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Figure 7. Innuguguayalik Lake reference area (INUG). 
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3.0 ADULT FISH SURVEY 

3.1 Introduction 

The adult fish survey was completed during the period August 23 – 26, 2017. There were no major 

deviations from the proposed study design. One minor deviation was that five Lake Trout that were 

released alive were not measured and weighed, due to high winds during net retrieval.  

3.2 Materials and Methods 

3.2.1 Field Work 

3.2.1.1 Gill Net Fish Collections and Measurements 

Fish were collected in the exposure area (WAL) in Wally Lake from August 23 to 26, from the PDL 

reference area in Pipedream Lake from August 24 to 25, and from the INUG reference area in 

Innuguguayalik Lake from August 25 to 27, 2017.  The target species was Lake Trout, which dominated 

the catch.  Index gill nets comprised of six panels of stretched mesh (sizes 126, 102, 76, 51, 38, and 25 

mm) were the only means of fish capture for this study.  Each panel of gill net was 1.8 m (6 feet) deep by 

22.7 m (25 yards) long, so that the length of a six-panel gang was 136.4 m (150 yards).  Gill nets were set 

within each sampling area, with the specific locations determined based on local habitat conditions and 

winds. During Cycle 2, shallow nearshore or shoal areas yielded the greatest number of fish and those 

areas were targeted in this study.   

Most Lake Trout were collected using overnight gill net sets. The initial gill net set was overnight in Wally 

Lake, but in order to minimize unnecessary Lake Trout mortality and mortality of non-target species, 

shorter-duration daytime sets were used to collect the additional Lake Trout required to reach the 

target sample size of 20 for Wally Lake. The date and time of gill net deployments and lifts were 

recorded. The UTM coordinates of each end of each net were determined using a Garmin model 

GPSmap 76CSx, and the depth was determined using a portable Sonar unit.  The number of individuals 

of each species captured that were dead, or killed and retained in the case of Lake Trout, and the 

number that were alive and released was recorded for each net set.  

All dead Lake Trout were retained and Lake Trout captured alive were euthanized and retained until it 

was clear that the target sample size of 20 fish would be acquired for each lake. Once the target sample 

size was reached, or it was apparent that it would be, Lake Trout that were alive were released. The 

original intent was to measure and weigh the Lake Trout that were not required for the lethal sample 

prior to their release, but few Lake Trout were released and safety considerations, due to increasing 

winds, precluded this occurring in most cases. One Lake Trout captured in Wally Lake bore a tag, 

indicating that it had been captured during a fish-out and translocated to Wally Lake. This fish was 

released after the tag number was recorded and its fork length was determined to the nearest mm using 

a measuring tape and its weight was determined to the nearest 10 g using a Rapala digital hanging scale. 

Those data were not included in any analyses.  

Dead Lake Trout were taken to the laboratory at the mine site for processing. Each fish was examined 

externally and any lesions of other anomalies that were not consistent with gillnet capture were 

recorded. Fork length was determined to the nearest mm using a standard fish measuring board.  The 
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weight of each fish was determined to the nearest 0.1 gram using an Ohaus Scout Pro Model SP6001 

electronic balance.  

The body cavity was opened and the viscera were examined for any anomalies.  The gonads were 

examined to determine the sex, maturity, and gonad condition of the specimen.  Females with opaque 

ovaries containing developing eggs visible with the naked eye were considered to be sexually mature.  

Females with translucent ovaries that did not contain eggs which were visible to the naked eye were 

considered to be immature.  Females with opaque ovaries, and in some cases atretic eggs from the 

previous spawning season, but which did not appear to be developing eggs to spawn in the fall of 2017 

are referred to as undeveloped females.  Females with large eggs that appeared to be suitable to spawn 

in the current year were termed resting females.  Males with opaque testes were considered to be 

mature, and males with small translucent testes were considered to be immature.  The liver and gonads 

were removed and weighed to the nearest 0.01 g using an Ohaus Scout Pro Model SP202 electronic 

balance or, if they weighed more than 200 grams, to the nearest 0.1 g using an Ohaus Scout Pro Model 

SP6001 electronic balance.  The calibration of the balances was confirmed each time they were set up, 

using the appropriate calibration weights. 

3.2.1.2 Supporting Environmental Variables 

Specific conductivity (µS/cm), pH, dissolved oxygen (mg/L) and temperature (°C) were determined at 

one metre intervals at each end of both of the gill nets set in PDL and one of the gill net(s) set in INUG 

and in WAL, using a YSI Professional Plus. Meter calibration was undertaken daily following the methods 

in the user manual.  Parameter resolution and accuracy are as follows: 

 Specific conductivity, resolution: 1 µS/cm, accuracy: the greater of ±1% of reading or 1 µS/cm. 

 pH, resolution: 0.01 units, accuracy: ±0.2 units. 

 Dissolved oxygen, resolution: 0.1 mg/L, accuracy: the greater of ±2% of reading or 0.2 mg/L. 

 Temperature, resolution: 0.1°C, accuracy: ±0.2°C. 

 

Depth, temperature, and specific conductance data were collected from lake surface to lake bottom 

when each gill net was either set or lifted, with one exception (WAL GN-2) using a SonTek Castaway©-

CTD (Xylem Inc.; refer to Table 7 for specifications). 

 

3.2.2 Age Determination 

Aging of fish was completed by Louise Stanley, a fish aging expert who provides consulting services.  

Otoliths were mounted whole on a glass slide with CrystalBond thermoplastic adhesive. Otoliths which 

could not be aged whole were ground to the core on one side, flipped to adhere the core area to the 

glass, and then ground to a thin section on the other side.  The proximal end of each fin ray was ground 

flat and then cut away from the rest of the ray with wire cutters.  The flat proximal end was mounted on 

a glass slide with CrystalBond thermoplastic adhesive and the remaining fin ray ground away to leave a 

thin section. Age was estimated based on the number of annuli counted using transmitted light and a 

Leica GZ6 Stereo Zoom microscope. The number of annuli on fin rays and otoliths were determined 

independently (i.e. without reference to each other) when both were available for a fish. Age was 

independently estimated by C. Portt from otoliths and fin rays from 7 randomly selected fish. 
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3.2.3 Lake Trout Data Analysis 

Data for individual fish were entered into an Excel spreadsheet, and the entered values were compared 

with the original data sheets.  Data entry errors were corrected.  

Condition (K) was calculated using the formula: 

3length
weight100K 

 . 

Gonado-somatic index (GSI) was calculated using the formula: 

weighttotal
weightgonad100GSI 

 . 

Hepato-somatic index (HSI) was calculated using the formula: 

weighttotal
weightliver100HSI 

 . 

Box plots or scatterplots of the data were examined.  Aberrant values were compared to the original 

data sheets to ensure they were not data entry errors.  Fish with clearly aberrant values for one or more 

of the measured parameters that were not due to transcription errors were considered to be probable 

recording errors.  Most were eliminated from the dataset but in cases where the nature of the error and 

the correct value was clear the value was corrected. 

Statistical analyses were carried out using SYSTAT™ Version 13.  Summary statistics (sample size, mean, 

minimum, maximum, standard deviation, standard error) were generated for each parameter, by lake.  

Comparisons were made between fish from the three lakes using the statistical techniques presented in 

Table 8.  Analyses were conducted on all sexes combined as sex was not known for the individuals that 

were released and there were too few individuals for which sex was known to permit meaningful 

comparisons for either males or females. 

Age distributions and length distribution were analyzed using the two-sample Kolmogorov-Smirnov test 

of raw data to compare each pair of sites.  Analysis of covariance (ANCOVA) was performed on log-

transformed data.  Where ANCOVA was used, the data were analyzed using the complete model, which 

includes the interaction term (Area x independent variable) and the reduced model, which excludes the 

interaction term.  Differences in slopes or intercepts were considered significant at the 5% level (i.e., P ≤ 

0.05).  Significant interactions can be difficult to interpret, and complicate the computation of effect 

size.  In cases where the interaction term accounted for < 2% of the total variation in the response 

variable the reduced model was considered to be appropriate and was used to assess significance and 

effect sizes, as per Barrett et al. (2010).  When there were significant differences in intercepts, pair-wise 

comparisons were made using Tukey’s honestly significant difference test. 

Residuals from each ANCOVA were examined for normality and outliers.  Observations producing large 

Studentized residuals (i.e., > 4) were removed from the data set, and the analyses were repeated and 
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variations in conclusions considered.  This process was continued until no additional outliers were 

identified.  

The percent difference in least-square means between Wally Lake and each of the two reference lakes 

was calculated as: 

ref erence

ref erenceosureexp

x
xx

Difference%


  

When log transformed data were analyzed, the least-mean square values used were antilogs of the 

calculated values. 

 

Table 8. Statistical analyses conducted to compare fish populations between the 
Exposure and Reference Areas 

Dependent variable  Independent variable  Statistical technique 

Body weight  Length  ANCOVA 

Liver weight  Body weight, length  ANCOVA 

Length  Age  ANCOVA 

Body weight  Age  ANCOVA 

Length Distribution    Kolmogorov-Smirnov 

Age Distribution    Kolmogorov-Smirnov 

 

3.2.4 Power Analysis 

Power analysis was used to determine, a posteriori, the probability of detecting a 10% (weight versus 

length) or 25% (length versus age, weight versus age, liver weight) increase in the parameters of 

interest, assuming a 10% probability of committing a Type I error, and given the sample sizes, mean 

values, and the unexplained variability (i.e. the population standard deviation) from this study.  Power 

was calculated by re-arranging the following power equation (Green, 1989):  

2

22)(5.1



 tt
n


  

where: 

o n is the number of fish 

o  is the population standard deviation,  

o  is the specified effect size, 
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o t is the Students t statistic for a two-tailed test with significance level , 

o t is the Students t statistic for a one-tailed test with significance level . 

 

3.3 Results 

3.3.1 Physico-Chemical Character of Capture Areas 

The locations of the sampling Areas are shown in Figure 2, and the location of individual nets shown for 
each Area in Figure 5, Figure 6, and Figure 7.  The range of temperature, dissolved oxygen concentration 
and specific conductance at each end of gill nets for which profiles were measured when the nets were 
set are provided in Table 9. The minimum and maximum temperature and specific conductance in 
profiles from just below the surface to the bottom, determined when gill nets were lifted are provided 
in Table 10. The lakes were essentially isothermal at the time of the fish collections and there was no 
indication of chemical stratification, although there were small differences in specific conductance with 
depth in Wally Lake when the nets were lifted, indicating that the effluent concentration was not 
homogenous from the surface to the bottom. The general limnology and water chemistry of the 
sampling areas is provided in Section 4 of this report. 
 

Table 9. Minimum and maximum temperature, dissolved oxygen concentration and 
specific conductance for gill net sets where these parameters were measured at 1 m 
depth intervals when nets were set. 
     

Temperature (°c) 
 
 

Dissolved Oxygen  
(ppm) 

 

 

Specific conductance  
(µS/cm) 

Lake Set Date 
Depth 

(m) 
 Min. Max. 

 
Min. Max. 

 
Min. Max. 

INUG GN-1 08/25/17 7  13.8 13.8 
 

10.2 10.4 
 

15.2 15.3 

   
2  13.7 13.9 

 
10.3 10.4 

 
15.3 15.3 

PDL GN-1 08/24/17 5  11.9 12.1 
 

9.9 10.1 
 

20.8 21 

   
3  12.0 12.1 

 
10.0 10.1 

 
20.9 21 

 
GN-2 08/24/17 7  12.0 12.0 

 
9.8 10.1 

 
21 21 

   
1  12.5 12.5 

 
10.1 10.1 

 
21 21.1 

WAL GN-3 08/26/17 6  13.2 13.2 
 

10.0 10.1 
 

53.4 53.6 

   
4  13.2 13.2 

 
9.8 10.1 

 
52.6 53 
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Table 10. Depth and the minimum and maximum temperature and specific conductance 
determined in surface to bottom profiles when gill nets were lifted. 

     Temperature (°c)  Specific conductance (µS/cm) 

Lake Set Date Depth 
(m) 

 Min. Max.  Min. Max. 

WAL GN-1 08/23/17 3.6  12.4 12.5  58.7 61.7 

WAL 6.9  12.2 12.5  49.7 55.8 

WAL GN-3 08/26/17 8.9  13.6 13.7  52.9 55.7 

WAL 4.3  13.6 13.6  54.1 54.4 

PDL GN-1 08/25/17 1.6  12.1 12.1  19.7 19.7 

PDL 6.9  12.1 12.1  19.6 19.7 

PDL GN-2 08/25/17 2.1  12.2 12.2  19.7 19.8 

PDL 6.0  12.1 12.1  19.7 19.8 

INUG GN-1 08/26/17 1.8  13.6 13.6  13.8 13.8 

INUG 7.5  13.6 13.7  13.7 13.8 

INUG GN-2 08/26/17 1.1  13.6 13.6  13.8 13.8 

INUG 7.4  13.6 13.7  13.9 14.0 

 

3.3.2 Sampling Effort and Catches 

3.3.2.1 Gill Net Catches 
Gill nets were set at two locations in INUG and PDL and at three locations in WAL (Figure 5, Figure 6 and 
Figure 7).  Two nets were set overnight in INUG and in PDL. One overnight net set and two daytime sets 
were conducted in WAL. The mean soak time was 22.9 hours in INUG, 15.4 hours in PDL, and 10.3 hours 
in WAL (Table 11). The location, depth and set and lift dates and times for each gill net set are provided 
in Appendix 2.   
 

Table 11. Number and mean soak time of daytime and overnight gill net lifts, by lake. 

set type  

Innuguguayalik (INUG) 
 
 Pipedream (PDL) 

 
 Wally (WAL) 

number of 
lifts 

mean soak 
time (hours) 

 
 
 

number of 
lifts 

mean soak 
time (hours) 

 
 

number of 
lifts 

mean soak 
time (hours) 

daytime  0   0   2 7.8 
overnight  2 22.9  2 15.4  1 15.4 
total  2 22.9  2 15.4  3 10.3 
 
 
The gill net catches are summarized in Table 12. Lake Trout were the most abundant species in the 
catches in all three lakes with a total of 76 captured.  Round Whitefish (Prosopium cylindraceum) were 
captured in INUG and WAL, and Arctic Char (Salvelinus alpinus) were captured in PDL and WAL. Lake 
Trout CPUE was similar in overnight sets in PDL and WAL, and higher in those two lakes than in INUG 
(Table 13).  
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Table 12. Numbers of fish that were released alive or were dead in gill net catches, by 
lake and species.  

waterbody  

Lake Trout  Arctic Char  Round Whitefish 
alive dead  alive dead  alive dead 

INUG  1 21  0 0  4 4 
PDL  4 27  3 0  0 0 
WAL  1 22  1 5  5 13 
total  6 70  4 5  9 17 
 

Table 13. Mean catch-per-unit-effort (CPUE; number of Lake Trout captured per hour of 
soak time) for daytime and overnight gill net sets, by lake. 

waterbody  

set type 
daytime overnight overall 

INUG   0.5 0.5 
PDL   1.0 1.0 
WAL  0.6 0.9 0.7 

 

3.3.3 Lake Trout Characteristics 

3.3.3.1 Overview 
The numbers of Lake Trout processed by lake, sex, and maturity are presented in Table 14.  A total of 21 
Lake Trout from INUG, 27 Lake Trout from PDL and 22 Lake Trout from WAL were processed. Of the 
individuals for which sex could be determined, the majority of the female Lake Trout from each lake 
were immature, and the proportion of males that were mature ranged from 50% in INUG to 100% in 
WAL. 

Table 14. Number of Lake Trout examined from each waterbody, by sex and maturity.   

waterbody sex immature mature total 
INUG female 10 1 11 

male 4 4 8 
unknown 2  2 

total 16 5 21 
PDL female 7 5 12 

male 1 7 8 

unknown 7  7 

total 15 12 27 

WAL female 9 2 11 

male  10 10 

unknown 1  1 

total 10 12 22 

Total  41 29 70 
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Half of the mature females were developing eggs that would be spawned in the current year (Table 15).  
All of the mature males captured in INUG and WAL appeared to be developing testes in preparation for 
spawning in the current year (Table 15) but the majority of mature males captured in PDL were not.  The 
numbers of mature individuals that were developing gonads in preparation to spawn in the current year 
were too low to permit meaningful comparisons of gonad weights among lakes. 
 

Table 15. Number of mature individuals that were developing gonads to spawn in the 
current year and that were not sufficiently developed to spawn in the current year 
(undeveloped). 

  
waterbody 

female  male 
developing undeveloped  developing undeveloped 

INUG 1 0  4 0 
PDL 2 3  2 5 
WAL 1 1  10 0 
total 4 4  16 5 
 

The summary statistics for each parameter measured or calculated are presented in Table 16.  The 

gonads could not be discerned in some immature individuals; consequently there are no weights for 

these.  The data for each specimen are provided in the digital submission to Environment Canada.  
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Table 16. Lake Trout summary statistics. 

Lake statistic 

fork 
length 
(mm) 

weight 
(g) 

liver 
weight 

(g) 

gonad 
weight 

(g) condition LSI GSI 

fin ray 
age 

(years) 

otolith 
age 

(years) 
WAL N 22 22 22 22 22 22 22 22 22 

Minimum 207 87.7 0.98 0.08 0.86 0.62 0.03 5 5 
Maximum 839 6315.7 69.71 499.4 1.22 1.29 9.21 48 48 
Mean 549 2592.45 20.74 75.87 1.06 0.83 1.83 23 23 
Standard error 46.4 499.74 4.207 24.093 0.022 0.038 0.436 3.1 46.4 
Standard deviation 217.5 2344.00 19.730 113.007 0.102 0.178 2.044 14.7 217.5 

PDL N 27 27 27 26 27 27 27 27 27 
Minimum 136 27.8 0.22 0.03 0.87 0.61 0.00 2 0 
Maximum 1010 13410.0 257.70 2359.8 1.50 1.92 17.60 44 40 
Mean 492 2293.96 26.22 131.50 1.09 0.94 1.94 19 6 
Standard error 42.8 603.56 9.982 90.053 0.028 0.051 0.714 2.3 1.8 
Standard deviation 222.4 3136.18 51.867 459.183 0.143 0.267 3.710 11.7 9.1 

INUG N 21 21 21 20 21 21 21 21 21 

Minimum 130 21.4 0.27 0.02 0.84 0.63 0.00 2 0 

Maximum 806 5196.9 117.57 656.3 1.67 2.26 12.63 33 40 

Mean 454 1362.31 15.53 48.63 1.05 0.98 1.51 17 11 

Standard error 38.0 277.80 5.368 32.347 0.038 0.073 0.598 2.0 2.8 

Standard deviation 174.3 1273.04 24.601 144.661 0.173 0.336 2.742 9.1 12.8 
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3.3.3.2 Ageing QA/QC 

The differences between the ages estimated by the primary aging expert (L. Stanley) and those 

estimated by C Portt are summarized in Table 17.  The resulting otolith ages were identical for 3 of the 7 

fish that were checked.  The QA/QC ages were one less than assigned by the primary aging expert for 3 

of the 7 fish that were checked. Only 1 of the 7 fish checked differed by more than 1 year.  The ages for 

all fish are provided in Appendix 3. 

Table 17. Magnitude of differences between age estimations by two different 
investigators (age-QA/QC age).   
Fish # Otolith age (years) QA/QC otolith age (years) Difference (years) 

3 38 37 -1 
8 15 14 -1 
9 13 13 0 
14 5 5 0 
19 20 25 +5 
38 8 8 0 
67 17 16 -1 
 

3.3.3.3 Lesions, Deformities and Parasites 

No lesions were observed that were not consistent with having occurred while the fish was entangled in 

a gill net.  Encysted cestodes were observed in the livers of 16 (76%) of the Lake Trout from INUG, 15 

(55%) of the Lake Trout from PDL and 7 (32%) of the Lake Trout from WAL.  

3.3.3.4 Stomach Contents   

The stomachs of 44 (63%) of the Lake Trout examined were empty. Fourteen Lake Trout stomachs 

contained fish remains, included one containing two Slimy Sculpin, three containing Round Whitefish, 

and one from Wally Lake that contained the skeleton and tag of a Lake Trout transferred to Wally Lake 

from Phaser Lake in 2016 during the Phaser Lake fishout. At the time of transfer, its fork length was 380 

mm and it weighed 600 g. The remaining stomachs contained aquatic insects and/or zooplankton which 

were also present in several of the stomachs that contained fish. 

3.3.3.5 Recaptures of Previously Tagged Fish 

One Lake Trout captured in WAL and released during this study was tagged on July 24, 2013, when it 

was transferred to WAL from Vault Lake during the Vault Lake fish-out.  When that fish was tagged, in 

2013, its fork length was 843 mm and its weight was 6500 g. On August 24, 2017, its fork length was 902 

mm and it weighed 7360 g. 

One Lake Trout captured in PDL and processed during this study was tagged in PDL on Aug 18, 2011, 

when its fork length was 818 mm and its weight was 6300 g. On August 25, 2017, the fork length of this 

fish was 824 mm and it weighed 6243 g. Its age was determined to be 32 years. 

3.3.3.6 Between lake comparisons 

The results of between-lake comparisons are summarized in Table 18 and each is discussed below.  
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Condition 

Fish weight is plotted against fork length in Figure 8. There was no significant difference in the slopes or 

intercepts of the log of weight versus log of fork length relationship between lakes when all fish were 

included in the analysis. Repeating these analyses following the removal of two outliers and of three 

outliers did not alter this result. The analyses conducted following removal of the first identified outlier 

indicated that there was a significant difference in slopes, but the difference in the r-square values 

between the full and reduced ANCOVAs was very small, so the reduced model is considered appropriate 

for comparisons and there was no significant difference in the intercepts between lakes. The adjusted 

least-square means for WAL lay between those for INUG and those for PDL.  

 

Figure 8. Plot of fish weight versus fork length (log scales). 
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Table 18. Summary of between-lake comparisons using ANCOVA. P-values ≤0.05 are in bold.  
Depend 

-ent 
variable 

Independ-
ent 

variable 
Data 

excluded 
ANCOVA 

Procedure Error MS Interaction 
p-Value 

Area 
p-

value 
r2 

LS 
Mean 
INUG 

LS 
Mean 
PDL 

LS 
Mean 
WAL 

% 
Difference 

INUG 

% 
Difference 

PDL 

log of 
body 

weight 

log of 
length 

none 
Full 0.0025 0.0532  0.994      

Reduced  0.0027  0.528 0.994 956 997 961 0.5 -3.6 

fish 50 
Full 0.0019 0.0189  0.996      

Reduced  0.002  0.1938 0.995 945 998 964 2.0 -3.4 

fish 50, 25 
Full 0.0016 0.0532  0.996      

Reduced  0.0018  0.3376 0.996 942 983 961 2.0 -2.2 

fish 50, 
25, 53 

Full 0.0014 0.0550  0.997      

Reduced  0.0015  0.0981 0.997 958 1016 992 3.5 -2.4 

log of 
liver 

weight 

log of 
body 

weight 
none 

Full 0.011 0.1350  0.976      

Reduced  0.011  0.1247 0.974 9.2 8.87 7.94 -13.7 -10.5 

fish 62 
Full 0.0085 0.0691  0.98      

Reduced  0.009  0.2083 0.978 8.57 8.65 7.78 -9.2 -10.1 

fish 62,27 
Full 0.0072 0.2723  0.982      

Reduced  0.0073  0.3325 0.981 8.2 8.07 7.53 -8.2 -6.7 

log of 
length 

none 
Full 0.013 0.0647  0.971      

Reduced  0.014  0.1123 0.968 9.11 9.05 7.82 -14.2 -13.6 
fish 62 Full 0.0108 0.0150  0.975      

 Reduced  0.012  0.1502 0.971 8.51 8.81 7.65 -10.1 -13.2 
fish 62,27 Full 0.0092 0.0852  0.977      

 Reduced 0.0097  0.2799 0.975 8.16 8.2 7.43 -8.9 -9.4 

fish 62,27, 
5 

Full 0.008 0.0259  0.980      

Reduced 0.0087  0.1152 0.977 7.95 8 7.06 -11.2 -11.8 

log of 
length 

log of 
otolith age none Full 0.0027 0.1284  0.941      

Reduced 0.0028  0.7424 0.937 448 448 459 2.5 2.5 

log of 
weight 

log of 
otolith age none Full 0.0251 0.057  0.942      

Reduced 0.0266  0.8351 0.936 943 971 1010 7.2 4.0 
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Liver weight 

A plot of liver weight versus body weight is presented in Figure 9.  When all of the data were included in 

the analyses, there were no significant differences in the slopes or the intercepts of the log of liver 

weight versus the log of body weight relationship. Successive removal of two outliers did not alter this 

result. 

 

 

Figure 9. Plot of liver weight versus weight (log scales). 
 

A plot of liver weight versus fork length is presented in Figure 10. When all of the data were included in 

the analyses, there were no significant differences in the slopes or the intercepts of the log of liver 

weight versus log of fork length relationships. This was also the case after the removal of two identified 

outliers. Following the removal of one and of three outliers there was a significant difference in the 

slopes of the relationship, however, the r2 value was only reduced by 0.003 (one outlier removed) or 

0.002 (three outliers removed) when the interaction term was removed (Table 18). Therefore, 

comparison of least square means using the reduced ANCOVA was considered appropriate and the 

intercepts of the log of liver weight versus log of fork length relationships were not significantly 

different. 
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Figure 10. Plot of liver weight versus fork length (log scales). 
 
Growth 
 
Fork Length Versus Age 
A plot of fork length versus age, determined from otoliths, is presented in Figure 11. There was no 
significant difference in the slopes or the intercepts of the log of length versus log of age relationship 
among lakes (Table 18).  
 
Weight Versus Age 
The study design did not propose to examine this relationship because it was expected that the 
statistical power would be low, given the proposed sample size, and it was (refer to Section 3.3.4). For 
information, a plot of weight versus age is presented in Figure 12, and the ANCOVA analyses were 
conducted (Table 18). There was no significant difference in the slopes or the intercepts of the log of 
length versus log of age relationship among lakes.  
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Figure 11. Plot of fork length versus otolith age (log scales). 
 

 

Figure 12. Plot of weight versus otolith age (log scales). 
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Length Distribution 

The fork length-frequency distributions for each lake are shown in Figure 13. The distributions were 
compared between pairs of lakes using the two-sample Kolmogrov-Smirnov test, which indicated that 
was no significant difference in length distributions between any of the three lakes (Table 19). 

Table 19. Kolmogorov-Smirnov two-sided probabilities of differences in the fork length 
distributions between each pair of lakes. 
  INUG PDL TPN 
INUG 1.000   
PDL 0.479 1.000  
WAL 0.282 0.566 1.000 
 

Age Distribution 

The age-frequency distributions for each lake are shown in Figure 14. The distributions were compared 
between pairs of lakes using the two-sample Kolmogorov-Smirnov test, which indicated that there was 
no significant difference in age distributions between any of the three lakes (Table 20). 
 

Table 20. Kolmogorov-Smirnov two-sided probabilities of differences in the age 
distributions between each pair of lakes. 
  INUG PDL TPN 
INUG 1.000   
PDL 0.926 1.000  
WAL 0.377 0.606 1.000 
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b) PDL 
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Figure 13. Length-frequency distributions. 
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a) WAL 

 

 

b) PDL 

 

 

c) INUG 

 

Figure 14. Age-frequency distributions. 
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3.3.4 Power Analysis 

The probability of detecting effects as large as or larger than the critical effect sizes, for each of the 

calculated fish endpoints examined with ANCOVA, based on the variance and sample sizes in this study, 

is provided in Table 21, as is the number of fish required to detect a difference equal to the critical effect 

size based on the error mean square from this study.  Power was greater than 90% except, as predicted 

in the study design, for the weight versus age relationship. The sample size required per site to detect 

the critical effect size, based on the error mean squares from this study, ranges from 5 for the length 

versus age relationship to 20 for the body weight versus length relationship. 

Table 21. Power analysis results. P is the probability that the effect size, from 
Environment Canada (2012), could be detected with the sample sizes and variance 
observed in the present study, and assuming a 10% Type-II error rate. N is the number of 
samples per site required to detect a difference equal to the critical effect size assuming 
the variance observed in this study and a 10% Type II error rate. 

Relationship Critical Effect 
Size (%) Statistic  

Body weight versus length 10 
P 92.1 

N 21 

Liver weight versus body weight 25 
P 97.0 

N 16 

Liver weight versus length 25 
P 94.7 

N 19 

Length versus age 25 
P 100 

N 5 

Weight versus age 25 
P 76.1 

N 36 

 

The age versus length relationships would require the fewest fish (5) to detect the critical effect size 

followed by, in order of increasing sample size requirements, liver weight versus weight (16), liver 

weight versus length (19), weight versus length (21), and age versus weight (36).  

3.4 Summary and Discussion 

The results of the ANCOVA analyses comparing slopes of the relationships for the EEM endpoints 

examined in this study are summarized in Table 22. There were no significant differences (P≤0.05) in the 

slopes for any of the relationships. There were no significant differences in the length or age 

distributions between lakes either. In other words, no effects were observed on Lake Trout in Wally 

Lake. Although this is the Cycle 3 EEM study at Meadowbank site, it is the first study for which Wally 

Lake has been the exposure site; during the previous EEM cycles the main discharge was to Third 

Portage North. 
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Table 22. Summary of between-lake comparisons calculated with reduced ANCOVA (i.e. 
comparison of intercepts), with no outliers removed.  Critical effect sizes are from 
Environment Canada (2012). 

dependent variable independent 
variable p-value WAL vs INUG  

% difference 
WAL vs PDL  
% difference 

critical 
effect 
size 

log of body weight log of length 0.528 0.5 -3.6 10% 
log of liver weight log of body weight 0.125 -13.7 -10.5 25% 
log of liver weight log of length 0.112 -14.2 -13.6 25% 
log of weight log of age 0.835 7.2 4.0 25% 
log of length log of age 0.742 2.5 2.5 25% 
   

3.4.1 Recommendations for Future Fish Surveys, If Required 

Based on the low catch-per-unit effort of other fish species in this cycle and previous cycles, Lake Trout 

are the only feasible sentinel fish species. A large number of lethally-sampled Lake Trout would be 

required in order to assess reproductive investment because only a portion of the Lake Trout captured 

are mature and only a portion of mature individuals spawn each year.  Therefore the adult fish survey 

for this study was limited to examining relationships based on length, weight, liver weight and age.  

Power analysis based on the results of this study indicate that a sample size of 20 Lake Trout per site 

would be adequate to detect the critical effect sizes for the weight versus length, liver weight versus 

weight, liver weight versus length and length versus age relationships with α and β both equal to 0.1.  

Nearly twice as many fish per site would be required to achieve this power for the weight versus age 

relationships (Table 21). This is consistent with the sample size requirements that were calculated based 

on the Cycle 2 data. It is recommended that the Cycle 3 study design, that is a lethal study using Lake 

Trout as the sentinel fish species with a sample size of 20 individuals per sampling area, be used in any 

future EEM adult fish surveys that are required at the Meadowbank Mine.  
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4.0 BENTHIC INVERTEBRATE COMMUNITY SURVEY 

4.1 Introduction 

The Cycle 3 EEM benthic invertebrate community study utilized one exposure area (WAL; Figure 5) and 

two reference areas, PDL (Figure 6) and INUG (Figure 7), and a before-after-control-impact (BACI) design 

utilizing data collected in 2017 and in previous years as part of the Core Receiving Environment 

Monitoring Program (CREMP). Benthos have been sampled from WAL and INUG since 2006, and PDL has 

been sampled since 2010.  WAL was in a baseline condition from 2006 to 2012, and has been in an 

‘exposed’ condition since 2013.  Five sampling stations were nested within each sampling area.  

Sampling depths were targeted to be 7 to 8 m, with sampling stations minimally 20 m apart to ensure 

some amount of independence of stations.    

Sample collection and processing followed the methodology used by the CREMP, which allowed use of 

the extensive data collected for that program, including data collected for Wally Lake prior to it 

becoming an exposure area, in the statistical analyses. Two sub-samples of the benthic community were 

collected from each sampling station and composited. However, at the request of Environment Canada, 

the two grabs composited from each station were processed separately and those data were used to 

assess if composites of 2 subsamples per benthic station properly characterize each station in Wally 

Lake.   

Variability among stations was used to judge the significance of variations among areas.  Stations were 

therefore the unit of replication.  

4.2 Materials and Methods 

4.2.1 Benthic Sample Collection 

Benthic invertebrates were collected on August 24 (PDL; reference area), 25 (INUG; reference area) and 

26 (WAL; exposure area), 2017, with five sampling stations nested within each of these areas (Table 23).  

Samples were collected from a boat using cleaned, stainless steel petite Ponar grabs (0.023 m2).  

Samples were washed on site using a 500-µm nytex bag, transferred to a 1 L plastic bottle, and 

preserved with 10% buffered formalin.  Sample sediments always sieved down such that the residue 

(sediments and animals) amounted to less than around 100 ml of material.  Duplicate samples (< ~200 

ml), per station, were processed separately (data were combined later).  Sample containers were packed 

in coolers/plastic totes and transported to Zaranko Environmental Assessment Services (ZEAS), who 

provided taxonomic services for these and all previous CREMP samples collected since 2006. 
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Table 23.  Benthos collection sample location waypoints.  

Area Station Latitude  
(deg min sec) 

Longitude 
(deg min sec) Zone Easting (m) Northing (m) 

INUG 

1 65 03 09.3 96 23 23.4 14W 622818 7216852 
2 65 03 07.5 96 23 24.1 14W 622810 7216795 
3 65 03 07.4 96 23 27.2 14W 622770 7216790 
4 65 03 08.4 96 23 29.9 14W 622733 7216822 
5 65 03 08.4 96 23 33.9 14W 622682 7216817 

PDL 

1 65 06 18.9 96 13 01.2 14W 630687 7223063 
2 65 06 17.6 96 13 08.0 14W 630600 7223019 
3 65 06 17.3 96 13 09.3 14W 630584 7223009 
4 65 06 17.0 96 13 01.0 14W 630692 7223007 
5 65 06 15.6 96 13 01.9 14W 630682 7222961 

WAL 

1 65 04 40.7 95 57 29.3 15W 360951 7220401 
2 65 04 41.5 95 57 31.0 15W 360930 7220427 
3 65 04 43.3 95 57 34.3 15W 360889 7220485 
4 65 04 43.3 95 57 35.2 15W 360877 7220486 
5 65 04 43.9 95 57 36.4 15W 360863 7220504 

 

4.2.2 Supporting Environmental Variables 

4.2.2.1 Water 

Specific conductance (µS/cm), pH, dissolved oxygen (mg/L) and temperature (°C) were determined at 

the time of benthic invertebrate sample collection with an YSI Professional Plus.  Meter calibration was 

undertaken daily following the methods in the user manual.  Parameter resolution and accuracy are as 

follows: 

 Specific conductance; resolution: 1 µS/cm, accuracy: the greater of ±1% of reading or 1 µS/cm. 

 pH; resolution: 0.01 units, accuracy: ±0.2 units. 

 Dissolved oxygen; resolution: 0.1 mg/L, accuracy: the greater of ±2% of reading or 0.2 mg/L. 

 Temperature; resolution: 0.1°C, accuracy: ±0.2°C. 

These parameters were measured at 1 m intervals from surface to 1 m off bottom, at each sampling 
station, to document the level of stratification at the time of benthic invertebrate sampling. 
 

Water depth at the point of sampling was determined using an electronic sonar device. 

Water samples were collected the same day that benthos were collected.  Water was collected from 
two randomly selected locations within each benthos sampling area. The lakes were not thermally or 
chemically (determined by specific conductance) stratified, so water was collected from 3 m below 
surface. Samples in the past have all similarly been collected from 3 m below surface. The analytes and 
their detection limits, determined in water by ALS Environmental Ltd., Burnaby, British Columbia, are 
provided in Table 24. 
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Table 24.  Water Quality Parameters and associated Detection Limits. 
Parameter Detection Limit Units 
Conductivity 2 µS/cm 
Hardness 0.5 mg/L 
pH 0.1 - 
Total Suspended Solids 1 mg/L 
Total Dissolved Solids 3 mg/L 
Turbidity 0.1 NTU 
Alkalinity 1 mg/L 
Ammonia 0.005 mg/L 
Bromide 0.05 mg/L 
Chloride 0.1 mg/L 
Fluoride 0.02 mg/L 
Nitrate 0.005 mg/L 
Nitrite 0.001 mg/L 
Total Kjeldahl Nitrogen 0.05 mg/L 
Ortho Phosphate 0.001 mg/L 
Total Phosphate 0.002 mg/L 
Silicate 0.5 mg/L 
Sulfate 0.3 mg/L 
Total Cyanide 0.001 mg/L 
Free Cyanide 0.001 mg/L 
Dissolved Organic Carbon 0.5 mg/L 
Total Organic Carbon 0.5 mg/L 
Aluminum 0.003 mg/L 
Antimony 0.0001 mg/L 
Arsenic 0.0001 mg/L 
Barium 0.00005 mg/L 
Beryllium 0.00002 mg/L 
Bismuth 0.00005 mg/L 
Boron 0.01 mg/L 
Cadmium 0.000005 mg/L 
Calcium 0.05 mg/L 
Chromium 0.0001 mg/L 
Cobalt 0.0001 mg/L 
Copper 0.0005 mg/L 
Iron 0.01 mg/L 
Lead 0.00005 mg/L 
Lithium 0.001 mg/L 
Magnesium 0.1 mg/L 
Manganese 0.0001 mg/L 
Mercury 0.000005 mg/L 
Molybdenum 0.00005 mg/L 
Nickel 0.0005 mg/L 
Phosphorus 0.05 mg/L 
Potassium 0.1 mg/L 
Selenium 0.00005 mg/L 
Silicon 0.1 mg/L 
Silver 0.00001 mg/L 
Sodium 0.05 mg/L 
Strontium 0.0002 mg/L 
Sulfur 0.5 mg/L 
Thallium 0.00001 mg/L 
Tin 0.0001 mg/L 
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Parameter Detection Limit Units 
Titanium 0.0003 mg/L 
Uranium 0.00001 mg/L 
Vanadium 0.0005 mg/L 
Zinc 0.003 mg/L 

 

 
4.2.2.2 Sediment 

Sediment samples were collected from each benthic invertebrate sampling station and analyzed for: 

 Total organic carbon (%) and, 

 Sediment particle size (% gravel, sand, silt/clay), per the Wentworth Classification. 

Detection limits for sediment quality measures are provided in Table 25 below. 

Table 25.  Sediment Measures Detection Limits. 
Parameter Detection Limit Units 
% Gravel (> 2 mm) 1 % 
% Sand (2 mm to 0.063 mm) 1 % 
% Silt (0.063 mm to 4 m) 1 % 
% Clay (<4 m) 1 % 
Total Organic Carbon 0.1 % 

 

Grain size data were used to compute an overall summary variable describing mean particle size (GMP).   

𝐺𝑀𝑃 = [𝑑𝑔
𝑤𝑔] ∗ [𝑑𝑠𝑎

𝑤𝑠𝑎] ∗ [𝑑𝑠𝑖
𝑤𝑠𝑖] ∗ [𝑑𝑐

𝑤𝑐] 

where, d is the midpoint diameter of particles retained by a given sieve for gravel (g), sand (sa), silt (si) 

and clay (c), and w is the decimal fraction by weight of particles retained by a given sieve. 

 

4.2.3 Data Analysis 

4.2.3.1 Data 

The data in this interpretive report included all prior annually collected benthic community samples 
from 2006 to 2014 for WAL, INUG and PDL. There were always five sample stations per area per year as 
per Agnico’s CREMP sampling design, with the exception of 2006 when only three stations were 
sampled in WAL and INUG.  PDL was not sampled in 2006, 2007 or 2008.  In total, there were 161 two-
grab benthos samples in the data set per Table 26. 
  



EEM Cycle 3, Meadowbank Mine, Interpretive Report 
June, 2018 

C. Portt and Associates, Kilgour & Associates Ltd. 46 

Table 26.  Summary of number of benthos stations per sample area, by year. 

Area Year Grand 
Total 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

INUG 3 5 5 5 5 5 5 5 5 5 5 5 58 
PDL       5 5 5 5 5 5 5 5 5 45 
WAL 3 5 5 5 5 5 5 5 5 5 5 5 58 

Grand Total 6 10 10 15 15 15 15 15 15 15 15 15 161 

 

4.2.3.2 Descriptors of Benthic Community Composition 

Benthos counts were provided in an Excel spreadsheet. Organisms were identified to lowest practical 

level. The data were ‘rolled up’ to the level of Family for the purpose of the analysis in this EEM 

Interpretive Report. Acarina were identified to genus only in 2017, and not in other years (only 

identified to Acarina in previous years).  The 2017 genera were rolled up to Acarina to be consistent with 

the level of identification in previous years.   

For each sample, the following descriptors of community composition and indices were calculated, as 

per the federal guidance for metal mining EEM (Environment Canada, 2012): 

■ Abundance (total number of animals per m2); 

■ Taxon Richness (number of Families), 

■ Evenness (E), where, 

/S)(p1/E 2

i ; 

■ Bray-Curtis (BC) Distance Index, where, 









)yy(

yy
BC

2i1i

2i1i
 

Where, yi1 = abundance of family i in sample 1, yi2 = abundance of family i in sample 2. 

Bray-Curtis distances were computed between all pairs of the n=161 samples.  Relative percent 

abundances were used as raw values and other transformations (e.g. log) did not provide reasonable 

NMDS scores.  

The Bray-Curtis distance matrix was used as the input distance matrix for an NMDS-based ordination 

carried out in SYSTAT. Two NMDS axes were produced by the ordination. Pearson correlations between 

raw taxa (family) abundances and sample scores on each of the NMDS axes were computed. A 

scatterplot of taxa correlations was produced in order to illustrate the relationship between taxa 

abundances and NMDS axis scores.  Scatterplots of NMDS sample scores, by year, were produced in 

order to illustrate variations in benthic community composition among sample areas, over time. 
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4.2.3.3 Testing for Effluent Related Effects 

If mine effluent releases abruptly altered the benthic community of WAL, the effect on the community 

should be manifest as a change in the natural difference between Reference and Exposure areas, from 

before to during exposure. This effect pattern is termed here the before-after-control-impact (BACI) 

hypothesis.  If, in contrast, mine effluent releases are gradually altering benthic communities in WAL, 

the effect on the community should be manifest as a change in the trend over time.  This effect pattern 

is termed here the Time Trend hypothesis. 

The full complement of baseline and exposure period data (see Table 26) were used in an analysis of 
variance with Planned Linear Orthogonal Contrasts (or PLOC; see Hoke et al., 1990; Environment Canada 
and Department of Fisheries and Oceans, 1995).  PLOC can test very specific hypotheses that are likely 
to be of interest.  Hypotheses 1, 2, 3 and 4 were tested the contrasts illustrated in Table 27 below.   
 
In the ANOVA’s, the ‘before’ period refers to the baseline period (years) before WAL received water 

from dewatered lakes or effluent, and the ‘after’ period refers to the exposure period (years) when WAL 

did receive water from dewatered lakes or effluent. ANOVA 1 tests for a change in the average 

difference (in mean benthic indices) from before (2006 to 2012) to after.  This first ANOVA will use only 

INUG as a Reference, and encompasses the longest time period available. There were no baseline data 

collected from PDL between 2006 and 2008. 

ANOVA 2 tests for a change in the average difference (in mean benthic indices) between WAL and (the 

mean of) INUG and PDL, from before (2010 to 2012) to after.  This second ANOVA is designed to use the 

common baseline period data from WAL, INUG and PDL. 

ANOVA 3 tests for a difference in time trends in the exposure period between WAL and what is 

observed in INUG and PDL.  This ANOVA will use the average time trend in INUG and PDL as a contrast to 

what is observed in WAL. 

ANOVA 4 tested for a significant change in differences between WAL and the two reference lakes (INUG, 

PDL) from early in the exposure period (2013 to 2016) to the last year in the exposure period (2017).  

This ANOVA then tested for a step change in differences in 2017. 

We anticipated that Environment Canada would be interested in carrying out a more conventional EEM 

analysis of just the 2017 data. Therefore a fifth ANOVA was carried out which included only the data 

from 2017, and which tested (HO5) that there was no difference in mean index values between WAL 

and the average of the two reference area (INUG, PDL). Contrast coefficients were -1, -1, 2 for INUG, PDL 

and WAL respectively. 

For these ANOVA’s, the variation among stations was used to judge the significance of the contrasts per 

Table 28.  The mean squared error term was estimated through an omnibus ANOVA that incorporated 

data from all sample areas and years. Doing that ensured the most robust estimate of among station 

variability (i.e., among station SD), and therefore the most robust evaluation of the hypotheses. 
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Table 27. Linear contrasts that were used to analyze the 2017 benthic community data 
from WAL, INUG and PDL (Meadowbank Mine). 

Year Exposure 
Period 

Change from Baseline 
(2006 to 2012) to 

Exposure (2013 to 
2017) Periods in 

Difference between 
Reference (INUG) and 

Exposure (WAL) 
(ANOVA 1) 

Change from Baseline 
(2010 to 2012) to 

Exposure (2013 to 
2017) Periods in 

Difference between 
Reference (INUG, 

PDL) and Exposure 
(WAL) (ANOVA 2) 

Different Time Trend 
in Exposure Period 

(2013 to 2017) 
between Reference 

(INUG, PDL) and 
Exposure (WAL) 

(ANOVA 3) 

Step change in 2017 in 
Difference between 

Reference (INUG, PDL) 
and Exposure (WAL) 

(ANOVA 4) 

Reference Exp Reference Exp Reference Exp Reference Exp 
INUG PDL WAL INUG PDL WAL INUG PDL WAL INUG PDL WAL 

2006 

Baseline 
Period 
(Before) 

5 

no
 d

at
a 

-5 0 

no
 d

at
a 

0 0 

no
 d

at
a 

0 0 

no
 d

at
a 

0 
2007 5 -5 0 0 0 0 0 0 
2008 5 -5 0 0 0 0 0 0 
2009 5 -5 0 0 0 0 0 0 
2010 5 0 -5 5 5 -10 0 0 0 0 0 0 
2011 5 0 -5 5 5 -10 0 0 0 0 0 0 
2012 5 0 -5 5 5 -10 0 0 0 0 0 0 
2013 

Exposure 
Period 
(After) 

-7 0 7 -3 -3 6 -2 -2 4 1 1 -2 
2014 -7 0 7 -3 -3 6 -1 -1 2 1 1 -2 
2015 -7 0 7 -3 -3 6 0 0 0 1 1 -2 
2016 -7 0 7 -3 -3 6 1 1 -2 1 1 -2 
2017 -7 0 7 -3 -3 6 2 2 -4 -4 -4 8 

 

 

Table 28. ANOVA table to analyze linear contrasts in Table 27. 
Source df MS F 
Year x Lake Combinations (Y x L) (Y x L) -1 MS (YxL)  
HO1:  1 MS (BACI 1) MS (BACI 1) / MS (E ) 
HO2:  1 MS (BACI 2) MS (BACI 2) / MS (E ) 
HO3:  1 MS (TT) MS (TT) / MS (E ) 
HO4:  1 MS (CI) MS (CI) / MS (E ) 
Error (Y x L x n)-1 MS (E )  

Table Note: see hypothesis statements in Table 27. 

 

4.2.3.4 Assessment of Covariable Effects 

Prior to ‘running’ ANOVA’s on core indices of benthic community composition, we examined the 

associations between indices and potential modifying factors (e.g., depth, substrate texture [logarithm 

of geometric mean particle size], logarithm of sediment total organic carbon). Multiple regression 

(backwards stepwise) was used to determine models that best explained variations in indices of 

composition. 
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4.2.3.5 Presentation of Basic Statistics 

Sample area means, medians, standard deviations, standard errors, minimum and maximum values for 

abundance, family richness, and equitability were computed for 2017 data. The mean, median, SD, SE, 

minimum and maximum BC distances within WAL, INUG and PDL, and between WAL and INUG and PDL, 

were also calculated using only the 2017 data. 

Effect sizes for the various hypotheses, for abundance, richness, equitability, and scores on NMDS axes 1 

and 2 were computed per the following:   

For Hypotheses 1, 2 and 4, the difference between Reference and Exposure in 2017, we used: 

𝐸𝑆 =
|𝑥̅𝑟 − 𝑥̅𝑒|

𝑆𝐷𝑝𝑜𝑜𝑙𝑒𝑑
 

Where  

 𝑥̅𝑟 is the average benthic community index value in the Reference area 

 𝑥̅𝑒is the average benthic community index value in the Exposure area (grand mean of INUG and 

PDL, and potentially separate calculations for INUG and PDL separately), 

 𝑆𝐷𝑝𝑜𝑜𝑙𝑒𝑑 is the within-area standard deviation based on all available data from WAL, INUG and 

PDL.   

For hypothesis 3, we computed the mean differences at the beginning of the exposure period (2013) 

and at the end of the exposure period (2017), and express the change in difference relative to the 

within-area standard deviation: 

𝐸𝑆 =
|∆2013 − ∆2017|

𝑆𝐷𝑝𝑜𝑜𝑙𝑒𝑑
 

Where,  ∆2013 is the difference between WAL and INUG and PDL in 2013, and ∆2017 is the difference in 

2017. 

We did not compute an effect size for the Mantel tests on Bray-Curtis distances since there is no 

guidance on how to do so (Environment Canada, 2012; Borcard and Legendre, 2013). 

In addition to the conventional calculation of effect sizes described above, we also computed the normal 

range of variation for core indices of composition.  Normal ranges were computed as the mean of the 

reference observations (all data from INUG and PDL, and reference period data from WAL), ± 2 SDref, 

where SDref is the standard deviation of those reference observations. This range of values is an estimate 

of the normal range of future values, and is a simplification of more complicated estimates based on 

tolerance ranges (Kilgour et al., 1998; 2017). The simplified calculation here is considered warranted 

given that there were > 130 reference observations used in the calculation, and the approximate values 

were very similar to what was produced by the more detailed calculations.  The calculations of normal 

ranges were applied to ‘residuals’ of the core indices of composition, since (and as is shown later) 
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variations in the core indices varied significantly with underlying co-variables (total organic carbon, 

water depth, grain size). 

4.2.3.6 Statistical Power 

The ability to detect an effect depends on sample size; where the study relies on a contrast of Reference 

versus Exposure locations, sample sizes refer to the number of replicate stations within both Reference 

and Exposure Areas.  Environment Canada (2012) has deemed that effects that exceed two times the 

standard deviation of observations (i.e., ±2SDs) among stations will require further investigation.  

Therefore, it is necessary to calculate the probability that a difference of ± 2 SDs could be detected with 

a certain number of stations in both control and impact sampling Areas.   

In this study, power was assessed using the conventional power equation given by Green (1989): 

  
2

222






 ttC
n

i  

where, 

n is the number of samples, C2
i is the contrast coefficients squared,  is the population standard 

deviation,  is the specified effect size, t is the Students t statistic for a two-tailed test with significance 

level , and t is the Students t statistic for a one-tailed test with significance level .  The C2
i is 

normally 2 (i.e., 12 -12 = 2) for a two-sample contrast of Reference and Exposure Areas.   

By re-arrangement, and by setting , t can be solved iteratively.  Alternatively, the detectable effect 

size , can be solved if both  and  are set.  Here, with n=5, and   = 0.05, this study had the ability 

to detect an effect size for BACI contrasts of about 0.9, and an effect size for time trend contrasts of 

about 1.1.   Those detectable effect sizes are approximately ½ the effect size that is deemed important 

to detect in EEM (Environment Canada, 2012).  

4.2.3.7 Precision 

Statistical power is a function of the underlying true effect size (or correlation) and number of replicate 

samples.  In this EEM study, stations were considered the unit of replication, so it was the number of 

replicate stations within each Area that was of critical importance in determining the power of the 

study. An additional factor indirectly influencing the power of a study is the degree of precision with 

which descriptors of community composition have been estimated.  In benthic ecology, it is generally 

recommended that descriptors of community composition be estimated to within ± 20% of the actual 

(true) value (Elliott, 1977), which is what is stated in Environment Canada’s (2012) guidance document.   

The precision (P) of within-station estimates can be estimated as: 

xn
SP  
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where s is the within-station standard deviation, n is the number of replicate (field) sub-samples, and x

is the estimated mean of the community descriptor.  This equation can be re-arranged to solve for the 

number of replicate samples required to achieve the desired precision (P) of 0.2 (i.e., 20%): 

22

2

xP
Sn  

The standard deviation can be estimated for each station separately, resulting in an estimated number 

of samples required to achieve the desired precision for the next study.  A more practical approach uses 

the pooled estimate of the standard deviation within stations based on an analysis of variance testing 

for differences between stations.  This pooled estimator can be used in the second equation 

immediately above to estimate required sub-sample per station, and assuming the mean value.   This 

was the approach taken here.  Duplicate samples in 2017 from WAL, INUG and PDL were all kept 

separate and the individual samples were sorted and organisms identified separately.  Abundance, 

family richness, and family-level equitability were computed for each grab.   

An analysis of variance was completed with the following model (for example here for ‘abundance’): 

Abundance = constant + Lake + STN(Lake)+Error;  

Where stations are ‘nested’ within lakes.  The error term (i.e., the MSE term) in this model is the 

estimator for the among-grab variation, within-station variation.  The square root of the MSE for this 

model is the estimate of s, required for the equations above. 

4.3 Results 

4.3.1 Supporting Environmental Variables 

4.3.1.1 General Limnology 

The three benthos sampling areas were similar in terms of general character.  The sampling areas in 

INUG and PDL were just over 8 m deep, while the sampling area in WAL was just over 9 m deep.  

Temperature profiles in all three areas were similar in that temperatures were homogeneous from 

surface to bottom.  Temperatures were lower, however, in PDL at roughly 10°C compared to between 

12 and 13°C in both WAL and INUG (Figure 15).  Dissolved oxygen profiles were similar, with about 10 

mg/L from surface to 1 m off bottom.  There was no indication of a DO depression near the sediments in 

any of the three lakes, and in WAL there is a slight increase in DO near the sediment water interface.  

Water depths for stations in 2014 were similar to what was surveyed in previous years (Figure 16).  
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Figure 15. Depth profiles for water temperature, dissolved oxygen (DO) and conductivity, 
in each of the three benthos sampling areas, INUG, PDL and WAL.  Values at each 1 m 
interval are the average from five sampling stations. 
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Figure 16. Water depth among years for INUG, PDL and WAL. 
Figure Note: the line illustrates Locally Weighted Scatterplot Smoothing (LOWESS)-smoothed variations 

in annual averages. 
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4.3.1.2 Laboratory Water Chemistry 

Detailed chemistry results for the benthos sampling areas is provided in Table 29 below. QA/QC for 

analytical chemistry is provided in Appendix 4. All RPD values were ≤ 20%, except for turbidity (27%) and 

total Kjeldahl nitrogen (31%), such that the quality of the water chemistry data is deemed sufficient.   

The waters from the two control lakes were very ‘soft’, with hardness values of around 5.8 and 8.8 mg/L 

at INUG and PDL, respectively. Hardness at WAL was higher, at around 22.7 mg/L. Total ammonia was at 

non-detectable concentrations in INUG and PDL (i.e. < 0.005 mg/L), whereas concentrations in WAL 

were detectable but near 0.05 mg/L. Chloride concentrations in WAL were around 1.26 mg/L, higher 

than what was measured in INUG (0.7 mg/L) and PDL (0.6 mg/L), but very low relative to the water 

quality guideline of 120 mg/L. Orthophosphate and total phosphorus were at non-detectable 

concentrations in all three lakes. Sulphate concentrations were ~ 0.9 mg/L in INUG, ~ 1.7 mg/L in PDL, 

and about 8 mg/L in WAL.  Sulphate concentrations were therefore elevated in WAL relative to the 

control lakes.  

Measured concentrations of total metals never exceeded CCME guidelines for the protection of aquatic 

life (Table 29). Many of the metals were at or near non-detectable concentrations in all three lakes, 

including Sb, Be, Bi, B, Cd, Cr, Co, Cu, Fe, Pb, Li, Hg, Mo, Ni, P, Se, Ag, Tl, Sn, Ti, V and Zn. Consistent with 

historical data reported in Agnico CREMP annual reports (Azimuth, 2015), concentrations of the metals 

Ba, and Mn were modestly higher in WAL than in the reference lakes.  

Concentrations of the cations Ca, K and Na were higher in WAL than the two reference lakes, reflecting 

the higher hardness in WAL. Sulfur was at non-detectable concentration in INUG (i.e. < 0.5 mg/L), was 

just above the detection limit in PDL (~ 0.63 mg/L) and was about 6x the detection limit in WAL (~ 3.12 

mg/L). Silicon concentrations exceeded the detection limit of 0.05 mg/L in all lakes. 
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Table 29.  Detailed water quality for the benthos monitoring areas. 
Variable Units CCME INUG-1 INUG-2 PDL-1 PDL-2 WAL-1 WAL-2 
Physical Tests 

        Conductivity µS/cm  15.4 15.1 19.9 22.1 55.7 54.7 
Hardness (as CaCO3) mg/L 

 
5.7 5.8 8.8 8.8 22.9 22.4 

pH (Laboratory)   6.84 6.86 7.06 7.02 7.37 7.38 
Total Suspended Solids mg/L  <1.0 <1.0 1 <1.0 2 1 
Total Dissolved Solids mg/L  15 15 18 16 46 39 
Turbidity NTU  0.36 0.41 0.23 0.28 0.44 0.52 

         Anions and Nutrients 
        Alkalinity, Total mg/L  4.9 4.5 7.4 7.3 14.8 15.0 

Ammonia, Total (as N) mg/L equation1 <0.0050 <0.0050 <0.0050 <0.0050 0.048 0.047 
Bromide (Br) mg/L 

 
<0.050 <0.050 <0.050 <0.050 <0.050 <0.050 

Chloride (Cl) mg/L 120 0.74 0.75 0.61 0.60 1.27 1.25 
Fluoride (F) mg/L 0.120 0.06 0.06 0.03 0.04 0.05 0.05 
Nitrate (as N) mg/L 3.0 <0.0050 <0.0050 <0.0050 <0.0050 0.2680 0.2530 
Nitrite (as N) mg/L 0.06 <0.0010 <0.0010 <0.0010 <0.0010 0.005 0.003 
Total Kjeldahl Nitrogen   0.15 0.11 0.09 0.10 0.19 0.23 
Orthophosphate-Dissolved (as P) mg/L 

 
<0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 

Phosphorus (P)-Total Dissolved mg/L 
 

<0.0020 <0.0020 <0.0020 <0.0020 <0.0020 <0.0020 
Phosphorus (P)-Total mg/L 0.0040 <0.0020 <0.0020 <0.0020 <0.0020 <0.0020 <0.0020 
Silicate (as SiO2) mg/L 

 
<0.50 <0.50 <0.50 <0.50 0.51 0.51 

Sulfate (SO4) mg/L 
 

0.86 0.87 1.65 1.65 8.29 8.09 

         Cyanides 
        Cyanide, Total mg/L 

 
<0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 

Cyanide, Free mg/L 0.005 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 

         Organic / Inorganic Carbon 
        Dissolved Organic Carbon mg/L 

 
1.75 1.88 1.67 1.62 2.30 2.31 

Total Organic Carbon mg/L 
 

2.11 1.96 1.74 1.80 2.73 2.33 
         
Plant Pigments 

        Chlorophyll-a µg/L  0.26 0.31 0.22 0.26 0.89 0.88 
         
Total Metals 

        Aluminum (Al)-Total mg/L equation 0.0075 0.0072 0.0047 0.0044 0.0101 0.0117 
Antimony (Sb)-Total mg/L 

 
<0.00010 <0.00010 <0.00010 <0.00010 0.00 0.00 
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Variable Units CCME INUG-1 INUG-2 PDL-1 PDL-2 WAL-1 WAL-2 
Arsenic (As)-Total mg/L 0.005 0.0002 0.0002 0.0002 0.0002 0.0004 0.0004 
Barium (Ba)-Total mg/L 

 
0.0017 0.0018 0.0019 0.0019 0.0038 0.0038 

Beryllium (Be)-Total mg/L 
 

<0.000020 <0.000020 <0.000020 <0.000020 <0.000020 <0.000020 
Bismuth (Bi)-Total mg/L 

 
<0.000050 <0.000050 <0.000050 <0.000050 <0.000050 <0.000050 

Boron (B)-Total mg/L 1.5 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 
Cadmium (Cd)-Total mg/L equation <0.0000050 <0.0000050 <0.0000050 <0.0000050 <0.0000050 <0.0000050 
Calcium (Ca)-Total mg/L 

 
1.13 1.13 2.25 2.22 6.52 6.40 

Chromium (Cr)-Total mg/L 0.001 <0.00015 <0.00015 <0.00010 0.00462 <0.00010 <0.00010 
Cobalt (Co)-Total mg/L 

 
<0.00010 <0.00010 <0.00010 <0.00010 <0.00010 <0.00010 

Copper (Cu)-Total mg/L equation <0.00050 <0.00050 <0.00050 0.0006 0.0013 0.0013 
Iron (Fe)-Total mg/L 0.3 0.014 0.017 <0.010 0.037 0.028 0.030 
Lead (Pb)-Total mg/L equation <0.000050 <0.000050 <0.000050 <0.000050 <0.000050 <0.000050 
Lithium (Li)-Total mg/L 

 
<0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 

Magnesium (Mg)-Total mg/L 
 

0.70 0.71 0.80 0.78 1.77 1.77 
Manganese (Mn)-Total mg/L 

 
0.0020 0.0020 0.0014 0.0017 0.0045 0.0044 

Mercury (Hg)-Total mg/L 0.000026 <0.0000050 <0.0000050 <0.0000050 <0.0000050 <0.0000050 <0.0000050 
Molybdenum (Mo)-Total mg/L 0.073 <0.000050 <0.000050 <0.000050 0.0001 0.0013 0.0013 
Nickel (Ni)-Total mg/L equation <0.00050 0.0006 0.0007 0.0007 0.0006 0.0006 
Phosphorus (P)-Total mg/L 

 
<0.050 <0.050 <0.050 <0.050 <0.050 <0.050 

Potassium (K)-Total mg/L 
 

0.40 0.40 0.37 0.37 0.81 0.81 
Selenium (Se)-Total mg/L 0.001 <0.000050 <0.000050 <0.000050 <0.000050 <0.000050 <0.000050 
Silicon (Si)-Total mg/L 

 
0.18 0.18 0.17 0.15 0.26 0.25 

Silver (Ag)-Total mg/L 0.0001 <0.000010 <0.000010 <0.000010 <0.000010 <0.000010 <0.000010 
Sodium (Na)-Total mg/L 

 
0.60 0.60 0.53 0.53 0.97 0.94 

Strontium (Sr)-Total mg/L 
 

0.0061 0.0062 0.0090 0.0089 0.0354 0.0353 
Sulfur (S)-Total mg/L 

 
<0.50 <0.50 0.57 0.68 3.12 3.12 

Thallium (Tl)-Total mg/L 0.0008 <0.000010 <0.000010 <0.000010 <0.000010 <0.000010 <0.000010 
Tin (Sn)-Total mg/L 

 
<0.00010 <0.00010 <0.00010 <0.00010 <0.00010 <0.00010 

Titanium (Ti)-Total mg/L 
 

<0.00030 <0.00030 <0.00030 <0.00030 <0.00030 <0.00030 
Uranium (U)-Total mg/L 0.015 0.000040 0.000039 0.000022 0.000021 0.000292 0.000275 
Vanadium (V)-Total mg/L 

 
<0.00050 <0.00050 <0.00050 <0.00050 <0.00050 <0.00050 

Zinc (Zn)-Total mg/L 0.03 <0.0030 0.0038 <0.0030 <0.0030 <0.0030 <0.0030 
1"equation" means that CCME guidelines (or thresholds) are calculated based on an equation which is either pH or hardness dependent.  The 

ammonia and aluminum guidelines vary with pH; the cadmium, copper, lead, manganese, nickel and zinc guidelines vary with hardness. 
2 strikethrough = results flagged as unreliable in the QC assessment. 

<   indicates below detection limits. 
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4.3.1.3 Sediment Character 

Sediments were largely fines with silt and clay comprising collectively > 90% of the sediment material 

(Table 30).  TOC in sediments were generally higher in the two reference lakes (INUG, PDL) than had 

been previously reported from those lakes (typically < 5%), with percentages of between about 5.6 and 

6.3% in 2017.  WAL sediments have always had relatively high TOC with percentages ranging between 5 

and 13 (Figure 17), and values in 2017 of between 7.15 and 8.10% (Table 30). 

 
Table 30.  Variations in sample depth, TOC, sand, silt and clay, 2017. 

Area Station Depth 
(m) TOC (%) Sand 

(%) Silt (%) Clay (%) 

INUG 

1 7.0 6.02 4.0 74.1 22.0 

2 7.3 6.34 6.9 68.6 24.5 

3 7.5 6.08 4.3 69.8 25.9 

4 7.9 5.93 3.5 67.8 28.8 

5 8.1 5.70 2.8 68.5 28.7 

PDL 

1 8.0 6.21 2.8 77.2 20.0 

2 6.9 5.94 9.0 72.3 18.8 

3 6.9 5.62 7.7 74.0 18.3 

4 8.0 6.21 6.6 73.4 20.0 

5 7.5 6.29 7.1 75.1 17.7 

WAL 

1 8.0 7.48 4.7 78.5 16.8 

2 8.3 7.52 <1.0 79.3 19.8 

3 7.9 8.10 1.1 76.6 22.3 

4 7.9 7.15 2.1 76.1 21.8 

5 7.5 7.86 3.2 80.8 16.1 
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Figure 17. Total organic carbon (TOC) in sediment among years for INUG, PDL and WAL. 
Figure Note: the line illustrates LOWESS-smoothed variations in annual averages. 

 

10

10

YEAR

10

0

5

15

TO
C

 (%
)

0

5

15

TO
C

 (%
)

0

5

15

TO
C

 (%
)

Exposure PeriodINUG

PDL

WAL



EEM Cycle 3, Meadowbank Mine, Interpretive Report 
June, 2018 

C. Portt and Associates, Kilgour & Associates Ltd. 59 

 

Figure 18. Geometric mean (GM) grain size of sediment among years for INUG, PDL and 
WAL. 
Figure Note: the line illustrates LOWESS-smoothed variations in annual averages. 
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Benthic communities of the three study areas were generally similar in 2017, and similar to what had 

been described in previous years. The benthos of Wally Lake were dominated numerically by 

chironomids (79%) and Pisidiidae fingernail clams (14%, Table 31), in 2017, with sub-dominant taxa 

including Ostracoda (5%) and mites (Acari 1%).  Nemata, Platyhelminthes and Limnephilidae caddisflies 

each accounted for < 1% of total numbers of benthos collected from Wally Lake in 2017.  There were no 

oligochaete worms in the benthos of Wally Lake sediments in 2017.  Two individual Limnephilidae 

caddisflies (Grensia praeterita, see Appendix 5 – benthos detailed taxonomic data) were present in WAL 

in 2017, whereas there were two in PDL and one in INUG in 2017. Quality assurance for the laboratory 

sorting of invertebrate samples is provided in Appendix 6.  Sorting always produced > 95% of individuals 

in the samples, and was therefore acceptable. 

There were 10 chironomid genera in the WAL stations in 2017.  The following chironomid genera were 

numerically dominant not only in WAL, but also in INUG and PDL: Micropsectra, Paratanytarsus, 

Stichtochironomus, Tanytarsus, and Procladius.  All of these genera are commonly distributed in the 

Holarctic.   

The Pisidiidae clams in Wally Lake have always been of the genus Pisidium, like they have been in PDL.  

Pisidiidae in INUG have included both Pisidium and Sphaerium nitidum.  

Variations in total abundance and indices of composition (richness, equitability) over time and within 

sample areas are illustrated in Figure 19 through Figure 21.  Total abundances in Wally Lake have been 

generally higher and more variable than abundances in INUG or PDL.  Abundances in Wally Lake in 2017 

varied between about 3000 and 8000 individuals per m2, whereas abundances in INUG varied between 

about 1000 and 3000 individuals per m2, and abundances in PDL varied between about 500 and 1500 

individuals per m2.  Abundances in Wally Lake have typically ranged up to about 5000 individuals per m2, 

with the exception of samples collected in 2016 when abundances varied between 13000 and 32000 

individuals per m2.   

In 2017, benthic samples from Wally Lake produced between 4 and 6 families per sample (i.e. per pair of 

Ponar grabs; see Figure 20).  Those family richness values were similar to what had been reported 

previously, with the minimum number of families being 4 in a sample, and the maximum being 8.  

Family richness was higher in 2016, with values of between 6 and 8.  Family richness values in 2017 were 

similar to what has been previously observed in INUG (3 to 9 families) and PDL (3 to 8 families).   

Equitability values in Wally Lake varied between 0.23 and 0.38 in 2017, a range of values that was well 

within the range of values that was historically reported for that lake.  Values have typically been 

between about 0.2 and 0.7, and therefore similar to the ranges of values reported from INUG and PDL 

(Figure 21). 

The results of the NMDS ordination are illustrated in Figure 22 (taxa correlations with axis scores) and 

Figure 23 (sample scores).  Chironomid abundances were most strongly and positively associated with 

Axis 1 scores, whereas ostracod abundances were most strongly associated with Axis 2 scores.  

Variations in Axis 1 scores therefore reflects (generally) variations in abundances of chironomids, while 

variations in Axis 2 scores reflects variations in ostracod abundances.  Figure 23 illustrates the variations 

over time in axis scores.  Benthic community data from Wally Lake produced larger positive Axis 1 scores 

than INUG in the baseline period years 2006 and 2007, and then again in the exposure period years 
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2016 and 2017.  Wally Lake scores were somewhat more similar to scores produced by benthos from 

PDL than from INUG across all years.  In 2017, the Wally Lake benthos produced scores that were 

generally similar to scores produced by PDL, but there were two samples that produced lower Axis 2 

scores relative to all other samples, and one sample was an apparent outlier relative to other samples 

(see sample with most negative Axis 2 score, bottom right hand graph of Figure 23). 
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Table 31.  Relative abundances (%) of benthos taxa (families or higher level) by year for 
INUG, PDL and WAL.  Averages of total abundance, family richness and equitability are 
also provided. 

Taxon INUG 
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

Nemata   3 2 5 2 1 3 2 5 3 6 2 2 
Platyhelminthes   3 <1 1 1   2 3     1 1 

Naididae 1 2 1 1 1 <1 1 2 1 <1 1 <1 
Lumbriculidae 3 3 <1 3 3 5 3 2 1 2 <1 1 

Acarina 5 5 2 3 4 2 4 1 1 1 1 2 
Ostracoda    7  6 9 9 4 5 6 1 4 1 2 
Notostraca   1 <1 <1   2 1       1   

Limnephilidae       <1 2     <1 1 <1 <1 <1 
Chironomidae 47 57 71 50 37 41 45 57 60 63 70 66 

Empididae 1   <1                   
Pisidiidae 33 27 15 31 43 42 37 22 32 24 23 26 

Indices 
Abundance 841  1,043  2,143  1,339  704  1,096  1,152  2,470  752  1,917  2,335  1,904  

Family Richness 5.33 5.80 6.40 6.20 5.00 5.80 6.20 8.00 3.80 5.40 6.40 5.27 
Family Diversity 0.63 0.56 0.54 0.63 0.61 0.64 0.64 0.58 0.53 0.54 0.45 0.51 

Family Evenness 0.57 0.43 0.38 0.46 0.53 0.48 0.50 0.31 0.58 0.41 0.32 0.42 
 

Taxon PDL 
2009 2010 2011 2012 2013 2014 2015 2016 2017 

Nemata   1 3 2 3 5 9 4 3 4 
Platyhelminthes <1               1 

Naididae 5 3 4   4 6 1 1 2 
Lumbriculidae 1 1 2 1 1 2 1 1 3 

Acarina 2 1 4 2 1 2 1 1 1 
Ostracoda    9 8 3 2 7   11 3 13 
Notostraca             <1     

Limnephilidae 1 1 1 2 2   2 1 1 
Chironomidae 60 54 54 64 57 52 59 65 52 

Empididae                   
Pisidiidae 20 28 31 26 23 29 20 26 24 

Indices 
Abundance 1,930  1,013  991  1,026  1,513  548  1,391  1,530  970  

Family Richness 6.20 5.20 5.20 4.40 6.20 4.40 6.00 5.40 5.33 
Family Diversity 0.60 0.59 0.58 0.48 0.61 0.57 0.59 0.51 0.61 

Family Evenness 0.42 0.49 0.48 0.46 0.42 0.57 0.41 0.42 0.53 
 

Taxon WAL 
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

Nemata   <1 <1 5 1 1 2 1 1 <1 2 1 <1 
Platyhelminthes   2   1     2 1   <1 <1 <1 

Naididae <1 <1 <1 2             <1   
Lumbriculidae <1 1 <1 1 1 2 1 <1   2 <1   

Acarina 1 1 1 2 1 1 1 4 2 1 1 1 
Ostracoda    1 <1 7 15 7 11 14 14 16 19 2 5 
Notostraca                         

Limnephilidae   <1 <1 1 <1 <1 <1 1 <1 <1 <1 <1 
Chironomidae 93 83 54 53 70 55 67 60 66 56 92 79 

Empididae           <1             
Pisidiidae 4 12 32 24 20 28 14 19 15 20 4 14 

Indices 
Abundance 13,167  4,739  1,309  2,683  2,470  1,313  2,930  2,052  2,857 2,443  16,343 5,570  

Family Richness 4.67 6.00 5.20 6.80 5.20 5.60 6.20 6.00 4.40 6.00 6.80 4.80 
Family Diversity 0.13 0.30 0.60 0.65 0.51 0.60 0.57 0.59 0.51 0.63 0.18 0.36 

Family Evenness 0.25 0.25 0.52 0.46 0.45 0.49 0.41 0.43 0.48 0.49 0.18 0.34 
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Table 32.  Mean, median, minimum, maximum, standard deviation (SD) and standard 
error (SE) for core indices of benthic community composition for INUG, PDL and WAL in 
2017. 

Area Metric Total 
Abundance 

Family 
Richness 

Family 
Equitability 

INUG 
(2017) 

Mean 1904 6.4 0.33 
Median 1891 6.0 0.30 
Min 1152 6.0 0.29 
Max 3087 7.0 0.40 
SD 768 0.5 0.05 
SE 343 0.2 0.02 

PDL 
(2017) 

Mean 970 6.4 0.44 
Median 913 7.0 0.44 
Min 543 5.0 0.31 
Max 1522 8.0 0.57 
SD 389 1.3 0.10 
SE 174 0.6 0.04 

WAL 
(2017) 

Mean 5570 5.0 0.32 
Median 6130 5.0 0.30 
Min 3261 4.0 0.27 
Max 8239 6.0 0.38 
SD 2127 0.7 0.04 
SE 951 0.3 0.02 

 

Table 33.  Mean, median, minimum, maximum, standard deviation (SD) and standard 
error (SE) for Bray-Curtis distances for INUG, PDL and WAL in 2017. 

Metric Within 
Reference 

Within 
Exposure 

Between 
Reference 

and 
Exposure 

Between 
WAL 

and PDL 

Between 
WAL 
and 

INUG 

Mean 0.27 0.36 0.32 0.32 0.32 
Median 0.24 0.33 0.28 0.29 0.25 
Min 0.04 0.15 0.04 0.04 0.14 
Max 0.50 0.55 0.63 0.59 0.63 
SD 0.12 0.13 0.16 0.16 0.16 
SE 0.02 0.04 0.02 0.03 0.03 

 

 

 



EEM Cycle 3, Meadowbank Mine, Interpretive Report 
June, 2018 

C. Portt and Associates, Kilgour & Associates Ltd. 64 

 

Figure 19. Number of organisms per m2 among years for INUG, PDL and WAL. 
Figure Note: the line illustrates LOWESS-smoothed annual averages. 
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Figure 20. Taxa richness (number of families) among years for INUG, PDL and WAL. 
Figure Note: the line illustrates LOWESS-smoothed annual averages. 
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Figure 21. Equitability among years for INUG, PDL and WAL. 
Figure Note: the line illustrates LOWESS-smoothed variations in annual averages. 
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Figure 22. Scatterplot of Pearson correlation coefficients between taxa abundances and 
MDS axis scores. 
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Figure 23. Scatterplots of NMDS axis scores for benthos community samples from INUG, PDL and WAL by year. 
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4.3.2.2 Controlling Variation in Benthic Indices 

Backward, stepwise multiple regression was used to identify variables that explained variation indices of 

benthic community composition in INUG, PDL and in WAL (baseline period).  The results of the stepwise 

regressions are provided in Table 34 (ANOVA table) and Table 35 (reference models) below.  Total 

organic carbon and geometric mean particle size explained significant amounts of variation in all of the 

core indices of benthic community composition, in addition to diversity.  The coefficients in Table 35 can 

be used to infer the nature of the association between indices and predictors.  Total organic carbon had 

a positive coefficient (slope) for total abundances, family richness and NMDS axis 1 scores, indicating 

that the response variables increased in relation to TOC.  TOC had a ‘negative’ association with 

equitability, diversity and NMDS axis 2 scores.  Particle size had larger (and negative) coefficients for 

abundances and NMDS axis 2 scores, indicating that those indices decreased when sediment particle 

size increased.   

 

Table 34.  ANOVA table for multiple regression models developed for each of the core 
indices of benthic community composition, in addition to NMDS axes 

Index of 
Composition Source Type III SS df Mean 

Squares F-Ratio p-Value 

Core Variables 

Log of 
Abundance 

Regression 3.453 2 1.727 23.23 <0.001 
Residual 9.885 133 0.074     

Log of Family 
Richness 

Regression 0.064 1 0.064 5.81 0.017 
Residual 1.476 134 0.011     

Equitability 
Regression 0.192 1 0.192 11.21 0.001 

Residual 2.297 134 0.017     

NMDS Axis 1 
Regression 1.128 1 1.128 1.51 0.221 

Residual 100.08 134 0.747     

NMDS Axis 2 
Regression 0.946 2 0.473 2.88 0.060 

Residual 21.83 133 0.164     
Supporting Variable 

Diversity 
Regression 0.101 1 0.101 13.97 <0.001 

Residual 2.298 318 0.007     
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Table 35.  Multiple regression model parameter estimates and percent of variation 
explained for each of the core indices of benthic community composition, in addition to 
NMDS axes 

Index of 
Composition 

Model Parameter Estimates 

Constant Log of 
Depth 

Log of 
TOC 

Log of Geo 
Mean Model R2 

Core Variables 
Log of 
Abundance 1.73   0.349 -0.741 0.26 

Log of Family 
Richness 0.688   0.095 0.03 0.04 

Equitability 0.538   -0.164 0.04 0.08 
NMDS Axis 1 -0.303   0.398 0.07 0.01 
NMDS Axis 2 -0.861   -0.272 -0.677 0.04 

Supporting Variable 
Diversity 0.711 0.357 -0.046 0.273 0.16 

 

4.3.2.3 Hypothesis Tests 

This analysis focuses on the assessment of temporal variations in residuals of the core indices of benthic 

community composition.  The resulting ANOVA table is provided below (Table 36), with computed effect 

sizes for each core index.  Scatterplots of variations in ‘residuals’ of core indices of composition are 

illustrated in the figures below. In addition to illustrating the individual residuals, the graphs also 

illustrate the normal range of variation for residuals based on the range observed for the reference data 

(i.e., data from INUG, PDL and the baseline period for WAL).   

HO1 tested for differences in indices between reference (INUG) and exposure (WAL) from before 

effluent discharge occurred in WAL (1996 to 2012) to after the start of effluent discharge into WAL 

(2013 to 2017). HO1 was not significant for any of the five core indices.  These observed variations were 

all ‘small’ relative to Environment Canada’s (2012) critical effect size of 2 SD, all being < 1.5 SD (Table 

36). 

HO2 tested for no changes from before exposure (2010 to 2012) to during exposure (2013 to 2017) 

between exposure (WAL) and reference lake (INUG, PDL) benthos. HO2 was significant for all indices 

except richness (Table 36).  Scatterplots of residuals (and effect sizes) show that abundances increased, 

equitability decreased, scores on NMDS axis 1 increased and scores on NMDS axis 2 decreased more 

than expected during the exposure period in WAL, relative to what occurred in INUG and PDL. 

HO3 tested for a difference in time trends during the exposure period (2013 to 2017) between exposure 

(WAL) and reference (INUG, PDL) lakes.  HO3 was significant for residuals of abundance, and scores on 

NMDS axes 1 and 2 (Table 36).  The scatterplots of residuals and computed effect sizes show that 

abundances tended to increase more in WAL than INUG and PDL during the exposure period (Figure 24).  

NMDS axis 1 scores also tended to get higher during the exposure period reflecting a general increase in 

relative abundances of several taxa, but particularly chironomids (Figure 27).  Scores on NMDS axis 2 

tended to decrease more in WAL during the exposure period than in INGU and PDL, reflecting an 
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increasing abundance of ostracods (Figure 28).  The effect size for abundance was 3.0 SD’s suggesting a 

large variation.   

HO4 tested for a change in the difference between exposure (WAL) and reference (INUG and PDL) from 

early in the exposure period (2013 to 2016) to the last/current year (2017).  That hypothesized effect 

was significant for abundance, equitability, and scores on NMDS axes 1 and 2 (Table 36).  Abundances 

tended to increase more in 2017 in WAL than was predicted by the reference lake data (Figure 24).  

Equitability, and scores on NDMS axes 1 and 2 tended to decrease more in 2017 relative to the 

reference lakes.  All effect sizes related to HO4 were < 2 SD, indicating small variations.   

HO5 tested for a difference in mean index values (residuals) between reference (INUG, PDL) and 

exposure (WAL) in 2017, using only the 2017 data (Table 37).  There were statistically significant 

differences between reference and exposure in residuals of log of abundance (higher in WAL), family 

richness (lower in WAL), equitability (lower in WAL), and NMDS axis 1 scores (lower in WAL).  Of those 

significant differences, only the difference in residuals of log abundance differed by > 2 SD’s from the 

average of the reference data.  The observed effect size for residuals of abundance, were 3.0 SD for the 

comparison of WAL to INUG and 4.3 SD’s for the comparison of WAL to PDL.  All of the other indices 

(residuals) produced differences between WAL and the average of the two reference lakes that were < 2 

SD’s.   

The ANOVAs are one way to examine the variations in core indices.  Normal ranges of reference data 

(station-level observations) provide another means of examining the significance of variations.  

Abundances have historically been between about 500 and 2000 individuals per m2 in INUG and PDL. 

Abundances in WAL have generally been higher than that, ranging between about 500 and 10000 

individuals per m2, but abundances in 2016 were upwards of 30,000 individuals per m2, which is 

considerably higher than what has been observed historically.  The average of residuals of abundance in 

WAL in 2017 was within the range of values for reference-period data (see Figure 19).  The ranges in 

family richness, and equitability in WAL in 2017 were within normal ranges of reference data (Figure 25 

and Figure 26). Scores on NMDS Axis 1 in WAL in 2017 all fell within normal ranges for reference data 

(Figure 27). Average scores on NMDS Axis 2 in WAL in 2017 fell within normal ranges, but one sample 

fell outside the limits of normal ranges, indicating high abundances of ostracods (Figure 28).   
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Table 36.  Results of analysis of variance (ANOVA) for the four specified hypotheses, for 
core indices of benthic community composition.   

Index of 
Composition Test SS df MSE F ratio P value 

Effect 
Size 

(SD's) 

Log of 
Abundance 
Residuals 

Omnibus 150.5 32 4.703 7.26 <0.001   
  HO1 0.576 1 0.576 0.89 0.348 0.43 
  HO2 4.222 1 4.222 6.51 0.012 1.42 
  HO3 11.52 1 11.52 17.78 <0.001 3.05 
  HO4 25.72 1 25.72 39.68 <0.001 1.28 
Error 82.96 128 0.648       

Log of 
Richness 
Residuals 

Omnibus 62.76 32 1.961 2.67 <0.001   
  HO1 0.009 1 0.009 0.01 0.912 -0.08 
  HO2 0.251 1 0.251 0.34 0.560 -0.20 
  HO3 0.008 1 0.008 0.01 0.919 -0.85 
  HO4 1.019 1 1.019 1.39 0.241 -1.01 
Error 93.97 128 0.734       

Family 
Equitability 
Residuals 

Omnibus 69.12 32 2.16 2.62 <0.001   
  HO1 3.149 1 3.149 3.83 0.053 0.60 
  HO2 12.79 1 12.79 15.54 <0.001 -0.46 
  HO3 1.392 1 1.392 1.69 0.196 -0.01 
  HO4 8.033 1 8.033 9.76 0.002 -0.82 
Error 105.35 128 0.823       

NMDS Axis 1 
Residuals 

Omnibus 81.98 32 2.562 3.78 <0.001   
  HO1 1.369 1 1.369 2.02 0.158 -0.64 
  HO2 34.40 1 34.40 50.81 <0.001 0.28 
  HO3 5.65 1 5.65 8.35 0.005 0.50 
  HO4 12.92 1 12.92 19.08 <0.001 -0.49 
Error 86.66 128 0.677       

NMDS Axis 2 
Residuals 

Omnibus 91.06 32 2.846 2.74 <0.001   
  HO1 2.13 1 2.13 2.05 0.154 -0.51 
  HO2 7.285 1 7.285 7.02 0.009 0.63 
  HO3 0.457 1 0.457 0.44 0.508 -2.11 
  HO4 4.382 1 4.382 4.22 0.042 -1.54 
Error 132.9 128 1.038       

 Table Notes: shading indicates contrasts that were significant and had effect sizes > 2 SD’s 
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Table 37.  Results of analysis of variance (ANOVA) for the four specified hypotheses, for 
core indices of benthic community composition. 2017 data only.   

Index of 
Composition Test SS df MS F ratio P value Area LS mean Diff ES 

Log of 
Abundance 
Residuals 

Omnibus 16.65 2 8.325 24.15 <0.001 Ref -0.48     
HO5 15.20 1 15.20 44.1 <0.001 Exp 1.66 2.14 3.64 
Error 4.137 12 0.345             

Log of  
Richness 
Residuals 

Omnibus 4.144 2 2.072 4.87 0.028 Ref 0.38     
HO5 4.134 1 4.134 9.71 0.009 Exp -0.74 -1.11 1.71 
Error 5.107 12 0.426             

Family 
Equitability 
Residuals 

Omnibus 2.437 2 1.218 4.31 0.039 Ref -0.20     
HO5 17.78 1 17.78 5.09 0.044 Exp -0.60 -0.40 0.75 
Error 3.394 12 0.283             

NMDS Axis 1 
Residuals 

Omnibus 5.226 2 2.613 3.73 0.055 Ref -0.04     
HO5 0.123 1 0.123 0.18 0.683 Exp -0.23 -0.19 0.23 
Error 8.408 12 0.701             

NMDS Axis 2 
Residuals 

Omnibus 17.94 2 8.971 2.57 0.118 Ref 0.65     
HO5 17.78 1 17.78 5.09 0.044 Exp -1.66 -2.31 1.24 
Error 41.97 12 3.497             

Table Notes: ES = effect size, expressed as standard deviations (based on square root of the MSE); 

shading indicates contrasts that were significant and with effect sizes > 2 SD’s 
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Figure 24.  Residuals of total abundance, among years for INUG, PDL and WAL. 
Figure Note: the line illustrates LOWESS-smoothed variations in annual averages. 
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Figure 25.  Residuals of family richness, among years for INUG, PDL and WAL 
Figure Note: the line illustrates LOWESS-smoothed variations in annual averages. 

 



EEM Cycle 3, Meadowbank Mine, Interpretive Report 
June, 2018 

C. Portt and Associates, Kilgour & Associates Ltd. 76 

 

Figure 26.  Residuals of equitability, among years for INUG, PDL and WAL 
Figure Note: the line illustrates LOWESS-smoothed variations in annual averages. 
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Figure 27.  Residuals of NMDS Axis 1 Scores, among years for INUG, PDL and WAL 
Figure Note: the line illustrates LOWESS-smoothed variations in annual averages. 
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Figure 28.  Residuals of NMDS Axis 2 Scores, among years for INUG, PDL and WAL 
Figure Note: the line illustrates LOWESS-smoothed variations in annual averages. 

 

4.3.2.4 Precision 

Estimated sample sizes required to obtain a precision of 0.2 (station values estimated to within ± 20% of 

their true values) are provided in Table 38 below.  Precision estimates vary depending on the mean, with 

smaller means generally requiring a larger number of samples to get the estimates within 20% of the 

mean value.  That said, abundance and family richness can be estimated to within 20% of the observed 

true means in WAL, PDL and INUG with single Ponar grabs. Having two grabs from those lakes will 

produce estimates for those variables that are even more precise than required. 

Equitability is a core variable, and in INUG and PDL, 2 Ponar grabs was sufficient to produce estimates 

within 20% of the true values.  Equitability values were lower in WAL than the other lakes, such that the 
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analysis suggested that four Ponar grabs would be necessary to estimate equitability to within 20% of 

the true values in Wally Lake. 

Table 38.  Sample sizes required to produce estimates of core and supporting indices of 
benthic invertebrate community composition that are within ±20% of the true values at a 
‘station’ level 

Core or 
Supporting Variable Lake S S2 𝒙 

Sample Size 
𝒏̂ Rounded Up 

Core 

Log 
Abundance 

INUG 0.23 0.053 1.59 0.53 1 
PDL 0.23 0.053 1.32 0.77 1 
WAL 0.23 0.053 2.02 0.33 1 

Log 
Richness 

INUG 0.08 0.007 0.67 0.37 1 
PDL 0.08 0.007 0.67 0.38 1 
WAL 0.08 0.007 0.69 0.35 1 

Equitability 
INUG 0.12 0.014 0.47 1.65 2 
PDL 0.12 0.014 0.58 1.08 1 
WAL 0.12 0.014 0.33 3.26 4 

Supporting Diversity 
INUG 0.14 0.020 0.51 1.88 2 
PDL 0.14 0.020 0.60 1.37 2 
WAL 0.14 0.020 0.36 3.68 4 

 Table Notes: S = standard deviation; S2 = variance; 𝑥̅ = station mean; 𝑛̂=estimated number of samples required. 

4.4 Discussion 

The benthic community of WAL, in 2017, largely consisted of chironomids and sphaeriid fingernail clams, 

similar to what the community consisted of in all other surveys, including those from the baseline period 

2006 to 2012.  In terms of family compositions, the community of WAL was, further, very similar to what 

has been described from INUG and from PDL.  The benthos of WAL is therefore consistent with what is 

observed in reference lakes in the area, or for reference periods for WAL. Sediments in WAL have a 

higher organic carbon content than in either of the reference lakes.  Sediments in WAL have around 5 to 

13% TOC, whereas INUG and PDL have around 2 to 6% TOC. Some of the observed variations in core 

indices of composition were related to variations in substrate total organic carbon and grain size, and 

sample depth.  Testing for spatio-temporal variations, therefore, was carried out on residuals of the core 

indices, after taking into account the variations related to underlying physical variables.   

The results of the tests on residuals are summarized in Table 39. When only the 2017 data were 

compared (H05) there was a significant difference between Reference (INUG, PDL) and Exposure (WAL) 

for the residuals of abundance and richness, but the effect sizes only exceeded 2 standard deviations for 

abundance. Abundances in WAL were high relative to INUG and PDL however even before the discharge 

of effluent into WAL.  When all of the years of data were included (H01), which is arguably the most 

robust analysis, there was no significant difference between WAL and the average of INUG and PDL for 

any of the indices of composition. Residuals were significantly different between WAL and the average 

of INUG and PDL for equitability and both NMDS axes for H02 which included only the three most recent 

pre-exposure years (2010-2012), but the associated effect sizes were small (< 2SD). The time trend for 

the period 2013-2017 differed between WAL and the average of INUG and PDL for abundance (with 

ES>2 SD), and for NMDS1 (ES < 2 SD). For H04, which examined the step change in 2017 between 
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Reference and Exposure, there were significant differences in the residuals of abundance, equitability 

and NMDS Axis 1, but again the difference were less than 2 SD.  

Generally, and despite some of the statistically significant variations observed, the composition of 

benthic community of WAL was very similar to what is observed in the reference lakes, and in WAL 

during baseline periods, and further contained fauna indicative of high water quality. WAL benthos 

contained 10 genera of chironomid in 2017, similar to what had been observed in the other lakes. 

Further, the dominant chironomids in WAL were similar to what were also dominant in the other lakes 

(i.e. Cladotanytarsus, Constempellina and Sergentia).  Less-abundant chironomids in WAL indicated 

oligotrophic conditions (e.g., Monodiamesa).  There were no oligochaete worms in the benthos of WAL 

in 2017, a group that typically increases in numbers when conditions degrade.  The benthos of WAL also 

contained the caddisfly Grensia, which has been historically observed (in low relative abundances), and 

a species that is generally restricted to the cold, clear waters of the far north (Harris and Lawrence, 

1978).  In summary, the benthic community in WAL does not indicate degraded conditions. 

The surface waters in each of the three sampling areas has relatively low hardness with concentrations 

of metals and nutrients that are well below CCME water quality guidelines, and near detection limits.  

There was some elevation of cations (Ca, Mg, K) in WAL, reflecting the higher hardness in WAL which is 

associated with effluent treatment, but the changes were trivial relative to the concentrations that 

would be required in order to elicit a toxicity response (Mount et al., 1997). 

Overall, the benthic community of WAL did not indicate a degraded condition relative to the baseline 

period in WAL, and contained an assemblage of organisms that are typical for these Arctic systems.   

4.4.1 Recommendations for Next Cycle 

Agnico-Eagle will continue to carry out the same benthos survey annually as part of its commitment to 

the government of Nunavut.  In the event that Agnico is required to undertake another EEM benthos 

sampling program at Wally Lake, it is recommended that Agnico repeat the survey that has just been 

completed and described in this report, and that is part of their routine sampling program for CREMP. 
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Table 39. Summary of results of analysis of variance (ANOVA) for the five hypotheses 
tested for core indices of benthic community composition  

Hypothesis Description Index of Composition P value Effect Size 

HO1 

Change from Baseline (2006 to 
2012) to Exposure (2013 to 2017) 

Periods in Difference between 
Reference (INUG) and Exposure 

(WAL) 

Log of Abundance Residuals 0.348 0.43 

Log of Richness Residuals 0.912 -0.08 

Family Equitability Residuals 0.053 0.6 

NMDS Axis 1 Residuals 0.158 -0.64 

NMDS Axis 2 Residuals 0.154 -0.51 

HO2 

Change from Baseline (2010 to 
2012) to Exposure (2013 to 2017) 

Periods in Difference between 
Reference (INUG, PDL) and 

Exposure (WAL) 

Log of Abundance Residuals 0.012 1.42 

Log of Richness Residuals 0.56 -0.2 

Family Equitability Residuals <0.001 -0.46 

NMDS Axis 1 Residuals <0.001 0.28 

NMDS Axis 2 Residuals 0.009 0.63 

HO3 

Different Time Trend in Exposure 
Period (2013 to 2017) between 

Reference (INUG, PDL) and 
Exposure (WAL) 

Log of Abundance Residuals <0.001 3.05 

Log of Richness Residuals 0.919 -0.85 

Family Equitability Residuals 0.196 -0.01 

NMDS Axis 1 Residuals 0.005 0.5 

NMDS Axis 2 Residuals 0.508 -2.11 

HO4 
Step change in 2017 in Difference 
between Reference (INUG, PDL) 

and Exposure (WAL) 

Log of Abundance Residuals <0.001 1.28 

Log of Richness Residuals 0.241 -1.01 

Family Equitability Residuals 0.002 -0.82 

NMDS Axis 1 Residuals <0.001 -0.49 

NMDS Axis 2 Residuals 0.042 -1.54 

HO5 
Difference in 2017 between 
Reference (INUG, PDL) and 

Exposure (WAL) 

Log of Abundance Residuals <0.001 3.64 

Log of Richness Residuals 0.009 1.71 

Family Equitability Residuals 0.044 0.75 

NMDS Axis 1 Residuals 0.683 0.23 

NMDS Axis 2 Residuals 0.044 1.24 

Table Notes: shading indicates contrasts that were significant and with effect sizes > 2 SD’s 
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5.0 FISH TISSUE SURVEY 

Mines are required to carry out a study of mercury concentrations in fish tissue if mercury has been 

detected at concentrations ≥0.10 μg/L in effluent (Environment Canada, 2012).  Agnico Eagle Mines Ltd. 

has monitored mercury concentrations in the Meadowbank Division effluent since August 2009. 

Concentrations have remained below or near the detection limit of 0.01 µg/L.  There was, therefore, no 

requirement to conduct a fish tissue survey during Cycle 3.   

6.0 SUBLETHAL TOXICITY TESTING 

6.1 Introduction 

Sub-lethal toxicity testing must be carried out two times per year for the first three years and once a 

year after the third year of the MMER EEM program on effluent discharged from regulated facilities.  A 

summary of the results of the toxicological tests carried out on Meadowbank Mine effluent are 

presented here. 

6.2 Materials and Methods 

Laboratory testing of Meadowbank Mine final effluent was undertaken using four different tests: 

Fathead Minnow (Pimephales promelas) 7-Day Survival and Growth Test (EPS 1/RM/22, 2nd ed., 

Environment Canada, 2011), Ceriodaphnia dubia Survival and Reproduction Test (EPS 1/RM/21, 

Environment Canada, 2007a), the Pseudokirchneriella subcapitata 72-hour Growth Inhibition Test (EPS 

1/RM/25, Environment Canada, 2007b), and the growth inhibition test with Lemna minor (EPS 1/RM/37, 

Environment Canada, 2007c).  All four test protocols were run on final effluent samples at times of 

normal mine operation.   

6.3 Results 

Two samples of final effluent were submitted in each year during Cycle 3 for the suite of four sublethal 

tests as outlined above.  

Final effluent was not lethal to Fathead Minnows in five of six laboratory tests conducted between 2015 

and 2017.  A small number of mortalities were observed in testing conducted on an effluent sample 

collected in July, 2015 and an LC50 of 86.1% effluent was estimated. Fathead growth inhibition was 

observed in two tests conducted in 2016.  IC25 estimates for these tests were 58.3% and 64%.   

There was no mortality among any of the organisms exposed in tests conducted with Ceriodaphnia 

dubia during Cycle 3, however measurable reproductive inhibition was observed in two samples tested 

and IC25 estimates for these were 86.1% and 59.3%.   

No inhibitory effects were observed for either of the plant species, Pseudokirchneriella subcapitata or 

Lemna minor, exposed to any of the effluent samples during Cycle 3.   
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Table 40. Sublethal toxicity data for 2015, 2016 and 2017.  

Sample 
Collection 

Date 

Test Species and Endpoint 

Pimephales promelas 
 

Ceriodaphnia dubia 
 
 

Pseudokirchneriella  
subcapitata 

 
 

Lemna minor 

LC50 Growth 
IC25  LC50 Reproduction 

IC25 
 
 

Growth 
IC25 

 
 

Frond 
growth 
(dry wt.) 

IC25 

Frond 
No. 
IC25 

21-07-2015 >100% <100%  >100% 86.12% 
 >90.9%  >97% >97% 

24-08-2015 >100% <100%  >100% 100%  >90.9%  >97% >97% 

18-07-2016 82% 58.3%  >100% >100%  >90.9%  >97% 97% 

22-08-2016 >100% 64%  >100% >100%  >90.9%  >97% 97% 

07-08-2017 >100% >100%  >100% 59.3%  >90.9%  >97% >97% 

11-09-2017 >100% >100%  >100% >100%  >90.9%  >97% >97% 

Table Notes: Values represent percent effluent required to cause the effect; LC50 = concentration causing 50% mortality; IC25 = 
concentration causing 25% reduction in the sub-lethal endpoint, either growth, reproduction, frond number or frond weight. 
 

6.4 Discussion 

Cycle 3 effluent samples generally produced little or no effect on survival of exposed Fathead Minnows.  

Measurable growth impairment in Fathead Minnows was observed in two of the samples provided, with 

IC25 estimates of 58.3% and 64%.  Tests measured no effect on survival of Ceriodaphnia dubia while two 

tests resulted in IC25 estimates of 86.1% and 59.3%.  Final effluent samples did not impair growth in any 

of the Pseudokirchneriella subcapitata or Lenna minor tests during Cycle 3.  

The EEM guidance document suggests that mines estimate the potential extent of the 25% effects zone 

in the receiving environment where the IC25 is less than 30% effluent concentration. No estimates were 

made because no test exceeded the 30% IC25 toxicity threshold. It should be noted that test results for 

which the IC25 was less than 30% that were reported in the Cycle 3 study design (C. Portt and Associates 

and Kilgour & Associates, 2017) were incorrect due to a transcription error.  

7.0 SUMMARY AND CONCLUSIONS 

Lake Trout was the sentinel fish species used in the 2017 Cycle 3 EEM survey; other species are not 

present in sufficient numbers.  Lake Trout from the Exposure area in Wally Lake (WAL) were compared 

to Lake Trout from two reference lakes – Innuguguayalik Lake (INUG) and Pipedream Lake (PDL) in late 

August of 2017.  The lethal study examined weight adjusted for length, liver weight adjusted for weight 

and length, weight at age and length at age, as well as size distribution and age distribution. Only a 

portion of the mature Lake Trout spawn in any given year, so reproductive endpoints could not be 

examined.  There were no significant differences (P≤0.05) in the slopes for any of the relationships 

examined using ANCOVA. There were no significant differences in the length or age distributions 

between lakes either. In other words, no effects were observed on Lake Trout in Wally Lake.  

This 2017 survey of benthic invertebrates compared the exposure area in Wally Lake (WAL), with INUG 

and PDL as local reference areas. This is the third invertebrate community survey for the Meadowbank 

Mine under the MMER, but the first undertaken in WAL (under MMER) because discharge to the 

previous exposure area (Third Portage North Lake) has ceased. Benthos have been sampled from WAL 
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and INUG since 2006, while PDL has been sampled since 2009 as part of the mines Comprehensive 

Environmental Monitoring Program (CREMP). The Cycle 3 EEM benthic invertebrate survey employed 

the same sampling methods as the CREMP program so that a before-after-control-impact (BACI) design 

could be used.  Benthic invertebrates were collected on August 24 (PDL), 25 (INUG) and 26 (WAL), 2017.  

Effects assessment involved use of baseline period data dating back to 2006, and testing of before-after-

control-impact (BACI) and trend over time variations.  There were significant spatio-temporal variations 

in total abundances, equitability, and scores on NMD axes 1 and 2.  Those variations tended to be small 

relative to the normal range of variation of reference data including data from the two referenced lakes 

(INUG, PDL) and from the baseline period for WAL. 

Cycle 3 effluent samples generally produced little or no effect on survival of exposed fathead minnows.  

Measurable growth impairment in fathead minnows was observed in two of the samples provided, with 

IC25 estimates of 58.3% and 64%.  Tests measured no effect on survival of Ceriodaphnia dubia while two 

tests resulted in IC25 estimates of 86.1% and 59.3%.  Final effluent samples did not impair growth in any 

of the Pseudokirchneriella subcapitata or Lenna minor tests during Cycle 3.  

This Cycle 3 EEM study was the first EEM study for which Wally Lake was the exposure area. The next 

EEM cycle should, therefore, be completed within 36 months of this submission. The Meadowbank mine 

has not discharged reclaim water to date and does not intend to discharge any reclaim water in the 

future.  As stated previously, the Meadowbank Mine has two (2) active effluents.  Contact water from 

the Vault Attenuation Pond is discharged to Wally Lake via outfall MMER 2, and non-contact water 

originating from the seepage at the East Dike is discharged into Second Portage Lake via outfall MMER 3.  

Neither of these discharges has required water treatment to date. The largest effluent stream is via a 

diffuser into Wally Lake and, based on its composition, this is the effluent that has the greatest potential 

to cause harm to the environment and, therefore, was the focus of this Cycle 3 EEM field study. Agnico 

will continue to monitor the volume and quality of the mine effluents. These data will be used to 

determine the effluent that will be the focus of the Cycle 4 EEM field study. 
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Appendix 1  Correspondence with Environment Canada 
 







Technical Advisory Panel Review of “Agnico Eagle Mines Ltd – Meadowbank 
Division Cycle 3 Study Design” 

 
The following comments and recommendations are based on the review of the report by 
a Technical Advisory Panel (TAP) consisting of representatives from Environment and 
Climate Change Canada (ECCC), Nunavut Water Board (NWB) and Indigenous and 
Northern Affairs Canada (INAC). 

 

 
 

1.  As required under the Metal Mining Effluent Regulations, your biological 
monitoring studies must be conducted in accordance with your study design. If it 
is impossible to follow the study design because of unusual circumstances, then 
you may deviate from the study design but you must inform the Regional 
Authorization Officer without delay of those circumstances and how the study will 
be conducted. 

 

 
2.  P. 26 and 51: It appears that the detection for Cd sampled in water has been 

lowered and will more closely align with license detection limit of 0.000010 mg/L 
in 2017. The TAP supports this approach. 

 
 

3.  P. 38: Wally Lake is considered an exposure area as of 2013. Are there data 
collected prior to 2013 that could be used for baseline purposes? 

 
4.  P. 38: Fish from Vault and Phaser Lakes were transferred to Wally Lake in 2014 

and 2016, and AEM recognizes that this is confounding factor in assessing fish 
endpoints in Wally Lake. While the change in fish community as a result of the 
transfer will likely confound the current study, its influence on future studies 
remains to be seen. There is no further discussion in the Cycle 3 Study Design as 
to how to deal with this issue for the present cycle or in future cycles. Are there 
studies from other sites that could give an indication of how long it may take the 
population of Wally Lake to regain a steady ecological state? Are there 
population estimates of the fish community or species specific age class 
estimates from Wally prior to the fish transfer for comparison? 

 
5.  P. 38: Please note, the proposed design of 20 lethal lake trout is supported 

provided that power analyses continue to indicate that it is suitable. 
 

6.  P. 40: Cycle 1 and Cycle 2 studies both encountered higher than expected fish 
mortality. The Cycle 3 study design has indicated that fish sampling will not 
include sampling of pectoral fin rays for non-lethally sampled fish, in order to 
prevent after- sampling mortality due to the procedure. Fish mortality from Cycle 
1 and Cycle 2 is reported as the result of gill-netting. The TAP suggests that 
CPUE data from previous phases be reviewed to determine whether timing 
and/or duration of net deployment can be adjusted to minimize by-catch. 



7.  P. 40: Please clarify whether the supporting in situ variables will be collected at 
each net deployment location or at one location in the lake. The TAP suggests 
that in situ information be recorded at each net deployment location. 

 
 
8.  P. 46: The 2006 and 2007 total abundance number for Wally appear to be 

different from the pattern in subsequent years.  Did this correspond with a 
change in collection location or depth? 

 
9.  P. 48: Are there within station precision estimates for Wally Lake? A visual 

comparison of abundance and richness suggests that there is more variation in 
the samples collected from Wally contrasted to Third Portage. Will 2 
subsamples adequately characterize a station? 



 

April 26th, 2017 
 
Susanne Forbrich 
A/ MMER Authorization Officer 
Prairie and Northern Region 
Environment Canada 
9250, 49 St. NW 
Edmonton, AB 
T6B 1K5 
 
 
Re:  Environmental Effects Monitoring (EEM): Cycle 3 Meadowbank Mine Study Design  
 
 
Dear Ms. Susanne Forbrich, 
 
 
On April 10th, 2017, Agnico Eagle received TAP comments regarding study design entitled 
“Agnico Eagle Mines Ltd. – Meadowbank Division Cycle 3 Study Design” submitted on February 
17th, 2017.  You will find, attached with this letter, responses to these comments. 
 
 
Should you require any further information or questions please contact the below via email or by 
telephone. 
 
 
Regards, 
 
 
 

       
Erika Voyer       Robin Allard 
Environment General Supervisor Nunavut   Senior Environmental Coordinator 
Erika.Voyer@agnicoeagle.com    Robin.Allard@agnicoeagle.com 
819-759-3555 ext.6980     819-759-3555 ext. 6744 
 
CC:  Paula Siwik, ECCC 
       Cam Portt, C. Portt and Associates 
       Jamie Quesnel, Agnico Eagle Nunavut 
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1. As required under the Metal Mining Effluent Regulations, your biological monitoring 
studies must be conducted in accordance with your study design. If it is impossible 
to follow the study design because of unusual circumstances, then you may deviate 
from the study design but you must inform the Regional Authorization Officer without 
delay of those circumstances and how the study will be conducted. 

 
Agnico Eagle’s response: 
Agnico Eagle take note of TAP comments and will advise without any delay the Regional 
Authorization Officer if the study design, because of unusual circumstances, will deviate 
from the original approved study design. 

2. P. 26 and 51: It appears that the detection for Cd sampled in water has been lowered 
and will more closely align with license detection limit of 0.000010 mg/L in 2017. The 
TAP supports this approach. 
 

Agnico Eagle’s response: 
Agnico Eagle acknowledges TAP comments. 

3. P. 38: Wally Lake is considered an exposure area as of 2013. Are there data collected 
prior to 2013 that could be used for baseline purposes? 

 
Agnico Eagle’s response: 
There are no fish data for Wally Lake prior to 2013 that can be used for baseline 
purposes. 

4. P. 38: Fish from Vault and Phaser Lakes were transferred to Wally Lake in 2014 and 
2016, and AEM recognizes that this is confounding factor in assessing fish endpoints 
in Wally Lake. While the change in fish community as a result of the transfer will likely 
confound the current study, its influence on future studies remains to be seen. There 
is no further discussion in the Cycle 3 Study Design as to how to deal with this issue 
for the present cycle or in future cycles. Are there studies from other sites that could 
give an indication of how long it may take the population of Wally Lake to regain a 
steady ecological state? Are there population estimates of the fish community or 
species specific age class estimates from Wally prior to the fish transfer for 
comparison? 

 
Agnico Eagle’s response: 
To the best of our knowledge there are no studies from other sites at similar latitudes 
that could provide an indication of how long it may take the population of Wally Lake to 
return to a steady ecological state. There are no population estimated or species-specific 
age class estimates from Wally Lake prior to the fish transfers. 
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5. P. 38: Please note, the proposed design of 20 lethal lake trout is supported provided 
that power analyses continue to indicate that it is suitable. 
 

Agnico Eagle’s response: 
Agnico Eagle acknowledges TAP comments. 

6. P. 40: Cycle 1 and Cycle 2 studies both encountered higher than expected fish 
mortality. The Cycle 3 study design has indicated that fish sampling will not include 
sampling of pectoral fin rays for non-lethally sampled fish, in order to prevent after- 
sampling mortality due to the procedure. Fish mortality from Cycle 1 and Cycle 2 is 
reported as the result of gill-netting. The TAP suggests that CPUE data from previous 
phases be reviewed to determine whether timing and/or duration of net deployment 
can be adjusted to minimize by-catch. 

 
Agnico Eagle’s response: 
Agnico Eagle proposed not to remove pectoral fin rays from fish that are not lethally 
sampled due to the limited utility of those data, the discomfort that the removal imposes 
on the fish, and the possible post-release complications (which could include mortality). 
Agnico Eagle will use the data from previous cycles to determine the appropriate amount 
of netting effort to collect the desired 20 fish per area, in order to minimize by-catch. 

7. P. 40: Please clarify whether the supporting in situ variables will be collected at each 
net deployment location or at one location in the lake. The TAP suggests that in situ 
information be recorded at each net deployment location. 

 
Agnico Eagle’s response: 
The lakes that will be sampled are not thermally stratified in the summer and, based on 
the CREMP data, there is no indication that there is significant spatial variation in 
dissolved oxygen, temperature or pH. There was spatial variation in specific 
conductance in Wally Lake while effluent was being discharged in 2016. Agnico Eagle 
proposes to measure temperature and specific conductance at each of net deployment 
location in Wally Lake and will therefore do the same at each net deployment location in 
the other lakes. 

8. P. 46: The 2006 and 2007 total abundance number for Wally appears to be different 
from the pattern in subsequent years. Did this correspond with a change in collection 
location or depth? 

 
Agnico Eagle’s response: 
Sample depths did vary across years in Wally Lake suggesting modest movement in 
sample locations. Samples in 2006 and 2007 were collected from 5 to 6 m of water 
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depth, whereas in subsequent years samples were collected from typically 7 to 9 m of 
water depth (see Figure 5-1 in the Study Design).  The observation by ECCC is noted. 
Agnico will need to consider 2006 and 2007 when we carry out the analysis of changes 
over time. We will determine if we can adjust data to depth so that we can retain 2006 
and 2007 in the analysis, or perhaps leave 2006 and 2007 out of the analysis. 

9. P. 48: Are there within station precision estimates for Wally Lake? A visual 
comparison of abundance and richness suggests that there is more variation in the 
samples collected from Wally contrasted to Third Portage. Will 2 subsamples 
adequately characterize a station? 

 
Agnico Eagle’s response: 
There are no within-station samples from Wally Lake.  The observation by ECCC is 
noted. In order to assess whether the observation is correct, we looked at within-year 
variability using abundance data for Wally (WAL), Inuggugayualik (INUG) and 
Pipedream Lake (PDL).  For log of numbers per m2, the within-year residual variance 
was estimated by the mean-squared error (MSE) term from an analysis of variances 
among years. The MSE’s were 0.0802 for Wally, 0.0439 for INUG and 0.0304 for PDL.  
An F ratio of largest over smallest variances (WAL/INUG) was 0.0802/0.0439 = 1.83, 
which with 38 and 38 degrees of freedom was significant at p = 0.03.  Within-year 
variances of abundance have therefore been significantly higher in Wally Lake than in 
both INUG and PDL, per Environment Canada’s observation.  Within-station variance 
could be reduced by additional sampling, but among station variance would not be 
reduced by the collection of additional within-station grabs.  The differences in variability 
between lakes will persist.  Agnico and its consultants will ensure that sampling within 
Wally Lake is carried out to minimize variability related to depth in the upcoming 2017 
survey. Agnico and its consultants will also examine the influence of water depth on 
variability in EEM endpoints, and remove the effects of depth on endpoint variance, prior 
to testing effects-related hypotheses. 



 

August 11, 2017 

 

Susanne Forbrich 
Prairie and Northern Region 
Environment Canada 
9250, 49 St. NW 
Edmonton, AB 
T6B 1K5 
 

 
Re:  Metal Mining Phase 3 Biological Study Design Report Meadowbank Mine  
 
 
Dear Ms. Forbrich,  

 

Following your letter dated April 10, 2017 Metal Mining Phase 3 Biological Study Design Report 

Meadowbank Mine, Agnico Eagle Ltd. Meadowbank Mine is providing the final schedule for the 

EEM Cycle 3. The field work will be conduct as per the study design approved by Environment 

Canada and the TAP, and will be conducted from August 23 to August 30. 

 

Should you have any questions, please do not hesitate to contact me. 

 

Regards, 

 

 

 

 
       
Mhaly Bois-Charlebois       
Environmental Compliance Counselor    
mhaly.charlebois@agnicoeagle.com     
819.759.3700 x 5479     
 

CC:  Paula Siwik, ECCC 

        Cam Portt, C. Portt and Associates 

     Jamie Quesnel, Agnico Eagle Nunavut 

 Erika Voyer, Agnico Eagle Nunavut 
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Appendix 2. Gill net set data and catch. Fish captured alive were released at the point of capture. 

waterbody 
 

net 
set 
ID 

start latitude/ 
longitude 

start 
depth 

end 
depth 

end latitude/ 
longitude 

set 
date 
Aug. 
2017 

Set 
time 

lift 
date 
Aug. 
2017 

Lift 
time 

soak 
time 

(hours) 

Lake 
Trout 
dead 

Lake 
Trout 
alive 

Arctic 
Char 
dead 

Arctic 
Char 
alive 

Round 
Whitefish 

dead 

Round 
Whitefish 

alive 

Wally Lake 
(WAL) 

1 65° 04' 53.2''  
-95° 57' 51.4'' 3.6 7.5 65° 04' 54.9'' 

-95° 57' 41.9'' 23 17:35 24 9:00 15.42 14 0 5 0 13 3 

2 65° 04' 55.1''  
-95° 57' 47.9'' 7 3 65° 04' 56.6'' 

-95° 57' 36.8'' 24 9:15 24 15:45 6.5 2 1 0 1 0 1 

3 65° 04' 49.4'' 
-95° 57' 43.7'' 4.5 6 65° 04' 52.4'' 

-95° 57' 51.2'' 26 8:30 26 17:35 9.08 6 0 0 0 0 1 

Pipedream 
Lake 
(PDL) 

1 65° 06' 36.5'' 
-96° 12' 16.0'' 5 4 65° 06' 39.4'' 

-96° 12' 09.0'' 24 17:00 25 8:54 15.9 17 4 0 3 0 0 

2 65° 06' 47.5'' 
 -96° 12' 39.8'' 2 8 65° 06' 51.4'' 

-96° 12' 34.1'' 24 17:30 25 8:18 14.8 10 0 0 0 0 0 

Innugu-
guayalik 

Lake 
(INUG) 

1 65° 03' 19.5'' 
-96° 23' 54.2'' 8 1.5 65° 03' 15.0'' 

-96° 23' 50.0'' 25 15:00 26 8:45 17.75 12 0 0 0 0 1 

2 65° 03' 14.5'' 
-96° 23' 55.3'' 1.5 8 65° 03' 18.8'' 

-96° 23' 59.5'' 26 9:30 27 13:30 28 9 1 0 0 4 3 

 

 

 

 



 

   

Appendix 3  Individual Fish Data 



EEM Cycle 3, Meadowbank Mine, Interpretive Report 
June, 2018 

 C. Portt and Associates, Kilgour & Associates Ltd.     Appendix 3-1 
    
   

Water 
body 

Fish 
ID 

Net 
ID 

fork 
length 
(mm) 

weight 
(g) 

otolith 
age 

(years) 

fin ray 
age 

(years) liver wt.(g) 
gonad 
wt. (g) sex maturity 

gonad 
condition 

# of 
encysted 
cestodes stomach contents 

WAL 1 1 827 5887.5 47 35+ 39.57 145 M M R 0 empty 

WAL 2 1 669 3102 31 31+ 25.96 80.33 M M R 0 empty 

WAL 3 1 839 5350.9 38 34+ 49.52 68.64 F M RST 0 empty 

WAL 4 1 774 5322 43 36+ 36.85 126.23 M M R 0 empty 

WAL 5 1 764 5421.6 30 30+ 69.71 499.4 F M R 0 whitefish 

WAL 6 1 772 5623.9 25 25+ 43.64 192.72 M M R 0 empty 

WAL 7 1 650 3234.7 44 NA 20.21 105.4 M M R 0 empty 

WAL 8 1 448 920.9 15 15+ 6.09 0.33 F I 

 

0 whitefish 

WAL 9 1 405 755.6 13 15+ 5.49 20.11 M M R 0 empty 

WAL 10 1 342 444.4 8 9+ 4.47 1.62 F I 

 

0 zooplankton 

WAL 11 1 295 245.7 6 6+ 1.89 0.08 U I 

 

0 empty 

WAL 12 1 268 216.8 6 6+ 1.99 0.31 F I 

 

0 empty 

WAL 13 1 259 161.9 7 7+ 1.56 0.18 F I 

 

3 empty 

WAL 14 1 207 87.7 5 5+ 0.98 0.13 F I 

 

5 Diptera 

WAL 15 2 837 6315.7 31 32+ 38.99 160.36 M M R 0 empty 

WAL 16 2 654 3281.3 34 NA 34.05 101.44 M M R 3 
tag 0244 and skeleton -  lake trout 

relocated from Phaser Lake in 2016 

WAL 56 3 800 5626.1 48 41+ 34.89 102.87 M M R 0 empty 

WAL 57 3 560 1802.1 23 23+ 15.8 43.68 M M R 7 empty 

WAL 58 3 476 1002 15 15+ 7.39 7.63 F I 

 

0 empty 

WAL 59 3 536 1320.3 17 15+ 9.15 8.07 F I 

 

3 empty 

WAL 60 3 386 592.6 12 12+ 5.4 4.11 F I 

 

4 zooplankton, Diptera 

WAL 61 3 317 318.3 8 8+ 2.78 0.48 F I 

 

1 2 sculpin, Diptera 

PDL 17 2 905 10160 44 35+ 118.11 271.2 F M RST 0 empty 
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Water 
body 

Fish 
ID 

Net 
ID 

fork 
length 
(mm) 

weight 
(g) 

otolith 
age 

(years) 

fin ray 
age 

(years) liver wt.(g) 
gonad 
wt. (g) sex maturity 

gonad 
condition 

# of 
encysted 
cestodes stomach contents 

PDL 18 2 824 6243.1 32 32+ 46.88 145.75 M M RST 0 empty 

PDL 19 2 566 2180.9 20 25+ 19.47 53.08 M M RST 2 1 small fish 

PDL 20 2 710 3879.6 35 31+ 35.36 68.37 M M RST 1 empty 

PDL 21 2 608 2394.6 31 30+ 21.07 29.33 F M RST 1 packed with inverts 

PDL 22 2 553 1773.4 17 16+ 22.7 176.12 F M G 0 empty 

PDL 23 2 486 1285.4 19 18+ 12.4 9.04 F I 

 

0 full of inverts 

PDL 24 2 556 1951.1 24 22+ 23.17 33.7 F I 

 

0 empty 

PDL 25 2 480 1656.4 15 15+ 10.12 24.61 M M RST 0 empty 

PDL 26 2 272 184.1 8 8+ 1.42 0.11 U I 

 

6 empty 

PDL 27 1 1010 13410 44 36+ 257.7 2359.8 F M G 0 empty 

PDL 28 1 583 2382.1 28 28+ 15.95 4.75 M I 

 

3 inverts 

PDL 29 1 426 840.7 14 13+ 10.96 2.7 F I 

 

9 1 unidentified fish 

PDL 30 1 540 1893.8 22 24+ 17.14 55.71 M M G 0 empty 

PDL 31 1 561 1911.8 18 18+ 16.02 30.95 M M RST 0 empty 

PDL 32 1 700 3564.9 29 28+ 31.34 55.05 F M RST 2 empty 

PDL 33 1 680 3297.7 28 25+ 23.75 95.2 M M G 0 empty 

PDL 34 1 468 1025.2 16 16+ 7.05 0.87 F I 

 

11 empty 

PDL 35 1 377 495.1 11 11+ 4.78 0.99 F I 

 

0 empty 

PDL 36 1 347 417.2 10 9+ 4.01 0.95 F I 

 

21 empty 

PDL 37 1 301 263.9 9 7+ 2.69 0.17 U I 

 

10 inverts 

PDL 38 1 246 145.2 8 7+ 0.98 0.04 U I 

 

5 empty 

PDL 39 1 277 195.6 8 8+ 1.56 0.36 F I 

 

40 zooplankton, insects 

PDL 40 1 257 178.5 8 8+ 1.44 0.12 U I 

 

20 empty 
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Water 
body 

Fish 
ID 

Net 
ID 

fork 
length 
(mm) 

weight 
(g) 

otolith 
age 

(years) 

fin ray 
age 

(years) liver wt.(g) 
gonad 
wt. (g) sex maturity 

gonad 
condition 

# of 
encysted 
cestodes stomach contents 

PDL 41 1 208 88.8 5 5+ 0.96 0.04 U I 

 

11 empty 

PDL 42 1 218 90 6 6++ 0.82 0.03 U I 

 

8 empty 

PDL 43 1 136 27.8 2 3+ 0.22 

 

U I 

 

0 empty 

Innug 44 1 550 1577.9 18 17+ 16.3 20.15 F I 

 

4 empty 

Innug 45 1 516 1325 18 18+ 10.76 17.31 F I 

 

0 small fish and insects 

Innug 46 1 502 1350 15 15+ 12.63 45.93 M M R 6 insect larvae 

Innug 47 1 570 2101.1 17 17+ 22.79 2.61 M I 

 

0 insect larvae 

Innug 48 1 535 1523.1 17 17+ 13.95 12.35 F I 

 

7 empty 

Innug 49 1 466 1141.8 16 16+ 10.98 24 M M G 40 empty 

Innug 50 1 421 1242.5 23 22+ 9.39 2.95 F I 

 

23 small fish and insects 

Innug 51 1 478 1124.8 13 12+ 10.28 25.3 M M G 31 small fish and insects 

Innug 52 1 254 165.6 6 6+ 1.6 0.29 F I 

 

0 fish 

Innug 53 1 222 145.2 7 7+ 1.37 0.12 M I 

 

6 insect larvae 

Innug 54 1 235 138.5 7 6+ 1.01 0.02 U I 

 

6 small fish and inverts 

Innug 55 1 130 21.4 2 2+ 0.27 

 

U I 

 

7 empty 

Innug 62 2 806 5196.9 33 32+ 117.57 656.3 F M R 0 empty 

Innug 63 2 691 3565.4 32 31+ 22.62 87.25 M M R 0 empty 

Innug 64 2 661 2981.9 31 30+ 26.08 38.98 F I 

 

2 whitefish 180 mm and insects 

Innug 65 2 544 1515.3 24 23+ 15.19 2.42 M I 

 

14 insect larvae 

Innug 66 2 502 1194 25 21+ 11.16 27.97 F I 

 

20 empty 

Innug 67 2 486 1066.3 17 15+ 13.34 7.63 F I 

 

40 empty 

Innug 68 2 482 944 19 18+ 6.51 0.62 M I 

 

17 empty 

Innug 69 2 250 157.3 8 6+ 1.11 0.2 F I 

 

5 small fish and insects 
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Water 
body 

Fish 
ID 

Net 
ID 

fork 
length 
(mm) 

weight 
(g) 

otolith 
age 

(years) 

fin ray 
age 

(years) liver wt.(g) 
gonad 
wt. (g) sex maturity 

gonad 
condition 

# of 
encysted 
cestodes stomach contents 

Innug 70 2 237 130.4 4 5+ 1.19 0.23 F I 

 

6 small fish and insects 



 

 

Appendix 4  Water Chemistry Quality Assurance



EEM Cycle 3, Meadowbank Mine, Interpretive Report 
June, 2018 

C. Portt and Associates, Kilgour & Associates Ltd. Appendix 4-1 

Table 4-1. Field duplicates, equipment blanks, and travel blanks for the 2017 CREMP water quality 
program. 
  Duplicates  Blanks 
  Second Portage Lake  AUG DI-1 AUG EB-1 
Analyte   SP-107 AUG DUP-2 RPD  28-Aug-17 28-Aug-17 
        
Physical Tests        
Conductivity (µS/cm)  35.1 33.1 5.9  <2.0 <2.0 

Hardness (mg/L)  14.30 14.3 0.0  <0.50 <0.50 

pH (Laboratory)  7.23 7.17 0.8  5.19 5.27 
Total Suspended Solids (mg/L)  <1.0 <1.0   <1.0 <1.0 

Total Dissolved Solids (mg/L)  25.7 25.0 2.8  <3.0 <3.0 

Turbidity (NTU)  0.34 0.26 27  <0.10 <0.10 

        
Anions and Nutrients (mg/L)        
Alkalinity, Bicarbonate (as CaCO3)  10 10 0.0  <1.0 <1.0 

Alkalinity, Carbonate (as CaCO3)  <1.0 <1.0   <1.0 <1.0 

Alkalinity, Hydroxide (as CaCO3)  <1.0 <1.0   <1.0 <1.0 

Alkalinity, Total (as CaCO3)  10 10 0.0  <1.0 <1.0 

Ammonia, Total (as N)  <0.0050 <0.0050   <0.0050 <0.0050 

Bromide (Br)  <0.050 <0.050   <0.050 <0.050 

Chloride (Cl)  0.84 0.84 0  <0.10 <0.10 

Fluoride (F)  0.065 0.064 1.6  <0.020 <0.020 

Nitrate (as N)  <0.0050 <0.0050   <0.0050 <0.0050 

Nitrite (as N)  <0.0010 <0.0010   <0.0010 <0.0010 

Total Kjeldahl Nitrogen  0.11 0.08 31  <0.050 <0.050 

Orthophosphate-Dissolved (as P)  <0.0010 <0.0010   <0.0010 <0.0010 

Phosphorus (P)-Total  Dissolved  <0.0020 <0.0020   <0.0020 <0.0020 

Phosphorus (P)-Total  <0.020 <0.0020   <0.0020 <0.0020 

Silicate (as SiO2)  <0.50 <0.50   <0.50 <0.50 

Sulfate (SO4)  4.90 4.91 -0.2  <0.30 <0.30 

        
Cyanides (mg/L)        
Total Cyanide  <0.0010 <0.0010   <0.0010 <0.0010 

Free Cyanide  <0.0010 <0.0010   <0.0010 <0.0010 

        
Organic/Inorganic Carbon (mg/L)        
Dissolved Organic Carbon  1.76 1.93 -9.2  <0.50 <0.50 

Total Organic Carbon  1.89 1.97 -4.1  <0.50 <0.50 

        
Plant Pigments (µg/L)        
Chlorophyll-a  0.535 0.426 22.7  - - 
        
Total Metals (mg/L)        
Aluminum  0.0065 0.0064 2  <0.0030 <0.0030 

Antimony   <0.00010 <0.00010   <0.00010 <0.00010 

Arsenic  0.00034 0.00032 6  <0.00010 <0.00010 

Barium  0.00271 0.00265 2.2  <0.000050 0.000095 
Beryllium  <0.000020 <0.000020   <0.000020 <0.000020 

Bismuth   <0.000050 <0.000050   <0.000050 <0.000050 

Boron   <0.010 <0.010   <0.010 <0.010 

Cadmium  <0.0000050 <0.0000050   <0.0000050 <0.0000050 

Calcium  3.78 3.82 -1.1  <0.050 <0.050 

Chromium  <0.00010 <0.00010   <0.00010 <0.00010 

Cobalt  <0.00010 <0.00010   <0.00010 <0.00010 

Copper   0.00061 0.00071 -15.2  <0.00050 <0.00050 

Iron   0.021 0.02 4.9  <0.010 <0.010 

Lead   <0.000050 <0.000050   <0.000050 0.000231 
Lithium   <0.0010 <0.0010   <0.0010 <0.0010 

Magnesium  1.22 1.20 1.7  <0.10 <0.10 

Manganese   0.00206 0.00208 -1.0  <0.00010 <0.00010 

Mercury   <0.0000050 <0.0000050   <0.0000050 <0.0000050 

Molybdenum   0.000201 0.000187 7.2  <0.000050 <0.000050 

Nickel  <0.00050 <0.00050   <0.00050 <0.00050 
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  Duplicates  Blanks 
  Second Portage Lake  AUG DI-1 AUG EB-1 
Analyte   SP-107 AUG DUP-2 RPD  28-Aug-17 28-Aug-17 
Phosphorus  <0.050 <0.050   <0.050 <0.050 

Potassium  0.55 0.56 -2  <0.10 <0.10 

Selenium   <0.000050 <0.000050   <0.000050 <0.000050 

Silicon   0.170 0.170 0.0  <0.10 <0.10 

Silver   <0.000010 <0.000010   <0.000010 <0.000010 

Sodium   0.93 0.92 1.3  <0.050 <0.050 

Strontium   0.0173 0.0173 0.0  <0.00020 <0.00020 

Sulfur   1.79 1.93 -7.5  <0.50 <0.50 

Thallium  <0.000010 <0.000010   <0.000010 <0.000010 

Tin  <0.00010 <0.00010   <0.00010 <0.00010 

Titanium  <0.00030 <0.00030   <0.00030 <0.00030 

Uranium   0.000047 0.000043 9  <0.000010 <0.000010 

Vanadium   <0.00050 <0.00050   <0.00050 <0.00050 

Zinc   <0.0030 <0.0030   <0.0030 <0.0030 



 

 

Appendix 5  Benthic Community Data



INUG INUG INUG INUG INUG INUG INUG INUG INUG INUG

1.1 1.2 2.1 2.2 3.1 3.2 4.1 4.2 5.1 5.2

1 1 1 1 1 1 1 1 1 1
ROUNDWORMS

P. Nemata    (exclude from N and R) 1 1 2 1 1 2

FLATWORMS

P. Platyhelminthes

Cl. Turbellaria   

indeterminate 2 2

ANNELIDS

P. Annelida

WORMS

Cl. Oligochaeta

F. Enchytraeidae

S.F. Naidinae

Nais

S.F. Tubificinae

Limnodrilus hoffmeisteri

Tasserkidrilus americanus

immatures with hair chaetae

immatures without hair chaetae

S.F. Rhyacodrilinae

Rhyacodrilus coccineus 2

Rhyacodrilus montana

F. Lumbriculidae

Lumbriculus 1 1 1 1 2

Stylodrilus

indeterminate

ARTHROPODS

P. Arthropoda

MITES

Cl. Arachnida

O. Acarina

Appendix 5. Benthic community data. August 09 to 27, 2017.
Station

Replicate

# Grabs/sample



INUG INUG INUG INUG INUG INUG INUG INUG INUG INUG

1.1 1.2 2.1 2.2 3.1 3.2 4.1 4.2 5.1 5.2

1 1 1 1 1 1 1 1 1 1

F. Acalyptonotidae

Acalyptonotus

F. Hygrobatidae

Hygrobates

F. Lebertiidae

Lebertia

F. Oxidae

Oxus 1 4 1 1

F. Pionidae

indeterminate

HARPACTICOIDS

O. Harpacticoida

SEED SHRIMPS

Cl. Ostracoda   (exclude from N and R) 1 1 2 1 1 2 1

FAIRY SHRIMP (TADPOLE SHRIMP)

O. Notostraca

Lepidurus arcticus

INSECTS

CADDISFLIES

O. Trichoptera

F. Apataniidae

Apatania  1

F. Limnephilidae

Grensia praeterita 1

TRUE FLIES

O. Diptera

MIDGES

F. Chironomidae

chironomid pupae 1 1 2 1 1 2

S.F. Chironominae

Replicate

Station

# Grabs/sample



INUG INUG INUG INUG INUG INUG INUG INUG INUG INUG

1.1 1.2 2.1 2.2 3.1 3.2 4.1 4.2 5.1 5.2

1 1 1 1 1 1 1 1 1 1
Cladotanytarsus  

Constempellina

Corynocera ambigua 1 1

Corynocera ?oliveri  

Dicrotendipes

Micropsectra  3 1 4 3 31 28 7 8 29

Microtendipes 1 3 6 2 6

Paracladopelma

Paratanytarsus  2 1 1 1 2 1 2 6

Polypedilum  

Sergentia  

Stempellinella  

Stictochironomus  3 4 1 3 6 8 4 1 5 12

Tanytarsus  1 4 4 9

S.F. Diamesinae

Potthastia

Protanypus  1 1 2

S.F. Orthocladiinae

Abiskomyia  2

Cricotopus/Orthocladius

Heterotrissocladius  1 1 1

Hydrobaenus  

Mesocricotopus

Nanocladius  

Paracladius  1

Parakiefferiella  

Psectrocladius  

Zalutschia  1 1 6 1 4

Orthocladiinae Genus "Greenland"

S.F. Prodiamesinae

Station

Replicate

# Grabs/sample



INUG INUG INUG INUG INUG INUG INUG INUG INUG INUG

1.1 1.2 2.1 2.2 3.1 3.2 4.1 4.2 5.1 5.2

1 1 1 1 1 1 1 1 1 1
Monodiamesa  1 2 2 2 1 2 1 1 2

S.F. Tanypodinae

Ablabesmyia

Procladius  5 3 5 3 1 3 1 3 3

Thienemannimyia complex

F. Empididae

Neoplasta

Wiedemannia

pupae

MOLLUSCS

P. Mollusca

SNAILS

Cl. Gastropoda

F. Valvatidae

Valvata

CLAMS

Cl. Bivalvia

F. Sphaeriidae

Cyclocalyx/Neopisidium 5 14 12 10 11 4 10 5 12 7

Cyclocalyx 2 1 1 3 3

Sphaerium nitidum 4 1 1 1 3 3

29 44 37 35 41 71 88 39 68 111

*Bold entries excluded from taxa count

Totals

# Grabs/sample

Station

Replicate



PDL PDL PDL PDL PDL PDL PDL PDL PDL PDL

1.1 1.2 2.1 2.2 3.1 3.2 4.1 4.2 5.1 5.2

1 1 1 1 1 1 1 1 1 1
ROUNDWORMS

P. Nemata    (exclude from N and R) 1 2 1 2 1 1

FLATWORMS

P. Platyhelminthes

Cl. Turbellaria   

indeterminate 1 1

ANNELIDS

P. Annelida

WORMS

Cl. Oligochaeta

F. Enchytraeidae

S.F. Naidinae

Nais

S.F. Tubificinae

Limnodrilus hoffmeisteri

Tasserkidrilus americanus

immatures with hair chaetae 2 2 1

immatures without hair chaetae

S.F. Rhyacodrilinae

Rhyacodrilus coccineus

Rhyacodrilus montana

F. Lumbriculidae

Lumbriculus 2 2 1 1

Stylodrilus

indeterminate

ARTHROPODS

P. Arthropoda

MITES

Cl. Arachnida

O. Acarina

Station

Replicate

# Grabs/sample



PDL PDL PDL PDL PDL PDL PDL PDL PDL PDL

1.1 1.2 2.1 2.2 3.1 3.2 4.1 4.2 5.1 5.2

1 1 1 1 1 1 1 1 1 1

F. Acalyptonotidae

Acalyptonotus

F. Hygrobatidae 1

Hygrobates

F. Lebertiidae

Lebertia

F. Oxidae

Oxus

F. Pionidae

indeterminate

HARPACTICOIDS 7 2 1 4 1 3 4 1 5

O. Harpacticoida

SEED SHRIMPS

Cl. Ostracoda   (exclude from N and R)

FAIRY SHRIMP (TADPOLE SHRIMP)

O. Notostraca

Lepidurus arcticus

INSECTS

CADDISFLIES

O. Trichoptera

F. Apataniidae 1 1 1

Apatania  

F. Limnephilidae

Grensia praeterita

TRUE FLIES

O. Diptera

MIDGES

F. Chironomidae

chironomid pupae

S.F. Chironominae

Station

Replicate

# Grabs/sample



PDL PDL PDL PDL PDL PDL PDL PDL PDL PDL

1.1 1.2 2.1 2.2 3.1 3.2 4.1 4.2 5.1 5.2

1 1 1 1 1 1 1 1 1 1
Cladotanytarsus  

Constempellina

Corynocera ambigua

Corynocera ?oliveri  4 5 1 1

Dicrotendipes

Micropsectra  

Microtendipes 1

Paracladopelma

Paratanytarsus  1

Polypedilum  2

Sergentia  8 2 5 2 3 5 4 1

Stempellinella  3 2 1 1

Stictochironomus  

Tanytarsus  

S.F. Diamesinae 1

Potthastia

Protanypus  1 1

S.F. Orthocladiinae

Abiskomyia  1

Cricotopus/Orthocladius

Heterotrissocladius  

Hydrobaenus  

Mesocricotopus

Nanocladius  

Paracladius  1 3 1 2 1 1 2 1

Parakiefferiella  

Psectrocladius  

Zalutschia  

Orthocladiinae Genus "Greenland" 1

S.F. Prodiamesinae

Station

Replicate

# Grabs/sample



PDL PDL PDL PDL PDL PDL PDL PDL PDL PDL

1.1 1.2 2.1 2.2 3.1 3.2 4.1 4.2 5.1 5.2

1 1 1 1 1 1 1 1 1 1

Monodiamesa  

S.F. Tanypodinae 6 11 6 2 4 5 6 4 2

Ablabesmyia 1

Procladius  

Thienemannimyia complex

F. Empididae

Neoplasta

Wiedemannia

pupae

MOLLUSCS

P. Mollusca

SNAILS

Cl. Gastropoda

F. Valvatidae

Valvata

CLAMS

Cl. Bivalvia

F. Sphaeriidae 11 9 2 1 1 4 6 4 4

Cyclocalyx/Neopisidium 3 4 3 1

Cyclocalyx 

Sphaerium nitidum

Totals 45 37 42 31 23 27 37 36 35 34

*Bold entries excluded from taxa count

Station

Replicate

# Grabs/sample



WAL WAL WAL WAL WAL WAL WAL WAL WAL WAL

1.1 1.2 2.1 2.2 3.1 3.2 4.1 4.2 5.1 5.2

1 1 1 1 1 1 1 1 1 1
ROUNDWORMS

P. Nemata    (exclude from N and R) 1 1 1 1 1

FLATWORMS

P. Platyhelminthes

Cl. Turbellaria   

indeterminate 1 1

ANNELIDS

P. Annelida

WORMS

Cl. Oligochaeta

F. Enchytraeidae

S.F. Naidinae

Nais

S.F. Tubificinae

Limnodrilus hoffmeisteri

Tasserkidrilus americanus

immatures with hair chaetae

immatures without hair chaetae

S.F. Rhyacodrilinae

Rhyacodrilus coccineus

Rhyacodrilus montana

F. Lumbriculidae

Lumbriculus

Stylodrilus

indeterminate

ARTHROPODS

P. Arthropoda

MITES

Cl. Arachnida

O. Acarina

Station

Replicate

# Grabs/sample



WAL WAL WAL WAL WAL WAL WAL WAL WAL WAL

1.1 1.2 2.1 2.2 3.1 3.2 4.1 4.2 5.1 5.2

1 1 1 1 1 1 1 1 1 1

F. Acalyptonotidae

Acalyptonotus

F. Hygrobatidae 1 3 2 1 2

Hygrobates

F. Lebertiidae 1 1 1 2 1

Lebertia

F. Oxidae

Oxus

F. Pionidae

indeterminate

HARPACTICOIDS 4 5 5 1 8 4 3 8 12 18

O. Harpacticoida

SEED SHRIMPS

Cl. Ostracoda   (exclude from N and R)

FAIRY SHRIMP (TADPOLE SHRIMP)

O. Notostraca

Lepidurus arcticus

INSECTS

CADDISFLIES

O. Trichoptera

F. Apataniidae 1 1

Apatania  

F. Limnephilidae

Grensia praeterita

TRUE FLIES

O. Diptera

MIDGES

F. Chironomidae

chironomid pupae 5 1 25 4 10 7 14 20

S.F. Chironominae

Station

Replicate

# Grabs/sample



WAL WAL WAL WAL WAL WAL WAL WAL WAL WAL

1.1 1.2 2.1 2.2 3.1 3.2 4.1 4.2 5.1 5.2

1 1 1 1 1 1 1 1 1 1
Cladotanytarsus  18 15 42 2 50 16 57 33 19 83

Constempellina 3 7 24 5 60 8 47 22 4 34

Corynocera ambigua 9 2 2

Corynocera ?oliveri  7 4 8 4 10

Dicrotendipes

Micropsectra  

Microtendipes 10 3 4

Paracladopelma

Paratanytarsus  

Polypedilum  

Sergentia  20 17 11 8 14 10 18 12 27 31

Stempellinella  7 7 14 1 18 4 10 7 5 15

Stictochironomus  

Tanytarsus  

S.F. Diamesinae 1

Potthastia

Protanypus  

S.F. Orthocladiinae

Abiskomyia  

Cricotopus/Orthocladius

Heterotrissocladius  

Hydrobaenus  

Mesocricotopus

Nanocladius  

Paracladius  

Parakiefferiella  

Psectrocladius  

Zalutschia  

Orthocladiinae Genus "Greenland" 1 1 1

S.F. Prodiamesinae

Replicate

# Grabs/sample

Station



WAL WAL WAL WAL WAL WAL WAL WAL WAL WAL

1.1 1.2 2.1 2.2 3.1 3.2 4.1 4.2 5.1 5.2

1 1 1 1 1 1 1 1 1 1

Monodiamesa  

S.F. Tanypodinae 3 6 6 10 2 7 3 5 10

Ablabesmyia 1

Procladius  

Thienemannimyia complex

F. Empididae

Neoplasta

Wiedemannia

pupae

MOLLUSCS

P. Mollusca

SNAILS

Cl. Gastropoda

F. Valvatidae

Valvata

CLAMS

Cl. Bivalvia

F. Sphaeriidae 2 5 8 1 3 1 5 4 6 17

Cyclocalyx/Neopisidium 9 9 15 2 32 7 13 3 17 18

Cyclocalyx 

Sphaerium nitidum

Totals 82 81 149 33 250 82 190 123 134 281

*Bold entries excluded from taxa count

Station

Replicate

# Grabs/sample



 

 

Appendix 6  Benthic Community Data Quality Assurance



EEM Cycle 3, Meadowbank Mine, Interpretive Report 
June, 2018 

C. Portt and Associates, Kilgour & Associates Ltd. Appendix 6-1 

 
 
Table 1. Percent recovery of benthic Macroinvertebrates from samples collected from 
AZIMUTH CREMP (2017).  

Station Number of 

Organisms Recovered  

(initial sort) 

Number of 

Organisms in          

Re-sort 

Percent Recovery 

BAP-1 280 305 91.8% 

INUG-4.2 23 23 100.0% 

PDL-2.1 32 33 97.0% 

SP-2 109 109 100.0% 

TPE-3 218 222 98.2% 

TPN-1 132 132 100.0% 

WAL-1.2 71 74 95.9% 

      
Average % 

Recovery 
97.6% 

 
 

QA/QC notes 

Pupae were not counted toward total number of taxa unless they were the sole representative of their 

taxa group. 

Immatures were not counted toward total number of taxa unless they were the sole representative of 

their taxa group. 
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Meadowbank Terrestrial Advisory Group – Meeting #1 
Summary Minutes 
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Meadowbank Terrestrial Advisory Group – 
Meeting #1 

June 19-20, 2018 
09:00 – 16:00 
Winnipeg, MB 
Radisson Hotel, Winnipeg Downtown 

Meeting Chair: Ryan Vanengen  

Record Keeper: Corey De La Mare 

Attendees: Agnico Eagle:  Ryan Vanengen, Jamie Quesnel, Jamie Katalak, Karen Yip 
GN:  Stephen Atkinson, Lauren Perrin, Alex Chaikine.  
KivIA: Jeff Tulugak, Jeff Hart, Kim Poole, Gabriel Karlik 
NTI:  Raymond Mercer 
Baker Lake HTO:  Hugh Nateela, James Taipanak 
KWB:  Qovik Netser 
Golder Associates:  Corey De La Mare, Chris Shapka 
ERM:  Greg Sharam 

 

 Action Item Summary Responsibility Due Date

01 Develop concordance table for Project Certificate Terms and Conditions and 
Commitments for insertion back into the TEMP and a working live edit version of 
the TEMP 

Golder Prior to next 
TAG mtg  
 

02 Agnico Eagle to provide meeting notes, summary with action items, outcomes, and 
presentations to all participants for distribution 

 
Agnico Eagle 

Prior to next 
TAG mtg  
 

03 Further discussion on ZOI when Mitch will be present to discuss collar data/ZOI 
analysis. Timing of calls needs to be established 

 
Agnico Eagle / 
GN 

TBD 

04 Updates to TEMP (see summary of updates in below meeting notes) Golder (unless 
otherwise noted) 

30 days prior 
to next TAG 
mtg 

  Commitment #1 – use this commitment as a section for the TEMP – could it 
be stand alone or an Appendix but referred to within the TEMP, it is 
technically every 5 years? KivIA agrees, GN to discuss and follow-up 

GN – follow-up 
required 

Added to 
TEMP 

05 Viewshed analysis update – 1.5 km on road and 4 km on HOL. Determine 
proportion of areas. Overlay caribou collaring data. Identify points along the road to 
give a coverage of detection of caribou. 

Golder Prior to next 
TAG mtg 

06 Commitment #14: Whale Tail 3 topics – group size around haul road, consistent 
definition of group, potential bias of observations. Viewshed comment about haul 
road vs road side (stopping points vs scan). 

Golder Ongoing 

07 Ask GN about collar deployment - #’s, collar type, sex, fix rates, herds, where 
collared, how collared, when?, collaring objectives, etc. 

GN  

08 Agnico Eagle to discuss with internal departments what roadside flag options we 
can come up with between transportation as they may be a source of disturbance 

 Agnico Eagle  
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 Action Item Summary Responsibility Due Date

to caribou crossing the road (HTO refers Agnico to look at the airport and BL road 
markers) 

09 KivIA to lead a working group prior to mitigation to discuss planning and actions. 
The group in Rankin is with NTI, GN, HTO, and Agnico Eagle 

KivIA  

10 Agnico Eagle will put together an overview of the migration mitigation story in the 
annual report going forward 

Agnico Eagle Annual 
Reporting 

11 GN to provide a summary of research with an emphasis on the Lorillard and Wager 
Bay herds; encouraged to collaborate and share clear objectives for GN research 

GN Next TAG 
mtg 

12 Straw dog of potential studies/analyses to address questions/concerns. Ensure 
there is some tracking of progress for the various sub-components of Commitment 
#1 

Golder /AE  

13 Agnico Eagle to determine out how to get the information on flight logs or traffic 
patterns for incorporation into the TEMP. Using the management plans which is 
required for exploration (could be included in Traffic Management Plan) 

 Agnico Eagle  

14 Submit draft v6 TEMP 30 days before TAG meeting. Final TEMP v6 will go through 
live edit in January.  
January 15-16 may be the best dates for next TAG meeting. TEMP v6 by 
December 15 (or before then, say December 1). Provide a version in Track 
Changes and a full pdf 

 Agnico Eagle 30 days prior 
to next TAG 
mtg 

15 Agnico Eagle to provide an updated ToR to the GN/HTO/KivIA and a schedule for 
completing the ToR by September 15, 2018 (as per T&C # 27) 

 Agnico Eagle Completed 
on October 
24,2018 

 

Items 

Day 1 – June 19 

Introductions and Agenda Overview (RV) 

- Refer to Agnico Eagle presentation  

- ToR have not been finalized 

Project History, Project Certificate T&C (RV) 

- Covered timing and updates to the TEMP 

- Ryan presented the history of monitoring at the project and the updates made at the hearing to the TEMP 

TEMP Changes Review and Proposed Monitoring Studies (CD and CS) 

- Refer to Agnico Eagle presentation made by Golder - presentation with PC T&Cs and changes to the 
monitoring plan 

- Updates to TEMP 

 Update blasting radius in the boxes to 4 km – and provide provision for 5 km during calving 

 Commitment #1 – use this commitment as a section for the TEMP 

 Commitment #21 and #22: traffic monitoring commitment to be added  
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 Update raptor nest management plans and distance triggers for new development vs. existing (1.5 km to 
1.0 km). 

 Define project tolerant animals and non-essential vehicles  

 Project Tolerant – specify definition from IR, ensure that decisions with TAG are based on those 
representatives on-site (HTO, KivIA, DOE). 

 Define danger zone for blasting 

 Commitment #10 – some language around Environment supervisor “may” vs “will”. Need clarity on what 
may cause supervisor to actually initiate adaptive management/mitigation. Outcome could be based on a 
collaborative decision between HTO, KivIA and on-site environment personnel. Perhaps define the “what-
ifs” through examples (i.e., we did this….. when we saw this……). Another example can be “specific 
automatic measures” which should be explicitly stated.  

 Commitment #11 – sensitive seasons, didn’t put in the 500 m to 1 km based on calving and post-calving 
season. 

 Frequency of Commitment #33, movement and deflection we could alter based on Project phase or some 
other type of development/operational adjustment. Otherwise, can put this in as is. 

 Commitment #34 – convoying is in decision trees, we have used convoys in the past, but can we gather 
some information on decisions of when/how to convoy but then follow-up in terms of testing of convoys in 
terms of caribou response (i.e., how long of a break is needed to allow caribou to cross). FYI, convoys 
are being considered as a normal operation 

 Commitment #37 – collars deployed for monitoring caribou herds, not so much for EA and monitoring. 
What is the appropriate number? Analysis of what’s been done or what’s ideal.  

 Aircraft buffers are recommended rather than mandatory, in the case of recommended just state that it is 
based on safety and pilot decisions. 

- Agnico Eagle commitment to 1:4 slopes at caribou crossings, but there is some challenges with materials. 
Additional hard rock quarries have been added as in some casesesker material hauling is longer than hard 
rock hauling. TEMP has 1:2 slope but the design is 1:4 for the majority of the road, if there are areas that are 
important for caribou crossing, we can identify them and then top-dress the slopes for caribou crossings – 
this will be discussed with operations in consultation with onsite HTO and KIA  

- Discussion on how we could improve our ability to protect the lead group? Meet with the elders to get some 
advice. It is possible to use the collar data (KivIA comment) 

- Briefing about the monitoring, one of the observations is that there needs to be more communication 
between the people making the calls at camp as there are caribou near town 

KivIA CARMA Poster Presentation and Discussion (KP) 

- Kim went through poster 

- Learning: communication needs to increase about caribou collaring – types of collars, where they are being 
applied, and programing so that we can ensure that collaring addresses our data needs. Needs to follow the 
MOU language about timing and communication about collaring using Agnico Eagle funds 

- Learning: maps should be put out more frequent from the GN during the spring/fall migration. Requested 
maps daily but not provided – how often are location data uploaded? 

Operational Protocols: A Day in the Life during Migration (JK and CS) 

- Presented photos and experience 

- Discussion about flags potentially being a deterrent for flags 

- Working together was highly effective in order to inform decision making and ensure the protection of 
caribou 
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- General agreement that road operators are following protocols and following shut-down protocols 

- Discussion about range finders and their utility for training and accurately identifying the distances of caribou 
from the road 

- Discussion about how the HTO closed the road – asked people to not use the road, and most folks were 
quite respectful of that – only a few passed by. Noted that HTO had reports that it was chaos along the road 
with animal parts being left behind, so the HTO decided to close the road if people can’t be responsible 

- Point made about disturbance of caribou by moving rather than stopping; David Simaiak (in a previous 
meeting) suggested that Agnico Eagle might be better off to keep traffic on the road and proceed rather than 
completely closing the road. He was questioning that Agnico Eagle had to stop, when hunters are permitted 
to use the road 

- Are staff listening and following protocols? In general, they follow the protocols to the point where they are 
constantly asking on the radio about road status. Are there other mechanisms for communication?  SPOT 
Tracker for texting through phone may be an idea. Having a really good digital camera with a good lens 
would be helpful 

Day 2 – June 20 

Update of GN Caribou Research in relation to Meadowbank and/or Kivalliq 

- Refer to GN presentation  

- Described the research being conducted by the GN on caribou – collaring, aerial surveys, building a best 
practice guide (this guide is being reviewed by the GN) 

- Structure – Wildlife Research, Report to Amy Robinson of EA Section, Lauren reports to Amy who is the 
manager of Land Use Planning. Christie Rowe is their top boss, who then reports to Steve Pinksen for 
Environment. Mitch and others are regional biologists so they report to manager of research section.  

Discussion on Behaviour Monitoring, ZOI Analysis, as per T&C No. 008 – 29 

- Focus on what you can control. Caribou interact during migration (winter and near-winter conditions), so 
movement analysis based on deflection/turns from collar data. On-site focus could be on the bins: blasting, 
roads (traffic) and some discussion on what we can do on the roads to promote crossing (e.g., flags vs no 
flags, slopes, traffic amount/type). Finally, note that migration are the key seasons and caribou behavior and 
selection at that time is different. Collar data can be used for movement analysis, particularly now that we 
have more collars deployed 

- Focus studies will include:  
1. Determine caribou blast radius protection zone (Whale Tail Pit and 1 selected quarry depending on the 

road)* 
2. Physical Road effects analysis on movements during migration * - what are the road conditions to allow 

for the caribou to cross/ crossing rates 
3. ZOI deflection (looking at behavioural changes using collars, supported by survey data) 

*use same field data collection and reconyx cameras – program technicians, biologists to collect 
consistent data 

Blast Radius Study 

Study Design Buckets: 
- 1.) Blasting – pulse effect on caribou behavior. 
- 2.) Roads – flag effect, road type, traffic type/convoy, etc. Use of observers/cameras, etc.  
- 3.) Collars – movement analysis for deflection/direction/tortuosity, etc. 

- Sample size discussion – Bin the data into 500 m or km, how much data do we need. So from 0 - 5 km we 
have 10 bins: 0 – 500 m; 500 – 1000 m, 1000 – 1500 m, etc. The more the better, wind direction and herd 
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size likely matter so collect that information. Thought 5 times, but factor in other conditions. Blasts in the pit 
are daily, sometimes twice daily 

- No consensus on number of “sample points” however does response type approach seems to be the best 
study design; could be repeated samples at different distances from the blast 

TAG Terms of Reference Review 

- Sept 22, 2017 – exhibit 51 is the starting point 

- Agnico Eagle went through the changes to the draft TOR 

- Review committee, evidence-based decisions are requirements to go into the TOR to satisfy the KivIA. 
Review committee only pertains to 4 specific items – frequency of monitoring, GSTs, intensifying mitigation 
and blasting 

- Discussion on Quorum, how do we achieve this? For discussion or making decisions, currently we don’t 
have decision makers in the room right now 
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Appendix 4 
NU-P&L-PRO-Managing the Hazardous Movement 
Document Manifest 
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Procedure 

 

  PROCEDURE NUMBER: NU-P&L-PRO-Managing the 
Hazardous Movement Document Manifest 

People 
concerned 

Environment, 
Procurement and 
Logistic, Contractor 

Prepared by  Monique Cossette 

Authorized by Mathieu Grenier – Logistic 
Coordinator 

Issuing date : May 23, 2017 Revised  
This procedure corresponds to the required minimum standard. Each and everyone also have to comply with the rules and 
regulations of the Nunavut Government in terms of health and safety at work. 

 

Objective: 
• This procedure is used to keep tracking of hazardous movement document manifest required by the Government of 

Nunavut and Transport Canada regulations.  This procedure will details steps to be taken to keeping tracking of the 
movement document manifest from Environment to P&L Department, on the barge transportation until it reach the final 
hazardous materials received/consignee located south.  This procedure applies to both Meliadine and Meadowbank 
mine sites.  This procedure will be update annually before the hazardous material disposal to ensure validity. 

 
Concerned departments: 

Environment, Procurement and Logistic, 
Contractor 

Required equipment: 

Check list attach with this procedure 

 
 
 

Risks /Impacts legend 

 

 

   
Operation 

Quality 

Environment 
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Procedure 

Procedure Risks/ Impacts 

1. As soon as the Environmental Department (usually 
environment technician) started hazardous materials 
segregation, they need to inform by email the site Warehouse 
and the Logistic Coordinator that the process has started.  The 
email need to be record for reference purpose. Please refer to 
the distribution list attach with this procedure. 

 

2. At this time, Logistic Coordinator will make sure the hazardous 
material carrier (barge/boat) and receiver/consignee in South 
involved are aware of the “NU-P&L-PRO-Managing the 
Hazardous Movement Document Manifest” and well 
understand their roles and responsibilities.  

3. Environmental Department (usually the environment 
technician, reviewed by the Environment Sr. Coordinator) 
along with specialize hazardous material contractor hired will 
prepare in accordance with Government of Nunavut and 
Transport Canada regulations the movement document 
manifest. 

 

4. Once the whole section Generator/Consignor of the movement 
document manifest and the list of sea can is duly filled and 
signed by the Environmental Sr. Coordinator, a scanned copy 
is keep for future reference purpose and sent by email to the 
distribution list attach with this procedure. .  

5. The original movement document manifest copy is placed in 
the red envelop clearly identified “Hazardous Movement 
Document Manifest”.  The envelope also contains the 
Movement Document Manifest Checklist attached with this 
procedure.  This checklist need to be signed each time the 
manifest is provide to another responsible 
department/contractor, from the material leaving the mine site 
until the material is received south for the disposal.  This will 
be the proof of receipt by all involved parties in the hazardous 
material disposal. A copy of the procedure is also include in 
the red envelop. 

 

6. Environmental Department (usually the environmental 
technician) signed the checklist and provides the red envelop 
to Warehouse Supervisor. 

 



    

Page 3 of 5 
2017-05-24 This document is void 24 hours after printing 
 

Procedure 

7. Warehouse Supervisor signed the checklist and provide the 
red envelop to the Barge Coordinator.  Upon receipt, Barge 
Coordinator signed the checklist. A scanned copy of the 
checklist is then keep for internal purpose and sent by email to 
the distribution list attach with this procedure.  

8. Barge Coordinator provides the red envelop to Tug’s Captain.  
Upon receipt, Tug’s Captain signed the checklist.  Barge 
Coordinator then scan a copy of the checklist for internal 
purpose and sent a copy by email to the distribution list attach 
with this procedure.  

9. Tug’s Captain provides the red envelop to Vessel’s Captain.  
Upon receipt, Vessel’s Captain makes sure the manifest meet 
requirements and then filled section “Carrier” on the movement 
document manifest. Once manifest is duly complete and 
signed, Vessel’s Captain signed the checklist.  Vessel’s 
Captain then scans a copy of the manifest and checklist for 
internal purpose and sent by email to the distribution list below.  
It will be the responsibility of Logistic Coordinator to make sure 
the Vessel’s Captain provide proof of manifest receipt and then 
forward the notification to Environmental and Warehouse 
Department. 

 

10. Upon receipt of the scanned manifest duly filled from the 
Vessel’s Captain (Carrier), Environmental Department will 
provide the electronic copy to the appropriate regulatory 
authority (see behind manifest document). 

 

11. Once at the port of Becancour, the Vessel’s Captain provides 
the red envelop to port of Becancour responsible.  The port of 
Becancour responsible then signed the checklist and provides 
a copy to the distribution list below.  It will be the responsibility 
of Logistic Coordinator to make sure the port of Becancour 
responsible provide proof of manifest receipt and then forward 
the notification to Environmental and Warehouse Department. 

 

12. Port of Becancourt responsible then provides the red envelop 
to final disposal company (Receiver/Consignee).  Upon 
receipt, the Receiver makes sure the manifest meet 
requirements and then filled section “Receiver/Consignee” on 
the movement document manifest. Once manifest is duly 
complete and signed, Receiver’s responsible signed the 
checklist.  The Receiver then scans a copy of the manifest and 
checklist for internal purpose and sent by email to the 
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Procedure 

distribution list below.  It will be the responsibility of Logistic 
Coordinator to make sure the Receiver provides proof of 
manifest receipt and then forwards the notification to 
Environmental and Warehouse Department. 

13. The Receivers then forward paper copy # 6 of hazardous 
movement document manifest to the “Carrier” and paper 
copies #1, 2, 3 and 4 to Agnico Eagle Logistic Coordinator.  
The Receiver keeps paper copy #5 for his internal purpose. 
Paper copies will be sent as per the mailing address found on 
the Movement Document Manifest.  A notification by email 
need to be sent to the distribution list below once the manifest 
is mailed. 

 

14. Logistic Coordinator then forwards the manifest paper copies 
to the Environmental Compliance Technician.  One copy will 
be sent to the appropriate regulatory authority (see behind 
manifest document) and other copies will be kept on site for 
reference purpose.  
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Procedure 

Movement Document Manifest Checklist 
 

 
  

 
  Responsible Print Name Signature Date 

 Environmental Department       

Warehouse Supervisor       

Barge Coordinator       

Tug’s Captain       

Vessel’s Captain       

Port of Becancour Responsible       

Final Disposal Receiver       

 

Distribution List Meadowbank 
Meadowbank Environment - meadowbank.environment@agnicoeagle.com 
Logistic Coordinator - mathieu.grenier@agnicoeagle.com 
Warehouse - meadowbank.warehousesupervisor@agnicoeagle.com  
 

Distribution List Meliadine 
Meliadine Environment - meliadine.environment@agnicoeagle.com 
Benoit Lacoursiere - benoit.lacoursiere@agnicoeagle.com 
Yves Samuel - yves.samuel@agnicoeagle.com 
Sebastien Byles - sebastien.byles@agnicoeagle.com 
Logistic Coordinator - mathieu.grenier@agnicoeagle.com 

mailto:meadowbank.environment@agnicoeagle.com
mailto:mathieu.grenier@agnicoeagle.com
mailto:meadowbank.warehousesupervisor@agnicoeagle.com
mailto:meliadine.environment@agnicoeagle.com
mailto:benoit.lacoursiere@agnicoeagle.com
mailto:yves.samuel@agnicoeagle.com
mailto:sebastien.byles@agnicoeagle.com
mailto:mathieu.grenier@agnicoeagle.com
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Appendix 5 
June 6, 2017 - NP1 TSS spill report and follow up 



 
A REPORT DATE: MONTH – DAY – YEAR 

06-06-2017 
REPORT TIME 
11:00  

 ORIGINAL SPILL REPORT, 
OR 

 UPDATE #       
    

 

REPORT NUMBER 

      -       

B OCCURRENCE DATE: MONTH – DAY – YEAR 
06-06-2017 

OCCURRENCE TIME 
07:30 

C LAND USE PERMIT NUMBER (IF APPLICABLE) 
KIOL-BL-14 

WATER LICENCE NUMBER (IF APPLICABLE) 
NWB-2AM-MEA-1525 

D GEOGRAPHIC PLACE NAME OR DISTANCE AND DIRECTION FROM THE NAMED LOCATION 
MEADOWBANK MINE SITE 

REGION  
 NT   NUNAVUT  ADJACENT JURISDICTION 

  
E LATITUDE 

DEGREES  65 MINUTES 02  SECONDS 14 
LONGITUDE 
DEGREES 96   MINUTES 03     SECONDS 58 

F RESPONSIBLE PARTY OR VESSEL NAME 
AGNICO EAGLE MINES LTD 

RESPONSIBLE PARTY ADDRESS OR OFFICE LOCATION 
BAKER LAKE X0X 0A0 

G ANY CONTRACTOR INVOLVED 
      

CONTRACTOR ADDRESS OR OFFICE LOCATION 
      

H 
PRODUCT SPILLED 
TOTAL SUSPENDED SOLIDS (TSS) 

QUANTITY IN LITRES, KILOGRAMS OR CUBIC METRES 
TBD 

U.N. NUMBER 
N/A 

SECOND PRODUCT SPILLED (IF APPLICABLE) 
      

QUANTITY IN LITRES, KILOGRAMS OR CUBIC METRES 
      

U.N. NUMBER 
      

I SPILL SOURCE 
SURFACE RUNOFF 

SPILL CAUSE 
FRESHET/RAIN EVENT 

AREA OF CONTAMINATION IN SQUARE METRES 
200 M2 

J FACTORS AFFECTING SPILL OR RECOVERY 
      

DESCRIBE ANY ASSISTANCE REQUIRED 
      

HAZARDS TO PERSONS, PROPERTY OR 
ENVIRONMENT       
 

K 

ADDITIONAL INFORMATION, COMMENTS, ACTIONS PROPOSED OR TAKEN TO CONTAIN, RECOVER OR DISPOSE OF SPILLED PRODUCT AND 
CONTAMINATED MATERIALS 
With extensive rain event at the Meadownbank site and after inspection it was noted that sediment was being brought to a receiving lake area 
called NP1 from the Vault hauling road area.  Samples were collected and sent to an accredited laboratory.  Results are pending.  Maritime 
barriers were deployed within the impacted zone.  Silt curtains and straw logs are being deployed on shore and upstream of the surface area flow 
and work is still ongoing.   More details will be provided in due course.   
Spill location : Northing: 65'02'27''   Easting: 96'02'21'' on IOL. 
 
Contact information : Robin Allard 819-759-3555 ext. 6744 

L REPORTED TO SPILL LINE BY 
ROBIN ALLARD 

POSITION 
SR COORDINATOR 

EMPLOYER 
Agnico Eagle Mines 

LOCATION CALLING FROM 
MEADOWBANK 

TELEPHONE 
8197593555 

M ANY ALTERNATE CONTACT 
ERIKA VOYER 

POSITION 
GEN SUPERVISOR 

EMPLOYER 
Agnico Eagle Mines 

ALTERNATE CONTACT 
LOCATION MEADOWBANK 

ALTERNATE TELEPHONE 
8677934610 

REPORT LINE  USE ONLY 

N RECEIVED AT SPILL LINE BY 
       

POSITION 
Station operator  

EMPLOYER 
      

LOCATION CALLED 
Yellowknife, NT 

REPORT LINE NUMBER 
(867) 920-8130 

LEAD AGENCY   EC   CCG/TCMSS   GNWT   GN    
ILA   AANDC   NEB  OTHER:_______________ 

SIGNIFICANCE    MINOR   MAJOR                     
 UNKNOWN 

FILE STATUS   OPEN   CLOSED 

AGENCY CONTACT NAME CONTACT TIME REMARKS 

LEAD AGENCY                   

FIRST SUPPORT AGENCY                   

SECOND SUPPORT 
AGENCY                   

THIRD SUPPORT AGENCY                   
 

 

REPORT LINE USE ONLY 

 



 

June 14th, 2017 
 
 
Re: Agnico Eagle Meadowbank Mine – Spill #17-198,  
NP1 Lake Total Suspended Solids on June 6th, 2017 - Follow up report 
 

As required by Water License 2AM-MEA1525 Part H, Item 8b, the Government of 
Nunavut’s, Environmental Protection Act, paragraph 5.1(a), and as required by 
subsection 38(4) of the Fisheries Act, Agnico Eagle Mine Ltd. Meadowbank Division 
informed you via email on June 6th, 2017, that the level of Total Suspended Solids (TSS) 
entering NP1 Lake from surface runoff exceed the limits, of 30 mg/L for the maximum 
authorized concentration in a grab sample. 
 
As required by Water License 2AM-MEA1525 Part H, Item 8c, please consider this letter 
as the written report describing the test results and actions taken in relation to the 
incident. 
 
As part of the Freshet Action Plan (part of the Water Management Plan and Report), the 
Meadowbank mine site is subject to regular monitoring during the freshet period.  In 
particular, NP1 Lake is inspected daily during freshet season and measures (turbidity 
barrier in and at the exit of NP1) are deployed to ensure surface runoff within the Vault 
road and overall erosion of the area are controlled and limited within the receiving areas.  
NP-1 (see location on Figure 1, below) is a shallow pond - ~ 3.8 m at deepest and was 
noted as being non-fish bearing in the EIS for the Meadowbank Project.   
 
 

 
Figure 1: NP1 Location 

 
 



 

On June 6th early morning inspection, visual evidence was noted within the banks and 
shore of NP1 lake of colored water flowing downstream to the lake (see Photo 1, below).  
Samples were collected for TSS analysis.  One set of samples was brought to the 
internal laboratory at the Meadowbank site and a second set shipped to an external 
laboratory.  Although not accredited, the Meadowbank lab is used for quick assessment 
since results are readily available and provided within a short timeframe.  Being in a 
remote site, the sample shipped to the external lab requires shipping and logistic delays.   
Results are shown in table 1.  

 
 

Table 1: NP1 TSS results from June 3rd to June 9th  
 

NP1 Lake (TSS mg/L) 

Date Internal lab External lab 

6/3/2017 6.7 

 6/4/2017 3.7 

 6/5/2017 7.4 
 6/6/2017  morning 54.7 37 

6/6/2017  afternoon 24.8 
 6/7/2017 3.4 
 6/8/2017 1.3 

 6/9/2017 2.4 

  
Upon visual observation and reception of internal results, the elevated TSS measured at 
NP1 lake (65°02’27’’ 96°02’21’’) was reported at the GN Spill line, KIA, ECCC and DFO 
at 12:26 on June 6th 2017.  Result from the external laboratory was received on June 9th 
and confirmed exceedance of TSS in the receiving water body.   
 

  
Photo 1: NP1 Lake Visual observation of the TSS exceedance, taken on June 6th.  

 
 



 

After receiving a substantial rainfall the previous hours and after some additional melting 
of ice and snow it was clear that water with elevated TSS was flowing outside the areas 
that had mitigation measures installed in locations based on previous year’s 
observations.  The impacted zones of the lake were found to be on the north side of the 
shore, away from the exiting culverts receiving water from NP2 Lake.   
 
Mud was observed on location (North side), mud that was under previously present 
snowbanks and thus was not visible on previous inspections.  The great amount of 
precipitation received on site from the night of the 5th to the 6th and ongoing for 24 hours 
increased greatly runoff and snowmelt and created flow outside of usual runoff locations. 
 
As a precautionary measure, additional barriers were placed on the north lake banks 
limiting TSS arrival speed in the lake on June 6th (Photo 2). It is important to note that 
barriers were already in place within NP1 Lake, as presented on the picture below.  Silt 
fences and additional wood chip logs were installed on the upstream flows to prevent 
more sediments from entering water.  As well, all remaining snow was removed from the 
road side up and downhill of the areas.   

 
 
 
 
 
 
 
 
 
 



 

 
 

 
 

Photo 2: Mitigation measures 
 
 
 
 

Agnico Eagle has put in place a daily TSS monitoring program to follow the water quality 
until results are satisfying for Agnico Eagle and compliant with regulation for a period 
judged acceptable for confirmation that the runoff water will not impact the receiving 
body further.  Samples are collected daily for internal analysis and regularly for our 
offsite accredited laboratory and will be tracked closely.   

 

Reported elevated TSS levels. 
New barriers installed 

NP2 culvert discharge. 
Previously installed barriers 



 

 
Given the short duration of flows from surface runoff and snowmelt causing the 
exceedance on June 6th and considering the rainstorm that brought great amounts of 
precipitation in a short time, Agnico is confident that the aquatic environment was 
protected and mitigations measures are put in place to stop further potential impact 
regarding this punctual event.  Furthermore, Agnico will confirm the previous affirmation 
by continuing the exhaustive sampling in NP1, Dogleg and Second Portage Lake that 
has been requested by the KIA following the ST-16 Rock Storage Facility Seepage 
event in 2013.  No more TSS exceedance was observed in NP1 Lake since June 7th, 
2017. 
 
Should you have any questions regarding this report, please do not hesitate to contact 
the undersigned. 
 
Regards, 
Agnico Eagle Mines Limited – Meadowbank Division 
 
 
 

      
Robin Allard      Erika Voyer 
Robin.allard@agnicoeagle.com               Erika.voyer@agnicoeagle.com 
819-759-3555 x6744    819-759-3555 x6980 
Senior Environmental Coordinator  General Supervisor Environment 

 

CC: Jamie Quesnel – Agnico Eagle 

mailto:Erika.voyer@agnicoeagle.com


 

July 6th, 2017 
 
 
Re: Agnico Eagle Meadowbank Mine – Spill #17-198,  
NP1 Lake Total Suspended Solids on June 6th, 2017 - Follow up report #2 
 
Subsequent questions from David MacDonald, Enforcement Officer, ECCC received June 20

th
. 

 
The Cumberland study we have indicated that NP1 is fish bearing. Can you provide the 
EIS report that indicates otherwise? 
 
The Baseline Aquatic Ecosystem Report (Azimuth, Oct 2005) from FEIS as well as the 
No-Net-Loss Plan (Agnico, 2012) where we assessed that Dogleg North Pond (NP-1) 
was fishless can be transferred to you by a method of your convenience.  
 
Some confusion exists on the lake terminology in the area.  Originally, Dogleg Lake was 
called NP-1 and included the small pond to the north, which was called Dogleg North 
Pond (as part of the Dogleg/NP1) (see map). 
 

 
  Baseline terminology               Field terminology 
 
With time, NP1-Dogleg Lake was simplified for field work to simply Dogleg Lake and 
NP1 used to name the North Pond.  NP2 has remained the same. This is something that 
will be clarified within our plans in the 2017 annual report. Please refer to the summary 
in the table below. 
 
 

Baseline name Field name Baseline determination 

NP1 (Dogleg) Dogleg fish bearing 

Dogleg North Pond NP1 non fish bearing 

NP2 NP2 fish bearing 



 

Through construction of the diversion channel (2013), connectivity between the ponds 
has been improved, and previously inaccessible habitat in Dogleg North Pond (NP-1) 
(field name NP1) will be available for use by lake trout and round whitefish currently 
inhabiting Dogleg Lake and NP-2.  Eventually these ponds may be seasonally 
accessible from Second Portage Lake. This connection would theoretically provide 
access for Arctic char to the Dogleg system, but it is deemed unlikely due to the shallow, 
ephemeral nature of the connections.   
 
In the summer of 2017, some studies will be conducted in Dogleg North Pond (NP-1) to 
confirm if the planned compensation features has been successful at providing access to 
habitat in Dogleg North Pond (NP-1) for lake trout, and that Arctic char may be 
accessing Dogleg Pond from Second Portage Lake. The results of this study will be 
presented as part of the 2017 Annual Report. 
 
 
Did the TSS come from the road, the north bank of NP1 or from sediment flowing 
through from NP2 to NP1? 
 
Elevated TSS water was flowing on the north side of the culvert to NP1 (NP2 culvert 
discharge on Figure below), on the north side of the shore, away from the exiting 
culverts receiving water from NP2 Lake.  Mud was observed at this location (North side), 
that was under snowbanks and thus was not visible before snowmelt.  Thus, it appears 
that the sediments came from the north bank of NP1 and the portion of the road 
associated with this area.  This is the first year that Agnico had a problem at this 
location.  This area will be included in the revised Freshet Action Plan for the 2018 
season and appropriate mitigation measures for control of TSS will be in place for next 
freshet 
 

 



 

There were Hydraulic oil spills (East Diversion ditch) before and after the TSS 
exceedance in NP1. Did any oil enter NP2 and flow into NP1? Do you have any (internal 
or external lab) sample results that indicate a high hydrocarbon? Do you have any 
(internal or external lab) sample results that indicate an oil emulsion? 
 
There was one hydraulic oil spill reported near NP-2 on May 14th, 2017 (see location on 
map below).  There were no off site impact or discharge to any receiving watercourses 
and the distance to NP2, is estimated at 50 meters. This was the only spill near East 
Diversion Ditch; no other hydraulic spill was reported nor seen after the TSS 
exceedance in NP1 on June 6th, 2017 or since.  A follow-up report was sent concerning 
this spill on June 14th.   
 

 
 

Following the incident on May 14, the equipment was repaired on location and the area 
was scrapped clean. All contaminated snow and material was removed and was 
disposed at the Landfarm area. Further assessments were done in the spill area and 
downward towards NP2 Lake shore within the waterbody.  As precautionary measure, 
maritime barriers and recovery booms were installed on ice. The containment was 
inspected daily afterward for any signs of contaminants. As no evidence of hydrocarbon 
was found in the receiving lake, no hydrocarbon water sample was deemed 
necessary.  Agnico Eagle is confident that the short response time and the mitigation 
measures put in place were effective and no hydrocarbon reached NP2 Lake.   

 Spill near East 
Diversion 

Ditch - May 14 

 Spill TSS North 

Side of NP-1 – 
June 6 



 

There seems to be a confusion about Dogleg and NP1 as being the same. Can you 
clarify please? 
 
Please refer to explanation given at the first ECCC question above. 
 
 
Can you provide the sampling analysis results of the exhaustive sampling in NP1, 
Dogleg and Second Portage Lake that has been requested by the KIA following the ST-
16 Rock Storage Facility Seepage event in 2013? 
 
All the results since KIA’s request in 2013 can be found in the Agnico Eagle 
Meadowbank Annual report from 2013 to 2016, also available on the NIRB website. 
Please see in appendix the results provided in those reports.   For 2017, the first sample 
during open water season was taken on June 26th. Results will be available in the 2017 
Annual Report.  
 

 
 
 
Should you have any questions regarding this report, please do not hesitate to contact 
the undersigned. 
 
Regards, 
Agnico Eagle Mines Limited – Meadowbank Division 
 
 
 

      
Robin Allard      Erika Voyer 
Robin.allard@agnicoeagle.com               Erika.voyer@agnicoeagle.com 
819-759-3555 x6744    819-759-3555 x6980 
Senior Environmental Coordinator  General Supervisor Environment 

 

CC: Jamie Quesnel – Agnico Eagle 

mailto:Erika.voyer@agnicoeagle.com



