  The US EPA AERMOD atmospheric dispersion model was used. A 5-year 
meteorological dataset was used; the source of the meteorological data has the winds from Killarney with 

missing data filled with Gore Bay then Sudbury data.  Cloud cover is mostly Gore Bay data while the 
precipitation is from the Sudbury Airport.  A nested receptor grid, centered around the BRR site, was used. 
For more detailed discussions, the reader is referred to the original SENES (2015) study. 

Predicted air concentrations of uranium are presented in Figure 3.1. Predicted uranium air deposition is 
presented in Figure 3.2. 
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Figure 3.1 Modelled Air Uranium Concentrations (µg/m3) 
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Figure 3.2 Modelled Air Uranium Deposition (g/m2) 
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4 PRELIMINARY SCREENING - CONTAMINANTS OF 
POTENTIAL CONCERN 

This section contains the preliminary screening process used to review measurement data from the different 
environmental media in order to identify Contaminants of Potential Concern (COPCs) that will require 
further evaluation in the risk assessment. 

Overall, the screening process involves two steps: 

1. Preliminary screening to identify an overall list of COPCs (documented in this section); and 

2. Secondary screening (where necessary) to determine which COPCs to include in the HHRA and 
which to include in the EcoRA.  

The preliminary screening step (documented in this section) is conducted by comparing maximum 
concentrations in environmental media to screening criteria from available standards (see Sections 4.2 to 
4.7 for the hierarchies used).  This step allows for the development of an initial list of COPCs; however, 

several screening criteria are based on the lowest concentration that is protective of human health or 
ecological species.  Therefore, where this occurs, secondary screening steps are carried out later to further 
distinguish between COPCs requiring evaluation as part of the human health assessment, and those 

requiring evaluation as part of the ecological assessment. 

In general, preliminary screening identifies COPCs (i.e. those analytes that are carried forward for further 

evaluation in the ERA) if the analyte satisfied one of the following 3 conditions: 

1. The maximum concentration exceeds the corresponding screening criterion; or 

2. a) There are measurable concentrations; and 

b) corresponding screening criteria are not available; and  

c) toxicity benchmarks are available; or 

3. They were identified in other relevant connected environmental media as COPCs (i.e., at levels 

exceeding screening criteria in those connected media) and are related to current site operations. 

If an analyte is present in measurable concentrations, but screening criteria and toxicity data are not available, 

then the analyte is not considered for further assessment since the lack of toxicity data prevents meaningful 
assessment.   

If an analyte does not have a corresponding screening criterion, but also has non-detect levels in media, then 
it is generally not considered for further evaluation.  An exception to this rule exists if the analyte has been 
identified in a relevant connected media at measurable levels that exceed those criteria (due to the potential 

for the analyte to transfer between media).  However, in such circumstances, a decision is made on a case-
by-case basis based on the complexity of the site and the interaction of the different environmental media. 



 
ENVIRONMENTAL RISK ASSESSMENT FOR THE CAMECO BLIND RIVER REFINERY 
 
 
 
 

 

arcadis.com 
351104 4-2 

If an analyte does have a corresponding screening criterion, and has non-detect levels in media but at an 
MDL that is greater than the screening criterion, then it is generally included for further assessment; however, 

again in such circumstances a decision is made on a case-by-case basis based on the complexity of the site 
and the interaction of the different environmental media. 

It is important to note however, that variations to the general procedure above may exist for select 
environmental media.  Rationale for the screening decision for each analyte is provided in the screening 
tables. 

Air: 

Air screening follows the overall screening procedure outlined above using concentrations at the point of 
impingement (POI).  The results of air screening are shown below in their respective sub-section. 

Soil: 

Soil screening follows the overall screening procedure outlined above, the results of soil screening are 

shown below in their respective sub-section. It is important to note that soil data are limited to uranium 
measurements only.  Since soil data are limited to uranium (which is directly relevant to site operations) 
and has been identified as a COPC in surface water, uranium has been identified as a COPC for inclusion 

in both EcoRA and HHRA. 

Soil: measured concentrations in on-site groundwater are compared to screening criteria.  Due to its direct 

relevance to site operations, and it being identified as a COPC in other media, it has been included for 

further evaluation. 

Groundwater: 

Groundwater screening follows the overall screening procedure outlined above.  The results of groundwater 

screening are shown below in their respective sub-section.  Those analytes that exceed their corresponding 
criteria are identified as COPCs. 

Groundwater: measured concentrations in on-site groundwater are compared to screening criteria.  

Analytes that exceed their corresponding criteria are identified as COPCs. For perspective, where 

information on background levels is readily available it has been included. 

  



 
ENVIRONMENTAL RISK ASSESSMENT FOR THE CAMECO BLIND RIVER REFINERY 
 
 
 
 

 

arcadis.com 
351104 4-3 

Surface Water: 

Surface water screening follows the overall screening procedure outlined above; where maximum 
measured surface water concentrations are compared to their corresponding screening criteria.  Analytes 
that exceed their corresponding criteria are identified as COPCs. Where additional rationale is incorporated 

and interpreted for screening, it is noted within the screening tables.  

Surface Water: maximum measured concentrations (regardless of location) are compared to screening 

criteria. Analytes that exceed their corresponding criteria are identified as COPCs.   

Sediment 

Sediment screening follows the overall screening procedure outlined above; where maximum measured 
surface water concentrations are compared to their corresponding screening criteria.  Analytes that exceed 

their corresponding criteria are generally identified as COPCs, though, where additional rationale is 
incorporated and interpreted for screening, it is noted within the screening tables.  

Sediment: maximum measured concentrations (regardless of location) are compared to screening criteria. 

Analytes that exceed their corresponding criteria are identified as COPCs, additional rationale is 

incorporated and interpreted for select parameters.   

 

4.1 Gamma Measurements & Radionuclides – Preliminary Screening 

For the purposes of this ERA, all radionuclide and gamma measurement data are screened-in (i.e., are 

identified as stressors), and will undergo further risk evaluation for both HHRA and EcoRA. 

4.2 Groundwater - Preliminary Screening 

Preliminary screening of groundwater data is presented in Table 4.1, where maximum measured 
concentrations from the BRR GWMP are compared to groundwater screening criteria from MOE (2011) Soil, 

Groundwater and Sediment Standards (Table 2 values).  Where available, information on typical background 
levels of analytes in groundwater is used for comparison and interpretation. 

The MOE (2011) Table 2 values (for potable water, not within 30 m of a Water Body) were chosen. This is 
consistent with prior site investigations such as Golder (2008), which mentions that the active site areas are 
beyond 30 m from the Mississaugi River.  Soil sampling and screening comparisons performed by the MOE 

(MOE 2012) for the BRR are also based on standards for potable water beyond 30 m of a water body.  Our 
proposed approach is therefore consistent with these prior studies. 
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Based on the preliminary screening in Table 4.1, the following preliminary COPCs were identified: 

1. Ammonia (Total) 
2. U 

3. Radionuclides 
4. TBP

4.3 Surface Water – Preliminary Screening 

Preliminary screening of surface water data is presented in Table 4.2.  Maximum measured concentrations 
(regardless of location) were compared to the following hierarchy of screening criteria:  

 MOE (1999) Provincial Water Quality Objectives (PWQOs); and, 

 CCME (2015a, online) Water Quality Guidelines for the Protection of Aquatic Life; (wherever MOE 

(1999) values were not available). 
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Based on the preliminary screening in Table 4.2, the following surface water COPCs were identified: 

1. U; 
2. Radionuclides; 
3. Tributyl Phosphate (TBP). 

4.4 Air – Preliminary Screening 

The preliminary air quality screening is presented in Table 4.3, showing: 

 total, site-wide emission rates (aggregate); 

 maximum concentrations in air, based on either 1-hour, 24-hour, or 12-month (annual) averaging 

periods, derived using AERMOD model results as reported in SENES (2015);  

 air quality screening criteria obtained from MOE Summary of Standards and Guidelines to support 

Ontario Regulation 419/05 – Air Pollution – Local Air Quality; 

 a comparison between air quality screening criteria and maximum air concentrations (shown as a 

percentage); 

 the overall decision as to whether or not to identify each compound as a COPC requiring further 

evaluation in the risk assessment; and 

 notable comments or supporting rationale, where necessary. 
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Overall, as shown in Table 4.3 below, only uranium was identified as a COPC in air. 

4.5 Soil - Preliminary Screening 

Preliminary screening of soil data is presented in Table 4.4.  Maximum measured concentrations (regardless 

of location) were compared to screening criterion from both MOE (2011) (Table 2 values; see discussion 
below) and CCME (2015b; online) for perspective.   

Similar to the discussion for groundwater (see Section 4.2), soil criteria from MOE (2011) Table 2 (i.e. for sites 
not within 30 m of a waterbody) were chosen. This is consistent with prior site investigations such as Golder 
(2008), which mentions that the active site areas are beyond 30 m from the Mississaugi River.  Soil sampling 

and screening comparisons performed by the MOE (MOE 2012) for the BRR are also based on standards for 
potable water beyond 30 m of a water body.  Our proposed approach is therefore consistent with these prior 
studies. 
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Based on the preliminary screening in Table 4.4, uranium was identified as a COPC, to be included in further 
risk evaluations as part of the HHRA and ERA. 

4.6 Sediment – Preliminary Screening 

Table 4.5 presents a comparison of maximum sediment concentrations to corresponding screening criteria.  
Screening criteria were obtained from the following hierarchy of sources: 

1. MOE (2011) Table 1 – Full Depth Background Site Condition Standards; 
2. MOE (2008a) Guidelines for Identifying, Assessing, and Managing Contaminated Sediments in 

Ontario: An Integrated Approach; 
3. CCME (2015c, online) Sediment Quality Guidelines for the Protection of Aquatic Life; 
4. Thompson (2005) Derivation and Use of Sediment Quality Guidelines for Ecological Risk Assessment 

of Metals and Radionuclides Released to the Environmental from Uranium Mining and Milling 

Activities in Canada; and 
5. RIVM (2001) Maximum permissible concentrations for protection of ecosystem health (5th percentile 

of NOEC distributions). 
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5 HUMAN HEALTH RISK ASSESSMENT 

A HHRA is the evaluation of the probability of health consequences to humans caused by the presence of 
chemical contaminants at a Site.  To assess this probability it is necessary to take receptor characteristics, 

exposure pathways and mitigating circumstances into consideration.  The assessment of levels of 
unacceptable risk is evaluated using: toxicological information associated with the particular contaminants of 
concern; chemical and physical Site conditions; and known characteristics of the people interacting with the 

Site or connected media. 

The requirement for, approach to, and scope of, a HHRA is based on a fundamental understanding of: site 

conditions, including the nature, extent and distribution of the radiological and chemical hazards; the potential 
exposure pathways; and opportunities for human receptors that will frequent, use or populate the Site.  The 
following sections describe the HHRA and its components. 

5.1 Problem Formulation 

5.1.1 Receptor Selection & Characterization 

For consistency, the receptors included in the HHRA are derived primarily from those outlined in the BRR 

DRL (SENES 2013). However, additional pathways have been included for select receptors to better 
represent their interaction with key environmental media - including for example, swimming.  Six human 
receptor groups have been included in the HHRA; five of these are members of the public (with different age 

variants), and one is a worker receptor representing on-site BRR personnel (adult age group only). 

Under CSA N288.6 (2012), HHRAs apply to off-site receptors (i.e., members of the public) and on-site non-

nuclear energy workers (non-NEWs) that are not covered under the facility’s radiation protection program or 
health and safety program.  At the BRR facility, all workers are trained as NEWs, regardless of position or job 
function; this includes technologists and maintenance workers (Cameco 2015).  Therefore, for the purpose of 

this HHRA, on-site BRR workers are identified, but do not undergo quantitative evaluation as part of this 
assessment. 

Table 5.1 presents the complete list of human receptors along with their descriptions. 
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occur outdoors).  Therefore, a complete exposure pathway consists of a contaminant source, a release 
mechanism, one or more transport mechanisms, a point of exposure (receptor), and an exposure route for 

intake into the human body. 

For gamma and other external radiation, exposure can occur externally without one of the four primary 

exposure routes.  As a result, external radiation dose rates are included in this HHRA. 

It is important to note that the pathways included for human receptors are based primarily on the BRR DRL 

(SENES 2013) for consistency; however, additional pathways have been included for select receptors in 
order to better represent the environmental media they may be exposed to. 

5.1.3.1 Soil Exposure Pathways 

Based on the types of receptors, their characteristics, and their behaviours as described in Section 5.1.1, 

human receptors may come into contact with soil, resulting in the following potential soil exposures:   

 Dermal exposure to soil; 

 Incidental ingestion of soil; and, 

 Inhalation of airborne particulates that contain contaminated soil [on-site worker receptor (Receptor 

No. 6) only].  

Detailed breakdowns of soil exposure pathways, distinguishing between on-site worker receptors and off-

site members public, are presented in Table 5.2. 

5.1.3.2 Groundwater Exposure Pathways 

Based on the type of receptors, their characteristics, and their behaviours as described in Section 5.1.1, 
certain (though not all) human receptors may come into contact with contaminated groundwater resulting 

in the following groundwater exposures:   

 Dermal exposure to groundwater [on-site worker receptor (Receptor No. 6) only]; 

 Incidental ingestion of groundwater [on-site worker receptor (Receptor No. 6) only]; and, 

 Consumption of groundwater as drinking water (for select receptors only, see Table 5.2 and 

Table 5.4). 

Detailed breakdowns of groundwater exposure pathways, distinguishing between on-site worker receptors 

and off-site members public, are presented in Table 5.2. 
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5.1.3.3 Air Exposure Pathways 

Though air screening did not identify any COPCs that exceed their corresponding air concentration criteria, 
uranium has been included for air inhalation assessment due to its relevance to site operations, and 
because it has been identified as a COPC in other relevant connected media.  Air pathways include: 

 Inhalation of outdoor air; and, 

 Inhalation of indoor air. 

A detailed breakdown of all exposure pathways, distinguishing between on-site worker receptors and off-
site members public, is presented in Table 5.2. 

5.1.3.4 Surface Water Exposure Pathways 

Based on the type of receptors, their characteristics, and their behaviours as described in Section 5.1.1, 
certain (though not all) human receptors may come into contact with contaminated surface water resulting 
in the following surface water exposures:   

 Dermal exposure to surface water while swimming; 

 Incidental ingestion of surface water while swimming;  

 Dermal exposure to surface water due to falling into the lake;  

 Incidental ingestion of surface water due to falling into the lake; and, 

 Consumption of surface water as drinking water (for select receptors only, see Table 5.2 and 

Table 5.4). 

Detailed breakdowns of surface water exposure pathways, distinguishing between on-site worker receptors 

and off-site members public, are presented in Table 5.2. 

5.1.3.5 Contaminated Food Exposure Pathways 

Based on their characteristics and behaviour as described in Section 5.1.1, off-site receptors (members of 
the public), may come into contact with contaminated foods resulting in exposure to soil contaminants.  The 

contaminated food intakes included in this HHRA are based on those included in the BRR DRL (SENES 
2013) for consistency.  This includes:   

 Consumption of fish caught locally (and resulting ingestion of surface water COPCs taken up by 
the fish);  
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 Consumption of garden produce grown in off-site soil (and resulting ingestion of off-site soil COPCs 
taken up by the vegetation);  

 Consumption of wild game harvested locally (and resulting ingestion of soil COPCs taken up by 
the game species); and, 

 Consumption of wild fowl harvested locally (and resulting ingestion of soil COPCs taken up by the 
bird species).  

As described in Section 5.1.1, locally obtained fish, garden produce, game, and fowl comprise only a portion 
of the total dietary intake of the receptor. The proportions of locally obtained foods used in this study are 

outlined in Table 5.5. 

Detailed breakdowns of the food ingestion exposure pathway, distinguishing between the different human 

receptors, are presented in Table 5.2. 

5.1.3.6 Sediment Exposure Pathways 

Based on the type of receptors, their characteristics, and their behaviours as described in Section 5.1.1, 
certain (though not all) human receptors have sediment exposure pathways in the radiological HHRA, 

consistent with CSA N288.1.  These radiological HHRA pathways include:   

 Incidental ingestion of sediment while swimming/recreating along shoreline beaches; and, 

 External radiation exposure from sediment deposits while swimming/recreating along shoreline 
beaches (also listed in Section 5.1.3.8 below). 

Detailed breakdowns of surface water exposure pathways, distinguishing between on-site worker receptors 
and off-site members public, are presented in Table 5.2. 

5.1.3.7 Gamma Radiation Exposure Pathway 

Based on the characteristics and behaviour as described in Section 5.1.1, human receptors that are present 
in or near the BRR may experience external gamma exposure.   

Gamma radiation doses are assessed based on direct external gamma radiation exposure.  The dose rate 
from gamma radiation is added to the dose rate estimated from radionuclides in environmental media. 

In general, worker radiation doses are addressed under the BRR radiation protection program.   
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5.1.3.8 External Radiation Exposure  

Based on the characteristics and behaviour as described in Section 5.1.1, human receptors could 
potentially receive a radiological external dose from the following pathways, depending on their activities 
and location:  

 Immersion in surface water (from swimming; falling into water; and bathing);  
 External dose from soil deposits;  

 External dose from sediment (during swimming or shoreline recreating); and, 
 Direct gamma radiation (as discussed in Section 5.1.3.7).  

5.1.3.9 Summary of Inactive/Non-Applicable Exposure Pathways 

Based on the receptor descriptions and the defined activities they engage in, the following exposure pathways 

are not applicable: 

 External Exposure from Immersion in air (Radiological) 

In many cases immersion in air is not a dominant contributor to overall radiological dose.  The external dose 
contributed by air immersion is typically low enough to be neglected; only when specific conditions exist - such 
as confined spaces (where radionuclide levels can accumulate) or elevated concentrations of radionuclides 

in air – does the dose contribution from air immersion increase and warrant consideration.  Furthermore, air 
COPC screening shows that air concentrations are below their corresponding criteria.  Therefore, external 
radiological dose from air immersion can be excluded from further assessment. 

 Inhalation of Groundwater Vapours (Indoor or Outdoor) 

Inhalation of vapours from groundwater have been excluded since receptors are located either outdoors or in 

a ventilated indoor setting (in the case of the on-site BRR worker receptor) and not in spaces where vapours 
could accumulate.   

 Inhalation of Soil Vapours (Indoor or Outdoor) 

Inhalation of vapours from soil have been excluded since uranium - the only identified soil COPC – is not 
volatile.  

 Dermal Exposure to Suspended Sediments While Swimming/Recreating Along Shoreline Beaches 

Exposure from dermal contact can occur from direct contact with bulk sediments as well as with suspended 

sediments in the water column. As dermal absorption is a function of the adherence of sediment to exposed 
skin, exposure (adherence) from dermal contact with suspended sediments while swimming in surface water 
is expected to be negligible and was not considered.  
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 Inhalation of Suspended Sediment Particulate While Recreating Along Shoreline Beaches 

Exposure from inhalation of particulates (e.g., wind-entrained sediments) is expected to be negligible. In soil 

risk assessments, dust generation is assumed to occur only on days without precipitation (i.e., when soil is 
dry); in this assessment, the sediment to which the receptors are exposed is assumed to always be wet at the 
shoreline and thus exposure via this pathway was therefore not considered. None of the COPCs in sediment 

are volatile and thus exposure via inhalation of volatile vapours was also not evaluated. 

 Ingestion of Suspended Sediment via Lake Drinking Water Ingestion 

Resident receptors are assumed to use groundwater as drinking water; and as a result, they do not experience 
exposure via ingestion of suspended lake sediments in drinking water.  All other receptors are assumed to 
obtain their drinking water from the lake. It was assumed that the water would be drawn from a deeper part of 

the lake with minimal suspended sediment and thus ingestion of suspended sediment in drinking water is not 
considered an active exposure pathway.  

 Dermal Exposure to Suspended Lake Sediment Via Domestic Water Use 

Resident receptors are assumed to use groundwater as domestic water; and as a result, they do not 
experience exposure via dermal contact (bathing) with suspended lake sediments in domestic water.  Use of 

lake surface water for domestic water use is not associated with receptors other than the resident, and 
therefore, dermal contact with suspended sediment via bathing water is not considered an applicable pathway.  

 Inhalation of Soil Particulate/Dust (specifically to public receptors) 

Off-site member of the public receptors are not assessed for soil particulate/dust inhalation as part of their 
activities; though they are assessed for inhalation of outdoor air (based on modelled concentrations from BRR 

emissions).  

The on-site worker receptor (Receptor No. 6) is assessed for inhalation of soil particulate/dust as part of their 

activities, which is conservative (i.e. results in a higher inhalation dose than from inhalation of outdoor air). 

5.1.3.10 Summary of Active HHRA Exposure Pathways 

Exposure pathways related to each environment medium (soil, groundwater, surface water, and sediment) 
are described in their respective sections above.  An overall summary of exposure pathways for is 

presented in Table 5.2. 
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5.1.4 HHRA Conceptual Site Model (CSM) 

The overall HHRA study boundaries are based on knowledge of the site and surrounding area, and includes 
a range of known and potential contamination sources.  Figure 5.3 presents the location of human receptors, 
based on their locations in the BRR DRL (SENES 2013).  Figure 5.4 outlines the many environmental media 

included in this study, along with the exposure pathways that link these environmental media to human 
receptors.  Figure 5.5 and Figure 5.6 present a graphical conceptual site model, based on the known COPCs 
and their locations, identified receptors, and relevant exposure pathways. 
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Figure 5.3 Human Receptor Locations (BRR DRL - SENES 2013) 
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Figure 5.4 Human Receptor Pathways 
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5.2.2 Exposure Factors, Durations & Frequencies  

Table 5.5 presents the exposure factors for the HHRA (both non-radiological and radiological). Intake rates 
for fish, wild game, and wild fowl vary considerably from one source to the next.  The BRR DRL (SENES 
2013) uses values from HC (1994) which are indicative of ingestion rates for First Nations, these are typically 

higher (i.e. more conservative) than ingestion rates for non-First Nation peoples.  Overall, the most 
conservative combination of exposure values between CSA N288.6 (CSA 2012) and the BRR DRL (SENES 
2013) are used in the assessment and values that are not adopted are shaded in gray. References and brief 

rationale for each particular value are provided in the table. 

Table 5.6 presents the exposure durations for the HHRA. The overall time frames used for human receptors 

are taken from the BRR DRL (SENES 2013). These are shown in part (a) of the table.  However, for non-
radiological HHRA calculations following the CSA (2012) methodology, these annual time fractions must be 
converted into equivalent hours, days, and weeks. These converted equivalent values are shown in part (b) 

of the table for each receptor (only the applicable pathways for each receptor are shown).  
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5.2.3 Exposure Point Concentrations (Levels) 

As outlined in Table 5.4, there are many different environmental media that human receptors could potentially 
be exposed to. The following tables present the concentrations (or dose rates, for gamma) that are associated 
with the various environmental media.  These summary statistics are used as exposure point concentrations 

in subsequent exposure calculations. 

5.2.3.1 Non-Radiological 

For Tier 1 exposure calculations, the maximum concentration in any particular environmental medium is used, 
regardless of its location.  One exception is noted for surface water: where the maximum concentration is 

selected from among lake and river data, i.e. data from the on-site bog are not included in the selection.  Bog 
data are excluded because the bog is located within the BRR property boundary, which has controlled access.  
Therefore, members of the public could not reasonably access bog surface water locations. 

For Tier 2a exposure calculations, 95th percentile concentrations in corresponding environmental medium are 
used.  As mentioned above, surface water data from the bog are excluded. 

Among groundwater TBP concentration data, as shown in Table 5.9 a single maximum concentration 
measurement of 3 mg/L was identified.  However, this particular maximum value is suspect since it is well 

outside of the range of all other groundwater TBP measurements from 2012-2014. In addition, Cameco BRR 
has noted that the 3 mg/L value was not reproducible. Given these observations, the 3 mg/L TBP 
measurement is likely an outlier value.  In Tier 1 assessment the 3 mg/L maximum measurement is used as 

the groundwater exposure concentration, for conservatism.  In Tier 2a assessment the 95th percentile is used 
as the groundwater exposure concentration, which has a similar effect as giving less weight to the outlier 
value. The 95th percentile TBP concentration including the 3 mg/L was compared to the 95th percentile TBP 

concentration excluding the 3 mg/L value, and the two results were found to be essentially equal.    
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5.2.3.2 Radiological 

For radiological exposure calculations, measured radionuclide levels in any particular environmental medium 
are used, regardless of the location of each measurement (subject to the availability of radionuclide data).  
One exception is noted for surface water: where the maximum concentration is selected from among lake and 

river data, i.e. data from the on-site bog are not included in the selection.  Bog data are excluded because the 
bog is located within the BRR property boundary, and members of the public would not reasonably access 
bog surface water for drinking or swimming.   

For Ra-226, radionuclide measurements are available for select media and are used.   

For U-238, U-234, and U-235, activity is correlated from measured Unatural concentrations in environmental 
media (see section 5.2.3.1), following the methodology in Lowe (2004).   

For other radionuclides – which do not have measured data – their concentrations in environmental media 
are estimated by applying known radionuclide ratios in effluent, as described in Section 2.5.8.2.  The resulting 
radionuclide concentrations in environmental media and dietary intakes are shown in Table 5.13 and 

Table 5.14.  

For the contact with contaminated soil deposits pathway, soil concentrations are evaluated on a contaminated 

surface area basis (Bq/m2).  To assess this pathway, maximum soil concentrations, available on a mass basis 
in Bq/gDW were converted from a mass concentration to a volume concentration using a density of 
1600 kg/m3 (US NRC (1977)).  It was assumed, conservatively, that the contamination was contained with 

the top 1 cm of soil and using this assumption an activity by surface area was calculated.  

	 	
2
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5.2.4 Radiological Dose Calculation Methods 

5.2.4.1 Internal Dose from Inhalation 

The radiological dose from inhalation is calculated for each radionuclide using Equation 5-1, based on the 

methodology from CSA (2012): 

iairinhinh OFCDCIRD   

(5-1) 
Where: 

 Dinh = internal radiation dose from inhalation [Sv/yr]  
 IR = inhalation rate [m3/yr]  
 DCinh = inhalation dose coefficient [Sv/Bq] 

 Cair = concentration in air [Bq/m3] 
 OF = occupancy factor (fraction of time exposed) [unitless] 
 
5.2.4.2 Internal Dose from Incidental Ingestion of Groundwater 

The radiological dose from incidental ingestion of groundwater is calculated for each radionuclide using 

Equation 5-2, based on the incidental soil ingestion methodology from CSA (2012): 

gwfgwgwgw CDCEFID       (5-2) 

Where: 
 Dgw = internal radiation dose from incidental ingestion of groundwater [Sv/yr]  

 Igw = incidental groundwater ingestion rate [L/d]  
 EFgw = days per year in which the incidental ingestion could occur [d/yr]  

DCf     = internal dose coefficient for intake by ingestion [Sv/Bq] 

 Cgw = concentration in groundwater [Bq/L] 
 
5.2.4.3 Internal Dose from Incidental Ingestion of soil or Sediment 

The radiological dose from incidental ingestion of soil is calculated for each radionuclide, following 
Equation 5-3 (CSA 2012): 

sfsss CDCEFID       (5-3) 

Where: 

 Ds = internal radiation dose from incidental ingestion of soil [Sv/yr]  

 Is = incidental soil ingestion rate [kg/d]  
 EFs = days per year in which the incidental ingestion could occur [d/yr]  
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DCf     = internal dose coefficient for intake by ingestion [Sv/Bq] 
 Cs = concentration in soil [Bq/kg] 

5.2.4.4 Internal Dose from Ingestion of Contaminated Foods 

The radiological dose from ingestion of contaminated food is calculated for each radionuclide, following 
Equation 5-4 (CSA 2012): 

 ffffff CDCIgD    (5-4) 

Where: 

 Df = internal radiation dose from ingestion of contaminated food [Sv/yr]  
 ρf = adjustment factor for food processing (assumed to be 1) [unitless]  
 gf = fraction of food from contaminated source (assumed to be 1) [unitless]  

 Is = food ingestion rate [kg/yr]  
DCf     = internal dose coefficient for intake by ingestion [Sv/Bq] 

 Cs = concentration in soil [Bq/kg] 

5.2.4.5 External Dose from Immersion in Surface Water 

The radiological external dose from immersion in surface water (while swimming, or falling into the water) 
is calculated for each radionuclide, following Equation 5-5 (CSA 2012): 

 wiwwcwwiwi COFOFDOFDCD  )"'(   (5-5) 
 

Where: 

 Dwi = external radiation dose from immersion in water [Sv/hr]  
DCwi   = external dose coefficient for immersion in contaminated water [Sv/yr per Bq/L] 

 OFw = fraction of the year spent immersed in surface water [unitless] 
Dc       = Correction factor to account for finite size of bathtub – not applicable for immersion in 

surface water body [unitless] 

ρ         = correction factor to account for processes that may remove radionuclides from water 
(e.g., sedimentation, water treatment plant, etc.) – assumed no removal [unitless] 

OFw’   = fraction of time spent bathing [unitless] 

OFw”   = fraction of time spent swimming in pool – not applicable, swimming assumed to occur in 
surface water (assumed equal to zero) [unitless] 

Cwi = surface water concentration for immersion [Bq/L] 

5.2.4.6 External dose from contaminated ground deposits 

1  



 
ENVIRONMENTAL RISK ASSESSMENT FOR THE CAMECO BLIND RIVER REFINERY 
 
 
 
 

 

arcadis.com 
351104 5-44 

Where: 

fo = fraction of total time spent by the individual at the exposure location [unitless[ 
fr = dose reduction factor to account for non-uniformity of the ground surface [unitless] 
fu        = time spent outdoors at the exposure location as a fraction of total time spent at that location 

[unitless] 
Sg        = shielding factor for groundshine, or fraction of the outdoor groundshine dose received indoors 

due to shielding by buildings [unitless] 

DCg = effective dose coefficient for an infinite plane ground deposit [Sv•a–1•Bq–1•m2] 

Cg = activity in ground surface [Bq•m–2] 

5.2.4.7 External Dose from contaminated shoreline sediment (beach sand) 

 

Where: 

OFs       = shoreline occupancy factor, or fraction of time an individual spends on contaminated shoreline 
(unitless) 

W = shore-width factor that describes the shoreline exposure geometry (unitless) 

DCs    = dose coefficient for a sediment uniformly contaminated to a depth of 5 cm  
(Sv•a–1•Bq–1•kg dw) 

DFs      = dilution factor for shoreline deposits that allows for non-equilibrium between suspended 

sediment and shoreline deposits (unitless) 

5.2.5 Dose Coefficients 

Radiological assessment involves the use of dose coefficients (DCs) that convert levels of radionuclides in 
environmental media or intakes into radiation doses to human receptors.  In the case of external exposure to 

gamma radiation, on-site monitoring measurements were used. 

The DCs used in the radiological HHRA calculations were selected from literature references using the 

following hierarchy, consistent with CSA (2012).  DCs for worker external air and water immersion doses - 
i.e., US EPA 1993a, as recommended in CSA (2012) - are not required since these pathways are not 
applicable to on-site worker receptors (see Table 5.4). 

1. On-Site Worker Receptors (non-NEWs) (See Section 5.1.1) 

a. ICRP 68 (1994) 
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5.2.6 Non-Radiological Dose Calculation Methods 

5.2.6.1 Incidental Ingestion of Soil 

The non-radiological dose from incidental ingestion of soil is calculated for each COPC following 

Equation 5-7, based on CSA (2012): 

LEBW
DDDAFIRCD GITss

s 



321

 

(5-7) 

Where: 

 Ds = dose from incidental ingestion of soil [mg/kg/d]  

Cs = concentration of COPC in soil [mg/kg]  

 IRs = incidental soil ingestion rate [kg/d]  

AFGIT   = absorption factor for gastrointestinal tract (assumed equal to 1) [unitless]  

D1       = days per week exposed, divided by 7 days [d/d] 

D2       = weeks per year exposed, divided by 52 weeks [wk/wk] 

D3       = total years exposed to site (for carcinogens only) [yr] 

BW     = receptor body weight [kg] 

LE      = Life expectancy (for carcinogens only) [yr] 

As shown in Table 5.5, an averaging time of 1 is used for assessing chronic exposure, whereas an averaging 

time of 0.5 is used for assessing short-term exposure (along with the appropriate short-term TRVs).  In present 
calculations chronic exposure is assessed, and therefore the averaging time fraction is excluded. 

5.2.6.2 Incidental Ingestion of Groundwater 

The non-radiological dose from incidental ingestion of groundwater is calculated for each COPC, following 

Equation 5-8 (CSA 2012): 

LEBW
DDDAFIRCD GITgwgw

s 



321

 

(5-8) 

Where: 

Dgw = dose from incidental ingestion of groundwater [mg/kg/d]  
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Cgw = concentration of COPC in groundwater [mg/L]  

IRgw = incidental groundwater ingestion rate [L/d]  

AFGIT   = absorption factor for gastrointestinal tract (assumed equal to 1) [unitless]  

D1     = days per week exposed, divided by 7 days [d/d] 

D2     = weeks per year exposed, divided by 52 weeks [wk/wk] 

D3      = total years exposed to site (for carcinogens only) [yr] 

BW    = receptor body weight [kg] 

LE      = Life expectancy (for carcinogens only) [yr] 

5.2.6.3 Ingestion of Contaminated Food 

The non-radiological dose from ingestion of contaminated food is calculated for each COPC, following 
Equation 5-9 (CSA 2012): 

365

])([ 21__

_ 


 

LEBW
DDRAFIRC

D
GITifoodifood

ingf  

(5-9) 

Where: 

Df_ing = dose from contaminated food ingestion [mg/kg/d]  

Cfood_i = concentration of COPC in food item “i” [mg/kg]  

IRfood_i = ingestion rate of food item “i” [kg/d]  

RAFGIT   = relative absorption factor for the gastrointestinal tract, for a particular COPC, in 
food item “i” (assumed equal to 1) [unitless]  

D1        = days per year over which the consumption of food “i” occurs [d/yr] 

D2        = total years exposed to site (for carcinogens only) [yr] 

BW      = receptor body weight [kg] 

LE       = Life expectancy (for carcinogens only) [yr] 

365      = total days per year (constant) [d/yr] 

For the purposes of this study, consumption of contaminated foods is assumed to occur 365 days per year 
(D1). Therefore, mathematically D1 (numerator) and 365 (denominator) in the equation above can be 

omitted. 

Concentrations of COPCs in consumed foods are shown in Table 5.11.
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5.2.6.4 Incidental Ingestion of Surface Water While Swimming 

The non-radiological dose from incidental ingestion of surface water while swimming (or falling into the 
harbour) is calculated for each COPC, following Equation 5-10 (CSA 2012): 

ATBW
EDEFETIRCD swsw

sw 


  

(5-10) 

Where: 

Dsw    = dose from incidental ingestion of surface water while swimming or falling into the 
harbour [mg/kg/d]  

Csw = concentration of COPC in surface water [mg/L]  

IRsw = incidental surface water ingestion rate [L/hr]  

ET        = exposure time [hours/event] 

EF        = exposure frequency [events/yr] 

ED        = exposure duration [yrs] 

BW      = receptor body weight [kg] 

AT      = averaging time (i.e., period over which the exposure is averaged) [d] 

5.2.6.5 Soil Dermal Uptake  

The non-radiological dose from dermal soil uptake is calculated for each COPC, following Equation 5-11.  

Equation 5-11 is based on the calculation methods of Health Canada (2010) and US EPA (2004), with 
terms included for averaging time (for carcinogenic COPC calculations), consistent with CSA (2012): 

  (5-11) 

Where: 

  = exposure to COC in soil through the dermal pathway [mg/(kg-d)]  

 Cs = soil concentration [mg/kg]  

 SA = exposed skin surface area [cm2]  

 SL = soil loading to exposed skin [(mg)/(cm2 event)]  

 RAF = dermal absorption factor [-] 

ATBW
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  (5-12) 

Where: 

  = exposure to COC in water through the dermal pathway [mg/(kg-d)]  

 DAev    = absorbed dose per event [mg/cm2/event] 

 SA = exposed skin surface area [cm2] 

 EFw = exposure frequency to water [events/d] {assumed to be 1 event per day} 

 D2/7 = days per week exposed/7 days [d/d] 

 D3/52 = weeks per year exposed/52 weeks [wk/wk] 

 D4 = total years exposed to site (for carcinogenic COC only) [yr]  

 BW = body weight [kg] 

 AT = averaging time (for carcinogenic COCs only) [yr]  

Inorganic COPCS - DAev 

For inorganic COPCs, the skin has a limited capacity to reduce the transport rate and the viable epidermis 

does not act as a barrier.  Therefore, the absorbed dose (DAev) can be calculated from Equation 5-13: 

  (5-13) 

Where: 

 DAev = absorbed dose per event [mg/cm2/ev] 

 Kp = dermal permeability coefficient in water [cm/h]  

 Cw = concentration in water [µg/L] 

 tev = event duration [h/ev] 

 CF = conversion factor 1x10-6 [conversion from µg/L to mg/cm3] 

In this study, the exposure times used in dermal uptake equations are those presented in Table 5.5 and 
Table 5.6.  
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Organic COPCS - DAev 

For organic COPCs, the calculation is dependent on the contact time and the time required to reach steady 
state.  Equations 5-14 and 5-15 are used to estimate the absorbed dose (DAev): 

 If tev  t*  (5-14) 

 If tev > t*  (5-15) 

Where: 

 FA = fraction absorbed [-]  

 τ = lag time [h]  

 tev = event time (duration) [h]  

 t* = time to reach steady state [h]  

 CF = conversion factor 1x10-6 [(mg/cm3)/(µg/L)] 

 B = ratio of the permeability coefficient of a compound through the stratum corneum 
relative to its permeability coefficient across the viable epidermis  

In this study, the exposure times used in dermal uptake equations are those presented in Table 5.5 and 
Table 5.6.  For highly lipophilic chemicals or for chemicals that have a long lag time, some of the chemical 
dissolved into skin may be lost due to desquamation during that absorption period.  The fraction absorbed 

(FA) term has been included to account for this loss of chemical due to desquamation.  The conservative 
default for this parameter is 1 (i.e., assuming no loss due to desquamation), which is used in this assessment.  
However, alternative values can be obtained on a chemical-specific basis from U.S. EPA (2004). 

An empirical predictive correlation is provided to estimate the permeability coefficient for organics:  

  (5-16) 

Where: 

 Kow = octanol-water partition coefficient  

 MW = molecular weight [g/mole]  
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Chemicals with very large and very small Kow values are outside of the range of the empirical relationship; 
however, the relationship can be used as a preliminary estimate (U.S. EPA 2004). 

Assuming that the thickness of the stratum corneum is 0.001 cm the following equation can be used to 
determine the lag time: 

  (5-17) 

For longer exposure durations, the absorbed dose is restricted by the permeability of the viable epidermis and 
the stratum corneum, and thus B, the ratio of the permeability of the stratum corneum to that of the epidermis 

is an important factor in the equation.  The value of B can be approximated by: 

  (5-18) 

The calculation of the time to reach steady state (t*) is dependent on B according to the following equations: 

 If B  0.6  (5-19) 

 If B > 0.6  (5-20) 

  (5-21) 

  (5-22) 

Where: 

 b,c = correlation coefficients 

Table 5.20 summarizes the dermal permeability coefficients (Kp values) used in the calculations of dermal 

exposure to surface water or groundwater.   
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LE       = Life expectancy (for carcinogens only) [yr] 

LE
DDDDPCD airs

sp
4321 

  

(5-24) 

Where: 

Di = exposure from inhalation [mg/m3]  

Cs = concentration of COPC in soil [mg/kg]  

Pair = particulate concentration in air [kg/m3]  

D1   = hours per exposure event, divided by 24 hours [hr/hr] 

D2   = days per week exposed, divided by 7 days [d/d] 

D3   = weeks per year exposed, divided by 52 weeks [wk/wk] 

D4   = total years exposed to site (for carcinogens only) [yr] 

LE   = Life expectancy (for carcinogens only) [yr] 

In the absence of measured air concentrations, concentrations of COCs associated with particulate in 
ambient air can be estimated from soil data using an assumed respirable ( 10 µm aerodynamic diameter) 
particulate concentration.  For the maintenance and sub-surface workers who may be exposed to a higher 

concentration of particulates as a result of soil resuspension during typical activities, a respirable particulate 
concentration of 60 µg/m3 (or 6.0x10-8 kg/m3) is typically used (MOE 2009).  For all other receptors, a value 
of 0.76 µg/m3 (or 7.6x10-10 kg/m3) as provided by Health Canada (2004) is typically used for areas with no 

construction activities. 

In this study, air concentrations at receptor exposure locations have been estimated and are used directly. 

Therefore, the air inhalation calculation replaces Cs (mg/kg) and Pair (kg/m3) in Equation 5-24 with the 
modeled air concentration (in µg/m3), with the appropriate unit conversion.   

5.2.7 Gamma Dose Estimates 

Gamma dose rates are estimated based on measured gamma levels at monitoring stations (see Table 5.15 

and Table 5.16). Gamma dose rates are included in the overall dose assessment, and are discussed in 
Section 5.4.3.2. 
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5.3 Toxicity Assessment 

5.3.1 Non-Radiological COPCs - Toxicological Reference Values  

Exposure to non-radionuclide contaminants (i.e. chemical contaminants) is conventionally assessed against 

Toxicity Reference Values (TRVs).  Toxicity is the potential of a chemical to cause some type of damage, 
either permanent or temporary, to the structure or functioning of any part of the body.  The toxicity depends 
on the amount of the chemical taken into the body (generally termed the intake or dose) and the length of 

time a person is exposed.  Every chemical has a specific dose and duration of exposure that is necessary to 
produce a toxic effect in humans.  Toxicity assessments generally involve the evaluation of scientific studies, 
based either on laboratory animal tests or on workplace exposure investigations, by a number of experienced 

scientists in a wide range of scientific disciplines in order to determine the maximum dose that a human can 
be exposed to without having an adverse health effect.   

Toxicity assessments generally categorize adverse effects as short term (acute) or long term (chronic).  This 
HHRA focuses on the assessment of long term (chronic) effects. 

Carcinogenic TRVs 

Carcinogenesis is generally assumed to be a "non-threshold" type phenomenon whereby it is assumed that 

any level of exposure to a carcinogen poses a finite probability of generating a carcinogenic response.  
Carcinogenic TRVs or slope factors are used to estimate an upper-bound lifetime probability of an individual 
developing cancer as a result of exposure to a particular level of a potential carcinogen.  The carcinogenic 

TRV is, therefore, the incremental lifetime cancer risk per unit of dose. 

Non Carcinogenic TRVs 

For many non-carcinogenic effects, protective biological mechanisms must be overcome before an adverse 
effect from exposure to the chemical is manifested.  For this reason, scientists generally agree that there is a 

level (threshold) below which no adverse effects would be measurable or expected to occur.  This is known 
as a "threshold" concept.  Non-carcinogens are often referred to as "systemic toxicants" because of their 
effects on the function of various organ systems.  These toxicity reference values are generally called 

reference doses (RfDs), tolerable daily intakes (TDIs) or acceptable daily intakes (ADIs) and are generally 
derived by regulatory agencies such as Health Canada and the United States Environmental Protection 
Agency (U.S. EPA).  These TRVs are usually expressed as the quantity of a chemical per unit body weight 

per unit time (mg/kg-day) or as an air concentration (mg/m3) and have generally been derived for sensitive 
individuals in the public using the most sensitive endpoint available.  These factors involve the incorporation 
of “uncertainty factors” by regulatory agencies to provide protection for members of the public.   

There are several regulatory sources that report TRVs for evaluation of effects from long-term (i.e., chronic) 
exposure.  The main sources ued in this study are: 
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1. Health Canada; 

2. Ontario Ministry of Environment (OMOE) – citing CalEPA, IRIS, RIVM and others; 

3. Canadian Council of Ministers of the Environment (CCME); 

4. US California EPA (CalEPA);  

5. U.S. EPA Integrated Risk Information System (IRIS) database;  

6. World Health Organization (WHO);  

7.  Netherlands National Institute of Public Health and the Environment (RIVM); and 

8. Agency for Toxic Substances and Disease Registry (ATSDR).  

Table 5.21 presents the human-health TRVs selected for use in this assessment. 
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5.4.2 Non-Radiological Risk Characterization 

For this study, both non-carcinogens and carcinogens are included.  

For many non-carcinogenic effects, protective biological mechanisms must be overcome before an adverse 

effect is manifested from exposure to the COC.  This is known as a "threshold" concept.  For non-carcinogenic 
COCs, the hazard quotient (HQ) is used to assess the potential for effects.  Consistent with CSA (2012), HQs 
are calculated for threshold-acting chemicals on a per medium basis.  It is important to note that TRVs specific 

to the dermal absorption pathway are largely not available.  As such, oral toxicity data have been used as 
surrogates for the dermal pathway.  Therefore it is appropriate to combine the oral and dermal exposures 
together (summed).  In general, inhalation HQs are provided separately since effects resulting from inhalation 

exposure are generally for a different endpoint compared to the oral route.  The inhalation HQs are summed 
with those from the oral and dermal pathways only if the endpoints for the different routes of exposure are the 
same.  Overall, Equation 5-27 defines the HQ calculation procedure: 

(5-27) 

d

DERMAL

o

ING
OD

TRV
D

TRV
DHQ ss

s   

  

d

DERMAL

o

ING
OD

TRV
D

TRV
DHQ gwgw

gw   

  

 
Where: 
 

 HQODs  = HQ for oral ingestion (soil), including dermal contribution 

 HQODgw = HQ for oral ingestion (groundwater), including dermal contribution 

 DINGs  = Dose from incidental soil ingestion 

 DINGgw  = Dose from incidental groundwater ingestion 

 DDERMALs  = Dose from dermal exposure to soil 

 DDERMALgw = Dose from dermal exposure to groundwater 

 HQo  = Hazard quotient – oral exposure [-] 

 HQi  = Hazard quotient – inhalation exposure [-] 

 Da,p   = Dose from airborne soil particulate 

 Da,v   = Dose from airborne soil vapours  

 TRVi  = Toxicity Reference Value for inhalation exposure (RfC) [mg/m3] 

 TRVo  = Toxicity Reference Value for oral exposure (RfD) [mg/(kg-d)] 

 TRVd  = Toxicity Reference Value for dermal exposure [mg/(kg-d)]  
     (TRVd assumed equal to TRVo) 
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When all pathways of exposure and background sources are considered, if the HQ is below a value of 1.0, 
no potential exists for an adverse effect for the selected receptor.  However, in this assessment there are 

potential pathways of exposure from other sources that have not been included (e.g., natural background 
levels in water, store-bought food, etc.).  For this reason, the calculated HQ is compared to a more 
conservative value of 0.2, consistent with risk assessment practice (CSA 2012).   

For carcinogenic COCs, an incremental lifetime cancer risk (ILCR) is calculated by multiplying the estimated 
dose (in mg/(kg-d)) by the appropriate slope factor (in (mg/(kg-d))-1) for dermal and oral exposures, and the 

amortized air concentration (mg/m3) by the appropriate unit risk (in (mg/m3)-1) for inhalation.  This is shown in 
Equation (5-28).  The estimate corresponds to an incremental risk of an individual developing cancer over a 
lifetime as a result of exposure.  Risk is defined as follows: 

  (5-28) 

 

  

Where: 

 TRVo = TRV for carcinogenic effects from oral exposure (SF) [(mg/(kg-d))-1] 

 TRVd = TRV for carcinogenic effects from dermal exposure [(mg/(kg-d))-1] (assumed equal 
to TRVo) 

 TRVi = TRV for carcinogenic effects from inhalation (UR) [(mg/m3)-1] 
 
The calculated risk is then compared to acceptable benchmarks.  In this assessment, an incremental risk level 
of 1 x 10-6 (1 in 1,000,000) was used to assess carcinogenic effects, consistent with the OMOE (2011b) to 
represent an “essentially negligible” risk. 

5.4.2.1 Addition Across Exposure Routes 

Combining Oral and Dermal Exposures: 

In an HHRA, it is generally acceptable to sum hazard quotients or risk levels across exposure routes when 
the adverse health effect has the same toxicological endpoint and mechanism of action.   

In this assessment, it was considered that the mechanisms of action for the oral and dermal exposure routes 
(when toxicity values are available) are the same for all contaminants, and therefore HQs and risks were 

summed across the oral and dermal exposure routes.  

Combining Oral, Dermal, and Inhalation Exposures: 

Inhalation was also added to the oral and dermal total only if the endpoint and mechanism of action were the 
same as those for oral and dermal exposure.  The inhalation TRVs outlined in Table 5.21 were reviewed for 
common endpoints and mechanisms of action.  Of the identified COPCs for this HHRA, the following were 

found to have common endpoints and therefore their inhalation components can be combined with their 
dermal and oral components: 

   d
s
dermaloso TRVDTRVDRisk 

  ivapai TRVDDRisk  ,,
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 Non-Carcinogenic Exposure:  Uranium. 
 Carcinogenic Exposure: None. 

5.4.3 Risk Estimate Results  

5.4.3.1 Radiological Risk 

The following tables present the estimated radiological doses for worker and member of public receptors, 

based on their respective environmental media and exposure locations, along with a comparison to the dose 
limit outlined in Section 5.3.2).  

Estimates are based on derived maximum levels in environmental media (i.e. groundwater, surface water, 
soil, and air) (see Sections 2.5.8 and 5.2.3).  
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5.4.3.2 Gamma Dose  

As discussed in the BRR DRL (SENES 2013), the external dose received from gamma radiation originating 
from the BRR decreases as distance from the facility increases (among other factors).  From this, receptors 
located closest to the facility are expected to experience higher potential gamma dose rates; and, as 
discussed in SENES (2013), the gamma dose rate at residence locations can be assumed to be negligible 
(i.e. essentially zero) due to their distance.  From this, gamma dose estimates in this HHRA focus on the golf 
course worker receptor – located north of the facility - as this is the closest public receptor.   

The overall approach used to estimate gamma dose rates is based on that used in the BRR DRL (SENES 
2013).  This involves comparing gamma measurements from the fenceline to gamma measurements at 
distant stations.  Because gamma measured at distant stations represents background levels (gamma 
contributions from the BRR are essentially zero at these locations), this provides an estimate of background 
gamma, which can be subtracted from measured fenceline gamma levels to determine the incremental 
gamma dose rate that can be attributed to the BRR. 

Gamma measurement data from fenceline monitoring locations are presented in Table 5.15. Gamma 
measurement data from hi-vol monitoring stations is presented in Table 5.16.  The locations of these 
monitoring stations are discussed in Section 2.5.7.  Comparison between gamma measurements from the 
‘eastern fenceline’ location to those from the ‘Town STP’ location shows a difference ranging from 0.16 to 
0.32 µSv/hr (with an average difference of 0.23 µSv/hr). Comparison between gamma measurements from 
the ‘northern fenceline’ location to those from the ‘Hydro Yard’ location shows a difference ranging from 0.11 
to 0.49 µSv/hr (with an average difference of 0.18 µSv/hr).  Lastly, comparison between gamma 
measurements from the ‘northern fenceline’ location to those from the ‘Golf Course’ location shows a 
difference ranging from 0.10 to 0.49 µSv/hr (with an average difference of 0.17 µSv/hr).   

Based on these results, the incremental gamma dose rate attributed to the BRR ranges from 0.11 to 
0.49 µSv/hr (with an overall average of 0.19 µSv/hr) at the fenceline, and measured background gamma dose 
rates range from 0.11 to 0.13 µSv/hr.  The DRL (SENES 2013) identified a nominal background level of 
0.11 µSv/h for the Blind River area, with measured background gamma levels (from ‘Hydro Yard’ and ‘Town 
STP’ stations) also ranging from 0.11 to 0.13 µSv/hr). 

From the above comparisons, an important observation is that all gamma measurements obtained at the ‘Golf 
Course’ location range from 0.11 to 0.13 µSv/hr in 2014, which is equal to the range of measured background. 
Therefore, even at the golf course (which represents the highest expected gamma dose to a public receptor), 
there is essentially zero incremental gamma contribution from the BRR, despite measured fenceline levels 
during this same period.   
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5.4.3.3 Non-Radiological Hazard and Risk  

The following tables present the estimated non-radiological hazard (non-carcinogenic) and risk (carcinogenic) 
results for worker and member of public receptors, based on their respective environmental media and 
exposure locations.  

Tier 1 estimates are based on maximum concentrations in environmental media (i.e. groundwater, surface 
water, soil, and air) (see Section 5.2.3).  Only those receptor-media combinations with estimated HQ or risk 
results that exceed their corresponding benchmark values are carried forward into tier 2 calculations 
(discussed below).  

Tier 2a estimates are performed only for those receptor-media combinations whose HQ or risk results 
exceeded their corresponding benchmark values in Tier 1.  Tier 2a estimates are based on 95th percentile 
concentrations (see Section 5.2.3) in the appropriate environmental media (i.e. only those media that were 
identified via Tier 1 results).  For surface water, Tier 2a results indicated exceedances of the TBP benchmark 
for select receptors.  Therefore, the assessment was further refined using a Tier 2b estimate by assuming 
95th percentile effluent concentrations of TBP (2.7 mg/L) from 2014 BRR environmental monitoring program 
with a dilution factor of 500 (Arcadis 2015a). 
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5.4.4 Discussion 

5.4.4.1 Radiological Risk 

It is important to note that radiation doses to on-site facility workers are not generally part of an ERA, and 
are addressed through the facility’s radiation safety program, according to CSA (2012). 

To evaluate the risk to off-site public receptors, annual doses were estimated based on maximum measured 
radionuclide levels in environmental media (wherever such measured data are available), and through the 

use of radionuclide ratios (as discussed in Section 2.5.8.2) for Pb-210, Po-210 and Th-230.  All estimated 
doses are well below the dose limit and, therefore, no undue impacts are expected to workers or members 
of the public. 

Gamma dose rates were discussed in Section 5.4.3.2.   

Supplemental Calculations: Measured vs. Kd-derived Sediment Concentrations. 

Initial radiological HHRA calculations were performed based on sediment concentrations that were derived 
from surface water data using Kd distribution coefficients. Later, measured sediment data became available 

from Arcadis (2015a).  A comparison of measured sediment concentrations to Kd-derived sediment 
concentrations is shown in Table 5.17 and discussed in Section 1.1.1.1.  Additional radiological HHRA 
calculations were performed using the measured sediment concentrations, with the results presented in 

Table 5.23 and Table 5.24. 

Similar to the radiological HHRA results based on Kd-estimated sediment levels, the radiological HHRA 

results based on measured sediment concentrations show that dose estimates are well below the dose 
limit. 

5.4.4.2 Non-Radiological Risk 

As shown in Section 5.4.3.2, risk and HQ results for specific receptor-media combinations were found to 

exceed their corresponding Tier 1 benchmark values. These receptor-media combinations were then carried 
forward for Tier 2a and Tier 2b calculations.  Risk and HQ exceedances in the Tier 1, Tier 2a, and Tier 2b 
assessments are summarized in Table 5.39 below, for reference, to show the progression through the tiers. 
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From Table 5.39, it is clear that the Tier 2a HQ and risk results that exceed their corresponding benchmark 
values are related to: 

1. TBP in groundwater:  Resident Receptors; and, 
2. TBP in surface water:  Boom Camp, Cottager, Golf Worker, Hydro Worker Receptors. 

Each of these is discussed below; additional information is introduced that is used to form subsequent Tier 2b 
investigation.  

Resident Receptors: TBP in Groundwater 

For the resident receptor, all residual Tier 2a groundwater-related HQ and risk exceedances for TBP are 

related to exposure through the assumed ingestion of groundwater as drinking water.  However, groundwater 
measurement data are from within (or adjacent to) the BRR site, and not from residential areas where 
receptors would obtain their hypothetical groundwater drinking water.  

A total of 140 TBP measurements were obtained across 2013 and 2014, from on-site groundwater.  Of the 
140 measurements, five (5) showed measurable TBP levels ranging from 0.6 mg/L to 3 mg/L. All five of these 

measurements occur among GW wells 'BH23', 'BH24', and 'BH25', which are located in the interior active 
area of the BRR site.  Based on the DRL (SENES 2013), GW is assumed to be a potential source of drinking 
water only for off-site resident receptors.  In 2007, the BRR contracted Golder to perform an evaluation of the 

BRR groundwater monitoring program (Golder, 2007).  Among other findings, the Golder (2007) study 
identified that groundwater well 'BH6' is located approximately 100 m upgradient from the BRR site and 
represents un-impacted background groundwater conditions. All TBP measurement data obtained from BH6 

show non-detect concentrations of TBP (based on the 2013-2014 dataset used in this study).  A study by 
Golder in 2008 (Golder 2008b) further investigated the groundwater profile at the BRR site and determined 
that groundwater flow paths move diagonally – in general - from the northeast boundary of the site, toward 

the southwest boundary of the site, which is closest to the river.  Groundwater well BH6 is located 
approximately northeast of the northeastern-most boundary of the site.  So, given that:  

 Measurable TBP levels are limited to select on-site areas (with restricted access) where groundwater 
is not used as a source of drinking water; 

 Off-site resident receptors that may use groundwater as drinking water are located at distances much 

greater than 100 m upgradient from the BRR facility, see Figure 5.5 (i.e. TBP in groundwater cannot 
migrate upgradient toward the resident receptor locations); and, 

 Upgradient background groundwater conditions do not contain measureable TBP concentrations. 

It is therefore unlikely that resident receptors would be exposed to on-site groundwater TBP concentrations 
in drinking water, and as such, no adverse effects are expected. 
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5.5 Uncertainties 

Many areas of uncertainty attend a risk assessment. This is due to the fact that assumptions have to be made 
throughout the assessment either due to data gaps, environmental fate complexities or in the generalization 
of receptor characteristics. To be able to place a level of confidence in the results, an accounting of the 

uncertainty, the magnitude and type of which are important in determining the significance of the results, must 
be completed. In recognition of these uncertainties, several conservative assumptions were used throughout 
the assessment to ensure that the potential for an adverse effect would not be underestimated. The major 

assumptions are outlined below. 

Exposure Point Concentrations 

Measured concentrations of COPCs, and measured activities of radionuclides, were used wherever such data 
was available.  For non-radiological COPCs, the HHRA uses the maximum and 95th percentile concentrations 

from throughout the year. The use of these concentrations assumes that receptors are exposed to these 
higher concentrations year-round when, in reality, there is both spatial and temporal variations in 
concentrations. Thus, exposures are likely overestimated in the assessment. 

Radium-226 is the only radionuclide that is measured in surface water and groundwater. No radionuclides are 
measured in soil. Therefore, the activity concentrations of other radionuclides (Pb-210, Po-210, Th-230, 

U-238, U-234, and U-235) had to be estimated as outlined in Section 2.5.8. Although for HHRA this involves 
the use of specific activity estimates as well as the application of radionuclide ratios in facility effluents, these 
estimations use the maximum measured level of Unat in environmental media as their starting point.  It is 

therefore unlikely that the resulting doses would be underestimated given the use of maximum concentrations. 

Transfer Factors 

The concentration of COPCs and radionuclides in food (i.e. fish, produce, wild game (deer), and wild fowl 
(grouse)) had to be estimated using transfer factors from literature and pathways/intake calculations. There is 

some uncertainty involved in the use of transfer factors and data that are not site-specific; however, in the 
absence of measured concentrations in food, this approach provides the only method for estimating 
concentrations and for estimating transfer up the food chain. 

Human Receptor Characterization  

For all human receptors it is conservatively assumed that the incidental soil ingestion rate is constant, and 
that they ingest the corresponding amount of soil regardless of how much time they spend indoors (90% of 
the time).  This would lead to a conservative overestimate of the dose they receive via this pathway. 

The fraction of consumed fish that is caught locally has the potential to vary considerably.  For this HHRA, it 
is conservatively assumed that all fish consumed has been caught locally (i.e. a location fraction of 1 is used).  
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This would lead to a conservative overestimate of the dose received through the fish ingestion pathway, for 
applicable receptors. 

Toxicity Reference Values 

The TRVs are selected to be very protective.  The TRVs used in the assessment were obtained from reputable 
sources; nonetheless, they are always associated with uncertainty due to the extrapolation of testing on lab 
species (e.g., rats) to humans, and due to the extrapolation from a controlled laboratory setting to real-world 

conditions.  The use of a single value for toxicity is another area of uncertainty.  The factors used in the risk 
assessment represent risks from maximum dose-response estimates.  Also, no adjustments were made for 
bioavailability, which can result in either an over- or under-estimation of exposure and thus leads to uncertainty 

in the risk assessment.  Toxicity data were available for all COPC. 

Risk Estimation – Multiple Contaminants 

In this risk assessment, it was considered that the mechanisms of action for the oral and dermal exposure 
routes are the same for each specific contaminant and HQs were, therefore, summed across the oral and 

dermal exposure routes.  This is a conservative approach to dealing with oral/dermal mechanisms of action 
and it is therefore unlikely that risk would be underestimated by using this approach.  Furthermore, for 
uranium, the oral, dermal, and inhalation doses have been combined since there is evidence of a common 

mechanism of action. 

When dealing with multiple contaminants, there is a potential for interaction with other contaminants that may 

be encountered at the site.  In addition, other factors including smoking and lifestyle factors are known to 
compound health effects.  Synergism, potentiation, antagonism or additivity of toxic effects may occur.  A 
detailed quantitative assessment of these interactions is outside the scope of this study.  Some of these 

interactions can be handled in a simple fashion.  For chemical mixtures that show additive effects based on 
toxicity assessment, the HQ or risk values may be added together.  The lifetime risk can be expressed 
individually for each chemical (and by site of action, if necessary) and then totalled as a group.  In practical 

terms, at levels of exposure typically considered in the assessment, the dose-response relation is assumed 
to be linear and, thus, additivity of effects (strictly by organ) is reasonable. As the COPCs selected for this 
assessment do not have the same endpoint, no further consideration was given to potential interactions.  

Summary 

Table 5.40 provides a summary of the uncertainties discussed above. It can be seen from the table that, in 
general, uncertainties have been overcome by using conservative assumptions that are likely to lead to an 
over-estimate of exposures and thus the conclusions of the assessment would remain unchanged. 
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6 ECOLOGICAL RISK ASSESSMENT 

6.1 Problem Formulation 

6.1.1 Receptor Selection and Characterization 

The ecological receptors included in this EcoRA are obtained from the SENES (2006) EcoRA. 

The study area encompassed by this EcoRA includes both terrestrial and aquatic environments characteristic 
of the northern shore of Lake Huron.  Therefore, the following major biota groups warrant consideration: 

 Freshwater aquatic environment: 

o Aquatic birds; 

o Aquatic mammals; 

o Amphibians; 

o Fish (benthic and pelagic); 

o Benthic invertebrates; and 

o Aquatic vegetation. 

 Terrestrial environment: 

o Terrestrial birds; 

o Terrestrial mammals; 

o Terrestrial invertebrates; and 

o Terrestrial vegetation. 

For each of the major biota groups mentioned above, a representative ecological receptor was selected (also 

referred to as an indicator species). The indicator species selected are those identified in the SENES (2006) 
EcoRA, which were selected based on:  

 Knowledge of the BRR site and surrounding environment;  

 Relevant environmental studies field observations;  

 Accessibility of the environmental media; and, 

 The potential species present in the area. 

Table 6.1 presents the details of ecological receptor identification (reproduced from the SENES 2006 EcoRA) 
and selection.   
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Therefore, based on the rationale provided in Table 6.1, the following 24 representative ecological receptors 
have been selected: 

Aquatic Receptors: 

1. Forage/ Benthic Fish 
2. Predator/Pelagic Fish 
3. Benthic Invertebrates 

4. Macrophytes 
5. Mallard 
6. Scaup 

7. Hooded Merganser 
8. Cormorant (Piscivore) 
9. Northern Leopard Frog 

10. Beaver 

Terrestrial Receptors 

1. Earthworms 
2. Grass 

3. Berries 
4. Pine 
5. Grouse (Herbivore) 

6. American Robin (Omnivore) 
7. Barred Owl (Carnivore) 
8. Bald Eagle (Piscivore) 

9. Deer 
10. Red Fox 
11. Black Bear 

12. Meadow Vole 
13. Coyote 

Overall, the selected indicator species are appropriate because they reflect a variety of diets/feeding habits, 
cover a variety of trophic levels, are representative of the biota expected to be found in the study area, and 
are of interest to the facility.  

Ecological characterization tables have been developed for each receptor .  
These profiles present receptor-specific information related to:  

 Trophic level or ecosystem role (e.g., predators or prey species); 

 Life history; 

 Importance to humans; 
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 Size and body weight; 

 Dietary composition; 

 Food intake rate; 

 Habitat; 

 Habitat/home range spatial distribution and size; 

 Time spent in area;  

 Important behaviour and population dynamics (e.g., migratory); and 

 Other useful information.   

 
It is important to understand that fish, amphibians, benthic invertebrates, and vegetation (both aquatic and 
terrestrial) are assessed based directly on environmental concentrations. Pathways of exposure (e.g., 
ingestion, inhalation, etc.) are not explicitly modelled (or needed) for these receptors.  As a result, ecological 
characterization tables are not required for these receptors.   

6.1.2 Assessment and Measurement Endpoints 

Assessment endpoints 

Indicator species are assessed using quantitative expressions referred to as “assessment endpoints”.  These 
are expressions of the actual environmental values to be protected. In general, the assessment endpoints 

selected in this study are healthy populations of the identified indicator species within the study area.    

Measurement endpoints 

Typically, assessment endpoints (such as those outlined above) are qualitative in nature and do not lend 
themselves to direct measurement or quantification.  Therefore, measurement endpoints are outlined, which 

are measurable or predictable expressions of the assessment endpoint.  

The values of measurement endpoints will be dependent not only upon the species being protected, but also 

upon the level of protection provided.  For example, a measurement endpoint suitable for ensuring 
reproductive success of a population may not be adequate to ensure the protection of each member of the 
population.   

In this study, measurement endpoints are the screening index (SI): the ratio of an estimated exposure level 
(or an environmental concentration) divided by a corresponding TRV.  The SI measurement endpoint is at the 

population level.  As a result, when the chosen TRV encompasses long term effects based on survival 
(mortality), growth, or reproduction, then the measurement endpoint is closely linked to the assessment 
endpoint (healthy populations) and the necessary inferences can be made (i.e., one can infer the ‘healthiness’ 

of the population).  So, where an estimated exposure level is less than the corresponding TRV (i.e., screening 
index less than 1), effects on a population of biota are not expected; however, where an estimated exposure 
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level is greater than the corresponding criterion (i.e., screening index greater than 1), deleterious effects on 
the population of biota may or may not occur and further study may be required to determine potential effects.   

6.1.3 EcoRA COPCs 

As outlined in Section 1.0, the following analytes were identified as COPCs: 

 Ammonia (in groundwater); 
 Uranium; 

 TBP; 
 Chromium; 
 Vanadium; and, 

 Radionuclides. 

As outlined in Section 5.1.2, chromium and vanadium have not been identified as requiring further assessment 

in the EcoRA since their concentrations at Exposure Locations are less than local background concentrations 
at Reference Locations, and, are less than their respective screening criteria. 

Therefore, the following have been identified as requiring further assessment in the EcoRA: 

 Ammonia (in groundwater); 
 Uranium; 

 TBP; and, 
 Radionuclides. 

6.1.4 EcoRA Exposure Pathways 

Table 6.2 presents the active exposure pathways for the ecological receptors identified in Section 6.1.1.  

The exposure pathways are based on the known habitat needs, mobility, and diets of the ecological 
receptors, along with knowledge of the location of their respective habitats within the study area. It is 

important to note that all surface dwelling biota (i.e. excluding submergent aquatic species, and terrestrial 

earthworms) are assessed for direct gamma dose, in addition to the pathways discussed below. 

Terrestrial vegetation and terrestrial invertebrates (earthworms) would be directly exposed to contaminated 

soil.  Pathways of exposure (e.g., ingestion, inhalation, etc.) are not explicitly modelled (or needed) for 
these receptors.  As a hypothetical case, an earthworm is used to assess groundwater, though aquatic and 
terrestrial biota do not have access to groundwater and its related COPCs. 

Similarly, aquatic vegetation and pelagic fish would be directly exposed to contaminated surface water.  
Pathways of exposure (e.g., ingestion, inhalation, etc.) are not explicitly modelled (or needed) for this 

receptor.   
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Aquatic invertebrates (benthos) and benthic fish would be directly exposed to contaminated surface water 
and to sediment.  Pathways of exposure (e.g., ingestion, inhalation, etc.) are not explicitly modelled (or 

needed) for these receptors.   

Terrestrial mammals and birds are exposed through ingestion of food, including terrestrial vegetation and 

earthworms, as well as incidental ingestion of soil and ingestion of surface water.  Higher trophic species 
(such as the bald eagle and red fox) will also consume lower trophic species (such as voles and robins), as 
part of their diet.  It is assumed that terrestrial mammals and birds obtain all of their food from the site, 

which is conservative, given that many species have larger home ranges or forage areas than the small 
grass patch areas of the site.  Terrestrial mammals will also receive an external dose from soil (radiological 
only).  

Aquatic birds are exposed through ingestion of food, including aquatic vegetation and benthos, as well as 
ingestion of sediment and surface water.  Aquatic birds will also receive an external dose from radionuclides 

in surface water.  Higher trophic species such as the cormorant consume fish as part of their diet. 

Aquatic mammals (i.e. beaver) are exposed through ingestion of food as well as ingestion of water and soil 

(through the ingestion of terrestrial vegetation).  The beaver will also receive an external dose from surface 
water, sediment and vegetation as it spends the majority of its time in its lodge which is comprised of 
sediment and vegetation.    

The following pathways have been identified as inactive, or are otherwise not applicable: 

 Inhalation 

As discussed in CSA N288.6 (2012), inhalation exposures are typically minor in relation to soil and food 
ingestion exposures, and can therefore be excluded from assessments.  For particulate substances release 

to air and accumulating in the soil over time, the steady-state soil concentrations are usually high enough 
that soil and food ingestion components of dose are dominant.     

 Dermal uptake 

Dermal exposure is generally not a significant pathway of exposure for wildlife as fur and feathers are 
effective at blocking direct contact with skin.  

 Immersion in air (radiological only) 

External dose from immersion in air is minor, relative to soil and food ingestion exposure and can be ignored 

(particularly since noble gases are not identified as COPCs) (CSA 2012).  
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6.1.5 EcoRA Conceptual Site Model (CSM) 

The overall EcoRA study boundaries are based on knowledge of the site and surrounding area, and includes 
a range of known and potential contamination sources.  Figure 5.3 presents a schematic CSM for the site, 
showing the environmental media included in this EcoRA along with the exposure pathways that link these 

environmental media to the identified ecological receptors.  Note that direct gamma exposure is also 
assessed, for applicable receptors. 
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6.2 Exposure Assessment 

6.2.1 Exposure Points 

The Tier 1 assessment relies on the conservative use of maximum concentrations in relevant environmental 

media, regardless of the location of the maximum measured concentrations.   

For example: surface water concentration data are available from the river, lake, and bog. For those 

ecological receptors that receive a dose from surface water, the maximum concentration is used in all cases 
regardless of whether it is measured from the river, lake, or bog. Some receptors (e.g. pelagic fish) may 
not in fact reside in the bog, and would not be exposed to this maximum concentration, but such a 

combination represents a hypothetical (conservative) worst-case scenario. 

The maximum concentrations of COPCs in environmental media are outlined in Section 6.2.4.  

6.2.2 Exposure Factors for Receptors 

Table 6.3 presents an overview of key exposure factors among the ecological receptors identified and 
described in Section 6.1.1.   

 

The exposure factors for ecological receptors were obtained preferentially from Module C (Standardization 
of Wildlife Receptor Characteristics) of the Environment Canada (2012) FCSAP Ecological Risk 

Assessment Guidance.   

Soil and sediment ingestion rates, if not available in the FCSAP (2012) document, were for the most part 

obtained from a wildlife soil ingestion study completed by Beyer et al. (1994) in which the fractional soil 
composition of the diets (i.e., percentage of the dry weight food ingestion rate) of 28 wildlife species were 
estimated. Ingestion rates for animals not considered in the Sample study were estimated by using fractional 

compositions for other animals with similar diets. 

When food and water intake and inhalation rates were not available directly from the above-mentioned 

sources, the following allometric equations from the U.S. EPA (1993b) were used: 

Dry weight food Ingestion (g dw/d): 
 Birds = 0.648*BW0.651 (BW in g) 
 Mammals = 0.235*BW0.822 (BW in g) 
Water Intake (L/d): 
 Birds = 0.059*BW0.67 (BW in kg) 
 Mammals = 0.099*BW0.9 (BW in kg) 
Inhalation Rate (m3/d): 

Birds = 0.4089*BW0.77 (BW in kg) 
Mammals = 0.5458*BW0.8 (BW in kg) 
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6.2.3 Exposure Durations and Averaging 

Terrestrial Receptors 

For Tier 1 and EcoRA calculations, it is conservatively assumed that ecological receptors spend their entire 

exposure duration within their exposure locations.  In other words, there is no reduction to account for time 
spent outside of the exposure location.   

For migratory species, risk calculations do not average a receptors exposure based on time away from the 
site during migration. 

Aquatic Receptors 

Similar to terrestrial EcoRA calculations, Tier 1 aquatic EcoRA calculations conservatively assume that all 

aquatic receptors spend their entire exposure duration within their exposure locations.  In other words, there 
is no reduction to account for time spent outside of the exposure location.     

6.2.4 Exposure Point Concentrations 

Sections 6.1.3, 6.1.5, and 6.2.1 discuss the locations of ecological receptors, the environmental media that 

each receptor can be exposed to, and the pathway through which they can potentially be exposed.   

The following tables present summary statistics for each environmental media, relevant to the identified 

receptors and pathways.  These summary statistics are used as exposure point concentrations in subsequent 
exposure calculations.   

Groundwater concentrations used in the hypothetical EcoRA groundwater earthworm calculations are the 
same as those presented in Table 5.10 for HHRA calculations.  It is important to note that measurement data 
for total ammonia (i.e. as presented in 5.10) must be converted into unionized ammonia to allow for 

comparison to the TRV. The conversion from total ammonia to un-ionized ammonia is based on the pH and 
temperature of the water medium.  In Tier 1 calculations the conversion uses the maximum measured pH and 
temperature, regardless of their locations, in order to produce the most conservative (i.e. highest) estimated 

unionized concentration of ammonia.  
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6.2.4.1 Sediment – Measured vs. Derived 

Section 5.2.3.4 presents a comparison of derived sediment concentrations (based on surface water 

concentrations and distribution coefficients (Kds) to measured sediment concentrations obtained from field 
sampling activities, for select COPCs and radionuclides.   Results of the comparison indicate that measured 
uranium and measured Po-210 levels are considerably higher than the corresponding Kd-estimated levels.  

See Table 5.17 for measured sediment exposure point concentrations, for radionuclides and non-radiological 
sediment COPCs. 

EcoRA results based on measured levels of radionuclides and uranium are presented in Table 6.24 and 
Table 6.27, and discussed in Section 6.4.3. 

6.2.4.2 Direct Gamma 

Gamma dose rates used for radiological EcoRA are obtained from the BRR fenceline gamma monitoring 

program (BRR 2014b-e).  A maximum measured quarterly fenceline dose rate of 1.61 µSv/h (equivalent to 
0.0386 mGy/d) was recorded from the west fenceline monitoring station in Q3 of 2014; this maximum value 
was used for gamma dose calculation purposes, for all biota, as a conservative measure.  Furthermore, it is 

conservatively assumed that all ecological receptors receive this dose rate for 24 h/d (i.e. 100% residency).   

6.2.5 Non-Radiological Dose Calculation Methods 

The COPCs identified through the screening process (see Section 3) are quantitatively evaluated for all 
ecological receptors (see Section 6.1.1), based on the identified pathways (see Section 6.1.3) and 

environmental media (see Section 6.2.1).  Where sufficient data are not available, a qualitative assessment 
is undertaken.  

For terrestrial vegetation and earthworms, toxicity is based on direct comparison to soil COPC concentrations; 
an examination of the intakes for these receptors is not necessary.  Similarly, assessment of potential effects 
on aquatic biota via contact with surface water is based on direct comparison to surface water COPC 

concentrations; exposure modelling is not required.   

For mammals and birds, COPC exposure is based on intakes, which are estimated by way of food chain 

intake calculations.  In a broad sense, the total intake of any given COPC for a particular mammal or bird 
receptor is equal to the sum of intakes from all appropriate pathways, including: incidental ingestion of soil, 
incidental ingestion of surface water, and consumption of food (which varies based on the diet of a particular 

receptor). Equation 6-1 is used to calculate each of the intake routes as follows: 

 In = Cn  IRn  floc x CF (6-1) 
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Where: 

 In = intake of COC via pathway “n” where “n” can represent all exposure routes such as soil, 
vegetation, etc. [mg/d] 

 Cn  = COC concentration in “n” media [mg/kg] 

 IRn  = intake rate of “n” by the receptor [g/d] 

 floc = fraction of time at site [-] 

 CF = conversion factor 1.0x10-3 [kg/g] 

After summing the individual intakes, the total intake was divided by the body weight of the ecological receptor 

in order to compare the total COC intake to the toxicity reference value (which has the unit of mg/kg-d). This 
is consistent with CSA (2012) methodology for calculating intakes. 

6.2.6 Radiological Dose Calculation Methods 

For radionuclide COPCs, the resulting radiation dose involves both internal and external components, which 

are calculated separately.  The total radiation dose, per radionuclide, is the sum of all internal and external 
doses.  The overall radiation dose is the total sum of all internal external doses from all radionuclides. 

6.2.6.1 Aquatic Biota – Internal & External Radiation Dose 

For aquatic biota, internal dose calculation is performed for each radionuclide, following Equation 6-2 (CSA 

2012): 

tissueCDCD  intint
 

(6-2) 

Where: 

 Dint = internal radiation dose [µGy/hr]  

DCint   = internal dose coefficient for radionuclide in tissue [µGy/hr per Bq/(kg fw)] 

 Ctissue = whole body tissue concentration [Bq/(kg fw)] 

External dose calculation is performed for each radionuclide, following Equation 6-3 (CSA 2012): 
 

])5.0()5.05.0[( sssswsswswextext COFOFCOFOFOFDCD   

(6-3) 

Where: 

 Dext = external radiation dose [µGy/hr]  

DCext   = external dose coefficient for radionuclide in water or sediment [µGy/hr per Bq/kg; or 
µGy/hr per Bq/L] 
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 OFw = fraction of time spent immersed in surface water [unitless] 

 OFs = fraction of time spent immersed in sediment [unitless] 

 OFws = fraction of time spent on the water’s surface [unitless] 

 OFss = fraction of time spent on the sediment’s surface [unitless] 

 Cw = surface water concentration [Bq/L] 

 Cs = sediment concentration [Bq/kg] 

6.2.6.2 Terrestrial Biota – Internal & External Radiation Dose 

For terrestrial biota, internal dose calculation is performed for each radionuclide, following Equation 6-4 
(CSA 2012): 

tissueCDCD  intint
 

(6-4) 

Where: 

 Dint = internal radiation dose [µGy/hr]  

DCint   = internal dose coefficient for radionuclide in tissue [µGy/hr per Bq/(kg fw)] 

 Ctissue = whole body tissue concentration [Bq/(kg fw)] 

External dose calculation is performed for each radionuclide, following Equation 6-5 (CSA 2012): 

soilsoilextext COFDCD   

(6-5) 

Where: 

 Dext = external radiation dose [µGy/hr]  

DCext   = external dose coefficient for radionuclide in soil [µGy/hr per Bq/kg] 

 OFsoil = fraction of time spent immersed in soil [unitless] 

 Csoil = soil concentration [Bq/kg] 

6.2.6.3 Radiation Weighting Factors 

The radioecological weighting factor, also referred to as relative biological effectiveness (RBE), is the ratio of 

doses from different types of radiation needed to produce the same biological effect.  For example, 

Alpha RBE =  (Dose of gamma to produce a given effect) 

   (Dose of alpha to produce the same effect) 

The RBE is applied to un-weighted doses from alpha-emitting radionuclides; the weighted doses retain their 

original units (i.e., mGy/day).  A RBE factor of 10 is used in this study for the alpha radiation component of 
internal dose from all alpha emitting radionuclides, following CSA (2012).  Select DCs from Prohl (2003) 
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already include an RBE of 10 (see below), whereas DCs from Amiro (1997) are not originally weighted.  In 
this study, an RBE of 10 has been applied to DCs for all alpha emitting radionuclides, including DCs from 

Amiro (1997) and Prohl (2003). 

6.2.6.4 Dose Coefficients 

Radiation dose coefficients (DCs) have been selected from: (1) Prohl (2003), and (2) Amiro (1997), if an 
appropriate representative species could not be found in Prohl (2003), consistent with CSA (2012) guidance.    

Prohl (2003) DCs 

Prohl (2003) provides DCs from the FASSET program based on select reference organisms, which have been 
chosen based on broad taxonomic families of organisms that are known contributors to the proper functioning 

of an ecosystem.  The following reference organisms are considered in Prohl (2003): 

Terrestrial Reference Organisms: 
 

 Woodlouse; 

 Earthworm; 
 Mouse; 
 Mole; 

 Weasel; 
 Snake; 
 Rabbit; 

 Red fox; 
 Row deer; 
 Cattle; 

 Small egg; 
 Big egg; 
 Herbivorous bird; 

 Carnivorous bird. 
 

Aquatic Reference Organisms Phytoplankton: 

 Zooplankton; 
 Crustacean; 
 Insect larvae; 

 Vascular plant; 
 Gastropod; 
 Amphibian; 

 Bivalve mollusc; 
 Pelagic fish; 
 Benthic fish; 

 Mammal; 
 Bird. 





 
ENVIRONMENTAL RISK ASSESSMENT FOR THE CAMECO BLIND RIVER REFINERY 
 
 
 
 

arcadis.com 
351104 6-21 

Overall, there is good alignment; however, there are two biota groups that warrant further discussion:  
terrestrial vegetation, and terrestrial birds. 

Terrestrial Vegetation 

For terrestrial vegetation, DCs for whole-body exposure are not available in Prohl (2003).  Instead Prohl (2003) 

provides organ-specific terrestrial vegetation DCs (external) for selected critical organs of shrubs, trees and 
herbs (meristems and buds).  By applying the DC for a sensitive critical organ to the estimated whole-body 
exposure, the resulting dose will have an inherent degree of conservatism.  Therefore, the critical organ DC 

for the ‘herb’ reference organism was selected.  Prohl (2003) does not provide internal DCs for terrestrial 
vegetation; internal DCs from Amiro (1997) were applied. 

Terrestrial Birds 

For terrestrial birds, DCs for internal exposure are not available from Prohl (2003).  However, DCs from Prohl 
(2003) are derived primarily based on organism size, which is simplified and expressed ellipsoids or spheres 

of various sizes.  Prohl (2003) lists the organism size for the ‘herbivorous bird’ reference organism as being 
equal to that of the ‘mouse’ reference organism.  Similarly, Prohl (2003) lists the organism size for the 
‘carnivorous bird’ reference organism as being equal to that of the ‘rabbit’ reference organism.  Therefore, the 

Prohl (2003) internal exposure DCs for these two receptor pairs are interchangeable.  As a result, the internal 
DCs for the ‘mouse’ reference organism are applied to the American Robin receptor, whereas the internal 
DCs for the ‘rabbit’ reference organism are applied to the Barred Owl, Ruffed Grouse, Bald Eagle and 

Cormorant receptor.   

Amiro (1997) DCs 

Two species, the Beaver and the Bald Eagle, did not have a clear representative species in Prohl (2003), due 
to their size and their habitat being a combination of aquatic and terrestrial.  Earthworms that live in 
groundwater are also not clearly defined in Prohl (2003).  To maintain conservatism, DCs from Amiro (1997) 

were chosen as they neglect organism geometry (i.e. assume infinite size) and therefore assume that all 
energies emitted by radionuclides from within the biota are absorbed by the biota, regardless of its actual size.   

Summary 

Table 6.10 presents the internal and external DCs selected for the ecological receptors. 

Table 6.15 following the selected DC tables shows the reference key.   

For external soil DC selection, the coyote, fox and meadow vole are burrowing animals and therefore DCs 

for biota that reside “in soil” were used preferentially over DCs for biota that reside “on soil”.  
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6.2.7 Transfer Factors 

To estimate intake up the food chain, concentrations of COPCs in terrestrial vegetation, earthworms and small 
mammals (as prey) are estimated using transfer factors (TFs) from literature sources.  The associated tissue 
concentrations in terrestrial vegetation, earthworms and small mammals from all exposure pathways are 

estimated from soil concentrations as shown in Equation 6-6:  

 biotatosoilsoilbiota TFCC 
 (6-6) 

Where: 

 Cbiota = COC concentration in biota (vegetation, earthworms, small mammals) [mg/(kg ww)]  

 Csoil = COC concentration in soil [mg/(kg dw)] 

 TF = transfer factor from soil-to-biota [(mg/(kg ww))/(mg/(kg dw))] 

Soil-to-small mammal transfer factors are not always available for all COPCs. As an alternative, mammalian 
tissue concentrations can also be estimated from allometrically scaled feed-to-tissue transfer factors as shown 
in Equation 6-7:  

 tissuetofeedtotaltissue TFIC   (6-7) 

Where: 

 Ctissue = COC concentration in tissue of ingested animal [mg/(kg ww)]  

 Itotal = intake of COC by ingested animal from all pathways ( nI ) [mg/d] 

 TFfeed-to-tissue  = allometrically scaled transfer factor from feed-to-tissue [d/kg] 

Transfer factors from literature for feed-to-beef (cow) are available for many COPCs, which can then be 

allometrically scaled for the ingested mammal using the ratio of their body weight to that of the cow using 
Equation 6-8: 

 

750











cow

sm
fbsm BW

BWTFTF
 (6-8) 

Where: 

 TFsm = feed-to-tissue transfer factor for small mammal [d/(kg ww)]  

 TFfb = feed-to-tissue transfer factor for beef [d/(kg ww)] 

 BWsm = body weight of small mammal [kg] 

 BWcow = 600, body weight of cow [kg] (CSA 2014 Table G.7) 
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Similarly, transfer factors from literature for feed-to-bird (poultry) can be allometrically scaled for the ingested 
birds using the ratio of their body weight to that of the poultry using Equation 6-9: 

 

750













poultry

bird
poultrybird BW

BWTFTF  (6-9) 

Where: 

 TFbird = feed-to-tissue transfer factor for bird [d/(kg ww)]  

 TFpoultry= feed-to-tissue transfer factor for poultry [d/(kg ww)] 

 BWbird = body weight of bird [kg] 

 BWpoultry= 2, body weight of poultry [kg] (CSA 2014 Table G.7) 

Table 6.16 presents the transfer factors selected for the EcoRA. For terrestrial plants, a moisture content of 
81% was used for converting between dry weight (DW) and wet weight (WW or FW). 
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6.3 Effects Assessment 

6.3.1 Non-Radiological COPCs – Benchmark Values 

Overall, ecological toxicity benchmark values for non-radiological COPCs were obtained based on the 

following hierarchies of sources.  These hierarchies include credible, recognized references that are used 
in EcoRAs as common industry practice.  The hierarchies generally incorporate CSA N288.6 guidance 
(CSA 2012) but in cases where N288.6 sources are considered outdated, values from more recent credible 

sources are used preferentially (with supporting rationale).  More detailed descriptions of the methodologies 
used in selecting these toxicity benchmark values is presented in following subsections.  

Terrestrial Vegetation & Invertebrates: 

1. MOE (2011) values protective of soil invertebrates and plants, based on industrial land use;  

2. CCME supporting documents for Canadian Soil Quality; 

3. US EPA Ecological Soil Screening Levels (Eco-SSLs); and 

4. Environment Canada (2013) Database of Guidelines. 

Terrestrial Mammals & Birds: 

1. MOE (2011) benchmark values; 

2. US EPA Eco-SSLs; and 

3. Sample et al. (1996). 

Aquatic Birds: 

1. Suter & Tsao (1996); 

2. US EPA ECOTOX Database; 

3. MOE (2011); and 

4. EPA Eco SSLs. 
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Fish, Aquatic Vegetation and Aquatic Invertebrates: 

1. US EPA ECOTOX Database; 

2. Suter & Tsao (1996); and 

3. CCME (2009, 2011, 2015). 

 

6.3.1.1 Terrestrial Invertebrates and Vegetation 

In selecting the TRVs for terrestrial vegetation and invertebrates (earthworms), a review was conducted of the 
MOE (2011b) rationale document, the soil quality standards of the CCME, the Eco-SSL documents of the 
U.S. EPA, along with values from the Environment Canada (2013) Database of Guidelines.  

The MOE considers ecotoxicity criteria in the development of soil criteria, so that soil standards are protective 
of both human and ecological health. In the MOE update of their soil criteria (2011b), plant and soil invertebrate 

protection values for agricultural/residential/parkland and industrial/commercial land use were developed 
following the CCME (1996) protocol using current scientific literature data on toxicity to agricultural crops, 
native plant species and soil dwelling organisms.  It is commonly acknowledged that the level of protection for 

plants and soil organisms can be less stringent for commercial/industrial land use than for 
agricultural/residential/parkland land use.  However, in following the CCME (1996) protocol, this was 
problematic for no/lowest observable effects concentration (NOEC/LOEC) data (a combined NOEC/LOEC 

dataset was used for the agricultural/residential/parkland derivation, while an LOEC-only dataset was used 
for the commercial/industrial derivation which can throw out useful information and thereby drive the value 
down).  To solve this issue, the MOE used a combined NOEC/LOEC dataset for both land uses, and selected 

the 25th and 50th percentile values as the agricultural/residential/parkland and industrial/commercial protection 
values, respectively. In situations where a value for plant and soil organism protection could not be developed 
for industrial/commercial land use, the MOE applied a factor of 2 to the agricultural/residential/parkland value. 

This was felt to be sufficiently protective for an industrial/commercial setting.  It was determined that the above-
described MOE approach was appropriate for use in the current assessment and thus, the MOE values for 
protection of plants and soil invertebrates were selected as the TRVs when available. 

Following the above methodology, the MOE was able to develop components values for 20 constituents. The 
MOE also reviewed information from other jurisdictions and found that CCME ecological protection numbers 

and the numbers developed by the Netherlands would provide a suitable level of protection for Ontario.  The 
Netherlands criteria were derived using the 50th percentile of the “No Observed Effect Distribution” (NOEC) of 
the data.  The final selected values are presented in Table 6.17. 
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Rn-222 is estimated to be 100% of the external dose from its parent radionuclide Ra-226. These estimated 
dose contributions are added to the total dose estimate. 

For terrestrial biota, this is a particularly conservative approach, because by applying the radon contribution 
to the entire estimated dose of Ra-226, it assumes that the biota spends all of its time (i.e., its entire 
exposure time and duration) burrowed. 

The dose contribution is calculated separately for internal and external dose fractions.  The equations used 
to calculate the contribution from Rn-222 to all biota are listed below: 

Internal DoseRn-222: Dose Contribution of Rn-222 = 30% of Internal Dose from Ra-226 

External Dose Rn-222: Dose Contribution of Rn-222 = 100% of External Dose from Ra-226 

Total Dose from Rn-222: Rn-222 Dose  = [Internal dose Rn-222] + [External dose Rn-222] 
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6.4.2 Risk Results – Non-Radiological 

The following tables present the estimated non-radiological risk (SI) results for terrestrial receptors, based on 

their respective environmental media exposures and their corresponding benchmarks (see Section 6.3).  

Tier 1 estimates are based on maximum concentrations in each environmental media, regardless of location. 

For surface water in particular, maximum concentrations were selected across all locations, including data 
from the river, lake, and bog.  These risk estimates are based on Kd-derived sediment concentrations, as 
discussed in Sections 1.1.1.1 and 6.4.3.1.    

Supplemental risk estimates based on measured uranium concentrations in sediment are presented in 
Table 6.27 for aquatic receptors directly exposed to sediment. 
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6.4.3 Discussion of Risk Results 

6.4.3.1 Radiological 

As shown in Section 6.4.1, for all ecological receptors (terrestrial and aquatic), no radiological risk SIs were 
found to be greater than 1, and therefore, the estimated radiological doses to terrestrial receptors are less 

than the corresponding benchmark value.  No undue effects are anticipated. 

6.4.3.2 Non-Radiological 

As shown in Section 6.4.2, for all aquatic receptors with TRV data available, non-radiological SIs for TBP 
were found to be greater than 1.  TBP concentrations in surface water were all below the detection limit of 
0.6 mg/L.  However, as shown in Table 6.20, TBP TRVs for aquatic biota range from 0.1 mg/L for benthic 

fish to 0.44 mg/L for aquatic vegetation.  Since the exceedance of benchmark values was driven by 
detection limit rather than by actual measurable concentrations, a Tier 2 estimate using 95th percentile 
effluent concentration of TBP (2.7 mg/L) with a dilution factor of 50 (Arcadis 2015a) within 2m from the 

release point.  All the SIs were below 1 as shown in Table 6.28. 

6.4.3.3 Supplemental EcoRA Calculations: Measured vs. Kd-derived Sediment Concentrations. 

Initial EcoRA calculations were performed based on sediment concentrations that were derived from 
surface water data using Kd distribution coefficients. Later, measured sediment data became available from 
Arcadis (2015a). A comparison of measured sediment concentrations to Kd-derived sediment 

concentrations is shown in Table 5.17 and discussed in Section 5.2.3.4.  Additional radiological EcoRA 
calculations were performed using the measured sediment concentrations, with the results presented in 
Table 6.24 and Table 6.27. 

Overall, results show that measured sediment concentrations have little impact on EcoRA risk estimates 
(both radiological and non-radiological), with Tier 1 radiological and non-radiological EcoRA results showing 

no undue risk to any receptors. 

6.4.3.4 Risk to Benthic Invertebrates from Exposure to Ammonia in Sediment 

This study used the sediment quality data from the Arcadis (2015a) Plume Modelling, Delineation and 
Sediment Study.  In the 2006 study, the risk to the benthic community from ammonia in the sediments 
showed higher ammonia concentrations in sediment from exposed areas when compared to the reference 

areas.  There is no sediment benchmark for ammonia, however, ammonia in surface water was screened 
out (Table 4.2) as the maximum un-ionized ammonia concentration is 2.6 µg/L, below the criteria 19 µg/L. 
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In a study on sediment and porewater toxicity for ammonia and non-polar organic contaminants (Mehler 
2010), ammonia toxicity units (TUs) based on overlying water concentrations were found to be up to 10-fold 

lower than porewater ammonia TUs.  Since porewater was not measured, a simplistic extrapolation 
(assumes same pH and temperature in porewater and surface water) applying the factor of 10 to surface 
water concentrations was used to estimate the un-ionized ammonia concentration in porewater. 

The estimated un-ionized ammonia concentration of 26 µg/L in porewater is below the TRV of 44 µg/L, 
derived from ECOTOX database (based on a 10-day Oligochaete worm study, Schubauer-Berigan 1995) 

following the methodology outlined in Section 6.3.1.3.  Environment Canada (2001) presented a similar 
lowest EC20 of 0.051 mg/L for un-ionized ammonia for benthic invertebrates. 

6.5 Uncertainties 

Many areas of uncertainty attend a risk assessment. This is due to the fact that assumptions have to be made 

throughout the assessment either due to data gaps, environmental fate complexities or in the generalization 
of receptor characteristics. To be able to place a level of confidence in the results, an accounting of the 
uncertainty, the magnitude and type of which are important in determining the significance of the results, must 

be completed. In recognition of these uncertainties, conservative assumptions were used throughout the 
assessment to ensure that the potential for an adverse effect would not be underestimated. The major 
assumptions are outlined below. 

Exposure Point Concentrations 

Measured concentrations of COPCs, and measured activities of radionuclides, were used wherever such data 

was available. The exposure point concentrations used in the assessment are the maximum values 
associated with each environmental medium. The use of these concentrations assumes that receptors are 
exposed to these higher concentrations, regardless of the location of these concentrations relative to the 

location of the receptors.  As a result, exposures are likely to be conservatively overestimated. 

Furthermore, detection limits that are higher than screening criteria and/or TRVs result in additional 

uncertainties and overestimation in exposures. 

Radium-226 is the only radionuclide that is measured in surface water and groundwater. No radionuclides are 

measured in soil. Therefore, the activity concentrations of other radionuclides (Pb-210, Po-210, Th-230, 
U-238, U-234, and U-235) had to be estimated as outlined in Section 2.5.8. For EcoRA this involves the use 
of specific activity conversions (based on maximum measured natural uranium levels) along with secular 

equilibrium assumptions. Although it is possible that this could lead to underestimates in exposures, this is 
very unlikely given the very conservative assumptions – in particular the use of secular equilibrium – that were 
applied when estimating concentrations/activities. 
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Receptor Occupancy & Home Ranges 

All mobile receptors are assumed to be present for the entire year, despite any potential migratory behaviour.  

In addition, the home range of all mobile receptors is assumed to be limited to the location of these maximum 
concentrations, when in reality, several mobile receptors have large home ranges and the location of a 
maximum concentration might represent only a small portion of their overall range. Thus, exposures are likely 

to be conservatively overestimated. 

Transfer Factors 

Measured data from the site focus on environmental media and facility effluents, not tissue concentrations, 
Therefore, the concentrations/activities in biota had to be estimated using transfer factors from literature as 
well as food intake calculations.  There is some uncertainty involved in the use of transfer factors and data 

that are not site-specific; however, in the absence of measured data, this approach provides the only method 
for estimating concentrations and for estimating transfer up the food chain. 

Receptor Characterizations/Exposure Parameters 

The characteristics of ecological receptors – mobile receptors in particular - represent another source of 
uncertainty since receptors will adjust and vary their diet and behavior according to the food and water sources 

available and regional conditions in general. The characteristics (e.g., body weight; food, water, and soil 
consumption rates, etc.) for all receptors were selected based on a review of available information in various 
credible literature sources.  However, for some (though not all) literature sources, these parameters are 

obtained from studies involving animals in captivity, and therefore may not be fully representative of free-
range animals in the wild. An underestimate of exposure might result from this – for example, by assuming a 
body weight that is greater than for animals in the wild - but there are other conservative assumptions that 

may compensate (e.g. assuming 100% of intake of a COPC is absorbed by the body).  

Toxicity Reference Values 

The TRVs used in the assessment were obtained from reputable sources; nonetheless, they are always 
associated with uncertainty due to the extrapolation of testing on lab species (e.g., rats) to field conditions as 
well as to the ecological receptors considered in this assessment. Additionally, toxicity information for a COPC 

was used regardless of its form in the test procedure, even though this may not be the same form used in the 
assessment (e.g., an oxide form compared to a more soluble form). It is difficult to determine the effect of 
these assumptions.   

Another area of uncertainty in the risk assessment is the effect of multiple COPC. When dealing with toxic 
chemicals, there is potential interaction with other chemicals that may be found at the same location. It is well 

established that synergism, potentiation, antagonism or additivity of toxic effects occurs in the environment. 
A detailed quantitative assessment of these interactions is beyond the scope of the present study, and, for 
many COPC-receptor combinations there is not an adequate base of toxicological evidence to examine these 

interactions. This may result in an underestimate of the risk for some COPC combinations. 
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7 CONCLUSIONS AND RECOMMENDATIONS 

7.1 Conclusions 

7.1.1 HHRA Conclusions 

Radiological HHRA: 

The radiological human health risk component involved dose calculations based on maximum measured 
radionuclide levels in environmental media (wherever such measured data were available), as well as 

estimated levels of radionuclides (wherever measured data are absent) using radionuclide ratios – as 
described in Section 2.5.8.2.  The resulting estimated doses are well below the dose limit and, therefore, 
no undue impacts are expected to workers or members of the public.   

Non-Radiological HHRA: 

The non-radiological human health risk component concluded that no undue risk is anticipated for human 
receptors.   

Resident receptors that could potentially use groundwater as drinking water are located at distances much 
greater than 100 m upgradient from the BRR site, whereas measurable groundwater TBP concentrations 
are limited to select inaccessible on-site areas.  As such, resident receptors are not expected to have 

access to on-site groundwater TBP concentrations, and therefore, no undue risk is anticipated.   

It is important to understand that although HHRA results identified surface water TBP concentrations as being 

associated with undue risk, all surface water TBP measurement data show non-detect concentrations of TBP 
based on a detection limit of 0.6 mg/L.  To further refine the assessment, a Tier 2b assessment was performed 
using measured concentrations from the effluent lagoons and accounting for the dilution occurring when 

released into the North Channel.  Results from the Tier 2b assessment indicate no undue risks to any 
receptors.   

7.1.2 EcoRA Conclusions 

Radiological EcoRA: 

The radiological component of the EcoRA identified no screening index results with values greater than 1 
for terrestrial or aquatic receptors, and therefore, the estimated radiological doses to all ecological receptors 

(including direct gamma) are less than the corresponding benchmark.  As a result, no undue effects are 
anticipated. 
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Non-Radiological EcoRA: 

Similar to the HHRA results, EcoRA results also identified surface water TBP concentrations as being 
associated with undue risk as all surface water TBP measurement data show non-detect concentrations of 
TBP based on a detection limit of 0.6 mg/L.  A Tier 2 assessment was performed using measured 

concentrations from the effluent lagoons and accounting for the dilution occurring when released into the 
North Channel.  A more conservative dilution factor of 50 (achieved within 2m) was used compared to the 
500 dilution factor used in HHRA to account for aquatic biota present in close proximity to the release point.  

Results from the Tier 2 assessment indicate no undue risks to any receptors. 

7.1.3 Soil Monitoring 

The existing BRR soil monitoring locations were reviewed and recommendations were provided as part of the 
Arcadis (2015b) Review of Soil Monitoring Locations study, including soil uranium measurement data from 

2004 to 2013. 

Overall, recommendations were made in regards to the positioning of soil monitoring stations, such as 

relocating or clearing around station ‘F’ (where the highest uranium concentrations are measured for most 
years), and on the current frequency at which soil sampling and analysis is performed.  For more information, 
the reader is referred to the Arcadis (2015b) study. 

7.1.4 Surface Water Monitoring 

Overall, the results of the HHRA, EcoRA, and Arcadis (2015a) plume delineation study do not indicate a need 
to make modifications to the existing BRR surface water monitoring program. 

7.2 Recommendations 

The following recommendations are offered, based on the findings of this study: 

1. Presently there is no information on local background levels of Ra-226, which may be naturally 
elevated. Completing a study to determine local background levels of radionuclides in environmental 

media would be beneficial, as it would help to provide perspective on the levels of radionuclides 
measured in surrounding environmental media in comparison to facility effluents.   

2. It is recommended to update this ERA at least every 5 years, consistent with CSA N288.6 (2012) 
recommended update cycle. 

3. The detection limit of 0.6 mg/L TBP in surface water samples is higher than the EcoRA TRVs for 
aquatic vegetation, fish and benthic invertebrates.  It is recommended that TBP to be analyzed by 
a procedure with a lower detection limit, if possible. 
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4. It is recommended to include porewater sampling for ammonia in any future sediment sampling 
program so that field data will be available for future updates of the EcoRA.  Furthermore, a lower 

ammonia detection limit than the one reported in the 2015 sediment sampling program (20 µg/g) 
should be utilized in future studies. 
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