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ABBREVIATIONS AND ACRONYMS
Abbreviation / Acronym

Definition

AEMP

Aquatic Effects Monitoring Program

AO

aesthetic objective

ATSDR

Agency for Toxic Substances and Disease Registry

BC MoE

British Columbia Ministry of Environment

CCME

Canadian Council of Ministers for the Environment

CDWQG

Canadian Drinking Water Quality Guideline

De Beers

De Beers Canada Inc.

DL

detection limit

DO

dissolved oxygen

dw

dry weight

e.g.

for example

Golder

Golder Associates Ltd.

i.e.

that is

LOAEL

lowest observed adverse effect level

MAC

maximum acceptable concentration

Mine

Gahcho Kué Mine

Mn

manganese

Mn

manganous

Mn4+

manganic

MVLWB (the Board)

Mackenzie Valley Land and Water Board

2+

NOAEL

no adverse effect level

NT

Northwest Territories

PbCl+

lead chloride

PbCO3

lead carbonate

PbSO4

lead sulphate

SNP

Surveillance Network Program

TDI

tolerable daily intake

TDS

total dissolved solids

WHO

World Health Organization

WMP

water management pond

WQG

water quality guideline

YOY

young-of-year
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UNITS OF MEASURE AND SYMBOLS
Unit / Symbol

Definition

%

percent

cm

centimeter

Kg

kilogram

mg/L

milligrams per litre

L/day

litres per day

m

meter

m

3

cubic meter

m3/s

cubic meters per second

mg/kg

milligrams per kilogram

mg/kg bw/day

milligrams per kilogram body weight per day

µg/L

micrograms per litre
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INTRODUCTION

De Beers Canada Inc. (De Beers) monitors hydrology, water and sediment quality, plankton, benthic
invertebrates, and fish and fish habitat in lakes and streams near the Gahcho Kué Mine (Mine) as
components of the Aquatic Effects Monitoring Program (AEMP). The purpose of the AEMP is to identify
potential effects of the Mine on the surrounding aquatic environment, and evaluate whether aquatic
ecosystems and their uses are adequately protected in areas affected by the Mine. Monitoring under the
AEMP is a requirement of Water Licence MV2005L2-0015, issued by the Mackenzie Valley Land and Water
Board (MVLWB or the Board; MVLWB 2018a).
The 2019 AEMP was conducted by Golder Associates Ltd. (Golder) according to the approved AEMP
Design Plan Version 5, which was submitted to MVLWB in January 2016 (De Beers 2016a). Following
collation and review of the 2019 AEMP data, the AEMP endpoints for the core lakes (Area 8, Lake N11,
and Lake 410) and raised lake (Lake D2/D3) were assessed for a Mine-related effect according to Action
Levels in the AEMP Response Framework described in Section 8 of the AEMP Design Plan. Results of the
Action Level assessment are organized according to the three impact hypotheses: Toxicological
Impairment, Nutrient Enrichment, and Physical Habitat Alteration, as well as a consideration for flow
mitigation for the Fish Habitat and Community component. During the 2019 AEMP, Low Action Levels were
triggered for Toxicological Impairment, Nutrient Enrichment, and flow mitigation, but not for Physical Habitat
Alteration. No Moderate or High Action Levels were triggered in 2019. Response plans have been submitted
(flow mitigation–Arctic Grayling presence; De Beers 2020a) or are in progress (Toxicological Impairment
and Nutrient Enrichment related to Ecological Function).
De Beers notified the MVLWB of the Low Action Level exceedances related to water and sediment quality,
benthic invertebrates, and plankton associated with Toxicological Impairment and Nutrient Enrichment on
April 29, 2020, in accordance with Part 1 Condition 7 of the Water Licence MV2005L2-0015 (De Beers
2020b). This AEMP Response Plan therefore focusses on two Action Level exceedances that are related
to drinking water quality.
In accordance with Schedule 6, Item 4 of Water Licence MV2005L2-0015, the Response Plan should
contain the following information where appropriate:
a) A description of the parameter, its relation to Significance Thresholds and the ecological implication
of the Action Level exceedances;
b) A summary of how the Action Level exceedance was determined and confirmed;
c) Recommended values for subsequent Action Levels;
d) A description of likely causes of the Action Level exceedances and potential mitigation options if
appropriate;
e) A description of actions to be taken by the Licensee in response to the Action Level exceedances
including:
i)

A justification of the selected action, which may include a cost/benefit analysis;

ii)

A description of timelines to implement the proposed actions;
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iii) A projection of the environmental response to the planned actions, if appropriate;
iv) A monitoring plan for tracking the response to the actions, if appropriate; and
v) A schedule to report on the effectiveness of actions and to update the AEMP Response Plan
as required; and
f)

Any other information necessary to assess the response to an Action Level exceedance or that has
been requested by the Board.

Components of the aquatic environment that triggered Action Levels for toxicological impairment – drinking
water quality are presented in the sections that follow, along with a discussion of the likely causes,
ecological implications, and response actions. Full details relating to the annual monitoring results for these
components are provided in the corresponding sections of the 2019 AEMP Annual Report (De Beers
2020c).
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TOXICOLOGICAL IMPAIRMENT – DRINKING WATER
QUALITY
Parameter Description

The 2019 water quality data were evaluated in relation to Action Levels for drinking water under the
Response Framework in the AEMP Design Plan Version 5 (De Beers 2016a). Based on the toxicological
impairment–drinking water quality, concentrations of one water quality parameter in Lake N11 (ice-cover:
manganese) and one in Lake 410 (ice-cover: lead) triggered the Low Action Level based on maximum
concentrations exceeding Health Canada’s Canadian Drinking Water Quality Guideline (CDWQG).
The current CDWQG maximum acceptable concentration (MAC) for manganese and lead were published
in May and March 2019, respectively (Health Canada 2019a,b). Although the AEMP Design Plan Version
5 listed the CDWQG as of Health Canada’s 2014 document, the most updated CDWQG were applied in
the Action Level assessment. In May 2019, Health Canada revised the aesthetic objective (AO) for
manganese to 20 µg/L and provided a new health-based MAC of 120 µg/L (Health Canada 2019a,c). The
manganese AO is intended to minimize discoloured water complaints, whereas the MAC is conservative
and intended to protect sensitive sub-populations (e.g., neonates and infants). In March 2019, Health
Canada revised the health-based MAC for lead from 10 µg/L to 5 µg/L; however, they note that lead
concentrations should be as low as reasonably achievable as it is above concentrations associated with
neurodevelopmental effects in children (Health Canada 2019b,c). The lead MAC is not solely based on
human health protection but is also based on treatment feasibility due to the introduction of lead in drinking
water after treatment because of lead leaching from the distribution and plumbing systems. Guidance
documents for the CDWQG state that exceedances above a guideline are generally only a concern if you
are exposed to them over an extended period (months or years) and average concentrations should be
taken into account (BC MoH 2019a,b).
The Significance Thresholds for Lake N11, Area 8, and Lake 410 are defined in Section 8.3 of the AEMP
Design Plan Version 5 (De Beers 2016a). Significance Thresholds are the levels of change that, if
exceeded, would result in significant adverse effects to valued components of the environment. The
selection of Significance Thresholds was based on the commitment by De Beers that traditional water uses
should not be affected by mining activities throughout construction, operations, and closure and
reclamation. Traditional water uses include drinking the water and harvesting and consuming fish. The
Significance Threshold related to drinking water quality is:
•

Water is not drinkable (i.e., risk to human health and/or wildlife).

An effect equivalent to the Significance Threshold for a water quality parameter would also occur if a risk
assessment determined that water is not safe for humans and/or wildlife.
De Beers assumed that the Value Statement “Water is safe to drink” and Significance Threshold of “Water
is not drinkable (i.e., risk to human health and/or wildlife)” implies that any user of the land would be able
to collect water from any location in the core lakes to use as drinking water while hunting and fishing on the
land during the open-water season. It is therefore assumed that use of the land would be the same as that
previously; that is, water from the lakes would not be used as a constant drinking water source because
there are no permanent encampments on the core lakes, but it may be used as a drinking water source
during any fishing or hunting activities in the area. Therefore, the corresponding Significance Threshold is
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that water from core lakes would not be safe to drink if samples collected from surface during the openwater season have concentrations that are greater than drinking water guidelines.
Given that the Low Action Levels were exceeded during ice-cover conditions, and wildlife are unlikely to
access lake water for drinking during this time, the ecological implications of the Low Action Level
exceedances on wildlife are likely to be negligible. Therefore, no further discussion of risks to wildlife were
made in this response plan.

2.2

Action Level Determination

As defined in the AEMP Design Plan Version 5 (Section 8.4 in De Beers 2016a), the Low Action Level for
toxicological impairment–drinking water quality is:
•

The concentration of a drinking water parameter at any location above 75% of Health Canada’s human
health or aesthetic drinking water quality guideline

This criterion applies to any parameter with a Health Canada drinking water guideline and to any sample
collected in a core lake. Although not stated in the AEMP Design Plan Version 5, it was assumed to consider
the most recent Health Canada CDWQG.
The Low Action Level in Lake N11 was triggered by the manganese concentration at Station L5 of 101
µg/L, which is 84% of the MAC (Table 2.2-1).
The Low Action Level in Lake 410 was triggered by the lead concentration at Station L3 of 4.24 µg/L, which
is 85% of the MAC (Table 2.2-1).
Table 2.2-1

Summary of Comparisons for Water Quality Action Levels for Toxicological
Impairment-Drinking Water Quality

Lake N11

Ice-cover

Manganese

µg/L

2019 AEMP
Maximum
Concentration
101

Lake 410

Ice-cover

Lead

µg/L

4.24

Lake

Season

Parameter

Unit

CDWQG
(AO)

CDWQG
(MAC)

20

120

Exceeds
75% of
MAC?
Yes

-

5

Yes

% of
MAC
84
85

Source: De Beers (2020c).
- = no guideline; % = percent; µg/L = micrograms per litre; AEMP = aquatic effects monitoring program; AO = aesthetic objective;
CDWQG = Canadian drinking water quality guidelines; MAC = maximum acceptable concentration.

The updated AEMP Design Plan (Version 6; De Beers 2019b) proposed the following revisions to the Low
Action Level:
•

Drinking Water Action Levels would apply to metals and microcystin, and exclude consideration of
coliforms or aesthetic objectives.

•

Drinking Water Action Levels would apply to AEMP samples from Lake N11 and Area 8.

In response to reviewer comments on the revised Low and the new Moderate and High Action Levels in
the updated AEMP Design Plan (Version 6), the proposed Action Levels were revised to:
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•

Low—Concentration of a drinking water parameter at any AEMP station above 60% of Health Canada’s
human health drinking water quality guideline (maximum acceptable concentration)

•

Moderate—Concentration of a drinking water parameter at any AEMP station above 70% of Health
Canada’s human health drinking water quality guideline (maximum acceptable concentration)

•

High—Concentration of a drinking water parameter at any AEMP station above 85% of Health
Canada’s human health drinking water quality guideline (maximum acceptable concentration)

The proposed Action Levels were developed on the premise that only open-water data from surface or middepth samples collected from the Core Lakes would be compared to the MAC drinking water guidelines,
which is reflective of the expected exposure pathways for drinking water (e.g., drinking water would be
sourced from the surface water region of a lake or stream). The Action Levels would therefore not apply to
ice-cover data or to samples taken below mid-depth. Further, given the reliance of the Action Level triggers
on individual measurements, these measurements would need to be confirmed and the associated quality
assurance/quality control criteria be met, thus rendering the data both reliable and reproducible. If
measurements are not confirmed, then the Action Levels would not be triggered. Routine screening of water
quality data collected during the open-water period would identify whether confirmatory sampling is needed.
The proposed Action Level Framework assumes that one round of confirmatory sampling would be
sufficient.

2.3 Likely Causes and Lines of Evidence
2.3.1 Manganese in Lake N11
Although manganese in Lake N11 satisfied the Low Action Level criteria for toxicological impairmentdrinking water, analysis of other lines of evidence provided no consistent indication of a Mine-related effect
for manganese in Lake N11. This interpretation is based on the following lines of evidence:
•
•
•
•
•
•

Operational discharge as a potential source of manganese to Lake N11
Low dissolved oxygen concentrations at depth
Manganese concentrations in sediment
Manganese concentrations in water
Historical manganese concentrations in Lake N11 and other lakes in the study area
Preliminary results from the 2020 AEMP

Operational Discharge as a Potential Source of Manganese to Lake N11
The operational discharge from the Water Management Pond (WMP) is a source of manganese to Lake
N11. Concentrations in the WMP have been increasing, and therefore, concentrations in operational
discharge have increased (e.g., compare 2017 and 2018 discharge; Table 2.3-1). The discharge from the
WMP to Lake N11 is expected to result in changes to lake water quality during operations (De Beers 2016a,
2018a), and the results of the 2019 AEMP confirm that the observed changes in Lake N11 water quality
are occurring (i.e., some major ions and metals) and are generally within EIS predictions (De Beers 2020c).
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The exception is the lake-wide median 1 total manganese concentration during the 2019 ice-cover season
(i.e., 42.2 µg/L) was greater than maximum predicted whole-lake concentrations of 31 µg/L. This
discrepancy is not because more manganese than expected is entering Lake N11 through the operational
discharge, but because the water quality model does not account for manganese mobilization from
sediment (but it does account for cryo-concentration effects of constituents, like manganese, in the water
as ice cover develops). The measured lake-wide mean concentration of manganese during open-water
season of 5.81 µg/L was below EIS predictions.
One of the potential primary sources of manganese to Lake N11 and the resultant effects to ice-cover water
quality in April 2019, therefore, was the 2018 operational pumping from the water management pond
(WMP), which occurred between September 4 and October 3 (Table 2.3-1). During this period, 582,269 m3
was discharged to Lake N11, with total manganese concentrations at the end-of-pipe (SNP-02) ranging
from 47.3 to 52.9 µg/L (Table 2.3-1). These concentrations are higher than those measured in operational
discharge in 2016 and 2017 (i.e., 5.14 to 19.1 ug/L; Table 2.3-1). However, total manganese concentrations
at the edge of the 200 metre (m) mixing zone (SNP-01) were similar among operational discharge periods,
with concentrations ranging from 4.73 to 6.52 µg/L, regardless of discharge concentration (Table 2.3-1).
This suggests that although manganese concentrations were higher in the 2018 discharge, there were little
effect on corresponding water concentrations in Lake N11, likely due to the relatively low discharge volume.
Table 2.3-1

Type of
Discharge to
Lake N11
Dewatering
discharge from
Kennady Lake
Operational
discharge from
the Water
Management
Pond

Discharge Volume and Rates to Lake N11 and Total Manganese Concentrations
at the End-of-pipe (SNP-02) and Edge-of-Mixing Zone (SNP-01), 2016 to 2019
Total
Discharge
Volume
(m3)

Average
Daily
Flow Rate
(m3/s)

Total
Manganese
Concentration
at SNP-02
(µg/L)

Total
Manganese
Concentration
at SNP-01
(µg/L)

February 1 to October 5, 2015

12,664,617

0.65

6.0 to 15.2

1 to 43

March 20 to May 31, 2016

3,441,795

0.55

59.2 to 125

0.98 to 1.75

Discharge Period

October 29, 2016 to January 17, 2017
2,794,686
0.41
9.85 to 13.2
4.73 to 8.51
September 4 to November 13, 2017
2,360,284
0.39
5.14 to 19.1
4.73 to 8.38
September 4 to October 3, 2018
582,269
0.27
47.3 to 52.9
5.33 to 6.52
(a)
September 1 to 25, 2019
3,111,526
0.51
33.9 to 55.8
4.19 to 10.9
October 17 to December 1, 2019
Sources: (De Beers 2016b, 2017, 2018b, 2019c, and 2020c).
m3 = cubic metres; m3/s = cubic metres per second; SNP = Surveillance Network Program; µg/L = micrograms per litre
(a) The fall 2019 discharge occurred after the Low Action Level exceedances discussed in this AEMP response plan, which occurred
in April 2019.

During the September to October 2018 discharge period, total manganese concentrations at the edge of
the mixing zone (200 metres from the diffuser; SNP-01) ranged from 5.33 to 6.52 µg/L, which were almost
an order of magnitude lower than the concentrations in the operational discharge (Table 2.3-1). Total
manganese concentrations at the AEMP stations, located 310 to 1,794 m from the diffuser, were similar,
ranging from 4.48 to 6.19 µg/L in samples collected between September 4 and 7, 2018 (Table 2.3-2). In
comparison, total manganese concentrations observed in at the AEMP stations in April 2019 ranged from

1

When calculating lake means or medians for water quality parameters in the core lakes in 2019, the arithmetic mean was used when
2019 data were shown to be normally distributed based on the Shapiro Wilk Test (P<0.05). If normality could be achieved by applying
a log-transformation to the data, a geometric mean was used to estimate the lake or stream-wide mean. In cases where normality
could not be achieved by applying a transformation to the data, the median was used to provide an estimate of central tendency.
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34.8 to 101 µg/L (Table 2.3-2). Therefore, the elevated ice-cover concentration at the AEMP stations in
April 2019 is unlikely related to the operational discharge.
Table 2.3-2

Measured Total Manganese Concentrations in the Lake N11 AEMP Stations,
September 2018 and April 2019
Total Manganese Concentration (µg/L)
Station L2
Station L3
Station L4
(555 m from
(778 m from
(1,562 m from
diffuser)
diffuser)
diffuser)

Sampling Period

Station L1
(310 m from
diffuser)

Station L5
(1,794 m from
diffuser)

September 4 to 7, 2018

5.83

6.19

4.93

4.48

5.00

April 18, 2019

44.1

34.8

39.2

42.2

101

Sources: (De Beers 2019c and 2020c).
m = metres; µg/L = micrograms per litre

This is further supported by the spatial trends in manganese concentrations in Lake N11 in September
2018 and April 2019 (Figures 2.3-1 and 2.3-2). Total manganese concentrations at the AEMP stations in
September 2018 did not show any significant spatial patterns (Figure 2.3-1). If residual operational
discharge was the source of elevated manganese during ice-cover conditions, then it would be assumed
that manganese concentrations would have been higher in stations located closer to the diffuser where a
higher proportion of discharge is located. However, in April 2019, the highest manganese concentration
occurred at Station L5, which is the furthest station from the diffuser in Lake N11 (approximately 1,800 m;
Figure 2.3-2). No notable spatial patterns were evident for manganese during the ice-cover season in 2019
with little variability between stations L1 through L4 (34.8 to 44.1 µg/L) and at stations L1 to L4
concentrations were lower than those reported at the end-of-pipe (Table 2.3-1; Figure 2.3-2). The 2019 icecover total manganese concentration at Lake N11 Station L5, was higher than the concentrations reported
at the end-of-pipe (SNP-02; Table 2.3-1) indicating that the elevated concentration is not a associated with
residual manganese from the 2018 discharge.
Figure 2.3-1

Total Manganese Concentrations with Distance from Diffuser in Lake N11, 2018

CDWQG: 120 µg/L (MAC)
75% CDWQG: 90 µg/L

Sources: (De Beers 2019c).
CDWQG = Canadian drinking water quality guideline; m = metre; MAC = maximum acceptable concentration; µg/L = micrograms per
litre.
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Total Manganese Concentrations with Distance from Diffuser in Lake N11, 2019

CDWQG: 120 µg/L (MAC)
75% CDWQG: 90 µg/L

Sources: (De Beers 2020c).
CDWQG = Canadian drinking water quality guideline; m = metre; MAC = maximum acceptable concentration; µg/L = micrograms per
litre.

Low Dissolved Oxygen Concentrations at Depth
In lakes and rivers, manganese occurs in particulate, colloidal, and dissolved forms (Health Canada 2019a).
The two most common forms of manganese are manganous (Mn2+) and manganic (Mn4+); the Mn2+ form is
more soluble in water relative to Mn4+ (CCME 2019). The relative proportion of these forms depend on the
oxidation and reduction reactions that may be controlled by abiotic or biotic (e.g., microbial) factors (WHO
2004). Increasing solubility of manganese in natural waters are generally associated with lower pH,
reducing conditions (e.g., lower dissolved oxygen concentrations), and higher concentrations of chloride,
nitrate, and sulphate (WHO 2004; Stokes et al. 1988; CCME 1999; ATSDR 2012). In waters with sufficient
dissolved oxygen concentrations (aerobic conditions), oxidation/precipitation and adsorption reactions
cause the Mn2+ form to become an insoluble precipitate (as an Mn oxyhydroxide), after which it may settle
out of the water column to the sediment layer (WHO 2004; CCME 1999).
Reducing conditions, such as the occurrence of lower dissolved oxygen concentrations during ice-cover,
especially in the deeper regions in shallow lakes such as the core lakes, may increase the solubility of
manganese and result in the release of manganese concentrations from the sediment/water boundary into
the water column. Therefore, patterns in dissolved oxygen profiles were evaluated for potential contributions
to the elevated manganese concentration in water. Vertical profiles of dissolved oxygen concentrations
during the ice-cover season in Lake N11 from 2015 to 2019 are shown in Figure 2.3-3.
The dissolved oxygen profiles illustrate that low dissolved oxygen concentrations were common at the
bottom of the lake, and that there was an obvious trend in decreasing concentrations with depth for most
stations and years (Figure 2.3-3). Ice-cover dissolved oxygen concentrations were generally more than
50% lower at depth for most stations compared to the surface. Dissolved oxygen concentrations at depth
at Station L5 have been generally lower than other stations in Lake N11 since 2016. However, the dissolved
oxygen concentration measured during ice-cover at Station L5 in 2019 (~4 mg/L; 33% saturation) is lower
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than that measured in 2018 (~6 mg/L; 48% saturation) but higher than that measured in 2016 and 2017 (~1
mg/L; 8% saturation; Figure 2.3-3). These results suggest that operational discharge in fall 2018 did not
cause lower-than-normal dissolved oxygen concentrations at the sediment/water boundary, and thus
promote the release of manganese from sediments.
Figure 2.3-3

0

0

2

4

Lake N11 Ice-Cover Field Measured Dissolved Oxygen during Mine Construction
and Operations, 2015 to 2019
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Manganese Concentrations in Sediment
Manganese may be mobilized from the sediment during periods of low dissolved oxygen concentrations
near the sediment/water boundary, such as during the ice-cover season. Dissolved oxygen concentrations
were sufficient to trigger some manganese mobilization from the sediment; however, they were higher than
previously reported at Station L5 when lower manganese concentrations were measured (Figure 2.3-3).
Manganese concentrations in sediments of Lake N11 were similar in 2019 to those in previous years, and
within the range of concentrations in the reference lakes (Figure 2.3-4). Lake-wide mean manganese
concentration in 2019 (190 mg/kg dw) was within normal range (upper bound 228 mg/kg dw; Figure 2.3-4)
and manganese concentration at the station closest to the diffuser (Station L1; 261 mg/kg dw) was within
the station-specific normal range (upper bound 272 mg/kg dw; De Beers 2020c). There was no spatial
pattern in manganese concentrations in sediments with distance from the diffuser, with concentrations in
samples collected at the edge of the mixing zone (200 m from the diffuser, SNP-01) within the same range
as those at the AEMP stations. There was also no difference in manganese concentrations in SNP samples
collected from the top 1-cm versus the top 5-cm horizons. Overall, the WMP discharge to Lake N11 does
not appear to be increasing the manganese concentrations in the sediment.
There is evidence (i.e., low dissolved oxygen) to support sediment as a source of manganese to the water
column and therefore as a possible pathway; however, lower dissolved oxygen saturation have been
measured in 2016 and 2017 with lower manganese concentrations.

Manganese Concentrations in Water
Total manganese concentrations during the ice-cover season were higher in 2019 than in previous years,
and higher in Lake N11 than in the reference lakes (Figure 2.3-5). The highest concentration of 101 µg/L
was measured at Station L5, which is located the farthest from the diffuser. The lake-wide median
concentration (42.2 µg/L) was also greater than upper bound of the normal range (i.e., 29 µg/L), but lower
than the revised normal range of 71 µg/L 2. The revised lake-specific normal range uses an 𝑎𝑎 = 0.15 and m
= 1 to lower the probability of Type I errors, while retaining enough sensitivity to provide an early warning
of change within the receiving environment. This method takes into account the limitations in the original
approach (De Beers 2019d) and is calculated using an improved and more scientifically defensible method,
and therefore is a more accurate estimate of lake-specific normal range for total manganese in Lake N11.
Using the new lake-specific normal range, lake-wide median concentration of total manganese during the
ice-cover season was comparable to baseline/pre-development conditions.
The elevated ice-cover concentrations were not maintained in Lake N11 in 2019. During the subsequent
sampling events in the open-water season, total manganese concentrations decreased below 10 µg/L
(Figure 2.3-6). These concentrations are an order of magnitude lower than the MAC. This indicates that the
elevated concentration of manganese is only present for a limited period during the ice-cover season.

2

The normal ranges were re-calculated as part of the Aquatic Effects Re-evaluation Report (De Beers 2019d). The revised upper
bound of the normal range is 71 µg/L (including water chemistry data from 2015 and 2016) or 79 µg/L (excluding 2015/2016).
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Total Manganese Concentrations for Area 8, Lake N11, and Reference Lakes in
Sediment, 2011 to 2019

Sources: (De Beers 2020c).
Note: Squares represent mean values.
dw = dry weight; mg/kg = milligrams per kilogram.
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Total Manganese Concentrations in Water During the Ice-cover Season for Lake
N11 and Reference Lakes, 2011 to 2018

CDWQG: 120 µg/L (MAC)
75% CDWQG: 90 µg/L

Sources: (De Beers 2020c).
Note: Squares represent median values.
CDWQG = Canadian drinking water quality guideline; MAC = maximum acceptable concentration; µg/L = micrograms per litre.

Figure 2.3-6

Total Manganese Concentrations in Water During the Open-water Season for Lake
N11 and Reference Lakes, 2011 to 2019

CDWQG: 120 µg/L (MAC)
75% CDWQG: 90 µg/L

Sources: (De Beers 2020c).
Note: Squares represent median values.
CDWQG = Canadian drinking water quality guideline; MAC = maximum acceptable concentration; µg/L = micrograms per litre.
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Historical Manganese Concentrations in Lake N11 and Other Lakes in the Study Area
Elevated concentrations during the ice-cover season have been observed in Lake N11 in the past. In 2016,
the lake-wide median concentration in Lake N11 during ice-cover was 31.9 µg/L, which is similar to the
lake-wide median in April 2019 (Figure 2.3-7). The ice-cover sampling event in 2016 occurred during
dewatering discharge from Kennady Lake to Lake N11. Elevated total manganese concentrations were
measured in the dewatering discharge, particularly when water was extracted from ice-cover in Kennady
Lake (Table 2.3-1). The maximum concentration of 125 µg/L in the dewatering discharge, which exceeded
the MAC of 120 µg/L, was measured in March 2016 (De Beers 2017). The May 2016 sample was also
elevated at 59.2 µg/L (De Beers 2017). However, higher concentrations in the dewatering discharge did not
result in higher concentrations at the edge of the mixing zone (i.e., <2 µg/L; Table 2.3-1). In addition,
concentrations measured at the AEMP stations in April 2016 (22 to 62 µg/L) were higher than those
measured at the edge of the mixing zone (Table 2.3-1), which suggests the elevated concentrations in Lake
N11 were not related to the dewatering discharge. In April 2013, total manganese concentration at Station
L1 was 115 µg/L (Figure 2.3-7), which is similar to the total manganese concentration of 101 µg/L measured
at Station L5 in April 2019. The 2013 ice-cover sampling event occurred prior to dewatering activities or
operational discharge to Lake N11, and therefore the elevated manganese concentration was not due to
the Mine.
Elevated manganese concentrations have also been measured in other lakes in the study area. In April
2016 during the ice-cover season, maximum total manganese concentration in Lake 3 was 82.5 µg/L, which
is approximately 69% of the MAC (Figure 2.3-7). In Area 8, concentrations greater than the MAC were
observed in baseline conditions in 2011 and 2013, and in 2016 (Figure 2.3-7). Concentrations were also
greater than 75% of the MAC in 2012 in Area 8. This suggests that occasional elevated concentrations near
or above 75% of the MAC are naturally observed in the local study area.
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Total Manganese Concentrations in Water During the Ice-cover Season for Area 8,
Lake N11, Lake 410, and Reference Lakes, 2011 to 2019

Sources: (De Beers 2020c).
Note: Squares represent median values.
µg/L = micrograms per litre.

Preliminary Results from the 2020 AEMP
Due to the COVID-19 pandemic, only a limited number of stations were sampled in Lake N11 during icecover conditions in 2020. Dissolved oxygen concentrations in 2020 were higher at lake bottom than those
measured in 2019. Although Station L5 was not sampled, manganese concentrations at stations L1, L3,
and L4 are lower than those reported in April 2019 and dissolved oxygen concentrations were higher,
suggesting that the elevated manganese concentration at Station L5 during the ice-cover season likely
would not have re-occurred in 2020 (Table 2.3-3).
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Total Manganese Concentrations Measured in Lake N11 during the 2020 Ice-cover
Season, 16 April 2020

Lake

Total Manganese Concentration (µg/L)
Station L1

Station L2

Station L3

Station L4

Station L5

Lake N11

6.06

Not sampled

5.53

7.33

Not sampled

East Lake

Not sampled

1.20

1.11

1.13

Not sampled

Lake 3

Not sampled

Not sampled

Not sampled

Not sampled

Not sampled

µg/L = micrograms per litre

Overall Conclusion
Several lines of evidence suggest that the elevated manganese concentration measured during ice-cover
at Station L5 in 2019 (i.e., 101 µg/L) is not a Mine-related effect. Although operational discharge is a source
of manganese to Lake N11, concentrations in the lake are generally low and the lake-wide median
concentration is within the range of background conditions. There is no evidence to suggest that operational
discharge is affecting sediment chemistry or changing the conditions by which manganese may mobilize
from the sediment. During baseline conditions, an elevated concentration of manganese of similar
magnitude was measured in Lake N11. Elevated manganese concentrations have also been observed in
Area 8 under baseline conditions, in the reference lakes, and in the shallow lakes within the Kennady Lake
watershed. Finally, the preliminary results of the 2020 AEMP ice-cover sampling event suggest that
manganese concentrations are consistent with concentrations reflecting the normal range and natural
conditions. There is no evidence of a trend of elevated manganese concentrations into the open-water
season or over multiple years. The elevated manganese concentration measured during ice-cover at
Station L5 in 2019 is most likely related to the natural variability.

Possible Risks to Human Health
A single elevated manganese result is unlikely to indicate a health hazard, particularly as the concentration
is less than the MAC and there is no evidence of widespread elevated concentrations or an increasing
trend. As stated above, the single elevated manganese concentration at Station L5 during the ice-cover
season in Lake N11 (i.e., 101 µg/L) is not likely due to Mine activities but is likely related to natural variability.
The MAC is conservative and intended to protect sensitive sub-populations. In the case of manganese,
Health Canada recognises infants as the most sensitive human sub-population (Health Canada 2019a).
The MAC (120 µg/L) is based on toxicity to bottle-fed infants and is considered to be protective of exposure
to infants relying solely on formula made with tap water (BC MoH 2019a). Higher concentrations may be
acceptable for less sensitive human groups. The magnitude and frequency of any MAC exceedance should
also considered, as marginal short-term exceedance may warrant further evaluation, but not necessarily
any immediate action. In this case, the elevated manganese concentration at Station L5 in April 2019 was
not sustained into the open-water season, and was not repeated during the ice-cover sampling event in
April 2020. Therefore, further evaluation of this Low Action Level is not needed and continued monitoring
is recommended.

2.3.2 Lead in Lake 410
Although lead in Lake 410 satisfied the Low Action Level criteria for toxicological impairment-drinking water,
analysis of other lines of evidence provided no consistent indication of a mine related effect for lead in
Lake 410. This interpretation is based on the following lines of evidence:
•

Operational discharge and downstream flow mitigation as a potential source of lead to Lake 410

De Beers Canada Inc.

Gahcho Kué Mine
2019 AEMP Response Plan
Drinking Water Quality
•
•
•
•

2-14

June 2020

pH impacts on lead concentrations
Lead concentrations in water
Historical lead concentrations in Lake 410 and other lakes in the study area
Preliminary results from the 2020 AEMP

Operational Discharge and Downstream Flow Mitigation as a Potential Source of Lead to
Lake 410
Lake 410 is downstream of Lake N11 and Area 8. One of the primary pathways for potential effects to water
quality in Lake 410 is the operational pumping from the WMP to Lake N11 and the downstream flow
mitigation from Lake N11 to Area 8.
The Low Action Level was triggered by the lead concentration at Station L3 of 4.24 µg/L during under-ice
conditions, which is 85% of the MAC. Station L3 is the furthest station from the upstream inlets from Lake
N1 (downstream of Lake N11) or Stream M2 (downstream from Area 8). An increasing spatial pattern was
noted for lead during the ice-cover season with concentrations increasing with distance from the inlets
indicating that the elevated concentration was not influenced by water in the lake inlet (Figure 2.3-8).
If the elevated lead concentration at Station L3 in 2019 was mine-related, it would be assumed that similar
or higher concentrations may have occurred in Lake N11 and Area 8, which are upstream of Lake 410.
Since construction began in 2015, ice-cover lead concentrations in Area 8 and Lake N11 have remained
below 2 µg/L, which is half of the 2019 lead result measured at Station L3, indicating that there is no
upstream source of the elevated lead concentrations from these lakes (Figure 2.3-9). Additionally, openwater lead concentrations in Area 8 and Lake N11 have remained below 1 µg/L since 2011 (Figure 2.3-10).
Figure 2.3-8

Total Lead Concentrations with Distance from Inlet in Lake 410, 2019

CDWQG: 5 µg/L (MAC)
75% CDWQG: 3.75 µg/L

Sources: (De Beers 2020c).
CDWQG = Canadian drinking water quality guideline; MAC = maximum acceptable concentration; µg/L = micrograms per litre.
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Lead Concentrations in Water During the Ice-cover Season for Area 8, Lake N11,
Lake 410, and Reference Lakes, 2011 to 2019

Sources: (De Beers 2020c).
Note: Open symbols represent concentrations below the DL and are plotted at half the DL. The shaded zone represents the normal
range. Squares represent median values.
µg/L = micrograms per litre; DL = detection limit.
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Total Lead Concentrations during the Open-water Season for Area 8, Lake N11,
Lake 410, and Reference Lakes, 2011 to 2019

Sources: (De Beers 2020c).
Notes: Open symbols represent concentrations below the DL and are plotted at half the DL. The shaded zone represents the normal
range. Squares represent median values.
µg/L = micrograms per litre; DL = detection limit.

pH Impacts on Lead Concentrations
Lead is a naturally occurring, non-essential element (BC MoE 1987). It may also be introduced into the
environment via atmospheric deposition originating from anthropogenic activities or from effluent discharge,
leachate or agricultural runoff (BC MoE 1987). Lead is present in two oxidation states as Pb2+ and Pb4+, but
exists primarily in the divalent form in aquatic systems. The abundance of divalent lead in aquatic
environments is pH dependent; in acidic water (pH≤7), lead exists primarily as Pb2+, lead sulphate (PbSO4)
or lead chloride (PbCl+), whereas in alkaline waters (pH>7), lead carbonate (PbCO3) and lead hydroxide
complexes are predominant. Lead also complexes with organic matter and suspended matter in water
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resulting in its rapid removal from surface waters. In general, as water increases in alkalinity, the solubility
of lead in water decreases.
The abundance of divalent lead in aquatic environments is pH dependent with rapid removal at alkaline pH
due to lead complexes with organic matter and suspended matter. In 2019, ice-cover pH profile
measurements ranged from 5.5 to 6.2 and were relatively constant through the water column but displayed
some variability between stations. Two clusters of stations were present, with the two downstream stations
(i.e., L3 and L5) having pH approximately 0.5 pH units lower than the rest of Lake 410 (Figure 2.3-11).
However, concentrations at stations L3 and L5 were similar to those reported in 2017 where lead
concentrations were within normal range and below 2 µg/L. Therefore, it is unlikely the lower pH at Station
L3 impacted the concentration of lead in Lake 410.
Figure 2.3-11

Lake 410 Ice-Cover Field Measured pH during Mine Operations, 2017 to 2019
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Lead Concentrations in Water
Total lead concentrations during the ice-cover season were higher in 2019 than in previous years, but
similar to the reference lakes (Figure 2.3-12). The highest concentration of 4.24 µg/L was measured at
Station L3 in Lake 410. The lake-wide mean concentration (2.2 µg/L) was also greater than upper bound
of the normal range (i.e., 1.4 µg/L) and than the revised normal range of 1.1 µg/L 3 (including water chemistry
data from 2015) but below the revised normal range excluding 2015 of 2.4 µg/L. The revised normal range
uses an 𝑎𝑎 = 0.15 and m = 1 to lower the probability of Type I errors, while retaining enough sensitivity to
3

The normal ranges were re-calculated as part of the Aquatic Effects Re-evaluation Report (De Beers 2019d). The revised upper
bound of the normal range is 1.1 µg/L (including water chemistry data from 2015) or 2.4 µg/L (excluding 2015).
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provide an early warning of change within the receiving environment. This method takes into account the
limitations in the original approach (De Beers 2019d) and is calculated using an improved and more
scientifically defensible method, and therefore is a more accurate estimate of lake-specific normal range
for total lead in Lake 410. Using the new lake-specific normal range, the lake-wide mean concentration of
total lead during the ice-cover season was comparable to baseline/pre-development conditions.
Figure 2.3-12

Lead Concentrations in Water During the Ice-cover Season for Lake 410 and
Reference Lakes, 2011 to 2019

CDWQG: 5 µg/L (MAC)
75% CDWQG: 3.75 µg/L

Sources: (De Beers 2020c).
Note: Squares represent median values.
CDWQG = Canadian drinking water quality guideline; MAC = maximum acceptable concentration; µg/L = micrograms per litre.

The elevated ice-cover concentrations were not maintained in Lake 410 in 2019. During the subsequent
sampling events in the open-water season, total lead concentrations decreased below 0.02 µg/L (Figure
2.3-13). These concentrations are two orders of magnitude lower than the MAC. This indicates that the
elevated concentration of lead was only present in 2019 for a limited period during the ice-cover season.

De Beers Canada Inc.

Gahcho Kué Mine
2019 AEMP Response Plan
Drinking Water Quality
Figure 2.3-13

2-19

June 2020

Lead Concentrations in Water During the Open-water Season for Lake 410 and
Reference Lakes, 2011 to 2019

CDWQG: 5 µg/L (MAC)
75% CDWQG: 3.75 µg/L

Sources: (De Beers 2020c).
Note: Squares represent median values.
CDWQG = Canadian drinking water quality guideline; MAC = maximum acceptable concentration; µg/L = micrograms per litre.

Historical Lead Concentrations in Lake 410 and Other Lakes in the Study Area
The cause of the elevated lead concentration in the water of Lake 410 during under ice conditions in 2019
is not clear, but elevated concentrations during the ice-cover season have been observed in the local study
area in the past. In 2013 and 2019, lead concentrations at reference Lake 3 were measured greater than
the MAC (Figure 2.3-9). In Lake N11, a lead concentration greater than the MAC was measured in baseline
conditions in 2013 (Figure 2.3-9). Additionally, concentrations were greater than 60% of the MAC in Area
8 baseline conditions in 2012 and in East Lake and Lake 3 in 2019 (Figure 2.3-9). This suggests that
occasional elevated concentrations near or above 75% of the MAC are naturally observed in the local study
area.

Preliminary Results from the 2020 AEMP
Due to the COVID-19 pandemic, only a limited number of stations were sampled in Lake 410 during icecover conditions in 2020. Lead results in 2020 were orders of magnitude lower than those reported in 2019
(Table 2.3-4). Concentrations at Station L3 dropped from 4.24 µg/L to 0.0083 µg/L, well below the normal
range and the MAC and similar to those reported in 2015 and 2018. It should be noted that the method
used to analyze total and dissolved metals from 2015 to 2018 was retired on March 19, 2019 (Gregg 2019,
pers. comm.). The 2019 metals were analyzed using the Collision/Reaction Cell Inductively Coupled
Plasma Mass Spectrometer (CRC-ICPMS) resulting in a higher detection limit of 0.01 µg/L, while the 2020
metals were analyzed using the newer Triple-quad ICPMS with a detection limit of 0.005 µg/L in order to
align with the AEMP Design Plan (De Beers 2016a) target detection limits. Both analyses use the EPA
6020B methodology.
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Total Lead Concentrations Measured in Lake 410 during the 2020 Ice-cover
Season, 2 May 2020

Lake

Total Lead Concentration (µg/L)
Station L1

Station L2

Station L3

Station L4

Station L5

Lake 410

0.0101

Not sampled

0.0083

Not sampled

0.0085

East Lake

Not sampled

<0.0050

<0.0050

<0.0050

Not sampled

Lake 3

Not sampled

Not sampled

Not sampled

Not sampled

Not sampled

µg/L = micrograms per litre

Overall Conclusion
Several lines of evidence suggest that the elevated lead concentration measured at Station L3 during icecover in Lake 410 (i.e., 4.24 µg/L) is not a Mine-related effect. Lead concentrations were lower in upstream
lakes that are directly affected by the Mine through operational discharge (Lake N11) and downstream flow
mitigation (Area 8). Elevated lead concentrations have been observed at other lakes in the study area.
Finally, the preliminary results of the 2020 AEMP ice-cover sampling event show that lead concentrations
are consistent with under-ice measurements prior to 2019 . There is no evidence of a trend of elevated lead
concentrations into the open-water season or over multiple years. The elevated lead concentration
measured during ice-cover at Station L3 in Lake 410 in 2019 is anomalous and most likely related to the
natural variability and not to Mine-related effects.
Although lead in Lake 410 satisfied the Low Action Level criteria for drinking water the above analysis
provides no indication that the elevated concentration is mine related. The elevated concentration above
the drinking water Low Action Level in 2019 is most likely related to the natural variability within the lake
and in the local study area. Based on one ice-cover exceedance of 75% of the MAC observed at Lake 410,
Station L3, the limited access to ice-cover water as drinking water, the lower concentrations reported during
the 2020 ice-cover season, and the absence of infants at the Gahcho Kué Mine site, the overall potential
for adverse human health effects from the elevated total lead was likely to be low.

Possible Risks to Human Health
Health Canada recently lowered the lead MAC based on risks of neurodevelopmental effects in children.
However, Health Canada acknowledges that the current MAC of 5 µg/L is expected to result in some health
effects to the most sensitive population (children) in that a small percentage of children may develop
intellectual disabilities with chronic low-level lead exposure. The MAC therefore is not truly protective of the
most sensitive population as it incorporates treatment and analytical achievability as well and risks to human
health.
However, the occurrence of a single elevated lead result is unlikely to indicate a health hazard, particularly
as the concentration is less than the MAC and there is no evidence of widespread elevated concentrations
or an increasing trend (De Beers 2020c). As discussed in the analysis above, the elevated lead
concentration at Station L3 in Lake 410 (i.e., 4.24 µg/L) is not likely due to Mine activities but is likely related
to natural variability. The health effects of lead in drinking water are dependent on frequency, duration,
dose, individual susceptibility factors (e.g., age, health) and lead intake from other sources (BC MoH
2019b). In this case, the elevated lead concentration at one station in Lake 410 was not sustained into the
open-water season, and was not repeated during the ice-cover sampling event in April 2020. Additionally,
it is not anticipated that water from Lake 410 Station L3 is used as a drinking water source on a regular
basis. If water from Lake 410 was used as a drinking water source, then average concentrations at Station
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L3 would be more representative of actual exposure; and average concentrations are well below the Low
Action Level. Therefore, further evaluation of this Low Action Level is not needed, and continued monitoring
is recommended.

2.4

Response Actions

There is no evidence that the single elevated measurements of manganese in Lake N11 and lead in Lake
410 during ice-cover conditions in 2019 are related to Mine activities. Although the likely causes of the
elevated concentrations are natural variability, continued monitoring of these parameters in these lakes is
warranted. Annual and seasonal water quality monitoring will continue in the core and reference lakes,
according to the schedule defined in the AEMP Design Plan 4. The 2020 ice-cover AEMP monitoring data
indicates the observed changes in water quality in Lake N11 and Lake 410 have not persisted but have
reverted to conditions similar to baseline. The results of the 2020 monitoring program will be reported in the
2020 AEMP Annual Report, to be submitted in May 2021. Water quality changes in the core lakes are
anticipated to continue in 2020 as a result of Mine-related activities; water will continue to be discharged
into Lake N11 as part of the water management plan and in accordance with effluent quality criteria.
The water quality parameters that triggered Low Action Levels in 2019 did so based on the results of the
maximum concentration greater than 75% of the MAC. However, all concentrations are below the healthbased MAC. Implementing mitigation is not recommended at this time due to the relatively low risk to human
health based on the existing information available.

4

No changes with respect to frequency of water quality sampling, locations of stations, and analytical suite for metals are proposed
in the core lakes in the updated AEMP Design Plan (Version 6).
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RECOMMENDATIONS

It is recommended that De Beers engage with local communities to determine if water from the core lakes
around the Mine is collected as a drinking water source during the ice-cover season, and if so where. If icecover water is not used as a drinking water source, the revised action levels as proposed will remain the
same and only apply during the open-water season. If core lakes are used as a drinking water source during
the ice-cover season, changes to the drinking water Action Levels are recommended. These changes may
include parameter-specific drinking water Action Levels, to consider elevated concentrations that occurred
under baseline conditions, as well those that occur in reference lakes (i.e., not Mine-related). In addition,
parameter-specific drinking water Action Levels could consider the conservatism in the health-based MAC,
and the most relevant drinking water users.
Although the overall potential for adverse human health effects from the elevated total lead or manganese
are likely to be low, it is also recommended that local communities are informed regarding the elevated
concentrations during the ice-cover season in baseline conditions and from reference lakes.
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SUMMARY AND CONCLUSIONS

Given the 2019 AEMP data and the methods established in the AEMP Design Plan, Low Action Levels for
toxicological impairment-drinking water were triggered for manganese (ice-cover) in Lake N11 and lead
(ice-cover) in Lake 410.
The drinking water Low Action Level triggers identified for water quality during the 2019 monitoring period
are considered to represent a low-level effect on water quality in Lake N11 and Lake 410, below levels that
would be of concern to human health. The water quality parameters that triggered Low Action Levels in
2019 did so based on the results of the maximum concentration greater than 75% of the MAC. However,
all concentrations are below the MAC.
Implementing mitigation is not recommended at this time due to the relatively low risk to human health
based on the existing information available. Response actions consist of continued monitoring in 2020
according to the existing AEMP schedule and engage with local communities to determine if ice-cover water
is collected as a drinking water source. If ice-cover water is not used as a drinking water source, the revised
action levels as proposed will remain the same and only apply during the open-water season. If core lakes
are used as a drinking water source during the ice-cover season, changes to the drinking water Action
Levels are recommended. These changes may include developing parameter-specific drinking water Action
Levels that consider the occurrence of elevated concentrations during baseline and in reference lakes, as
well as the underlying conservatism in the MAC and sensitivities of typical drinking water users.
Although the overall potential for adverse human health effects from the elevated total lead or manganese
are likely to be low, it is also recommended that local communities are informed regarding the elevated
concentrations during ice-cover baseline conditions and from reference lakes.
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