May 1, 2017
File: L020
Angela Love
Mackenzie Valley Land and Water Board
PO Box 2130
Yellowknife, Northwest Territories
X1A 2P6
Re: De Beers Canada Gahcho Kué Mine
Aquatic Effects Monitoring Program (AEMP)
Items Water Licence #MV2005L2-0015
Dear Ms. Love:
De Beers Canada Inc. (De Beers) is hereby submitting the 2016 Aquatic Effects Monitoring
Program (AEMP) Annual Report to the Mackenzie Valley Land and Water Board (MVLWB), as a
requirement under Part I of the Water Licence, MV2005L2-0015. The goal of the AEMP is to
address potential Mine-related effects to the receiving aquatic ecosystem in a scientifically
defensible manner.
The 2016 AEMP was based on the 2016 AEMP Design Plan Version 5 approved by the MVLWB.
Given the 2016 AEMP data and the methods established in the AEMP Design Plan, Low Action
Levels were triggered for:
• Physical Habitat Alteration: at Lake J1, the ice-cover season water level and outlet
discharge Low Action Levels were exceeded for several days in late May. Subsequent
surveys indicated that the outlet channel bank instability Low Action Level was not
exceeded, as no bank erosion was observed.
• Toxicological Impairment: zooplankton abundance and two benthic invertebrate variables
(i.e., Pisidium density and Micropsectra/Tanytarsus density) in Lake N11; and
• Nutrient Enrichment: zooplankton community composition (by biomass) and five benthic
invertebrate variables (i.e., total density, richness and the density of Nematoda, Pisidium,
and Micropsectra/Tanytarsus) in Area 8.
To respond to the Physical Habitat Alteration Low Action Level exceedance at Lake J1, diversion
pumping from Lake A1 to Lake J1 was reduced to the lowest practical level once the Action Level
trigger was identified during routine weekly elevation monitoring. Based on site weather
conditions, pumping could not fully cease due to the potential for infrastructure damage, as a
result of freezing conditions in the evenings. In addition to reduced pumping, the frequency of
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monitoring was increased to daily, which confirmed that the water level elevation in the lake and
corresponding outlet discharges were decreasing. Water level elevation returned to below the
Low Action Level within 8 days, at which point the outlet of Lake J1 was confirmed to be fully
open. At this time, pumping returned to full capacity.
An additional factor leading to the Action Level trigger and subsequent responses identified
above was the timing of the previously identified freeze/thaw period of early freshet, which
resulted in additional spring melt inflows into Lake J1, thus rapidly accelerating the rate of
increase in water level elevation. However, it is noted that subsequent on-ground inspections
following the freshet flows did not show any indication of erosion in the Lake J1 outlet channel.
The Low Action Level triggers for plankton and benthic invertebrate communities resulted from
narrow normal ranges, combined with Action Level criteria that are too sensitive because a single
criterion by itself (i.e., normal range exceedance, or significant BACI effect, or change in
community composition) can trigger the Action Level.
As explained in the 2016 AEMP Annual Report, the changes in zooplankton abundance and
densities of two benthic invertebrate taxa in Lake N11 that triggered the Low Action Level for
toxicological impairment were inconsistent with a toxicity-related effect. Between 2014 and
2016, no change or an increase in zooplankton abundance was observed Lake N11 in two of the
three sampling events, and between 2015 and 2016, zooplankton abundance either increased
or remained constant during all three sampling events. Benthic invertebrate variables with
significant BACI effects remained within the normal range. These observations suggest that a
toxicological effect on zooplankton and benthic invertebrates in Lake N11 is highly unlikely, and
the Low Action Level trigger is inappropriate.
The Low Action Level triggers for nutrient enrichment in Area 8 resulted from a change in
zooplankton community composition and increases in densities of five benthic invertebrate taxa.
Without other supporting evidence (i.e., increasing plankton biomass above normal range and
divergence from reference lakes), a change in zooplankton community composition by itself is
insufficient to identify a nutrient enrichment effect. The evaluation of the 2016 data suggest that
the set of variables used in evaluating the Low Action Level for plankton should be changed by
including chlorophyll a and dropping zooplankton abundance, which is redundant. For benthic
invertebrates, none of the variables evaluated in Area 8 had a significant BACI effect that was
consistent relative to both reference lakes. These results provide inconsistent evidence
regarding a nutrient enrichment effect, and suggest that a Low Action Level is not supported by
the data.
Based on the above discussion, a single criterion by itself should not be sufficient to trigger a
Low Action Level. A normal range exceedance may occur as a result of regional factors, such as
climate and hydrology (e.g., a low flow year), aerial deposition (e.g., from forest/grass fires), and
potentially other factors. To account for these factors, normal range exceedance should be tied
to the requirement to demonstrate differing trends between core lakes and reference lakes (i.e.,
significant BACI effect) to trigger the Low Action Level. The BACI analysis does not take into
account the magnitude of the change, and experience gained using the 2015 and 2016 data
show that it is highly sensitive to small divergences in temporal trends. During both years, this
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analysis identified small changes that are of negligible concern to the aquatic environment, and
within the normal range, as statistically significant. Finally, the directions of changes relative to
previous years also warrant consideration when evaluating Action Levels.
Specific recommendations are provided below to update the Low Action Levels under the AEMP
Response Framework to reduce false positive Action Level triggers:
Hydrology
• Based on revised water elevation and stage discharge data, which have refined the water
rating curve, the open-water Action Level for Lake J1 should be changed to 421.912
masl.
Water and Sediment Quality, Plankton, and Benthic Invertebrates
•

The Low Action Level criteria for water quality, sediment quality, plankton, and benthic
invertebrates should be revised by replacing the “OR” logical operators with “AND”
between the Action Level criteria. This would require both (toxicological impairment) or all
three (nutrient enrichment) criteria be met before a Low Action Level is triggered.

•

Normal ranges for water quality, sediment quality, plankton, and benthic invertebrates in
Area 8 and Lake N11 should be re-calculated to include 2015 (and potentially 2016)
data, and potentially data from subsequent years when no effects are noted.

•

The variables included in the nutrient enrichment Low Action Level assessment for
plankton should be revised to include chlorophyll a and exclude zooplankton abundance.

Based on the above information and detailed supporting information presented in the 2016
AEMP Annual Report, it is requested that no action be taken regarding the Low Action Level
exceedances observed in 2017. The recommendations provided above will be further refined
based on the 2017 AEMP results and the first Aquatic Effects Re-evaluation, and will be
incorporated in the next iteration of the AEMP Design Plan.
Should you have any questions or concerns, please feel free to contact me by phone at (867)
766-7308 or by email at Alexandra.Hood@debeersgroup.com .
Sincerely,
DE BEERS CANADA INC.

Alexandra Hood
Regulatory Specialist
De Beers Canada
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PLAIN LANGUAGE SUMMARY
Introduction
De Beers Canada Inc. (De Beers) owns and operates the Gahcho Kué Mine (Mine), an open pit diamond
mine in the Northwest Territories (NWT), approximately 280 km northeast of Yellowknife NWT. On
September 24, 2014, the Water Licence (MV2005L2-0015) for the Mine was approved by the Minister of
Environment and Natural Resources. An Aquatic Effects Monitoring Program (AEMP) is a requirement of
the Water Licence and the program’s design is provided in the AEMP Design Plan for the Mine. Each year,
data will be collected from the aquatic environment near the Mine and presented in an annual report.
The purpose of the AEMP is to identify potential effects of the Mine on the aquatic environment, and to see
whether aquatic ecosystems and their uses are being protected in areas affected by the Mine. Field
programs completed in 2016 included sampling or measurements of hydrology (water quantity and flow),
water quality, sediment quality, plankton (the small plants and animals that live in the water), benthic
invertebrates (the small animals living on the bottoms of lakes and streams), fish habitat and community,
and fish health and fish tissue chemistry.
This 2016 AEMP Annual Report contains data, analyses, results, and conclusions for field programs that
occurred in 2016, and recommendations for future AEMP years. This report also provides information on
the activities and the general environment at the Mine site in 2016. A weight of evidence (WOE) analysis
and an Action Level assessment based on AEMP data collected in 2016 are included in the report. Special
studies did not take place in 2016, but may occur in future years.
Project Overview and Study Areas
Section 2 of the AEMP Annual Report provides information on the study areas for the AEMP and general
conditions at the Mine site in 2016.
The AEMP involves the Kennady Lake Study Area (KLSA) and the Downstream Local Study Area (DLSA).
The KLSA includes:
•

Kennady Lake, which is divided into seven main areas (Areas 2, 3, 4, 5, 6, 7, and 8);

•

Stream K5 (the outlet stream of Kennady Lake, from Area 8);

•

sub-watersheds A, B, D, E, F, G, J, and I; and

•

riparian areas (i.e., the land along lake shores and stream banks) in the Kennady Lake watershed.

The DLSA extends from the outlet of Stream K5 downstream to the outlet of Kirk Lake, including associated
watersheds (L, M, N, Lake 410, and P). The drainage from the adjacent N watershed joins the natural
drainage from Kennady Lake at Lake 410. The combined drainage then flows out of Lake 410 through the
P watershed to Kirk Lake.
The core lakes of study for the AEMP are Area 8 of Kennady Lake, Lake N11, Lake 410, and Kirk Lake.
The raised lakes are represented by Lake D2/D3. This lake is monitored because construction of Dyke F,
the water levels of two small adjacent lakes (Lake D2 and Lake D3) were raised in 2016 so that they became
joined to form a single waterbody, referred to as Lake D2/D3.
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The two reference lakes for the AEMP are East Lake and Lake 3. These reference lakes were selected
because they are relatively close to Kennady Lake and are generally similar to the core lakes in terms of
water and sediment quality, and plants and animals that live in the lakes.
Mine activities will occur in three phases: construction, operations, and closure. In 2016, the Mine
completed its construction phase, and commenced its operation phase. Construction activities consist of
building of site infrastructure, including plant construction and equipment installation, construction of various
dykes, lake dewatering, and pre-stripping of the 5034 Pit. During initial construction, a controlled area was
created within the Kennady Lake watershed (i.e., Areas 2 to 7) where water will be managed during
operations so that water potentially affected by the Mine is contained and only released if it meets regulatory
requirements. The key water-related activity during the construction phase is draining the controlled area
to the maximum extent possible, so that the ore can be safely accessed for mining. Mine operation began
in late-October 2016.
Supporting Environmental Data
The purpose of the supporting environmental data component (Section 3) is to describe factors that may
affect the aquatic ecosystems in core lakes, reference lakes, downstream lakes and streams, and raised
lakes. These factors need to be considered during data analysis for the various AEMP components and
include general site conditions during construction to date (e.g., project description changes; volumes of
water discharged), as well as weather, dust deposition, and aquatic habitat data.
No major changes relevant to the AEMP occurred to the project description for the Mine in 2016. Six
reportable spills occurred in 2016; all of the spills, with one exception, occurred on land, with no potential
impacts to surface waters. One reportable spill occurred in the vicinity of a waterbody (March 13, 2016 on
Murdock Lake, located 23 km northwest of the Mine); however, the spill occurred during the winter while
the lake was covered with ice. The spilled material, and contaminated snow and ice were immediately
cleaned up and transported to the Mine site for appropriate disposal.
For the greater part of 2016, the Mine was in the construction phase; therefore, the main discharge from
the site involved the movement of water out of Kennady Lake, from Areas 3 and 5 to Lake N11. In total,
3,441,795 m3 of water was discharged from Kennady Lake to Lake N11 between March 20, 2016 and
May 31, 2016. No pumping from Area 7 to Area 8 took place in 2016, as dewatering activities for this portion
of Kennady Lake were completed in September 2015.
The Mine started operations in the fall of 2016. A permanent diffuser was installed in Lake N11 in late
September 2016 to support operational discharge of water from the water management pond (WMP) to
Lake N11. Operational pumping from the WMP to Lake N11 began on October 29, 2016, after the 2016
AEMP open-water sampling was completed in September. A total of 2,209,511 m3 of water was pumped
from the WMP to Lake N11 during 2016.
Based on weather data collected at the Mine site in 2016, the minimum air temperature in 2016 was -41°C,
recorded in February, while the maximum air temperature was 28°C in July. In 2016, August had the
greatest total precipitation at 58 mm and December was the driest month, with less than 1 mm of total
precipitation. The maximum wind speed recorded at the Mine site was about 24 m/s, recorded in April. In
comparison, the average value for the average wind speed, given the available 2016 data, was
approximately 4 m/s. Maximum solar radiation (the sum of the light and energy that is emitted from the sun)
at the Mine site occurred in May at 864 watts per square metre (W/m2), with the maximum recorded net
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solar radiation over water taking place during May at about 638 W/m2. In 2015, the average dust deposition
rate for the entire study area was 28.3 milligrams per hundred square centimetres per thirty days
(mg/100 cm2/30 d).
Area 8 and Lake N11 had similar temperatures over the year, with Lake N11 being slightly cooler from late
March to May. In both lakes, water temperatures were elevated from June to mid-September, compared to
other months of the year. Water temperatures were similar between May and September 2016 among the
core lakes (Lake N11, Lake 410, and Kirk Lake) and reference lakes (East Lake and Lake 3), but the raised
lakes (Lake D2/D3) had lower temperatures from July to mid-August compared to other lakes.
Ice-off for Kennady Lake (including Area 8) and Lake N11 occurred on approximately June 9, 2016, while
ice cover occurred on approximately October 10, 2016. This generated an open-water season of 122 days,
and an ice-covered season of 243 days. Ice thickness recorded in the AEMP lakes during the late April to
early May 2016 program ranged from 1.1 m to 1.7 m.
Hydrology
The purpose of the hydrology component of the AEMP (Section 4) is to monitor the water flow at lake outlets
near the Mine, to recommend changes to stop erosion if erosion is observed, and to compare actual flows
with the flows that were predicted in the Environmental Impact Statement (EIS).
Between December 2014 and September 2015, water from the controlled area of Kennady Lake was
pumped into Area 8. Area 8 was originally part of Kennady Lake, but is now separated from Kennady
Lake by a dyke. Water has also been pumped from Kennady Lake into Lake N11 since early February
2015. Lake N11 is in a different watershed from Kennady Lake, so water from Kennady Lake did not flow
into Lake N11 naturally before the pumping.
When the flow of water (or discharge) in a stream becomes higher than normal, it can sometimes cause
erosion. Predictions of the new flows of water in the streams and lakes downstream from Lake N11 and
Area 8, caused by dewatering, were made in 2010 as part of the EIS for the Mine. These predictions were
made using models and the expected rate of dewatering flow from Kennady Lake. The predictions were
made as far downstream as the Kirk Lake outlet.
Flow was monitored between late May and mid-September 2016 at the outlets of Lake J1, Area 8,
Lake L1a, Lake M4, Lake M2, Lake P8a, Kirk Lake, East Lake, Lake 3, Lake N14, Lake N17, Lake N11,
and Lake N1. Lake J1 was monitored because it received diverted flow from watershed A, which normally
flows into Kennady Lake. Water level was also monitored at Lake D2/D3, which is rising because of Dyke
F, which was completed in winter 2016 to prevent it from flowing into Kennady Lake. Lakes N14 and N17
were monitored because they provide a good indication of baseline (normal) conditions now, but because
they will receive diverted flow from Lake D2/D3 and Lake E1 (another raised lake) when they start flowing
into them. East Lake and Lake 3, the reference lakes, were monitored in 2016 because they provide a good
representation of natural flow conditions for lakes like the ones that could be affected.
The flows that were measured at each outlet, and records from instruments that measure lake depth from
the lake bottom, were used to calculate flow out of the lakes every 15 minutes between late May and midSeptember. The length of the period with flow data is longer for the Area 8, Lake L1a, Lake M4, Lake M2
and Lake N11 outlets, spanning most of 2016.
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The depth of snow near the Mine was measured in early April, and the results were used to estimate how
much water would flow through the outlets when the snow melted. Rainfall was also recorded during 2016.
The total water flowing through the lake outlets was calculated from the snowmelt, rainfall, and records of
dewatering and operational discharge. The streams and lakes were examined after snowmelt in June for
signs of erosion.
Monitoring showed that flow at the outlets of the lakes along the dewatering flow paths were mostly lower
than predicted in the EIS, and also mostly lower than normal values for the region. Flow at the outlet of
Lake J1 was above normal for a short period in June, and flow from Lake N11 was above normal briefly in
June and October. At Lake J1, the outlet discharge and ice-covered lake water level Low Action Levels
were exceeded for several days in late May. The outlet discharge 2-year flow/level was exceeded in June
for the Lake N11 outlet due to a natural freshet exceeding long-term median conditions. This occurred
outside of the pumping period, and therefore did not constitute a Low Action Level exceedance. Although
these flows were higher than normal, there was no evidence of erosion along the outlet streams of either
lake. Flow was lower in 2016 than normal between the Area 8 outlet and the Lake M4 outlet because Area
8 no longer receives natural or pumped flow from the rest of Kennady Lake. In 2017, water will be pumped
from Lake N11 into Lake J1 so that flows between the Area 8 outlet and Lake M4 outlet will be closer to
normal.
Water Quality
The water quality component of the AEMP (Section 5) monitors for potential changes in the chemical
characteristics of water in core lakes (Area 8, Lake N11, and Lake 410), reference lakes (East Lake and
Lake 3), downstream lakes and streams (Lake L2, Lake M4, Stream K5, and Stream L2), and raised lakes
(Lake D2/D3). In the core, reference, and raised lakes, water samples were collected once during the icecover season (April) and three times during the open-water season (July, August, and September) in 2016.
Downstream Lakes L2 and M4 were sampled in April/May and August, while Streams K5 and L2 were
sampled in August. Data analysis focused on comparing 2016 data to baseline data, and comparing yearto-year changes in water quality between the core lakes and reference lakes.
Water quality was also monitored during dewatering and operational discharge as part of the Surveillance
Network Program (SNP) in Lake N11 at locations where the water is pumped from Kennady Lake into this
lake (i.e., the “end-of-pipe” dewatering discharge and “edge of mixing zone” stations). Samples were
collected and analyzed at a variable frequency during discharge periods (i.e., daily, weekly, at the beginning
and end of discharge) depending on the type of parameter. The effects of the operational discharge were
not evaluated, because the discharge began in late October, after completion of the 2016 AEMP field
program in September. This evaluation will commence early in 2017.
In terms of the SNP data, the dewatering discharge to Lake N11 had water quality that was consistent with
baseline water quality conditions in this lake, with the exception of very brief period of high total suspended
solids (TSS) concentrations. On March 22 and 28, 2016, the concentration of TSS in the dewatering
discharge did not meet the effluent quality criteria (EQC) listed in the Water Licence. With the exception of
these brief high TSS events, for which the cause was identified and resolved, quality of the dewatering
discharge from Areas 3 and 5 to Lake N11 in 2016 was consistent with EIS predictions. Water quality
measured during operational discharge at the end-of-pipe from the WMP to Lake N11 was below
operational EQC and predictions for the operational discharge.
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Water sampled in the core, reference, raised, and downstream lakes in 2016 was similar to the baseline
water quality documented for these waterbodies. In general, during winter, water had higher ion (i.e., salt)
concentrations compared to the open-water season, which is expected due to “salt exclusion” that happens
when ice forms. Water quality was similar among the open-water sampling events within each lake and
among lakes in the study area, and was consistent with EIS predictions for the dewatering period.
Water quality in the sampled lakes was generally below Canadian water quality guidelines for the protection
of aquatic life and Canadian drinking water guidelines. Some parameters exceeded guidelines, but this also
occurred during baseline conditions (e.g., pH and aluminum in the core and reference lakes; iron in the
raised and downstream lakes). Total coliforms were detected in the water samples from the end-of-pipe
station during the dewatering discharge, exceeding the Canadian drinking water guideline of no coliforms
in a sample, but this is likely a natural feature in these lakes. Total coliforms are commonly present in
surface waters, which is why Health Canada recommends treatment of surface water prior to drinking.
No changes in water quality were expected in the core lakes, because the dewatering discharge had similar
chemical characteristics to the receiving lake (Lake N11), and Area 8 received no discharge in 2016.
However, statistically significant effects (i.e., before-after control-impact or BACI effects) were detected for
several parameters despite small changes in water chemistry in the core lakes:
•

In Area 8, significant BACI effects indicating increased concentrations relative to trends observed in
both reference lakes were detected for ice-cover season concentrations of molybdenum, and for openwater concentrations of fluoride, cobalt, manganese, molybdenum, thallium, uranium and vanadium.
The increases in some of these parameters were attributable to improvements in analytical resolution
of the laboratory methods to measure these parameters in water (i.e., fluoride, molybdenum, thallium,
vanadium), while open-water concentrations of cobalt, manganese, and uranium were above the
normal ranges.

•

In Lake N11, significant BACI effects indicating increasing concentrations were detected for ice-cover
concentrations of ammonia, chloride, and molybdenum, and open-water concentrations of fluoride,
molybdenum, and vanadium. The increases for most of these parameters were attributable to
improvements in analytical resolution, and all concentrations remained within normal ranges.

These results are not consistent with EIS expectations, because there was no Mine activity other than
dewatering that could directly affect the core lakes in 2016. However, changes to hydrology of Area 8 as a
result of modified watershed area and the reduced annual inflows to Area 8 may have had an indirect
influence on the concentration of some parameters, especially during ice-cover conditions. No Action Levels
were triggered by the water quality component of the AEMP.
Sediment Quality
The sediment quality component of the AEMP (Section 6) monitors for potential changes in the chemical
characteristics of sediment in the core lakes (Area 8 and Lake N11), reference lakes (East Lake and
Lake 3), and raised lakes (Lake D2/D3). It also provides supporting information for the benthic invertebrate
component (Section 8), by evaluating whether sediments in the core lakes remain suitable to maintain a
healthy benthic invertebrate community. Sediment quality samples were collected in September 2016 at
the same time and locations as benthic invertebrate samples. One composite sample from the top 5 cm of
sediment was collected at each station in each lake. In 2016, coincident core and grab samples were
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collected at SNP stations in Lake N11. Sediment grab samples were not collected at SNP stations in Area 8,
because no discharge to Area 8 occurred in 2016.
The sediment quality results for the core lakes in 2016 were within baseline and reference conditions. As
seen previously during baseline years, chromium and copper concentrations in sediments from the core
lakes in 2016 were higher than sediment quality guidelines. Differences were observed over time between
core and reference lakes as significant BACI effects for some metals. However, these differences were not
related to the Mine, but rather resulted from improvements in analytical resolution and/or variability in
sediment particle size distribution.
Sediment quality results in 2016 were consistent with EIS predictions. No Action Levels were triggered by
the sediment quality component of the AEMP.
Plankton
The plankton component of the AEMP (Section 7) evaluated potential Mine-related changes on the small
plants (phytoplankton) and animals (zooplankton) living in the water in core lakes, reference lakes, and
raised lakes. Changes to plankton can affect fish in these lakes, because plankton are part of the food chain
that fish rely on. Also changes related to the Mine can happen to plankton before fish are affected. In this
way, plankton monitoring can provide an early warning of changes that could eventually affect fish.
The 2016 plankton program was completed three times during the open-water season: July, August, and
September. Samples of plankton, chlorophyll a (the green pigment in plants), and nutrients (nitrogen and
phosphorus compounds in the water) were taken in two core lakes (Area 8 and Lake N11), two reference
lakes (East Lake and Lake 3), and the raised lakes (Lake D2/D3). Water and phytoplankton samples were
collected within the range of water depth where there is enough light for phytoplankton to live, called the
euphotic zone. Zooplankton samples were collected by pulling a mesh net up through the entire depth of
water.
Results from the 2016 water sampling showed that nutrient concentrations were generally low in the core
lakes and reference lakes, and similar among lakes. The raised lakes had higher nutrient concentrations
compared to the other AEMP lakes, which is a likely response to the increased water level. The core lakes
and reference lakes were classified as oligotrophic (i.e., having low concentrations of nutrients and low
productivity), consistent with baseline results from 2014. The raised lakes were classified as mesotrophic
to eutrophic (i.e., moderately to highly productive), depending on the classification scheme used, indicating
an increase in the level of productivity from baseline and 2015.
Between 2015 and 2016, chlorophyll a concentrations increased in all sampled lakes. Lake-wide mean
chlorophyll a concentrations were above the normal range, which is an estimate of natural variability, in
September in Lake N11, and during all three sampling periods in Area 8. During the same period,
chlorophyll a concentrations increased more in Lake D2/D3, which is a likely response to the increased
water level. Significant BACI effects were detected in chlorophyll a concentration in Area 8 during all three
sampling events, and in Lake N11 during September. Consistently increased chlorophyll a in Area 8 relative
to the reference lakes suggests a potential Mine-related effect that resulted in greater productivity. Changes
in plankton, water quality, hydrology, and other supporting environmental data are considered together by
the WOE analysis (Section 14) to evaluate whether the observed changes provide consistent evidence of
Mine-related effects.
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Overall, the 2016 phytoplankton and zooplankton communities in the core lakes were similar to baseline
communities in terms of both abundance and biomass, with the exception of zooplankton abundance in
Area 8. Mean annual total zooplankton abundance in Area 8 increased from 2014 to 2016, and was higher
compared to baseline. Some of the plankton endpoints were outside normal ranges. Zooplankton
composition by abundance and biomass shifted in the core lakes between 2016 and baseline. This shift
represented a return to baseline conditions in 2016, with the exception of zooplankton composition by
biomass in Area 8, which did not return to baseline conditions.
Changes in plankton abundance and biomass were observed in the raised lakes and are likely occurring in
response to rising water levels. Water levels in Lake D2/D3 have not yet stabilized and the lake is still
considered to be in a transition period. Monitoring during the 2017 open-water season will verify whether
the observed trends in the raised lakes continue.
The change in zooplankton abundance in Lake N11 triggered a Low Action Level for toxicological
impairment. However, between 2014 and 2016, no change or an increase in zooplankton abundance was
observed in Lake N11 in two of the three sampling events, and between 2015 and 2016, zooplankton
abundance either increased or stayed constant in during all three sampling events. Therefore, the Action
Level trigger resulted primarily from year-to-year variation in the reference lakes, which was different form
that observed in Lake N11. These observations, along with water quality results, suggest that a toxicological
effect on zooplankton abundance in Lake N11 is highly unlikely.
The change in zooplankton community composition in Area 8 relative to previous years triggered a Low
Action Level for nutrient enrichment. Concentrations of nutrients did not increase in Area 8 between
baseline and 2016; however, an increase in chlorophyll a concentrations was observed in this lake. It is
possible that other possible Mine-related changes, such as the disconnection of Area 8 from the rest of
Kennady Lake and the resulting reduced watershed area or flows, may have caused the shift in zooplankton
community composition observed in Area 8 in 2016.
The observed changes in 2016 were consistent with predictions of a negligible to low level effect on the
plankton community in the core lakes.
Benthic Invertebrates
The benthic invertebrate community component of the AEMP (Section 8) monitors for potential effects of
the Mine on benthic invertebrates due to changes in water or sediment quality, or changes to flows and
water levels. Benthic invertebrates are small animals (e.g., insects, worms, snails, and crustaceans) that
live on the lake or stream bottom, and are an important food source for fish.
The AEMP benthic invertebrate community survey was completed in September 2016, at the same time as
the sediment quality survey. Benthic invertebrates were sampled in two core lakes (Area 8 and Lake N11),
two reference lakes (East Lake and Lake 3), one raised lake (Lake D2/D3), and five streams downstream
of the Mine site in the L and M watersheds (Streams K5, L2, L3, M4, and M2). Five stations were sampled
in each lake and one station was sampled in each stream.
Analysis of the benthic invertebrate data in core and reference lakes did not show consistent evidence of
Mine-related effects on the benthic invertebrate community. Some variables, such as total invertebrate
density and the densities of common taxa, increased in Area 8 in 2016 relative to East Lake, but not relative
to Lake 3, where density also increased. In Lake N11, densities of fingernail clams and a type of midge
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showed consistent overall decreases relative to both reference lakes. However, in both cases, densities
were within the normal range in 2016. Relationships between benthic invertebrate variables and sediment
characteristics, such as particle size and organic carbon content, showed that habitat variation partly
explained the observed changes in the benthic invertebrate community. In addition, natural year-to-year
variation in the benthic invertebrate community may have also contributed to the differences seen among
years.
The analysis for Lake D2/D3 detected some differences in benthic invertebrate community variables that
were consistent with the expected effects from increased water levels resulting from construction of Dyke F.
Total invertebrate density and the densities of two common midges increased between the pre-dyke (2015)
and post-dyke (2016) monitoring periods. These increases were driven by density changes in basin D3,
whereas in basin D2, invertebrate density remained within a similar range or decreased between 2015 and
2016. Additional monitoring is needed to confirm that these effects are related to the change in water level.
Benthic invertebrate data from streams in 2016 provided no clear indication that reduced water flows in
streams downstream of Area 8 resulted in an ecologically meaningful disturbance to the benthic
invertebrate community.
The Low Action Level for nutrient enrichment was triggered in Area 8 by lake-wide means for total density,
richness, and densities of three common invertebrates, which were above normal ranges. In Lake N11,
densities of two invertebrates had significant BACI effects compared to both reference lakes, with
decreasing densities compared to both reference Lakes, which triggered a Low Action Level for
toxicological impairment. Although some of the variables satisfied the Low Action Level conditions, overall,
results of the benthic invertebrate assessment do not provide consistent evidence that toxicity or nutrient
enrichment-related effects have occurred in the core lakes.
Overall, the benthic invertebrate component results in 2016 were consistent with EIS predictions of a
negligible effect in the core lakes. Increased habitat area and reduced density in deep areas were predicted
for Lake D2/D3, once water level increased. Since water levels in Lake D2/D3 have not yet stabilized,
additional monitoring will be needed to confirm these predictions.
Fish Habitat and Community
In 2016, the controlled area of Kennady Lake was being partially dewatered to Lake N11, while no
dewatering to Area 8 occurred. Diversion flows from Lake A1 to Area 8 via Lake J1 continued, consistent
with the Construction Water Management Plan to manage water levels in Lake A1. This inflow source to
Area 8 represented a small inflow volume relative to the annual discharge volume from Area 8.
When the flow of water (or discharge) in a stream becomes higher or lower than normal, it can sometimes
cause erosion or changes to the habitat that fish use. These changes may prevent fish from getting to
spawning areas, or may change the quality of those spawning areas. Small, newly-hatched, or young fish
may also be swept downstream because of faster flows, which may prevent them from rearing in the
habitats that they need.
The purpose of the fish habitat and community component of the AEMP (Section 9) was to monitor the fish
habitats and communities downstream of the lake outlets near the Mine, and to compare the actual changes
to the fish habitats and the movement of fish with those that were predicted in the EIS. Flow was monitored
by the hydrology component during the 2016 open-water season at the outlets of potentially affected lakes.
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The streams downstream of Area 8 were monitored for changes in fish habitat and community to evaluate
the effects of the changes in flows from dewatering. No fish habitat and community monitoring was required
downstream of Lake N11 in 2016 under the AEMP.
Known places where barriers form in the streams downstream of Area 8 during low flows were visited in
2016 under varying flow conditions. These barriers can make it difficult or impossible for large fish to get
through, due to low water flow and shallow depths over boulders. Changes in habitats that could prevent
fish from getting to spawning areas, or change the quality of those spawning areas, were examined. Rearing
habitats for newly-hatched or young fish (particularly Arctic Grayling) were also looked at. Measurements
of the depth of water and the speed of the flows were taken in all of the streams to see if conditions were
still the same as those seen in previous programs, and if these conditions were what were needed for these
fish. The habitats at the location where fish were observed in the streams were recorded. Shoreline walks
were done to find fish in each stream. Each species and life stage was recorded where possible.
Monitoring showed that flows at the outlets of the lakes along the flow paths downstream of Area 8 were
comparable to those predicted in the EIS for the period Kennady Lake was isolated from Area 8, and also
lower than baseline (normal) values for the region. This is partly because 2016 was a very dry year and no
water was discharged from Kennady Lake to Area 8. The lake outlets and the streams connecting the lakes
were checked for erosion; no erosion was observed.
No changes to fish habitat and communities, outside of those predicted in the EIS, were found in streams
downstream of Area 8 in 2016. The observed changes in flows and their potential to affect Arctic Grayling
populations are temporary in nature, because downstream flow augmentation/mitigation will begin in 2017
with the implementation of the Downstream Flow Mitigation Plan, which starts with the first year of Mine
operation.
Changes to fish habitat from lower flow conditions throughout the 2016 open-water season did not change
the fish populations downstream of Area 8. They also did not prevent the 2016 spring spawning migrations
of Arctic Grayling. Arctic Grayling could still move into areas for spawning and the habitat for spawning was
still good. Arctic Grayling were caught within the streams and so were newly-hatched fish, proving that
spawning was successful in 2016.
Fish Health
The fish health component of the AEMP (Section 10) is designed to evaluate potential changes in indicators
of fish health (i.e., energy storage, energy usage, and survival) in the core lakes due to the Mine. In 2016,
this focus of this component was to continue to collect fish health data, which would be used to confirm
Ninespine Stickleback as the monitoring species and sufficiently characterize baseline conditions for this
species within core and reference lakes.
Ninespine Stickleback were identified as a monitoring species for the AEMP, based on the results of the
2015 fish health survey. While target sample sizes were achieved in Area 8 and Lake N11 in 2015, not
enough Ninespine Stickleback were collected from the reference lakes to meet baseline data requirements.
The reference sites were re-visited in 2016, and enough Ninespine Stickleback were captured to meet
AEMP sample size requirements and complete the collection of baseline data.
Several differences were observed in Ninespine Stickleback between the core and reference lakes. Larger
fish were collected from Area 8 and smaller fish were collected from Lake N11, when compared to the other
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lakes. These differences were likely related to the fishing gear used, with some gear capturing larger fish
than others. Fish collected from East Lake and Lake N11 also had smaller livers and ovaries when
compared to the Area 8 and Lake 3.
The fish health data collected in 2015 and 2016 provides a baseline for future monitoring cycles of the
AEMP. As the data collected in 2015 were obtained during the pre-operational phase of the Mine with only
dewatering discharge occurring, these data should be considered baseline for future AEMP analyses.
Fish Tissue Chemistry
The fish tissue monitoring component of the AEMP (Section 11) is designed to evaluate potential changes
in the concentrations of metals in fish tissue that may result from changes in water or sediment quality due
to the Mine. In 2016, this focus of this component was to continue to collect fish tissue chemistry data,
which would be used to confirm Ninespine Stickleback as the monitoring species and sufficiently
characterize baseline conditions for this species within core and reference lakes.
Ninespine Stickleback were identified as a monitoring species for the AEMP, based on the results of the
2015 fish health survey. East Lake and Lake 3 were re-visited in 2016, and enough Ninespine Stickleback
were captured to meet AEMP sample size requirements for the fish tissue chemistry component.
Concentrations of metals in fish tissue from Area 8 and Lake N11 were generally lower than concentrations
in East Lake and Lake 3. As the tissue chemistry data for Area 8 and Lake N11 were collected during the
pre-operational phase of the Mine, prior to operational discharge and during dewatering activities, these
differences likely represent natural background variability in these metals in fish (or analytical variability).
The tissue chemistry data collected for Ninespine Stickleback in 2015 and 2016 provide an acceptable
baseline data set for future monitoring under the AEMP.
A non-lethal fish tissue chemistry survey was also completed at Lake D2/D3 in 2016 to collect baseline
data on mercury concentrations in Northern Pike. Mercury concentrations of Northern Pike were below the
national median, but fish over 750 mm exceeded Canadian Food Inspection Agency (CFIA) commercial
consumption guidelines. The data collected in 2016 were similar to the data collected from Lake D3 in 2013
and should be considered baseline data for future monitoring.
Traditional Knowledge
Section 12 of the AEMP Annual Report provides information on how Traditional Knowledge (TK) is
incorporated into the monitoring of aquatic ecosystems around the Mine.
In 2016, De Beers invested in TK gathering by supporting Ni Hadi Xa, an Aboriginal-led environmental
group tasked with developing and implementing a TK-based monitoring program for the Mine. Ni Hadi Xa
was formed in November 2014 by five participating Aboriginal Parties and De Beers. The five Aboriginal
Parties include the Deninu Kué First Nation (DKFN), the Łutsel K’e Dene First Nation (LKDFN), the North
Slave Métis Alliance (NSMA), the Northwest Territories Métis Nation (NWTMN), and the Tlicho Government
(TG).
The priorities for 2016 included construction of a TK cabin at Fletcher Lake (located approximately 35 km
north of the Mine), as well as the formation of a framework for TK data collection. Two full time TK Monitors
travelled the land around the Mine during both the winter and the summer of 2016. Seven trips were made
by snowmobile during the winter and four trips were made during the summer. TK monitors practiced their
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traditional methods of observing the land by hunting and fishing. The development of a framework for TK
data collection was progressed with a TK workshop held in Lutsel K’e in 2016. The first recorded
observations of TK on waters downstream of the Mine, collected as part of the TK program, are anticipated
to occur in 2017.
De Beers hosted the Mine’s first formal fish tasting program in September 2016. The purpose of the fish
tasting event was to allow local elders to provide their observations on the perceived changes of fish health
and edible quality (i.e., aesthetics, flavour, and texture) in the Kennady Lake watershed compared to what
they are accustomed to from the regional area. The annual fish tasting event also served as a gathering
where local elders and De Beers employees could qualitatively evaluate the condition of large-bodied fish
(Lake Trout) in the core lakes, and provide observations on their suitability for human and animal
consumption.
Elders from several communities within the NWT attended the first annual fish tasting event including the
DKFN, LKDFN, NSMA, NWTMN, TG, and Yellowknives Dene First Nation. A total of 11 elders and/or
community members and six De Beers staff participated in the 2016 fish tasting event. Overall, the first
annual fish tasting was deemed a success, with many fish caught and all participants expressing positive
feedback about the experience.
Throughout 2016, De Beers continued to seek input by Aboriginal people to practices at site, and the state
of the environment from their perspective. Engagement activities of this type in 2016 included many
community meetings and site visits, as well as a closure workshop and a fish off-setting consultation
meeting.
Special Studies
No special studies were initiated in 2016 (Section 13). It is expected that a plume delineation study will be
conducted in the receiving environment during operational discharge from the WMP to Lake N11 and/or
Area 8.
Weight of Evidence
The WOE analysis (Section 14) combined the information and conclusions of the hydrology, water quality,
sediment quality, plankton, benthic invertebrate community, and fish habitat and community sections.
A qualitative process was used to estimate the strength (or weight) of evidence for:
•

nutrient enrichment: the process whereby nutrients such as nitrogen and phosphorus compounds in
discharges to receiving waterbodies stimulate growth of phytoplankton at the base of the food chain.
Although beneficial in small amounts, large amounts of nutrients could have negative impacts on the
lake’s existing biological community;

•

toxicological impairment: the process whereby substances such as metals released to the lake can
cause toxicity, for instance, reduced growth, reproduction, or survival of the plants and animals in the
lake; and

•

physical habitat alteration in receiving waterbodies (Area 8, Lake N11, Lake D2/D3, and downstream
streams): the process whereby Mine-related changes to water levels and flows alter the habitat and
can cause negative effects to aquatic organisms.
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The WOE process combined determinations of exposure to nutrients, toxicants, and physical habitat
stressors with measurements of field biological responses in plankton and benthic invertebrates.
For 2016, none of the impact hypotheses were strongly supported in the two core lakes (Area 8 and Lake
N11). The observed changes in exposure and biological responses in the core lakes were mild and likely
reflect natural variability. There was weak evidence for toxicological impairment and nutrient enrichment in
Lake D2/D3. Changes observed in water quality, plankton, and benthic invertebrates in Lake D2/D3 in 2016
may be due to increased water level caused by construction of Dyke F.
There is no evidence of toxicological impairment or nutrient enrichment in downstream streams. Low flow
conditions occurred in streams downstream of Area 8 due to isolation of Kennady Lake upstream of Area
8 and due to a lack of dewatering discharge to Area 8 in 2016. The EIS predicted that the flow reductions
observed in downstream streams in 2016 could result in effects to fish habitat and community, but the low
flows did not prevent the 2016 spring spawning or migrations of Arctic Grayling, and suitable Arctic Grayling
habitat was observed during field surveys. The low flow conditions are considered temporary, because the
Downstream Flow Mitigation Plan will be implemented in 2017 with the intent of augmenting flows in
downstream streams to maintain a minimum flow threshold.
Action Level Assessment
Section 15 of the AEMP Annual Report summarizes information regarding the Action Level assessment for
data collected by the AEMP during 2016. The methods for the Action Level assessment are provided in the
AEMP Response Framework for the Mine, which can be found in the AEMP Design Plan. The AEMP
Response Framework is a step-by-step approach for responding to the results of the AEMP. If a change is
identified that suggests an effect resulting from Mine activity, and the magnitude of change is greater than
a specified Action Level, De Beers must take action to respond to the monitoring result. Changes from
baseline conditions, reference lake data, or relative to the estimated range of natural variability are
considered in determining whether or not an Action Level is triggered. The specific responses depend on
the type and magnitude of the observed effects, and are developed in AEMP Response Plans to be
submitted following submission of the AEMP Annual Report.
Results of the Action Level assessment are organized according to the three impact hypotheses:
toxicological impairment, nutrient enrichment, and physical habitat alteration. During the 2016 AEMP, Low
Action Levels were triggered by the 2016 hydrology results for physical habitat alteration and by plankton
and benthic invertebrate results for toxicological impairment and nutrient enrichment:
•

Physical habitat alteration: the Lake J1 ice-cover season outlet discharge/water level Low Action Level
was exceeded for several days in late May. However, subsequent surveys indicated that the outlet
channel bank instability Low Action Level was not exceeded, as no bank erosion was observed.

•

Toxicological impairment: zooplankton abundance and two benthic invertebrate variables (i.e., Pisidium
and Micropsectra/Tanytarsus density) in Lake N11; and

•

Nutrient enrichment: zooplankton community composition (by biomass) and five benthic invertebrate
variables (i.e., total density, richness and the densities of Nematoda, Pisidium, and
Micropsectra/Tanytarsus) in Area 8.

De Beers Canada Inc.

Gahcho Kué Mine
2016 AEMP Annual Report
Plain Language Summary

xiii

May 2017

The evaluation of AEMP results for the biological components suggests that the high sensitivity of the BACI
statistical analysis, narrow normal ranges, and the highly conservative nature of the currently approved
Action Level criteria resulted in Action Levels being triggered without notable changes in water and
sediment chemistry and, in some cases, without effects consistent with the impact hypotheses. Therefore,
it is recommended that the Action Level criteria be revised during the Aquatic Effects Re-evaluation that
will be completed after the third year of the AEMP, to adjust the sensitivity of the assessment. In addition,
normal ranges used in the assessment should be refined by including 2015 (and potentially 2016)
monitoring data for some AEMP components, as appropriate, based on changes detected relative to
baseline years.
Summary and Conclusions
Section 16 of the AEMP Annual Report summarizes the main conclusions of the 2016 AEMP Report, and
highlights any potential effects of the Mine on the aquatic environment.
Overall, the results of the 2016 AEMP indicate that Mine-related changes are not occurring beyond those
predicted in the EIS, or during the Water Licence permitting process.
Changes in water quality and other supporting variables (i.e., chlorophyll a, trophic status, plankton, and
benthic invertebrates) were observed in Lake D2/D3. However, these changes are consistent with the
expected effects from the construction of Dyke F, and are reflective of a waterbody in a state of flux as
water levels have not yet stabilized. Low flow conditions in downstream streams occurred in 2016 due to
lack of dewatering to Area 8. However, low flows did not prevent the 2016 spring spawning or migrations
of Arctic Grayling and suitable Arctic Grayling habitat was observed.
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DISCLAIMER AND LIMITATIONS
Golder has prepared this document in a manner consistent with the level of care and skill ordinarily
exercised by members of the engineering and science professions currently practising under similar
conditions in the jurisdiction in which the services are provided, subject to the time limits and physical
constraints applicable to this document. No warranty, expressed or implied, is made.
This document, including text, data, tables, plans, figures, drawings, maps and other documents contained
herein, has been prepared by Golder for the sole benefit of De Beers. It represents Golder’s professional
judgement based on the knowledge and information available at the time of completion. Golder is not
responsible for any unauthorized use or modification of this document.
The factual data, interpretations, suggestions, recommendation, and opinions expressed in this document
pertain to the specific project, site conditions, design objective, development, and purpose described to
Golder by De Beers for the Gahcho Kué Diamond Mine, and are not applicable to any other project or site
location. This report is not intended to replace De Beers’ standard operating procedures provided in the
appropriate operation, maintenance, and surveillance manuals or engineering design reports for each
facility. To properly understand the factual data, interpretations, suggestions, recommendations, and
opinions expressed in this document, reference must be made to the entire document.
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INTRODUCTION
Background

De Beers Canada Inc. (De Beers) owns and operates the Gahcho Kué Mine (Mine), an open pit diamond
mine in the Northwest Territories (NWT). The Mine is located in the North Slave Region of the NWT at
Kennady Lake, approximately 140 km northwest of Łutselk’e and 280 km northeast of Yellowknife, NWT.
The Mine is approximately 80 km southeast of the Snap Lake Mine and is approximately 160 km southeast
of the Ekati Mine.
The initial application for a Land Use Permit and a Water Licence for various activities associated with the
Gahcho Kué Project (Project) was submitted to the Mackenzie Valley Land and Water Board (MVLWB) on
November 24, 2005 (De Beers 2005). The application was subsequently referred to the Mackenzie Valley
Environmental Impact Review Board (MVEIRB) for Environmental Assessment by Environment Canada on
December 22, 2005. On January 4, 2006 the Review Board commenced Environmental Assessment 0506008, and on June 12, 2006, the Review Board ordered an Environmental Impact Review 0607-001.
An environmental impact statement (EIS) for the Project was submitted to the MVEIRB on December 23,
2010 (De Beers 2010). To achieve full conformity with the Terms of Reference for the EIS issued in October
2007 (Gahcho Kué Panel 2007), Sections 8, 9, and 10 of the EIS (the aquatic key lines of Inquiry for the
EIS) were revised. The revised sections were submitted in July 2011 (2011 EIS Update; De Beers 2011),
and thereafter, the EIS achieved regulatory conformity with the Terms of Reference. In April 2012, an EIS
Supplemental Information Submission (2012 EIS Supplement; De Beers 2012a) was provided to the
MVEIRB to describe updates to the Project design (i.e., supplemental mitigation of the Fine Processed
Kimberlite Containment [PKC] Facility). On July 19, 2013 the Review Board released their Report of
Environmental Impact Review and Reasons for Decision for the Project (MVEIRB 2013). On October 22,
2013, the Minister of Aboriginal Affairs and Northern Development Canada approved the Project.
On November 28, 2013 De Beers submitted an updated Land Use Permit and Water Licence Application
package to the Board, which included an updated Project Description. On August 11, 2014 the MVLWB
issued a Type A Land Use Permit (MV2005C0032) (MVLWB 2014a) and released their Recommendation
for Approval of Type A Water Licence and Reasons for Decision for the Project (MVLWB 2014b). On
September 24, 2014, the Water Licence MV2005L2-0015 (the Water Licence) for the Mine was approved
by the Minister of Environment and Natural Resources in accordance with the Mackenzie Valley Resource
Management Act and Waters Act (MVLWB 2014c). The Water Licence was approved for a period of 14
years, expiring on September 30, 2028.
An Aquatic Effects Monitoring Program (AEMP) is a requirement of Schedule 6, Part I, Item 1 of the Water
Licence. De Beers retained Golder Associates Ltd. (Golder) for the design and implementation of the
AEMP, and reporting of AEMP results, with the exception of the traditional knowledge monitoring program
summary (Section 12), which was prepared by De Beers. The 2016 AEMP Annual Report is the second
AEMP annual report that has been prepared for the Mine after the submission of the 2015 AEMP Annual
Report (De Beers 2016a) on May 1, 2016. The 2016 AEMP Annual Report follows the study design outlined
in the AEMP Design Plan (De Beers 2016b).

De Beers Canada Inc.

Gahcho Kué Mine
2016 AEMP Annual Report
Introduction

1.2

1-2

May 2017
Section 1

Objectives

The purpose of the AEMP is to identify potential effects of the Mine on the surrounding aquatic environment
and evaluate whether aquatic ecosystems and their uses are adequately protected in areas affected by the
Mine. The specific objectives of the AEMP, in reference to Part I, Item 1 of the Water Licence, are:
•

to determine short and long-term aquatic effects of the Mine on the receiving environment
(i.e., Kennady Lake watershed, N Lake watershed, and downstream watersheds);

•

to test the predictions made in the Environmental Impact Review and other submissions to the MVLWB
regarding the impacts of the Mine on the receiving environment;

•

to evaluate whether traditional water uses in Lake N11 (outside of the initial dilution zone) and in all
waters downstream of Kennady Lake are affected by the Mine’s activities throughout construction,
operation, and closure and reclamation;

•

to assess the effectiveness of mitigation used to minimize the effects of the Mine on the receiving
environment;

•

to identify whether there is any need for additional mitigation to reduce or eliminate Mine-related effects;
and

•

to provide an early warning system where the results of aquatic monitoring are used to prevent or avoid
adverse environmental effects through a response framework and regular evaluation of the AEMP.

1.3

Document Organization

The content of the 2016 AEMP Annual Report is dictated by Schedule 6, Part I, Item 1 of the Water Licence.
To meet the Water Licence requirements and provide appropriate supporting information, this document is
organized as follows:
•

Plain Language Summary;

•

Project Overview and Study Areas (Section 2);

•

Supporting Environmental Data (Section 3);

•

Hydrology (Section 4);

•

Water Quality (Section 5);

•

Sediment Quality (Section 6);

•

Plankton (Section 7);

•

Benthic Invertebrates (Section 8);

•

Fish Habitat and Community (Section 9);

•

Fish Health (Section 10);

•

Fish Tissue Chemistry (Section 11);

•

Traditional Knowledge Monitoring Programs (Section 12);

•

Special Studies (Section 13);
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•

Weight of Evidence (Section 14);

•

Action Level Assessment (Section 15); and

•

Overall Conclusions (Section 16).
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PROJECT OVERVIEW AND STUDY AREAS

The purpose of this section is to provide a short overview of the Gahcho Kué Mine (Mine) site and phases,
including water management, a summary of the activities that occurred in 2016 that may be relevant to the
Aquatic Effects Monitoring Program (AEMP), and a description of the AEMP study areas.

2.1

Mine Description

The Mine is situated at Kennady Lake, Northwest Territories (NWT), a remote location with limited road
access (Map 2.1-1). The Mine is located about 140 km northeast of the nearest community, Łutselk’e, and
280 km northeast of Yellowknife, NWT. It is the second De Beers Canada Inc. (De Beers) mine in the NWT
after the Snap Lake Mine, which is approximately 80 km northwest of the Mine. The Mine kimberlite pipes
are mainly located under Kennady Lake (Map 2.1-2). These kimberlite pipes will be mined as open pits in
an overlapping sequence during operations (De Beers 2013a). The life of the Mine will consist of three
phases: construction (2 years), operations (11 years), and closure and reclamation (12+ years).

2.2

Mine Phases

Mine activities will occur in three phases: construction, operations, and closure (Table 2.2-1). Each phase
is briefly described in Sections 2.2.1, 2.2.2, and 2.2.3. A short summary of water management activities for
each phase is also provided, as it is relevant for the AEMP. Further details on each phase can be found in
the Updated Project Description (De Beers 2013a) and the AEMP Design Plan Version 5 (De Beers 2016a).
Table 2.2-1
Year(a)

Schedule of Mine Activities
Mine Phase

2014 to 2016

Construction

2017 to 2019
2020
2021 to 2023
2024 to 2027

Operations
Operations
Operations
Operations

2028 to 2029

Closure and Reclamation

2030 to 2039
2039+

Closure
Post-closure

Activities
Site infrastructure construction
Lake dewatering
Pre-stripping of 5034 pit
Mining – 5034 and Hearne pits
Mining – 5034, Hearne, and Tuzo pits
Mining – 5034 and Tuzo pits
Mining – Tuzo pit
Interim closure; non-essential buildings/site infrastructure removal
Commencement of lake refilling
Continued lake refilling and monitoring
Site monitoring to meet regulatory requirements

a) Years are estimates based on the current Mine plan, and may change depending on future circumstances.
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Construction

Construction activities at the Mine site commenced following the acquirement of a Type A Land Use Permit
(MC2005C0032) in August 2014 and Type A Water Licence (MV2005L2-0015) in September 2014
(MVLWB 2014c). Construction activities were planned to take place over two years, from 2014 to 2016
(Table 2.2-1). Construction activities consisted of the building of site infrastructure, including plant
construction and equipment installation, construction of various dykes, lake dewatering, and pre-stripping
of the 5034 Pit (De Beers 2013a). By the end of 2016, these construction activities were completed.
A key activity during the initial construction was the creation of a controlled area within the Kennady Lake
watershed (i.e., Areas 1 to 7 of Kennady Lake; Map 2.1-2), in which water will be managed so that water
potentially affected by the Mine is contained and only released if it meets regulatory requirements. A waterretaining dyke (Dyke A) was constructed at the narrows separating Area 7 and Area 8 to isolate the
controlled area from Area 8, which is the downstream lake basin and lake outlet. Construction of Dyke A
was completed on May 7, 2015. Additionally, retention and diversion dykes have been established or are
in the process of construction, which include Dykes A1, F, G, H, I, J, K, and L (Table 2.3-1). Section 2.3.2
provides a summary of the dyke construction that took place in 2016.
The key water related activities during the construction phase included the dewatering of Areas 2 to 7 of
Kennady Lake to access the ore bodies. The objective of the dewatering program was to drain the controlled
area to the maximum extent possible so that the ore can be safely accessed for mining. The northern
portion of the lake was partially dewatered to become the water management pond (WMP), located in
Areas 3 and 5. The southern portion will continue to be dewatered to provide access to the ore bodies for
mining.

2.2.2

Operations

Mine operations commenced in October 2016 (Table 2.2-1), following initial testing of the processing plant,
which began in Q3, 2016. The ore bodies will be mined in sequence, beginning with Hearne/5034, followed
by 5034/Tuzo, and Tuzo until cessation of mining (De Beers 2013a).
For operational water management, four upper tributary watersheds (i.e., A, B, D, and E watersheds) will
be diverted away from Areas 2 to 7 so that runoff that has not been in contact with the site flows away from
the controlled area rather than into it. Watersheds B, D, and E will be diverted to the adjacent N watershed,
and the A watershed will be directed via a pipeline to Lake J1, which flows into Area 8 (De Beers 2013a).
Site runoff within the controlled area, process minewater generated on site, and groundwater flowing into
the open pits will be pumped or directed to the WMP where a portion of this water will be recycled to the
processing plant or used for dust suppression. Water will be pumped from the WMP directly to Lake N11
(or to Area 8) as required through the early stages of operations, when water quality in the WMP meets
discharge criteria (De Beers 2013a). Operational pumping from the WMP to Lake N11 was initiated on
October 29, 2016. Downstream flow mitigation will be implemented during operations (commencing 2017)
to augment flows downstream of Area 8 to avoid potential harmful effects on the fish community between
Area 8 and Lake 410 (see Section 2.4.5 of the Operational Water Management Plan; De Beers 2016c).
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Closure and Reclamation

Closure and reclamation plans for the Mine are described in the Interim Closure and Reclamation Plan
Version 3 (De Beers 2016d). Progressive reclamation of some of the areas within the controlled area, such
as the mine rock piles and fine and coarse processed kimberlite (PK) storage areas (i.e., Coarse PK Pile
and the Fine Processed Kimberlite Containment [PKC] Facility), will commence when practicable.
Within two years after completion of processing operations, most of the infrastructure, buildings, and
equipment will be disposed of on-site or removed off site (De Beers 2013a). The only exceptions will be
those facilities required to support site monitoring and the return of the planned reclaimed areas of Kennady
Lake to suitable fish habitat.
The progressive reclamation strategy adopted for the Mine will be extended to water management, where
portions of Kennady Lake will be isolated and brought back to pre-development water levels as quickly as
possible. Refilling of Kennady Lake to its original water level is anticipated to take approximately 12 years.
Natural drainage from the watershed will be augmented through supplemental pumping from Lake N11
(De Beers 2013a).

2.3

2016 Activities Relevant to the AEMP

In 2016, the Mine was in the final year of its construction phase (Map 2.1-2) and commenced its operations
phase. The main water management activities undertaken at the Mine relevant to the AEMP during this
year included dewatering from Areas 3 and 5 to Lake N11, diversion dyke construction, installation of the
operational diffuser in Lake N11, and the initiation of operational pumping from the WMP to Lake N11.

2.3.1

Dewatering

During the construction-based drawdown of Kennady Lake, water was pumped from Area 7 to Area 8 in
two phases, and from Areas 3 and 5 to Lake N11 in two phases (De Beers 2016e). The two phases of Area
7 dewatering occurred in 2014 and 2015, with Phase 1 occurring from December 20, 2014 to January 2,
2015, and Phase 2 occurring from May 19, 2015 to September 7, 2015. Dewatering of Areas 3 and 5 to
Lake N11 occurred in 2015 and 2016, with Phase 1 occurring from February 1 to October 5, 2015, and
Phase 2 occurring March 20 to May 31, 2016. Phase 2 of pumping from Areas 3 and 5 to Lake N11 occurred
during under-ice conditions only.
Dewatering was conducted in accordance with the conditions of the Water Licence (MV2005L2-0015;
Mackenzie Valley Land and Water Board [MVLWB] 2014c) and Section 2.2.1.8 of the Construction Water
Management Plan (De Beers 2015a). In the Water Licence, maximum discharge rates were specified to
prevent the total (pumped and natural) flow rate at the outlet of Lake N11 from exceeding the two-year
(median) maximum daily flow rates (i.e., total flow rate of 500,000 m3/d during discharge to Lake N11).
Pumping rates were based on site-specific hydrometric conditions to mitigate the potential for erosion and
associated effects on fish and fish habitat as a result of the sustained pumping at the outlets of the receiving
waters (De Beers 2015a). As per the Water Licence, the annual quantity of water withdrawn from Kennady
Lake could not exceed 18,650,000 m3 during the first year of dewatering and 3,450,000 m3 during
subsequent year(s).
Dewatering in 2016 commenced on March 20, 2016 and continued until May 31, 2016 when the total
discharge volume approached the maximum limit of 3,450,000 m3. A total of 3,441,795 m3 of water was
pumped from Areas 3 and 5 to Lake N11 during the 2016 dewatering event, at an overall average daily flow
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rate of 0.55 m3/s (Section 3). The total flow (pumped and natural) at the outlet of Lake N11 did not exceed
the two-year (median) maximum daily flow rate for this outlet; similarly, the annual quantity of water
withdrawn for ‘subsequent years’ of dewatering was also not exceeded (De Beers 2016e). Water
discharged to Lake N11 also met the Surveillance Network Program (SNP) water quality criteria for total
suspended solids (TSS) as specified in the Water Licence, with the exception of two TSS concentrations
(calculated from turbidity measurements) from late March, 2016 that exceeded the dewatering effluent
quality criteria (EQC) maximum acceptable concentration (MAC) for TSS (Sections 3 and 5).

2.3.2

Dyke Construction

During 2016, the construction of the following retention and diversion dykes was initiated or completed:
Dykes A1, F, G, H, I, J, K, and L. Erosion and sediment control measures, as outlined in the Erosion and
Sediment Management Plan (De Beers 2014a), were implemented to protect the aquatic receiving
environment. Table 2.3-1 provides details of the 2016 dyke construction activities. Dykes B, D, E, M, N, P,
and Q, as well as all collection pond berms, A1 perimeter berms, and water retention berms have yet to be
constructed.
Table 2.3-1

Dyke Construction Timeline, 2016

Dyke

Dyke Type

Completion Date

Activities

A1

Water Retention

June 2016

Completion of cofferdam; liner dyke construction deferred

F

Water Diversion

May 2016

Substantial completion of the dyke (currently functioning)
Final sloping and installation of instrumentation not completed

G
H

Water Diversion
Water Retention

June 2016
October 2016

Completion of cofferdam; liner dyke construction deferred
Completion of cofferdam

I

Water Retention

February 2016

Partial completion of liner dyke; remaining dyke construction
deferred

J

Water Retention

April 2016

Substantial completion occurred in March
Final completion occurred on April 29, 2016

K

Water Retention

nc

Stage 1 (Causeway) commenced in November 2015

L

Water Retention

nc

Currently under construction; commenced in June 2016

nc = not completed.

Construction of Dyke F downstream of Lakes D2 and D3 was initiated in November 2015 and completed in
May 2016. Water levels in Lakes D2 and D3 commenced raising over the open-water season in 2016 and
after June, both lakes were hydrologically joined to form a single waterbody (referred to as Lake D2/D3)
(Photo 2.3-1). Changes in water level in Lake D2/D3 resulting from dyke construction are summarized in
Section 4 (Hydrology).
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Aerial Photographs Showing Lakes D2 and D3 Pre-Dyke Construction (a), Dyke F
(b), and Lake D2/D3 Post-Dyke Construction (c)

Note: Photographs were taken on the following dates: a) May 12, 2016, b) May 15, 2016, and c) July 2, 2016.
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Installation of Lake N11 Operational Diffuser

A permanent diffuser was installed in Lake N11 in late September 2016 to support operational discharge
of water from the WMP to Lake N11 (Photo 2.3-2). As installation was completed after the conclusion of
the AEMP field programs, the diffuser location is not marked on the maps presented in this AEMP Annual
Report, but will be added to the maps in subsequent reports. The location and structural design of the
operational diffuser in Lake N11 is presented in the as-built report submitted to the Mackenzie Valley Land
and Water Board (MVLWB; De Beers 2016f). In summary, the operational diffuser is set along a horizontal
pipeline, approximately 39 m long, at the end of a 393 m long pipeline (742 mm diameter). The pipeline and
diffuser run along the lake bottom, with lock blocks positioned every 10 m and concrete ballast anchors
every 5 m to secure the pipeline. There are twelve vertical ports (i.e., 102 mm in diameter, 589 mm tall) on
the diffuser, at 3.4 m intervals; the last four ports are blinded off. Water is discharged from the vertically
positioned diffuser ports (Photo 2.3-2).

2.3.4

Operational Discharge to Lake N11

Operational pumping from the WMP to Lake N11 commenced on October 29, 2016. A total of 2,209,511 m3
of operational discharge was pumped to Lake N11 during 2016, at an overall average daily flow rate of
0.40 m3/s (Section 3). The rate of discharge ranged from 0.09 to 0.47 m 3/s. Discharges from the WMP to
Lake N11 met the operational EQC and were within the pH guidelines (i.e., between 6.5 to 9.0) at SNP 02,
as specified by the Water Licence (MV2005L2-0015; MVLWB 2014c). A plume delineation study to verify
the effectiveness of the operational discharge is scheduled to be completed in January 2017.
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Deployment of Permanent Operational Diffuser in Lake N11

Note: Photographs were taken on the following dates: a) August 31, 2016, b) September 4, 2016, c) September 7, 2016, and d)
September 9, 2016.
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Study Areas
Predicted Zone of Influence

The predicted zone of influence of the Mine within the Kennady Lake watershed, and downstream and
adjacent watersheds, includes the location of mining operations and locations of other Mine-related
activities that may cause a disturbance. The predicted zone of influence during the phases applicable to
the AEMP (i.e., construction and operations) includes the Mine footprint, the Kennady Lake watershed, the
N Lakes watershed (particularly Lake N11 and its downstream environment), the L and M lakes, Lake 410,
and the winter access road to the Mine (Map 2.4-1). The Environmental Impact Statement (EIS) predicted
negligible changes to the aquatic environment in Kirk Lake, which is downstream of Lake 410. Therefore,
during construction and operations, the predicted zone of influence of the Mine is not expected to extend
to Kirk Lake.

2.4.2

Kennady Lake and Downstream Local Study Areas

Two specific study areas were delineated in the 2010 EIS (De Beers 2010) and 2011 EIS Update
(De Beers 2011): the Kennady Lake Study Area (KLSA) and the Downstream Local Study Area (DLSA).
The KLSA includes Kennady Lake along with its headwater lakes and stream inlets, Stream K5 (the outlet
stream of Kennady Lake), and riparian zones located in the Kennady Lake watershed (Map 2.4-1). The
KLSA includes an 8.15 km2 area of Kennady Lake, which is divided into seven main areas (Areas 2, 3, 4,
5, 6, 7, and 8), as well as 32.5 km2 in watershed area including sub-watersheds A, B, D, E, F, G, J, and I.
The downstream limit of the KLSA is the Kennady Lake outflow from Area 8 (Stream K5). Kennady Lake
Areas 2, 3, 4, 5, 6, and 7 will be isolated from the upper watershed lakes that drain into Kennady Lake, and
Area 8 and its downstream water bodies, and will be partially or completely dewatered at stages during the
construction and operation of the Mine to allow mine pit development on the lake-bed. These areas will
remain isolated during closure, until Kennady Lake has been refilled, and water quality in the refilled lake
is acceptable to allow reconnection to Area 8.
The DLSA has been defined to assess the immediate direct and indirect effects of the Mine on downstream
lakes and streams and associated aquatic and semi-aquatic life (Gahcho Kué Panel 2007). It is a 739 km2
area that extends from the outlet of Stream K5 from Area 8 of Kennady Lake downstream to the outlet of
Kirk Lake, including associated watersheds (Map 2.4-1). The drainage from the adjacent N watershed joins
the natural drainage from Kennady Lake at Lake 410. The combined drainage then flows out of Lake 410
through the P watershed to Kirk Lake, and then to Aylmer Lake.
For the AEMP, the core lakes to be monitored are Area 8 of Kennady Lake, Lake N11, Lake 410, and Kirk
Lake (shown on Map 2.4-1). Once Kennady Lake is refilled after closure, it will be added to the core lake
list (i.e., sampling will no longer be limited to Area 8). The raised lakes are represented by Lake D2/D3.

2.4.3

Reference Lakes

The two reference lakes selected for the AEMP are East Lake and Lake 3 (Map 2.4-2). These lakes were
selected because of their general similarity to the core lakes in terms of water and sediment quality and
lower trophic communities, and proximity to Kennady Lake (De Beers 2016a).
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SUPPORTING ENVIRONMENTAL DATA
Introduction

Any site is affected by natural factors, independent of anthropogenic (human-sourced, such as mining)
influences. Understanding these natural factors is important when evaluating the effects of these influences
(Environment Canada 2012a). Similarly, unanticipated mining-related events that are not part of normal
operations need to be considered (e.g., accidents, spills, and malfunctions). The purpose of the Supporting
Environmental Data component of the Aquatic Effects Monitoring Program (AEMP) is to describe the
Gahcho Kué Mine (Mine) and non-Mine related modifying factors that may affect the aquatic ecosystems
in core lakes, reference lakes, downstream lakes and streams, and raised lakes. These factors need to be
accounted for during data interpretation by each AEMP component (i.e., water quality, sediment quality,
plankton, benthic invertebrates, fish habitat and community, fish health, and fish tissue).

3.2
3.2.1

Methods
Context and Data Sources

The objective of this Supporting Environmental Data section is to present data not collected as part of the
AEMP, which may be used by the main AEMP environmental components to aid in the interpretation of
component-specific data. Specifically, supplemental data may help evaluate whether observed changes
are potentially Mine-related or a result of natural factors. Therefore, data analysis in this section is limited,
with the majority of AEMP data analysis and interpretation occurring in each relevant component-specific
section.
Information collected as part of the Supporting Environmental Data section included recorded details on
general site conditions relating to Mine construction and operation to date (e.g., project description changes;
volumes of effluent discharged), as well as meteorological, dust deposition, and lake physical data.
Table 3.2-1 provides a list of the types of information collected in these three categories during 2016 and
the sources of the information. Further details on the methods used for each type of information are provided
in text following the table.
The majority of data presented in this section of the AEMP Annual Report were obtained from De Beers
Canada Inc. (De Beers) Mine site staff (e.g., Mellow 2016, pers. comm.) and monthly Surveillance Network
Program (SNP) reports (De Beers 2017a; De Beers 2016g to q).
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Types of Information Used to Characterize Site Conditions for the Aquatic Effects
Monitoring Program

Type

Information/Parameter
Project description changes
Accidents, malfunctions, and
spills
Volume of effluent
discharged
Runoff (uncontrolled with
quality concerns)
SNP stations in Area 8 and
Lake N11

General Site
Conditions

Air temperature
Precipitation
Wind speed
Meteorology and
Dust Deposition

Wind direction
Net solar radiation over water
Solar radiation
Dust deposition
Water temperature

Lake Physical
Conditions

3-2

Date of ice-off
Days of ice-cover versus
open-water
Ice thickness

Format

Source

Narrative

De Beers site staff

Narrative

De Beers site staff

Flow rate, as m3/d

De Beers site staff

Narrative; chemistry and volume data to be
provided as applicable

De Beers site staff

Water and sediment quality data

De Beers site staff

Min, mean, max, median per month and
annually, as °C
Precipitation rate, as mm/d
Mean, max, median per month and annually, as
m/s
Narrative
Min, mean, max, median per month and
annually, as W/m2
Min, mean, max, median per month and
annually, as W/m2
Deposition rate, as mg/100 cm2/30 d
Min, mean, max, median per month and per
open-water season for each sampled lake in a
shallow area and deep area, as °C
Date from site staff observations of Area 8;
information may be limited for other study lakes
Number of days of each based on site staff
observations of Area 8; information may be
limited for other study lakes
Mean thickness for each sampled lake during
the winter season, as m

De Beers site staff;
SNP monthly reports
(De Beers 2017a;
De Beers 2016g to q)

De Beers site staff;
AEMP Hydrology
Monitoring Program
De Beers site staff
De Beers site staff
AEMP Water Quality
Monitoring Program

Source: Adapted from De Beers (2016a).
mm/d = millimetres per day; mg/100 cm2/30 d = milligrams per hundred square centimetres per thirty days; SNP = Surveillance
Network Program; AEMP = Aquatic Effects Monitoring Program.

3.2.2

General Site Condition Monitoring

Conditions at the Mine site relevant to the aquatic environment (e.g., project description changes, accidents,
spills and malfunctions, effluent discharges, runoff quality concerns) were characterized by summarizing
information provided by De Beers Mine site staff. The reportable spill summary provided by De Beers was
screened for reportable spills that occurred in or near a waterbody, and of a volume considered to be large
enough to potentially affect the aquatic environment.
Water quality monitoring during dewatering and operational discharge was conducted as part of the SNP
at the edge of mixing zone and end-of-pipe stations in Lake N11 (i.e., SNP-01 and SNP-02). No discharge
from Area 7 to Area 8 occurred in 2016; therefore, water quality monitoring was not required at Stations
SNP-03 and SNP-04 in Area 8. End-of-pipe monitoring was done daily for physical parameters; an
expanded analytical suite was measured at the start and end of each drawdown period. Monitoring at the
edge of the mixing zone was done weekly for some physical parameters, and at the start and end of each
drawdown period for an expanded analytical suite. Sediment quality data were also collected at the edge
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of the mixing zone. Raw data for water and sediment quality collected for the Mine’s SNP have been
summarized in appendices within this section of the AEMP report (see Section 3.4). Results of analyses of
these data can be found in Section 5 (Water Quality) and Section 6 (Sediment Quality).

3.2.3

Meteorological and Dust Deposition Monitoring

3.2.3.1 Meteorological Monitoring
In 2016, meteorological data for the Mine were collected at two stations: the Hill Station and the Lake
Station. The reported meteorological data for 2016 was primarily collected from the Hill Station, with the
exception of the net solar radiation over water, which was measured at the Lake Station, or for hours when
data were invalid or not available from the Hill Station (e.g., during maintenance).
A permanent meteorological station (the Hill Station) was installed in July 2015 at the Mine site, and
commissioned to record data in October 2015. This station is located on a high point of land on the east
side of the Mine, according to siting standards for meteorological sites (USEPA 2000a; Meteorological
Service of Canada 2001). The Hill Station is located on a small outcrop of exposed rock on rolling low profile
tundra with no large hills or structures in the vicinity, at Universal Transverse Mercator (UTM) coordinates
591111 m east, 7036931 m north, zone 12V. Total precipitation (i.e., rainfall and frozen precipitation),
temperature, wind (i.e., speed and direction), relative humidity, and solar radiation data were collected at
the Hill Station in 2016, by instruments mounted on a 10 m tower. Table 3.2-2 provides details of each of
the sensors installed at the Hill Station.
Table 3.2-2

Hill Station Meteorological Monitoring Components
Parameter

Temperature
Air temperature (-50°C to +50°C)
Wind
Wind speed in kilometres per hour (km/h)
Wind direction degrees (°)
Standard deviation of wind direction degrees
(°)
Solar Radiation
Incoming solar radiation (W/m²)
Precipitation
Total Precipitation (mm)
Relative Humidity
Relative humidity (%)
Data Storage and Retrieval
Datalogger
Power supply
Instrument mounting

Instrumentation
Temperature sensor is housed in a radiation shield that is mounted on the tower at
approximately 2 m above ground level
Campbell Scientific HC-S3-XT (Cold spec) temperature and relative humidity
probe
Anemometer is mounted on the tower cross-beam 10 m above the ground
R.M. Young 05103 Wind Monitor, mounted at a height of 10 m
R.M. Young 05103 Wind Monitor
R.M. Young 05103 Wind Monitor (calculated internally in the datalogger using
the Yamartino algorithm)
Device mounted on the tower at approximately 2 m above ground level
Kipp & Zonen SP LITE2 Silicon Pyranometer
Device orifice at 1.5 m above ground level
OTT Pluvio2 Precipitation Gauge(a)
Relative humidity sensor housed in a radiation shield mounted at approximately
2 m above the ground at the meteorological station
Campbell Scientific HC-S3-XT
Campbell Scientific CR1000-XT (Cold Spec)
Solar panel and battery back-up
Campbell Scientific UT30 tower (10 m high)

a) The OTT Pluvio2 is on loan from the GNWT ENR.
W/m² = watts per square metre.

A lake hydro-meteorological station (the Lake Station) was installed in July 2015 on the north shoreline of
Area 8. The Lake Station is located at UTM coordinates 591687 m east, 7035781 m north, zone 12V. The
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Lake Station provides data for the calculation of lake evaporation and for supplementary hydrometeorological purposes. Rainfall, temperature, wind (i.e., speed and direction), relative humidity, net solar
radiation, water level, and water temperature data were collected at the Lake Station in 2016, by
instruments mounted on a 3 m high tripod. Table 3.2-3 provides details of each of the sensors installed at
the Lake Station.
Table 3.2-3

Lake Station Hydro-Meteorological Monitoring Components
Parameter

Instrumentation

Temperature (°C)

Four temperature sensors are installed at the station. Two are Campbell
Scientific model 109L temperature probes installed on the lake bed at nominally
1 m depth(a). A Campbell Scientific model 44212 temperature probe is mounted
in a radiation shield at nominally 1 m above the water surface. The fourth
temperature sensor is a component of the combination Campbell Scientific
model HC-S3-XT (Cold spec) temperature and relative humidity probe. It is
mounted in a radiation shield at nominally 2 m above the water surface.

Wind

Anemometer is mounted on the tower cross-beam 3 m above the shoreline

Wind speed (km/h)

R.M. Young 05103 Wind Monitor, mounted at a height of 3 m above the
shoreline

Wind direction degrees (°)

R.M. Young 05103 Wind Monitor

Standard deviation of wind direction degrees
(°)

R.M. Young 05103 Wind Monitor (calculated internally in the datalogger using
the Yamartino algorithm)

Solar Radiation

Device mounted at nominally 2 m above the water surface

Net solar radiation in kilowatts per square
metre (W/m²)

Kipp & Zonen NR LITE2 net radiometer

Precipitation

Device orifice mounted at 1 m above the ground surface

Rainfall (mm)

Texas Electronics TE525-M Tipping Bucket Rain Gauge

Relative Humidity

Relative humidity sensor housed in a radiation shield mounted at approximately
2 m above the water

Relative humidity (%)

Campbell Scientific HC-S3-XT temperature and relative humidity probe

Water level

Pressure transducer installed on the lake bed at nominally 1 m depth

Water depth (m)

OTT PLS-L water borne pressure transducer

Data Storage and Retrieval
Datalogger

Campbell Scientific CR1000-XT (Cold Spec)

Power supply

Solar panel and battery back-up

Instrument mounting

Campbell Scientific CM110 three metre tripod

a) One temperature sensor was planned to be installed at 2 m depth; however, no suitable depth could be found within the range of
the sensor cable.
W/m² = watts per square metre.

3.2.3.2 Dust Deposition Monitoring
Dust monitoring stations were established at nine sampling areas in August 2013, which extend 20 km from
the Mine in a westerly direction (Table 3.2-4; Golder 2016a). Monitoring equipment at each station
consisted of 2 or 3 steel baskets secured by hose clamps to a single galvanized steel tripod, in which 4 L
high density polyethylene (HDPE) sample collection jars for total and fixed dustfall analysis, and total metals
analysis, were housed. For total and fixed dustfall analysis, the sample collection jars were pre-loaded with
a 10 mg/L copper sulphate (CuSO4) solution (i.e., copper sulphate is added as a biocide to control bacterial
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and fungal growth, which would impact dust measurements). For total metals analysis, a separate sample
collection jar was pre-loaded with deionized water.
In 2013 and 2014, the sample jars for total dustfall, fixed dustfall, and metal concentrations were filled with
2 L of the CuSO4 solution or deionized water. However, in the 2014 and early 2015 sampling events,
sampling jars were observed to have low volumes of solution remaining, and in some cases were almost
dry. As a result, 3 L of CuSO4 solution or deionized water was used in each of the dustfall collection jars for
the remainder of the 2015 sampling program; this change in method was implemented for the 2016 program
and will be used for all subsequent sampling years.
Duplicate samples were collected for each sample type (i.e., two of dust and two of metals) at the monitoring
stations located at sampling Areas 2, 3, 6, and 7 (Table 3.2-4). Dust samples were submitted to ALS
Canada Ltd. Laboratories in Edmonton, Alberta, for analyses of total and fixed dustfall, and metal
concentrations.
Dustfall samples were collected during the following dates in 2016:
•

May 29 to July 4 (spring);

•

July 4 to August 1 (summer);

•

August 1 to September 10 (fall); and

•

September 10 to October 10 (fall).

A total of three samples were lost during the 2016 sampling program. Two losses were recorded during the
May 29, 2016 sample retrieval from sampling Areas 1 and 3, and an additional sample loss occurred during
the September 10, 2016 collection retrieval, at sampling Area 3. All three samples were broken in transit.
An investigative review revealed that the HDPE jars were cleaned by the laboratory and sent back to site
for reuse. Over time, sun exposure caused the jars to become brittle and break. Corrective actions, as a
result of the investigation, included instructing the laboratory to send new HDPE jars to site for each
program.
Table 3.2-4
Sampling
Area

Location and Number of Dust Deposition Samplers
Site Name

Distance from Mine Footprint

Total and Fixed
Dustfall Samples

Metals
Samples

Sample
Duplicate

Number of
Jars

1

13DGK001

0m

1

1

—

2

2
3
4

13DGK002
13DGK003

50 m
150 m

1
1

1
1

1
1

3
3

13DGK004

500 m

1

1

—

2

5

13DGK005

1 km

1

1

—

2

6
7
8

13DGK006
13DGK007

5 km
10 km

1
1

1
1

1
1

3
3

13DGK008

15 km

1

1

—

2

9

13DGK009

20 km

1

1

—

2

9

9

4

22

Total
Source: Golder (2016a).
— = no duplicate sample taken.
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Physical Condition Monitoring in Lakes

Water temperature and ice characteristics were measured as a component of this AEMP. Temperature
data loggers (GOES transmitter/data logger [GTX-2] with a KPSI submersible pressure model
500S1CA0B007.110 000.000B10160C) were deployed by De Beers at core lakes (Area 8 and Lake N11)
along with the hydrometric monitoring stations, to assess seasonal differences in water temperature. Water
temperature was recorded from January to December 2016. Loggers were set at a depth minimum of 1.5 m
in each lake and just above the lakebed. Temperature data loggers were set to measure water temperature
on an hourly basis (i.e., 24 readings per day).
Temperature data loggers (Solinst Levelogger “Edge”, type M5 or M2, Model 3001) were also installed by
Golder Associates Ltd. (Golder) staff in conjunction with the AEMP hydrology monitoring program
(Section 4). Water temperature was recorded for open-water season at Lake N11, Lake 410, Kirk Lake,
East Lake, Lake 3, and Lake D3, from May until September, 2016, which is the time encompassing the
principal period of growth for fish. The hydrology program data loggers were installed in less than a metre
of water at the outlets of the lakes and were set to measure water temperature every 10 minutes.
Data on ice thickness were collected during the AEMP water quality field program by Golder staff
(Section 5). Ice thickness was measured at each sampled lake during the late winter (i.e., late April to early
May) under-ice monitoring program.

3.3

Quality Assurance and Quality Control

Quality Assurance (QA) and Quality Control (QC) procedures govern all aspects of the AEMP, including
field methods, laboratory analysis, data management and analysis, and reporting. Applicable QA/QC
procedures have been outlined for the various types of information detailed in Section 3.2 (e.g., review of
meteorological data over time and identification of concerns with instrumentation; use of duplicate samples
during dust deposition monitoring). The majority of data used in this section of the AEMP report were
provided by De Beers.

3.4
3.4.1

Results
General Site Conditions

3.4.1.1 Project Description Changes
An initial Project Description for the Mine was submitted to the Mackenzie Valley Land and Water Board
(MVLWB) within the Environmental Impact Statement (EIS) for the Mine (De Beers 2010) and the EIS
Supplemental Information Submission (De Beers 2012a). An Updated Project Description for the Mine was
provided to the MVLWB as a component of the Water Licence Application submitted in February 2014 (De
Beers 2013). During the Water Licence permitting process, several plans were separated out of the Project
Description by project phase, including the water management plan. Of relevance to this AEMP is the
creation of the Construction Water Management Plan, which provides the current Project Description details
in regard to water management for the Mine (De Beers 2015a).
No major changes relevant to the AEMP occurred to the Project Description for the Mine in 2016 (Mellow
2016, pers. comm.).
In 2016, the Mine transitioned from the final year of its construction phase to the first year of operations.
This transition occurred in late September 2016 with the construction of a permanent diffuser in Lake N11
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to support operational discharge of water from the WMP (i.e., Areas 3 and 5 of Kennady Lake) to Lake N11.
Operational pumping from the WMP to Lake N11 commenced on October 29, 2016. The Operational Water
Management Plan came into effect in July 2016 (De Beers 2016c).
According to the Construction Water Management Plan (De Beers 2015a), the planned average flow rate
of discharge water from Kennady Lake to Lake N11 and Area 8 is expected to be 0.77 m3/s for each lake;
however, this may be increased to 1.5 m3/s for flows to Lake N11, depending on flow conditions. These
planned discharge rates are below the two-year (median) flow condition indicated in the EIS Supplemental
Information Submission (De Beers 2012a), which lists targets for pumped plus natural discharge of
approximately 6.0 m3/s (500,000 m3/d) at the Lake N11 outlet and approximately 1.6 m3/s (135,000 m3/d)
at the Area 8 outlet. Actual dewatering and operational discharge rates occurring in 2016 are described in
Sections 3.4.1.3 and 3.4.1.4, respectively.

3.4.1.2 Accidents, Malfunctions, and Spills
A list of accidents, malfunctions, and spills in 2016 was generated by De Beers site staff, and screened for
reportable spills that occurred in or near a waterbody, and against a volume considered to be large enough
to potentially affect the aquatic environment. Six reportable spills occurred in 2016; all of the spills listed in
Table 3.4-1, with one exception, occurred on land, with no potential impacts to surface waters. One
reportable spill occurred in the vicinity of a waterbody (March 13, 2016, on Murdock Lake); however, the
spill occurred during the winter while the lake was ice-covered. The spilled product, and contaminated snow
and ice, were immediately cleaned up and transported to the Mine site for appropriate disposal.
Table 3.4-1

Reportable Accidents, Malfunctions, and Spills from January to December, 2016

Date

Time

Description of Incident

Size of Spill

February 16, 2016

17:10

Sewage spill from a cracked plastic discharge pipe used to convey
sewage to the Waste Water Treatment Plant from a lift station that
services Dorm T2 (an accommodations trailer).

February 29, 2016

11:05

Ruptured re-fueling line resulted in a diesel fuel spill in the 5034 Pit.

200 L

March 13, 2016

10:30

Overflow during fuel transfer resulted in a diesel spill on the ice
surface of Murdock Lake, near Portage 22 of the GK Winter Spur
Road.

~25 L

July 25, 2016

18:00

Unsealed secondary bags inside the primary AN bags lead to water
infiltration, mixing with exposed AN between the primary and
secondary bags, and precipitation of dissolved AN at the base of the
bags. The AN precipitate escaped to the engineered aggregate pad at
the AN Storage Pad and the Emulsion Plant Pad. Both areas are
contained within the Controlled Area Boundary.

~2,000 kg

August 26, 2016

12:30

Failure of the flexible hydraulic return line near the base of the shovel
boom resulted in a hydraulic oil spill in 5034 Pit.

~250 L

December 29, 2016

9:00

Leaking hydraulic fluid from a 130-ton wheeled crane, located southwest of the Process Plant.

~200 L

>1,000 L

Source: Mellow (2016, pers. comm.)
AN = ammonium nitrate; > = greater than; ~ = approximately.

3.4.1.3 Dewatering
As part of the Mine construction activities at Gahcho Kué, De Beers was permitted to remove a total of
22,100,000 m3 of water from Kennady Lake over a period of two years during construction. This dewatering
was necessary to facilitate the construction of internal dyke infrastructure and open pits, located within the
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south basin of Kennady Lake. A complete summary of the drawdown activities is provided in the Kennady
Lake Drawdown Summary Report (De Beers 2016e).
For the greater part of 2016, the Mine was in the construction phase; therefore, the reportable primary
“effluent” discharge was associated with the movement of water out of Kennady Lake. No pumping from
Area 7 to Area 8 took place in 2016, as dewatering activities for this portion of Kennady Lake were
completed in September 2015. Dewatering pumping from Area 3 to Lake N11 in 2016 represented Phase
2 of dewatering during construction. This pumping occurred during the ice-cover season only, and
commenced on March 20, 2016 and continued until May 31, 2016, when the total discharge volume
approached the maximum limit of 3,450,000 m3. Throughout the dewatering period, the outlet of Lake N11
remained open, and the water elevation in Lake N11 remained below the established Action Level of 416.28
metres above sea level (masl) (De Beers 2016e).
The flow rate at the outlet of Lake N11 (SNP-18) remained below the limit of 500,000 m3/day during the
dewatering period. A total of 3,441,795 m3 of water was pumped from Area 3 to Lake N11 during Phase 2,
at an overall average daily flow rate of 0.55 m3/s (De Beers 2016e).
Overall, the drawdown of Kennady Lake occurred in four phases that took place between December 20,
2014, and May 31, 2016. A total of 22,074,702 m3 of water was removed from Kennady Lake and pumped
to the two approved receivers, Area 8 and Lake N11. The results of the monitoring of potential physical
effects confirmed that were no measurable effects to the receiving environment as a result of the drawdown
activities (De Beers 2016e).

3.4.1.4 Operational Discharge
In the fall of 2016, the Mine commenced its operations phase. A permanent diffuser was installed in Lake
N11 in late September 2016 to support operational discharge of water from the water management pond
(WMP) to Lake N11 (Section 2).
Operational pumping from the WMP to Lake N11 commenced on October 29, 2016 and continued to
December 31, 2016. A total of 2,209,511 m3 of operational discharge was pumped to Lake N11 during
2016, at an overall average daily flow rate of 0.40 m3/s (De Beers 2017). The rate of discharge ranged from
0.09 to 0.47 m3/s. Discharges from the WMP to Lake N11 met the operational discharge EQC and were
within the pH guidelines (i.e., between 6.5 to 9.0) at SNP-02, as specified by the Water Licence (MV2005L20015; MVLWB 2014a), with two exceptions.
On March 22 and 28, 2016, TSS concentrations (calculated from turbidity measurements) exceeded the
EQC maximum acceptable concentration (MAC) for TSS, and an Action Level response was triggered. In
both cases, a response plan was implemented and the samples associated with the highest calculated TSS
were submitted to ALS Canada Ltd. (ALS) for analysis, and the laboratory TSS results were reported as
below DLs (Section 5). After internal investigation, it was determined that the elevated turbidity values were
caused by off-gassing of the water sample while in the sampling cylinder as the sample temperature
increased, creating bubbles in the sample and on the measurement probe. Using these turbidity values
grossly over-estimated the corresponding TSS concentration. As a corrective action, a larger sampling
vessel is now used for sample measurement, which is allowed to thermally equilibrate before sample
measurement, and then gently stirred to dissipate any off-gassing bubbles and to make sure the sample is
well-mixed immediately prior to turbidity measurement. After the corrective action was put in place, all
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calculated TSS concentrations were below the MAC until the end of the discharge period at SNP-02 in May
31, 2016 (De Beers 2016h).
A plume delineation study to verify the effectiveness of the operational discharge diffuser in Lake N11 is
scheduled to be completed in February 2017.

3.4.1.5 Runoff Quality
Runoff is the portion of water from rain and snow that flows over land to streams, ponds, or other surface
waterbodies; it is the portion of water sourced from precipitation that does not infiltrate into the ground, or
evaporate. Management of runoff at the Mine site is described in the Construction Water Management Plan
(De Beers 2015a) and in the Erosion and Sediment Management Plan (De Beers 2014a).
The internal freshet management strategy was updated from the previous year’s version and took into
account new construction, particularly the construction of Dykes F and G. All structures near the receiving
environment that were constructed in 2015 were also addressed with the same mitigation strategies. Prior
to freshet, an assessment of potential areas of concern was performed, which highlighted construction
areas that may contribute to the mobility of sediments. Actions taken to relieve erosion concerns included
snow removal, rock placement, silt fence deployment, and monitoring. The 2016 freshet event revealed no
concerns related to sediment mobilization outside of the controlled area boundary.

3.4.1.6 Water and Sediment Quality – Surveillance Network Program
3.4.1.6.1

End-of-Pipe Discharge

Water quality was regularly monitored in end-of-pipe discharge at Station SNP-02 in Lake N11. Water
quality data are provided in Appendix 3A, in the following tables:
•

Table 3A-1: Daily Water Quality Measured at SNP-02 Lake N11 End-of-Pipe during Dewatering and
Operational Discharge, 2016.

•

Table 3A-2: Water Quality Measured at Start and End of Discharge Periods at SNP-02 Lake N11 Endof-Pipe during Dewatering and Operational Discharge, 2016.

Further discussion of these data, as relevant to the interpretation of the AEMP results, is provided in
Section 5 (Water Quality).
No discharge from Area 7 to Area 8 occurred in 2016; therefore, water quality monitoring was not required
at Station SNP-04 in Area 8.

3.4.1.6.2

Edge of Mixing Zone

Water Quality
Water quality was regularly monitored at the edge of the mixing zone at three SNP stations in Lake N11:
SNP-01a, SNP-01b, and SNP-01c. Water quality data are provided in Appendix 3B in the following tables:
•

Table 3B-1: Weekly Water Quality Measured at SNP-01 Lake N11 Edge of Mixing Zone during
Dewatering and Operational Discharge, 2016.
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Table 3B-2: Water Quality Measured at Start and End of Discharge Period at SNP-01 Lake N11 Edge
of Mixing Zone during Dewatering and Operational Discharge, 2016.

Further discussion of these data, as relevant to the interpretation of the AEMP results, is provided in
Section 5 (Water Quality).
No discharge from Area 7 to Area 8 occurred in 2016; therefore, water quality monitoring was not required
at SNP stations SNP-03a, SNP-03b, and SNP-03c in Area 8.

Sediment Quality
Sediment quality was measured at the edge of the mixing zone at three SNP stations in Lake N11:
SNP-01a, SNP-01b, and SNP-01c. These data, and analysis of these data, are provided in Section 6
(Sediment Quality) and Appendix 6C.
No discharge from Area 7 to Area 8 occurred in 2016; therefore, sediment quality monitoring was not
required at SNP stations: SNP-03a, SNP-03b, and SNP-03c in Area 8.

3.4.2

Meteorological and Dust Deposition Monitoring

3.4.2.1 Air Temperature
Table 3.4-2 provides summary statistics for air temperature at the Mine site on a monthly and annual basis
for 2016. The minimum air temperature was approximately -41°C in February while the maximum air
temperature was approximately 28°C, recorded in July.
Table 3.4-2
Month

Summary Statistics of Air Temperature at the Gahcho Kué Mine, 2016
Minimum
(°C)

Mean
(°C)(a)

Median
(°C)(a)

Maximum
(°C)

n(b)
744

January

-37.99

-23.99

-25.19

-4.31

February

-40.69

-29.34

-30.15

-14.71

696

March

-37.19

-22.22

-23.78

-3.81

744

April

-34.46

-17.70

-19.37

7.00

720

May

-11.16

0.82

0.62

13.98

744

June

0.55

11.32

10.84

27.03

720

July

5.33

14.50

14.11

28.23

740

August

4.16

12.56

12.24

25.31

744

September

-3.59

5.24

5.41

17.27

720

October

-24.73

-5.65

-4.37

0.42

744

November

-25.48

-11.11

-9.70

0.93

720

December

-40.38

-26.78

-28.73

-4.31

744

Annual

-40.69

-7.63

-5.79

28.23

8,780

a) Mean and median were calculated based on hourly average temperatures.
b) Data reported on an hourly basis.
n = sample size.
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3.4.2.2 Total Precipitation
Table 3.4-3 provides the total precipitation (including both rainfall and frozen precipitation such as snow or
hail) measured at the Mine site on a daily basis. During 2016, August had the greatest total precipitation at
approximately 58 mm. The driest month in 2016 was December, with less than 1 mm of total precipitation
recorded. Overall, a total of 216 mm of precipitation was recorded during 2016.
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Daily Total Precipitation at the Gahcho Kué Mine, 2016
Total Precipitation (mm) by Month

Day

January

February

March

April

May

June

July

August

September

October

November

December

1

0.98

0.00

0.00

0.08

0.00

0.12

0.00

0.00

0.73

0.00

0.00

0.00

2

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

1.21

0.00

0.00

0.00

3

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.13

0.00

0.88

0.00

4

0.09

0.00

0.00

0.81

0.00

0.00

0.00

0.00

1.55

0.00

0.48

0.99

5

0.00

0.00

0.00

0.00

5.59

0.00

0.00

12.51

0.74

0.00

0.21

0.00

6

0.00

0.00

0.00

0.00

0.08

0.00

0.00

0.52

0.00

0.00

0.00

0.00

7

0.00

0.00

0.00

0.00

0.12

0.97

0.00

0.00

3.50

0.00

0.00

0.00

8

0.00

0.00

0.32

0.00

0.00

3.36

0.00

0.00

6.78

0.00

0.08

0.00

9

0.00

0.00

0.00

0.00

7.47

0.41

0.00

0.24

1.52

0.00

0.00

0.00

10

0.00

0.00

0.00

0.00

0.00

0.00

6.66

0.00

0.00

0.00

0.00

0.00

11

0.00

6.13

0.00

0.00

0.00

0.00

0.00

5.85

0.00

0.14

0.20

0.00

12

0.00

0.08

0.00

0.00

0.00

12.74

0.00

11.68

0.11

0.08

0.00

0.00

13

0.00

0.71

0.00

0.00

0.00

6.62

0.00

0.00

1.61

0.17

0.00

0.00

14

0.00

0.00

0.00

0.00

0.44

0.12

0.15

0.00

0.55

0.00

0.00

0.00

15

0.00

0.00

0.00

0.00

0.15

9.53

0.00

0.00

0.55

0.00

0.00

0.00

16

0.00

0.00

0.00

0.00

0.29

0.00

2.54

0.00

0.08

0.00

0.97

0.00

17

0.00

0.09

1.27

0.00

0.00

0.35

0.00

6.00

0.07

0.00

0.00

0.00

18

0.00

0.00

0.00

0.15

1.87

0.08

0.82

0.00

0.00

0.00

0.00

0.00

19

0.00

0.00

0.00

5.41

0.00

3.44

9.27

0.00

0.00

0.00

0.00

0.00

20

0.00

0.00

0.00

0.06

0.00

0.00

1.10

0.00

0.21

0.38

0.00

0.00

21

0.08

0.00

0.00

0.00

0.00

0.00

0.46

0.00

0.00

0.00

0.55

0.00

22

0.00

0.00

0.00

0.00

0.70

0.00

1.48

0.00

0.00

0.00

0.00

–(a)

23

0.08

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.06

0.88

0.19

–(a)

24

0.16

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.15

0.00

–(a)

25

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

1.05

0.11

–(a)

26

0.00

0.00

0.00

0.00

0.00

0.13

1.85

0.37

0.00

0.00

0.57

–(a)

27

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.21

7.64

0.00

0.00

–(a)

28

0.19

0.00

3.29

0.00

11.48

0.00

0.00

2.00

1.25

0.00

0.00

–(a)
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Daily Total Precipitation at the Gahcho Kué Mine, 2016
Total Precipitation (mm) by Month

Day

January

February

March

April

May

June

July

August

September

October

November

December

29

0.34

0.00

0.00

0.00

0.00

0.00

1.64

16.78

0.75

0.00

0.00

–(a)

30

0.00

–

0.69

0.00

0.00

0.00

2.93

1.52

0.00

0.00

0.00

–(a)

31

0.00

–

0.35

–

2.36

–

2.13

0.00

–

0.00

–

–(a)

Total

1.92

7.01

5.92

6.51

30.55

37.87

31.03

57.68

29.04

2.85

4.24

0.99

a) The sensor was not functioning from December 22 to 31. Based on sensor readings in early January, 0.4 mm precipitation was assumed to have occurred from the December 22 to
31 at the station.
- = not applicable or data not available.
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3.4.2.3 Wind Speed and Direction
Table 3.4-4 provides summary statistics for wind speed at the Mine site on a monthly and annual basis for
2016. The maximum wind speed recorded at the Mine site was about 24 m/s, recorded in April. In
comparison, the mean value for the average wind speed was approximately 4 m/s.
Table 3.4-4

Summary Statistics of Wind Speed at the Gahcho Kué Mine, 2016

Mean

Median

Maximum

Mean

Median

Maximum

Hourly
Samples
(n)(b)

4.55

3.69

18.09

3.01

2.35

13.73

718

Maximum Wind Gust (m/s)(a,b)
Month
January

Average Wind Speed (m/s)(b)

February

4.74

4.21

13.84

3.32

2.87

11.74

685

March

4.40

4.12

12.27

3.20

2.96

8.86

744

April

6.42

5.86

24.01

4.95

4.59

17.31

720

May

7.88

7.41

19.33

5.72

5.43

14.15

744

June

8.31

7.84

20.29

5.80

5.45

14.95

720

July

7.40

7.04

19.07

4.88

4.58

12.28

740

August

6.06

5.53

16.03

3.94

3.52

10.86

744

September

8.00

7.61

23.95

5.54

5.06

17.02

720

October

5.58

5.25

13.21

3.87

3.56

9.67

744

November

4.39

3.14

15.66

2.97

2.04

12.17

617

December

4.46

4.37

9.07

2.92

3.03

5.97

321

Annual

6.12

5.51

24.01

4.26

3.78

17.31

8,217

a) 5-second gust.
b) Data reported on an hourly basis.
n = sample size.

January, February, and March had predominant winds from the north-west and east. Winds were primarily
from the east during April, May, and June. The predominant wind direction was variable for the second half
of 2016. For example, the predominant wind direction was east, south-east for July, but north, north-east
for August. Winds came primarily from the south in September and from the east, north-east in October.
The predominant wind for November was from the west, though this was a weak dominant, with several
secondary dominants (i.e., east; south-east; south). For the month of December, winds speeds were
relatively constant and wind direction was predominantly from the north-west.
Windroses for January to December, 2016 are provided in Appendix 3C.

3.4.2.4 Solar Radiation and Net Solar Radiation Over Water
Table 3.4-5 provides summary statistics for solar radiation and net solar radiation over water at the Mine
site on a monthly and annual basis for 2016. Maximum solar radiation occurred in May at 864 watts per
square metre (W/m2), with the maximum recorded net solar radiation over water also taking place during
May (i.e., 638 W/m2).
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Summary Statistics of Solar Radiation at the Gahcho Kué Mine, 2016
Net Solar Radiation Over Water (W/m2)(a,b)

Month

Median

Solar Radiation (W/m2)

Max

n

(a)

Min

Mean

Median

Max

n(a)

Min

Mean

January

-65.65

-11.35

-7.22

14.46

744

0.00

8.07

0.00

188.50

744

February

-132.40

-19.14

-15.40

35.09

696

0.00

31.71

0.00

359.30

696

March

-160.50

-20.46

-22.62

87.90

744

0.00

111.48

5.93

541.50

744

April

-176.90

-0.76

-9.49

207.70

720

0.00

208.38

111.65

718.50

720

May

-76.61

110.45

46.79

638.00

744

0.00

214.37

131.05

864.00

744

June

-86.00

142.68

78.44

603.80

720

0.00

249.69

171.00

857.00

720

July

-99.50

118.63

50.61

580.60

740

0.00

231.16

154.65

805.00

698

August

-100.40

71.56

5.44

524.20

744

0.00

169.46

70.86

749.80

744

September

-96.40

17.79

-13.36

334.80

720

0.00

87.23

11.07

572.60

720

October

-88.90

-3.33

-7.57

141.60

744

0.00

36.47

0.00

298.30

744

November

-70.36

-10.84

-5.67

19.74

720

0.00

11.03

0.00

157.20

720

December

-15.44

-2.17

-1.69

7.31

744

0.00

2.26

0.00

48.15

499

Annual

-176.90

32.95

-4.84

638.00

8,780

0.00

116.19

7.56

864.00

8,493

a) Data are reported on an hourly basis, at a height of 2 m above the water surface.
b) Data include frozen periods over ice.
c) Data were not recorded for solar radiation from December 16 to 31, 2016, due to a power failure.
W/m² = Watts per square metre; n = sample size.

3.4.2.5 Dust Deposition
The following information relating to dust deposition at the Mine in 2016 has been summarized from the
2016 Vegetation and Soils Monitoring Report (Golder 2016a). Dust collection occurred during four sampling
periods from May 29 to October 10, 2016 (Figure 3.4-1).
Dust deposition rates were generally variable across the four sampling periods, with no one sampling period
having consistently higher or lower values (Figure 3.4-1). The highest dust deposition rate (45.9 milligrams
per hundred square centimetres per thirty days [mg/100 cm2/30 d]) was measured during the August to
September 2016 sampling period at the 10 km sampling area (Area 7), but was nearly matched at two other
areas during the May to July (Areas 1 and 5) and July to August (Area 5) sampling periods. The lowest
deposition rate was below the 5 mg/100 cm2/30 d detection limit (DL) of the laboratory, and was measured
at two sampling areas: at the 0.5 km sampling area (Area 4) during September to October and at the 15 km
area (Area 8) during July to August.
Mean dust deposition rates for the study area were calculated from fixed dustfall results. Analysis was
conducted on fixed (non-organic) dustfall to isolate the effects of mineral dust from roads and other mining
operations, rather than total dustfall which includes mineral dust, plus all other aerially dispersible matter
and elements, such as insects, pollen, and other organic materials that would be deposited. In 2016, the
mean dust deposition rate for the entire study area was 28.3 mg/100 cm2/30 d, with a maximum mean
deposition rate of 35.1 mg/100 cm2/30 d and a minimum deposition rate of 23.2 mg/100 cm2/30 d.
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Dust Deposition Results From 2016

Dust Deposition (mg/100cm2/30d)

50

May 29 to July 4
July 4 to Aug 1
Aug 1 to Sept 10
Sept 10 to Oct 10
Mean for 2016

45
40
35
30
25
20
15
10
5
0
1

2

3

4

5

6

7

8

9

Sampling Area
Source: Golder (2016a).
Note:
Sampling areas are (as distance from Mine footprint): 1 = 0 m; 2 = 50 m; 3 = 150 m; 4 = 500 m; 5 = 1 km; 6 = 5 km; 7 = 10 km; 8 =
15 km; 9 = 20 km.
Duplicate samples collected at the same sampling area were averaged for calculation of summary statistics.
Values less than the laboratory DL (i.e., 5 mg/100 cm2/30 d) were set to half the DL for plotting purposes.
mg/100 cm2/30 d = milligrams per hundred square centimetres per thirty days; DL = detection limit.

3.4.3

Physical Condition Monitoring in Lakes

3.4.3.1 Water Temperature
Water temperature data were collected at Area 8 and Lake N11 from January to December 2016. These
data were collected at an approximately 2 m depth (i.e., the logger near the Lake N11 outlet was installed
on October 8, 2014 at a depth of approximately 2.1 m; the logger near the Area 8 outlet was installed on
October 9, 2014 at a depth of approximately 1.5 m).
Summary statistics for water temperature are provided in Table 3.4-6 for Area 8 and Table 3.4-7 for Lake
N11. Recorded water temperatures are illustrated in Figure 3.4-2. In general, the two core lakes had similar
temperatures over the year, with Lake N11 being slightly cooler from late March to May. For both locations,
water temperatures were elevated from June to mid-September, compared to other months of the year.
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Monthly Summary Statistics of Water Temperature for Area 8 (Core Lake), 2016
Minimum
(°C)

Mean
(°C)

Median
(°C)

Maximum
(°C)

n(a)

January

1.8

2.0

2.0

2.2

343

February

1.3

1.4

1.4

1.6

300

March

0.9

1.2

1.2

1.4

568

April

0.8

0.9

0.9

1.1

701

May

0.8

2.7

2.8

4.2

546

Month

June

2.7

9.3

9.7

19.0

720

July

12.3

16.3

16.3

20.7

744

August

10.8

14.7

15.1

18.5

744

September

2.0

7.1

6.9

11.5

711

October

-0.3

2.1

2.4

2.9

690

November

2.6

2.7

2.7

2.8

639

December

2.5

2.7

2.7

2.8

524

a) Loggers were set to collect water temperature on an hourly basis.
n = sample size.

Table 3.4-7

Monthly Summary Statistics of Water Temperature for Lake N11 (Core Lake), 2016
Minimum
(°C)

Mean
(°C)

Median
(°C)

Maximum
(°C)

n(a)

January

2.1

2.5

2.5

2.8

530

February

1.5

1.9

2.0

2.3

669

March

0.2

0.9

0.9

1.6

744

April

0.1

0.3

0.3

0.6

717

Month

May

0.5

1.6

1.6

3.1

741

June

2.2

8.5

7.9

17.0

720

July

12.2

15.8

15.7

19.8

744

August

10.1

14.4

14.8

17.5

744

September

1.8

6.8

6.7

11.2

711

October

-0.4

2.1

2.5

2.9

693

November

2.7

3.0

3.0

3.2

639

December

2.5

2.8

2.8

3.1

332

a) Loggers were set to collect water temperature on an hourly basis.
n = sample size.

Water temperature data were collected at various AEMP lakes (i.e., core lakes: Lake N11, Lake 410, Kirk
Lake; reference lakes: East Lake, Lake 3, and one raised lake: Lake D3) between May and September,
2016, as part of the AEMP hydrology monitoring program (see Section 4 for additional hydrology data).
Water temperature data were collected in shallow water (i.e., less than 1 m depth). Summary statistics for
water temperature data are provided in Table 3.4-8. In general, water temperatures were similar among the
lakes during the open-water season, with only Lake D3 having lower temperatures from July to mid-August
compared to other lakes (Figure 3.4-3).

De Beers Canada Inc.

Gahcho Kué Mine
2016 AEMP Annual Report
Supporting Environmental Data
Table 3.4-8
Lake
Designation

Lake

Month

Lake N11(a)

Lake 410(b)

Kirk Lake(c)

East Lake

(d)

Reference

Lake 3

(e)

Raised

May 2017
Section 3

Summary Statistics for Water Temperature Recorded for the AEMP at Various
Lakes during the Hydrology Monitoring Program, 2016

May

Core

3-18

Lake D3(f)

Minimum
(°C)

Mean
(°C)

Median
(°C)

Maximum
(°C)

n(g)

1.28

2.22

2.20

3.54

2,592

June

2.31

8.88

8.14

20.25

2,900

July

12.00

16.29

16.03

20.20

2,975

August

10.35

15.01

15.34

19.53

2,975

September

7.38

9.08

8.92

11.53

1,123

May

0.63

1.81

1.71

3.57

2,210

June

2.39

8.78

7.08

20.34

2,900

July

10.05

16.27

16.21

21.99

2,976

August

10.03

14.84

14.95

22.04

2,976

September

6.85

9.22

9.13

12.71

1,136

May

1.72

2.95

3.01

3.98

2,532

June

3.22

6.53

5.68

15.49

2,900

July

13.85

15.90

15.95

18.82

2,976

August

11.77

14.80

14.74

18.13

2,976

September

8.62

11.24

11.19

13.59

1,136

May

-0.16

1.44

1.09

4.13

2,357

June

1.59

7.22

5.79

17.19

2,900

July

12.11

14.51

14.46

17.45

2,976

August

11.60

14.31

14.48

17.43

2,976

September

7.78

10.25

10.16

12.81

1,136

May

-0.39

2.07

2.37

4.99

2,322

June

2.98

9.29

8.07

19.15

2,900

July

11.24

15.97

15.93

22.61

2,976

August

9.44

14.27

14.63

18.45

2,976

September

5.63

8.74

8.52

11.89

1,140

May

-0.26

2.16

2.22

6.50

2,336

June

3.45

10.95

10.69

20.48

2,900

July

8.08

12.15

11.44

20.39

2,976

August

8.02

12.41

11.62

21.30

2,976

September

4.73

8.05

7.96

11.58

1,208

a) Data collection began May 14 and ended September 12, 2016.
b) Data collection began May 16 and ended September 12, 2016.
c) Data collection began May 14 and ended September 12, 2016.
d) Data collection began May 15 and ended September 12, 2016.
e) Data collection began May 15 and ended September 13, 2016.
f)

Data collection began May 15 and ended September 13, 2016.

g) Loggers were set to record water temperature every 10 minutes.
n = sample size.
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Figure 3.4-2

Water Temperature Recorded in Area 8 and Lake N11, 2016

Figure 3.4-3

Water Temperature Recorded in Various AEMP Lakes during the Hydrology
Monitoring Program, May to September 2016

De Beers Canada Inc.

Gahcho Kué Mine
2016 AEMP Annual Report
Supporting Environmental Data

3-20

May 2017
Section 3

3.4.3.2 Date of Ice-off and Number of Days of Ice-Cover Versus
Open-Water
Ice-off for Kennady Lake (including Area 8) and Lake N11 occurred on approximately June 9, 2016, while
ice-cover commenced on approximately October 10, 2016 for these two lakes. This generates an openwater season of 122 days, and an ice-cover season of 243 days (Mellow 2016, pers. comm.).

3.4.3.3 Ice Thickness
Ice thickness was recorded during the AEMP water quality field program at each sampled lake during the
late winter (i.e., late April to early May) ice-cover monitoring program. Table 3.4-9 provides the range of ice
thickness values recorded during the 2016 ice-cover season program (i.e., April 20 to May 1, 2016).
Table 3.4-9

Ice Thickness Recorded at Various Lakes during the 2016 Ice-cover Season
Monitoring Program

Lake Designation
Core
Reference
Downstream
Raised

3.5

Lake
Area 8
Lake N11
Lake 410
East Lake
Lake 3
Lake L2
Lake M4
Lake D2/D3

Ice Thickness
(m)
1.2 to 1.4
1.2
1.3 to 1.5
1.1 to 1.5
1.3 to 1.5
1.1 to 1.4
1.3 to 1.7
1.1 to 1.3

Recommendations

Results of the 2016 AEMP supporting environmental data program were examined to recommend
modifications to the AEMP sampling design and data analysis. Recommendations related to the AEMP
Response Framework (e.g., for refining Action Level criteria) are provided in Section 15 (Action Levels
Assessment). The recommendations based on the 2016 AEMP results will be compiled along with all
recommendations generated during the first three years of the AEMP, and further evaluated during the
preparation of the Aquatic Effects Re-evaluation Report.
The current sampling design for the supporting environmental data program is appropriate to meet the
component objectives. No changes are recommended to improve the efficiency and effectiveness of future
monitoring under the AEMP.
The current data analysis procedures for the supporting environmental data program are appropriate to
meet the component objectives. No changes are recommended.
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HYDROLOGY

4.1

Introduction

The hydrology (surface water quantity) monitoring component of the Aquatic Effects Monitoring Program
(AEMP) evaluates potential changes to water quantity in the waterbodies receiving dewatering discharge
(i.e., Lakes J1 and N11) and downstream, and in the diversion watersheds from the raising of lake levels,
based on monitoring at the stations shown in Map 4.1-1.
The objectives of the hydrology component are:
•

to evaluate if there are any measurable short- and long-term changes to surface water quantity
(i.e., water volume and flows) in core lakes as a result of the Gahcho Kué Mine (Mine);

•

to evaluate the accuracy of the predictions made in the Environmental Impact Statement (EIS) with
respect to surface water quantity;

•

to assess the efficacy of impact mitigation strategies proposed in the Mine plan to minimize the water
quantity effects of the Mine, including stream bank and shoreline erosion;

•

to provide water quantity data to evaluate the cumulative effects that may occur due to the presence of
multiple development projects in the same area;

•

to provide the data necessary to inform adaptive management to reduce or eliminate Mine-related
effects; and

•

to recommend any necessary and appropriate changes to the water quantity component of the AEMP
for future years.

These objectives are addressed through four key questions:
•

Are changes in discharge and water level due to the Mine comparable to changes predicted in the EIS?

•

How do water quantity parameters at the Mine compare to regional data (e.g., such as annual
precipitation data from regional [Environment Canada] monitoring stations) in the hydrological context?

•

Are there temporal trends in water quantity parameters?

•

Are stream bank and shoreline erosion rates consistent with the predictions made in the EIS?

De Beers Canada Inc.
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Methods
Field Data Collection

Field programs contributing to the 2016 hydrology component included meteorological data collection,
discharge measurements at the Lake N11 and Lake N1 outlets in April 2016, snow surveys within the
Kennady Lake and L Lakes watersheds in April 2016, and open-water season discharge and water level
monitoring at the outlets of Lake N11, Area 8, two reference lakes, and nine other lakes between May and
September 2016.

4.2.1.1 Meteorological Data
Meteorological data analyzed by the hydrology component were collected for the Surveillance Network
Program (SNP) and Meteorological Monitoring Program (MMP). Meteorological data were collected at the
Hill Station (UTM 12V, 591111 m E, 7036931 m N). Full details on this station are available in the Gahcho
Kué Mine 2015 Annual Air Quality Report (De Beers 2016r).

4.2.1.2 Winter Discharge Monitoring
Winter discharge measurements were performed at the Lake N11 outlet on April 5, 2016 and at the Lake N1
outlet on April 6, 2016 as part of a program to monitor the condition of the outlets during the dewatering of
Kennady Lake Area 3. Measurements were conducted according to technical procedures for open-water
season, as the outlets did not have ice cover.

4.2.1.3 Snow Survey
Snow course surveys to determine late winter snow water equivalent (SWE) were conducted between April
7 and 10, 2016 over the range of terrain types defined by lake proximity, slope, and aspect presented by
Golder (2012). The SWE of a snowpack is the equivalent depth of water if the snowpack melted, expressed
in mm, and is calculated as the product of snow depth and density.
Thirty-nine plots were selected (Map 4.1-1) to cover all the terrain types represented within the Kennady
Lake and L watersheds, and to maintain a plot distribution similar to that used in 2013 (Golder 2014a) and
in the 2015 AEMP (De Beers 2016b). Snow depths were measured at each plot by driving a snow probe
into the snowpack and reading the depth on the probe. Two density measurements were recorded at each
plot using a snow density sampler. The sampler was carefully inserted to avoid compacting the snowpack.
Snow depth was recorded when the corer reached the soil surface. The corer was then pushed further into
the ground to ensure that a plug of soil, where present, was extracted with the sampler to prevent granular
snow from falling out. After extracting the sampler and carefully removing the soil plug, the snow mass was
measured by calculating the difference between the sampler weight with and without the snow core. These
snow depth and snow core weight measurements were used to calculate the SWE of the sample.

4.2.1.4 Discharge and Water Level Monitoring
Sites for 2016 discharge and water level monitoring (hydrometric stations) were selected to permit the
extension of existing hydrological records, further develop existing stage-discharge rating curves1, facilitate
comparison of results with baseline conditions monitored from 2004 to 2006 (De Beers 2010, Annex H),

1

These are often referred to as Open Water Rating Curves (OWRCs); hydrological terms are defined in the glossary at the end of
this section.
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2010 (De Beers 2010, Addendum HH), 2011 (Golder 2012) and 2013 (Golder 2014a), and facilitate
comparison with conditions monitored during dewatering in 2015 (De Beers 2016b). Site selection was also
intended to allow within-season comparisons of discharge between lakes downstream of Mine activities
and lakes in reference watersheds. Table 4.2-1 and Map 4.1-1 present the 2016 hydrometric stations, their
periods of operation, and the AEMP category of the associated lake. With the exception of Lake D2/D3,
each hydrometric station is located at the outlet of the lake for which it is named.
Table 4.2-1

2016 Gahcho Kué Mine Aquatic Effects Monitoring Program Hydrometric Stations
Period of Operation

Category

Outlet SNP
Station ID

Cumulative
Watershed (ha)

East Lake

15 May – 14 September

reference lake

n/a

1,957

Lake 3

15 May – 13 September

reference lake

n/a

3,316

Lake N14

14 May – 13 September

downstream lake

n/a

90

Lake N17

14 May – 12 September

downstream lake

n/a

1,856

Lake N11

Full Year

core lake

SNP 18(c)

11,528

Lake N1

1–24 January, 5 February – 8 May, 2 July –
12 September, 10 October – 31 December

downstream lake

n/a

18,252

Lake J1(b)

15 May – 14 September

raised lake

n/a

165

Full Year

core lake

SNP 19(c)

755

1–15 January, 9 February – 1 April, 5 May –
31 December

downstream lake

n/a

1,261

Lake M4

Full Year

downstream lake

n/a

2,007

Lake M2

1 January – 14 April, 7 May – 31 December

downstream lake

n/a

2,923

Lake 410

Full Year

core lake

n/a

23,126

Lake P8a

13 May – 12 September

downstream lake

n/a

24,142

Kirk Lake

14 May – 11 September

core lake

n/a

97,500

Lake D2/D3

15 May – 12 September

raised lake

n/a

449(d)

Station

a

Area 8
Lake L1a(a)

(a)

a) Details on periods of operation are provided in sections of this report specific to each monitoring station.
b) Lake J1 is composed of basins J1a and J1b and received diversion water from Lake A1 in 2016.
c) SNP station IDs obtained from the Mackenzie Valley Land and Water Board (MVLWB 2014c).
d) The cumulative watershed area for Lake D2/D3 is calculated as the difference between the area of Watershed D and the watershed
of Lake D1 as presented in the EIS.
SNP = Surveillance Network Program; n/a = not applicable or data not available.

Water pressure measurements were made to monitor water depth. Water pressure was recorded every 15
minutes at each station, during its period of operation, by a Solinst Levelogger2 integrated pressure
transducer and data logger installed during the initial site visit. Each Levelogger was deployed upstream of
the hydrological control point of the lake outlet, on rock or firm substrate, at a depth of 0.5 to 1.0 m. Water
pressure was converted to depth by compensating Levelogger data files with barometric pressure records,
for the same period, from Solinst Barologgers3 installed near the Lake L1a, Lake N11, and Kirk Lake outlets.
At Area 8 and Lakes L1a, M4, M2, N11, N1, and 410, water depth was also recorded by KPSI water level

2

Sensor accuracy for the Solinst Levelogger “Edge”, type M5, Model 3001, is ±0.05% of full scale (5.0 m). Accuracy is rounded from
2.5 to 3 mm in specifications. Sensor accuracy for the Solinst Levelogger “Edge”, type M2, Model 3001, is ±0.05% of full
scale (2.0 m), or 1 mm.

3

Sensor accuracy for the Solinst “Barologger” is ±0.05 kPa (kilopascals).
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transducers installed by De Beers in 2014 and 2015 as part of the SNP. As in 2015, SNP instrumentation
provided telemetry of hydrostatic water level during the season of ice-cover and water level during the openwater season. These records were used preferentially over Levelogger records given their length and utility
in resolving the date of initial lake outflow.
During each monitoring station visit, a levelling survey was conducted to measure the water surface
elevation (WSE) at each lake outlet against a local benchmark. This enabled the preparation of a WSE time
series from Levelogger or SNP water level data for the period of operation of each station. The elevation of
the hydrological control point (also known as zero-flow elevation or stage datum) was measured against
the benchmark at Lakes M2 and M4, as done in previous years at other monitoring stations, to enable the
conversion of WSE to stage. Benchmarks at most stations were upgraded in 2016 from paint or ink marks
to expansion bolts in bedrock or well-anchored boulders.
Manual discharge measurements were conducted according to the need for additional data points on the
Open Water Rating Curves (OWRCs). Discharge measurements followed the Water Survey of Canada
standard described by Terzi et al. (1994). Velocity and depth measurements used for discharge calculation
were collected using a Sontek Flowtracker Handheld-ADV4 and a top-setting wading rod.

4.2.2

Data Analysis and Interpretation

Mean SWE was calculated in mid-April for each of ten terrain types in the Kennady Lake and L watersheds.
The specific area represented by each terrain type in most watersheds near the Mine was determined
previously (Golder 2012, De Beers 2016b), and the watersheds of Lakes M4, M2, N1, and Kirk Lake have
been apportioned between Lake and Low Slope terrain types using data presented the EIS (De Beers 2010,
Annex H). As detailed in Section 4.4.3.2.11 and shown in Map 4.1-1, the boundary and total area of the
Kirk Lake watershed have been revised. Snow water equivalent for each terrain type in each watershed
monitored was assumed equal to values derived from field measurements in the Kennady Lake and L
watersheds. Snowmelt volumes were calculated as the product of terrain type-specific SWE and the area
of the terrain type, and reduced by 5% to account for sublimation between measurements in mid-April and
melt in early May. A 5% sublimation loss was estimated as annual snowpack loss by sublimation is reported
as 30% in the EIS (De Beers 2010, Annex H).
Rainfall in 2016 was measured near the Mine by the meteorological stations described in Section 4.2.1.1.
Measured rainfall was assumed to be representative of each watershed monitored. The total volume
available from rainfall in each monitored watershed was calculated as the product of total annual rainfall
and watershed area. Evapotranspiration (ET) from land surfaces was assumed to be equal to the mean
annual value of 66.8 mm reported in the EIS. Annual mean lake evaporation (E) was reported as 285 mm
in the EIS (De Beers 2010, Annex H). Based on 2016 meteorological data from Area 8, Priestly-Taylor
calculated E was 87.3 mm for July, 59.1 mm for August, and 11.6 mm for September. Penman Combined
calculated E was 89.1 mm for July, 58.8 mm for August, and 18.9 mm for September. The application of
these methods for this region is shown by De Beers (2016s). If June 2016 E is assumed to be 13% of total
annual E, as is suggested for baseline conditions in the EIS, then total 2016 E is approximately 187 mm.
The lake and land surface areas in each cumulative watershed were multiplied by E and ET, respectively,

4

Sensor accuracy for the Sontek “FlowTracker Handheld-ADV” is ±1% of measured velocity, ±0.5 cm/s.
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to determine the total volumes represented by E and ET in 2016. Total surface runoff volumes in 2016 at
monitored lake outlets were calculated using Equation 4.2-1.
SR = [[ ∑𝑛𝑛𝑡𝑡𝑡𝑡=1(SWE)(Area)] + (Rainfall)(WA) – (E)(Lake Area) – (ET)(Land Area)]/1000

[Equation 4.2-1]

where,
SR is total 2016 surface runoff at a lake outlet (m 3);
tt is terrain type;
SWE is snow water equivalent for each of n terrain types present in the watershed (mm);
Area is the surface area of each terrain type (m2) in a watershed;
Rainfall is total rainfall (mm);
WA is the total cumulative watershed area associated with the lake outlet (m2);
E is lake evaporation (mm); and
ET is land evapotranspiration (mm).
Water yields were calculated for each monitored watershed by dividing total surface runoff by watershed
area.
Total runoff during the period of hydrometric station operation at each lake outlet was calculated from a
discharge time series. Each discharge time series was calculated from the WSE time series and derived
stage using an OWRC. OWRCs for the stations in Table 4.2-1 were developed from field measurements
over several years, beginning as early as 2004. Measurements of stage and discharge in 2016, when
unaffected by ice and snow in the outlets, contributed to the development of the OWRCs. No OWRC was
developed for the Lake D3 outlet, as this outlet no longer exists due to the impoundment of Lake D2 by
Dyke F. Discharge during periods of outlet snowmelt and ice degradation, in some cases prior to the date
of instrumentation, was estimated for each outlet based on aerial reconnaissance and photographs.
Discharge following the autumn retrieval of non-permanent water level instrumentation was estimated using
the daily mean air temperature record and the expected number of days required for ice to aggrade to a
depth equal to the final measured outlet stage using the freezing degree day (FDD) model by Lebedev
(1938) presented by the National Snow and Ice Data Center (NSIDC 2016).

4.3

Quality Assurance and Quality Control

Measurements of WSE were taken with independent setups of a survey autolevel until two or more results
were within 2 mm in calm conditions, or within 8 mm in windy conditions. Measurements of transect station,
depth, and velocity during discharge surveys were input to the FlowTracker field computer and recorded
on a field form to minimize the potential for data loss and to permit the comparison of two independent
calculations of discharge. The form of the water depth time series from each Levelogger was inspected
following barometric compensation for evidence of logger settlement. WSE time series were inspected for
conformity with WSE measurements from levelling, and discharge time series were inspected for conformity
to measured discharges.
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Results and Discussion
Climate

Long-term (normal) monthly mean air temperature and rainfall for the Local Study Area (LSA) defined in
the EIS (De Beers 2010, Annex H) are presented in Figure 4.4-1 along with values measured at the Mine
site under the MMP in 2015 and 2016. Calculated E in 2016 was less than normal mean annual E, as
described in Section 4.2.2; however, this would not be suggested by the relation between 2016 and normal
monthly mean air temperature. In the LSA, 2016 was wetter in early summer than normal, drier in July, and
similar to normal during late summer and autumn. Total rainfall in 2016 was 176.5 mm, whereas total normal
rainfall is 167.1 mm. Total precipitation for 2016 in the LSA was 220.59 mm; normal total precipitation in
the LSA is indicated as 338.1 mm in the EIS (De Beers 2010, Annex H).
Snow survey results for 2016 are presented in Section 4.4.2.
Figure 4.4-1

Monthly Mean Air Temperature and Rainfall for the Local Study Area

MMAT = monthly mean air temperature.

4.4.2

Snow Survey

Combined snow survey results for the Kennady Lake and L watersheds are presented in Table 4.4-1.
Estimated normal undercatch-adjusted SWE for the LSA, for 1961 to 1990, is given as 161.3 mm in the
EIS. For context, snow accumulation at Lupin Climate Station, Nunavut (Climate ID 230N002) was 75 cm
on April 7, 2016 (Environment Canada 2016). Raw snow survey data are presented in Appendix 4A.
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Snow Survey Results Summary, Kennady Lake and L Watersheds, April 2016

Terrain Type
Crest
Lake
Lake Edge
Low Slope
NE Slope 10-33
NE Slope >33
NW Slope 10-33
SE Slope 10-33
SE Slope >33
SW Slope 10-33

Sample Mean Depth
(cm)
40.8
32.4
59.0
43.4
52.4
62.2
53.9
93.9
83.6
58.6

Sample Mean Density (g/cm3)

Sample
SWE (mm)

0.35
0.33
0.32
0.31
0.32
0.28
0.31
0.34
0.31
0.32

143
108
188
135
172
188
168
320
261
186

Note: there are no significant areas where terrain type is SW Slope >33 or NW Slope >33 in the LSA.
SWE = snow water equivalent; g/cm3 = grams per cubic centimetre; NE = northeast; NW = northwest; SE = southeast; SW = southwest;
> = greater than; LSA = Local Study Area.

4.4.3

Discharge and Water Level Monitoring

Measurements and time series of daily mean WSE and outlet discharge are presented in this section for
each hydrometric station, along with daily mean air temperature and total rainfall measured at the Mine.
Total daily volume pumped into the watershed is also presented. This is the volume pumped from Kennady
Lake Area 3 to Lake N11, the volume pumped from Lake A1 to Lake J1, or the sum of the two for the outlets
of Lake P8a and Kirk Lake.
Following the discussion of the hydrometric stations at the reference lakes, stations at core and downstream
lakes are discussed in the order of descending position within the N watershed (i.e., Lake N14, Lake N17,
Lake N11, and Lake N1) and then in descending position along the flow path from Lake J1 to Kirk Lake.
This approach has been taken instead of discussing stations by lake category, because of the gradual
decrease in the proportion of total runoff represented by dewatering discharge with distance downstream,
and the relevance of observations higher in the watershed to hydrological dynamics further downstream.
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4.4.3.1 Reference Lakes
4.4.3.1.1

East Lake

East Lake is a reference lake and was first visited in 2013 for AEMP hydrometric monitoring. Field activities
in 2016 are summarized in Table 4.4-2. Discharge from the lake could not be measured during the May
visit due to a frozen outlet. It is likely that the lake immediately downstream of East Lake, referred to as
Intermediate Lake 1, remained impounded by snow and ice at its outlet until late May 2016. This
impoundment was also observed in May 2015 as shown in Photo 4.4-1. Photo 4.4-2 shows conditions on
May 15, 2016. The discolouration of ice immediately downstream of the East Lake outlet suggests that local
catchment runoff into Intermediate Lake 1 might have preceded runoff into East Lake in May 2016, and that
Intermediate Lake 1 might have had a greater hydrostatic WSE than East Lake for part of May.
Data from the Levelogger installed on May 15 indicate that East Lake WSE peaked on 1 June
(Figure 4.4-2). It was assumed that melting of ice and snow at the Intermediate Lake 1 outlet resulted in
rapid drawdown of that lake, and that flow from East Lake into Intermediate Lake 1 was represented by the
OWRC (Appendix 4B) by 4 June. East Lake outlet discharge was measured using a single cross section in
July and August and computed as the sum of discharges in Channels A and B (Photo 4.4-1) in September.
Table 4.4-2

Summary of Hydrometric Monitoring, East Lake Outlet, 2016

Date

Activities

WSE
(m; non-geodetic)

Discharge
(m3/s)

May 15

Levelogger installation in hole augered through ice, WSE measurement,
benchmark upgraded to expansion bolt in bedrock

98.645

0.000(a)

July 1

Discharge and WSE measurements, Levelogger download

98.746

0.282

August 19

Discharge and WSE measurements, Levelogger download

98.599

0.044

September 12

Levelogger retrieval, WSE and discharge measurements

98.411

0.036

a) Outlet frozen.
WSE = water surface elevation.
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East Lake Outlet, May 22, 2015, 18:31 h

Note: View is to northeast, with normal flow direction as shown by arrows. Yellow circle indicates location of outlet blockage by snow
and ice. Red dots indicate the discharge measurement channels A and B (Appendix 4B).

Photo 4.4-2

East Lake Outlet, 15 May 2016, 16:17 h

Note: View to south-southeast, with East Lake in upper right of photo. Normal flow from bottom right to bottom left through East Lake
outlet in foreground. Levelogger installation site circled in yellow.
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East Lake Water Surface Elevation and Outlet Discharge, 2016

Lake 3

Field activities at Lake 3 (the second of the two reference lakes) are summarized in Table 4.4-3. Discharge
could not be measured on May 15 at the time of Levelogger installation because the outlet remained frozen.
Discharge on July 1 was taken as the sum of discharge measurements in Channels A and B (Photo 4.4-3)
which remained well defined at high water. August and September discharges were measured in
Channel C, or slightly further downstream, as was done during each visit in 2015. Based on aerial
photographs and the form of the WSE time series derived from Levelogger data, it is estimated that the
outlet discharge began on May 15 and that the outlet was free of snow and ice by May 22. A linear transition
between 0% and 100% of OWRC-derived discharge is assumed to have occurred over this period. The
OWRC for Lake 3 is presented in Appendix 4B. Additional discharge measurements taken as close as
possible to peak water levels in late May or early June are required to improve total runoff estimates from
Lake 3. Daily mean WSE and estimated or OWRC-derived discharge are presented in Figure 4.4-3.
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Summary of Hydrometric Monitoring, Lake 3 Outlet, 2016

Date

Activities

WSE
(m; non-geodetic)

Discharge
(m3/s)

May 15

Levelogger installation in augered hole in ice, WSE measurement,
benchmark upgrade to expansion bolt in bedrock

98.423

0.000(a)

July 1

WSE and discharge measurements, Levelogger download,
Levelogger relocated for improved vertical stability

98.426

0.341

August 18

WSE and discharge measurements, Levelogger download

98.285

0.134

September 13

WSE and discharge measurements, Levelogger retrieval

98.260

0.089

a) Outlet frozen.
WSE = water surface elevation.

Photo 4.4-3

Lake 3 Outlet, 13 September 2016, 10:50 h

Note: Channels A and B used for high water discharge measurement on 1 July 2016. Channel C or sites slightly further downstream
used for other discharge measurements to date. Levelogger was moved to a bedrock shelf on the lakebed, shown in the yellow circle,
on 1 July 2016. View to northeast, with flow towards camera.

De Beers Canada Inc.

Gahcho Kué Mine
2016 AEMP Annual Report
Hydrology
Figure 4.4-3

4-13

May 2017
Section 4

Lake 3 Water Surface Elevation and Outlet Discharge, 2016

4.4.3.2 Core, Raised, and Downstream Lakes
4.4.3.2.1

Lake N14

Hydrometric monitoring at the Lake N14 station was initiated in 2010. Field activities in 2016 are
summarized in Table 4.4-4. Discharge measurements were taken when the extension of the upper or lower
ends of the OWRC was considered likely. Time series of daily mean WSE and OWRC-derived discharge
are shown in Figure 4.4-4. The OWRC is presented in Appendix 4B. Water level and discharge at the Lake
N14 hydrometric station in 2016 are still considered representative of baseline conditions because surface
runoff from Lake D2/D3 directly into Lake N14, which is expected to result from the winter 2016
impoundment of that lake by Dyke F, did not occur in 2016.
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Summary of Hydrometric Monitoring, Lake N14 Outlet, 2016
Activities

WSE
(masl)

Discharge
(m3/s)
0.115

May 14

Levelogger installation, discharge and WSE measurement

425.569

July 2

WSE measurement, data download

425.328

NM

August 19

WSE and discharge measurement, data download

425.299

0.003

September 13

WSE measurement, Levelogger retrieval

425.384

NM

Note: NM does not imply that discharge was too small to be measured.
WSE = water surface elevation; masl = metres above sea level; NM = not measured.

Figure 4.4-4

Lake N14 Water Surface Elevation and Outlet Discharge, 2016
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Lake N17

Discharge and WSE were measured at the Lake N17 hydrometric station as summarized in Table 4.4-5.
Hydrometric monitoring at this station began in 2010. The OWRC (Appendix 4B) used to derive the
discharge time series presented in Figure 4.4-5 is based only on stage and discharge measurements made
since 2013 due to misalignment between 2010/2011 points and those based on more recent
measurements. Field methods and results reported in the EIS (De Beers 2010, Annex H) and by Golder
(2012) were carefully reviewed to ensure the consistent calculation of stage. Coordinates for the benchmark
used in 2010 and 2011 differed from benchmark coordinates used since 2013, and a benchmark at the
former coordinates could not be located. The two sites shown in Photo 4.4-4 have been used since 2013
for discharge measurements. While results since 2013 have produced a well-defined OWRC, it is
recommended that site A only be used at low water levels or when ice and snow preclude the possibility of
dispersed discharge to the east of this site.
Daily mean WSE and discharge for the N17 hydrometric station in 2016 are shown in Figure 4.4-5.
Maximum stage in 2016 exceeded the maximum stage measurement contributing to the OWRC by
approximately 0.75 m. The measurement of discharge at peak freshet water level, which likely occurs near
the end of the ice-affected period in late May, would be valuable in improving estimates of total annual
runoff.
Table 4.4-5
Date

Summary of Hydrometric Monitoring, Lake N17 Outlet, 2016
Activities

WSE
(masl)

Discharge
(m3/s)

May 14

Levelogger installation, discharge and WSE measurements

423.339

0.305

July 2

WSE and discharge measurements, Levelogger download, benchmark upgrade
to expansion bolt

423.229

0.193

August 19

WSE and discharge measurements

423.124

0.047

September 12

WSE and discharge measurements, Levelogger retrieval

423.132

0.055

WSE = water surface elevation; masl = metres above sea level.
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Lake N17 Water Surface Elevation and Outlet Discharge, 2016
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Lake N17 Outlet, 13 September 2016, 12:01 h

Note: Lake N17 outlet stream with Lake N17 at top. View is to south, with flow towards camera. Labels are described in text.

4.4.3.2.3

Lake N11

Field activities at the Lake N11 hydrometric station are summarized in Table 4.4-6. As in 2015, a telemetryenabled pressure transducer recorded water level in Lake N11 as part of De Beers’ SNP throughout 2016.
A Levelogger provided a backup record of water level between May 13 and September 12. WSE surveys
were conducted regularly by De Beers’ field crews during the periods of dewatering discharge and
operational discharge from Area 3 to Lake N11. SNP transducer sensor elevation was calculated using
WSE measurements and concurrent transducer depth readings on April 5, May 13, August 20 and 21, and
September 12. The resulting daily mean WSE time series is presented in Figure 4.4-6.
Daily mean discharge, also presented in Figure 4.4-6, was calculated using WSE-derived stage and the
Lake N11 OWRC (Appendix 4B). Observations by De Beers’ crews, including Photo 4.4-5, suggest that the
Lake N11 outlet remained at least partially open for the entire 2015/2016 winter. Discharge in mid-winter
was estimated as 63% of OWRC-derived discharge, as was shown by a February 14, 2015 measurement.
The proportion of OWRC-derived discharge was then linearly increased to nearly 100% on April 5, 2016
and decreased to 72% on May 13 based on discharge measurements and associated stages on those
dates (Table 4.4-6). On April 5, stage computed from levelling was within 2 cm of stage calculated from the
SNP transducer and measured discharge was similar to dewatering discharge (Figure 4.4-6). The offset
between measured and OWRC-derived discharge on April 5 may be due to changes in ice conditions at
the lake outlet.
The time series of Lake N11 outlet discharge, calculated as outlined above, is similar to dewatering
discharge from Area 3 to N11 for most of April. Dewatering discharge from Area 3 occurred between
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March 19 and May 31. Daily mean dewatering discharge was between 0.01 m3/s (March 19) and 0.64 m3/s
(April 11), averaging 0.54 m3/s. The total volume dewatered was 3,441,795 m3. Aerial reconnaissance and
the WSE time series derived from SNP telemetry suggest that the outlet was free of snow and ice by
approximately May 22. Lake N11 WSE peaked on May 31. While the OWRC is well developed for
discharges of up to 2 m3/s, it is recommended that discharge be measured at peak WSE in 2017. Peak
discharge during 2016 freshet was likely close to 5 m3/s and unaffected by snow or ice. In addition to
dewatering discharge from Area 3 in late winter and spring, Lake N11 received operational discharge from
the Water Management Pond between October 29, 2016 and January 18, 2017. Daily mean operational
discharge was between 0.09 m3/s (November 19) and 0.48 m3/s (December 21 and 23), averaging
0.41 m3/s. The total volume of operational discharge for this period was 2,253,458 m3. Outlet ice formation
likely accompanied sub-zero daily mean air temperatures in autumn. A linear change from 100% of OWRCderived discharge on October 1, 2016 towards 63% by mid-winter 2017 was assumed in order to complete
the discharge time series and enable a total runoff estimate for 2016.
Daily mean runoff at the Lake N11 hydrometric station was above median (2-year) baseline in June and
October, and similar to or below baseline in July, August, and September 2016 (Figure 4.4-7). Daily mean
runoff was below projections for the dewatering period in each month other than October. This is likely
because dewatering discharges were substantially below those assessed in the EIS. While October 2016
rainfall was below the LSA normal (2.6 mm), high daily mean runoff during this month likely resulted from
high rainfall in September. Daily mean runoff values for median baseline conditions and the dewatering
period are presented by De Beers (2012a).
Table 4.4-6

Summary of Hydrometric Monitoring, Lake N11 Outlet, 2016

Date, Time

Activities

WSE
(masl)

Discharge
(m3/s)

January 9

WSE measurement by De Beers’ crew(a)

415.854(a)

NM

March 20

WSE measurement by De Beers’ crew

415.806(a)

NM

March 29

WSE measurement by De Beers’ crew

415.899(b)

NM

April 5, 11:19

WSE and discharge measurements by De Beers/Golder crew

415.954

April 11(c)

WSE measurement by De Beers’ crew(a)

416.059(a)

NM

April 18

WSE measurement by De Beers’ crew

(a)

415.951

NM

April 25

WSE measurement by De Beers/Golder crew(a)

415.923(a)

NM

May 13, 9:36

WSE and discharge measurements, Levelogger and Barologger
installation by De Beers/Golder crew

416.028(a)

0.818

May 31

WSE measurement by De Beers/Ni Hadi Xa crew

416.188(a)

NM

July 1

Installation of expansion bolt benchmark GolderN11Bolt_1July2016
near De Beers N11 BM1 and BM2 benchmarks to facilitate levelling
surveys, WSE measurement, Levelogger and Barologger download

416.082

NM

August 20, 8:30

WSE measurement by Khione/Golder crew, crew encountered bear and
departed site

415.972

NM

August 21, 10:28

WSE and discharge measurements, Levelogger and Barologger
download by De Beers/Golder crew

415.981

0.584

September 12, 16:20

WSE and discharge measurements, Levelogger and Barologger
retrieval by De Beers/Golder crew

415.980

NM

November 6

WSE measurement by De Beers’ crew

415.990

NM

November 14

WSE measurement by De Beers’ crew

415.889

NM

November 21

WSE measurement by De Beers’ crew

415.980

NM

(a)

(a)

(a)

0.501

d
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Summary of Hydrometric Monitoring, Lake N11 Outlet, 2016
WSE
(masl)

Discharge
(m3/s)

WSE measurement by De Beers’ crew

415.970

NM

December 8

WSE measurement by De Beers’ crew

415.925

NM

December 12

WSE measurement by De Beers’ crew

415.973

NM

December 22

WSE measurement by De Beers’ crew

415.950

NM

December 27

WSE measurement by De Beers’ crew

415.921

NM

December 31

WSE measurement by De Beers’ crew

415.941

NM

Date, Time
November 27

Activities

a) WSE measured by levelling survey using De Beers Lake N11 BM1.
b) WSE measured using De Beers Lake N11 BM2.
c) Measured WSE on April 11 was about 10 cm greater than indicated by SNP telemetry. It is possible that an error was made in
reading the water level when the rod base was set at the bottom of a hole augered in ice at both sites, or that foreshot or backshot
readings were incorrectly taken.
d) Benchmark details provided in Appendix 4B; bolt benchmark used for all WSE measurements on or after July 1.
SNP = Surveillance Network Program; WSE = water surface elevation; masl = metres above sea level; NM = not measured.

Figure 4.4-6

Lake N11 Water Surface Elevation and Outlet Discharge, 2016
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Lake N11 Outlet, 24 January 2016

Note: Photo by De Beers’ field crew. View to south, with flow from right to left.

Figure 4.4-7

May 2017

Daily Mean Runoff at Lake N11 Hydrometric Station
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Lake N1

The Lake N1 hydrometric station was operated from 2004 to 2006 using benchmarks on the south side of
the Lake N1 outlet, and again in 2010 using a benchmark on the north side, as presented in the EIS
(De Beers 2010, Annex H). It was visited in autumn 2007 but was not monitored for an extended period at
that time. Monitoring at Lake N1 was resumed in 2016 for verification of monitoring results at Lake N11 and
to extend dewatering monitoring to the full N watershed. Review of the EIS enabled the identification of the
three benchmarks (BM#1, BM#3, BM#4) established in 2004 and the 2010 benchmark. Surveys of the 2010
benchmark and BM#4 on July 2 and September 15, respectively, enabled the preparation of a single OWRC
(Appendix 4B). Monitoring activities in 2016 are summarized in Table 4.4-7.
Due to damage to cables by wildlife, water level telemetry data for Lake N1 are unavailable from the SNP
station between May 8 and October 10. The station equipment was repaired and the station resumed
operation on October 10, 2016. A gap therefore exists in the WSE record between May 8 and July 2 when
a Levelogger was installed on the north side of Lake N1 near the outlet. The Lake N1 outlet remained
partially open all winter. Conditions on April 6, 2016 are shown in Photo 4.4-6. Discharge measurements in
May and August were made in three installments as shown in Photo 4.4-7.
Daily mean WSE and discharge for 2016 are presented in Figure 4.4-8. Linear interpolations were made
between surveyed WSE on May 13, May 31, and July 2 to approximate the discharge time series. The
relation between total runoff calculated for Lake N1 to that at Lake N11, as described in Section 4.4.3.14,
does not correspond with the ratio between their cumulative watershed areas. This suggests that peak
WSE was substantially greater than the value measured manually on May 31. As peak WSE occurred on
May 31 at Lake N11, Lake N1 WSE likely peaked in early June. Discharge was estimated during iceaffected periods using the same approach as described in Section 4.4.3.5 for Lake N11.
Median (2-year) baseline daily mean runoff, projections for the dewatering period and results from 2016
are presented by month in Figure 4.4-9. Daily mean runoff was similar to median baseline in October and
below median baseline in June through September. Daily mean runoff was below dewatering projections
for all months, though similar to projections in October.
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Summary of Hydrometric Monitoring, Lake N1 Outlet, 2016

Date, Time

Activities

WSE
(masl)

Discharge
(m3/s)
NM

March 29

WSE measurement by De Beers’ crew

411.318(a)

April 6, 9:56

WSE and discharge measurements by De Beers’/Golder crew

411.357

April 11(b)

WSE measurement by De Beers’ crew

411.457(a)

NM

April 18

WSE measurement by De Beers’ crew

(a)

411.350

NM

April 25

WSE measurement by De Beers’/Golder crew(a)

411.384(a)

NM

May 13, 13:48

WSE and discharge measurements by De Beers/Golder crew,
installation of benchmark “GolderN1Bolt_13May2016” and
survey against De Beers Lake N1 BM

411.432(a)

1.099

May 31

WSE measurement by De Beers/Ni Hadi Xa crew

411.638(a)

NM

July 2

WSE measurement, installation of Levelogger due to damage
to SNP station, location and survey of Golder 2010 benchmark
against De Beers N1 BM

411.499(a)

NM

August 20, 9:16

WSE and discharge measurement by Khione/Golder crew

411.413(c)

0.630

September 13, 16:18

WSE measurement and Levelogger retrieval by De
Beers/Golder crew

411.413(c)

NM

September 14, 15:23

WSE measurement, identification of 2004—2006 N1 station
benchmarks by De Beers/Golder/Khione crew

411.415(c)

NM

September 15, 8:15

WSE measurement, survey of water surface against EIS BM#4

411.433(c)

NM

(a)

0.244

a) WSE measured by levelling survey using De Beers Lake N1 BM.
b) Measured WSE on 11 April was about 10 cm greater than indicated by SNP telemetry. It is possible that an error was made in
reading the water level when the rod base was set at the bottom of a hole augered in ice at both sites, or that foreshot or backshot
readings were incorrectly taken.
c) WSE measured using “GolderN1Bolt_13May2016” benchmark.
SNP = Surveillance Network Program; WSE = water surface elevation; masl = metres above sea level; NM = not measured; EIS =
Environmental Impact Statement.
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Lake N1 Outlet, 6 April 2016, 11:51 h

Note: Downstream-facing view of Lake N1 outlet prior to snow clearing for discharge measurement. View to east, with Lake 410 (icecovered) in distance. Collapsed snow shelves on north side of the channel suggest a recent increase in discharge.

Photo 4.4-7

Lake N1 Outlet, 20 August 2016, 13:39 h

Note: Northeast-facing view of Lake N1 outlet with Lake 410 in distance. Labels A, B, and C show the locations of discharge
measurement installments
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Lake N1 Water Surface Elevation and Outlet Discharge, 2016
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Daily Mean Runoff at Lake N1 Hydrometric Station, 2016

Lake J1

Lake J1 consists of basins J1a and J1b. The Lake J1 hydrometric station is located at the outlet of basin
J1a and was operated in 2016 to monitor outlet discharge during the diversion of water from Lake A1 to
basin J1b (De Beers 2012a, Appendix 8.1). Table 4.4-8 summarizes field activities at this station and at
basin J1b in 2016. The onset of runoff from Lake J1 was rapid, occurring on May 15 and 16 as shown in
Photos 4.4-8 and 4.4-9. Peak measured WSE (422.038 metres above sea level [masl]) occurred at 8:15 on
May 16; however, the true peak may have slightly preceded the monitoring period. Freshet discharge was
measured between 16:20 and 17:11 on May 16. Although a minimal impoundment effect by snow might
have persisted at this time, the result lends more confidence to the upper end of the OWRC presented in
Appendix 4B.
Figure 4.4-10 presents daily mean WSE and discharge at the Lake J1 hydrometric station for 2016. Flow
diversion into basin J1b from Lake A1 occurred between April 26 and June 30 is also shown. Daily mean
diversion flows were between 0.001 m3/s (April 26) and 0.067 m3/s (May 24, 25, 30; June 4 and 5). Mean
daily diversion flow was 0.055 m3/s and total volume dewatered was 297,006 m3. Due to the timing of
Levelogger installation and the WSE-derived stage at the time of Levelogger retrieval, runoff from Lake J1
outside of the monitoring period is considered negligible.
As outlined in Golder (2016b), an Open Water Action Level of 421.960 masl was recommended for Lake
J1 because the associated outlet discharge of 0.126 m3/s is the 2-year annual peak mean daily discharge
modelled for this outlet in the EIS. The 2-year annual peak mean daily discharge is consistent with the level
of protection applied in the EIS Supplement (De Beers 2012a, Appendix 8.1). Due to improvements from
additional stage and discharge measurements following May 2016, the OWRC currently suggests that the
WSE associated with a discharge of 0.126 m3/s is 421.912 masl. It is recommended that 421.912 masl be
adopted as the revised Open Water Action Level. As indicated in Golder 2016c, and based on an additional
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examination of the entire channel between the Lake J1 outlet and Area 8 on July 1, the brief exceedance
of the 421.960 masl Open Water Action Level does not appear to have produced any outlet channel erosion.
Median (2-year) baseline mean daily runoff at Lake J1 for June through October, along with projections of
the same during dewatering and results for 2015 and 2016, were modelled in the EIS Supplement
(De Beers 2012a, Appendix 8.1) and are presented in Figure 4.4-11. Monthly mean daily runoff for 2016
was consistently higher than in 2015, lower than projections for dewatering in each month other than July,
exceeded baseline values in June through August, and similar to baseline in September and October.
Table 4.4-8

Summary of Hydrometric Monitoring, Lake J1 Outlet, 2016

Date, Time

Activities

WSE
(masl)

Discharge
(m3/s)

422.012(a)

NM(b)

May 15, 11:34

Levelogger installation and WSE measurement

May 16, 13:06

WSE measurement, benchmark upgraded to
“GolderJ1Bolt_16May2016”, bolt surveyed against previous
benchmark, previous benchmark elevation measured by De
Beers’ RTK-GPS survey

422.033

NMb

May 16, 15:58

WSE and discharge measurement

422.030

0.193

May 17

WSE measurement at J1b by De Beers

422.030

NM

May 18

WSE measurement at J1b by De Beers

422.020

NM

May 19

WSE measurement at J1b by De Beers

421.989

NM

May 20

WSE measurement at J1b by De Beers

421.982

NM

May 21

WSE measurement at J1b by De Beers

421.963

NM

May 22

WSE measurement at J1b by De Beers

421.951

NM

May 23

WSE measurement at J1b by De Beers

421.932

NM

May 27

WSE measurement at J1b by De Beers

421.913

NM

June 5

WSE measurement at J1b by De Beers

421.929

NM

June 10

WSE measurement at J1b by De Beers

421.897

NM

June 19

WSE measurement at J1b by De Beers

421.885

NM

June 21

WSE measurement at J1b by De Beers

421.877

NM

June 26

WSE measurement at J1b by De Beers

421.851

NM

July 1, 16:03

WSE and discharge measurements

421.804

0.050

July 24

WSE measurement at J1b by De Beers

421.692

NM

August 20, 13:48

WSE and discharge measurements

421.620

0.003

September 14, 8:33

WSE measurement and Levelogger retrieval

421.612

NM

September 18

WSE measurement at J1b by De Beers

421.653

NM

(c)

a) Geodetic elevation calculated retroactively.
b) Outlet completely blocked by snow.
c) Hydrostatic water level was common between basins J1a and J1b by the initial WSE survey of J1b; all work was done at J1a outlet
unless specified otherwise.
WSE = water surface elevation; masl = metres above sea level; RTK-GPS = realtime kinematic global positioning system.
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Lake J1 Outlet, 15 May 2016, 13:05 h

Note: View to southeast. While no moving water was observed, the subsidence of snow along both banks suggests a recent wetting
of the blocked outlet channel.

Photo 4.4-9

Lake J1 Outlet, 16 May 2016, 14:20 h

Note: View to south-southeast towards Area 8, with flow away from camera.
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Lake J1 Water Surface Elevation and Outlet Discharge, 2016
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Daily Mean Runoff at Lake J1 Hydrometric Station

Area 8

Hydrometric monitoring was performed at the Area 8 outlet in 2004 and 2005 (De Beers 2010, Annex H),
2013 (Golder 2014a), and 2015 (De Beers 2016b). Some data are also available from as early as 1996 (De
Beers 2010, Annex H) and from an autumn 2007 visit (Golder 2007). Area 8 was previously known as Basin
K5. Area 8 is a core lake, and was monitored again in 2016 to provide habitat data for biological monitoring
components, and because it conveys water diversion into Lake J1 from Lake A1.
Discharges measured in 2013 were accompanied by WSE measurements using the Golder Area 8 Outlet
Benchmark (Appendix 4B) located on the northwest side of the outlet. De Beers installed new benchmarks
(De Beers Area 8 BM1 and BM2) on the south shore of Area 8 in 2014 along with automated water level
telemetry instrumentation as part of its SNP. Benchmarks used for monitoring in 2004 and 2005 are located
on the northwest side of the outlet slightly southwest of the Golder Area 8 Outlet Benchmark. The height
difference between the Golder Area 8 Outlet Benchmark and De Beers’ benchmarks was measured as
described in the 2015 AEMP (De Beers 2016b). On August 20 and 21, 2016, the 2004 to 2005 benchmarks
were identified (Photo 4.4-10) based on review of the EIS and surveyed against the Golder Area 8 Outlet
Benchmark and De Beers’ benchmarks. Water surface elevations measured with each past discharge
measurement were converted to the geodetic datum and to stages using the stage datum determined in
the EIS. The OWRC based on all work to date is presented in Appendix 4B.
Field activities at the Area 8 outlet in 2016 are summarized in Table 4.4-9. Water depth telemetry from SNP
instrumentation, water level surveys against SNP benchmarks by De Beers’ crews, and the August 20 visit
by a De Beers/Golder crew were used to prepare the series of daily mean WSE presented in Figure 4.4-12.
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The SNP telemetry suggests that Area 8 WSE peaked on May 18. This is four days later than in 2015.
Aerial reconnaissance and the WSE record suggest that outlet runoff began around May 15 and was
unobstructed by snow or ice by May 19. It is estimated that the outlet began to freeze on October 1 and
was frozen to the bed by November 5.
Median (2-year), 10-year dry, and 100-year dry baseline daily mean runoff at Area 8 for June through
October are presented in Figure 4.4-13. Projections for the dewatering period, projections for the operations
period, and results from 2015 and 2016 are also shown. Daily mean runoff volumes in 2016 were lower
than 100-year dry baseline values in all months but June and October, and lower than projections for
operations in all months but October. The comparison with projections for operations is considered more
appropriate than with projections for dewatering because Area 8 did not receive any dewatering discharge
in 2016 from Area 7. Discharge in 2016 from Area 8 and from the lakes in the L and M watersheds
represents the operations period prior to the initiation of the Downstream Flow Mitigation Plan (DFMP). A
period of low discharge was expected after the cessation of dewatering, prior to the initiation of the DFMP.
It is expected that the DFMP will augment discharge from Area 8 when initiated in 2017.
Photo 4.4-10

Area 8 Outlet, 20 August 2016, 18:12 h

Note: View to southeast, with Area 8 outlet beyond left extent of photograph. Flow from right to left. The post by the shoreline was
referred to in the EIS as Station K5 and marked the location of an instrumentation shelter. BM#3 is unaltered in the foreground beside
the field notebook. It was identified by distance measurements and levelling surveys against the post and benchmarks BM#1 and
BM#2.
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Summary of Hydrometric Monitoring, Area 8 Outlet, 2016
Activities

WSE (a)
(masl)

Discharge
(m3/s)

May 25, 16:00

Discharge measurement by Fish Habitat crew

NM

0.550

May 28

Discharge measurement by Fish Habitat crew

NM

0.398

May 30

Discharge measurement by Fish Habitat crew

NM

0.304

May 31

Discharge measurement by Fish Habitat crew

NM

0.300

June 1

Discharge measurement by Fish Habitat crew

NM

0.234

June 5

WSE measurement by De Beers’ crew

420.734

NM

June 21

WSE measurement by De Beers’ crew

420.730

NM

July 24

WSE measurement by De Beers’ crew

420.598

NM

August 4

Discharge measurement by Fish Habitat crew

NM

0.010

August 20, 16:24

WSE and discharge measurements, benchmark identification and
surveys by Hydrology crew

420.557

0.008

August 21

Benchmark identification by Hydrology crew

August 27

WSE measurement by De Beers’ crew

September 5
September 7
September 13
September 18

NM

NM

420.526

NM

Discharge measurement by Fish Habitat crew

NM

0.007

Discharge measurement by Fish Habitat crew

NM

0.005

WSE measurement by De Beers’ crew

420.560

NM

WSE measurement by De Beers’ crew

420.549

NM

September 25

WSE measurement by De Beers’ crew

420.554

NM

October 4

WSE measurement by De Beers’ crew

420.578

NM

a) Water surface elevation measured against Area 8 BM1 or BM2.
WSE = water surface elevation; masl = metres above sea level; NM = not measured.
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Area 8 Water Surface Elevation and Outlet Discharge, 2016
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Daily Mean Runoff at Area 8 Hydrometric Station

Lake L1a

Monitoring at the Lake L1a hydrometric station was conducted in 1999, 2004 to 2007, and 2010 (De Beers
2010, Annex H), 2011 (Golder 2012), 2013 (Golder 2014a), 2015 (De Beers 2016b) and 2016. Lake L1a is
identified in this component using the suffix “a”, contrary to Lake J1, because Lake L1a is not a basin of a
larger lake. The OWRC (Appendix 4B) was refined following the version presented in the 2015 AEMP report
(De Beers 2016b) by omitting discharge measurements if the associated stage was inferred from WSE
instrumentation records rather than measured directly with a staff gauge or levelling survey. Data from
2004, 2005, and 2007 were also incorporated into the OWRC. The height difference between benchmarks
used in 2004 to 2007 and the bolt used since 2010 was determined by referring to staff gauge readings
that accompanied surveys against the former benchmarks in 2007 and the current bolt in 2011.
Table 4.4-10 summarizes hydrometric monitoring activities at the Lake L1a hydrometric station in 2016. A
Levelogger was installed near the Lake L1a outlet on May 16 to serve as a backup to the permanent
telemetry-enabled transducer installed by De Beers for the SNP program in 2015.
The time series of daily mean WSE (Figure 4.4-14) suggests that after an initial peak on May 10, Lake L1a
partially drained into Lake M4 before receiving runoff from upstream. A similar hydrograph form was
observed at freshet in 2013 (Golder 2014a). The second and slightly greater peak in WSE, on May 16, is
shown in Photo 4.4-11 and was accompanied by the first discharge measurement. The cause of the high
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variability in hydrostatic WSE prior to early April is uncertain; however, freezing of the SNP transducer is a
potential cause.
As shown in Figure 4.4-15, daily mean runoff for June 2016 was similar to values modelled by De Beers
(2012a, Appendix 8.1) for baseline 10-year dry conditions and operations. For July through October, daily
mean runoff at the L1a hydrometric station was below 100-year dry modelled runoff and runoff predictions
for operations.
Table 4.4-10

Summary of Hydrometric Monitoring, Lake L1a Outlet, 2016

Date, Time

Activities
Levelogger and Barologger installation, discharge and WSE
measurement by Hydrology crew

May 16, 17:54

WSE
(masl)

Discharge
(m3/s)

416.905

1.404

May 31, 13:50

Discharge measurement by Fish Habitat crew

NM

0.447

June 1, 9:15

Discharge measurement by Fish Habitat crew

NM

0.585

August 4, 13:15

Discharge measurement by Fish Habitat crew

NM

0.050

August 18, 11:49

Discharge and WSE measurements, Levelogger and Barologger
download by Hydrology crew

416.524

0.013

September 5, 15:25

Discharge measurement by Fish Habitat crew

NM

0.036

September 7, 15:15

Discharge measurement by Fish Habitat crew

NM

0.014

September 28, 15:43

Discharge and WSE measurements, Levelogger and Barologger
download by Hydrology crew

416.637

0.035

WSE = water surface elevation; masl = metres above sea level; NM = not measured.

Photo 4.4-11

Lake L1a Outlet, 16 May 2016, 19:30 h

Note: View to east from bolt benchmark with flow away from camera. Peak 2016 WSE occurred at 21:00 h.
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Lake L1a Water Surface Elevation and Outlet Discharge, 2016
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Daily Mean Runoff at Lake L1a Hydrometric Station

Lake M4

Hydrometric work at Lake M4 began with the characterization of outlet channel morphology, seasonal flow
conditions, and measurements of water level in 2004 and 2005 (De Beers 2010, Annex H). Discharge and
water level were measured in September 2007; however, any benchmark established as part of that work
was not located in 2016. The current Lake M4 hydrometric monitoring station was established in 2016 with
the installation of a permanent benchmark. Field activities in 2016 are summarized in Table 4.4-11.
Continuous water level telemetry from SNP instrumentation at Lake M4 has been available since summer
2015. Discharge measurements by AEMP Fish Habitat crews at the Lake M4 outlet are available for
summer and autumn 2015. A September 2015 adjustment to the depth of the SNP transducer makes their
associated stages uncertain so they have not been included in the initial OWRC presented in Appendix 4B.
The daily mean WSE record derived from SNP water level telemetry and the OWRC-derived discharge
series for the Lake M4 hydrometric station are presented in Figure 4.4-16. Aerial reconnaissance suggests
that initial runoff from Lake M4 occurred around May 12 and that flow was unaffected by snow or ice by
May 21, after the May 17 WSE peak. Outlet conditions on May 23 and the locations of discharge
measurements that day are shown in Photo 4.4-12. The final date of runoff from Lake M4, due to ice
aggradation, is estimated as October 26.
As shown in Figure 4.4-17, daily mean runoff for May 2016 was well above median (2-year) values modelled
by De Beers (2010, Annex H). Daily mean runoff was similar to modelled baseline 10-year dry conditions
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in June and was well below modelled baseline 100-year dry conditions for July through October. Daily mean
runoff was below projections for operations in each month other than May.
Table 4.4-11

Summary of Hydrometric Monitoring, Lake M4 Outlet, 2016

Date, Time

Activities

WSE
(masl)

Discharge
(m3/s)

412.757

1.560

NM

0.073

May 23, 16:07

Levelogger installation, WSE and discharge measurements,
installation of bolt benchmark “GolderM4Bolt_23May2016”

August 2

Discharge measurement by Fish Habitat crew

August 16, 11:52

WSE and discharge measurements, Levelogger download

412.354

0.054

September 27, 17:13

WSE and discharge measurements, Levelogger retrieval

416.637

0.035

September 29, 17:45

Identification of De Beers SNP Lake M4 BM, survey against
“GolderM4Bolt_23May2016”

NM

NM

WSE = water surface elevation; masl = metres above sea level; NM = not measured.

Figure 4.4-16

Lake M4 Water Surface Elevation and Outlet Discharge, 2016
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Lake M4 Outlet, 23 May 2016, 18:58 h

Note: View to north, with flow away from camera. Lake M4 in foreground. The winter road evident at right was used for access between
exploration activities at Lakes M4 and M3. Discharge measurements were performed at cross sections A and B.

Figure 4.4-17

Daily Mean Runoff at Lake M4 Hydrometric Station, 2016
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Lake M2

Lake M2 has a similar history of hydrological investigation to Lake M4. The Lake M2 hydrometric station
was established in May 2016 and work is summarized in Table 4.4-12. A discharge of 0.11 m3/s was
measured on September 1, 2007 (Golder 2007). The initial OWRC developed in 2016 is shown in
Appendix 4B.
Continuous water level telemetry from SNP instrumentation at Lake M2 has been available since summer
2015. Despite a period of inadmissible transducer readings between April 14 and May 7, 2016 that were
omitted, this record was used to derive the 2016 WSE time series instead of the record from the Levelogger
because it included the full year. As was done at Lake M4, the elevation of the SNP water level transducer
was calculated using manual WSE measurements from each visit and the corresponding depth reading in
the telemetry record. There is no indication of a shift in SNP transducer elevation in 2016. Daily mean WSE
is presented in Figure 4.4-18. Aerial photographs suggest that initial runoff from Lake M2 occurred around
May 17 and that flow was unaffected by snow or ice by May 20. Conditions are shown in Photos 4.4-13
and 4.4-14. Whereas two peaks in WSE occurred at Lake M4 during freshet, the single peak in the Lake
M2 hydrograph is likely due to attenuation in Lake M3. The discharge time series was derived from the
OWRC (Appendix 4B).
As shown in Figure 4.4-18, daily mean runoff for May 2016 is well above median (2-year) values modelled
by De Beers (2010, Annex H). Daily mean runoff was similar to modelled baseline 10-year dry conditions
in June and October, and below modelled baseline 100-year dry conditions for July through September.
Daily mean runoff in 2016 was below projections for operations in each month other than May.
Table 4.4-12

Summary of Hydrometric Monitoring, Lake M2 Outlet, 2016

Date, Time

Activities

WSE
(masl)

Discharge
(m3/s)

May 24, 13:56

Levelogger installation, WSE and discharge measurements

411.649(a)

1.931

July 1, 13:57

WSE and discharge measurements, Levelogger changed

(a)

411.359

0.214

August 16, 16:08

WSE and discharge measurements, Levelogger downloaded,
installation of “GolderM2Bolt_16Aug2016” and survey against De
Beers Lake M2 BM

411.203(b)

0.080

September 13, 15:49

WSE measurement, Levelogger retrieval in case of early freeze

411.215(b)

NM

September 27, 13:52

WSE and discharge measurements

411.228

a) WSE measured by levelling survey using De Beers Lake M2 BM.
b) WSE measured by levelling survey using GolderM2Bolt_16Aug2016.
WSE = water surface elevation; masl = metres above sea level; NM = not measured.
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Lake M2 Water Surface Elevation and Outlet Discharge, 2016
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Lake M2 Outlet, 16 May 2016, 16:51 h

Note: East-facing view of Lake M2 outlet (circled). Flow is towards camera when the outlet is unimpounded.

Photo 4.4-14

Lake M2 Outlet, 24 May 2016, 16:22 h

Note: East-facing view with Lake M2 at top and flow towards camera. Discharge measurements taken in labelled channels (A and B)
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Daily Mean Runoff at Lake M2 Hydrometric Station, 2016

4.4.3.2.10 Lakes 410 and P8a
As in 2013 (Golder 2014a) and 2015 (De Beers 2016b), discharge from the outlet of Lake P8a was assumed
representative of the discharge at the Lake 410 outlet due to the small relative volume of Lake P8a and its
position immediately downstream of Lake 410. Hydrometric monitoring activities in 2016 at Lake 410 are
presented in Table 4.4-10 and for Lake P8a in Table 4.4-11. The OWRC for the Lake P8a outlet has been
developed further since 2015 and is presented in Appendix 4B.
Table 4.4-13

Summary of Hydrometric Monitoring, Lake 410 Outlet, 2016

Date, Time

Activities

WSE
(m; non-geodetic)

Discharge
(m3/s)

May 16, 14:59

WSE measurement and Levelogger installation

100.736

n/a(a)

August 17, 7:33

WSE measurement and Levelogger download

100.511

n/a(a)

September 12, 15:34

WSE measurement and Levelogger retrieveal

100.567

n/a(a)

September 28, 14:43

WSE measurement

100.537

n/a(a)

b

a) Discharge was measured at Lake P8a outlet but not at the Lake 410 outlet.
b) Levelogger retrieval due to uncertain autumn weather and future site access.
WSE = water surface elevation; n/a = not applicable or data not available.

De Beers Canada Inc.

Gahcho Kué Mine
2016 AEMP Annual Report
Hydrology
Table 4.4-14

4-43

May 2017
Section 4

Summary of Hydrometric Monitoring, Lake P8a Outlet, 2016
Activities

WSE
(m; non-geodetic)

Discharge
(m3/s)

May 13, 16:34

Levelogger installation, discharge and WSE measurements

98.882(a)

1.743

July 2, 16:44

WSE measurement, Levelogger moved to deeper location,
installation of “GolderP8Bolt_2July2016” and survey against
previous benchmark

98.954

NM

August 19, 15:36

WSE and discharge measurements, Levelogger download

98.746

0.641

September 12, 14:27

WSE measurement and Levelogger retrieval

98.789

NM

September 28, 13:04

WSE and discharge measurements

98.760

0.770

Date, Time

a) WSE measured using ink “X” benchmark established May 2013, all subsequent WSE measurements made with bolt.
WSE = water surface elevation; NM = not measured.

The WSE time series for Lake 410 (Figure 4.4-20) was derived from SNP telemetry, which has been
recorded near the northeast shore of Lake 410 since May 31, 2015. A Levelogger installed on May 16 near
the outlet of Lake 410 served as a backup. The water level at Lake P8a was monitored between May 13
and September 12 by a Levelogger near the outlet. Although field investigations of the Lake N11 and Lake
N1 outlets in April 2014 indicated no discharge at either (Golder 2014b), observations of flow in mid-winter
2005 (De Beers 2010, Annex H), 2015 (De Beers 2016b) and 2016 suggest that water is typically conveyed
to Lake 410 from the N watershed for the entire winter. Observations in late winter 2004 (De Beers 2010,
Annex H) and 2014 (Golder 2014b) suggested that the outlets of Lake 410 and the P-lakes were frozen to
their beds. Lake 410 hydrostatic WSE was estimated in the EIS to increase by 75 to 100 mm following a
complete freeze of its outlet by late December in a typical winter. SNP water level telemetry for Lake 410
(Figure 4.4-20) suggests that its outlet froze completely by early January 2016. The increase in Lake 410
hydrostatic WSE suggested by the SNP record is approximately 45 cm between early January and
April 19, 2016.
Following its peak on April 19, Lake 410 hydrostatic WSE stabilized around May 4. This suggests a prefreshet discharge of stored water from Lake 410. An early peak in discharge is also suggested by the cut
snowbank along the Lake P8a outlet channel observed on May 13 (Photo 4.4-15). The ice-affected time
series of daily mean discharge from Lake P8a between April 19 and May 4 was estimated using a peak
discharge coinciding with the maximum rate of Lake 410 drawdown (April 28) scaled to provide a total
volume equivalent to a 45 cm drawdown over the entire surface area of Lake 410 (given as 6.8 km2 in the
EIS). Discharge from Lake P8a, and hence Lake 410, was derived from the Lake P8a WSE record and
OWRC between May 13 and September 12. Although the Lake 410 WSE peaks of late April and early June
are similar in value, discharge following the late April peak is significantly less because of ice and snow
restrictions on flow through the Lake 410 outlet. Due to likely outflow from Lake 410 until late December, a
linear decrease in discharge from Lake P8a was assumed between September 12 and December 31.
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Lake 410 and P8a Water Surface Elevation and Outlet Discharge, 2016
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Lake P8a Outlet, 24 May 2016, 18:14 h

Note: Upstream (south-facing) view of Lake P8a outlet channel.

Daily mean discharge from Lake P8a, adjusted as shown in Figure 4.4-20 to represent the Lake 410 outlet
discharge using the ratio of the two associated cumulative watersheds (0.96), was below median (2-year)
baseline values and values projected for dewatering in July, August, and September 2016. It exceeded
median baseline and projected dewatering values in June and was similar to both in October. The largest
difference between 2015 and 2016 daily mean discharge exists for June. This was likely due to the
difference in late winter SWE between 2015 and 2016. The 2015/2016 proportion for mean daily June
discharge at Lake P8a is 0.61 and for late-winter SWE for low-slope terrain in the LSA is 0.64.

De Beers Canada Inc.

Gahcho Kué Mine
2016 AEMP Annual Report
Hydrology
Figure 4.4-21

4-46

May 2017
Section 4

Daily Mean Runoff at Lake 410 and Lake P8a Hydrometric Stations, 2016

4.4.3.2.11 Kirk Lake
Hydrometric monitoring has been conducted at the outlet of Kirk Lake in most years since 2005. A summary
of previous known work is provided in Table 4.4-15. Details of 2016 field activities are provided in
Table 4.4-16.
Table 4.4-15

Summary of Known Hydrometric Activities at Kirk Lake Outlet

Year

Activities

Reference

June 2004

Aerial reconnaissance

De Beers 2010 (Annex H)

June to August 2005

WSE and discharge measurements

De Beers 2010 (Annex H)

March 2006

WSE and discharge measurements

De Beers 2010 (Annex H)

September 2007

WSE measurements and reconnaissance

June to September 2010

WSE and discharge measurements

De Beers 2010 (Addendum HH)

June to September 2011

WSE and discharge measurements

Golder 2012

August to November 2013

WSE(a) and discharge measurements

WSC 2016a

March to July 2014

WSE

April 2014

Aerial reconnaissance

February 2015

WSE and discharge measurements

WSC 2016a

May to September 2015

WSE and discharge measurements

De Beers 2016b

(a)

Golder 2007

and discharge measurements

a) Water surface elevation measured by WSC at WSC Station 07RC003 on east side of Kirk Lake.
WSE = water surface elevation; WSC = Water Survey of Canada.
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Summary of Hydrometric Monitoring, Kirk Lake Outlet, 2016

Date, Time

Activities

WSE
(m; non-geodetic)

Discharge
(m3/s)
1.264

May 14, 9:28

WSE and discharge measurements, Levelogger and
Barologger installation

97.400(a)

May 25, 14:23

WSE measurement

97.951

June 30, 14:50
June 30, 16:01
July 3

Tagline anchor installation at discharge measurement section
of Kirk Lake outlet channel, discharge measurement attempted
and discontinued due to water depth and velocity

July 6

(b)

NM

WSE measurement

(a)

98.367

NM

WSE measurement and discharge measurement attempt

98.377(c)

NM

NM

NM

WSE measurement (13:55) and Acoustic Doppler Current
Profiler (ADCP) discharge measurements (12:35 to 13:05)

98.311

13.82(d)

August 18, 9:46

WSE measurement, Levelogger and Barologger download

97.983

NM

September 12, 13:06

WSE measurement, Levelogger and Barologger retrieval

97.890

NM

a) WSE measured using Kirk Lake Outlet BM.
b) WSE measured using temporary benchmark KLFLBM1 near WSC Station 07RC003 (Golder 2016c).
c) WSE measured using WSC Station 07RC003 benchmark NT13-237 (WSC 2016b).
d) Average of six measurements.
WSE = water surface elevation; WSC = Water Survey of Canada.

Two discharge measurements and a review of the OWRC presented in the 2015 AEMP report (De Beers
2016b) enabled the preparation of the updated OWRC presented in Appendix 4B. This was used to derive
daily mean discharge from the WSE time series recorded by a Levelogger near the Kirk Lake outlet between
May 14 and September 12, 2016. The discharge measurement location equipped with tagline anchors on
July 3 and used on July 6 is shown in Photo 4.4-16.
Photo 4.4-16

Kirk Lake Outlet Channel, 6 July 2016, 15:15 h

Note: View to southwest, flow towards the camera. Kirk Lake outlet at top left. ADCP survey conducted between bolts along yellow
line. An August investigation of the wide channel section in the foreground determined that flow and depth were still too high for
wading.
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Daily mean WSE and OWRC-derived discharge are presented in Figure 4.4-22. The figure also shows a
partial 2013 and complete 2014 WSE time series derived from data recorded by Water Survey of Canada
Station 07RC003 (WSC 2016c). This station was operated by agreement between WSC and De Beers
Canada in 2013 and 2014 and was decommissioned by WSC in August 2016. The 2013 and 2014 WSE
series suggest that Kirk Lake drains at a steady rate during winter, which is supported by observations
made in the EIS and by Golder (2014b). Measurements suggest that Kirk Lake WSE was greater in 2016
than in any previous year of monitoring. It is possible that this occurred because 2016 rainfall (176.5 mm)
exceeded 1959 to 2005 mean rainfall (167.1 mm). If it is assumed that normal annual snowfall (129 cm for
the LSA as reported in the EIS) is representative of low slope terrain, then this normal was also exceeded
in 2016 when mean snow depth for low slope terrain in the LSA was 135 cm. The 2005 daily mean WSE
series is also shown in Figure 4.4-22 and it is evident that freshet occurred later that year than in 2014,
2016, and likely 2013. Peak WSE was 97.92 m in 2010 (July 16) and 97.98 m in 2015 (June 29).
Figure 4.4-22

Kirk Lake Outlet Water Surface Elevation and Discharge
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The daily mean discharge series was estimated for the non-instrumented period of 2016 by assuming that
daily mean discharges on February 3, May 6, and November 25, 2016 were similar to measurements made
on those days in 2015 (WSC 2016a), 2010 (De Beers 2010, Annex H), and 2013 (WSC 2016a),
respectively.
Daily mean runoff from Kirk Lake was similar to median (2-year) baseline values in July and August, and
above baseline in June, September, and October. While normal SWE (Section 4.4.2) is not associated with
a terrain type and therefore limits direct comparisons with field data, late winter 2016 WSE in the LSA was
not considered to differ substantially from normal. Spring rainfall in May and June 2016 was higher than
normal (Section 4.4.1), which might explain why mean daily discharge from Kirk Lake exceeded its median
baseline value in June.
Figure 4.4-23

Daily Mean Runoff at Kirk Lake Hydrometric Station, 2016

4.4.3.2.12 Kirk Lake Watershed
Aerial reconnaissance on July 2, 2016 confirmed that Murdock Lake (Map 4.1-1) is within the Kirk Lake
watershed. This has not been represented on maps in the EIS or other reports to date, and helps align
expected runoff at Kirk Lake, based on watershed area and precipitation, with runoff derived from outlet
monitoring and estimates of winter discharge. Photo 4.4-17 shows the outlet of Murdock Lake (top) into
Lake 4 (bottom). This flow path was followed to its confluence with the most southerly bay of Kirk Lake,
approximately 3 km west of Lake P3. A 2016 investigation of the watershed divide between Kirk Lake and
Fletcher Lake is detailed in Golder (2016c).
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Murdock Lake Outlet Channel, 2 July 2016, 16:40 h

Note: Southeast-facing view of Murdock Lake outlet channel, with flow towards camera. Southwest end of Lake 4 in foreground.

4.4.3.2.13 Lake D2/D3
As described in Section 2.3, construction of Dyke F downstream of Lake D2/D3 was initiated in November
2015 and installation was completed by May 2016. As a result, water levels in Lake D2/D3 were raised in
2016 and basins D2 and D3 were joined to form a single waterbody. Therefore, 2016 represented the first
year of monitoring under the AEMP when water levels were raised in Lake D2/D3. Hydrometric monitoring
activities at Lake D2/D3 in 2016 are summarized in Table 4.4-17.
Water level data collected in 2015 and 2016 are presented in Figure 4.4-24. The difference in WSE between
the two lakes in late May 2015 was approximately 1.3 m. The equalization of the levels of the two lakes
began between May 12 and 15, 2016 according to aerial reconnaissance. A common water level existed
between the two basins by early July 2016.
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Summary of Hydrometric Monitoring, Lake D2/D3, 2016

Date, Time

Activities

Basin D2 WSE
(masl)

Basin D3 WSE
(masl)

April 3

WSE measurement with RTK-GPS by De Beers’ crew

425.481

NM

May 15

Levelogger installation in Basin D3, WSE measurement for
Basin D3 (16:58) and Basin D2 (17:27)

425.561

425.632

June 26

WSE measurement with RTK-GPS by De Beers’ crew

426.003

July 2, 11:44

WSE measurement

425.956

July 24

WSE measurement with RTK-GPS by De Beers’ crew

425.878

August 19, 12:17

WSE measurement

425.955

August 27

WSE measurement with RTK-GPS by De Beers’ crew

425.940

September 13

Levelogger retrieval, too windy and wavy for reliable WSE
measurement

September 18

WSE measurement with RTK-GPS by De Beers’ crew

426.013

October 7

WSE measurement with RTK-GPS by De Beers’ crew

426.104

Note: Visual inspection confirmed that basins D2 and D3 had joined by July 2, 2016.
WSE = water surface elevation; masl = metres above sea level; NM = not measured.

Figure 4.4-24

Lake D2, D3 and D2/D3 Water Surface Elevation
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Water Yields

Outlet runoff volumes, estimated for each cumulative watershed as described in Section 4.2.2 using SWE,
rainfall and dewatered volumes, are presented in Figure 4.4-25 for the 2015/2016 hydrological year.
Records provided by De Beers include the timing, incremental volumes, and total volumes dewatered from
Lake A1 into Lake J1 and from Area 3 into Lake N11 in 2016. In analyses of runoff volumes at the outlets
of Lake J1 or Lake N11, or outlets downstream, these dewatering volumes or their sum were added to the
total surface runoff calculated from SWE and rainfall. Also presented in Figure 4.4-25 is the runoff at each
hydrometric station based on OWRC-derived discharge, estimates of discharge during ice-affected periods,
and (if applicable) estimates of discharge during non-instrumented periods.
Since runoff at Kirk Lake exceeds that at most other stations by over an order of magnitude, Figure 4.4-25
uses a logarithmic vertical scale. This figure should be interpreted carefully, as it makes runoff predictions
(based on outlet monitoring) more closely resemble values expected from watershed meteorological inputs
than is actually the case. Figure 4.4-26 presents water yield, based on the approach outlined in
Section 4.2.2, and better illustrates the level of agreement between the two approaches.
As noted in Sections 4.4.3.1 and 4.4.3.2, improvements in the OWRCs and identification of the specific
date of onset of runoff, especially in the case of East Lake, are expected to improve alignment between
monitoring- and input-derived estimates of runoff from the reference lakes. The OWRCs for the Area 8 and
Lake P8a hydrometric stations are well developed and there is good agreement between monitoring- and
input-derived runoff estimates for these stations. Where WSE records are complete and represent the full
year rather than a portion of the open-water season, lakes where peak WSE occurs after the elimination of
snow and ice from their outlets tend to show better agreement between monitoring- and input-derived runoff
estimates than smaller headwater lakes. In Figure 4.4-26, the exceedance of the input-derived water yield
for Area 8 by the monitoring-derived water yield does not imply a unique error or problematic departure
from expected values. Despite a well-developed OWRC for the Lake L1a hydrometric station, peak WSE
often occurs during the ice-affected period and makes discharge calculations during the freshet period less
certain. This likely contributes to the separation between input- and monitoring-derived runoff estimates for
Lake L1a. Although the SWE, rainfall, evaporation and evapotranspiration components of the water yield
are based on the most accurate information available, these are subject to spatial variability.
Mean annual water yields for watersheds associated with six regional WSC Hydrometric stations range
between 108 mm and 174 mm for periods of record, mostly multi-decade, ending as recently as 2005
(De Beers 2010, Annex H).

4.4.3.4 Channel and Bank Stability
The EIS Supplement (De Beers 2012a; Appendix 9.1) predicted no effects on the channel or bank stability
of the Area 8, Lake L1, Lake M1, Lake N11, Lake N1, Lake 410, or Kirk Lake outlets. Aerial reconnaissance
of the complete flow path between Area 8 and the Kirk Lake outlet, and between the Lake N11 Outlet and
Lake N1 Outlet, was conducted during the 2016 field season following freshet. This reconnaissance and
on-ground inspections of the outlet channels associated with each hydrometric station showed no evidence
of unnatural erosion. No bank slump block failures, identified as an Action Level indicator, were observed.
Photographic and GPS records from aerial reconnaissance have been retained as unpublished field data.
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Estimated Runoff Assuming Mean E of 187 mm, 2016

SWE = snow water equivalent.

Figure 4.4-26

May 2017

Composition of Water Yield, 2016

SWE = snow water equivalent.
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Comparison to Action Levels

AEMP water quantity Action Levels are related to alteration of physical habitat, including water levels and
flows, and include the parameters and observations listed in Table 4.4-18.
At Lake N11, the outlet discharge 2-year flow/level was exceeded in June, due to a natural freshet
exceeding long-term median conditions. This occurred outside of the pumping period, and therefore did not
constitute a Low Action Level exceedance. The Low Action Levels associated with aufeis formation, icecovered lake water levels, and outlet channel bank instability were also not exceeded at Lake N11.
At Lake J1, the outlet discharge and ice-covered lake water level Low Action Levels were exceeded for
several days in late May. However, subsequent surveys indicated that the outlet channel bank instability
Low Action Level was not exceeded, as no bank erosion was observed.
Low Action Levels were not assessed at the Area 8 outlet, as the Mine-related reduction in drainage area
resulted in flows similar to, or below, 100-year dry conditions and all Action Levels are related to flow
increases.
Table 4.4-18

Low Action Level Summary for Hydrology, 2016

Hydrology Low Action Level

Open water:
Flows exceeding the 2-year flow/level during
pumping (dewatering and operational discharges).
OR
Evidence of widespread bank instability (i.e., bank
slumping in the range of 0.5 m by 3 m length, or
greater).

2016 Observations
Lake N11
Runoff at Lake N11 exceeded 2-year median baseline runoff in June, but
did not exceed June projections for dewatering. This was due to a long
natural freshet period that resulted in a high daily mean runoff for June.
Consequently, discharge did not increase to an extent considered to pose
any erosional potential. The Low Action Level was not triggered because
the exceedance was natural and did not occur during pumping.
Lake J1
Daily mean discharge exceeded the 100-year baseline value (0.170 m3/s)
during the freshet peak period of May 16 to May 19, 2016. Discharges on
these days ranged from 0.20 m3/s to 0.28 m3/s. Subsequent inspections of
both outlet channels indicated that no erosion occurred, and suggested
that no erosion in the Lake J1 outlet stream would result from discharges
up to 0.4 m3/s (Golder 2016d).
As noted in Section 4.4.3.15, 2016 open-water season reconnaissance
surveys indicated no occurrence of bank instability.

Ice cover:
Water levels (piezometric head) in lakes along the
dewatering flow path exceed the 10-year water
level during pumping (dewatering and operational
discharges).

Lake J1 WSE briefly exceeded the Action Level (422.000 m) in late May
before WSE reduction due to runoff. No erosion was observed along the
outlet channel.

OR
Channels along the dewatering flow path
exhibiting large scale and progressive aufeis
buildup above the bankfull elevation, causing an
increase in upstream lake water levels.

No aufeis were observed during winter discharge monitoring.
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Summary and Conclusions

This section summarizes 2016 water quantity observations relative to the four key questions posed in
Section 4.1.
Are changes in water flow and water level due to the Mine comparable to changes predicted in the
EIS?
Daily mean runoff was compared to baseline and projected dewatering values for stations potentially
affected by the Mine in 2016. A summary of observations is provided in Table 4.5-1. In general, daily mean
runoff was similar to or below baseline and projected values for dewatering. This can be attributed to
dewatering discharge rates below those assessed in the EIS (De Beer 2010, Annex H). Exceptions to the
general observations, including at Lake N11 and Lake J1, are noted in the table.
Table 4.5-1

Hydrology Observation Summary Relative to Baseline and Projected Values

Station and Figure

2016 Observations

Lake N11
Figure 4.4-7

Daily mean runoff was above median (2-year) baseline in June and October, and similar to or below
baseline in July, August, and September 2016. Daily mean runoff was below projections for the
dewatering period in each month other than October.

Lake N1
Figure 4.4-9

Daily mean runoff was similar to median baseline in October and below median baseline in June through
September. Daily mean runoff was below dewatering projections for June through September, and
similar to projections in October.

Lake J1
Figure 4.4-11

Daily mean runoff for 2016 was lower than projections for water diversions from Lake A1 in each month,
exceeded baseline values in June, and was similar to baseline or below baseline in July through
October.

Area 8
Figure 4.4-13

Daily mean runoff was similar to baseline 100-year dry conditions in June, below baseline 100-year dry
conditions thereafter, and lower than projections for operations in all months but October.

Lake L1a
Figure 4.4-15

Daily mean runoff was similar to baseline 10-year dry conditions and projections for operations in June,
below 100-year dry conditions and thereafter, and consistently below daily mean runoff projections for
dewatering and operations.

Lake M4
Figure 4.4-17

Daily mean runoff was well above median baseline in May, similar to modelled baseline 10-year dry
conditions in June, and well below modelled baseline 100-year dry conditions for July through October.
Daily mean runoff in 2016 was below projections for operations in each month except May.

Lake M2
Figure 4.4-19

Daily mean runoff was well above median baseline in May, similar to modelled baseline 10-year dry
conditions in June and October, and below modelled baseline 100-year dry conditions for July through
September. Daily mean runoff in 2016 was below projections for operations in each month except May.

Lake 410
Lake P8a
Figure 4.4-21

Daily mean adjusted runoff from Lake P8a was below median baseline values and values projected for
dewatering in July, August, and September 2016. It exceeded median baseline and projected dewatering
values in June and was similar to both in October.

Kirk Lake
Figure 4.4-23

Daily mean runoff was similar to median baseline values in July and August and above baseline in June,
September, and October. It was similar to dewatering projections for June and September, below
projections in July and August, and well above projections in October.

How do water quantity parameters at the Mine compare to regional data (e.g., such as annual
precipitation data from regional [Environment Canada] monitoring stations) in the hydrological
context?
Sections 4.4.1, 4.4.2 and 4.4.3.14 provide regional context for the 2016 hydrological monitoring program.
The spring snowpack available for runoff was similar to normal. Rainfall exceeded normal in early summer,
was below normal in July, and was similar to normal for the remainder of summer and autumn.
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Natural water yield at six regional WSC hydrometric stations ranged from 108 to 174 mm during periods
specified in the EIS (De Beers 2010, Annex H). Monitoring-derived runoff for the reference watersheds was
106 mm (East Lake) and 82 mm (Lake 3) in 2016. Because the accuracy of monitoring-derived water yields
for the reference watersheds will continue to improve as the OWRCs at these hydrometric stations develop,
the comparison of water yield in the regional watersheds monitored by WSC with water yield in AEMP
watersheds containing core and downstream lakes in 2016 is also insightful. In 2016, mean monitoringderived water yield for nine cumulative AEMP watersheds (defined by the outlets of lakes N14, N17, N11,
N1, L1a, M4, M4, P8a, and Kirk) was 164 mm. The monitoring-derived water yields for the Lake J1 and
Area 8 watersheds were omitted from this average because these two watersheds were most directly
affected by pumping. The monitoring-derived water yield for the Kirk Lake watershed can be considered
the most regionally-representative of all monitoring-derived water yields in 2016, as it is the furthest
monitoring station downstream. It is 143 mm, which is in the middle of the range from the WSC stations.
Are there temporal trends in water quantity parameters?
Following the cessation of dewatering from Area 7 to Area 8 in 2015, daily mean runoff from Area 8, Lake
L1, Lake M4, and Lake M2 has been well below baseline conditions between June and September. As
noted in the EIS, Mine effects due to dewatering or water diversions (i.e., increased discharges) to Lake
N11 and Area 8 are expected to be temporary in nature, while those along the Area 8 downstream flow
path due to construction of Dyke A will be supplemented during the operations period according to the
DFMP.
Are stream bank and shoreline erosion rates consistent with those predicted in the EIS?
As noted in Section 4.4.3.15 and Table 4.5-2, no bank instabilities were observed along dewatering flow
paths downstream of Area 8 or Lake N11.

4.6

Recommendations

Results of the 2016 AEMP hydrology program were examined to recommend modifications to the AEMP
sampling design and data analysis. Recommendations related to the AEMP Response Framework (e.g., for
refining Action Level criteria) are provided in Section 15 (Action Levels Assessment). The recommendations
based on the 2016 AEMP results will be compiled along with all recommendations generated during the
first three years of the AEMP, and further evaluated during the preparation of the Aquatic Effects Reevaluation Report.
The current hydrology sampling design is appropriate to meet the component objectives. No changes are
recommended to improve the efficiency and effectiveness of future monitoring under the AEMP.
The following changes are recommended to the hydrology data analysis procedures:
•

The open-water Action Level for Lake J1 should be changed to 421.912 masl.
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