August 27, 2020
Angela Love
Mackenzie Valley Land and Water Board
PO Box 2130
Yellowknife, Northwest Territories
X1A 2P6
Dear: Ms. Love:
Re: Snap Lake Mine De Beers Canada Inc. Water Licence MV2011L2-0004 Exceedance of AEMP
Low Action Level for Manganese – Response Plan Version 3
On 6 December 2019, De Beers Canada Inc. (De Beers) notified the Mackenzie Valley Land and
Water Board (MVLWB) of a Low Action Level Trigger per the Aquatic Effects Monitoring Program
(AEMP) Response Framework for drinking water.
As per condition MV2011L2-0004 Part G, item 7, on 6 March 2020, De Beers provided an AEMP
Response Plan within three months of the original notification.
The enclosed plan provided:


Context of the exceedance and implications to aquatic life and drinking water



Description of temporal and spatial trends of manganese in Snap Lake and other northern
lakes



Description of anthropogenic sources of manganese to Snap Lake (i.e., effluent)



Potential cause(s) of the Low Action Level trigger



Follow-up monitoring and potential mitigation options

The response plan was sent out for public review; responses were received from Environment
and Climate Change Canada (ECCC), the Government of the Northwest Territories Environmental
Assessment and Monitoring (GNWT-ENR), Government of the Northwest Territories Lands
(GNWT-Lands), the Snap Lake Environmental Monitoring Agency (SLEMA), and the MVLWB. ECCC
and GNWT-Lands had no comments. Comments were provided by GNWT-ENR, SLEMA, and
MVLWB and response to comments were provided by De Beers on 30 April 2020. In the response
package, De Beers included proposed action levels in response to a comment (GNWT-ENR-2).
Before the MVLWB can decide on the proposed action levels, the manganese Response Plan
needs to be distributed for a second review. As such, the MVLWB requested that De Beers submit
a revision to the Manganese Response Plan that includes the proposed action levels.

The Response Plan from 6 March 2020 was updated and resubmitted (as version 2) with the
following additions:


A revision table,



Minor edits on identified monitoring stations and proposed monitoring frequency,



The proposed action levels, and



Response to comments on the initial review.

On 28 July 2020, De Beers received a letter from the MVLWB requesting to resubmit the plan
(version 3) in accordance with the Board directive:


The Board directs De Beers to revise the AEMP Response Plan, version 2, to provide a
trigger of implementing the mitigation measures that would be used prior to exceeding
the significance threshold (exceeding the Health Canada drinking water guidelines).

Version 3 of the Manganese Response Plan has been updated with triggers to implement the
mitigation measures (Section 5.3) as outlined in the Plan.
Should you have any questions or concerns, please feel free to contact me by phone at (403)464-2596 or by email at colleen.prather@debeersgroup.com.
Sincerely,
8/27/2020

X
Colleen Prather, Ph.D., P.Biol.
Regulatory Specialist
Signed by: Prather, Colleen

Cc:

Sarah McLean
Michelle Peters
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INTRODUCTION

De Beers Canada Inc. (De Beers) owns the Snap Lake Mine (the Mine), located approximately 220 km northeast
of Yellowknife, NT and operated it from 2008 to 2015. Mining ceased in December 2015 when De Beers
announced the Mine would be placed into Extended Care and Maintenance (ECM). In December 2017, De Beers
announced its intent to enter final Closure, and in March 2019, De Beers submitted the Final Closure and
Reclamation Plan (FCRP) together with a renewal application for the Water Licence (MV2019L2-0004). The
Water Licence MV2019L2-0004 became effective 14 June 2020.

1.1

Background

The 2013 Snap Lake Aquatic Effects Monitoring Program Design Plan Update for Care and Maintenance (Care
and Maintenance AEMP Design Plan), a requirement of Water Licence MV2019L2-0004 (MVLWB 2020), includes
a Response Framework that provides a systematic approach to responding to the AEMP monitoring results. This
Response Framework reduces the potential for significant adverse effects, allows for early identification and
allows for necessary mitigation actions to be undertaken (Golder 2016). This is accomplished by implementing
appropriate further investigation or mitigation at predefined Action Levels, which are triggered before a significant
adverse effect, defined as a significance threshold, could occur. Significance thresholds were set in the Response
Framework for the following five values: water in Snap Lake must be drinkable, fish in Snap Lake are safe to eat,
ecological function of Snap Lake maintained, sediment quality in not impaired, and the protection of traditional
land use in MacKay Lake.
This Response Plan focuses on the Low Action Level triggered in 2019 under the former Water Licence
MV2011L2-0004 (MVLWB 2018) for the value ‘water in Snap Lake must be drinkable’. This value is based on one
of the measures that the Mackenzie Valley Environmental Impact Review Board set during the 2013 Water
Licence amendment process to mitigate significant adverse impacts to the environment and to traditional land use
(MVLWB 2014). De Beers must meet these measures, which include the protection of drinking water in Snap
Lake: 1b) Water in Snap Lake is safe to drink according to the health-based standards of Health Canada’s
Guidelines for Canadian Drinking Water Quality (August 2012 edition) (MVEIRB 2014).
The significance threshold for drinking water is that the “Water in Snap Lake is not drinkable’ (Table 5.2-1 in
Golder 2016); the assessment of the Action Level for drinking water is based on health-based drinking water
quality guidelines (WQGs) and water quality concentrations at AEMP stations in Snap Lake and at the Snap Lake
water intake station (Surveillance Network Program [SNP] 02-15) (Table 1-1; Figure 1-1).
The former Water Licence MV2011L2-0004 condition that triggered this Response Plan is (Part G, Item 7 in
MVLWB 2018):
7) If any Action Level as defined in the approved AEMP Design Plan is exceeded, the Licensee shall notify
the Board within thirty (30) days of when the exceedance is detected. The Licensee shall also submit to the
Board, for approval, an AEMP Response Plan, which shall satisfy the requirements of Schedule 6, item 5 of
this Licence. The AEMP Response Plan shall be submitted within three (3) months of the notification,
unless otherwise directed by the Board.
De Beers provided notification of a Low Action Level for drinking water quality for manganese to the Mackenzie
Valley Land and Water Board (MVLWB) on 6 December 2019 (De Beers 2019a), which resulted in a submission
date for this Response Plan of 6 March 2020.
This Response Plan has been revised at MVLWB’s request as per their comments received 12 May 2020 and 28
July 2020 and to reflect the issuance of the new Water Licence MV2019L2-0004 (MVLWB 2020).
1
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Summary of Human Health Drinking Water Quality Action Levels

Value

Water must be
drinkable

Key Information Used in
Assessing Action Levels

No Action Level Triggered

• Drinking water parameters
<75% Health Canada human
• Drinking water health
health WQG
guidelines(a)
• Concentration at Snap Lake AND
AEMP and water intake
• Microcystin-LR <75% of
(SNP 02-15) stations(b)
Health Canada human health
drinking WQG(c)

Low Action Level Triggered(d)
• Drinking water parameters at
any location are above 75% of
Health Canada human health WQG
OR
• Microcystin-LR at any location is
above 75% of Health Canada human
health drinking WQG

Shaded criteria resulted in the Low Action Level trigger for drinking water in 2019.
a) Action Levels for drinking water exclude consideration of coliforms. Health Canada recommends disinfection of all surface waters prior to
consumption.
b) Action Levels apply to any single drinking water parameter in any one sample collected from any location in Snap Lake or at the water
intake station (SNP 02-15).
c) Microcystin-LR concentrations from depth-integrated AEMP Snap Lake stations and water intake SNP 02-15 samples will be considered.
d) Temporal (i.e., changes over time) and spatial (e.g., proximity to the camp water intake) trends will be considered when recommending
action.
< = less than; % = percent; SNP = Surveillance Network Program; AEMP = Aquatic Effects Monitoring Program; WQG = water quality
guideline; LR = leucine-arginine.

1.2

Confirmation of Exceedance

In May 2019, Health Canada published a new health-based drinking WQG for manganese of 120 micrograms per
litre (µg/L) (Health Canada 2019a,b). The total manganese concentration in one sample collected at SNP 02-15
(Snap Lake water intake station) on March 28, 2019 (148 µg/L) and one sample collected at SNP 02-20e (deep
diffuser station in Snap Lake) on September 1, 2019 (196 µg/L) were above the new drinking WQG. The
laboratory confirmed that no transcription or other reporting errors occurred in the reported results at SNP 02-15;
the sample was not available for re-analyses at the time when the exceedance was initially noted
(i.e., February 12, 2020) during the annual review of SNP 02-15 data for the 2019 Annual AEMP Report. The
reported result at SNP 02-20e was confirmed by laboratory re-analyses; a duplicate sample, collected at the same
location and depth, also showed elevated concentrations of total manganese above the drinking WQG (134 µg/L).
Total manganese concentrations in all other 2019 samples collected at Snap Lake AEMP and the water intake
(i.e., SNP 02-15) stations range from 2.88 to 58.6 µg/L and were below the drinking WQG.
The station SNP 02-15 is intended to monitor water quality in the water pumped from Snap Lake through the
water intake structure (Figure 1-1). The water is then treated and tested again for microbiological parameters prior
to distribution for human consumption (i.e., potable water). The water intake is located approximately 20 m from
shore in the northwest arm (Figure 1-1) at a depth of 7 m on fine substrate. Two samples from SNP 02-15 were
analyzed for metals in 2019. The total manganese concentration in the sample collected at SNP 02-15 in March
was above the drinking WQG prior to the guideline’s publication; the total manganese concentration in a second
sample collected in July was below the drinking WQG (58.6 µg/L).
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The station SNP 02-20e is one of three active stations located at the boundary of the mixing zone in the main
basin of Snap Lake (Figure 1-1); these stations are referred to as diffuser stations due to their proximity to the
diffuser that discharges treated minewater to Snap Lake. Station SNP 02-20e is the deepest of the three diffuser
stations; the depth at SNP 02-20e is approximately 29 m compared to approximately 12 to 15 m at SNP 02-20d
and SNP 02-20f, respectively (Table 3.1-1 in Golder 2016). As per the AEMP study design for water quality, when
a gradient in conductivity is observed in the water column, water samples for laboratory analysis are collected at
the depth of maximum conductivity, and when a conductivity gradient does not exist, water samples are collected
at mid-depth of the water column. The sampling depth at SNP 02-20e on September 1, 2019 was near the bottom
of the water column due to a vertical gradient of conductivity. Conductivity gradients were not observed at the two
other diffuser stations; therefore, mid-depth samples were collected at these locations. A supplementary
mid depth sample at SNP 02-20e was also collected on September 1, 2019. The mid-depth total manganese
concentrations in the August 2019 samples at all three diffuser stations were similar (7.11 to 7.39 µg/L) and well
below the drinking WQG. In 2019, other manganese concentrations in Snap Lake ranged from:



14.6 to 55.8 µg/L at SNP 02-20e in April and July



7.11 to 24.3 µg/L at the shallower diffuser station stations (i.e., SNP 02-20d and SNP 02-20f)

 2.88 to 19.9 µg/L at all other AEMP stations.
1.3
Purpose, Regulatory Requirements and Organization of the
Response Plan
The main purpose of a Response Plan is to investigate the implications, causes, and patterns and trends related
to the Low Action Level and make recommendations on a suitable response. This Response Plan follows the
regulatory requirements of Schedule 6, Item 5 of the former Water Licence MV2011L2-0004 (Table 1-2) because
the Low Action Level exceedance occurred when the former Water Licence was in effect. The regulatory
requirement of any future Low Action Level exceedances, as per the current Water Licence MV2019L2-0004 (Part
G, Item 7 in MVLWB 2020), is: If any Low Action Level established in the approved AEMP Design Plan is
exceeded, the Licensee shall, at a minimum, implement the response actions described in the approved AEMP
Design Plan, and report the exceedance in the AEMP Annual Report.
Table 1-2:

Structure of the AEMP Response Plan
Item

a.

Section

A description of the parameter, its relation to Significance Thresholds and the ecological
Sections 1.1, 1.4, 2.0, and 3.0
implication of the Action Level exceedance;

b.

A summary of how the Action Level exceedance was determined and confirmed;

Section 1.2

c.

A description of likely causes of the Action Level exceedance and potential mitigation
options if appropriate;

Sections 4.3 and 5.2

d.

A description of actions to be taken by the Licensee in response to the Action Level
exceedance 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;
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

Section 5.0

e.

Any other information necessary to assess the response to an Action Level exceedance
Not applicable
or that has been requested by the Board

Notes: Based on requirements specified in Schedule 6, Item 5 of the former Water Licence MV2011L2-0004.
AEMP = Aquatic Effects Monitoring Program.
4
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The Response Plan has been organized as follows:



Section 1.0 Introduction – background of Response Framework, Action Levels, confirmation of exceedance,
implications to aquatic life and drinking water



Section 2.0 Description of Manganese in Snap Lake and Other Northern Lakes - background information for
manganese in lakes, relevant temporal trends and spatial patterns in Snap Lake and other lakes,
comparison to predictions for Snap Lake



Section 3.0 Description of Manganese in Discharges to Snap Lake – temporal trends and comparisons to
predictions in treated discharge



Section 4.0 Summary and Discussion – summary of implications to aquatic life and human health, trends
and patterns in manganese, and discussion of potential cause(s) of Low Action Level trigger



Section 5.0 Actions – discussion of additional monitoring in 2020, mitigation options, proposed Action Levels,
and reporting

 Section 6.0 References – list of references
1.4
Implications to Drinking Water and Aquatic Life in Snap Lake
1.4.1

Drinking Water

In 2019, manganese concentrations in Snap Lake were below the drinking WQG at all mid-depth monitored
stations (April, July, and late August/early September) and at SNP 02-15 in July 2019. The manganese
concentration in the bottom sample collected at SNP 02-20e (in the main basin) was above the drinking WQG in
September, which triggered this response plan. The manganese concentration was also above the drinking WQG
in the bottom sample collected at SNP 02-15 (in the northwest arm) in March, but this was prior to the new
drinking WQG coming into effect.
At station SNP 02-15, samples are collected from water pumped from near the bottom of the lake. At station SNP
02-20e, the September sample was collected near the bottom of the water column by using a Kemmerer sampling
bottle to collect water from a specific depth. Based on the observed pattern in manganese concentrations in 2019
and previous years, elevated manganese concentrations (i.e., concentrations approaching or above the drinking
WQG) occur at the bottom of the lake due to reducing conditions near the sediment/water boundary (see
Sections 2.1 and 2.5). Therefore, the risk to human health, as it relates to manganese concentrations, for water
collected from surface through mid-depth of the lake is low because measured concentration at these depths
have remained below the drinking WQG.
The water intake is located at the bottom of Snap Lake and therefore, based on historical patterns, manganese
concentrations are more likely to be elevated at this location compared to locations with shallower depths. In July,
the total manganese concentration at SNP 02-15 (58.6 µg/L) remained below WQG. However, in March, total and
dissolved manganese concentrations were above the drinking WQG at SNP 02-15 (145 µg/L and 148 µg/L,
respectively). Water pumped from Snap Lake through the water intake is treated with filtration (10 micron [μm],
5 μm, and 0.35 μm filters) and chlorination prior to distribution for potable water. Due to the high proportion of
dissolved manganese in the sample, the filtration treatment may not have been effective at removing the
manganese in the water.
Health Canada provides an aesthetic objective (AO) of 20 µg/L and a health-based drinking WQG of 120 µg/L for
manganese (2019a,b). Health Canada’s manganese AO is not health-based and is intended to minimize
5
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discoloured water complaints. Health Canada’s health-based manganese drinking WQG 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 2019b). The manganese drinking WQG is based on a
lowest observed adverse effect level effect (LOAEL) of 25 mg manganese/kg bw/day for neurological effects in
newly born rats exposed to manganese through oral exposure. Health Canada determined a tolerable daily intake
(TDI) value of 0.025 mg/kg bw/day by dividing the LOAEL by an uncertainty factor of 1,000 (10 for use of LOAEL
instead of a no adverse effect level [NOAEL], 10 for animal to human extrapolation, and 10 for intra-human
variability). The calculated TDI is used to calculate a health-based value for drinking water using an infant average
body weight of 7 kg, an estimated 0.75 L/day for the volume of tap water consumed by a bottle-fed infant, and a
drinking water allocation factor of 0.5. The drinking water allocation factor accounts for other potential sources of
manganese for infants (i.e., formula for non-breast-fed infants). Health Canada recommends the calculated
health-based value of 120 µg/L as the maximum acceptable concentration (MAC) for drinking water WQG for
protection of human health.
Based on the two exceedances of the Health Canada water quality guideline (health-based) observed, the
conservatism used when developing the drinking WQG, and the absence of infants at the Snap Lake Mine site,
the potential for adverse human health effects is likely to be low. However, manganese concentrations may be
increasing at the drinking water intake (Figure 2-2) and in the main basin of Snap Lake (Table 2-1)
(Section 2.2.1). As a result, additional monitoring in 2020 to better characterize manganese concentrations in
Snap Lake, the water intake and potable water (i.e., after treatment), and potential mitigation options are
discussed further in Section 5.0.

1.4.2

Aquatic Life

In 2019, manganese concentrations in Snap Lake were below the aquatic life guideline for manganese.
The 2019 total manganese concentrations measured in Snap Lake as part of the AEMP were compared to the
new Canadian WQG (chronic) for the protection of aquatic life for dissolved manganese (CCME 1999, 2019). The
WQG varies with two toxicity modifying factors: pH and hardness; therefore, the corresponding field pH and
hardness for each sample were used to calculate the applicable WQG for that sample. Total manganese
concentrations were compared to the WQG for screening purposes based on guidance from CCME (1999) which
recommends comparing total manganese concentrations to the WQG when dissolved concentrations are not
available. Total manganese concentrations in Snap Lake in 2019 remained below the aquatic life WQG. The 2019
maximum total manganese concentration in Snap Lake (i.e., 196 µg/L) was 35% of the applicable WQG
(560 µg/L), based on field pH (7.6) and water hardness (215 mg/L as calcium carbonate [CaCO3]) in the sample.
The maximum percent of the WQG was 7% based on all other individual total manganese concentrations, field pH
and hardness measured in Snap Lake in 2019 (Table A-1 in Appendix A).

2.0
2.1

DESCRIPTION OF MANGANESE IN SNAP LAKE AND OTHER
NORTHERN LAKES
Introduction

In lakes and rivers, manganese occurs in particulate, colloidal, and dissolved forms (Health Canada 2019b). 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 [DO] concentrations), and higher concentrations of chloride, nitrate, and sulphate (WHO 2004;
6
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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).
A description of relevant temporal, spatial, seasonal trends and patterns in total manganese concentrations in
Snap Lake, the reference lake (Northeast Lake), and other northern lakes are provided in the sections below. Due
to the potential for manganese concentrations to be influenced by DO concentrations, temporal trends and spatial
and seasonal patterns for DO concentrations are also described.

2.2
2.2.1

Temporal Trends in Snap Lake
Total Manganese

Concentrations of total manganese have been monitored over time in Snap Lake and the reference lake,
Northeast Lake (Figure 2-1). Currently, ten stations in Snap Lake (see Figure 1-1) and three stations in Northeast
Lake are monitored for total metals in April and August or September; three of the Snap Lake stations located
closest to the diffuser (i.e., SNP 02-20d, SNP 02-20e, and SNP 02-20f) are also monitored for total and dissolved
metals monthly during discharge. Statistical trend analyses completed 1 on total manganese identified an
increasing trend at six of the ten stations currently monitored in Snap Lake (i.e., SNP 02-20d, SNP 02-20e, SNP
02-20f, SNAP03, SNAP05, and SNAP06). Increases in concentrations at the diffuser and main basin stations
occurred between 2016 to 2019, based on a review of time series plots (Figure 2-1); these years represent the
care and maintenance time period for the Mine. Increasing trends were not identified at SNAP11A in the main
basin, at the outlet of Snap Lake (SNAP08), in the northwest arm of Snap Lake (SNAP23 and SNAP29), or in
Northeast Lake (Table 2-1).
The 2019 whole-lake average concentrations of total manganese, 18 µg/L in April and 31 µg/L in August, were
above the Snap Lake normal range of 2.46 to 7.45 µg/L (De Beers 2015) and above the Northeast Lake reference
range in 2019 (1.43 to 3.80 µg/L). During ice-covered conditions (i.e., April), 67% percent of the measured
concentrations of total manganese in Snap Lake were above the Snap Lake normal range, and during open-water
conditions (i.e., July and August/September), 15% of concentrations were above the normal range.

1

Statistical analyses were completed as per methods described in the 2013 AEMP Design Plan Update for Care and Maintenance (Golder
2016) for total manganese concentrations at individual stations in Snap Lake and Northeast Lake from 2004 to 2019.
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Summary of Temporal Trends Using the Seasonal Kendal and Modified Seasonal Kendall Tests
n

Z Score at 95%
Confidence

P-value at 95%
Confidence

Significant
Trend

SNP 02-20d

27

2.404

0.008

↑

Seasonal Kendall

SNP 02-20e

28

2.929

0.002

↑

Modified Seasonal Kendall

SNP 02-20f

27

2.485

0.006

↑

Seasonal Kendall

SNAP03

30

1.820

0.034

↑

Seasonal Kendall

SNAP05

30

1.926

0.027

↑

Seasonal Kendall

SNAP06

32

1.796

0.036

↑

Modified Seasonal Kendall

SNAP08

32

-1.370

0.915

-

Seasonal Kendall

SNAP11A

28

0.310

0.378

-

Seasonal Kendall

SNAP23

26

-0.690

0.755

-

Seasonal Kendall

SNAP29

14

-1.357

0.913

-

Modified Seasonal Kendall

NEL01

27

0.937

0.174

-

Seasonal Kendall

NEL02

26

1.324

0.093

-

Modified Seasonal Kendall

NEL05

26

0.448

0.327

-

Seasonal Kendall

Station

Method

Note: The Seasonal Kendall and Modified Seasonal Kendall tests were run using SYSTAT 13.1. An assumption of the seasonal Kendall test is
that the data within a time series are independent (i.e., no serial correlation); therefore, data time series that showed serial correlation (i.e.,
based on autocorrelation and partial autocorrelation plots) were tested using a Modified Seasonal Kendall test
The critical Z-scores associated with a one-sided 95% confidence interval are -1.640 and 1.640. The P-value associated with a 95% confidence
interval is 0.05. If the Z-score is less than -1.64 for a downward trend test or less than 1.64 for an upward trend test the P-value will be greater
than 0.05 and the test concludes that no significant decreasing or increasing trend exists in the data.
↑ = an increasing trend; - = no significant increasing or decreasing trend; n = sample count; NEL = Northeast Lake; SNP = Surveillance
Network Program; P = probability.
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Figure 2-1: Total Manganese Concentrations in Snap Lake and Reference Lakes, 2004 to 2019

Note: Details on the calculation of the normal range are discussed in Appendix 3D of the 2018 Annual AEMP Report (De Beers 2019b). Data shown are from representative stations with
longer monitoring periods within Snap Lake: Diffuser Area = SNAP13 (2004 to April 2006) and SNP 02-20e (July 2006 to 2019); main basin = SNAP05, SNAP08 (2004 to 2019), SNAP11
(2004 to April 2006) and SNAP11A (July 2006 to 2019); northwest arm = SNAP02 (2004 to April 2006), SNAP02A (July 2006 to 2016) and SNAP23 (2007 to 2019); reference lakes = NEL01
to NEL05 and LK13-01 to LK13-05. Stations SNAP13, SNAP11, and SNAP02 were established in 2004 and monitored until 2006, when they were then discontinued, moved slightly, and
renamed SNP 02-20e, SNAP02A and SNAP11A, respectively.
Open symbols are sample concentrations that were reported as less than the detection limit.
SNP = Surveillance Network Program; NEL = Northeast Lake, LK13 = Lake 13; µg/L = micrograms per litre.
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Concentrations of total manganese at the water intake (SNP 02-15) and an AEMP station (SNAP29) close to the
water intake have been monitored since 2004 and 2013, respectively (Figure 2-2). Manganese concentrations at
SNP 02-15 have been monitored at least annually at SNP 02-15, as per requirements of the current Water
Licence (MVLWB 2020) and previous water licences. An elevated concentration of 456 µg/L was observed at
SNP 02-15 in 2004, and SNP 02-15 concentrations were higher in 2019 compared to previous years (Figure 2-2).
Increases in total manganese concentrations at SNAP29, which has been typically sampled at mid-depth, have
not been observed (Figure 2-2; Table 2-1).
Figure 2-2: Total Manganese Concentrations at the Water Intake (SNP 02-15) and SNAP29, 2004 to 2019

Total Manganese (µg/L)

700
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SNAP29 - Mid-Depth
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100
0
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2012
Year
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SNP = Surveillance Network Program; µg/L = micrograms per litre.
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Dissolved Oxygen

Reducing conditions, such as the occurrence of lower dissolved oxygen (DO) concentrations, can increase the
solubility of manganese and result in the release of manganese concentrations from the sediment/water boundary
into the water column (Section 2.1). Profiles of DO concentrations from three time periods or years were
qualitatively evaluated for a pattern that may have contributed to changes in manganese concentrations in the
water column. Vertical profiles of DO concentration measured from 1999 to 2004 (before treated effluent
discharge to Snap Lake), 2015 (year of maximum discharge of treated effluent during operations), and 2019
(present-day) are shown in Figure 2-3.
The concentration of DO in Snap Lake was predicted to decrease by 1.0 to 2.2 mg/L near the bottom of the lake
during ice-covered conditions during operations (De Beers 2002). The EAR also predicted that DO concentrations
near the surface of the lake could decrease by up to 1 mg/L.
Before discharge of effluent, DO concentrations decreased with depth to near 0 mg/L at the deeper diffuser and
main basin stations during ice-covered conditions (Figure 2-2a). In general, near-bottom DO concentrations
post-2004 have typically been greater than pre-discharge years during ice-covered conditions (e.g., Figures 2-3b
and c; Figures 3.4-16b to o in De Beers 2019b). The higher DO concentrations in Snap Lake during operations,
particularly near the bottom around the diffuser, has been attributed to the influence of the discharge of
well-oxygenated treated effluent through the diffuser (Golder 2016). However, DO concentrations have decreased
since 2015, when, in general, maximum DO concentrations were observed (Figure 2-3b and c; Figures 3.4-16l to
o in De Beers 2019b). The recent lower DO conditions may be related to the reduced discharge through the
diffuser and subsequent reduced DO loading during care and maintenance.
During periods when lower dissolved oxygen concentrations (e.g., anoxic conditions) are present in the water
column (e.g., during under-ice conditions or at deeper stations during open-water conditions), the resulting
reducing conditions in the lower portion of the water column and at the sediment water interface may cause a shift
to more soluble forms of manganese (e.g., Mn2+) in the water column. Decrease in winter DO concentrations over
time may be contributing to the increasing trend in manganese concentrations in Snap Lake and elevated
concentrations near the bottom of the lake during under-ice conditions (see Section 2.3).
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Figure 2-3: Dissolved Oxygen Concentrations in Snap Lake, 1999 to 2019
Ice-Covered Conditions
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0

Dissolved Oxygen (mg/L)
10

15

20

25

0

5

5

10

10

Depth (m)

Depth (m)

0

5

15

Diffuser, Near-field, Mid-field

20

0

5

Dissolved Oxygen (mg/L)
10

15

25

15

Diffuser, Near-field, Mid-field

20

Far Field

Far Field
NW arm

25

20

NW arm

25

Guideline (lower)

Guideline (lower)

Guideline (upper)

Guideline (upper)

30

30

b) 2015

5

Dissolved Oxygen (mg/L)
10

15

20

25

0

5

5

10

10

Depth (m)

Depth (m)

0

0

15

20

0

5

Dissolved Oxygen (mg/L)
10

15

20

15

20

Diffusers

Diffusers

Main Basin

Main Basin

NW Arm

25

25

NW Arm

25

Guideline (lower)

Guideline (lower)

Guideline (upper)

Guideline (upper)

30

30
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Note: NW Arm = northwest arm; data shown are from representative diffuser, near field (2004 to 2012), mid field (2004 to 2012), far field (2004 to 2012), main basin (2013 to 2016) and NW arm
stations in Snap Lake.
Guideline (upper) = 9.5 mg/L for early life stages; Guideline (lower) = 6.5 mg/L for other life stages (CCME 1999).
mg/L= milligrams per litre; m = metre; WQG = water quality guideline; NW = northwest; CCME = Canadian Council of Ministers of the Environment.
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Comparison to Predictions in Snap Lake

Total manganese concentrations observed in Snap Lake in 2019 ranged from 2.88 to 196 µg/L. The whole-lake
average concentrations of manganese ranged from 18 µg/L in April, which was below minimum predictions, to
31 µg/L in August/September, which was above maximum predictions (Table 2-2). The total manganese
concentration of 196 µg/L from one sample collected on September 1, 2019 near the lake bottom (sampling depth
of 25 m and DO concentration of 5.0 mg/L) at the deep diffuser station (SNP 02-20e) was the main contributor to
the higher than predicted average concentration of manganese in August/September. The concentration of total
manganese at the deep diffuser station in September was higher compared to all other measured total
manganese concentrations in Snap Lake in 2019.
Table 2-2:

Monitored and Predicted Concentrations of Total Manganese in Snap Lake, 2019
Description

Maximum Observed Concentration
Range in Measured Whole-Lake Average
Whole-Lake Average Model

Total Manganese (µg/L)
196

Concentrations(a)

Predictions(a)

18 to 31
20 to 27

a) Source: Golder 2019
µg/L = micrograms per litre

2.4
2.4.1

Spatial and Seasonal Patterns in Snap Lake
Total Manganese

A qualitative assessment of spatial (i.e., horizontal and vertical) and seasonal patterns in concentrations of total
manganese in Snap Lake identified no clear spatial pattern in the concentrations of total manganese measured at
mid-depth within Snap Lake (Figure 2-4). However, concentrations at the diffusers and in the main basin were
higher than concentrations in the reference lake (Figure 2-4), which is consistent with the observation that Snap
Lake concentrations of total manganese in 2019 were above the Northeast Lake reference range (Section 2.2.1).
The seasonal assessment identified that concentrations measured at mid-depth in Snap Lake were higher during
ice-covered conditions compared to open water conditions. The two concentrations measured at the bottom of the
water column at the diffuser station (i.e., collected at the bottom of the deep diffuser station SNP 02-20e) were
higher than the mid-depth concentrations from all locations in Snap Lake.

13

25 August 2020

19127683 / 9000 / 9020

Figure 2-4: Total Manganese Concentrations in Snap Lake and Northeast Lake, 2019

Notes: When a vertical gradient in conductivity was not present, which applied to most samples in 2019, the sample was collected at mid-depth.
When a vertical gradient in conductivity was present, the sample was collected at the depth of maximum conductivity, which, in 2019, occurred
near the bottom.
Points represent discrete sample results.
µg/L = micrograms per litre

2.4.2

Dissolved Oxygen

Concentrations of DO in 2019 varied in Snap Lake by season and with water depth, ranging from 2.3 mg/L
(i.e., April at SNAP23) to 14.8 mg/L (i.e., April at SNAP29) (Figure 2-5). In Snap Lake and Northeast Lake, the
lowest DO concentrations within a profile typically occurred near the bottom of the lake, where oxygen
consumption (i.e., oxygen demand, which is most notable in under-ice conditions) can increase due to biological
activity in the sediment (Figure 2-5).
During late ice-covered conditions, vertical gradients of decreasing DO with increasing depth were evident at all
stations in Snap and Northeast lakes (Figure 2-5 [April]). The lack of re-aeration potential due to ice-cover and
oxygen consumption through natural biological and chemical processes in the water column and sediment can
cause naturally lower DO concentrations in lakes, particularly near the lake bed, during winter conditions
(Catalan et al. 2002).
During early and late open-water conditions, the water column was generally well-mixed and vertical gradients in
DO were not evident in Snap and Northeast lakes except at the deepest stations (i.e., SNP 02-20e, SNAP20B,
and NEL06; Figure 2-5 [July and August/September]). Occasional low concentrations of DO were observed near
lake bottom during both early and late open-water conditions in Snap Lake (i.e., SNP 02-20e and SNAP20B) and
in Northeast Lake (i.e., NEL06; Figure 2-5 [July and August/September]). During open-water conditions, the
density difference between the cooler, denser layer of the water at the bottom of deeper stations and the warmer
layer above may have inhibited mixing of the water column, thereby reducing the potential for aeration in the
deeper portion of the water column.
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Figure 2-5: Dissolved Oxygen Profiles in Snap and Northeast Lakes, 2019
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Notes: Green symbols represent the northwest arm stations in Snap Lake, orange symbols represent the main basin stations in Snap Lake, and red symbols represent the diffuser stations in Snap
Lake. Grey symbols represent Northeast Lake stations. Stations monitored in Snap and Northeast lakes in 2019 are provided in Table 3.1-1 in Golder (2016).
m = metre; mg/L = milligrams per litre; Guideline (upper) = 9.5 mg/L for early life stages; Guideline (lower) = 6.5 mg/L for other life stages (CCME 1999).
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Historical Elevated Concentration in Snap Lake and Other Northern
Lakes

Concentrations of total manganese that are well above the Snap Lake normal range (i.e., greater than 25 µg/L)
have been observed in Snap Lake on several occasions since 2005 (Table 2-3). The maximum total manganese
concentration measured in Snap Lake of 374 µg/L occurred on 10 April 2010 at the bottom of the northwest arm
station SNAP23 where the DO concentrations was measured at 1.0 mg/L. Samples with the highest
concentrations of total manganese (i.e., above 100 µg/L) were collected at the bottom of the water column, where
DO concentrations were 6.2 mg/L or less.
Elevated under-ice concentrations of manganese (i.e., 344 and 438 µg/L) with corresponding low DO
concentration (i.e., 0.3 to 3.4 mg/L) in other norther lakes during baseline conditions (Golder 2014, 2015).
Table 2-3:

Concentrations of Total Manganese above 25 µg/L and Corresponding Dissolved Oxygen Concentrations
in Snap Lake, 2005 to 2019
Station

Date

Total Manganese (µg/L)

Dissolved Oxygen (mg/L)

SNAP08

21-Apr-05

25.7

7.9

SNAP02A-bottom

01-Mar-07

49.2

7.2

SNP 02-20e bottom

15-Mar-07

50.3

4.6

SNP 02-20e bottom

14-Aug-07

32.1

6.5

SNAP08

08-Feb-09

33.2

12.1

SNAP23-bottom

11-Feb-09

238

1.6

SNAP23-bottom

06-May-09

366

0.7

SNP 02-20e bottom

18-Aug-09

79.3

7.9

SNAP23-bottom

20-Jan-10

106

5.7

SNAP23

20-Jan-10

25.1

10.6

SNAP23-bottom

10-Apr-10

374

1.0

SNAP20B

18-Jul-10

35.3

10.2

SNP 02-20e bottom

15-Aug-10

54.0

6.2

SNAP23-bottom

23-Feb-11

25.6

4.8

SNAP02A

06-Apr-11

40.0

6.0

SNAP23-bottom

06-Apr-11

27.7

4.8

SNAP20B

20-Feb-12

29.7

10.6

SNAP20B

13-Apr-12

39.0

10.2

SNAP20B

12-Sep-12

31.2

7.8

SNAP23-bottom

03-May-14

25.6

7.7

SNP 02-20e

23-Jul-18

45.9

8.5

SNP 02-20e-bottom

14-Aug-18

180

6.2

SNP 02-20e

10-Apr-19

28.3

9.6

SNP 02-20e

08-Jul-19

55.8

9.8

SNP 02-20e-bottom

01-Sep-19

196

5.0

Note: Samples were collected from mid-depth unless otherwise specified.
SNP = Surveillance Network Program; µg/L = micrograms per litre; mg/L = milligrams per litre.
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DESCRIPTION OF MANGANESE IN DISCHARGES TO SNAP LAKE
Temporal Trends

There are no discharge limits for manganese in the current Water Licence (MVLWB 2020) or previous water
licences; however, concentrations are monitored in the treated effluent. In 2019, total manganese concentrations
and loads in the treated effluent were generally similar to 2018 and lower relative to 2004 to 2017 (Figure 3-1).
The 2018 and 2019 concentrations in the treated effluent were similar to or lower than concentrations in Snap
Lake.
The maximum concentrations measured in the treated effluent since discharge to Snap Lake began in 2004
(115 µg/L) is lower than the elevated concentrations measured near the bottom of diffuser station SNP 02-20e in
2018 and 2019 (180 µg/L and 196 µg/L, respectively).

3.2

Comparison to Predictions

In 2019, the flow-weighted average, minimum, and maximum concentrations on total manganese in the treated
effluent were below model predictions for 2019 (Table 3-1).
Table 3-1:

Monitored and Predicted Concentrations of Total Manganese in Treated Effluent Discharge, 2019
Description

Total Manganese (µg/L)

Monitored at SNP 02-17B
Minimum
Flow-Weighted

1.2
Average(a)

Maximum
Model

2.3
7.2

Predictions(b)

Average

8.8

Maximum

10

a) The flow weighted average was calculated using the daily discharge for each sample.
b) Source: Golder 2019.
µg/L = micrograms per litre.
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Figure 3-1: Total Manganese in Treated Effluent, 2004 to 2019
a) Concentration
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Non-Detect = values reported as less than the detection limit; SNP 02-17 = treated effluent from the temporary water treatment plant; SNP
02-17B = treated effluent from the permanent water treatment plant; SNP = Surveillance Network Program; µg/L = micrograms per litre.

b) Total Manganese Loading from Water Treatment Plant
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Non-Detect = values reported as less than the detection limit; SNP 02-17 = treated effluent from the temporary water treatment plant; SNP
02-17B = treated effluent from the permanent water treatment plant; SNP = Surveillance Network Program; kg/day = kilograms per day.
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SUMMARY AND DISCUSSION
Implications to Drinking Water and Aquatic Life in Snap Lake

Based on the two exceedances of the drinking WQG (health-based) observed at SNP 02-20e and SNP 02-15, the
conservatism used when developing the drinking WQG and the absence of infants at the Snap Lake Mine site, the
overall potential for adverse human health effects from the elevated total manganese was likely to be low.
However, additional monitoring in 2020 to better characterize manganese concentrations in Snap Lake, the water
intake and in the potable water supply (i.e., after treatment), and potential mitigation options are discussed further
in Section 5.0.
Concentrations of total manganese in 2019 were well below the new aquatic life guideline for dissolved
manganese; therefore, no risk to aquatic life related to manganese concentrations was identified.

4.2

Relevant Trends and Patterns in Manganese in Snap Lake and Snap
Lake Discharges

A summary of information relevant to manganese concentrations in Snap Lake is provided:



Concentrations of total manganese are increasing at six stations in Snap Lake and the 2019 whole-lake
average concentration was above the Snap Lake normal range and the Northeast Lake reference range.
Increases in total manganese concentrations at diffuser and main basin stations were observed between
2016 and 2019.



Concentrations at the water intake (SNP 02-15) in 2019 were higher than concentrations in previous years,
with the exception of a single elevated concentration in 2004.



The 2019 August whole-lake average concentration was above model predictions; however, the April wholelake average concentration was below model predictions.



Concentrations of DO in Snap Lake during ice-covered conditions increased during operations due to DO
loadings from treated effluent discharged to the lake but appear to be returning to concentrations observed
during baseline conditions.



No clear spatial pattern was observed for total manganese concentrations within Snap Lake in 2019;
however, concentrations at the diffusers and the main basin were higher than concentrations in Northeast
Lake.



Elevated manganese concentrations of up to 374 µg/L have been observed in Snap Lake since 2004; the
highest historical concentrations (i.e., those above 100 µg/L) have occurred near the bottom of the lake
where corresponding DO concentrations were low (i.e., 6.2 mg/L or lower).



Elevated concentrations of total manganese with corresponding low DO concentrations have been observed
in other northern lakes (Golder 2014, 2015).



Manganese concentrations in treated effluent in 2019 were similar to 2018, but lower than historically
observed and below predictions for 2019.



Manganese concentrations in treated effluent in 2018 and 2019 were similar or lower than Snap Lake
concentrations.

19

25 August 2020

4.3

19127683 / 9000 / 9020

Discussion

The elevated concentrations above the drinking WQG in 2019 are most likely related to the changing DO
concentrations in Snap Lake and possibly manganese in historical discharges of treated effluent (prior to 2018).
Concentrations of total manganese are increasing in Snap Lake in areas closest to the discharge point and not
increasing in Northeast Lake. Typically, this pattern would indicate that concentrations in Snap Lake are
influenced by the discharge of treated effluent. However, treated effluent concentrations in 2018 and 2019 were
similar to or lower than concentrations in Snap Lake, and manganese concentrations in the treated effluent have
been less than the drinking WQG since discharge to Snap Lake began in 2004. Therefore, recent discharges
(i.e., 2018 to 2019) are unlikely the cause of the observed increase in total manganese concentrations or elevated
concentrations above the drinking WQG at SNP 02-20e and SNP 02-15 in 2019.
Based on the 2019 and historical data in Snap Lake, higher manganese concentrations typically occur near the
bottom of the water column, where DO concentrations are lower. Concentrations of DO increased during
operations (due to discharge of well-oxygenated treated effluent through the diffuser) and are now returning to
concentrations more similar to those observed during baseline conditions. These lower DO concentrations may be
contributing to the release of more soluble forms of manganese from the sediment into the water column,
particularly near the bottom of the lake. It is possible that loadings from historical discharges may also be
contributing to the current increases and elevated concentrations in Snap Lake; however, it unclear how much
influence these loadings had, relative to lower DO concentrations, on the 2019 concentrations observed above
the drinking WQG. Additional monitoring in 2020 (see Section 5.0) is recommended to better understand the
extent, patterns and causes of elevated manganese concentrations in Snap Lake.

5.0

ACTIONS

Additional monitoring of total and dissolved manganese concentrations in Snap Lake, Northeast Lake, the water
intake (SNP 02-15) and the water after treatment will be completed as part of the response to the Low Action
Level trigger (Section 5.1). The purpose of the monitoring is to better characterize spatial patterns in manganese
concentrations in Snap Lake, identify areas and time periods when manganese concentrations are elevated in the
lake and at the water intake, and assess whether concentrations of manganese are above the drinking WQG after
treatment for drinking water. This information, along with ongoing profile measurements of field parameters
(e.g., dissolved oxygen and pH) and monitoring of the treated effluent discharge, will be used to better understand
the likely cause of elevated manganese concentrations in Snap Lake and whether mitigation should be
considered.
Implementing mitigation is not recommended at this time due to the relatively low risk to human health based on
the existing information available (Section 1.4.1). However, a preliminary discussion of potential mitigation options
in the water treatment system for Snap Lake Mine is provided (Section 5.2) in case mitigation is recommended or
required in the future.
A change to the Low Drinking Water Action Level and a new Medium Drinking Water Action Level for manganese
are proposed (Section 5.3). High Action Levels for manganese related to drinking water will be set as part of
updates to the AEMP Design Plan for Closure and Post-closure, which is expected to be submitted to MVLWB for
review and approval later in 2020.
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Additional Monitoring in 2020
Snap and Reference Lakes

Seasonal monitoring (i.e., April/May, July, and August/September) of total and dissolved manganese
concentrations at multiple depths in Snap Lake and the reference lake, Northeast Lake, is proposed for 2020
(Table 5-1). At all AEMP stations in Snap Lake, including the three active diffuser stations, and Northeast Lake,
mid-depth and near bottom samples will be collected and analyzed for total and dissolved manganese regardless
of the presence of a conductivity gradient. Samples for the relevant suite of analyses (i.e., diffuser or AEMP) will
be collected from the depth of maximum conductivity, which typically occurs near the bottom of the water column,
or mid-depth (as determined by the presence or absence of the conductivity profile) (Table 5-1). If discharge to
Snap Lake occurs in other months and it is safe to access the lake, sampling at the diffuser stations will occur as
outlined in Table 5-1. Profiles of dissolved oxygen concentrations and field pH at 1-m depth intervals will also be
collected at all AEMP stations as part of the routine field measurements during the collection of AEMP water
samples.
Table 5-1:

Summary of Current AEMP Monitoring and Proposed Additional Manganese Monitoring in Snap and
Northeast Lakes, 2020

Lake or Lake
Area

Stations

Snap Lake –
diffuser area

SNP 02-20d, SNP
02-20e, SNP 02-20f

Snap Lake –
main basin and
northwest arm

SNAP03, SNAP05,
SNAP06, SNAP11A,
SNAP08, SNAP23,
SNAP29,
SNAP20B(d)

Northeast Lake

NEL01, NEL02,
NEL03(f), NEL04(f),
NEL05, NEL06(d)

Parameters

Depth

Diffuser suite(a)
Field profile measurements(b)

At the depth of maximum
conductivity or mid-depth if no
gradient in conductivity

Total and dissolved
manganese

Mid-depth and
Near Bottom

AEMP suite(e)
Field profile measurements(b)

At the depth of maximum
conductivity or mid-depth if no
gradient in conductivity

Total and dissolved
manganese

Mid-depth and
Near Bottom

AEMP suite(e)
Field profile measurements(b)

At the depth of maximum
conductivity or mid-depth if no
gradient in conductivity

Total and dissolved
manganese

Mid-depth and
Near Bottom

Frequency

April/May and
monthly during
discharge(c)

April/May, July
and August/
September

April/May, July
and August/
September

Additional proposed monitoring for manganese is shown in bold.
a) The diffuser suite includes physical and conventional parameters, TDS, major ions, nutrients, total and dissolved metals, organics and
Escherichia coli. A full list of parameters in the diffuser suite is provided in Table 4.2-2 in Golder (2016).
b) Field profile measurements include pH, specific conductivity, dissolved oxygen and temperature collected at 1-m intervals.
c) Monthly during discharge and when ice conditions allow. Sampling may not occur during freshet if the ice is breaking up (June). If discharge
does not occur in July or August, samples collected at the diffuser stations would be analyzed for the following parameter suites: AEMP suite
(SNP 02-20d and SNP 02-20f) and diffuser suite (SNP 02-02e).
d) Field measurements only are required at SNAP20B and NEL06 as per the AEMP (Golder 2016); in 2020, near bottom and mid-depth
samples for total and dissolved manganese analyses will also be collected at these stations.
e) The AEMP suite includes physical and conventional parameters, TDS, major ions, nutrients, and total and dissolved metals (April/May and
August/September). A full list of parameters in the AEMP suite is provided in Table 4.2-2 in Golder (2016).
f) NEL03 and NEL04 are only required to be sampled ever three years (i.e., next required sampling year is 2021) to support biological
monitoring; in 2020, field profile measurements and near bottom and mid-depth samples for total and dissolved manganese analyses will be
collected at these stations.
AEMP = Aquatic Effects Monitoring Program; SNP = Surveillance Network Program; NEL = Northeast Lake; m = metre; TDS = total dissolved
solids.
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Snap Lake Water Intake

In 2020, samples will be collected from the water intake station (SNP 02-15) three times a year (i.e., once during
ice-covered conditions and twice during open-water conditions) for analyses of total and dissolved manganese
during periods when water is pumped from Snap Lake for drinking water purposes. Potable water samples
(collected at a location after treatment) will also be analyzed for total and dissolved manganese at the same
frequency as SNP 02-15. Measurements of field pH and dissolved oxygen concentrations will be collected at the
time of sampling.

5.1.3

Discharges to Snap Lake

Additional monitoring of manganese concentrations in discharges to Snap Lake (i.e., at SNP 02-17B), above that
required monitoring in the current Water Licence (MVLWB 2020) is not recommended in 2020. Manganese
concentrations in the existing discharges are not likely the cause of the elevated concentrations in Snap Lake or
at the water intake station (SNP 02-15), and the total volume of discharge is very small, and discharge is
intermittent and not continuous over a short period of time.

5.2

Mitigation Options

Mitigation options that could be considered to address elevated manganese concentrations in the water pumped
from the Snap Lake water intake include the following:



removal of manganese in water prior to its distribution for drinking water and other purposes (Section 5.2.1);
and



relocation of the water intake to an area within Snap Lake with acceptable manganese concentrations in the
‘raw water’ pumped to the treatment plant (Section 5.2.2).

5.2.1

Manganese Removal

Manganese contained in raw water supplies can readily be removed with an adsorption/filtration process in most
cases. Such processes utilize manganese dioxide-based media that allow the filtration of precipitated forms of
manganese and the adsorption of dissolved manganese. Typically, the media are placed inside pressure vessels
to eliminate the need for repumping the treated water. The filters are operated with an upstream feed of an
oxidant such as chlorine. The manganese dioxide of the media catalyses the oxidation of adsorbed manganese.
The media used for this process may either contain manganese dioxide as a coating applied to sand or other
types of granules or may consist of a mined manganese dioxide mineral.
The media must be backwashed on a regular basis to remove oxidized and precipitated manganese. Treated
water is often used for backwashing because it results in the best overall treated water quality; however, raw
water can also be used for backwashing. Any spent backwash water would be diverted to the water management
system. Based on the water balance data for 2019, point-of-entry type household filters would be sufficient to treat
the required flow. The assumption is that treated water storage is available to meet peak instantaneous water
demands and filters only have to treat maximum day demands. If this is not case, the filters would have to be
sized to treat the peak demand. If peak demand is substantially greater than the maximum day demand,
considerably larger filters may need to be installed for manganese removal.

5.2.2

Relocation of Water Intake

Based on the 2019 and historical results (Sections 2.3 and 2.4), manganese concentrations can vary within the
water column in Snap Lake, with higher manganese concentrations observed near the bottom of the lake at some
stations and seasons. This observation is consistent with the elevated concentrations of manganese observed in
22
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2019 at the water intake location, which is located at the bottom of the lake. Consequently, lake water withdrawn
from areas higher in the water column than the location of the existing intake would be expected to exhibit a lower
manganese concentration. Changing intake elevation in response to seasonal water quality fluctuations is an
approach that is sometimes used by large water systems utilizing surface water as their water source. A second
water intake or a water pump in Snap Lake could be installed (temporarily placed) at a higher elevation, as well as
appropriate valves that would allow water to be withdrawn from either intake individually. The quality of the water
pumped from the higher elevation in the water column would have to be monitored to demonstrate lower
manganese concentrations and confirm no new water quality concerns with the new location.

5.3

Action Levels

An update to the Low Action Level and a new Medium Action Level for drinking water has been proposed for
manganese (Table 5-2; Table B-1 in Appendix B, Response to GNWT Comment #2). The Medium Action Level
for protecting “Water is Safe to Drink” in Snap Lake is proposed to be a confirmed manganese concentration
greater than 70% of the health-based drinking water guideline (Health Canada 2019a) in a sample collected at
any location in Snap Lake from a depth of mid-depth or shallower. A confirmed concentration would require that a
second sample, to be collected at the same location as soon as reasonably possible after the exceedance is
identified, have a manganese concentration within 20% of the original concentration (i.e., a relative percent
difference of 20% or less between the manganese concentrations in the original and second samples).
Samples from the bottom of the lake or at SNP 02-15 (the water intake) should not be included in the assessment
of the Medium Action Level because these do not represent a depth at which water would be collected for typical
drinking water purposes, with the exception of use by the Mine camp, where the water intake is located at the
bottom of the lake. Drinking water for the Mine camp can be treated to remove manganese or the water intake
can be moved to a higher depth if manganese concentrations in potable water are determined to be a concern by
De Beers or the responsible health authority for the Northwest Territories. Elevated concentrations of manganese
that are limited to the bottom of Snap Lake should not trigger a Medium Action Level because:



Elevated bottom manganese concentrations have been identified historically in Snap Lake and other
northern lakes and are likely due to reducing conditions caused by naturally low bottom dissolved oxygen
concentrations (i.e., reducing conditions increases the solubility of manganese, causing manganese from
sediments to be released to the bottom portion of the water column)



These concentrations do not pose a human health concern for people that are collecting water from the
surface of Snap Lake.

Based on the proposed Medium Action Level, the current Low Action Level trigger is proposed to be updated to a
manganese concentration greater than 60% of the drinking WQG at any location in Snap Lake from a sampling
depth of mid-depth or shallower. If only a bottom depth sample is available from the sampling location, this
concentration will be used to assess the Low Action Level.
As requested by the MVLWB, the triggers to implement mitigation, such as those described in Section 5.2, would
be as follows:



Manganese concentrations at SNP 02-15 will continue to be used by De Beers, and the health authority as
appropriate, to identify the need for additional monitoring of the intake water and treated drinking water or to
assess whether changes to the drinking water system for the Mine are required.
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If a total manganese concentration at SNP 02-15 is above 70% of the drinking WQG when drinking water is
being supplied at the Mine, then the potable water (i.e., after treatment) will be sampled for total manganese
at the same frequency proposed in Section 5.1.2 (once under-ice and twice during open-water conditions) for
one year.



If a confirmed total manganese concentration in the potable water supply is above 70% of the drinking WQG,
then De Beers will initiate a study that could include identification of an option to treat water for potable use
or a new water intake location, as described in Section 5.2.

Table 5-2:

Proposed Revisions to Low and Medium Drinking Water Action Levels for Manganese

Action Level
Low
Effects are measurable but well
below the significance threshold
– trigger meant as a warning
and requirement for further
evaluation
Medium
Effects are measurable and are
trending towards the
significance threshold, but still
well below it

Proposed Action Level





Manganese concentration at
mid-depth or shallower from
any location in Snap Lake is
above 60% of the
Health Canada human health
drinking water quality
guideline(b)(c)
Manganese concentration at
mid-depth or shallower from
any location in Snap Lake is
above 70% of the
Health Canada human health
drinking water quality
guideline(b)(d)

Action Level in 2013 AEMP Design Plan Update
for Care and Maintenance(a)



Manganese concentration at any location in
Snap Lake or at SNP 02-15 is above 75% of
the Health Canada human health drinking
water quality guideline



Not provided

a) Source: Golder (2016).
b) Health Canada sets drinking water guidelines to be the maximum acceptable concentrations to protect the health of the most vulnerable
members of society, such as children and the elderly (Health Canada 2019a). Meeting these guidelines provides confidence that the water is
safe to drink.
c) If only a bottom sample is available at a location in Snap Lake, this sample will be used to assess the Low Action Level.
d) Result confirmed by the laboratory and through one round of confirmatory sampling.
AEMP = Aquatic Effects Monitoring Program.

5.4

Reporting

Results of the additional 2020 manganese monitoring at AEMP stations, the water intake (SNP 02-15) station,
and the location after water is treated for potable water supply will be included in monthly SNP reports, where
draft SNP and applicable AEMP results are reported as per current Water Licence requirements. Final results for
the water intake (SNP 02-15) and discharge (SNP 02-17B) stations will be reported in the 2020 Annual Water
Licence Report due 31 March 2021. Results from the discharge station (SNP 02-17B), water intake station (SNP
02-15), the location after treatment for potable water, and at AEMP stations in Snap Lake will be used to complete
the following assessments in Section 3 (Water Quality) of the 2020 Annual AEMP Report due 1 May 2021:



assess temporal trends in concentrations and loadings of manganese in discharges to Snap Lake and
compare discharge concentrations to predictions



assess temporal trends and spatial patterns in manganese concentrations in Snap Lake and compare Snap
Lake concentration of manganese to predictions



assess temporal and spatial patterns in parameters that may be influencing manganese concentrations,
such as DO concentrations and pH



compare concentrations of manganese in Snap Lake (i.e., at AEMP stations) to aquatic life WQGs
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compare concentrations of manganese in Snap Lake, at the water intake (SNP 02-15) and at a location after
treatment for potable water to drinking WQGs (i.e., health-based and aesthetic)



determine whether mitigation is required to protect the value ‘water in Snap Lake must be drinkable’ and
meet Measure 1b.

If manganese concentrations are measured above the drinking WQG in potable water in 2020, De Beers will
notify the responsible health authority for the Northwest Territories. Mitigation and monitoring related to De Beers’
potable water treatment system will follow direction from the responsible health authority.
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Table A-1 Comparison of 2019 Total Manganese Concentrations in Snap Lake to the CCME Chronic Guideline for the Protection of Aquatic Life
Station

Sample Depth

Date Sampled

Hardness, as CaCO3 (mg/L)

pH

Dissolved Oxygen (mg/L)

Total Manganese (µg/L)

CCME Chronic Aquatic Life
Guideline (µg/L)

Percent of Guideline

SNP 02-20d
mid-depth
227
7.5
11.6
21.8
640
10-Apr-19
SNP 02-20e
mid-depth
236
7.2
9.6
28.3
760
10-Apr-19
SNP 02-20f
mid-depth
228
7.5
11.1
24.3
640
10-Apr-19
SNAP03
mid-depth
201
7.6
11.9
19.9
560
06-Apr-19
SNAP06
mid-depth
228
7.5
12.7
10.6
640
06-Apr-19
SNAP08
mid-depth
254
7.5
10.9
3.85
640
06-Apr-19
SNAP11A
mid-depth
212
7.5
11.0
15.7
640
06-Apr-19
SNAP23
mid-depth
176
7.3
7.1
16.5
620
05-Apr-19
SNAP29
mid-depth
180
7.5
12.7
2.88
620
05-Apr-19
SNP 02-20d
mid-depth
188
7.8
10.6
13
420
08-Jul-19
SNP 02-20e
bottom
234
7.2
9.8
55.8
760
08-Jul-19
SNP 02-20e
mid-depth
187
7.7
10.7
14.6
540
08-Jul-19
SNP 02-20f
mid-depth
181
7.8
11.4
13.5
420
08-Jul-19
SNP 02-20d
mid-depth
181
7.8
10.2
7.23
420
01-Sep-19
SNP 02-20e
bottom
215
7.6
5.0
196
560
01-Sep-19
SNP 02-20e
mid-depth
175
7.9
10.2
7.39
420
01-Sep-19
SNP 02-20f
mid-depth
177
7.7
10.2
7.11
540
01-Sep-19
SNAP03
mid-depth
188
8.0
10.2
7.92
420
29-Aug-19
SNAP05
mid-depth
185
7.9
10.3
7.32
420
29-Aug-19
SNAP06
mid-depth
53.9
8.0
10.3
6.84
320
27-Aug-19
SNAP08
mid-depth
178
7.5
10.5
9.69
620
27-Aug-19
SNAP11A
mid-depth
181
8.0
10.3
6.15
420
27-Aug-19
SNAP23
mid-depth
126
7.7
10.4
4.71
500
28-Aug-19
SNAP29
mid-depth
130
7.8
10.4
5.02
390
28-Aug-19
Note: The manganese WQG is pH and hardness dependant and was calculated for each sample. The WQG is for dissolved manganese, but was compared to total manganese concentrations as per CCME (1999) guidance
CCME = Canadian Council of Ministers of the Environment; mg/L = milligrams per litre; µg/L = micrograms per litre; WQG = water quality guideline; CaCO3 = calcium carbonate; % = percent

3%
4%
4%
4%
2%
1%
2%
3%
0%
3%
7%
3%
3%
2%
35%
2%
1%
2%
2%
2%
2%
1%
1%
1%
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Table B-1: De Beers Responses to Reviewers’ Comments and Recommendations on the Original Response Plan for Low Drinking Water Quality Action Level for Manganese
Identification Number
Reviewer
Topic
Comment
Recommendation
Response from De Beers
1
Environment and Climate Change
ECCC
ECCC has reviewed this file in accordance with our mandate, N/A
Thank-you for reviewing the file
Canada: Russell Wykes
Comment
and has no comments at this time
1
GNWT - ENR - EAM (Environmental
Topic:
Section 2.2.2 of the Response Plan describes the influence ENR recommends that De
De Beers has proposed mitigation options that are feasible and reasonable. A mitigation involving oxygenation of the
of dissolved oxygen (DO) on the solubility of manganese and Beers provide additional
Assessment and Monitoring): Central
Dissolved
effluent or hypolimnetic oxygenation is not feasible or reasonable. While oxygenation of the hypolimnion may add
suggests that the recent lower dissolved oxygen conditions discussion in the Response Plan some initial benefit, conditions would reverse once the oxygen supply is removed.
Email GNWT
Oxygen
may result in more soluble forms of manganese in the water of possible actions and
Furthermore, lower dissolved oxygen (DO) concentrations near the bottom of Snap Lake are likely naturally occurring,
column. It also states that “Decrease in winter DO
mitigations that could be
similar to those observed at the bottom of Northeast Lake and during baseline conditions (Golder 2020).
concentrations over time may be contributing to the
implemented to increase
increasing trend in manganese concentrations in Snap Lake dissolved oxygen in the effluent Reference:
and elevated concentrations near the bottom of the lake
discharge and in Snap Lake as
during under-ice conditions.”
these measures could aid in
Golder (Golder Associates Ltd.). 2020. Response Plan for Low Drinking Water Quality Action Level for Manganese.
decreasing manganese
Prepared for De Beers Canada Inc., Yellowknife, NT, Canada.
ENR acknowledges that section 5.1.1 states that profiles of concentrations in the Snap Lake
dissolved oxygen concentrations will be collected at all
water column.
Aquatic Effects Monitoring Program (AEMP) stations as part
of the routine field measurements during the collection of
AEMP water samples; however, there is no additional
discussion of actions that could be
taken to increase DO in the effluent discharge, and/or in
Snap Lake. Addressing dissolved oxygen could be another
way to mitigate increasing manganese concentrations in the
water column.

2

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

Topic:
Section 5.0 states that medium and high action levels for
Medium
water quality will be set as part of updates to the AEMP
Action Level Design Plan for Closure and Post-Closure, which is expected
to be submitted to the Mackenzie Valley Land and Water
Board (MVLWB) for review and approval later in 2020.

1) ENR recommends that at
minimum, a medium action level
be defined and implemented by
De Beers in time for the 2020
sampling season. The need for
a high action level can then be
ENR notes that at minimum, the medium action level for
determined based on an
manganese should be defined and approved prior to analysis additional year of data.
of the 2020 monitoring data as per footnote a) of Table 5.2-2
in the currently approved AEMP Design Plan.

De Beers has proposed an update to the Low Action Level and a new Medium Action Level (Attachment A, Table 1).
The Action Levels related to drinking water in the Aquatic Effects Monitoring Program (AEMP) Response Framework
are intended to protect values for the water in Snap Lake and not specifically to safeguard potable water at the Snap
Lake Mine (the Mine). Therefore, De Beers proposes that the Medium Action Level for protecting “Water is Safe to
Drink” in Snap Lake is a confirmed manganese concentration greater than 70% of the health-based drinking water
guideline (Health Canada 2019) in a sample collected at any location in Snap Lake from a depth of mid-depth or
shallower. A confirmed concentration would require that a second sample, to be collected at the same location as
soon as reasonably possible after the exceedance is identified, have a manganese concentration within 20% of the
original concentration (i.e., a relative percent difference of 20% or less between the manganese concentrations in the
original and second samples).

Postponing until the updated AEMP Design Plan for Closure
and Post Closure is approved would delay assessment of
changes in manganese concentrations against action levels
for the 2020, and potentially mitigations to be included for the
2021 field sampling programs.

Samples from the bottom of the lake or at SNP 02-15 (the water intake) are excluded from the Medium Action Level
because these do not represent a depth at which water would be collected for typical drinking water purposes, with the
exception of use by the Mine camp, where the water intake is located at the bottom of the lake. Specific to this
response plan, drinking water for the Mine camp can be treated to remove manganese or the water intake can be
moved to a higher depth if manganese concentrations in potable water are determined to be a concern by De Beers or
the Health Authority. Elevated concentrations of manganese that are limited to the bottom of Snap Lake should not
trigger a Medium Action Level because:
• they have been identified historically in Snap Lake and other northern lakes and are likely due to reducing conditions
caused by naturally low bottom dissolved oxygen concentrations (i.e., reducing conditions increases the solubility of
manganese, causing manganese from sediments to be released to the bottom portion of the water column)
• they do not pose a human health concern for people that are collecting water from the surface of Snap Lake
Based on the proposed Medium Action Level, the Low Action Level trigger will be adjusted to be a manganese
concentration greater than 60% of the drinking WQG at any location in Snap Lake from a depth of mid-depth to
surface. If only bottom depth samples are available from the sampling location, then these concentrations would be
used to assess the Low Action Level.
Manganese concentrations at SNP 02-15 will be used by De Beers, and the Health Authority as appropriate, to identify
the need for additional monitoring of the intake water and treated drinking water and/or to assess whether changes to
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Table B-1: De Beers Responses to Reviewers’ Comments and Recommendations on the Original Response Plan for Low Drinking Water Quality Action Level for Manganese
Identification Number
Reviewer
Topic
Comment
Recommendation
Response from De Beers
None
2) ENR recommends that the
3
GNWT - ENR - EAM (Environmental
Topic:
A Medium Action Level has been proposed (see response to GNWT-ENR-2)
Assessment and Monitoring): Central
Medium
medium action level be set by
A Medium Action Level is not expected to be triggered for manganese because the most recently observed maximum
Email GNWT
Action Level
De Beers such that if it is
mid-depth concentration in 2019 (i.e., 28.8 µg/L; De Beers 2020) and the predicted maximum whole-lake average
triggered, there will be sufficient concentration (36 µg/L; Golder 2019) are well below 70% of the health-based drinking WQG for manganese (120
time to implement mitigation
µg/L; Health Canada 2019). However, if triggered, the proposed Medium Action Level will provide sufficient time to
measures to reduce the
implement mitigation measures to reduce the potential of triggering a High Action Level due to the conservatism in the
potential of triggering the high
Medium Action Level. The proposed Medium Action Level is based on a single confirmed result at a single location
action level.
that shows manganese concentrations that are still 30% below the drinking water quality guideline (WQG). Therefore,
mitigation, if needed, could be implemented before manganese concentrations are above the drinking WQG at any
single location and before concentrations are greater than 70% of the drinking WQG at multiple locations in Snap
Lake.
References:
De Beers (De Beers Canada Inc.). 2020. 2019 Annual Report in Support of the Aquatics Effects Monitoring Program
Water Licence (MV2011L2-0004), Snap Lake Project. Submitted to the Mackenzie Valley Land and Water Board.
Yellowknife, NT, Canada.
Golder (Golder Associates Ltd.). 2019. Snap Lake Hydrodynamic and Water Quality Model Report Version – 2.
Prepared for De Beers Canada Inc., Yellowknife, NT, Canada.
Health Canada. 2019. Guidelines for Canadian Drinking Water Quality – Summary Table. Prepared by the FederalProvincial-Territorial Committee on Drinking Water. Ottawa, ON, Canada.
4

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

Topic:
Proposed
Additional
Monitoring

5

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

Topic:
Potable
Water
Sampling

6

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

Topic:
Mitigation
Options

Section 5.1.1 proposes seasonal monitoring (i.e., April/May,
July, and August/September) of total and dissolved
manganese concentrations at multiple depths in Snap Lake
and the reference lake in 2020.

ENR recommends that if the low
action level for manganese is
exceeded during any of the
proposed sampling events,
additional sampling be
ENR notes that it isn’t clear if additional monitoring will be
completed by De Beers at the
conducted if manganese concentrations trigger the low action location of the exceedance on a
level again.
biweekly basis) until
concentrations return to below
the low action level
concentration (e.g., three
consecutive samples).
Section 5.1.2 of the Plan states that potable water samples ENR recommends that De
will also be analyzed for total and dissolved manganese.
Beers clarify the frequency that
potable water samples will be
ENR notes that the frequency of this sampling isn’t clear.
collected and analyzed for total
and dissolved manganese.

For 2020, De Beers has proposed seasonal monitoring of total and dissolved manganese at multiple depths within
Snap Lake. De Beers feels that this additional monitoring is sufficient at this time. The sampling of in-lake stations are
carefully planned and require safety and logistic rigor and given ongoing uncertainties with respect to Covid-19, and
effects on availability of staff and contractors, De Beers cannot commit to bi-weekly sampling.

Section 5.2 discusses two mitigation options that could be
ENR recommends that De
considered to address elevated manganese concentrations in Beers clearly identify a trigger
Snap Lake water.
for the selection and
implementation of mitigation
ENR notes that it isn’t clear what will trigger the
measures for increasing
implementation of these mitigation measures, or how they will manganese concentrations in
be selected from the options presented.
Snap Lake water.

The mitigation options described in the Response Plan were intended to demonstrate the availability of feasible
options to reduce manganese concentrations in potable water at the Snap Lake Mine (the Mine) if reductions were
deemed appropriate. De Beers will use the information collected from the proposed monitoring (response to GNWT
comment #5) to determine if additional monitoring or mitigation of the drinking water system at the Mine is appropriate;
if potable water concentrations are above the health-based drinking water quality guideline for manganese, then the
Health Authority will be notified and provide guidance on the appropriate next steps.

Samples collected from the water intake station (SNP 02-15) and at a location after the water is treated (i.e., after
filtration/chlorination) will be analyzed three times in 2020 (once during ice-covered conditions and twice during openwater conditions) for total and dissolved manganese, during periods when water is pumped from Snap Lake for
drinking water purposes. Measurements of field pH and dissolved oxygen concentrations will also be collected at the
time of sampling.
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Table B-1: De Beers Responses to Reviewers’ Comments and Recommendations on the Original Response Plan for Low Drinking Water Quality Action Level for Manganese
Identification Number
Reviewer
Topic
Comment
Recommendation
Response from De Beers
7
GNWT - ENR - EAM (Environmental
Topic:
Section 5.3 states that “If manganese concentrations are
ENR recommends that if there is The risk that mid-depth or shallower concentrations of manganese in Snap Lake will exceed the health-based drinking
Assessment and Monitoring): Central
Manganese measured above drinking water quality guidelines (WQGs) in a risk of manganese
water quality guideline (WQG) in 2020 is low (see response to GNWT #2). If manganese concentrations exceed the
Email GNWT
Concentratio potable water in 2020, De Beers will notify the responsible
concentrations exceeding the
drinking WQG in 2020 only in samples collected from the bottom of Snap Lake, these exceedances are not a human
ns above
health authority for the Northwest Territories.”
drinking WQGs in 2020, or
health concern for people collecting drinking water from the surface of Snap Lake. If manganese concentrations
Drinking
thereafter, De Beers implement exceed the health-based drinking WQG in 2020 in the potable water supply, De Beers will notify the Health Authority
Water
ENR notes that if there are exceedances of drinking WQGs an approved mitigation measure and complete appropriate monitoring and/or mitigation of the drinking water supply as described in the Response Plan
Quality
in potable water in 2020, then Snap Lake water would likely to prevent such exceedances,
or as directed by the Health Authority.
Guideline
also exceed drinking WQGs. This would be an exceedance as soon as practicable.
of the Significance Threshold “Drinking Water for Humans –
Water Must be Drinkable” representing a significant adverse
effect to Snap Lake under the current water quality
objectives.
The purpose of the tiered action level approach is to enable
De Beers to implement mitigation measures to prevent
conditions that would exceed a significance threshold, from
developing.
1

GNWT - Lands - North Slave Region:
Joseph Heron

Inspectors
The Inspector has reveiwed the plan and has no comments
Comments - at this time.
NSRO

The Inspector has no
recommendations at this time.

Thank-you for reviewing the plan

1

MVLWB: Jacqueline Ho

2.2.2
Dissolved
Oxygen

Please provide information
related to available sediment
quality data and if increasing
trends have been observed.

Complete information will be provided in the 2019 AEMP report (De Beers 2020; due by 1 May 2020), but following is
a brief summary and sections to check within the AEMP report for further details:
• In 2019, sediment quality sampling was completed at SNP 02-20e (i.e., the deep diffuser station with elevated
bottom manganese concentrations in 2019),
•sediment manganese concentrations were within the normal range (Section 4.5.2.1),
•there were no statistically significant trends in sediment manganese concentrations (Section 4.5.5),
•based on visual evaluation of temporal plots, sediment manganese concentrations generally decreased from 2014 to
2019 in the top 5-cm layer samples and from 2013 to 2019 in the top 2-cm layer samples (Section 4.5.5; Figure 4.5-5).

Section 2.2.2. of the AEMP Response Plan states that
"Reducing conditions, such as the occurrence of lower
dissolved oxygen (DO) concentrations, can increase the
solubility of manganese and result in the release of
manganese concentrations from the sediment/water
boundary into the water column". Board staff note that there
is no mention of sediment quality in the response plan. Have
sediment samples been collected at or near the stations
where elevated manganese concentrations have been
observed and are there observable trends?

Reference:
De Beers (De Beers Canada Inc.). 2020. 2019 Annual Report in Support of the Aquatics Effects Monitoring Program
Water Licence (MV2011L2-0004), Snap Lake Project. Submitted to the Mackenzie Valley Land and Water Board.
Yellowknife, NT, Canada.

2

MVLWB: Jacqueline Ho

4.3
Discussion

Section 4.3 of the AEMP Response Plan states that "These
lower DO concentrations may be contributing to the release
of more soluble forms of manganese from the sediment into
the water column". Board staff note that additional sampling
of the water column is planned, but there is no mention of
pore water sampling to measure the souble form of
manganese . Has porewater sampling been considered?

Please provide information
The proposed sampling described in the Response Plan (Golder 2020) is appropriate to characterize spatial patterns
related to pore water sampling in lake manganese concentrations, and to provide the necessary information needed to assess the risk to drinking
and include rationale if this is not water and to assess the cause of elevated manganese concentrations in water samples.
being considered.
Sampling pore water to provide additional information is not recommended because:
•pore water sampling results are not expected to provide information to assess the risk to drinking water or to inform
mitigations, and
•the feasibility of effectively sampling porewater in Snap Lake is considered low due to the highly organic and
unconsolidated nature of the sediment (Section 4.5.1; Table 4.5-1 in De Beers [2020]).
References:
De Beers (De Beers Canada Inc.). 2020. 2019 Annual Report in Support of the Aquatics Effects Monitoring Program
Water Licence (MV2011L2-0004), Snap Lake Project. Submitted to the Mackenzie Valley Land and Water Board.
Yellowknife, NT, Canada.
Golder (Golder Associates Ltd.). 2020. Response Plan for Low Drinking Water Quality Action Level for Manganese.
Prepared for De Beers Canada Inc., Yellowknife, NT, Canada.
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Table B-1: De Beers Responses to Reviewers’ Comments and Recommendations on the Original Response Plan for Low Drinking Water Quality Action Level for Manganese
Identification Number
Reviewer
Topic
Comment
Recommendation
Response from De Beers
3
MVLWB: Jacqueline Ho
Section
Board staff note that the upcoming Water Licence MV2019L2- Please include an assessment Noted. De Beers will include a summary of data from the water management pond and other relevant water monitoring
0004 will have new effluent quality criteria (EQC) defined and of manganese concentrations
locations in future reporting related to the manganese response plan.
5.1.3
Discharge to it is anticipated that De Beers will no longer be treating water observed in the water
Snap Lake prior to discharging to Snap Lake. Further information related management system in future
to concentrations in the existing water management system Response Plan reporting.
(i.e., sumps associated with the North Pile and the Water
Management Pond) should be considered within the
proposed monitoring and subsequent reporting.
4

MVLWB: Jacqueline Ho

Section
5.1.3
Discharge to
Snap Lake

At this time, no EQC for manganese has been proposed or
deemed to be required. However, potential contingency to
address elevated concentrations in the untreated surface
water being managed on site should be considered.

Please include contingency
measures for addressing
potential elevated manganese
concentrations in the water
management system and
ultimately discharge to Snap
Lake.

Contingency measures to address potential elevated concentrations of manganese in the potable water system at
Snap Lake were described in the Response Plan (Golder 2020).
The elevated concentrations of manganese at the deep stations in Snap Lake appear to be linked to historical effluent
discharge, residual manganese in the sediments (both natural and potentially linked to historical effluent discharge),
and/or the change in the redox potential at the sediment water interface, and not to current discharge; however,
response to triggering of an Action Level in Snap Lake has been described in response to GNWT-ENR-2 and GNWTENR-3.
Contingency measure to address potential elevated concentrations of manganese in the water management system
that ultimately discharges to Snap Lake includes:
- Review the manganese data collected at the SNP stations
- Implement additional monitoring trigger levels within our water quality data management system to evaluate the
relative concentration of manganese at the SNP stations as compared to receiving environment guidelines (e.g., use
the Low and Medium AEMP Action Levels as trigger levels to evaluate manganese at SNP stations that do not
discharge direct to Snap Lake).
- If triggers are reached: confirm the initial result and consider collecting additional samples at the SNP station.
- Analyze temporal and spatial trends in manganese data.
- Identify source of manganese.
- Conduct desktop or field special study to evaluate further mitigation options.
Reference:
Golder (Golder Associates Ltd.). 2020. Response Plan for Low Drinking Water Quality Action Level for Manganese.
Prepared for De Beers Canada Inc., Yellowknife, NT, Canada.

5

MVLWB: Jacqueline Ho

6

MVLWB: Jacqueline Ho

7

MVLWB: Jacqueline Ho

1

North Slave Metis Alliance: Jess
Hurtubise

Section
5.2.1
Manganese
Removal

Board staff note that backwash of filter media will be
De Beers to provide updated
disposed of in the water management system. Board staff
Waste Management Plan and
remind De Beers that if this mitigation is required, then an
Water Management Plan to the
update to the Waste Management Plan and the Water
Board if filtration to remove
Management Plan will be required for Board approval.
manganese from drinking water
Clarification on spent media and filters would also be required is required.
as part of that update.
Section
In addition, it is assumed that backwash would have elevated De Beers to provide information
5.2.1
manganese concentrations. In the absence of actual
related to anticipated effects of
Manganese quantitative data, some indication of volume and
the backwash on the existing
Removal
concentrations and the anticipated effects on the water
water quality in the water
quality within the water management system would be useful. management system.

Noted. If filtration to remove manganese from the potable drinking water is implemented, De Beers will update the
Waste and Water Management Plans and submit to the Board.
At a minimum, updates to the Water and Waste Management Plans will be submitted in the fall as a condition of the
new Water Licence (MV2019L2-0004).

Section
5.1.3
Discharge to
Snap Lake
and Section
5.3
Reporting
General

De Beers to clarify whether
station SNP 02-17 is still active
and will require monitoring
through 2020.

Station SNP 02-17 is not active and should not have been referenced in Section 5.1.3. Station SNP 02-17 will not be
monitored in 2020.

No recommendations at this
time.

Thank-you for reviewing the plan

Board staff note that station SNP 02-17 is referred to;
however, De Beers has previously indicated that this station
is no longer active because the temporary water treatment
plant that it is associated with is no longer used. The
upcoming Water Licence MV2019L2-0004 and the Annex A:
Surveillance Network Program no longer includes that
statiion.
NSMA has reviewed the submitted AEMP Response Plan.
We are satisfied with the description of potential sources of
the manganese increase and we approve of additional
monitoring in 2020 to identify any reoccurences of similar
events.

As the spent backwash water could be high in metals (particularly manganese), this water would be managed to
preserve the quality of the surface water in the water management system.
Backwash water could be discharged to an on-site wastewater handling and disposal system, or captured and retreated. Any sludge containing manganese precipitates would be disposed of in the North Pile (following the same
procedure to dispose of sludge from the water management pond).
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Table B-1: De Beers Responses to Reviewers’ Comments and Recommendations on the Original Response Plan for Low Drinking Water Quality Action Level for Manganese
Identification Number
Reviewer
Topic
Comment
Recommendation
Response from De Beers
3
Snap Lake Environmental Monitoring
Missing
It is not very clear whether there is an issue with manganese DB submit updated SNP reports Data from the SNP stations are reported as preliminary in the monthly reports and final in the Water Licence Annual
Agency (SLEMA): Sonia Aredes
manganese blanks or this is a matter of missing manganese values in
with the missing values in order Report.
values in the the reports. While SLEMA is aware that no all the samples
to have the complete information Sometimes data appear to be missing from the monthly reports because of lab delays in reporting or because a
SNP
require to be analyzed for metals, it considers it is a good
despicted in the Reports
sample container was broken during transport to the laboratory.
Reports.
practice -if information is available - to have SNP report as
Re-submission of the monthly SNP data at this time is not required because final SNP data were included in the
complete as possible.Manganese values are not reported in
WLAR report submitted on March 30, 2020. The data submitted align with the sampling and analysis requirements as
the following: - March 2019 SNP report for SNP 2-15, as well
set out in the Water Licence (MV2011L2-0004) for the SNP stations.
as May 2019 Report for SNP02-5, July 2019 SNP Report for
SNP02-15 and SNP02-17b, August 2019 SNP Report for all
the sampled SNP stations and September 2019 SNP Report
for all the sampled SNP stations. SLEMA notices the missing
information includes the reported exceeded values. Good
reason to have all reported
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