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CIRNAC-CARD - Rayrock Remediation Project - Type A Land Use Permit and Type A Water Licence Applications - HHERAs
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File(s):
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Document(s):

Rayrock site HHERA (7.9 MB)
Sun Rose HHERA (19.8 MB)
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Reviewer Comments Due By: Dec 21, 2020
Proponent Responses Due By: Jan 5, 2021
Crown-Indigenous Relations and Northern Affairs Canada – Contaminants and Remediation Division (CIRNAC-CARD) (the
Applicant) submitted a complete application for a Type A Water Licence (W2020L8-0003) and a Type A Land Use Permit
(W2020X0005; the Applications) on September 21, 2020 which is currently undergoing consideration as described in the
October 20, 2020 Work Plan. As described in the Applications, Human Health and Ecological Risk Assessments (HHERAs) were
completed to understand the site-specific environmental risks at the Rayrock and Sun Main/ Sun Rose sites.

Item Description:

As part of the public review of the Applications, the HHERAs were referenced in several comments and proponent responses
regarding potential impacts and mitigations of the Project (e.g., Response to Environment and Climate Change Canada
comment 10; TÅ‚Ä¯chÇ« Government comments 24 and 29, and Response to TÅ‚Ä¯chÇ« Government comment 32). On
November 19, 2020, as per rule #61 of the Board’s Rules of Procedure, an Information Request (IR) to CIRNAC-CARD was
issued to obtain additional information to assist with the preliminary screening, including the HHERAs.
It is acknowledged that the HHERAs were not made available to Parties as part of the Application packages prior to the
submission of comments on the Applications (e.g., on impacts and mitigation measures) to assist with the Board’s preliminary
screening determination. Parties are now provided an opportunity to submit comments and recommendations on the
Application in consideration of the HHERAs. It would be useful for Parties to identify comments aimed specifically to
inform the Board’s preliminary screening.

The workplan for this Proceeding has been updated to reflect this review period and parties are hereby notified that the
Technical Session currently scheduled for January 12 to 14, 2021 will now take place from January 26 to 28, 2021.
Using the Online Review System (ORS), reviewers are invited to submit comments and recommendations on the documents
linked below by the review comment deadline specified. If reviewers seek clarification on the submission, they are
encouraged to correspond directly with the Applicant prior to submitting comments and recommendations.
Contact Information:

Anneli Jokela 867-765-4588
Meghan Schnurr 867-765-4590
Rhiana Bams 867-765-4583

Comment Summary
Environment and Climate Change Canada: Anna Graham
ID

Topic

Reviewer Comment/Recommendation

Proponent Response

1

HHERA for Rayrock
Mine Site, Species at
Risk and Ecological
Receptors

Comment The ERA considered impacts to the
following avian receptors; Rusty Blackbirds,
Mergansers, Mallards, Scaup. However, the
selected avian receptors do not represent the
full scope of bird guilds and species at risk
potentially present in the region. ECCC notes
the project falls within the range of the Bank
and Barn swallows, both listed on the Species
at Risk Act (SARA) as threatened. These
species are missing from the proponents
SARA list (Table 3.1) and therefore were not
considered in the ERA. Also, the ERA does not
assess impacts to shorebirds. Although
various species of waterfowl were assessed in
the ERA, they are not an appropriate proxy
for shorebirds. Shorebird species have been
identified in other northern project ERAs as
particularly at risk of contamination due to
their diet, behavior and size. Red-necked
Phalarope, listed on SARA as Special Concern
but not included in table 3.1, is a type of

Jan 6: The SARA database was searched in January 2017 (Table 3.1 footnote).
The bank swallow and barn swallow were added to the SARA list in November
2017, which is why they are not included in Table 3.1. Similarly, the red-necked
phalarope was added to the SARA list in May 2019. The selection of ERA
receptors was representative of SAR species at the time the assessment was
completed. The rusty blackbird is an insectivore SAR that provides a reasonable
surrogate for potential exposures for the bank swallow and barn swallow,
which are also insectivores. Although the red-necked phalarope is a shorebird,
its diet is primarily aquatic invertebrates and would have similar exposures to
the scaup, which was considered in the assessment. The blackbird was assessed
as a SAR and the report evaluates the potential risks for blackbird and other
insectivore avian SAR.

shorebird. The selection of ERA receptors
should be representative of all SAR species
potentially present in the area to ensure that
requirements under section 79 of the Species
at Risk Act are being met.
Recommendation ECCC recommends the
proponent provide a rationale for the
selection of avian receptors to represent the
full scope of bird guilds and species at risk
potentially present in the area. In particular,
the rationale should discuss why shorebirds
(i.e. Red-necked Phalarope) and aerial
insectivores (i.e. Bank and Barn swallows)
were not assessed in the ERA.
2

IR for the HHERA

Comment Proponents response to the ECCC
request that the proponent provide a
monitoring and mitigation plan to manage
seepage and runoff from the waste rock and
soil left in place in these vegetated areas that
may contain leached metals: Soil and waste
rock that will be left in place will generally be
of low volume and limited metal
concentrations. The HHERA for Sun Rose
concluded that these materials, and their
seepage, did not represent a risk to human
health and the environment. A monitoring
and mitigation plan would not be warranted
for this material. ECCC recommends that the
assumptions made in the HHERA be
confirmed by conducting monitoring
activities.
Recommendation ECCC recommends that the
proponent confirm the&nbsp; HHERA
conclusion with monitoring.

Jan 6: The Proponent Response referenced the Sun Rose HHERA, but should
have referenced the Rayrock HHERA. The Rayrock Mill site and Mill Lake are the
areas where these risks need to be mitigated. The residual soil left in these
locations is expected to comprise a thin veneer of material atop bedrock,
expected to be less than 0.3 m and likely less than 0.15 m thick in many, if not
most, locations. The proponent is unable to identify practical methods of
monitoring these locations aside from additional soil sampling, which is not
expected to provide different results. The Remedial Action Plan describes how
the soil, waste rock and spilled tailings in the area of the mill will be removed
and contained in the Confined Disposal Facility. It is anticipated that the area,
after remediation, will consist of exposed bedrock which will not be sampled. If
a media remains that can be sampled, there will be verification sampling after
the remedial actions to determine whether the contamination present has
been cleaned up. Please see ENR #3 and WLWB #1 Proponent Responses for
additional detail.

3

Species at Risk and
Ecological Receptors

Comment The ERA considered impacts to the Jan 6: Please also see response to Comment #1. The text in Section 3.2.1 and
following avian receptors; Rusty Blackbirds,
Figure 3.1 addresses the reason the Peregrine Falcon was not selected for the
Mergansers, Mallards, Scaup. However, the
ERA. The merganser considered in the assessment provides a reasonable

selected avian receptors do not represent the
full scope of bird guilds and species at risk
potentially present in the region. Further,
previously assessed receptors (SENES, 2010)
have not been carried forward in this
assessment (i.e. Peregrine Falcon). ECCC
notes the project falls within the range of the
Bank and Barn swallows, both listed on the
Species at Risk Act (SARA) as threatened.
These species are missing from the
proponents SARA list (Table 3.1) and
therefore were not considered in the ERA.
Also, the ERA does not assess impacts to
shorebirds. Although various species of
waterfowl were assessed in the ERA, they are
not an appropriate proxy for shorebirds.
Shorebird species have been identified in
other northern project ERAs as particularly at
risk of contamination due to their diet,
behavior and size. Red-necked Phalarope,
listed on SARA as Special Concern but not
included in table 3.1, is a type of shorebird.
Similarly, given the representation of
different foraging strategies, diets and trophic
levels, it is noted that the risk assessment
could benefit from the addition of fish-eating
raptors. The selection of ERA receptors
should be representative of all SAR species
potentially present in the area to ensure that
requirements under section 79 of the Species
at Risk Act are being met.
Recommendation ECCC recommends the
proponent provide a rationale for the
selection of avian receptors to represent the
full scope of bird guilds and species at risk
potentially present in the area. In particular,
the rationale should discuss why shorebirds

surrogate for any fish-eating raptors. The merganser was evaluated in the
assessment via comparison to LOAEL TRVs. Consideration of a NOAEL TRV (for
the protection of individuals) for merganser does not change the conclusions of
the assessment for merganser and other fish-eating avian species, including
SAR.

(i.e. Red-necked Phalarope), aerial
insectivores (i.e. Bank and Barn swallows),
fish-eating raptors, and previously assessed
species (i.e. Peregrine Falcon) were not
assessed in the ERA
4

HHERA for Rayrock
Mine Site

Comment Figure 2.6 Concentrations of
Uranium in Surface Water - Sherman Lake
(pdf 44/369) presents uranium concentration
data from 2001 to 2011. The report concludes
that measured concentrations of uranium are
generally decreasing over time and that it is
unlikely that Mill Lake and Mill Creek are
affecting uranium levels in Sherman Lake.
However, in 2009, the concentration of
uranium in Sherman Lake surface water
appears to increase approximately 3-fold. No
interpretation or explanation is given
regarding the significance of this spike in
uranium. It is not clear whether the
conclusion regarding no uranium input to
Sherman Lake from nearby Mill Lake and Mill
Creek is still valid.
Recommendation ECCC recommends the
proponent provide an explanation regarding
the significance of the spike in Uranium
concentrations in 2009.

Jan 6: The spike on the figure was in 2008 from a single sample from Sherman
Lake on August 17. This sample was not collected in the vicinity of the outlet of
Mill Creek. Data collected in previous and subsequent years from Sherman Lake
near the outlet of Mill Creek are much lower, as illustrated in Figure 2.7. The
cause of the single spike is not known, but the conclusion that there is no
uranium input to Sherman Lake from Mill Lake and Mill Creek remains valid.
CIRNAC would like to note that concentration spikes of this nature are not
unusual, especially when Total Metal preparation and analysis are performed. If
the water were higher in suspended sediments and the suspended sediment
that was sampled had particulates with higher uranium concentrations, then a
concentration spike would result. The Dissolved Metal concentration for the
2008 sample was 56% of the Total Metal concentration; in 2007 it was 90%.
Therefore, the spike was largely due to sediment.

5

HHERA for Rayrock
Mine Site

Comment The report concludes that uranium
concentrations in the soils in Mill Creek
drainage area exceed toxicity benchmarks for
small terrestrial mammals; however, weight
of evidence from hare and grouse collected
from the site indicates that uranium is not
transferring in the terrestrial environment
(pdf 225/369). Given that uranium
concentration data measured from hare
tissue is presented in Table 4.18 Hare
Exposure Point Concentrations for Ecological

Jan 6: There was a typographical error in the concentrations presented in Table
4.18 for measured hare flesh; Table 2.34 provides the correct values. For
uranium, the maximum measured concentration was 0.007 mg/kg ww (Table
2.34). This represents a 7x increase from background, not 380x as indicated. A
7x increase from background is much less (~ 100x) than the difference
estimated based on measured data and pathways calculations, which is the
basis for the conclusion that uranium is not transferring in the terrestrial
environment to the extent predicted by the pathways calculations.

Assessment (pdf 126/369) it is not clear
whether this conclusion, regarding transfer of
uranium to the terrestrial environment is
appropriate. The measured exposure point
concentration for hare is approximately 380
times higher than the concentration
calculated at the background/reference
location (0.38 mg uranium/kg wet weight at
Mill Creek drainage/Mill tailings site relative
to 0.001 mg uranium/kg ww at background)
(pdf 126/369).
Recommendation ECCC recommends the
proponent provide an explanation for the
discrepancy in concluding no transfer of
uranium into terrestrial environment where
as the concentration of uranium in hare is 380
times higher than background levels.
6

HHERA for Rayrock
Mine Site

Comment With respect to COPCs identified
and included in the assessment, ECCC notes
that some of these constituents appear to be
missing from certain collection locations and
sample types. For example, thorium-230 was
measured in fish muscle tissue from
Alpha/Sherman Lake (Table 2.25 Summary of
Fish Flesh Data from the Alpha/Sherman
Lake; pdf 61/369) but not from fish collected
at Lake A (Table 2.26 Summary of Fish Data
from Lake A; pdf 61/369). Furthermore, Table
4.8 Soil Exposure Point Concentrations for
Ecological Assessment (pdf 116/369) shows
that some COPCs such as arsenic and lead are
carried over for some sites but not others.
There does not appear to be an extensive
explanation as to why certain analytes are or
are not included at certain sites and/or
tissues.
Recommendation ECCC recommends that a

Jan 6: The risk assessment used the available data from various sampling
programs carried out at the site. Measured constituents varied by location and
sample type due to different sampling campaigns. For radionuclides, the size of
the sample determines whether all the radionuclides can be analysed. In most
cases, measurements of Ra-226 and Pb-210 are needed and the activities of the
other radionuclides can be determined by assuming that they are in secular
equilibrium. From a dose perspective, thorium-230 does not add much to the
dose. In terms of the soil, a secondary screening evaluation was completed for
soil to compare EPCs to the soil quality guidelines as discussed in Section
4.3.2.1. As shown in Table 4.8, concentrations of arsenic and lead in Mill Creek
area are below the guidelines that are protective of ecological health and
therefore are not carried forward for a quantitative analysis.

more consistent approach be taken, to ensure
that COPCs are measured consistently at all
sides and tissue samples.
7

HHERA for Rayrock
Mine Site

Comment Figure 4.5 Picture of the Extent of
PHC Contamination (pdf 118/369) is an
example of PHC contamination near the Mill
area. The report concludes that no plants,
invertebrates, or wildlife receptors are at risk
to PHC exposure. The figure provided,
presents qualitative information about the
scale of a potential PHC 'hot spots' on site,
but the assessment warrants including a map
that demonstrates how extensive these PHC
stains are on the Rayrock site. It is unclear
from the assessment whether the potential
for PHCs leaching to the local aquatic
environment is an issue that was investigated.
Recommendation ECCC recommends that the
proponent include a map that demonstrate
how extensive PHC stains are on Rayrock site.

Jan 6: PHC impacts are localized and appear to be in areas that were graded
during work in 1996, suggesting that these surface stains likely occurred during
and due to the 1996 work. There were no reports of large scale petroleum
losses at that time, and the impacted area appears very limited. Maps showing
the locations of the PHC impacts are available in previous reports. Remedial
Action Plan Section 5.3.5 explains that impacted soil will be excavated and
placed in the CDF except in areas where impacted soil support larger plants or
where they cannot be easily dug out; however no PHC impacts have been
identified in these areas. All PHC impacted soil will be placed in the CDF, which
is line with the recommendations of the HHERA.

GNWT - ENR - EAM (Environmental Assessment and Monitoring): Central Email GNWT
ID

Topic

Reviewer Comment/Recommendation

Proponent Response

1

General File

Comment (doc) ENR letter with comments
and recommendations.
Recommendation N/A

2

General

Comment (doc) <p style="marginJan 6: No Response necessary.
left:.5in">ENR retained Intrinsik Corp. to
conduct a review of CIRNAC-CARD (CIRNAC)
Rayrock Remediation Project &ndash; Human
Health and Ecological Risk Assessments
(HHERAs). ENR has extracted and summarized
the comments and recommendations from
the memorandum and provided them below.
ENR has also included the memorandum
which provides additional background for the
Board&rsquo;s information.

Recommendation <p style="marginleft:.5in">ENR recommends the Board refer
to the attached memorandum for additional
background and context supporting
ENR&rsquo;s comments and
recommendations.
3

Rayrock spilled
tailings

Comment <p style="margin-left:.5in">The
recommendations of the HHERA for the
Rayrock Remediation Project (Rayrock) state
that &ldquo;while the risk assessment
showed that there was little environmental
transfer into animals at the site, it may be
prudent to consider some localized remedial
actions for the mill workings area (specifically
sub-areas 6 and 7) and the spilled
tailings.&rdquo; <p style="marginleft:.5in">ENR notes that this
recommendation is vague as it is not clear
what is intended by &ldquo;some localized
actions&rdquo;. CIRNAC proposes to leave
well-vegetated spilled tailings in place,
however it is not clear if this is in accordance
with the HHERA recommendations.
Recommendation <p style="marginleft:.5in">ENR recommends that CIRNAC
clarify their proposed actions for spilled
tailings, and whether or not they are in line
with the recommendations of the HHERA.

Jan 6: The Remedial Action Plan in Section 5.3.4 explains that spilled tailings will
be excavated and placed in the CDF. Since these tailings were shown to not
hurt people or animals, areas where spilled tailings support larger plants or
where they cannot be easily dug out will be left in place. Although there are
several areas of spilled tailings along the former alignment of the tailings pipe
to the Tailings Containment Areas, each spill is of limited volume (i.e. 2 to 3
m3). As the HHERA stated in Section 7.0, there was little environmental transfer
into animals at the site (i.e. Rayrock); leaving these small pockets of spilled
tailings when they support larger plants, but depositing the tailings in the
Confined Disposal Facility otherwise, is in line with the recommendations of the
HHERA.

4

Toddler Time on Site

Comment <p style="margin-left:.5in">Section
3.3.1 of the Rayrock HHERA, assumes that a
toddler would be present for 1 month of the
year, and section 5.2.1.2 of the Sun Rose
HHERA states &ldquo;it is considered
improbable that a toddler would be present
at the Site for a period of three months per
year. Total time on site for the toddler is
therefore assumed to be one month (30

Jan 6: The HHERA assessed children on site for 90 days. If toddlers were
assumed to be on site for 90 days, there would be no change to the resulting
recommendations of the HHERA. The 1 month assumption was used for the
calculation of a time-weighted ingestion rate. The Camp 2 receptor is the most
exposed receptor and from Figure 4.6 and Figure 4.7 it can be seen that the
ingestion of soil dominates the intakes of incremental arsenic and uranium and
the change in ingestion rates for other food items does not materially change
the results. For radiological dose, the increase in ingestion rate does increase

days).&rdquo; It is not clear why it is assumed the estimated total dose for the toddler, but does not materially change the
that the toddler would spend less time on site conclusions of the assessment.
than the remainder of the traditional hunting
and gathering party. It is likely that the family
unit would stay together, and there are no
reasons given for the improbability of a
toddler staying on site for 3 months. If
toddlers and children were assumed to be on
site for 90 days, would this change the
resulting recommendations of the HHERA?
Recommendation <p style="marginleft:.5in">ENR recommends that CIRNAC
provide additional rationale for assigning
toddlers a time on site of 30 days instead of
90 days as was done for teenagers and adults.
<p style="margin-left:.5in">ENR recommends
that CIRNAC provide a discussion on whether
or not the assumption that all humans
(toddlers, teenagers, and adults) would spend
90 days on site would change the overall
recommendations of the HHERA regarding
the level of risk for humans.
5

Mill Lake Debris
Removal

Comment <p style="margin-left:.5in">Section Jan 6: Wastes in Mill Lake will be recovered after the Lake is drained and will be
2.1 of the Rayrock HHERA states that there is processed as non-hazardous waste, undergoing the testing recommended in
waste present in Mill Lake. ENR notes that it the RAP.
is not clear if waste has been removed from
Mill Lake (including metal debris, batteries,
and drums).
Recommendation <p style="marginleft:.5in">ENR recommends that CIRNAC
provide an update on the status of waste in
Mill Lake.

6

Surface Water Data

Comment <p style="margin-left:.5in">Section Jan 6: Section 2.4.1 of the Rayrock HHERA states "The full data set for surface
2.4.1 of the Rayrock HHERA describes the
water is provided in Appendix A." Table A.1 of Appendix A identifies the data
surface water data that were used in the
set as "Total Metals".
HHERA. It is unclear whether the data
summaries for surface water in this section

are for total metals or dissolved metals. It is
assumed the summaries are for total metals,
but clarification would help the reader.
Recommendation <p style="marginleft:.5in">ENR recommends CIRNAC provide
clarification on whether total or dissolved
metal concentrations in surface water were
used in the HHERA.
7

Surface Water Data

Comment <p style="margin-left:.5in">Section
2.4.1 of the Rayrock HHERA describes the
surface water data that were used in the
HHERA. <p style="margin-left:.5in">Water
quality parameters such as pH, hardness and
Dissolved Organic Carbon (DOC) are not
presented or discussed. These modifying
factors play a major role in modifying toxicity
of several of the Contaminants of Potential
Concern (COPCs), and an understanding of
these Toxicity Modifying Factors (TMF) would
be helpful for the reader to understand the
status of, and potential impacts to the various
waterbodies under assessment.
Recommendation <p style="marginleft:.5in">ENR recommends CIRNAC provide
additional information on the potential
influence of TMF in the aquatic risk
assessment.

Jan 6: These modifying factors tend to decrease toxicity as their concentrations
increase. The effects of these modifying factors were not included in the
assessment. It was assumed that the concentrations of COPC in the aquatic
environment were in their most toxic form which is a conservative assessment.
The use of TMF would not change the overall conclusions of the HHERA.
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Aquatic Vegetation

Comment <p style="margin-left:.5in">Section
2.4.5 of the Rayrock HHERA describes how
aquatic vegetation was considered. <p
style="margin-left:.5in">The number of
samples (n) is not identified. It is unclear if the
data relate to a single sample of aquatic
vegetation from each of the two lakes or if
they represent multiple samples. ENR notes
that background vegetation must have more
than one sample, as a mean is

Jan 6: Table 2.29 summarizes the aquatic vegetation data collected by Rescan
in 2011; three samples were available from each of the waterbodies. In order to
be conservative, the maximum values were considered from the exposure
locations, while the mean value was considered for the background location as
a conservative measure.

presented.&nbsp;
Recommendation <p style="marginleft:.5in">ENR recommends that CIRNAC
provide additional information on the
sampling program for aquatic vegetation
(e.g., including if these were collected near
contaminant source locations).
9

Benthic Invertebrates Comment <p style="margin-left:.5in">Section
2.4.6 of the Rayrock HHERA describes how
benthic invertebrates were considered. <p
style="margin-left:.5in">As noted in a
comment regarding aquatic vegetation; the
number of benthic invertebrate samples
within each lake is not stated. Also, it is not
stated whether these samples were
depurated prior to analysis.
Recommendation <p style="marginleft:.5in">ENR recommends that CIRNAC
provide additional information on the benthic
invertebrate sampling program. Information
should include the number of samples taken
within each lake, and whether or not samples
were depurated prior to analysis.

Jan 6: Table 2.30 summarizes the benthic invertebrate data collected by Rescan
in 2011; one sample was available from each of the waterbodies and the table
presents these single values. The sampling program may have provided
information on whether the samples were depurated but that is not available
to the risk assessment team and does not affect the risk evaluation.
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Use of Reference Lake Comment <p style="margin-left:.5in">New
Control Lake is used as a reference lake for
the COPC identification in the Rayrock
HHERA. <p style="margin-left:.5in">ENR notes
that it is unclear where New Control Lake is
and limited information is provided on the
characteristics of this lake.&nbsp;
Recommendation <p style="marginleft:.5in">ENR recommends CIRNAC provide
additional rationale for use of New Control
Lake to characterize baseline (reference)
conditions.

Jan 6: New Control Lake is located approximately 3.5 km northwest of the site.
New Control Lake is also shown on Figure 2 of the RAP. Rationale for the
selection of New Control Lake as reference is provided in Section 5.1 of the
Aquatic Effects Monitoring Program Design Plan.
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Problem Formulation Comment <p style="margin-left:.5in">Section Jan 6: Section 1.4 indicates the overall COPC that are to be carried through the
â€“ COPC Selection
1.4 lists the COPCs for the Rayrock HHERA.
HHERA. Sections 4.3.2.1 and 4.3.2.2 indicate what COPC were quantified in the
ENR notes that it is unclear which COPCs
ERA and Section 4.3.3.1 indicates the COPC for the HHRA.
&ldquo;belong&rdquo; to the ERA and/or
HHRA
Recommendation <p style="marginleft:.5in">ENR recommends that the HHERA
clearly state which COPCs relate to the ERA
(terrestrial and/or aquatic) or HHRA.
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Problem Formulation Comment <p style="margin-left:.5in">Figure
â€“ COPC Selection
1.1 in the Rayrock HHERA describes how
constituents are excluded from further
assessment if 90% of the measurements are
non-detect (i.e., heavily censored data). <p
style="margin-left:.5in">ENR notes that it is
unclear why 90% was used as the cut-off for
classifying data as being heavily censored.
Recommendation <p style="marginleft:.5in">ENR recommends CIRNAC provide
additional rationale or a reference for using
90% as the cut-off for excluding constituents
from further assessment.

Jan 6: The 90% of the measurements being below the detection limit and thus
not being considered present at the site was based on professional judgement
and experience by a statistician. This approach has been used for screening
sites across Canada for more than 20 years and has been reviewed and
accepted by regulatory agencies. In the case of the Rayrock Site, constituents
that met this criteria either had all samples below the detection limit or one or
two samples with measured data.
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Problem Formulation Comment <p style="margin-left:.5in">In
â€“ COPC Selection
Appendix A (COPC selection appendix) of the
Rayrock HHERA, data that are censored are
excluded from further analysis. <p
style="margin-left:.5in">ENR notes that it is
unclear why censored data were not
compared to environmental quality guidelines
(e.g., beryllium in water). The tables in
Appendix A do not appear to present the
guidelines for these constituents.
Recommendation <p style="marginleft:.5in">ENR recommends that guidelines
still be presented for constituents that are
largely non-detect to ensure that the method
detection limits are sufficiently low (i.e.,

Jan 6: In Appendix A, if no guideline is provided it means that no CCME
guideline is available. Beryllium measurements in surface water were reported
entirely as < method detection limit and therefore beryllium is not considered
to be present at the site. A similar case is for bismuth in surface water samples;
they are reported below the measured detection limit and not considered to be
present at the site.

below the environmental quality guidelines)
to support their exclusion from the HHERA.
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Problem Formulation Comment <p style="marginâ€“ COPC Selection
left:.5in">Polycyclic Aromatic Hydrocarbons
(PAHs) were not included in the initial list of
constituents for COPC selection in the
Rayrock HHERA. It is unclear if these should
be considered as COPCs based on historical
activities at the site.
Recommendation <p style="marginleft:.5in">ENR recommends that CIRNAC
provide rationale for excluding (PAHs) from
the Rayrock HHERA.

Jan 6: PAHs were not identified at concentrations above guidelines in any
samples and PAH sources were not identified as potential contaminants.
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Problem Formulation Comment <p style="margin-left:.5in">The
â€“ COPC Selection
screening process in Figure A.1 of the Rayrock
HHERA is clear and describes in Step 3 how
95th percentile concentrations are compared
to background average concentrations. On
page 3 and 4 of Appendix A, it indicates that
where sediment quality guidelines are lacking
for chemicals, there is no comparison to
background concentrations, and chemicals
without sediment quality guidelines were not
selected as COPCs. This is not adequately
conservative, as several metals and
radiological components lack sediment
quality guidelines but are present at
concentrations above background mean
concentrations.&nbsp; For example, cobalt,
selenium and vanadium, as well as radioactive
components, all have site mean
concentrations and 95th percentiles above
background levels.
Recommendation <p style="marginleft:.5in">ENR recommends that CIRNAC
provide further justification for the lack of
background screening for chemicals without

Jan 6: Table A.2 provides the screening process for sediments. Within the table
there is a comparison to reference or background concentrations. The lack of
guidelines for sediments is because there are no readily available toxicity data
in which to evaluate effects on benthic organisms. Unfortunately that is where
the science is currently on evaluation of sediments. This represents a data gap
but the consideration of uranium in sediments is believed to capture potential
effects on benthic organisms across the site as there are elevated
concentrations of uranium in sediments in a majority of the waterbodies at the
site.

sediment quality guidelines and describe the
potential implications for aquatic risk
assessments.
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Problem Formulation Comment <p style="margin-left:.5in">The
â€“ COPC Selection
statistic chosen for HHRA COPC screening
(e.g., 95 percentile) differs from the statistic
used in the ERA portion of the HHERA (e.g.,
95 Upper Confidence Level of the Mean
(UCLM)). As a result, the HHERA ends up
quantitatively evaluating COPCs that are
markedly different than those identified
through the screening process (Appendix A).
<p style="margin-left:.5in">As an example,
the COPCs were screened out of the HHRA in
Table 4.25 based on calculated 95UCLM
values for the Site. Table 4.25 presents a sitewide arsenic Exposure Point Concentration
(EPC) in soil of 33 mg/kg which is above the
human health soil quality guideline of 12
mg/kg. It is unclear what the sample size is for
this 95UCLM and why this value was not used
in the assessment (as opposed to Camp 1-3
values presented in Table 4.28, which
presents EPC values for the HHRA at Camp 1
to 3 that range from 2.4 to 5.7 mg/kg).
Further, the 95th percentile arsenic
concentration in the Mill Workings area is 42
mg/kg (Table 2.21) and 19 mg/kg (Table 2.20)
in the Mill Creek area. It is unclear why these
areas were not considered as exposure areas
for the HHRA.
Recommendation <p style="marginleft:.5in">ENR recommends that CIRNAC
apply a consistent approach (statistic) in the
initial COPC selection (Appendix A) and for
those COPCs carried forward for quantitative
evaluation in the HHERA (i.e., should not

Jan 6: The screening process in risk assessments always uses the 95th
percentile or maximum concentration measured at the site to evaluate
whether a COPC should be identified for further investigation at the site.
However in the conducting of the risk assessment, the risk assessment
guidance provided by regulatory agencies indicates that a reasonable estimate
of the maximum exposure at the site should be used in the calculations. This is
typically represented by the 95% Upper confidence Limit on the Mean (UCLM)
as was used in the assessment. In conducting the risk assessment for human
health, the UCLM values were developed for the Mill Creek and Mill Workings
areas. The UCLM for Mill Creek was based on 28 samples and for the Mill
Workings it was based on 77 samples. For the HHRA a further evaluation was
carried out as people were assumed to camp at 3 different areas at the site.
Thus the majority of their exposure would be in those areas and EPCs were
developed for those three areas.

conduct additional screening after the list of
COPCs has already been identified).
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Ingestion Rates

Comment <p style="margin-left:.5in">ENR
notes that it is not clear how ingestion rates
for local meat (Table 3.5) were calculated in
the Rayrock HHERA.
Recommendation <p style="marginleft:.5in">ENR recommends that CIRNAC
provide additional information on how the
ingestion rates were calculated (e.g., game
consumption).

Jan 6: The ingestion rates were derived as described in Section 3.3.2.1. The
food ingestion rates summarized in Table 3.3 were combined with the
breakdown of diet in Table 3.4 to calculate the ingestion rates for local meat in
Table 3.5. For example, the adult ingestion rate of 540 g/d (Table 3.3) was
multiplied by 8% (muskrat, Table 3.4) to derive the muskrat ingestion rate of 43
g/d (Table 3.5).
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Aquatic Exposure
Assessment

Comment <p style="marginleft:.5in">Transfer factors presented in Table
4-3 of the Rayrock HHERA appear to be based
on a single data point, based on the
information presented in Section 2.4.5 and
2.4.6.
Recommendation <p style="marginleft:.5in">ENR recommends that uncertainties
related to the transfer factors presented in
Table 4.3 of the Rayrock HHERA be clearly
stated.&nbsp;

Jan 6: As noted in the footnote for Table 4.3, the transfer factors presented are
based on the average from Alpha and Gamma lake data (and therefore are not
based on a single data point). A discussion of the uncertainties in the
assessment, including the site-specific TFs used for the aquatic environment, is
provided in Section 6.4 of the report.
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Appendix C â€“
Sample Calculations

Comment <p style="margin-left:.5in">ENR
notes that there are discrepancies between
the transfer factors presented in Appendix C
and those presented in Table 4.3 of the
Rayrock HHERA. For example the water-tobenthic transfer factor value presented in
Appendix C (pg 283/369) is 154 L/kg ww
whereas Table 4.3 presents 120 L/kg ww. The
water-to-aquatic vegetation transfer factor
value is presented in Appendix C (pg 283/369)
as 76 L/kg ww whereas Table 4.3 presents 71
L/kg ww. While the differences are small, it is
not clear why there is a discrepancy in these
values, or which were used in the HHERA.

Jan 6: There is a typographical error in the TFs presented in Table 4.3. The
correct ones used in the assessment are provided in Appendix C. There are
some small differences between the values in Table 4.3 and the TFs used in the
assessment (Appendix C). There are no changes to the risk assessment
calculations or conclusions, since this is an error in the report presentation.

Recommendation <p style="marginleft:.5in">ENR recommends that CIRNAC
confirm which transfer factors values are
correct, and which were used in the HHERA.
20

Exposure calculations Comment <p style="margin-left:.5in">Table
4.3 in the Rayrock HHERA presents a site
specific bio-concentration factor (BCF) for
Uranium-238 of 6.2 L/kg ww but Table 2.28
notes fluoride, lithium, PHCs, and uranium238 were not measured in aquatic vegetation;
therefore, it is not clear which values were
used to calculate the site-specific BCF?
Recommendation <p style="marginleft:.5in">ENR recommends that CIRNAC
provide additional information on how sitespecific BCFs were calculated.

Jan 6: Uranium-238 measurements were available in aquatic vegetation and
were not provided in the Table 2.29 (Summary of Aquatic Vegetation) in error.
The maximum value for Alpha Lake was 0.90 Bq/kg ww U-238 and the
maximum in Gamma Lake was 0.43 Bq/kg ww U-238. The mean background
concentration of U-238 was 0.04 Bq/kg ww. These concentrations were used to
derive the site-specific BCF. Fluoride, lithium and PHC do not accumulate up the
food chain and thus BCFs/TFs for these COPC in aquatic vegetation are not
needed.

21

Exposure calculations Comment <p style="margin-left:.5in">Section
4.3.2.5 of the Rayrock HHERA presents
exposure point concentrations for benthic
invertebrates in Table 4.12 and 4.13 that are
based on an unknown quantity of data for the
benthic invertebrates and aquatic vegetation
(see earlier comments). Site specific transfer
factors were applied, based on what appears
could be single data points from two lakes.
ENR notes that this would be associated with
a high degree of uncertainty.
Recommendation <p style="marginleft:.5in">ENR recommends that CIRNAC
provide additional information on the
BCF/BTF calculations, including uncertainty
associated with these calculations and
subsequent risk estimates.

Jan 6: As noted in the footnote for Table 4.3, the transfer factors presented are
based on the average from Alpha and Gamma lake data. A low number of
samples (1 sample each for benthic and 3 samples each for aquatic vegetation)
does increase the uncertainty around the use of the site-specific transfer
factors, but as the discussion of the uncertainties in the assessment provided in
Section 6.4 of the report notes, it is not believed to be any more uncertain than
using literature transfer factor values which would be the other alternative.
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Exposure calculations Comment <p style="margin-left:.5in">Table Jan 6: As noted in response to GNWT 19, the TFs presented in Table 4.3 were
4.13 (Aquatic Vegetation EPC for Ecological
slightly different from the actual values used. The TF for aquatic vegetation was
Assessment) of the Rayrock HHERA presents a 143 L/ kg ww (rather than 126 L/kg ww) which results in a calculated aquatic

calculated copper concentration at Jan Pond vegetation EPC of 0.75 mg/kg ww (as presented in Table 4.13). The aquatic
(JP) 0.75 mg/kg ww. It was assumed the
vegetation EPCs presented are the values used in the assessment.
calculation is based on the following: Surface
water EPC for copper in JP was 0.0053 mg/L
(maximum) in Table 4.9 Surface water EPC
multiplied by TF of 126 L/kg ww from Table
4.3 <p style="margin-left:.5in">This results in
a calculated aquatic vegetation EPC of 0.67
mg/kg ww which does not match the value in
Table 4.13. It is not clear why these two
values are different.
Recommendation <p style="marginleft:.5in">ENR recommends that CIRNAC
provide clarification on the discrepancy noted
in the calculated aquatic vegetation EPC.
23

Background
Concentrations

Comment <p style="margin-left:.5in">Risks
appear to rely on calculated background
concentrations for air (Table 4.30), berries
(Table 4.31), medicinal tea (Table 4.32),
grouse (Table 4.33), hare (Table 4.34),
muskrat (Table 4.35) and moose (Table 4.36)
in the Rayrock HHERA. <p style="marginleft:.5in">Also, Table 2.33 and 2.34 present
measured concentrations of arsenic in grouse
and hare whereas Appendix C indicates these
are based on estimated concentrations. It is
unclear why the authors would not have
relied on measured data. <p style="marginleft:.5in">ENR notes that using calculated
concentrations to represent reference
conditions (background) is not standard
practice.
Recommendation <p style="marginleft:.5in">ENR recommends that CIRNAC
provide rationale for relying on calculated
background concentrations rather than
measured data.

Jan 6: Background concentrations in air, berries, medicinal tea, grouse, hare,
muskrat, and moose were based on calculated values, as stated in the
comment, due to an absence of measured data for these environmental media
(Section 4.3.3.2) for the risk assessment. Appendix C should indicate that the
arsenic concentrations in hare and grouse are based on measured
concentrations. In the absence of measured reference/background data, the
standard practice is to estimate the concentrations using transfer factors
otherwise there is a large data gap in the risk assessment.
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Aquatic TRVs

Comment <p style="margin-left:.5in">Table
5.1 of the Rayrock HHERA presents copper
Toxicty Reference Value (TRVs).&nbsp;
Copper toxicity to aquatic life based on
surface water exposures is heavily modified
by TMFs, such as pH, hardness and DOC, as
discussed previously above.&nbsp; The
concentrations of these modifying factors in
the various lakes is unclear.&nbsp; Similarly,
there is no discussion of the concentrations of
these modifying factors in the selected TRVs
presented in Table 5.1 relative to the lakes
under assessment. Therefore, the relevance
of the selected TRVs to assessing potential
risks to the various trophic levels is
unclear.&nbsp; If the hardness and pH of the
selected TRV reference are dissimilar to those
present in the specific lake under assessment,
the selected TRV may not be adequately
protective.&nbsp; In addition, the
presentation of the data, and selection of the
TRVs are not transparent, in that summary
tables of toxicity data considered in the
assessment (and justification for the selected
TRVs) are not provided. ENR notes that a
Biotic Ligand Model (BLM) approach for the
assessment of copper be considered as it can
account for the influence of various modifying
factors on the toxicity of copper. <p
style="margin-left:.5in">Table 5.1 also
presents fluoride TRVs. It is difficult to verify
that the selected TRVs are conservative, in
that supporting toxicity summary tables are
not provided. During a recent WL
Amendment for the Gahcho Ku&eacute; Mine
(MV2005L2-0015), GNWT supported a revised
site-specific water quality objective (SSWQO)

Jan 6: The TRVs presented are for the most sensitive species for each trophic
level indicated and have been used in a number of assessments across the
north and accepted by regulatory agencies over a number of years. The TRVS
are adequately protective as they are protective of the most sensitive trophic
level biota. The copper TRVs are not based on any modifying factors and
represent the lowest toxicity value for each trophic level and are considered to
be conservative. For fluoride, no toxicity data are available for phytoplankton
and zooplankton but the available toxicity data cover fish. Additionally the
fluoride concentrations in surface water at the site are below the fluoride TRV
of 1.19 mg/L recommended by the GNWT. For iron, toxicity data are not
available for some trophic level biota; however, fish are considered to be the
most sensitive species to iron toxicity as Fe(III) tends to deposit on the gills and
cause oxygen starvation. Thus the consideration of fish toxicity is the major
concern for iron. There are no CCME aquatic life criteria for lithium. Again,
there are few toxicity data available for lithium and thus the assessment
considered the available TRVs.

for fluoride of 1.19 mg/L. GNWT supports the
Sinclair and MacDonald (2015) proposed
benchmark for fluoride of 1.03 mg/L, but
recognizes that the benchmark of 1.19 mg/L
results in a similar level of protection. For
consistency, GNWT recommends that the
fluoride TRV be set at 1.19 mg/L. <p
style="margin-left:.5in">In the absence of
supporting documentation, it is unclear
whether the selected studies that the TRVs
are based on are from a study of adequate
quality. In addition, TRVs are missing for
phytoplankton and zooplankton, and the risk
characterization of these trophic levels in
Section 6 is not provided. Based on the lack of
information provided to support the TRVs,
the selected TRVs may not be adequately
protective. The aquatic risk assessment would
benefit from further justification of the
selected TRVs.&nbsp; <p style="marginleft:.5in">For iron, toxicity can be modified by
DOC, hardness and pH.&nbsp; Hence, the
applicability of the selected TRVs, relative to
the site-specific water quality of these lakes,
cannot be determined based on the
information provided. As well, the selected
TRVs are based on older studies that date
back to 1972 and 1973.&nbsp; The EC50 for
fathead minnow is based on 50% reduction in
egg hatchability, from a 1972 study, of an
unknown duration.&nbsp; In addition, no
TRVs are provided for aquatic plants,
phytoplankton or benthic invertebrates, and
these trophic levels are essentially not
assessed in the risk characterization
section.&nbsp; Where data are lacking,
consideration may need to be given to relying

on established Canadian Council of the
Ministers of Environment (CCME)
guidelines.&nbsp; The approach does not
appear to be adequately conservative. Like
iron, three of the five (5) lithium TRVs are
based on LC50 data, from older studies with
no indication of acceptability of quality of the
studies. There is no TRV presented for aquatic
plants. <p style="margin-left:.5in">With
respect to uranium, the selection of IC10 and
EC10s is reasonable, and several of the
studies are more recent than studies that
were selected for other COPCs. The forage
fish TRV is based on a 96-hr LC50, which is an
acute, rather than chronic study, and hence,
is unlikely to be adequately conservative.
Recommendation <p style="marginleft:.5in">ENR recommends that CIRNAC
provide additional rationale for the selection
of the TRVS as this would benefit the aquatic
risk assessment.&nbsp; <p style="marginleft:.5in">ENR recommends that
consideration be given to using a BLM
approach for the assessment of copper which
can account for the influence of various
modifying factors on the toxicity of copper.
<p style="margin-left:.5in">ENR recommends
CIRNAC provide supporting toxicity summary
tables that show all data that were
considered in the selection of the TRVs. <p
style="margin-left:.5in">ENR recommends
that CIRNAC provide additional discussion on
the influence of toxicity modifying factors on
the TRVs.
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Public Exposure Dose Comment <p style="marginConstraint
left:.5in">According to Health Canada, an
upper limit of 0.3 mSv above background

Jan 6: Health Canada (2000) indicates that a dose constraint is an upper value
on the annual dose that members of the public should receive from a planned
operation or single source. The use of the dose constraint ensures that the

should not be exceeded at federal
contaminated sites for unrestricted land use
per the NORM guidelines (Health Canada,
2014). For the control of public exposure, an
appropriate value for the dose constraint is
0.3 mSv in a year. Section 6.3.3 of the Rayrock
HHERA outlines that the incremental dose
limit of 1 mSv/year was used, instead of the
0.3 mSv/year limit. Table 6.44 predicts
radiological exposures at Camp 1 to 3 that are
above the 0.3mSv/year dose constraint but
below the effective dose of 1 mSv. ENR notes
that it is not clear why the 1 mSv/year limit
was used instead of the 0.3 mSv/year limit.
Recommendation <p style="marginleft:.5in">ENR recommends that CIRNAC
provide additional rationale for why 1
mSv/year was used in the HHERA as opposed
to 0.3 mSv/year.
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Aquatic Ecosystem in Comment <p style="margin-left:.5in">The
Lakes
concern with the presented results is that the
TRVs for copper do not consider TMFs, and
hence, it is difficult to confirm that the SI
values are adequately conservative.&nbsp;
Further information is needed to support the
TRVs, relative to TMFs (pH; harness; DOC). <p
style="margin-left:.5in">In addition, for lakes
in which no fish are present, has CIRNAC
considered the possibility that fish could be
absent due to toxicity of a particular COPC?
ENR notes that this issue should be discussed
further, in light of some of the measured
COPC surface water concentrations. The

public do not exceed the annual dose limit of 1 mSv in a year. The Canadian
NORM Guidelines have adopted 0.3 mSv in a year as its first investigative limit
and exceedance of this limit does not imply a failure to comply with the
recommendations of the NORM Guidelines. What it means is that further
investigation is needed into the dose calculations. Rayrock was considered to
be a single source of radiological exposure to someone camping in the area and
thus the use of the annual dose limit is appropriate and the Health Canada dose
constraint is not necessary. In investigation of the radiological calculations for
human health, it can be seen that the major pathways are consumption of
berries, grouse and hare. The dose from berries comes from the use of the
maximum measured Ra-226 concentration in berries from Mill Lake. All other
radionuclides were measured below the detection limit. Other Ra-226
measurements were lower in berries. It is unlikely that berries are only present
in Mill Lake/Mill Creek area and thus the use of the maximum concentration to
represent these values is an overly conservative estimate of exposure. In
addition, the hare and grouse doses are based on theoretical radiological
concentrations in hare and grouse flesh based on literature derived transfer
factors since the measured radionuclide concentrations were all measured
below the detection limit. Thus the human doses calculated represent the
bounding worst case theoretical scenario that an individual may encounter at
the Rayrock site. It is likely that the doses to an individual would be much lower
than what was calculated. Health Canada 2000. Canadian Guidelines for
Management of Naturally Occurring Radioactive Materials (NORM). October.
Jan 6: As discussed in Comment 33, the most conservative copper TRVs were
used in the assessment and did not account for TMFs and therefore are a
conservative evaluation of copper in the aquatic environment. The approach
for the evaluation of potentials effects on the aquatic community has evolved
since the assessment was completed in 2017. A species sensitivity approach as
is used in the derivation of CCME aquatic protection guidelines is now
considered to be a more fulsome approach to evaluating the potential effects
in the aquatic community. The species sensitivity distribution approach allows
for the evaluation of the aquatic community as a whole and is a statistical
representation of all of the available and acceptable toxicity data for aquatic
species exposed to a given COPC such as copper. Using an SSD approach again
without the consideration of TMF such as hardness or DOC, a copper
concentration of 0.006 mg/L represents protection of 80% of the aquatic
community. Based on information presented in Table 4.7, copper

screening index (SI) tables could include
evaluation of the potential COPCs for all
receptor groups, in order to evaluate the
potential likelihood that certain receptor
groups could be absent as a result of toxicity.
While it is recognized that some northern
lakes lack fish, further discussion on the
potential for toxicity, relative to habitat for
fish, would be helpful for the reader. <p
style="margin-left:.5in">With respect to the
sediment evaluation, the assessment seems
reasonable, due to the small margin of
exceedance over the PEL/SEL.&nbsp; As
indicated earlier, the uranium SEL seems high,
relative to the PEL.&nbsp; Further
understanding of bioavailability of some of
the COPCs in sediments would assist the
conclusions of the assessment, particularly
since there appear to be tailings in the lake
(and metals can be of lower bioavailability in
tailings). While the benthic community
evaluation is helpful as a Line of Evidence
(LOE), pore water analysis, simultaneously
extracted metals and acid volatile sulfide
(SEM/AVS) analysis, or other bioavailability
indicators would shed more light.&nbsp; <p
style="margin-left:.5in">In addition, the
discussion related to the benthic community
assessment does not provide details related
to number of samples, etc., and hence, the
uncertainties around the provided description
are unclear.&nbsp; Often benthos is highly
influenced by substrate (grain size, etc.)
and/or organic carbon (TOC; LOI).&nbsp;
Further insight into correlations and
relationships would shed additional light on
the possible influence of contamination on

concentrations in Mill Lake, Jan's Pond, and Lake A are below this level, which
indicates that the aquatic community in these lakes would not be largely
affected by the measured copper concentrations. This finding is similar to the
conclusion of the 2017 Rayrock assessment. Concentrations of copper in Alpha
Lake and Sherman Lake (0.009 mg/L), Beta Lake (0.02 mg/L), and Gamma Lake
(0.03 mg/L) are above this 80% protection level. Thus, the most sensitive
species in the aquatic community would not be protected in Beta and Gamma
lakes based on the measured concentrations of copper; however, less sensitive
species would not be negatively affected and the aquatic community, while
changed, would still be functioning. These conclusions are consistent with the
risk assessment, which found that negative impacts on aquatic populations
were not indicated other than for Mill Lake.

benthic community outcomes.
Recommendation <p style="marginleft:.5in">ENR recommends that CIRNAC
provide additional information on the
selected TRVs relative to TMFs. <p
style="margin-left:.5in">ENR recommends
that CIRNAC provide possible reasons on why
fish are absent from lakes including Mill Lake.
<p style="margin-left:.5in">ENR recommends
that CIRNAC provide additional data on the
bioavailability of the COPCs in sediments. <p
style="margin-left:.5in">ENR recommends
CIRNAC provide additional information on the
benthic survey and analysis of the benthic
data.
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Gamma Lake

Comment <p style="margin-left:.5in">The
discussion related to sediment and benthos
for Gamma Lake outcomes provides some
perspective, but with sediment
concentrations being as high as 8,800 mg/kg
copper, relative to a SEL of 197 mg/kg, an
additional LOE would be helpful.&nbsp; The
benthic community discussion is lacking in
terms of details (number of stations; other
benthic metrics). A discussion of coring data,
if any is available, would shed light on depth
of tailings, and cover material over top of
tailings, to assist in confirming whether
tailings have been covered over time with
native materials.
Recommendation <p style="marginleft:.5in">ENR recommends CIRNAC provide a
discussion of coring data, if available to assist
in confirming whether tailings have been
covered over time with native materials.

Jan 6: The core samples at the Rayrock site were similar in all lakes with the top
100mm comprised of dark brown/black, water saturated, highly organic and
somewhat flocculant sediments. Deeper sediments were less water saturated
and more cohesive brown, clayey silt to silty clay without evidence of organic
material. Besides the interface between the shallow organic material and this
deeper clay material, there was no evidence of layering in the sediment. In
Gamma Lake, the radionuclide concentrations were much higher in the 100 mm
surficial sample than in the deeper cores. The lower sections of Gamma Lake
were generally similar to the deeper sections of other lakes at Rayrock
including the reference site in Sherman Lake. Concentrations of lead, copper
and selenium also showed similar trends with depths similar to the
radionuclides. Concentrations of uranium in the surficial sample of Gamma
Lake were around 300 mg/kg and dropped to 50 mg/kg at 30 cm depth. Copper
impacts were only observed in the 20 to 30cm depth.
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Topic

Reviewer Comment/Recommendation

Proponent Response

1

RAYROCK - General
comment (Human
Health Risk)

Comment The HHERA study summarized
that" For the human health assessment, the
COPC identified were: arsenic, beryllium,
boron, chromium, copper, lead, molybdenum,
nickel, selenium, uranium, zinc, PHC F2-F4,
and uranium-238 series radionuclides. A
qualitative assessment was completed for
beryllium, boron, chromium, copper, lead

Jan 6: The risks identified at the site are very low and additional remedial
actions are the site will further reduce the risks at the site. It is unlikely that the
conditions at the site will transform into a more harmful condition. Radon
measurements in the 2020 program verified previous radon measurements at
the Rayrock site and indicate that radon is not an issue. Gamma radiation and
radon gas measurements will be completed for the site following remediation
as a line of proof of the effectiveness of the remedial action. Alpha radiation is

molybdenum, nickel, selenium, zinc and PHC an exposure pathway that will be addressed through the capping with clean soil
F2-F4 for the human receptors since the
during remediation.
developed EPCs were below the human
health components of the generic CCME soil
standards. The qualitative assessment
determined that no adverse effects were
expected from these COPC. The risk
assessment utilized the information from the
interpretation of the TK study (Richardson
2016) in order to determine the exposure
scenarios". Also, for the exposure to Nonradionuclides in sediment. In some instances
where EPC of Copper, or nickel has SI values
above 1 for the CCME ISQG and Thompson et
al. (2005) LEL, but their PEL and SEL were not
exceeded; such as the one seen in Jan's pond.
The question here will be, is there going to be
a monitoring program that will be developed
post remediation to help track further
changes in these COPC concentration in their
receptors and the within the receiving
environment. The concern is to make sure
that these measured low exceedances
accepted at this time as having no negative
effect does not transform into a different
condition that they will be harmful in future,
due to changes (both physical and chemical)
in the environment.
Recommendation Radiological monitoring
should be part of the program, including
gamma radiation, alpha radiation (since there
was indication in the study that there are
possibilities of soil ingestion), radon gas
presence and any other radioactive substance
of concern.

2

RAYROCK - General
comment (Ingestion
pathway)

Comment The study did not in any
Jan 6: The assessment did consider the ingestion of soil and water by a toddler
circumstance put into perspective a worst(see Section 4.4.2) and the potential risks associated with these exposures are
case scenario condition, where a receptor
provided in Section 6.3.
(e.g. toddler) might have a possible incidental
ingestion (soil or water) and what the risk
value will be and what Endpoint such incident
may result to.
Recommendation Please clarify

3

RAYROCK - General
comment (nonpotable water in
Gamma and Beta
Lakes)

Comment It's not just Mill Lake that is not
potable water on-site (section 4.3.3). Gamma
lake exceeds HC drinking water guidelines for
lead-210 and radium-226 based on mean
concentrations. Beta Lake sometimes exceeds
the drinking water guideline for radium-226.
The fact that drinking water criteria are
exceeded in Gamma and Beta Lakes, seems to
increase the likelihood that these water
bodies are impacted.
Recommendation The drinking water
guideline exceedance in Gamma and Beta
Lakes should be identified in the HHERA.

4

RAYROCK - General
comment

Comment Rayrock HHERA only identified 5
Jan 6: The major decay products of uranium which contribute to the
radionuclides as COPC, the Sun HHERA
radiological dose were considered in the assessment. The consideration of any
identified 7 radionuclides (addition of U-234 other decay products does not materially add to the dose.
and U-235). Radiological exposure is likely
underestimated in the HHERA since all of the
radionuclides associated with uranium decay
are not accounted for in the calculations.
Recommendation All 12 radioactive decay
products from uranium-238 should be
identified as potential concerns (COPC) and
included in the HHERA.

5

RAYROCK - General
comment

Comment The Sun HHERA uses a radiological
dose constraint of 300 uSv/year to assess
potential for impact to humans (and is in
agreement with Health Canada guidance). In

Jan 6: The Tli?cho Elders have stated that they do not use these small ponds as
sources of drinking water - especially with larger and clearer Lakes like Sherman
Lake nearby (Tli?cho Research and Training Institute, Tli?cho Government
2015).

Jan 6: Health Canada (2000) indicates that a dose constraint is an upper value
on the annual dose that members of the public should receive from a planned
operation or single source. The use of the dose constraint ensures that the
public do not exceed the annual dose limit of 1 mSv in a year. The Canadian

contrast, the Rayrock HHERA has used a
significantly higher dose limit of 1000 uSv/yr
to assess potential for human impacts. The
use of the higher limit/assessment value in
the Rayrock HHERA does not account for the
worker or public to have additional
radiological exposure outside of the Rayrock
site and is a non-conservative assessment
approach. Review of the Rayrock HHERA data
shows that many of the camper scenarios
exceed the 300 uSv/yr. radiological dose
constraint.
Recommendation Dose constraint of 300
uSv/year should be used in Rayrock HHERA
instead of dose limit of 1000 uSv/yr.

NORM Guidelines have adopted 0.3 mSv in a year as its first investigative limit
and exceedance of this limit does not imply a failure to comply with the
recommendations of the NORM Guidelines. What it means is that further
investigation is needed into the dose calculations. Rayrock was considered to
be a single source of radiological exposure to someone camping in the area and
thus the use of the annual dose limit is appropriate and the Health Canada dose
constraint is not necessary. In investigation the radiological calculations for
human health it can be seen that the major pathways are consumption of
berries, grouse and hare. The dose from berries comes from the use of the
maximum measured Ra-226 concentration in berries from Mill Lake. All other
radionuclides were measured below the detection limit. Other Ra-226
measurements were lower in berries. It is unlikely that berries are only present
in Mill Lake/Mill Creek area and thus the use of the maximum concentration to
represent these values is an overly conservative estimate of exposure. In
addition, the hare and grouse doses are based on theoretical radiological
concentrations in hare and grouse flesh based on literature derived transfer
factors since the measured radionuclide concentrations were all measured
below the detection limit. Thus the human doses calculated represent the
bounding worst case theoretical scenario that an individual may encounter at
the Rayrock site. It is likely that the doses to an individual would be much lower
than what was calculated. Health Canada 2000. Canadian Guidelines for
Management of Naturally Occurring Radioactive Materials (NORM). October.

6

RAYROCK - General
comment

Comment The decay products of uraniumJan 6: The major decay products of uranium which contribute to the
238 are more radioactive and more
radiological dose were considered in the assessment. It is recognized that Mill
dangerous than uranium itself. Mill Lake is
Lake is contaminated and remedial actions are planned to clean up Mill Lake.
higher in uranium. The tailings areas are
higher in the uranium decay products.
Recommendation Detailed radionuclide study
is warranted for the tailings water bodies.

7

RAYROCK - General
comment

Comment Gamma radiation pathway (related
to Table 4.24). The value presented as the site
wide value does not account for the elevated
gamma measurements in the mill area and
tailings spill sites (the site wide value based
on capped tailings areas only). This is
questionable and may underestimate the
gamma exposure rate. It would be better to

Jan 6: The gamma dose rates that were used in the Rayrock HHERA do capture
the gamma measurements at the Rayrock site. This has been verified by the
recent gamma measurements that were collected at the site in 2020 by
AECOM. The maximum measured gamma dose rate at the site was measured at
1.74 uSv/hr in 2020. The 95% UCLM at the site that was used in the assessment
was 1.5 uSv/hr which in terms of calculations is essentially similar and thus the
gamma doses calculated in the assessment do not underestimate the exposure.
There is no right or wrong methodology to calculate gamma exposure. The Sun

8

RAYROCK - General
comment

use measurements from the different areas at
site, estimate the % of time spent in each
area, and develop the EPC based on a time
weighted approach. A time weighted
approach was used for the Sun HHERA.
Furthermore, the 200 hr estimate for time
spent on-site is inconsistent with a 3-month
camp stay (total of 2160 hrs). Even spending
12 hrs a day off-site, there is still 1080 hours
on-site over the 3 month period.
Recommendation Gamma exposure
calculations should be revisited.

Rose assessment used a different approach. The size of the tailings areas and
waste disposal areas is less than 10% of the Rayrock site and thus the
assumption that people camping at the site would spend 10% of their time at
these areas of higher gamma exposure is appropriate. In addition, the personal
dosimeter readings from the 2020 site investigation at Rayrock indicated that
doses ranged from 0.007 to 0.019 mSv over 12 days. The maximum reading was
associated with the TCAs and former Mill buildings. These results indicate that
an individual could spend approximately half their time at site (45 days) on
these areas and have a similar gamma dose to what was calculated in the risk
assessment. This demonstrates the conservative nature of the risk assessment.

Comment There was not a sufficient number
benthic surveys of suitable
reference/background locations to
demonstrate that the benthic communities in
Gamma Lake and Beta Lake are not impaired
(and potentially Alpha Lake). Given that the
sediment concentrations of radionuclides,
copper and selenium far exceed the
Thompson Severe Effects Level guidelines, it
seems likely that benthic communities could
be impaired in these water bodies. The
benthic surveys are short on background
samples for comparison (new control lake and
Sherman lake only). The background water
bodies are dissimilar from Alpha, Beta and
Gamma Lakes, and thus are poor
comparisons.
Recommendation Additional water bodies
(that are similar to Gamma Lake) should be
surveyed in order to get a clearer picture of
the benthic diversity/abundance/chemistry at
Rayrock. Surveys could be performed (but not
limited to): I) on the pond immediately
downstream of Gamma Lake, and ii) the pond
downstream of Lake B. Survey of these

Jan 6: Several Background reference locations were considered including GS
Lake, Sherman Lake and Nico Lake. Core samples were collected to confirm that
these were appropriate reference samples as described in the 2017 Field study
(Arcadis 2017 cited in the report). Benthic community surveys were carried out
in 2012 and 2017. The results from the surveys that were conducted 5 years
apart are relatively consistent across the site which strengthens the line of
evidence from the benthic community surveys.

downstream water bodies along with the
tailings area water bodies would help to
confirm the degree of impact.
9

RAYROCK - General
comment

Comment A discussion and calculation of
radon exposure is lacking in the HHERA. Page
32 is the only page that mentions radon in the
entire HHERA. No radon data is presented
from measurements on-site. Excluding radon
exposure in the HHERA is questionable. Why
is radon is not considered? Radon exposure is
higher in areas of uncapped uranium
impacted soils or tailings. " Most assessments
of the radiological impact of uranium mill
tailings have concluded that the inhalation of
radon daughter products is the major source
of radiation exposure associated with these
materials (U.S. Environmental Protection
Agency, 1973). As radon release from
inactive, dry tailings piles may be 4 to 25
times greater than that from wet tailings
ponds ( U.S. Environmental Protection
Agency, 1973) , the maximum radiological
impact from this source may occur after mill
operation ceases, but prior to burial. "( US
Geological Survey, Isolation of uranium Mill
Tailings and Their Component Radionuclides
From the Biosphere, 1980)
Recommendation Add radon as COPC.

Jan 6: Rescan (2009) noted that there were no apparent trends of either
increasing or decreasing radon concentrations observed for any of the stations.
Rescan (2009) concluded that the variation in site radon concentrations is likely
the result of a number of site specific environmental factors such as climate,
local radon source material, and stage of radioactive decay, as well as the
relatively discontinuous nature of monitoring at this remote site. Therefore
radon is not considered for the risk assessment. This statement was added to
the report. In September 2020, short-term radon detectors were placed at 10
locations at the Rayrock site by AECOM. The result of the radon monitoring
found that all reported concentrations were below the Government of Canada
Radon Guideline for indoor air in buildings of 200 Bq/m3. These recent results
confirm the findings from Rescan and the assumptions in the HHERA that radon
is not an issue at the Rayrock site. Long-term radon detectors were also
installed at Rayrock and Sun Rose with results being available in late 2021.

10

RAYROCK - 1.4 Selection of COPC.

Comment Selenium should be included as a
sediment COPC. Max concentrations of Se
exceed or are equivalent to the SEL
benchmark in Mill, Alpha, Beta and Gamma
Lakes. The mean concentration of Se in Alpha
lake has a SI value of 0.75 for the SEL, so
there is good potential for severe effects.
Recommendation Add selenium to sediment
COPC.

Jan 6: The sediment assessment indicate that the chemistry of a number of
COPC including uranium are above the sediment toxicity values indicating the
potential for impacts in the various waterbodies. In addition, benthic
community surveys were used as another line of evidence to determine the
effects in the aquatic system. Toxicity studies on the benthic community could
also be used as another line of evidence in the sediment assessment but this
information was not available. In terms of sediment chemistry, there is a lack of
toxicity data on a number of COPC and this is where the science is currently on
evaluation of chemistry impacts in sediments. This represents a data gap but

the consideration of uranium in sediments (the major COPC at Rayrock) is
believed to capture potential effects from other COPC such as selenium on
benthic organisms across the site as there are elevated concentrations of
uranium in sediments in a majority of the waterbodies at the site.
11

RAYROCK - 1.4 Selection of COPC.

Comment Rayrock HHERA only identified 5
Jan 6: The major decay products of uranium which contribute to the
radionuclides as COPC, the Sun HHERA
radiological dose were considered in the assessment. The consideration of any
identified 7 radionuclides (addition of U-234 other decay products does not materially add to the dose.
and U-235). Radiological exposure is likely
underestimated in the HHERA since all of the
radionuclides associated with uranium decay
are not accounted for in the calculations.
Recommendation All 12 radioactive decay
products from uranium-238 should be
identified as potential concerns (COPC) and
included in the HHERA.

12

RAYROCK - 2.4.2
Sediment

Comment The background sample locations
for water, sediment and benthos are deeper
rocky water bodies that are suitable for
comparison against Mill Lake. However, these
background sample locations are distinctly
different than the shallow muddy tailings
impacted water bodies of Gamma and Beta
lakes (and Alpha Lake). It is questionable to
compare background locations against
potentially impacted locations, where the
locations are distinctly different in character.
This could lead to an inaccurate assessment
of risk.
Recommendation Further study of nearby
water bodies similar to Gamma Lake is
warranted.

Jan 6: Several background reference locations were considered including GS
Lake, Sherman Lake and Nico Lake. Core samples were collected to confirm that
these were appropriate reference samples as described in the 2017 Field study
(Arcadis 2017 cited in the report). Benthic community surveys were carried out
in 2012 and 2017. The results from the surveys that were conducted 5 years
apart are relatively consistent across the site which strengthens the line of
evidence from the benthic community surveys.

13

RAYROCK - 2.4.2
Sediment

Comment Sediment sampling locations in
Gamma Lake don't seem to include collection
adjacent to the deposited tailings.
Recommendation 1) Can you confirm that
sediment samples were collected adjacent to

Jan 6: The sediment samples in Gamma Lake in 2017 were sampled from one
location that was not adjacent to the tailings area. Rescan also did some
sediment samples in 2011 but it is difficult to discern where the samples were
collected. The concentrations of COPC in the sediments in Gamma lake are
fairly consistent between 2011 and 2017.

the deposited tailings? 2) Did sediment
concentrations vary with distance from the
edge of tailings?
14

RAYROCK - 2.4.6
Comment Analysis of benthic diversity and
Benthic Invertebrates abundance in potentially impacted waters can
provide a good indication of aquatic health in
a drainage system. However this needs to be
coupled with a significant background
sampling program that surveys sites that are
a representative match to an
unimpacted/undeveloped version of the
potentially impacted site. Analysis of
background sites that do not representatively
match the impacted site can result in
erroneous interpretation.
Recommendation Further benthic surveys are
warranted.
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RAYROCK - 2.4.8 Small Animals
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RAYROCK - Table 2.35 Comment Gamma summary table does not
present gamma data for the mill and spilled
tailings areas. Considering that the highest
gamma measurements on site occur in the
mill area (with elevated measurements in
uncovered tailings spill areas), there is
potential that the gamma exposure may be
underestimated in the Rayrock HHERA. Is
there gamma radiation data for the camp
sites, mill area, and tailings spills that can be

Comment Hare sampling area was located
outside of impacted land. Is there potential
that hares harvested from the mill area
contain higher concentrations of
contaminants?
Recommendation Response requested.

Jan 6: Several background reference locations were considered including GS
Lake, Sherman Lake and Nico Lake. Core samples were collected to confirm that
these were appropriate reference samples as described in the 2017 Field study
(Arcadis 2017 cited in the report). Benthic community surveys were carried out
in 2012 and 2017. The results from the surveys that were conducted 5 years
apart are relatively consistent across the site which strengthens the line of
evidence from the benthic community surveys. Benthic monitoring is included
as part of the Aquatic Effects Monitoring Program Design Plan.

Jan 6: Nine hares were captured in the area of Mill Creek. It was our
understanding that this was the area where hare were found at the site. It is
difficult to know what the concentrations will be of hare if they were present in
the Mill area; however, given the portion consumed in the diet it is unlikely that
the results of the assessment would change unless the concentration of COPC
in the hare were orders of magnitude higher. The Mill Creek area is also a far
more suitable habitat for hare than is the mill area. The mill area is largely
unvegetated and would leave the animal exposed to predators.
Jan 6: The gamma dose rates that were used in the Rayrock HHERA do capture
the gamma measurements at the Rayrock site. This has been verified by the
recent gamma measurements that were collected at the site in 2020 by
AECOM. The maximum measured gamma dose rate at the site was measured at
1.74 uSv/hr in 2020. The 95% UCLM at the site that was used in the assessment
was 1.5 uSv/hr which in terms of calculations is essentially similar and thus the
gamma doses calculated in the assessment do not underestimate the exposure.
There is no right or wrong methodology to calculate gamma exposure. The Sun
Rose assessment used a different approach. The size of the tailings areas and
waste disposal areas is less than 10% of the Rayrock site and thus the
assumption that people camping at the site would spend 10% of their time at

presented in the HHERA?
Recommendation Response requested.

these areas of higher gamma exposure is appropriate. In addition, the personal
dosimeter readings from the 2020 site investigation at Rayrock indicated that
doses ranged from 0.007 to 0.019 mSv over 12 days. The maximum reading was
associated with the TCAs and former Mill buildings. These results indicate that
an individual could spend approximately half their time at site (45 days) on
these areas and have a similar gamma dose to what was calculated in the risk
assessment. This demonstrates the conservative nature of the risk assessment.

17

RAYROCK - 3.6
Assessment
Endpoints

Comment For aquatic and terrestrial
receptors, the assessment endpoint of
"potential for population level effects" is
poorly defined, and is not an "explicit
expression of the environmental value to be
protected". What is a population level effect?
What is the size or spatial extent of the
population? "An assessment endpoint is an
explicit expression of the environmental value
to be protected. An assessment endpoint
must include an entity (typically a receptor or
receptor group - i.e., a 'thing' to be protected)
and a specific property of that receptor (an
attribute). For example, if the entity is a fish
community, attributes could include the
number of species, the trophic structure, etc.
An assessment endpoint may also have an
explicit spatial or temporal component. "
(FCSAP, ERA Guidance, 2012).
Recommendation Assessment endpoints
need to be explicitly defined.

Jan 6: The assessment endpoints for the Rayrock assessment are: .
maintenance of the health and ecological integrity of the benthic invertebrate
community; . maintenance of the health and ecological integrity of water
column organisms; . maintenance of the health and ecological integrity of the
wildlife that use the aquatic resources on the site; . maintenance of the health
and ecological integrity of the vegetation community on the site; and .
maintenance of the health and ecological integrity of the wildlife that use the
terrestrial areas of the site. Due to the difficulty in measuring direct effects on
assessment endpoints, "measurement endpoints" are adopted to provide a
framework for the evaluation of predicted effects. A measurement endpoint is
a parameter that measures or describes exposure of, or an effect on, a receptor
of concern (FCSAP 2012a). The measurement endpoints used in the assessment
were: - comparison of measured concentrations in water, sediment and soil to
regulatory guidelines; - benthic community studies; - use of a food chain model
to track the movement of COPC through the environment to estimate the
intake of COPC by wildlife. These intakes were compared to toxicity
benchmarks.
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RAYROCK - 3.6
Assessment
Endpoints

Comment A protection goal should be
identified for the various site receptors.
Recommendation A protection goal should
be identified for the various site receptors.

Jan 6: Protection goals have been used in the ERA such as the protection of
populations for common ecological receptors and the protection of individuals
for SARA species.

19

RAYROCK - Section
4.3.3. Human Health
Assessment - Table
4.24

Comment The table shows that for soil and
air, only the soil data from the 3 selected
camp areas is considered in developing
human receptor Exposure Point

Jan 6: Three major areas at the Rayrock site were identified as areas where
people would camp at the site. A specialized sampling program was conducted
to collect soils in these areas. People will spend most of their time in these
areas and exposure to soils while setting up the camp and for children/toddlers

Concentrations (EPC) for site. Solely relying
on soil data from the three camp areas does
not reflect a site-wide HHRA, as the
contaminated on-land area (i.e. tailings spills,
mill area) is effectively excluded from
analysis. This seems to be a non-conservative
approach which may bias the HHRA findings.
Site visitors would spend likely spend some
amount of time in the contaminated areas
during a 3-month camp at site. How can the
HHRA account for potential exposure from
these contaminated areas?
Recommendation Response requested.

playing would be higher in these three areas. Hunting and gathering activities
would be carried out across the site but the potential for soil exposure during
these activities would be lower. The assumptions related to eating food are
very conservative as it is assumed that people eat all their food from the site
for a six month period. For the majority of the COPC with the exception of
arsenic, the food pathway is the dominant exposure pathway and thus the
HHRA represents a very conservative estimate of exposure. For arsenic, the
HHRA is also very conservative as it assumes that an individual camps at the
Rayrock site every year for 3 months from the time they were a toddler to
when they are 80 years old. This scenario is very unlikely.
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RAYROCK - Table 4.24 Comment Gamma radiation pathway (related
to Table 4.24). The value presented as the site
wide value does not account for the elevated
gamma measurements in the mill area and
tailings spill sites (the site wide value based
on capped tailings areas only). This is
questionable and may underestimate the
gamma exposure rate. It would be better to
use measurements from the different areas at
site, estimate the % of time spent in each
area, and develop the EPC based on a time
weighted approach. A time weighted
approach was used for the Sun HHERA.
Furthermore, the 200 hr estimate for time
spent on-site is inconsistent with a 3-month
camp stay (total of 2160 hrs). Even spending
12 hrs a day off-site, there is still 1080 hours
on-site over the 3 month period.
Recommendation Gamma exposure
calculations should be checked/revised.

Jan 6: The gamma dose rates that were used in the Rayrock HHERA do capture
the gamma measurements at the Rayrock site. This has been verified by the
recent gamma measurements that were collected at the site in 2020 by
AECOM. The maximum measured gamma dose rate at the site was measured at
1.74 uSv/hr in 2020. The 95% UCLM at the site that was used in the assessment
was 1.5 uSv/hr which in terms of calculations is essentially similar and thus the
gamma doses calculated in the assessment do not underestimate the exposure.
There is no right or wrong methodology to calculate gamma exposure. The Sun
Rose assessment used a different approach. The size of the tailings areas and
waste disposal areas is less than 10% of the Rayrock site and thus the
assumption that people camping at the site would spend 10% of their time at
these areas of higher gamma exposure is appropriate. In addition, the personal
dosimeter readings from the 2020 site investigation at Rayrock indicated that
doses ranged from 0.007 to 0.019 mSv over 12 days. The maximum reading was
associated with the TCAs and former Mill buildings. These results indicate that
an individual could spend approximately half their time at site (45 days) on
these areas and have a similar gamma dose to what was calculated in the risk
assessment. This demonstrates the conservative nature of the risk assessment.
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RAYROCK - Table 4.31 Comment Uranium -238 calculation error?
Seems odd that U-238 is so much higher in
BKGD than site (0.35 vs 0.05) when Uranium
is higher on site than BKGD.

Jan 6: The uranium concentration for measured berry in Table 4.31 (1.0 mg/kg
ww) should be 0.004 mg/kg ww (see Table 2.31). Therefore, uranium and U-238
concentrations in berry are below background. The correct value was used in
the calculation.

Recommendation Check calculations and
revise table.
22

RAYROCK - Table 4.46 Comment What are all the '0.0' values in the
Radiological intake tables for the 3 camps
(tables 4.46 to 4.48), and especially for soil
and inhalation fields? Looks like it could be a
spreadsheet error. The radiological intake
calculations may have underestimated the
soil and inhalation intake and potentially
other fields as well.
Recommendation Radionuclide intake tables
need revision.
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RAYROCK - Section
5.2.2 - Aquatic
receptors - Exposure
to Sediment. Page
150/151

Comment Section 5.2.2 - Aquatic receptors Exposure to Sediment. Page 151 - Regarding
Thompsons's Severe Effect Level (SEL)
guidelines for sediment toxicity. The
statement that 'SEL values may not be a
reliable predictor of potential effects' is an
imprecise reference that seems to imply
something different than what Thompson
intended with the SEL guideline. In
Thompson's own words "Most of the severely
impacted sites had sediment contaminant
concentrations well below the SEL values".
Thompson recommends that Sells not be
used in assessments of uranium
mining/milling activities as concentrations
above which adverse effects are anticipated
as adverse effects will likely be seen at lower
concentrations. (i.e. severe impacts will likely
be seen at concentrations well below SEL
values) When Thompson's SEL values are
exceeded, severe effects likely exist. This is
completely different than what the page 151
statement implies and how the HHERA uses
the SEL values. The HHERA seems to treat
exceedances of the SEL value as a potential

Jan 6: Tables 4.46 to 4.48 present the incremental intakes of individual
radionuclides. The '0.0' values represent pathways where the radionuclides are
below or equal to background and thus the incremental intake (exposure background) is zero. No revision needed.

Jan 6: Thompson et al indicated that " the derived SEL values and SQGs were
not reliable predictors (< 60%) of severe impacts on benthic invertebrate
communities when severe impacts are defined as a reduction in abundance and
species richness > 40%. They do indicate that at impacted sites sediment
concentrations were below the SEL value. More recent reviews of the
Thompson et al toxicity values in sediments by Burnett-Seidel and Liber in 2012
found that the toxicity values derived by Thompson et al "resulted in numerous
false positives (exceedances) when compared to sediment metals data from
reference and no-effect sites suggesting that the values are quite conservative."
They suggest that caution be applied when using these sediment values. Given
the discussion around sediment toxicity values, as well as the variation in the
values, it is important to use other lines of evidence such as benthic community
surveys to determine whether effects are actually occurring. This was the
approach used in the assessment. Burnett-Seidel, C. and Liber, K. 2012.
Evaluation of sediment quality guidelines derived using the screeningconcentration level approach for application at uranium operations in
Saskatchewan, Canada. Environmental Monitoring and Assessment, 184, 15931602.

effect level, not a concentration where effects
are likely.
Recommendation None
24

RAYROCK - Section
5.2.2 - Aquatic
receptors - Exposure
to Sediment. Page
150/151

Comment The HHERA does not seem to use Jan 6: See response above.
the 2005 Thompson's sediment quality
benchmarks quite as Thompson intended.
The basis of Thompson's benchmarks is that if
the concentration is less than the Lowest
Effect Level, then no effect is expected,
whereas if the concentration is above the SEL,
then severe effect is expected. Effects are
possible when the concentration is above the
LEL, and severe effects are often seen at
concentrations well below the SEL value.
Recommendation None

25

RAYROCK - Section
6.1 - Ecological Risk Aquatic receptors.

Comment The HHERA does not adequately
define what it means when the SI value is 1 or
above. Also the HHERA should stress that
when the SI value is 1 or above for
comparison against Thompson's Severe Effect
Level (SEL) or Probable Effect Level (PEL)
benchmarks, then impacts are expected.
Whereas 1 or above for ISQG or LEL
benchmarks means that there is potential for
impact (but it could go either way). The
HHERA should apply greater significance
when SEL SI values above 1. SEL SI above 1
need to have solid rationale/data to
determine that there is no impact.
Recommendation None

Jan 6: The exceedance of a toxicity benchmark (i.e. an SI value above 1) is only
1 line of evidence indicating that there is a potential for adverse effects in a
benthic community. Other lines of evidence such as benthic community surveys
are used to determine whether effects are actually occurring. Because there is
a large uncertainty in the use of generic toxicity benchmarks more weight is
given to the results of the benthic community surveys.

26

RAYROCK - Table 6.2 Summary of SI Values
for benthic
invertebrates - Mill
Lake Sediment.

Comment Besides copper, polonium-210 is
the only contaminant to exceed the Severe
Effect Level guideline - consequently severe
impacts from these two contaminants are
expected. Is there potential that copper and
polonium concentrations may have as big an

Jan 6: The exceedance of a toxicity benchmark (i.e. an SI value above 1) is only
1 line of evidence indicating that there is a potential for adverse effects in a
benthic community. Other lines of evidence such as benthic community surveys
are used to determine whether effects are actually occurring. The results of the
benthic community studies in Mill Lake, which account for the consideration of

impact on benthos as does uranium? Also
there is potential for effects associated with
radium, lead-210, and zinc (other guideline
exceedances).
Recommendation Response requested.

all the COPCs in the sediments, indicate that the community is being impacted
in Mill Lake.
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RAYROCK - 6.1.1.2 Page 169

Comment Simpson's diversity index' is an
imprecise term that can mean any of 3
different indices depending on the author.
Please verify that this index refers to
Simpson's Index of Diversity and not
Simpson's Index. Also, there should be some
discussion about what this value means (i.e.
where is the cut-off for this value between
potentially impacted or not impacted? Is 0.7
considered a diverse value or not impacted?
What value would be consistent with severe
effect expected?
Recommendation Clarification requested.

Jan 6: Based on Arcadis (2017), this is referring to the Simpson's Index of
Diversity and Sherman Lake and Lake A had the highest indexes, followed by
Beta Lake, Alpha Lake, and Gamma Lake. Jan's Pond and Mill Lake had the
lowest values (0.26, 0.25 respectively). A value of 1 represents complete
diversity and a value of 0 represents complete uniformity. Therefore, a value of
0.7 is a reasonably diverse community and not consistent with severe effects. A
number closer to 0 would be considered severe effects, such as for Jan's Pond
and Mill Lake.
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RAYROCK - 6.1.1.2 Page 170

Comment Page 170. The assertion that Mill
Lake freezes to the bottom in the winter is
suspect. It seems far more likely that Mill Lake
doesn't freeze to the bottom, and likely
would at most freeze no more than 2 m (half
way to bottom).
Recommendation Response requested.

Jan 6: The text indicates that Mill Lake is "likely" to freeze to the bottom. The
text does not say that it does. It also goes on to indicate that if water is present
that there will be anoxic conditions which could contribute to the low diversity
of benthic organisms in the lake.
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RAYROCK - Section
6.1.2.1 - Summary of
SI values for aquatic
receptors Alpha/Sherman Lake

Comment Copper phytoplankton SI value is
equivalent to 1 (value listed as 0.96). Fluoride
Benthic SI value is 1 Why aren't these
indications of potential adverse effects
discussed in the text.
Recommendation Response requested.

Jan 6: Exceedances of the TRVs (SI greater than 1) are considered for further
evaluation of potential adverse effects. The TRVs are selected to conservatively
represent the most sensitive aquatic receptors by choosing the lowest available
values. Using the selected TRVs, SI values are calculated and SI values greater
than 1 are examined further. Although the evaluation is limited by the available
data, there are several layers of conservatism inherent in the development and
selection of the TRV values such that SI values below 1 do not warrant further
exploration.

30

RAYROCK - Section
6.1.2.2 - Alpha Lake.

Comment There seems to be some
discrepancy between the 2012, 2016, and
2017 benthic surveys. 2012 results seem to

Jan 6: There is no discrepancy in the results of the benthic community surveys
as there will be slow natural recovery in the lakes across the site as there are no
sources adding to contamination of the sediments. Thus it would not be

indicate a greater impact to benthic
invertebrates than the 2016 and 2017
surveys. The findings do not seem to be clear
cut and the messaging in the text on page 174
seems inconsistent. Further study seems
warranted, and should include comparison of
Alpha Lake against a selection of nonimpacted or less impacted shallow/marshy
water bodies.
Recommendation Further study warranted.

surprising that less impacts would be observed in benthic communities
between 2012 and 2016 and 2017. Benthic surveys are also very time and
location dependant. Previous surveys were intended as individual surveys, not
reproducible surveys, so the information was not collected with the intention
of being directly compared. The proposed Aquatic Effects Monitoring Program
Design Plan outlines a reproducible survey that will provide further study and
will be better suited to observe changes in the benthic community.

31

RAYROCK - Section
6.1.2.2 - Alpha Lake.

Comment The 2017 observation that Hyalella
sp. were present in Sherman and Alpha Lakes
and virtually absent in the other lakes at sites
supports the position that Sherman and Alpha
are not impacted. However, this observation
also suggests that Gamma and Beta Lakes are
impacted.
Recommendation Response requested.

Jan 6: As indicated in the Field study report by Arcadis (2017), the absence of
Hyallela sp. In the other lakes may be an indicator of mine-related effects in the
area; however there are other similar species such as fingernail clams, Pisidium
spp., and Chironomous species distributed throughout all the lakes and thus
the aquatic community in the lakes at the site while changed is still largely
functional with the exception of Mill Lake.

32

RAYROCK - Section
6.1.2.2 - Alpha Lake.

Comment I don't believe that a sufficient
number of background locations were
surveyed to demonstrate that the benthic
communities in alpha, beta and gamma lakes
are not impaired. Given that the sediment
concentrations of radionuclides, copper and
selenium far exceed the Thompson Severe
Effects Level guidelines, it seems likely that
benthic communities are impacted in these
water bodies. The benthic surveys are short
on background samples for comparison. (new
control lake and Sherman lake). It seems
warranted to survey additional water bodies
in order to get a clearer picture of
background benthic diversity/abundance
around Rayrock. A benthic survey of the
Sherman drainage system would aid in
determining whether the benthic
communities in the tailings water bodies are

Jan 6: Several background reference locations were considered including GS
Lake, Sherman Lake and Nico Lake. Core samples were collected to confirm that
these were appropriate reference samples as described in the 2017 Field study
(Arcadis 2017 cited in the report). Benthic community surveys were carried out
in 2012 and 2017. The results from the surveys that were conducted 5 years
apart are relatively consistent across the site which strengthens the line of
evidence from the benthic community surveys. A robust benthic monitoring
program is proposed in the Aquatic Effects Monitoring Program (AEMP) Design
Plan.

impaired.
Recommendation Further study required.
33

RAYROCK - Section
6.1.3 Beta Lake

Comment The assumption that Beta Lake
freezes to the bottom is questionable. Snow
cover should be considerable in Beta Lake,
which would limit the depth of freeze. Also
beaver activity in Gamma Lake shows that
Gamma doesn't freeze to the bottom.
Recommendation Response requested.

Jan 6: The text indicates that due to the depth of Beta Lake that it is believed
that it freezes; however, whether it freezes or not does not have any impact on
the assessment that was carried out. The same comment applies for Gamma
Lake. Beavers and muskrat were assessed in Beta and Gamma Lakes.
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RAYROCK - 6.1.3.1 Page 176 - Table 6.7 Beta Lake SI Values
aquatic receptors.

Comment Si value of 7.3 for copper on
phytoplankton is significantly above 1, (which
suggests there is a potential for impact from
copper). SI value of 7.3 is inconsistent with
the text that states "consideration of the lowlevel exceedances indicated for Beta Lake,
negative effects on the aquatic community
are not expected."
Recommendation Text revision is
appropriate.

Jan 6: The magnitude of the SI value above 1 does not indicate that the effect
will be more severe. The toxicity value for copper in phytoplankton is based on
the most sensitive algal species and is related to a 20% effect on growth. In
addition, the maximum measured copper concentration in Beta Lake of 0.02
mg/L was used in the evaluation. This concentration was measured in 2002 and
therefore is very old data. Other measurements of copper in Beta Lake are an
order of magnitude lower and thus the SI value for copper related to
phytoplankton in reality would be below a value of 1.
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RAYROCK - Section
6.1.3.2 - Table 6.7.
Page 176.

Comment The Beta Lake water SI value
exceedance for benthic invertebrates is
inappropriately excluded. A SI exceedance
should be excluded based on data, not
because of a subjective determination that
the exceedance is 'low-level'.
Recommendation Text revision is
appropriate.

Jan 6: A weight of evidence approach was used for sediments which takes into
account the findings related to the chemistry in the sediments and the results
of two benthic community surveys. The line of evidence related to chemistry
uses generic sediment toxicity values and thus more weight is given to the
findings of the two community surveys as they reflect the reality in the
sediments. The two community surveys conducted for Beta Lake indicate that
benthic communities are not affected in Beta Lake.
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RAYROCK - Table 6.8
SI Values Benthic Beta Lake Sediment.

Comment Copper, radium, and polonium-210
all exceed the SEL benchmark (lead-210
nearly exceeds the SEL too), consequently
severe effect to benthos should be expected
in Beta Lake. The discussion presented in the
text below the table seems to negate the
expected severe effect without getting too far
into the data or making comparison to similar
reference water bodies. And while the HHERA

Jan 6: A weight of evidence approach was used for sediments which takes into
account the findings related to the chemistry in the sediments and the results
of two benthic community surveys. The line of evidence related to chemistry
uses generic sediment toxicity values and thus more weight is given to the
findings of the two community surveys as they reflect the reality in the
sediments. The two community surveys conducted for Beta Lake indicate that
benthic communities are not affected in Beta Lake. The proposed Aquatic
Effects Monitoring Program Design Plan outlines a reproducible survey that will

identifies that "benthic communities are
present in Beta Lake", the HHERA makes no
direct comment on the level/severity of
impact to the benthic community.
Recommendation Further benthic survey is
warranted.

provide further study and will be better suited to observe changes in the
benthic community.
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RAYROCK - Section
6.1.3.2 - Page 177.
_Beta Lake

Comment The unsupported assertion that
Beta Lake freezes to the bottom is
questionable. Many shallow water bodies in
the area do not freeze to the bottom, Beaver
activity in Gamma Lake indicates that shallow
lakes do not necessarily freeze to the bottom.
Recommendation Response warranted,

Jan 6: The text indicates that due to the depth of Beta Lake that it is believed
that it freezes; however, whether it freezes or not does not have any impact on
the assessment that was carried out. Beavers and muskrat were assessed in
Beta Lake. The same comment applies for Gamma Lake.
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RAYROCK - 6.1.4 Gamma Lake

Comment The unsupported assertion that
Gamma Lake freezes to the bottom is
questionable. 2019 site observations indicate
the presence of beavers, consequently
Gamma Lake does not freeze to the bottom in
the winter. Site imagery seems to show
evidence of beaver dams in Gamma Lake too.
Beavers need water under the ice to survive
the winter.
Recommendation Response warranted,

Jan 6: The text indicates that due to the depth of Gamma Lake that it is
believed that it freezes; however, whether it freezes or not does not have any
impact on the assessment that was carried out. Beavers and muskrat were
assessed in Gamma Lake
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RAYROCK - Table 6.11 Comment Copper, radium-226, lead-210, and
- Gamma Lake
po-210 all significantly exceed SEL SI values
sediment.
for benthos in Gamma Lake sediment.
Impacts should expected at these
concentrations.
Recommendation Response warranted,

Jan 6: A weight of evidence approach was used for sediments which takes into
account the findings related to the chemistry in the sediments and the results
of two benthic community surveys. The line of evidence related to chemistry
uses generic sediment toxicity values and thus more weight is given to the
findings of the two community surveys as they reflect the reality in the
sediments. The two community surveys conducted for Gamma Lake indicate
that there is a low effect on sediment organisms in Gamma Lake despite the
fact that sediment concentrations exceed benchmarks.

40

RAYROCK - Section
6.1.4.2 - Table 6.11 SI for Benthos Gamma Lake
Sediment.

Comment Gamma Lake has more parameters
that significantly exceed SEL benchmarks, and
generally exceed by greater degree than the
other water bodies including Mill Lake. The
Gamma Lake benthos should be assumed as

Jan 6: A weight of evidence approach was used for sediments which takes into
account the findings related to the chemistry in the sediments and the results
of two benthic community surveys. The line of evidence related to chemistry
uses generic sediment toxicity values and thus more weight is given to the
findings of the two community surveys as they reflect the reality in the

impacted, unless proven (in a definitive
manner) to not be impacted. It seems
warranted to conduct an additional benthic
survey program which includes background
water bodies that better match Gamma Lake.
Recommendation Further benthic survey is
warranted.

sediments. The two community surveys conducted for Gamma Lake indicate
that there is a low effect on sediment organisms in Gamma Lake despite the
fact that sediment concentrations exceed benchmarks. The proposed Aquatic
Effects Monitoring Program Design Plan outlines a reproducible survey that will
provide further study and will be better suited to observe changes in the
benthic community.
Jan 6: Several background reference locations were considered for the
sediment assessment including GS Lake, Sherman Lake and Nico Lake. Core
samples were collected to confirm that these were appropriate reference
samples as described in the 2017 Field study (Arcadis 2017 cited in the report).
Benthic community surveys were carried out in 2012 and 2017. New Control
Lake has been used as a reference lake for the site since 2004. The results from
the surveys that were conducted 5 years apart are relatively consistent across
the site which strengthens the line of evidence from the benthic community
surveys. Gamma Lake is included in the proposed Aquatic Effects Monitoring
Program Design Plan.
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RAYROCK - Section
6.1.4.2 - Table 6.11 SI for Benthos Gamma Lake
Sediment.

Comment The comparison of Gamma Lake to
New control lake is questionable as the lakes
are completely different. Further study is
warranted to support the position that the
benthic community is not impacted.
Recommendation Further benthic survey is
warranted.
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RAYROCK - Section
6.1.4.2 - Page 182

Comment There is no corresponding
Jan 6: Arcadis 2017. 2017 Data Collection Program. Rayrock Remediation
reference listed for Arcadis (2017) (Section 8 - Project. Prepared for PSPC. December. This reference was provided in the
Literature Cited).
reference list in the report and it can be found after Arcadis 2016d.
Recommendation Literature list should be
revised.
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RAYROCK - 6.1.6.2 Page 187

Comment The benthic community in Lake A
has not been studied.' It's unfortunate that
the benthic community of Lake A has not
been studied. It would be useful to compare
Lake A (and Lake B) to Gamma, Beta, and
Alpha Lakes.
Recommendation Further benthic survey is
warranted.
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RAYROCK - 6.1.8 First paragraph

Comment High uranium concentrations and Jan 6: The results of the weight-of-evidence assessment for sediments in
copper in the sediments of Mill Lake may be Gamma Lake indicates that there is a low effect on sediment organisms in
affecting the benthic community of Mill Lake. Gamma Lake.
Gamma Lake has much higher concentrations
of radionuclides and copper than Mill Lake.
Further study is warranted to define the level

Jan 6: The proposed Aquatic Effects Monitoring Program Design Plan outlines a
reproducible survey that will provide further study and will be better suited to
observe changes in the benthic community. The outlet of Lake A, where it
drains towards Lake B, will be included in this study.

of impact in Gamma Lake.
Recommendation Further study required.
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RAYROCK - 6.2.1 Table 6.22 Radiological dose Aquatic based
receptors - Mill Lake.

Comment Radiological dose would be
increased if all of the uranium decay isotopes
were included. Notable omissions are radon,
Uranium-234, U-235, Polonium-218, and Po214.
Recommendation Response warranted.

Jan 6: The radiological dose will not be increased if all the uranium decay
isotopes were included in the calculations. The major radionuclides that
contribute to the dose have been evaluated in the assessment. In addition the
dose conversion factors used in the ecological assessment also consider all the
daughter products and therefore an implicit evaluation of all the uranium decay
products was completed. As indicated in the report and in a previous comment,
radon is not an issue at the Rayrock site.
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RAYROCK - Section
6.2.4.1 Gamma Lake Exposure to nonradionuclides.

Comment There is insufficient rationale to
exclude the SI value exceedance for copper in
Gamma Lake for beaver, muskrat, and scaup.
The SI value exceedance shows that negative
effects are possible in Gamma Lake. The level
of exceedance is greater here than for
uranium in Mill Lake, and it seems
inconsistent to exclude this finding for
Gamma Lake. Gamma Lake provides higher
quality habitat than Mill Lake for these
species. Evidence of beaver activity was
documented on Gamma Lake and Beta Lake
which negates the assumptions that beaver
are not present. Rather than assuming that
impacts do not exist, the prudent approach is
to collect beaver/receptor samples from
Gamma Lake to confirm the level of impact.
Recommendation Further study/sampling is
warranted.

Jan 6: Gamma Lake is a very small lake and does not have enough habitat to
support populations of these animals. Considering the slight exceedance and
the conservative nature of the assessment, negative effects are not expected in
beaver, muskrat, or scaup populations if they are present in Gamma Lake.
Further study/sampling of beaver, muskrat, or other animals in Gamma Lake is
not recommended as it would cause more harm to the individuals present.
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RAYROCK - Section
6.2.4.2 Gamma Lake Exposure to
radionuclides.

Comment The radiological dose for aquaticbased terrestrial receptors is higher in
Gamma Lake than in Mill Lake. This suggests
that there could be greater radiological
impacts for aquatic based terrestrial
receptors in Gamma Lake than in Mill Lake.
Recommendation Further study/sampling is
warranted.

Jan 6: All radiological doses are below the radiological benchmarks and thus
there are no radiological impacts for aquatic based terrestrial receptors at the
Rayrock site. The value of the SI value does not imply a magnitude of an effect.

48

RAYROCK - Section
6.2.10 - Summary of
Assessment for
terrestrial Receptors.

Comment There is no discussion of Gamma
Lake risk to terrestrial receptors with aquatic
based diet. Gamma Lake copper SI values
show potential risk to Beaver, Muskrat and
Scaup. Since these receptors are likely
present in Gamma Lake, further study and
sampling is warranted.
Recommendation Further study/sampling is
warranted.

Jan 6: Gamma Lake is a very small lake and does not have enough habitat to
support populations of these animals. Considering the slight exceedance and
the conservative nature of the assessment, negative effects are not expected in
beaver, muskrat, or scaup populations if they are present in Gamma Lake.

49

RAYROCK - Section
6.3.2

Comment The Camp 2 incremental risk level Jan 6: The limit presented in the report represents an essentially negligible risk
for arsenic is roughly equivalent to limit for
level and the results are below the level. Therefore arsenic is not a concern at
acceptable risk. This should warrant some
the site.
discussion as to why arsenic is not a concern.
Recommendation Response warranted.
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RAYROCK - 6.3.3.
Exposure to
radionuclides.

Comment Dose constraint of 300 uSv/year is
more appropriate to use than dose limit of
1000 uSv/yr. All three camp sites scenarios
exceed the HC dose constraint of 300 uSv/y.
Recommendation Revision warranted.

Jan 6: Health Canada (2000) indicates that a dose constraint is an upper value
on the annual dose that members of the public should receive from a planned
operation or single source. The use of the dose constraint ensures that the
public do not exceed the annual dose limit of 1 mSv in a year. The Canadian
Norm Guidelines have adopted 0.3 mSv in a year as its first investigative limit
and exceedance of this limit does not imply a failure to comply with the
recommendations of the Norm Guidelines. What it means is that further
investigation is needed into the dose calculations. Rayrock was considered to
be a single source of radiological exposure to someone camping in the area and
thus the use of the annual dose limit is appropriate and the Health Canada dose
constraint is not necessary. In investigation the radiological calculations for
human health it can be seen that the major pathways are consumption of
berries, grouse and hare. The dose from berries comes from the use of the
maximum measured Ra-226 concentration in berries from Mill Lake. All other
radionuclides were measured below the detection limit. Other Ra-226
measurements were lower in berries. It is unlikely that berries are only present
in Mill Lake/Mill Creek area and thus the use of the maximum concentration to
represent these values is an overly conservative estimate of exposure. In
addition, the hare and grouse doses are based on theoretical radiological
concentrations in hare and grouse flesh based on literature derived transfer
factors since the measured radionuclide concentrations were all measured
below the detection limit. Thus the human doses calculated represent the
bounding worst case theoretical scenario that an individual may encounter at

the Rayrock site. It is likely that the doses to an individual would be much lower
than what was calculated. Health Canada 2000. Canadian Guidelines for
Management of Naturally Occurring Radioactive Materials (NORM). October.
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RAYROCK - 6.3.3.
Exposure to
radionuclides. Table
6.44 - Calculated
radiological dose Human Receptors.

Comment The external radiological dose
included for the 3 different camp scenarios
does not seem accurate. Based on a site wide
95% UCLM for gamma of 1.2 uSv/hr, the
estimated external dose is equivalent to
roughly 48 hours on-site (4 x 12 hour days onsite), which is well short of the 90-day model.
Recommendation Check calculations and
revise as necessary.

Jan 6: Table 4.24 provides the gamma assumptions used in the assessment (not
a 90-day exposure as the TCAs represent less than 10% of the site) and Table
4.29 provides the values used for the gamma calculation (not 1.2 uSv/hr
gamma rate in the comment). The calculations are correct as shown in the
report. In addition, the personal dosimeter readings from the 2020 site
investigation at Rayrock indicated that doses ranged from 0.007 to 0.019 mSv
over 12 days. The maximum reading was associated with the TCAs and former
Mill buildings. These results indicate that an individual could spend
approximately half their time at site (45 days) on these areas and have a similar
gamma dose to what was calculated in the risk assessment. This demonstrates
the conservative nature of the risk assessment.
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RAYROCK - 6.3.3.
Exposure to
radionuclides. Table
6.44 - Calculated
radiological dose Human Receptors.

Comment 0 (or <1) values for soil and air for Jan 6: Comment unclear, but incremental doses are presented in Table 6.44
camp 1 and camp 3 suggest that a calculation and the 0 values represent pathways that were not above background (i.e.
error may exist.
Exposure Dose - Background Dose = 0).
Recommendation Check calculations and
revise as necessary.
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RAYROCK - Section 7. Comment The comparison of two non-similar
Ecological Risks.
lakes to rule-out impact to Gamma Lake is
questionable. The data shows that Gamma
Lake benthos likely experience severe effects,
and beaver, muskrat and scaup may be
effected. Further study of Gamma Lake and
the downstream environment is warranted to
define the impact.
Recommendation Further study of Gamma
Lake and the downstream environment is
warranted to define the impact.

Jan 6: Gamma Lake is a very small lake and does not have enough habitat to
support populations of these animals. Considering the slight exceedance and
the conservative nature of the assessment, negative effects are not expected in
beaver, muskrat, or scaup populations if they are present in Gamma Lake.
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RAYROCK - Section 7. Comment Why does the
Ecological Risks
Summary/Conclusions contain no discussion
of the risk to terrestrial receptors in Gamma
Lake?
Recommendation Response warranted.

Jan 6: Gamma Lake is a very small lake and does not have enough habitat to
support populations of these animals. Considering the slight exceedance and
the conservative nature of the assessment, negative effects are not expected in
beaver, muskrat, or scaup populations if they are present in Gamma Lake
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RAYROCK - Section
Comment The human health risk finding
Jan 6: The major decay products of uranium which contribute to the
7.Human Health Risks should be recalculated to take into account a radiological dose were considered in the assessment. The consideration of any
corrected gamma dose estimate, inclusion of other decay products does not materially add to the dose.
all 12 uranium decay radionuclides , and soil
data outside of the camp site areas.
Recommendation Response warranted.
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RAYROCK - Section 7. Comment Gamma Lake sediments and
Recommendations
surface water are contaminated by copper
and radionuclides. Further study is warranted
to define the impact. Based on mean
concentrations, Gamma Lake water exceeds
drinking water guidelines for radium-226 and
lead-210.
Recommendation Response and further
study warranted.

Jan 6: The copper concentrations in Gamma Lake only exceed the toxicity
benchmark for the most sensitive plankton species. It is likely that other less
sensitive species will be present in Gamma Lake. The presence of radionuclides
in Gamma Lake does not result in any risks to aquatic organisms. The sediment
assessment shows that while generic benchmarks are exceeded, the results of
two separate benthic community studies in 2012 and 2017 indicate that there
is low impairment in Gamma Lake.
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SUNROSE - General
comment - Waste
rock data exclusion

Comment The HHERA findings may not
accurately reflect the site conditions through
the exclusion of sample data from the waste
rock and exploration areas (i.e. the more
contaminated areas on-site). Furthermore,
there is no consideration of ecological
exposure to intermittent drainage or
standing/ponded water in mining impacted
areas (e.g. waste rock and exploration
trenches). Since most samples were collected
away from the mine site proper, with no
samples included from the main waste rock
area (which is the largest mine impact on
site), the sample set seems to be biased, and
not fully representative of the mine impacted
area.
Recommendation Incorporate waste rock
data into Sun HHERA.

Jan 6: The SunRose HHERA is a final document. The risk assessment is
conducted in order to quantify potential risks to human ecological receptors
from the site in consideration of the likely site use characteristics. AECOM has
provided a detailed description of the rationale for the exclusion of coarse
waste rock material from the direct soil ingestion and inhalation routes of
exposure. Additional discussion on the potential impact of the waste rock with
respect to soil ingestion and particulate inhalation is provided in responses to
subsequent comments below. Coarse geologic material related to mine
exploration are included in the risk assessment as a source of contaminants to
the Site media, where exposure is considered to be likely. Additionally, waste
rock and blast pit chemistry has been assessed within the ERA on an area
weighted basis. With regard to the absence of data from ephemeral ponded
water or seepage, while it is acknowledged that this may represent a source of
uncertainty in the risk assessment, intermittent or opportunistic ingestion of
ephemeral water is not considered to be a reliable source of drinking water for
ecologic receptors on a chronic basis. The more likely source of drinking water
to ecological receptors is permanent standing water, which occurs in areas of
attractive ecological habitat as opposed to standing or ponded water from a
seepage point. Opportunistic ingestion of ephemeral surface water, which
would be considered an acute exposure, is not anticipated to significantly
change the predicted annual dose to ecological receptors, nor is it anticipated

that an acute exposure of this nature would result in an effect relative to the
long-tern survival and reproduction of a population.
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SUNROSE - General
comment - Waste
rock camp scenario
does not use waste
rock data.

Comment Related to the point above, the soil
dataset that excludes the mine rock and blast
pit areas is subsequently used to assess the
potential for impacts to humans camping at
the waste rock. It does not make sense to
model a camp stay scenario in/near an area,
without including samples from that area in
the dataset, especially when that area is a
significant contaminant source at site. Even
though most of the material in the waste rock
is coarse grained, it would be odd for fine
material to be completely absent from the
waste rock.
Recommendation Incorporate waste rock
data into Sun HHERA.

Jan 6: The SunRose HHERA is a final document. Significant attention has been
paid to describing the qualitative assessment of the potential exposure to
radionuclides through direct contact exposure pathways. It is expected that fine
particulates generated from physical and chemical weathering of the waste
rock piles will rapidly be transported down into the waste rock piles interstitial
spaces, making direct contact with human receptors unlikely. AECOM maintains
that this approach is defensible and provides an adequate quantitative
assessment of risk. In order to provide comfort to the reviewer, AECOM have
conducted a cursory assessment of the impact of including the waste rock
chemistry in the human health risk assessment by calculating area weighted
exposure point concentrations following methods described in Appendix E of
the HHERA. . Assumes that human receptors spend 100% of their time on site
within the site boundaries (15 hectares). Waste rock accounts for 0.2 hectares.
Blast pits account for 0.01 hectares. . Substituting the area weighted EPCs for
quantification of dose associated with soil ingestion and particulate inhalation
results in a 200% increase in the incremental dose associated with soil ingestion
to the toddler ( the maximally exposed individual) raising the incremental soil
ingestion intake dose from 1.7 uSv/yr to 5.2 uSv/yr. However, soil ingestion
accounts for only a small proportion of the incremental internal dose and this
change only results in a 2% change in the total incremental intake dose, and a
1.5% increase in total incremental effective dose once external gamma
radiation is considered. Total incremental effective dose to the toddler is
increased from 199.2 uSv/yr to 202 uSv/yr. Inclusion of the area weighted EPC
for human receptors does not alter the conclusions of the risk assessment. . As
an additional conservative assessment, AECOM conducted a similar assessment
assuming 100% of ingested soil is sourced from the waste rock. The exposure
term for ingested waste rock was derived based on the 95% UCLM of waste
rock samples collected from Franz and Columbia (2012), AMEC (2015a), and
AECOM (2019). This is an extremely conservative scenario and is included
herein to provide context and comfort to the reviewer's concerns. Substituting
the soil ingestion and inhalation EPC with the 95% UCLM of the waste rock
chemistry results in a 37-fold increase in the incremental dose associated with
soil ingestion to the toddler, raising the incremental soil ingestion intake dose
from 1.7 uSv/yr to 62.5 uSv/yr. However, soil ingestion accounts for only a
small proportion of the incremental internal dose and this change results in a

36% change in the total incremental intake dose, and a 30% increase in total
incremental effective dose once external gamma radiation is considered. Total
incremental effective dose to the toddler is increased from 199.2 uSv/yr to
259.2 uSv/yr. Substituting the soil ingestion and inhalation EPC with the waste
rock 95% UCLM does not alter the conclusions of the risk assessment.
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SUNROSE - General
comment - Waste
rock leachate

Comment Related to the waste rock
comments above, shake flask extraction
results show there is potential for uranium
dissolution/runoff from waste rock (at
concentrations 100x greater than drinking
water guidelines). In contrast, the HHERA
does not reflect that contaminated
runoff/drainage from the mine area likely
occurs. It seems warranted to collect standing
water samples from the trenches or waste
rock runoff this year to fill in this gap in the
dataset.
Recommendation Further sampling/study
warranted.

Jan 6: Shake Flask Extraction (SFE) results indicate a potential for leachability in
the field. SFE results are not intended for use as an estimate of concentrations
of metals in leachate of surface waters within the natural environment. The
HHERA incorporates leaching and runoff inherently by including surface water
data from on-site surface water bodies. Surface water bodies are integrators of
processes occurring within the water bodies catchment area and provide a
reasonable approach to assessing potential risks to human receptors associated
with surface water ingestion. Only small quantities of water (likely less than 1
m3) would collect at exploration workings and sampling of this water is not
viewed to provide meaningful results. Locations of waste rock will be capped as
part of the remediation program and thus monitoring of any small quantities of
water at these locations is further not viewed to provide benefit to the
remediation program.
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SUNROSE - 3.6.3.2 Radon

Comment Radon inhalation was excluded as Jan 6: As recommended during the June 2020 Technical Meetings, long term
an exposure pathway based on guidance
Radon monitors were deployed at 11 locations at the Sun Main site during the
material and by excluding previous reported fall 2020 field program. Monitors will be collected in the fall of 2021.
radon results. It may be worthwhile this year
to confirm that radon is not an issue at site by
doing a radon survey using the appropriate
equipment/methodology.
Recommendation Radon survey warranted.
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SUNROSE - 3.6.7 Comment It would be beneficial to see some
Rock Characterization discussion of waste rock characterization as it
relates to majority of WR on-site at WR1 as
- pg 38
well as the exploration trenches. Questions
include: 1) How stable/reactive is the waste
rock? Is there any evidence of ARD/ML? What
were the NPR results? 2) Which sample(s)
generated the worst SFE results? How did
they compare relative to CCME guidelines

Jan 6: The HHERA is focused on radiological contaminants and quantitative
assessment of risks posed by these constituents measured in on Site
environmental media. Additional discussion of rock characterization is provided
in the 2019 Field Investigation Report. No grain size analysis was conducted for
waste rock samples. A total of 15 samples were submitted for ABA analysis. All
samples comprised loose gravel and cobble-sized material. These grab samples
were collected by hand, wearing single use nitrile gloves, and placed into
laboratory-supplied sampling bags pending transport to the analytical
laboratory. The potential of acid generation was determined based upon the
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(e.g. 150x uranium exceedance, ??x
chromium exceedance). 3) Is there a volume
estimate for total WR on-site? And a volume
breakdown by area and by rock
type/character? 4) Was any grain size analysis
done on the waste rock samples? 5) Why are
ARD results not summarized here? (i.e. Total
metal content and leachate results are all that
are reported). 6) Were samples for the
ML/ARD samples collected by hand selection
or was it by shovelful (or some manner of
randomized sampling)? Some sample photos
seem to show that samples may have been
hand selected which could bias the sample by
tending to exclude the smaller fraction gravel
and fines.
Recommendation Response//revision
warranted.

calculated NPR where NPR = NP/AP as described by Price (2009). Two road rock
samples (SM-ROAD-1-01 and SM-ROAD-1-03) were classified as potentially acid
generating (PAG) because their NPR results were less than 1. One sample from
waste rock pile WR3 (SM-WR3-01) was classified as having uncertain
acidification potential because its NPR value was between 1 and 2. Twelve
samples were classified as not potentially acid generating (Non-PAG) because
their NPR values are greater than 2. Waste Rock piles WR1, WR2 and WR3
along with loose rock from Exploration Workings BP1-BP4 will be collected,
consolidated and capped with clay as part of the remediation program. Further
investigation into its ARD/ML characteristics is not deemed necessary.

SUNROSE - 3.6.7 Comment Concentrations of uranium in SFE
Rock Characterization extracts were generally low' It is misleading to
- pg 38
state that uranium concentrations from SFE
were generally low when the 2.28 mg/L the
SFE sample exceeded drinking water limits by
over 100X, and CCME freshwater limits by
150x.
Recommendation Revision warranted.

Jan 6: The Sun Rose HHERA is a final document. A total of 15 samples (including
1 duplicate) were subject to SFE analysis. It is the conclusion of the geochemical
rock assessment, presented in the 2019 Field Investigation Report, that
concentrations in SFE extracts were "generally low". Generally speaking,
concentrations were low, with the median reported extract uranium
concentration of 0.0064 mg/L (a value which is below the short term and longterm freshwater aquatic life guidelines). Concentrations of in SFE extracts are
compared to CCME Freshwater Aquatic Life water quality guidelines in order to
put the reported values into context. However, it is important to understand
that SFE is applied to identify parameters potentially prone to leaching in the
field and does not provide a means for estimating the likely concentration of
leachable elements in surface water or leachate in the natural environment.
When assessing the SFE results, geochemists look not only at the concentration
reported in the extract, but also the concentration of elements of interest in
the whole rock samples. In the case of the Sun Main site, the SFE result
highlighted by the reviewer is associated with a rock sample (SM-BP1-01)
collected from the exploration working blast pit with >2000 mg/kg (0.02%)
uranium, composed of 0.8% uranophane (a hydrated calcium uranium silicate
mineral).
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SUNROSE - 3.6.7 Comment Results from the shake flask
Rock Characterization extraction supports the inferred potential for
pg 39
uranium dissolution and transport from
Waste Rock Pile #1 (AEC 2) and the Blast Pits
(AEC3).' This SFE results show there is
potential for uranium movement from the
waste rock. 1) Does the ERA/HHERA reflect
this potential uranium source and transport?
2) Were there other mobile metals?
Recommendation Response warranted.
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SUNROSE - 4.2.1.2 Water. pg 47
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SUNROSE - 4.5 - Table Comment Geologic material collected from
- Exposure
areas of bare bedrock or the waste rock were
Concentrations.
not included in the present ERA as these
areas are not considered to represent the
environments that support ecological
requirements of valued ecological receptors.'
This reasoning is questionable. It seems to say
that 'since it's all rocky around the mine site,
and it doesn't seem that the mine area is

Comment It's unfortunate that no ponded
water samples were collected on-site (other
than from the larger ponds and lakes located
away from the mine workings). SFE results
suggest that drainage from the WR1 and the
exploration trenches could be elevated in
uranium (and presumably other
radionuclides) at significantly higher
concentrations than in lakes and ponds. Is
there a manner in which the ERA can address
the potential for ponded water at the mine
workings to be periodically consumed?
Recommendation Further sampling/study
warranted.

Jan 6: The problem formulation identifies waste rock and mine site ore as a
source of contaminants. Leaching and transport to surface water bodies is
included in the assessment. SFE results do not necessarily indicate metal
mobility. SFE results indicate that metals present in the geologic matrix are
potentially leachable. Mobility in the natural environment would be controlled
by a variety of hydrogeologic and geochemical factors. The geochemical
assessment of the mine rock indicates that concentrations of uranium and
chromium are enriched relative to average crustal abundance. The current
HHERA is limited to radiological risks. Previous ecological risk assessment of
metals in site media identified low potential for risk based on a weight of
evidence approach and concluded that "further investigation and risk
management for ecological protection are not recommended for the Site".
Jan 6: The Sun Rose HHERA is a final document. No ponded water or seepage
was noted at the waste rock pile. While it is acknowledged that this may
represent a source of uncertainty in the risk assessment, intermittent or
opportunistic ingestion of ephemeral water is not considered to be a reliable
source of drinking water for ecologic receptors on a chronic basis. Given the
steep bedrock slopes at Sun Main there are few locations where standing water
will typically be present. If found, the quantity of standing water on the main
bedrock outcrop would be expected to be small (likely less than 1 m3). The
more likely source of drinking water to ecological receptors is permanent
standing water, which occurs in areas of attractive ecological habitat, as
opposed to ponded or standing water from a seepage point. Opportunistic
ingestion of ephemeral surface water, which would be considered an acute
exposure, is not anticipated to significantly change the predicted annual dose
to ecological receptors, nor is it anticipated that an acute exposure of this
nature would result in an effect relative to the long-tern survival and
reproduction of a population.
Jan 6: The coarse geological material is in fact included in the ERA, and was
considered in a variety of ways: 1) It is qualitatively assessed based on
observations and results of previous ecological risk assessment within the
review of historical studies and reports, and within the problem formulation
stage to determine whether it represents a likely source of contaminants to
valued ecological receptors through direct contact (i.e. ingestion) exposure
pathways. 2) Waste rock is acknowledged as a source of contaminants to the
surrounding environment. Soil samples collected adjacent to and along the
drainage pathway leading from WR 1 to Northwest Pond are included in the

accessed by moose or other important stuff,
that you can act like the pile of mine rock is
not present and exclude it from the risk
calculations.
Recommendation Response warranted.

population of soil data quantitatively assessed with the in ERA. 3) A specific
area weighted quantitative risk assessment in consideration of the
concentrations of some radionuclides in waste rock was included in ERA as
Appendix E.
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SUNROSE - 4.5 - Table Comment It could be argued that by not
- Exposure
including data from the mine site area, that
Risk may be underestimated (not Neutral). No
Concentrations.
standing/ponded water or waste rock runoff
was sampled at, or near, the mine area. The
sample data set seems to use no samples
from mining impacted areas (where
radionuclide concentrations are known to be
higher). Instead, most samples were collected
away from potential site impacts. This
sampling bias could potentially influence the
ERA findings.
Recommendation Response warranted.

Jan 6: As previously discussed, the risk assessment is intended to characterize
risks associated with likely operable routes of exposure. Waste rock and blast
pit chemistry has been included in the ecological risk assessment as Appendix E.
As previously described, intermittent ephemeral surface water ingestion is not
included in the ERA as these sources of water are generally not located in
attractive ecological habitats, and additionally would not represent a reliable
chronic route of exposure. The risk assessment as presented is considered to
adequately reflect the likely routes of exposure and environmental conditions
contributing to radiological dose to ecological receptors. We note that Waste
Rock piles WR1, WR2 and WR3 along with loose rock from Exploration
Workings BP1-BP4 will be collected, consolidated and capped with clay as part
of the remediation program.
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SUNROSE - 5.1.2.1 Soil ingestion

Comment Supporting documentation
warranted to confirm the lack of fine material
in waste rock. Grain size analysis results for
waste rock samples (where samples were
collected in a randomized or composite
manner) should be presented to document
that there is no fine material present in the
waste rock. It is tough to believe that there is
no fine material in the waste rock. If you
handle mine rock, your hands end up dirty
from the fine material that adheres to your
skin.
Recommendation Further
sampling/study/revision warranted.

Jan 6: WR1, WR2 and WR3 along with loose rock from Exploration Workings
BP1-BP4 will be collected, consolidated and capped with clay as part of the
remediation program. This exposure route will not exist in the future. Follow-up
sampling is not required given the proposed remediation strategy.
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SUNROSE - 5.1.2.1 Soil ingestion. Pg 59

Comment The waste rock is freely draining
and does not have high moisture content
which would promote adherence of sand
sized particles.' This line of reasoning

Jan 6: The argument against inclusion of the waste rock data is predicated on
the characteristics of the material, including grain size and moisture content.
Additional assessment of the impacts of the waste rock and blast pit on the
intake rate for human receptors has been included in comment responses

regarding sample moisture content and skin above. Overall conclusions of the risk assessment are unchanged when
adherence is questionable, since the moisture considering an area weighted exposure point concentration, or when
content of the sample is primarily related to considering soil ingestion characterized by waste rock chemistry.
weather conditions at/near the time of
sample collection. Wet/damp weather should
promote the adherence of sand particles to
skin.
Recommendation Response warranted.
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SUNROSE - 5.2.1.2 Table 5-1

Comment 1) Why is a range of time
proportion values presented? Wouldn't one
time proportion value for each site area be
used in the HHERA calculation? And if so,
then those specific values should be
presented instead of a range. 2) 1% of time
spent in the waste rock area, and 1% of time
at the mine workings may be a low estimate.
3) The amount of time spent on the bedrock
dome seems a bit high for the former camp
scenario. Why would up to 20% of time be
spent on the dome? For the former camp
scenario, I could see 20% of time being spent
in the mine area (including waste rock area,
mine workings, and dome), but 20% on the
dome alone seems excessive.
Recommendation Response warranted.

Jan 6: 1) A range is provided so that this aspect of uncertainty can be reflected
in the probabilistic assessment of gamma dose. 2) 1% may be a bit low;
however, this is a stochastic element. These are included in the risk assessment
as a flat distribution (i.e. an equal probability of any value between 1% and 5%).
As such AECOM have assessed former camp scenarios where time on the mine
workings and waste rock piles is 5% for each as well. 3) This is good feedback.
Based on AECOM's familiarity with the principal drivers of the predicted dose,
we do not believe altering the proportion of time on site within the various
areas to be 20% total for all time in the mine areas would have a significant
effect. It would possibly reduce some of the external dose associated with the
exploration showings but would compensate for that with potentially
additional dose from the waste rock areas. Overall, the overall conclusions of
the risk assessment are unlikely to be significantly affected.
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SUNROSE - 5.2.2.2

Comment Airborne particulates are assumed
to originate from the soils where direct
contact exposure pathways exist.' In other
words, waste rock area rock/soil data is not
included in the inhalation dataset. It would be
valuable/interesting to know how much the
HHERA would change by including data from
the waste rock area. Would a time/area
weighted approach similar to what was
performed for the Area-Weighted ERA
(Appendix E)?
Recommendation Response warranted.

Jan 6: The waste rock is not considered to be a source of particulates of
respirable diameter. The waste rock piles are generally freely draining coarse
grained material. Fine particulates generated as part of physical or chemical
weathering are anticipated to be sequestered within the interstitial spaces of
the waste rock piles, as they are anticipated to be rapidly moved down into the
pile during precipitation/rainfall events. . Substituting the area weighted EPCs
for quantification of dose associated with soil ingestion and particulate
inhalation results in a 200% increase in the incremental dose associated with
soil ingestion to the toddler ( the maximally exposed individual) raising the
incremental soil ingestion intake dose from 1.7 uSv/yr to 5.2 uSv/yr. However,
soil ingestion accounts for only a small proportion of the incremental internal
dose and this change only results in a 2% change in the total incremental intake

dose, and a 1.5% increase in total incremental effective dose once external
gamma radiation is considered. Total incremental effective dose to the toddler
is increased from 199.2 uSv/yr to 202 uSv/yr. Inclusion of the area weighted
EPC for human receptors does not alter the conclusions of the risk assessment.
. As an additional conservative assessment, AECOM conducted a similar
assessment assuming 100% of ingested soil is sourced from the waste rock. The
exposure term for ingested waste rock was derived based on the 95% UCLM of
waste rock samples collected from Franz and Columbia (2012), AMEC (2015a),
and AECOM (2019). This is an extremely conservative scenario and is included
herein to provide context and comfort to the reviewer's concerns. Substituting
the soil ingestion and inhalation EPC with the 95% UCLM of the waste rock
chemistry results in a 37-fold increase in the incremental dose associated with
soil ingestion to the toddler, raising the incremental soil ingestion intake dose
from 1.7 uSv/yr to 62.5 uSv/yr. However, soil ingestion accounts for only a
small proportion of the incremental internal dose and this change results in a
36% change in the total incremental intake dose, and a 30% increase in total
incremental effective dose once external gamma radiation is considered. Total
incremental effective dose to the toddler is increased from 199.2 uSv/yr to
259.2 uSv/yr. Substituting the soil ingestion and inhalation EPC with the waste
rock 95% UCLM does not alter the conclusions of the risk assessment.
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SUNROSE - 5.5

Comment I disagree that the intake dose
should remain unaltered for the
supplemental exposure scenarios (which
would underestimate the dose). I would
assume that humans camped at the waste
rock area would ingest more radionuclides
than for the Former Camp Scenario (and likely
inhale more too). While most of the material
in the waste rock area is coarse grained, there
is likely some fine grained material present
that would be ingested during time at camp.
Furthermore, the concentration of
radionuclides is elevated in the waste rock
compared to the soil data used in the HHERA.
Recommendation Response warranted.

Jan 6: The reviewer's disagreement is noted and understood. At first glance it
would seem reasonable that the intake dose would vary based on camp
location, however individuals on site are assumed to roam around the site
collecting food and water from a variety of locations. It is this integrative effect
that needs to be considered, which is accomplished through the use of
statistically derived exposure point concentrations intended to represent the
population of soils likely encountered while on Site. Time spent in specific areas
of the site has a considerable impact on total exposure, however this is limited
to external gamma exposures. Variation in the intake dose tied to a specific
location would be limited to doses associated with incidental soil ingestion and
particulate inhalation only. Soil intake and inhalation represent a small
proportion of the total incremental dose to human receptors, with the majority
of predicted incremental dose being associated with fish ingestion. As discussed
in the previous responses, substitution of the soil ingestion and inhalation EPCs
with an area weighted value has a negligible effect on the total intake dose.
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SUNROSE - Section
4.2.1.4 Terrestrial
Primary Producers
(Vegetation and
Berries)

Comment It should be noted that these
species of berries and vegetation were not
verified by the Tlicho elders
Recommendation Please include statement
in the report that indicates that this list has
not yet been verified by the Tlicho Elders

Jan 6: The Sun Rose HHERA is considered a final document. The 2015 Tli?cho TK
study noted "All types of berries that grow in the area were harvested and
consumed."
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SUNROSE - Section
4.4 Risk
Characterization

Comment It should be noted that these
species listed under the ecological receptors
were not reviewed or verified by Tlicho
Elders, and therefore it is not a complete list
of species relied on by Tlicho elders.
Recommendation Please include a statement
in the report that indicates that this list has
not yet been verified by the Tlicho Elders

Jan 6: The Sun Rose HHERA is considered a final document. Section 4.1.1 of the
Sun Rose HHERA provides details on the selection process for ecological
receptors. CIRNAC would like to note that an ecological risk assessment is
intended to be protective of aquatic and terrestrial receptors in an area, as
guided by Environment and Climate Change Canada. Although Tli?cho reliance
on a species would factor into the selection process, species that are not relied
on, but present in the area, should be protected as well.
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SUNROSE - 5.2
Comment There are numerous references to Jan 6: The Sun Rose HHERA is considered a final document. For this HHERA,
Exposure Assessment of the interpretation of the Tli?cho 2014
CIRNAC is confident that the assumptions made are sufficiently conservative
[2015] Traditional Knowledge (TK) Study
that they are protective of Tli?cho health for future use of the Sun Rose area.
(Richardson, 2016)." TK interpretations of
elder knowledge is not evidence that is direct,
or accurate. Reference to such interpretations
should be met with caution and understood
as requiring further verification with Tlicho
elders.
Recommendation Please include a statement
in the report about the use of data that
interprets TK data, which has not been
verified by Tlicho elders.
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SUNROSE - 5.6
Assessment of
Remedial Options

Comment Administrative controls, such as
Jan 6: Government of Canada signage will remain in the Sun Rose area until the
signage, are suggested as an option for
completion of remediation, and will be removed on completion of work at the
remedial exposure management. However,
site.
the length of time that signage may be
required is not stated.
Recommendation Please provide an
estimation how long Tlicho Government
could expect signage to remain up on the site.
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SUNROSE - 5.2.1.2
Comment Estimates on the length of time
Site Visit Duration
spent at the site, as well as seasonality, have
and Use Assumptions yet to be verified by the Tlicho Government,
its elders, or the DCLP. The examples used
into eh report are based on predictive
modelling, and not traditional knowledge.
Recommendation Please include a statement
regarding the modelling, which is not based
on traditional knowledge, and has not been
verified by the Tlicho Government or its
elders.

Jan 6: The 90 day assumption was based on information presented in the 2015
Tli?cho TK Study and are in accordance with what was used for Rayrock This is
considered conservative for use at the Sun Rose site. Land use modelled for
both Rayrock and Sun Rose is higher than the use that is typical for risk
assessments of remote locations in the Northwest Territories. CIRNAC is
confident that the land use modelled is sufficiently conservative to allow
unrestricted access to Sun Rose by the Tli?cho.
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SUNROSE - 5.1.1
Comment The report assumes a "a future
Potential Human
land use that involves summer-time
Receptors of Concern encampment and harvesting". This has not
been verified by the elders, and it is possible
that winter travel by snow machine may be a
future possibility.
Recommendation Please include a note that
states that this modelling is based on a single
seasonal use, which may not entirely reflect
the reality of Tlicho traditional use of the site
in the future.

Jan 6: Winter access is not omitted from the assessment, it is just included with
the Summer access. Pathways of exposure are reduced and/or eliminated by
the snow cover that exists in the Northwest Territories in the winter. Therefore,
modelling a longer summer period, which would include all time that the
Tli?cho would spend on site through the entire year, is highly conservative.
Wintertime travel and camping would result in reduced soil ingestion, as well as
reduced gamma exposure.

WLWB: Rhiana Bams
ID

Topic

Reviewer Comment/Recommendation

1

Remedial Action Plan Comment In the review of the Applications,
- ECCC comments 10 ECCC recommended (ECCC comments 10 and
and 11
11) that seepage and runoff from waste rock
and soil left in place in vegetated areas have a
monitoring and mitigation plan, as seepage or
runoff from these areas may be enriched by
metals and other contaminants that could
end up in Mill Lake. These comments were
noted to be with respect to section 5.3.3 of
the Remedial Action Plan, which focused on
the main Rayrock former mine site. CIRNACCARD responded that soil and waste rock left

Proponent Response
Jan 6: 1) On a site level, the risk associated with seepage would be realized at
the receiving water bodies. With the exception of Mill Lake, both HHERAs
indicate that water bodies at the Rayrock and Sun Rose sites do not represent a
human or environmental risk. The risk associated with Mill Lake will be
addressed through remedial action as described in the RAP. Additional factors
to consider when evaluating the risk from seepage are the fact that the original
deposition of tailings and waste rock at Rayrock occurred over 60 years ago and
the materials were last worked with over 20 years ago; all work at Sun Rose
was over 60 years ago. If any of these actions were to have created a seepage
risk, it would have been quantified in the HHERAs. 2) In the CIRNAC response to
ECCC, it was the HHERA for Rayrock, not Sun Rose, that should have been
referenced. It is important to highlight that the majority of soil, spilled tailings

in place will generally be low volume and
have limited metal concentrations. CIRNACCARD also stated that the HHERA for Sun
Rose "concluded that these materials, and
their seepage, did not represent a risk to
human health and the environment. A
monitoring and mitigation plan would not be
warranted for this material." It is unclear if
CIRNAC-CARD intended to respond with
results from the HHERA for Sun Rose or for
the main Rayrock site. Upon review of the
Sun Rose HHERA, and as stated in the
Remedial Action Plan, the HHERA for this site
was focused on radionuclides, and there
appeared to be no conclusions regarding
potential seepage risks. Upon review of the
Rayrock HHERA, there was also no noted
assessment of seepage risks from waste rock
and soil to be left in place. It is thus unclear
how metals and other contaminants have
been considered with respect to potential
seepage or runoff from all of the areas
identified by ECCC. Section 5.3.3.1 of the RAP
noted that detectable concentrations of
copper and uranium were measured in shake
flask extraction analysis at concentrations in
exceedance of CCME guidelines, suggesting
that these elements may be readily leachable
from waste rock present in the Mill Lake
Catchment. Section 5.3.4.1 indicated soil
samples identified concentrations of selected
metals above CCME residential parkland
guidelines, including chromium, copper,
molybdenum, nickel, selenium, and uranium.
Section 5.4.2.1 of the RAP indicates that
metal leaching is a potential concern from
rock samples collected in the exploration

and waste rock will be used in the construction of the Confined Disposal
Facility. Material to remain in-situ (waste rock supporting the adit cover;
vegetated areas of spilled tailings) will be of lower volume than is currently in
place and would contribute less seepage than is currently occurring. There is a
possibility that the work with the waste rock could change the precipitation
flow dynamics at Rayrock in such a way that leachate would increase, but flow
from the former Mill Lake would still be through Mill Creek, the current impact
at Mill Lake was not sufficient to impact Sherman Lake due to the filtration
provided by Mill Creek, and monitoring of Sherman Lake would show if an
impact were occurring. Waste Rock at Sun Rose will be covered in a similar
manner with no waste rock left in-situ, the waste rock at Sun Rose has had no
measurable impact on down-gradient waterbodies and flow dynamics due to
precipitation will not be significantly changed; therefore seepage from Sun
Rose does not represent a risk that would require monitoring of the distant
down gradient water bodies.

workings areas at Sun Rose, and that the
exploration blast pits were considered
potentially metal leaching based on elevated
levels of the following parameters as
compared to screening criteria: copper, lead,
selenium, and uranium.
Recommendation (1) Can CIRNAC-CARD
clarify how potential seepage risks were
evaluated? (2) Please comment on the
potential impacts/mitigations of seepage at
the sites.
2

Site risk timeline

Comment It is unclear from the HHERAs for
Sun Rose and Rayrock how long radioactivity
is expected to be a potential hazard at each
site based on the current status of the sites.
Recommendation (1) Can CIRNAC-CARD
clarify the expected timeframe for which
radioactivity is to be an issue of potential
concern at each respective site? (2) Does
CIRNAC-CARD consider the mitigations
proposed sufficient to capture this expected
timeframe?

Jan 6: 1) Radioactivity will continue to be an issue for the foreseeable future.
Remedial action is designed to reduce exposure, but it cannot eliminate the
source. For Sun Rose, cutting off of the pathway of exposure will allow
unrestricted access, but it should continue to be recognized that NaturallyOccurring Radioactive Material (NORM) is prevalent in the area. In the future,
the Tli?cho should remember that the work at Sun Rose cleaned up the impact
caused by the exploration, but the NORM in the rocks is still there. Rayrock will
be licenced by CNSC in perpetuity, and the Government of Canada will continue
to monitor the remedial work performed to ensure that the pathways of
exposure continue to remain blocked. 2) The mitigation proposed in the RAP
will address radioactivity at Sun Rose for the foreseeable future. The mitigation
proposed for Rayrock will also address radioactivity for the foreseeable future,
but may require minor maintenance to continue to achieve goals. This
maintenance will be part of the continued licencing by the CNSC.

3

Risk assessment
during project

Comment It is understood that the HHERA for
Rayrock considers risks from the current state
of the site and was used to inform the
selection of remedial activities. Remediation
activities will shift the status of these site
risks. For example, as Mill Lake remediation
activities take place, according to the
Remedial Action Plan, the surface water of
Mill Lake will be drawn down, after which
impacted sediment in the Mill Lake basin will
be remediated. It is noted that the highest
uranium concentrations are found in the

Jan 6: 1) Potential risks are considered and planned for in accordance with the
Federal Contaminated Sites Management Framework. Ultimately for Rayrock,
the risk assessment represents the human and environmental risk that
continues until remediation occurs. The Sun Rose HHERA assumes remediation
and shows the risks are mitigated. If work does not proceed as anticipated,
then the risk remains as it is now, and as it has been for over 20 years at
Rayrock and 60 years at Sun Rose. CIRNAC is fully committed to addressing
these risks. 2) Potential risks are considered and planned for in accordance with
the Federal Contaminated Sites Management Framework. The Public Services
and Procurement Canada procurement process will select a contractor who has
demonstrated they can complete all phases of the intended work. If
remediation were to create any new risks to human health or environment, the

upper 0.2 m of the organic sediments.
HHERAs and Remedial Action Plan would be revisited based on this new
Recommendation (1) As it is noted that the
information.
HHERA focuses on the current status of the
site, how has CIRNAC-CARD evaluated
potential risks if work plans are not able to be
followed through as anticipated? (2) How
does CIRNAC-CARD anticipate dealing with
any major changes in remedial work plan
timing? In other words, what mitigations are
in place in the event of work plan
disruptions? For example, what steps would
be taken to mitigate potential impacts if the
surface water of Mill Lake is drawn down and
sediments are exposed but sediment
treatment is interrupted, leaving exposed
sediments of elevated uranium
concentrations?
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18 December 2020
Laura Malone
Government of Northwest Territories
Environment and Natural Resources
Yellowknife, NT
RE:

Technical Review of a Human Health and Ecological Risk Assessment for the Rayrock Mine Site

Dear Ms. Malone,
The department of Environment and Natural Resources with the Government of Northwest Territories
(GNWT-ENR) asked Intrinsik Corp. to provide a technical review of Canada North Environmental
Services’ “Human Health and Ecological Risk Assessment for Rayrock Mine Site” (CNES 2018). The
objective of the review was to determine if the conclusions of the HHERA are reasonable and adequately
supported by the information contained in the report.
Specifically, the GNWT-ENR is looking for the following:
• Crown-Indigenous Relations and Northern Affairs Canada – Contaminants and Remediation
Division (CIRNAC-CARD) has proposed to leave some of the spilled tailings in place in areas that
are well vegetated, have been deemed stable, and are considered “low-risk”. The review should
comment on whether this is reasonable and acceptable based on the results of the HHERA.
• Provide recommendations on best practice for addressing outstanding concerns that may
remain based on the technical review of the HHERA.
Intrinsik reviewed the HHERA for completeness and identified any outstanding key questions that are
directly relevant to the potential risks to human health and ecological receptors (both aquatic and
terrestrial). Intrinsik’s review is organized according to the major sections of the HHERA and Attachment
A presents a table with a more detailed list of comments and/or questions.

Problem Formulation
The report relies on appropriate federal guidance (CCME, Health Canada, FCSAP and Environment
Canada) for HHERA and incorporated Traditional Knowledge (TK Study) when possible. The approach
used for chemical screening of soil, surface water and sediment concentration data (i.e., Appendix A)
was acceptable and included the appropriate environmental guidelines, statistical values (maximum or
95th percentile) and included background.
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Overall, the following chemicals of potential concern (COPCs) were identified for the HHERA:
•
•
•

Aquatic (Water) COPC: copper, fluoride, iron, lithium, and uranium;
Aquatic (Sediment) COPC: copper, nickel, uranium, and zinc in sediment, and uranium-238 series
radionuclides.
Terrestrial COPC: arsenic, beryllium, boron, chromium, copper, lead, molybdenum, nickel,
selenium, uranium, zinc, PHC F2-F4, and uranium-238 series radionuclides (uranium-238,
thorium-230, radium-226, lead-210, polonium-210).

The statistics chosen for screening (e.g., 95 percentile) differ from those used in the HHERA (e.g.,
95UCLM). As a result, the human health risk assessment (HHRA) ends up quantitatively evaluating
COPCs that are markedly different than those identified in the ecological risk assessment (ERA) through
the screening process (Appendix A). This seems to be an unusual approach and, in our view, does not
constitute standard practice. In addition, Section 1.4 the HHERA would benefit from a description of
which COPCs relate to the ecological risk assessment (terrestrial and/or aquatic) or human health risk
assessment (terrestrial and/or aquatic).
The chemical screening may not be considered adequately conservative, as several metals and
radiological components lack sediment quality guidelines but are present at concentrations above
background mean concentrations. For example, cobalt, selenium and vanadium, as well as radiological
components, all have site mean concentrations and 95th percentiles above background levels. Further
justification should be provided for the lack of background screening and potential implications for the
aquatic risk assessment.
The ERA included a reasonable list of aquatic and terrestrial receptors. The HHRA acknowledged that the
site is remote and accessing the site is difficult; therefore, the assessment assumed that a family would
visit the site for 3 months of the year, with a toddler present for 1 month of the year. Further
justification should be provided as to why a toddler would not be present the same amount of time as
other family members (i.e., child, adolescent and adult) or provide updated SI values assuming the
toddler is present the same amount of time as their family.

Exposure Assessment
A great deal of sample data is available for the HHERA and it was difficult to determine exposure point
concentrations (EPCs) and whether the values were based on measured or predicted data. The cited
literature-based models used to predict EPCs are appropriate and reasonable. Radiological dose
coefficients were cited from appropriate sources. There was some difficulty in reproducing calculated
transfer factors for biota and these concerns are described further in Attachment A.
Overall, the assumptions regarding human and terrestrial receptor characteristics are reasonable;
however, it is not clear how the human ingestion rates for local meat (Table 3.5) were calculated. In
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several instances, it was unclear why the HHERA used predicted data in particular areas (e.g., predicted
values for berries, grouse and hare) when measured data appear to be available.

Toxicity Assessment
The selection of toxicity reference values (TRVs), including radiological benchmarks, for the terrestrial
ecological risk assessment and HHRA are appropriate and reasonable.
However, the selection process and available data used to derive TRVs for the aquatic risk assessment is
unclear. Metal toxicity to aquatic receptors, based on surface water exposures, is heavily influenced by
toxicity modifying factors (TMFs), such as pH, hardness and DOC. It is unclear from Section 4 (Exposure
Assessment) or Section 2 (Summary of Available Data) what the concentrations of these modifying
factors are in the various lakes. Similarly, there is no discussion of the concentrations of these modifying
factors in the selected TRVs presented in Table 5.1 relative to the lakes. Therefore, the relevance of the
selected TRVs to assessing potential risks to the various trophic levels is unclear. The sediment TRVs
adopt appropriate values and are reasonable for assessing potential for adverse effects to benthic
organisms. It is good that both the Thompson and CCME values are cited, as the Thompson values
provide additional metrics for assessment of radiological components, albeit the severe effect level (SEL)
for uranium looks to be exceedingly high.
Naturally occurring radioactive material (NORM) guidelines (Health Canada 2014) indicate that an upper
limit of 0.3 mSv above background should not be exceeded at Federal contaminated sites for
unrestricted land use and indicates that an annual effective dose limit for members of the public is 1
mSv (Health Canada 2014). For radionuclides, Health Canada stipulates that the ALARA principle should
always be enforced to ensure that human health risks are managed to a minimal level and levels below
0.01 mSv/year are negligible and do not require further assessment. For the control of public exposure
an appropriate value for the dose constraint is 0.3 mSv in a year and the radiological risk
characterization at Camp 1 to 3 (i.e., Table 6.44) predicts radiological exposures that are above the
0.3mSv/year dose constraint but below the effective dose of 1 mSv. The HHERA would benefit from
further explanation on why reliance on a benchmark dose of 1 mSv/year when assessing radiological
risks at the site.

Risk Characterization
The estimated risks to terrestrial ecological receptors and human health are generally low and are
generally well supported by the results of the HHERA.
Further understanding of bioavailability of some of the COPCs in sediments would assist the conclusions
of the aquatic assessment. Since there appear to be tailings in the lake (and metals can be of lower
bioavailability in tailings), it may be helpful to present an additional Line of Evidence (LOE) for evaluation
of the benthic community which could include, pore water analysis, simultaneously extracted metals
and acid volatile sulfide (SEM/AVS) analysis, or other bioavailability indicators. In addition, the
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discussion related to the benthic community assessment does not provide details related to number of
samples, and other related field parameters; therefore, uncertainties around the provided descriptions
are unclear. Often benthos is highly influenced by substrate (grain size, etc.) and/or organic carbon
(TOC-total organic carbon; LOI-loss on ignition). Further insight into correlations and relationships
would shed light on the possible influence of contamination on benthic community outcomes. The lack
of evaluation for fish in particular lakes (e.g., Gamma) due to their absence should still be evaluated to
determine whether their absence may be linked to elevated concentrations of certain COPCs or
historical mine activities.

Summary of Findings
In several cases, no TRVs were identified for several trophic levels (e.g., fluoride; phytoplankton and
zooplankton) and risks were not characterized for those trophic levels. It is agreed that the benthic
community and abundance data should carry more weight in the aquatic ERA than exceedances over
guidelines, but a more fulsome discussion of the outcomes of the benthic studies would be helpful to
the reader, relative to possible correlations with COPCs. Bioavailability of tailings in aquatic settings can
be low, despite large exceedances over sediment quality guidelines. In some cases, disturbance of
historical tailings can result in remobilization of COPCs, due to oxidation of anoxic tailings. This should
be considered when determining the best path forward for Mill Lake, which has been identified as
requiring some remedial attention.
Section 7 indicates that a weight of evidence evaluation from the benthic community assessment
indicates that the benthic communities are not significantly impacted. The assessment is lacking in
terms of weight of evidence, in that the potential bioavailability of metals is not discussed, nor is a
toxicity line of evidence provided. The recommendation to leave contamination in place could be more
strongly supported by confirming low bioavailability of sediment COPCs and/or further discussion of
benthic data. For example, the text describing the benthic assessment does not provide an indication of
how comprehensive the benthic surveys were (except for a few lakes, where only three stations were
evaluated).
With respect to the study recommendations in Section 7, Mill Lake is cited as containing tailings and
debris, with no fish present and is not a fully functional aquatic water body, but this is discussed as if the
contamination and historical mining is unrelated to these characteristics. If that is the case, additional
information should be provided to support the argument that historical mining is not associated with
the (lack of) functionality of Mill Lake. The recommendation is that uranium concentrations in Mill Lake
are posing a risk in surface water and sediments (Surface water SI are 8.8 for benthic invertebrates, and
4.8 for zooplankton), but in Gamma Lake and Beta Lake, copper in surface water had similarly elevated
SI values of 9.7 and 7.3 for phytoplankton, and no recommendation for further remedial work or study is
made, which appears inconsistent.
Recommendations for the Aquatic ERA:
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•

•

The surface water TRVs should be re-visited, based on comments provided, and screening index
(SI) values be re-calculated to confirm final conclusions. Currently, the selected TRVs for copper,
in particular, do not account for modifying factors in the potentially affected lakes. Also, missing
TRVs for several COPCs present a challenge with respect to confirming possible risks for certain
trophic levels. It is difficult to confirm or support the conclusions for the surface water
assessment based on the TRVs and information provided.
Benthic conclusions should be further supported to confirm that bioavailability of
tailings/contamination is low. In addition, the COPC screening for sediments wherein all metals
without sediment quality guidelines were not carried forward in the risk assessment merits
further evaluation to justify the lack of inclusion for several substances.

The HHERA recommendations state the following:
•

•

“The risk assessment indicated potential issues associated with uranium concentrations in water
and sediments in Mill Lake. Mill Lake contains tailings and debris with no fish present and is not
a fully functioning aquatic water body. Nonetheless, some remedial actions should be
considered to address Mill Lake”.
“In addition, while the risk assessment showed that there was little environmental transfer into
animals at the site, it may be prudent to consider some localized remedial actions for the mill
workings area (specifically sub-areas 6 and 7) and the spilled tailings.”

The HHERA should provide a detailed description of what the exact proposed remedial actions are for
Mill Lake, the mill workings area and the spilled tailings.
Should you have any questions or concerns I can be reached via email (kbresee@intrinsik.com) or phone
(403-237-0364).
Yours truly,
Intrinsik Corp.

Karl E. Bresee, B.Sc., PBD, P.Biol., QPSASK

www.intrinsik.com

Intrinsik Corp.
Suite 1060, 736 – 8th Avenue S.W.
Calgary, AB T2P 1H4
T 403.237.0275

References
CNES (Canada North Environmental Services). 2018. Human Health and Ecological Risk Assessment for
Rayrock Mine Site. Final Report Prepared by Canada North Environmental Services Markham, Ontario.
Prepared for: Public Services and Procurement Canada Project No. 2638.1. January 2018
Health Canada. 2010. Federal Contaminated Site Risk Assessment in Canada, Part VI: Guidance on
Human Health. Detailed Quantitative Radiological Risk Assessment (DQRARAD). ISBN: 978-1-100-176734. September 2010.
Health Canada. 2014. Canadian Guidelines for the Management of Naturally Occurring Radioactive
Materials (NORM). Prepared by the Canadian NORM Working Group of the Federal Provincial Territorial
Radiation Protection Committee. Revised 2011.
McPherson, C.A., D.H.Y. Lee, P.M. Chapman. 2014. Development of a fluoride chronic effects benchmark
for aquatic life in freshwater. Environ. Toxicol. Chem. 33(11): 2612-2627.

www.intrinsik.com

Intrinsik Corp.
Suite 1060, 736 – 8th Avenue S.W.
Calgary, AB T2P 1H4
T 403.237.0275

ATTACHMENT A

www.intrinsik.com

Calgary, AB T2P 1H4

Table A1

Intrinsik Corp.
Suite 1060, 736 – 8th Avenue S.W.
T 403.237.0275

Comments on the Human Health and Ecological Risk Assessment for the Rayrock Mine Site

HHERA Section
Site Characterization

Topic
Clean up

Reviewers’ Comments
Unclear if waste has been removed from Mill Lake (includes
metal debris, batteries and drums).

Importance
Low

Reviewers’ Recommendations
Provide update on status of waste in
Mill Lake.

Site Characterization

Surface Water

Section 2.4.1 describes the surface water data that were used in
the HHERA.
It is unclear whether the data summaries for surface water in
this section are for total metals or dissolved metals. It is
assumed the summaries are for total metals, but clarification
would help the reader.

Low

Provide clarification on whether total
or dissolved metal concentrations were
used in the HHERA.

Site Characterization

Surface Water

Section 2.4.1 describes the surface water data that were used in
the HHERA.
Water quality parameters such as pH, hardness, Dissolved
Organic Carbon (DOC) are not presented or discussed. These
modifying factors play a major role in modifying toxicity of
several of the COPCs, and an understanding of these Toxicity
Modifying Factors (TMF) would be helpful for the reader for the
various waterbodies under assessment.

High

Provide additional information on the
potential influence of TMF in the
aquatic risk assessment.

Site Characterization

Aquatic
vegetation

Low

Provide additional information on the
sampling program for aquatic
vegetation (e.g., including if these were
collected near contaminant source
locations).

Site Characterization

Benthic
invertebrates

Section 2.4.5 describes how aquatic vegetation was considered
in the ERA.
The number of samples (n) is not identified. It is unclear if the
data relate to a single sample of aquatic vegetation from each of
the two lakes of if they represent multiple samples. Background
vegetation must have more than one sample, as a mean is
presented.
Section 2.4.6 describes how benthic invertebrates were
considered in the ERA.
Similar comment as for aquatic vegetation; i.e., number of
samples within each lake is not stated. Also, it is not stated
whether these samples were depurated prior to analysis.

Low

Provide additional information on the
benthic invertebrate sampling program.
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HHERA Section
Problem Formulation

Topic
COPC selection –
summary
statistics

Problem Formulation

Receptors and
pathways of
concern

Problem Formulation

Receptors and
pathways of
concern

Problem Formulation

Areas of potential
concern

Problem Formulation

Use of reference
lake

Problem Formulation

COPC Selection

Problem Formulation

COPC Selection
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Reviewers’ Comments
COPC selection clearly described.
•
Figure 1.1 illustrates screening approach
•
Relied on ½ MDL assumption
•
Screened 95th percentile against mean of Baseline then
screened against CCME
•
Sample sizes are sufficient to permit use of 95th percentiles
for screening
Approach seems reasonable.
Receptors of concern for HHRA and ERA are clearly presented.
Conceptual Site Model is presented in HHERA. List of ROC
appears to be reasonable (adequate to characterize risks).
Report references appropriate federal guidance (CCME, FCSAP
and Environment Canada) for HHERA and incorporated
Traditional Knowledge.
Human health risk assessment assumed that a family would visit
the site for 3 months of the year, with a toddler present for 1
month of the year. Further justification should be provided as to
why a toddler would not be present the same amount of time as
other family members (i.e., child, adolescent and adult).
In 2011, Rescan carried out additional monitoring at the site,
which included soil, radiological, aquatic, and fisheries
assessments. In the Rescan monitoring report, the former mine
site was separated into six investigation areas (Areas 1 to 6).
Did not have historical reports but appears overall site has been
divided into appropriate APECs for risk characterization.
New Control Lake is used as a reference (control) lake for the
COPC identification.
Unclear where New Control Lake. Limited information is
provided on the characteristics of this lake.
Section 1.4 lists the COPCs for the HHERA.
Unclear which COPCs “belong” to the ERA and/or HHRA.

Importance
n/a

Reviewers’ Recommendations
None

n/a

None

High

Assume toddler present same amount
of time as family and updated SI values
accordingly.

n/a

None

Low

Provide additional rationale for use of
New Control Lake to characterize
baseline (reference) conditions.

Low

Figure 1.1 describes how constituents are excluded from further
assessment if 90% of the measurements are non-detect (i.e.,

Low

HHERA should clearly state which
COPCs relate to the ERA (terrestrial
and/or aquatic) or HHRA.
Provide additional rationale or a
reference for using 90% as the cut-off.

Calgary, AB T2P 1H4

HHERA Section

Topic

Problem Formulation

COPC Selection

Problem Formulation

COPC Selection

Problem Formulation

COPC Selection
(eco)

Problem Formulation

COPC Selection

Reviewers’ Comments
heavily censored data).
Unclear why 90% was used as the cut-off for classifying data as
being heavily censored.
In Appendix A (COPC selection appendix), data that are censored
are excluded from further analysis.
Unclear why censored data were not compared to
environmental quality guidelines (e.g., beryllium in water). The
tables in Appendix A do not appear to present the guidelines for
these constituents.
PAHs were not included in the initial list of constituents. Unclear
if these should be considered as COPCs based on historical
activities at the site.
The screening process in Figure A.1 is clear and describes in Step
3 how 95th percentile concentrations are compared to
background average concentrations. On page 3 and 4 of
Appendix A, it indicates that where sediment quality guidelines
are lacking for chemicals, there is no comparison to background
concentrations, and chemicals without sediment quality
guidelines were not selected as COPCs. This is not adequately
conservative, as several metals and radiological components lack
sediment quality guidelines but are present at concentrations
above background mean concentrations. For example, cobalt,
selenium and vanadium, as well as rad components, all have site
mean concentrations and 95th percentiles above background
levels.
The statistic chosen for screening (e.g., 95 percentile) differs
from the statistic used in the HHERA (e.g., 95UCLM). As a result,
the HHERA ends up quantitatively evaluating COPCs that are
markedly different than those identified through the screening
process (Appendix A).
As an example, the COPCs were screened out of the HHRA in
Table 4.25 based on calculated 95UCLM values for the Site.
Table 4.25 presents a site wide arsenic EPC in soil of 33 mg/kg
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Importance

Reviewers’ Recommendations

Low

Guidelines should still be presented for
constituents that are largely non-detect
to ensure that the method detection
limits are sufficiently low (i.e., below
the environmental quality guidelines)
to support their exclusion from the
HHERA.
Provide rationale for excluding PAHs
from HHERA.

Low to Medium
Medium

Further justification should be provided
for the lack of background screening
and potential implications for aquatic
risk assessments.

Medium to High

Apply consistent approach (statistic) in
the initial COPC selection (Appendix A)
and for those COPCs carried forward
for quantitative evaluation in the
HHERA (i.e., should not conduct
additional screening after the list of
COPCs has already been identified).
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HHERA Section

Topic

Reviewers’ Comments
which is above the human health soil quality guideline of 12
mg/kg. It is unclear what the sample size is for this 95UCLM and
why this value was not used in the assessment (as opposed to
Camp 1-3 values presented in Table 4.28, which presents EPC
values for the HHRA at Camp 1 to 3 that range from 2.4 to 5.7
th
mg/kg). Further, the 95 percentile arsenic concentration in the
Mill Workings area is 42 mg/kg (Table 2.21) and 19 mg/kg (Table
2.20) in the Mill Creek area. It is unclear why these areas were
not considered as exposure areas for the HHRA.

Importance

Reviewers’ Recommendations

Exposure Assessment

Ingestion rates
(HH) (Table 3.5)

Not clear how ingestion rates for local meat (Table 3.5) were
calculated.

Medium

Exposure Assessment

Aquatic exposure
assessment

These transfer factors appear to be based on a single data point,
based on the information presented in Section 2.4.5 and 2.4.6.

Low

Exposure Assessment

Appendix C,
Sample
Calculations

Water-to-benthic bio-transfer factor (BTF) (pg 283/369) value
presented as 154 L/kg ww whereas Table 4.3 presents 120 L/kg
ww. Unsure why these are different. Water-to-aq veg transfer
factor (pg 283/369) value presented as 76 L/kg ww whereas
Table 4.3 presents 71 L/kg ww. While difference is small, unsure
why there is a discrepancy in these values.

Low

Provide additional information on how
the ingestion rates were calculated
(e.g., game consumption).
Uncertainties related to the transfer
factors presented in Table 4.3 should
be clearly stated.
Confirm which values are correct (and
used in the HHERA).

Exposure Assessment

Exposure
calculations

Table 4.3 presents a site specific bio-concentration factor (BCF)
for Uranium-238 of 6.2 L/kg ww but Table 2.28 notes fluoride,
lithium, PHCs, and uranium-238 not measured in aquatic
vegetation; therefore, what values were used to calculate the
site-specific BCF?

Low

Provide additional information on how
site-specific BCFs were calculated.

Exposure Assessment

Exposure
calculations

Section 4.3.2.5 Benthic invertebrates - Table 4.12 and 4.13
Exposure point concentrations (EPCs) are based on an unknown
quantity of data for the benthic invertebrates and aquatic
vegetation (see earlier comments). Site specific transfer factors
were applied, based on what appears could be single data points
from two lakes, which would be associated with a high degree of

Medium

Provide additional information on the
BCF/BTF calculations, including
uncertainty associated with these
calculations and subsequent risk
estimates.
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HHERA Section

Topic

Reviewers’ Comments
uncertainty.

Importance

Reviewers’ Recommendations

Exposure Assessment

Exposure
calculations

Table 4.13 (Aquatic Vegetation EPCs for Ecological Assessment)
presents a calculated copper concentration at JP 0.75 mg/kg ww.
It was assumed the calculation is based on the following:
•
Surface water EPC for copper in JP was 0.0053 mg/L
(maximum) in Table 4.9
•
Surface water EPC multiplied by TF of 126 L/kg ww from
Table 4.3
This results in a calculated aquatic vegetation EPC of 0.67 mg/kg
ww which does not match the value in Table 4.13. Unclear why
these are different.

Low

Provide clarification.

Exposure Assessment

Background
concentration

Risks appear to rely on calculated background concentrations for
air (Table 4.30), berries (Table 4.31), medicinal tea (Table 4.32),
grouse (Table 4.33), hare (Table 4.34), muskrat (Table 4.35) and
moose (Table 4.36).

Low

Provide rationale for relying on
calculated background concentrations.

n/a

None

n/a

None

Also, Table 2.33 and 2.34 present measured concentrations of
arsenic in grouse and hare whereas Appendix C indicates these
are based on estimated concentrations. It is unclear why the
authors would not have relied on measured data.

Exposure Assessment

Vegetation
transfer factors

Exposure Assessment

Sample
calculations

Using calculated concentrations to represent reference
conditions (background) is not standard practice.
Literature sources cited for soil to vegetation transfer factors are
appropriate.
Spot checks on calculations.
Completed several sample calculations to confirm calculated
exposures, including:
•
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by adult in Appendix C.
•
Verified calculated arsenic dose (water, soil, vegetation)
and SI for hare at Mill Creek in Appendix C.

Importance

Reviewers’ Recommendations

Toxicity Assessment

Aquatic TRVs (Sec
5.2.1)

Table 5.1 – Copper toxicity reference values (TRVs). Copper
toxicity to aquatic life based on surface water exposures is
heavily modified by TMFs, such as pH, hardness and DOC. It is
unclear from Section 4 (Exposure Assessment) or Section 2
(Summary of Available Data) what the concentrations of these
modifying factors are in the various lakes. Similarly, there is no
discussion of the concentrations of these modifying factors in
the selected TRVs presented in Table 5.1 relative to the lakes
under assessment. Therefore, the relevance of the selected
TRVs to assessing potential risks to the various trophic levels is
unclear. If the study hardness and pH are dissimilar to those
present in the specific lake under assessment, the selected TRV
may not be adequately protective. In addition, the presentation
of the data, and selection of the TRVs are not transparent, in
that summary tables of toxicity data considered in the
assessment (and justification for the selected TRVs) are not
provided. Table 5.1 – Fluoride. It is difficult to verify that the
selected TRVs are conservative, in that supporting toxicity
summary tables are not provided.

High

The aquatic risk assessment would
benefit from additional rationale for
the selection of the TRVS.

Recent publications, such as McPherson et al, 2014
(development of a fluoride chronic effects benchmark for
aquatic life in freshwater;
https://setac.onlinelibrary.wiley.com/doi/abs/10.1002/etc.2724)
may be worth considering, as this publication used a species
sensitivity distribution (SSD) approach to deriving a chronic
benchmark for fluoride, based on five (5) fish species, seven (7)
invertebrates and four (4) algae and aquatic plants. The authors
identified an HC5 of 1.94 mg/L, which is more conservative than
some of the selected values provided in Table 5.1 (e.g., 10 mg/L
for aquatic plants; 44 mg/L for predator fish; and, 10 mg/L for
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As an example, consideration could be
given to using a Biotic Ligand Model
(BLM) approach for the assessment of
copper which can account for the
influence of various modifying factors
on the toxicity of copper.
Provide supporting toxicity summary
tables that show all data that were
considered in the selection of the TRVs.
Provide additional discussion on the
influence of toxicity modifying factors
on the TRVs(?).

Calgary, AB T2P 1H4

HHERA Section

Topic

Reviewers’ Comments
forage fish). McPherson et al cite a chronic LC20 value of 2.0
mg/L and a chronic LC10 of 4.8 mg/L for the same species of
predator fish (Oncorrhynchus mykiss) used in the RayRock
HHERA, wherein a No Observed Effect Concentration (NOEC) of
44 mg/L is used as a TRV (Table 5.1). In the absence of
supporting documentation, it is unclear whether the selected
studies that the TRVs are based on are from a study of adequate
quality. In addition, TRVs are missing for phytoplankton and
zooplankton, and the risk characterization of these trophic levels
in Section 6 is not provided. Based on McPherson et al, (2014),
and the lack of information provided to support the TRVs, the
selected TRVs may not be adequately protective. The aquatic
risk assessment would benefit from further justification of the
selected TRVs.
For iron, toxicity can be modified by DOC, hardness and pH.
Hence, the applicability of the selected TRVs, relative to the sitespecific water quality of these lakes, cannot be determined
based on the information provided. As well, the selected TRVs
are based on older studies that date back to 1972 and 1973. The
EC50 for fathead minnow is based on 50% reduction in egg
hatchability, from a 1972 study, of an unknown duration. In
addition, no TRVs are provided for aquatic plants, phytoplankton
or benthic invertebrates, and these trophic levels are essentially
not assessed in the risk characterization section. Where data
are lacking, consideration may need to be given to relying on
established CCME guidelines. The approach does not appear to
be adequately conservative. Like iron, three of the five (5)
lithium TRVs are based on LC50 data, from older studies with no
indication of acceptability of quality of the studies. There is no
TRV presented for aquatic plants.
With respect to uranium, the selection of IC10 and EC10s is
reasonable, and several of the studies are more recent than
studies that were selected for other COPCs. The forage fish TRV
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is based on a 96-hr LC50, which is an acute, rather than chronic
study, and hence, is unlikely to be adequately conservative.

Importance

Reviewers’ Recommendations

Toxicity Assessment

Sediment toxicity

Section 5.2.2 Aquatic Receptors Exposure to Sediment - The
sediment benchmarks provided in Table 5.2 are reasonable
assessment tools for assessing potential for adverse effects to
benthic organisms. It is good that both the Thompson and
CCME values are cited, as the Thompson values provide
additional metrics for assessment of rad components, albeit the
SEL for uranium looks to be very high.

Low

None

Toxicity Assessment

HHRA

According to Health Canada, an upper limit of 0.3 mSv above
background should not be exceeded at Federal contaminated
sites for unrestricted land use per the NORM guidelines (Health
Canada 2014). For the control of public exposure an appropriate
value for the dose constraint is 0.3 mSv in a year. Table 6.44
predicts radiological exposures at Camp 1 to 3 that are above
the 0.3mSv/year dose constraint but below the effective dose of
1 mSv.

Low

Please provide additional information
on why 1 mSv/year was used in the
HHERA as opposed to 0.3 mSv/year.

Risk Characterization

Aquatic eco
(Mill Lake, Sec
6.1.1)

Table 6.1 Mill Lake – the concern with the presented results is
that the TRVs for copper do not consider TMFs, and hence, it is
difficult to confirm that the SI values are adequately
conservative. Further information is needed to support the
TRVs, relative to TMFs (pH; harness; DOC).

High

Provide additional information on the
selected TRVs relative to TMFs.

In addition, for lakes that are missing fish, is it possible that fish
could be absent due to toxicity of a particular COPC? This issue
should be discussed further, in light of some of the measured
COPC surface water concentrations. The SI tables could include
evaluation of the potential COPCs for all receptor groups, in
order to evaluate the potential likelihood that certain receptor
groups could be absent as a result of toxicity. While it is
recognized that some northern lakes lack fish, further discussion
on the potential for toxicity, relative to habitat for fish, would be
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Provide possible reasons on why fish
are absent from Mill Lake.
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helpful for the reader.
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High

Provide additional information on the
TRVs relative to their TMFs.

With respect to the sediment evaluation, the assessment seems
reasonable, due to the small margin of exceedance over the
PEL/SEL. As indicated earlier, the uranium SEL seems high,
relative to the PEL. Further understanding of bioavailability of
some of the COPCs in sediments would assist the conclusions of
the assessment, particularly since there appear to be tailings in
the lake (and metals can be of lower bioavailability in tailings).
While the benthic community evaluation is helpful as a Line of
Evidence (LOE), pore water analysis, simultaneously extracted
metals and acid volatile sulfide (SEM/AVS) analysis, or other
bioavailability indicators would shed more light. In addition, the
discussion related to the benthic community assessment does
not provide details related to number of samples, etc., and
hence, the uncertainties around the provided description are
unclear. Often benthos is highly influenced by substrate (grain
size, etc.) and/or organic carbon (TOC; LOI). Further insight into
correlations and relationships would shed additional light on the
possible influence of contamination on benthic community
outcomes.
Risk Characterization

Aquatic eco
(Alpha and
Sherman Lakes,
Sec 6.1.2)

www.intrinsik.com

Table 6.4 - Same comments as per above related to the Copper
TRV; see earlier comments related to the Fluoride TRV.
Sediment discussion – as per above for Mill Lake, it is unclear
from the discussion presented how many benthic samples were
taken in these lakes. Similar to the comments provided above,
an additional line of evidence related to copper bioavailability in
sediments would be helpful (AVS/SEM; pore water, etc.) to
bolster the risk assessment LOE and reduce uncertainties in the
assessment, or analysis of benthic indices relative to natural
habitat factors (such as grain size and LOI/TOC) as well as COPCs
would provide additional insight into whether contamination is
playing a role in benthic outcomes. The copper SIs are quite

Provide additional information on the
benthic survey and analysis of the
benthic data.
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elevated, but additional context on the comprehensiveness of
the benthic survey and analysis of benthic data, relative to other
factors, would provide more confidence in the conclusions.

Importance

Reviewers’ Recommendations

Risk Characterization

Aquatic eco (Beta
Lake, Sec 6.1.3)

See previous comments on the surface water TRVs regarding
Alpha and Sherman Lakes, Sec 6.1.2
See previous comments on the benthic studies and
bioavailability regarding Alpha and Sherman Lakes, Sec 6.1.2.

See above

See above

Risk Characterization

Aquatic eco
(Gamma Lake, Sec
6.1.4)

See previous comments on surface water TRVs, and the lack of
evaluation for fish due to their absence from the lake. In the
reviewer’s opinion, fish should still be evaluated to determine
whether their absence may be linked to elevated concentrations
of certain COPCs.

See above

See above

The discussion related to sediment benthos outcomes provides
some perspective, but with sediment concentrations being as
high as 8,800 mg/kg copper, relative to a SEL of 197 mg/kg, an
additional LOE would be helpful. The benthic community
discussion is lacking in terms of details (number of stations;
other benthic metrics). A discussion of coring data, if any is
available, would shed light on depth of tailings, and cover
material over top of tailings, to assist in confirming whether
tailings have been covered over time with native materials.
See previous comments on surface water TRVs, and lack of
evaluation of fish, due to their absence.
See previous comments on benthic studies and bioavailability.
Risk Characterization

Aquatic eco (Sec
6.1.8 & Sec 7)

www.intrinsik.com

The conclusions of lack of impacts related to some COPCs have a
high degree of uncertainty, based on some of the selected
surface water TRVs, and lack of consideration of TMFs (for
copper in particular). In addition, in several cases, no TRVs were
identified for several trophic levels, and a risk characterization is

Provide a more comprehensive
discussion of the outcomes of the
benthic studies relative to the COPC
concentrations.
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not provided for those trophic levels (see Table 6.4; fluoride;
phytoplankton and zooplankton; Table 6.7; fluoride and iron and
lithium are all missing TRVs, and hence, no assessment is
provided for those trophic levels).
It is agreed that the benthic community and abundance data
should carry more weight in the aquatic ERA than exceedances
over guidelines, but a more fulsome discussion of the outcomes
of the benthic studies would be helpful to the reader, relative to
possible correlations with COPCs. Bioavailability of tailings in
aquatic settings can be low, despite large exceedances over
Sediment Quality Guidelines. In some cases, disturbance of
historical tailings can result in remobilization of COPCs, due to
oxidation of anoxic tailings. This should be considered when
determining the best path forward for Mill Lake, which has been
identified as requiring some remedial attention. Section 7
indicates that a weight of evidence evaluation from the benthic
community assessment indicates that the benthic communities
are not significantly impacted. The assessment is lacking in
terms of weight of evidence, in that the potential bioavailability
of metals is not discussed, nor is a toxicity line of evidence
provided. The recommendation to leave contamination in place
could be more strongly supported by confirming low
bioavailability of sediment COPCs and/or further discussion of
benthic data. For example, the text describing the benthic
assessment does not provide an indication of how
comprehensive the benthic surveys were (with the exception of
a few lakes, where only three stations were evaluated).
With respect to the study recommendations in Section 7, Mill
Lake is cited as containing tailings and debris, with no fish
present and is not a fully functional aquatic water body, but this
is discussed as if the contamination and historical mining is
unrelated to these characteristics. If that is the case, additional
information should be provided to support the argument that
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Provide additional information on the
bioavailability of metals.
Provide additional information to
support the argument that historical
mining is not associated with the (lack
of) functionality of Mill Lake.
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historical mining is not associated with the (lack of) functionality
of Mill Lake. The recommendation is that uranium
concentrations in Mill Lake are posing a risk in surface water and
sediments (Surface water SI are 8.8 for benthic invertebrates,
and 4.8 for zooplankton), but in Gamma Lake and Beta Lake,
copper in surface water had similarly elevated SI values of 9.7
and 7.3 for phytoplankton, and no recommendation for further
remedial work or study is made, which appears inconsistent.
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Dec 21, 2020
Anneli Jokela
Regulatory Specialist
Mackenzie Valley Land and Water Board
#1 – 4905 48th street
YELLOWKNIFE, NT X1A 3S3
Dear Ms. Jokela,
Re:

CIRNAC-CARD
Water Licence and Land Use Permit (W2020L8-0003 W2020X0005)
Rayrock Remediation Project - HHERA
Request for Comment

The Department of Environment and Natural Resources (ENR), Government of the
Northwest Territories has reviewed the applications at reference based on its
mandated responsibilities under the Waters Act and provides the following
comments and recommendations for the consideration of the Board.
Topic: General
Comment:
ENR retained Intrinsik Corp. to conduct a review of CIRNAC-CARD (CIRNAC)
Rayrock Remediation Project – Human Health and Ecological Risk Assessments
(HHERAs). ENR has extracted and summarized the comments and
recommendations from the memorandum and provided them below. ENR has also
included the memorandum which provides additional background for the Board’s
information.
Recommendation(s):
ENR recommends the Board refer to the attached memorandum for additional
background and context supporting ENR’s comments and recommendations.
Topic: Rayrock spilled tailings
Comment:
The recommendations of the HHERA for the Rayrock Remediation Project (Rayrock)
state that “while the risk assessment showed that there was little environmental
1

transfer into animals at the site, it may be prudent to consider some localized
remedial actions for the mill workings area (specifically sub-areas 6 and 7) and the
spilled tailings.”
ENR notes that this recommendation is vague as it is not clear what is intended by
“some localized actions”. CIRNAC proposes to leave well-vegetated spilled tailings in
place, however it is not clear if this is in accordance with the HHERA
recommendations.
Recommendation:
ENR recommends that CIRNAC clarify their proposed actions for spilled tailings, and
whether or not they are in line with the recommendations of the HHERA.
Topic: Toddler Time on Site
Comment:
Section 3.3.1 of the Rayrock HHERA, assumes that a toddler would be present for 1
month of the year, and section 5.2.1.2 of the Sun Rose HHERA states “it is considered
improbable that a toddler would be present at the Site for a period of three months
per year. Total time on site for the toddler is therefore assumed to be one month (30
days).” It is not clear why it is assumed that the toddler would spend less time on
site than the remainder of the traditional hunting and gathering party. It is likely
that the family unit would stay together, and there are no reasons given for the
improbability of a toddler staying on site for 3 months. If toddlers and children were
assumed to be on site for 90 days, would this change the resulting recommendations
of the HHERA?
Recommendation:
ENR recommends that CIRNAC provide additional rationale for assigning toddlers a
time on site of 30 days instead of 90 days as was done for teenagers and adults.
ENR recommends that CIRNAC provide a discussion on whether or not the
assumption that all humans (toddlers, teenagers, and adults) would spend 90 days
on site would change the overall recommendations of the HHERA regarding the
level of risk for humans.
Topic: Mill Lake Debris Removal
Comment:
Section 2.1 of the Rayrock HHERA states that there is waste present in Mill Lake.
ENR notes that it is not clear if waste has been removed from Mill Lake (including
metal debris, batteries, and drums).
Recommendation:
ENR recommends that CIRNAC provide an update on the status of waste in Mill
Lake.
Topic: Surface Water Data
2

Comment:
Section 2.4.1 of the Rayrock HHERA describes the surface water data that were used
in the HHERA. It is unclear whether the data summaries for surface water in this
section are for total metals or dissolved metals. It is assumed the summaries are for
total metals, but clarification would help the reader.
Recommendation:
ENR recommends CIRNAC provide clarification on whether total or dissolved metal
concentrations in surface water were used in the HHERA.
Topic: Surface Water Data
Comment:
Section 2.4.1 of the Rayrock HHERA describes the surface water data that were used
in the HHERA.
Water quality parameters such as pH, hardness and Dissolved Organic Carbon
(DOC) are not presented or discussed. These modifying factors play a major role in
modifying toxicity of several of the Contaminants of Potential Concern (COPCs), and
an understanding of these Toxicity Modifying Factors (TMF) would be helpful for
the reader to understand the status of, and potential impacts to the various
waterbodies under assessment.
Recommendation:
ENR recommends CIRNAC provide additional information on the potential influence
of TMF in the aquatic risk assessment.
Topic: Aquatic Vegetation
Comment:
Section 2.4.5 of the Rayrock HHERA describes how aquatic vegetation was
considered.
The number of samples (n) is not identified. It is unclear if the data relate to a single
sample of aquatic vegetation from each of the two lakes or if they represent multiple
samples. ENR notes that background vegetation must have more than one sample,
as a mean is presented.
Recommendation:
ENR recommends that CIRNAC provide additional information on the sampling
program for aquatic vegetation (e.g., including if these were collected near
contaminant source locations).
Topic: Benthic Invertebrates
Comment:
Section 2.4.6 of the Rayrock HHERA describes how benthic invertebrates were
considered.
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As noted in a comment regarding aquatic vegetation; the number of benthic
invertebrate samples within each lake is not stated. Also, it is not stated whether
these samples were depurated prior to analysis.
Recommendation:
ENR recommends that CIRNAC provide additional information on the benthic
invertebrate sampling program. Information should include the number of samples
taken within each lake, and whether or not samples were depurated prior to
analysis.
Topic: Use of Reference Lake
Comment:
New Control Lake is used as a reference lake for the COPC identification in the
Rayrock HHERA.
ENR notes that it is unclear where New Control Lake is and limited information is
provided on the characteristics of this lake.
Recommendation:
ENR recommends CIRNAC provide additional rationale for use of New Control Lake
to characterize baseline (reference) conditions.
Topic: Problem Formulation – COPC Selection
Comment:
Section 1.4 lists the COPCs for the Rayrock HHERA.
ENR notes that it is unclear which COPCs “belong” to the ERA and/or HHRA
Recommendation:
ENR recommends that the HHERA clearly state which COPCs relate to the ERA
(terrestrial and/or aquatic) or HHRA.
Topic: Problem Formulation – COPC Selection
Comment:
Figure 1.1 in the Rayrock HHERA describes how constituents are excluded from
further assessment if 90% of the measurements are non-detect (i.e., heavily
censored data).
ENR notes that it is unclear why 90% was used as the cut-off for classifying data as
being heavily censored.
Recommendation:
ENR recommends CIRNAC provide additional rationale or a reference for using 90%
as the cut-off for excluding constituents from further assessment.
Topic: Problem Formulation – COPC Selection
4

Comment:
In Appendix A (COPC selection appendix) of the Rayrock HHERA, data that are
censored are excluded from further analysis.
ENR notes that it is unclear why censored data were not compared to
environmental quality guidelines (e.g., beryllium in water). The tables in Appendix A
do not appear to present the guidelines for these constituents.
Recommendation:
ENR recommends that guidelines still be presented for constituents that are largely
non-detect to ensure that the method detection limits are sufficiently low (i.e., below
the environmental quality guidelines) to support their exclusion from the HHERA.
Topic: Problem Formulation – COPC Selection
Comment:
Polycyclic Aromatic Hydrocarbons (PAHs) were not included in the initial list of
constituents for COPC selection in the Rayrock HHERA. It is unclear if these should
be considered as COPCs based on historical activities at the site.
Recommendation:
ENR recommends that CIRNAC provide rationale for excluding (PAHs) from the
Rayrock HHERA.
Topic: Problem Formulation – COPC Selection
Comment:
The screening process in Figure A.1 of the Rayrock HHERA is clear and describes in
Step 3 how 95th percentile concentrations are compared to background average
concentrations. On page 3 and 4 of Appendix A, it indicates that where sediment
quality guidelines are lacking for chemicals, there is no comparison to background
concentrations, and chemicals without sediment quality guidelines were not
selected as COPCs. This is not adequately conservative, as several metals and
radiological components lack sediment quality guidelines but are present at
concentrations above background mean concentrations. For example, cobalt,
selenium and vanadium, as well as radioactive components, all have site mean
concentrations and 95th percentiles above background levels.
Recommendation:
ENR recommends that CIRNAC provide further justification for the lack of
background screening for chemicals without sediment quality guidelines and
describe the potential implications for aquatic risk assessments.
Topic: Problem Formulation – COPC Selection
Comment:
The statistic chosen for HHRA COPC screening (e.g., 95 percentile) differs from the
statistic used in the ERA portion of the HHERA (e.g., 95 Upper Confidence Level of
the Mean (UCLM)). As a result, the HHERA ends up quantitatively evaluating COPCs
5

that are markedly different than those identified through the screening process
(Appendix A).
As an example, the COPCs were screened out of the HHRA in Table 4.25 based on
calculated 95UCLM values for the Site. Table 4.25 presents a site-wide arsenic
Exposure Point Concentration (EPC) in soil of 33 mg/kg which is above the human
health soil quality guideline of 12 mg/kg. It is unclear what the sample size is for
this 95UCLM and why this value was not used in the assessment (as opposed to
Camp 1-3 values presented in Table 4.28, which presents EPC values for the HHRA
at Camp 1 to 3 that range from 2.4 to 5.7 mg/kg). Further, the 95th percentile arsenic
concentration in the Mill Workings area is 42 mg/kg (Table 2.21) and 19 mg/kg
(Table 2.20) in the Mill Creek area. It is unclear why these areas were not
considered as exposure areas for the HHRA.
Recommendation:
ENR recommends that CIRNAC apply a consistent approach (statistic) in the initial
COPC selection (Appendix A) and for those COPCs carried forward for quantitative
evaluation in the HHERA (i.e., should not conduct additional screening after the list
of COPCs has already been identified).
Topic: Ingestion Rates
Comment:
ENR notes that it is not clear how ingestion rates for local meat (Table 3.5) were
calculated in the Rayrock HHERA.
Recommendation:
ENR recommends that CIRNAC provide additional information on how the ingestion
rates were calculated (e.g., game consumption).
Topic: Aquatic Exposure Assessment
Comment:
Transfer factors presented in Table 4-3 of the Rayrock HHERA appear to be based
on a single data point, based on the information presented in Section 2.4.5 and 2.4.6.
Recommendation:
ENR recommends that uncertainties related to the transfer factors presented in
Table 4.3 of the Rayrock HHERA be clearly stated.
Topic: Appendix C – Sample Calculations
Comment:
ENR notes that there are discrepancies between the transfer factors presented in
Appendix C and those presented in Table 4.3 of the Rayrock HHERA. For example
the water-to-benthic transfer factor value presented in Appendix C (pg 283/369) is
154 L/kg ww whereas Table 4.3 presents 120 L/kg ww. The water-to-aquatic
vegetation transfer factor value is presented in Appendix C (pg 283/369) as 76 L/kg
ww whereas Table 4.3 presents 71 L/kg ww. While the differences are small, it is
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not clear why there is a discrepancy in these values, or which were used in the
HHERA.
Recommendation:
ENR recommends that CIRNAC confirm which transfer factors values are correct,
and which were used in the HHERA.
Topic: Exposure calculations
Comment:
Table 4.3 in the Rayrock HHERA presents a site specific bio-concentration factor
(BCF) for Uranium-238 of 6.2 L/kg ww but Table 2.28 notes fluoride, lithium, PHCs,
and uranium-238 were not measured in aquatic vegetation; therefore, it is not clear
which values were used to calculate the site-specific BCF?
Recommendation:
ENR recommends that CIRNAC provide additional information on how site-specific
BCFs were calculated.
Topic: Exposure Calculations
Comment:
Section 4.3.2.5 of the Rayrock HHERA presents exposure point concentrations for
benthic invertebrates in Table 4.12 and 4.13 that are based on an unknown quantity
of data for the benthic invertebrates and aquatic vegetation (see earlier comments).
Site specific transfer factors were applied, based on what appears could be single
data points from two lakes. ENR notes that this would be associated with a high
degree of uncertainty.
Recommendation:
ENR recommends that CIRNAC provide additional information on the BCF/BTF
calculations, including uncertainty associated with these calculations and
subsequent risk estimates.
Topic: Exposure Calculations
Comment:
Table 4.13 (Aquatic Vegetation EPC for Ecological Assessment) of the Rayrock
HHERA presents a calculated copper concentration at Jan Pond (JP) 0.75 mg/kg ww.
It was assumed the calculation is based on the following:
 Surface water EPC for copper in JP was 0.0053 mg/L (maximum) in Table 4.9


Surface water EPC multiplied by TF of 126 L/kg ww from Table 4.3

This results in a calculated aquatic vegetation EPC of 0.67 mg/kg ww which does not
match the value in Table 4.13. It is not clear why these two values are different.
Recommendation:
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ENR recommends that CIRNAC provide clarification on the discrepancy noted in the
calculated aquatic vegetation EPC.
Topic: Background Concentrations
Comment:
Risks appear to rely on calculated background concentrations for air (Table 4.30),
berries (Table 4.31), medicinal tea (Table 4.32), grouse (Table 4.33), hare (Table
4.34), muskrat (Table 4.35) and moose (Table 4.36) in the Rayrock HHERA.
Also, Table 2.33 and 2.34 present measured concentrations of arsenic in grouse and
hare whereas Appendix C indicates these are based on estimated concentrations. It
is unclear why the authors would not have relied on measured data.
ENR notes that using calculated concentrations to represent reference conditions
(background) is not standard practice.
Recommendation:
ENR recommends that CIRNAC provide rationale for relying on calculated
background concentrations rather than measured data.
Topic: Aquatic TRVs
Comment:
Table 5.1 of the Rayrock HHERA presents copper Toxicty Reference Value (TRVs).
Copper toxicity to aquatic life based on surface water exposures is heavily modified
by TMFs, such as pH, hardness and DOC, as discussed previously above. The
concentrations of these modifying factors in the various lakes is unclear. Similarly,
there is no discussion of the concentrations of these modifying factors in the
selected TRVs presented in Table 5.1 relative to the lakes under assessment.
Therefore, the relevance of the selected TRVs to assessing potential risks to the
various trophic levels is unclear. If the hardness and pH of the selected TRV
reference are dissimilar to those present in the specific lake under assessment, the
selected TRV may not be adequately protective. In addition, the presentation of the
data, and selection of the TRVs are not transparent, in that summary tables of
toxicity data considered in the assessment (and justification for the selected TRVs)
are not provided. ENR notes that a Biotic Ligand Model (BLM) approach for the
assessment of copper be considered as it can account for the influence of various
modifying factors on the toxicity of copper.
Table 5.1 also presents fluoride TRVs. It is difficult to verify that the selected TRVs
are conservative, in that supporting toxicity summary tables are not provided.
During a recent WL Amendment for the Gahcho Kué Mine (MV2005L2-0015), GNWT
supported a revised site-specific water quality objective (SSWQO) for fluoride of
1.19 mg/L. GNWT supports the Sinclair and MacDonald (2015) proposed
benchmark for fluoride of 1.03 mg/L, but recognizes that the benchmark of 1.19
mg/L results in a similar level of protection. For consistency, GNWT recommends
that the fluoride TRV be set at 1.19 mg/L.
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In the absence of supporting documentation, it is unclear whether the selected
studies that the TRVs are based on are from a study of adequate quality. In addition,
TRVs are missing for phytoplankton and zooplankton, and the risk characterization
of these trophic levels in Section 6 is not provided. Based on the lack of information
provided to support the TRVs, the selected TRVs may not be adequately protective.
The aquatic risk assessment would benefit from further justification of the selected
TRVs.
For iron, toxicity can be modified by DOC, hardness and pH. Hence, the applicability
of the selected TRVs, relative to the site-specific water quality of these lakes, cannot
be determined based on the information provided. As well, the selected TRVs are
based on older studies that date back to 1972 and 1973. The EC50 for fathead
minnow is based on 50% reduction in egg hatchability, from a 1972 study, of an
unknown duration. In addition, no TRVs are provided for aquatic plants,
phytoplankton or benthic invertebrates, and these trophic levels are essentially not
assessed in the risk characterization section. Where data are lacking, consideration
may need to be given to relying on established Canadian Council of the Ministers of
Environment (CCME) guidelines. The approach does not appear to be adequately
conservative. Like iron, three of the five (5) lithium TRVs are based on LC50 data,
from older studies with no indication of acceptability of quality of the studies. There
is no TRV presented for aquatic plants.
With respect to uranium, the selection of IC10 and EC10s is reasonable, and several
of the studies are more recent than studies that were selected for other COPCs. The
forage fish TRV is based on a 96-hr LC50, which is an acute, rather than chronic
study, and hence, is unlikely to be adequately conservative.
Recommendation:
ENR recommends that CIRNAC provide additional rationale for the selection of the
TRVS as this would benefit the aquatic risk assessment.
ENR recommends that consideration be given to using a BLM approach for the
assessment of copper which can account for the influence of various modifying
factors on the toxicity of copper.
ENR recommends CIRNAC provide supporting toxicity summary tables that show all
data that were considered in the selection of the TRVs.
ENR recommends that CIRNAC provide additional discussion on the influence of
toxicity modifying factors on the TRVs.
Topic: Public Exposure Dose Constraint
Comment:
According to Health Canada, an upper limit of 0.3 mSv above background should not
be exceeded at federal contaminated sites for unrestricted land use per the NORM
guidelines (Health Canada, 2014). For the control of public exposure, an appropriate
value for the dose constraint is 0.3 mSv in a year. Section 6.3.3 of the Rayrock
HHERA outlines that the incremental dose limit of 1 mSv/year was used, instead of
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the 0.3 mSv/year limit. Table 6.44 predicts radiological exposures at Camp 1 to 3
that are above the 0.3mSv/year dose constraint but below the effective dose of 1
mSv. ENR notes that it is not clear why the 1 mSv/year limit was used instead of the
0.3 mSv/year limit.
Recommendation:
ENR recommends that CIRNAC provide additional rationale for why 1 mSv/year
was used in the HHERA as opposed to 0.3 mSv/year.
Topic: Aquatic Ecosystem in Lakes
Comment:
The concern with the presented results is that the TRVs for copper do not consider
TMFs, and hence, it is difficult to confirm that the SI values are adequately
conservative. Further information is needed to support the TRVs, relative to TMFs
(pH; harness; DOC).
In addition, for lakes in which no fish are present, has CIRNAC considered the
possibility that fish could be absent due to toxicity of a particular COPC? ENR notes
that this issue should be discussed further, in light of some of the measured COPC
surface water concentrations. The screening index (SI) tables could include
evaluation of the potential COPCs for all receptor groups, in order to evaluate the
potential likelihood that certain receptor groups could be absent as a result of
toxicity. While it is recognized that some northern lakes lack fish, further discussion
on the potential for toxicity, relative to habitat for fish, would be helpful for the
reader.
With respect to the sediment evaluation, the assessment seems reasonable, due to
the small margin of exceedance over the PEL/SEL. As indicated earlier, the uranium
SEL seems high, relative to the PEL. Further understanding of bioavailability of
some of the COPCs in sediments would assist the conclusions of the assessment,
particularly since there appear to be tailings in the lake (and metals can be of lower
bioavailability in tailings). While the benthic community evaluation is helpful as a
Line of Evidence (LOE), pore water analysis, simultaneously extracted metals and
acid volatile sulfide (SEM/AVS) analysis, or other bioavailability indicators would
shed more light.
In addition, the discussion related to the benthic community assessment does not
provide details related to number of samples, etc., and hence, the uncertainties
around the provided description are unclear. Often benthos is highly influenced by
substrate (grain size, etc.) and/or organic carbon (TOC; LOI). Further insight into
correlations and relationships would shed additional light on the possible influence
of contamination on benthic community outcomes.
Recommendation:
ENR recommends that CIRNAC provide additional information on the selected TRVs
relative to TMFs.
ENR recommends that CIRNAC provide possible reasons on why fish are absent
from lakes including Mill Lake.
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ENR recommends that CIRNAC provide additional data on the bioavailability of the
COPCs in sediments.
ENR recommends CIRNAC provide additional information on the benthic survey and
analysis of the benthic data.
Topic: Gamma Lake
Comment:
The discussion related to sediment and benthos for Gamma Lake outcomes provides
some perspective, but with sediment concentrations being as high as 8,800 mg/kg
copper, relative to a SEL of 197 mg/kg, an additional LOE would be helpful. The
benthic community discussion is lacking in terms of details (number of stations;
other benthic metrics). A discussion of coring data, if any is available, would shed
light on depth of tailings, and cover material over top of tailings, to assist in
confirming whether tailings have been covered over time with native materials.
Recommendation:
ENR recommends CIRNAC provide a discussion of coring data, if available to assist
in confirming whether tailings have been covered over time with native materials.
References
CNES (Canada North Environmental Services). 2018. Human Health and Ecological Risk
Assessment for Rayrock Mine Site. Final Report Prepared by Canada North Environmental
Services Markham, Ontario. Prepared for: Public Services and Procurement Canada Project
No. 2638.1. January 2018
Health Canada. 2010. Federal Contaminated Site Risk Assessment in Canada, Part VI:
Guidance on Human Health. Detailed Quantitative Radiological Risk Assessment
(DQRARAD). ISBN: 978-1-100-17673-4. September 2010.
Health Canada. 2014. Canadian Guidelines for the Management of Naturally Occurring
Radioactive Materials (NORM). Prepared by the Canadian NORM Working Group of the
Federal Provincial Territorial Radiation Protection Committee. Revised 2011.
McPherson, C.A., D.H.Y. Lee, P.M. Chapman. 2014. Development of a fluoride chronic effects
benchmark for aquatic life in freshwater. Environ. Toxicol. Chem. 33(11): 2612-2627.
Sinclair JA and MacDonald DD. 2015. Letter to the Editor. Environ. Toxicol. Chem. 34 (9),
1941–1943.

Comments and recommendations were provided by ENR technical experts in the
Water Management and Monitoring Division and were coordinated and collated by
the Environmental Assessment and Monitoring Section (EAM), Environmental
Stewardship and Climate Change Division.
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Should you have any questions or concerns, please do not hesitate to contact Patrick
Clancy, Environmental Regulatory Analyst at (867) 767-9233 Ext: 53096 or email
patrick_clancy@gov.nt.ca.

Sincerely,

Lee Ann Malley (Sent on behalf of Patrick Clancy)
Manager, Environmental Impact Assessment
Environmental Assessment and Monitoring Section
Environmental Stewardship and Climate Change Division
Department of Environment and Natural Resources
Government of the Northwest Territories
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