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Introduction: 

Environmental monitoring generally is comprised of three media – water, sediment and biota. 
Water and sediment monitoring is regulated by the Department of Environment and Climate 
Change while biota monitoring is regulated by the Federal Department of Fisheries and 
Oceans. 

Biota tissue testing for methylmercury is essential as the tissue is the ultimate receptor for 
any environmental change and the best indicator to monitor potential impacts on consumer 
health.  As per the Aquatic Environmental Effects Monitoring Plan (AEEMP), subsequent 
reports and other data, methylmercury data is available for biota (fish and seal).  In addition, 
in July 2016, the Department of Fisheries and Oceans advised the proponent of required 
modifications to the AEEMP to include sampling in the eastern portion of Lake Melville, as 
well as modifications to reporting protocols.  The AEEMP and related addendums can be 
found at:  https://muskratfalls.nalcorenergy.com/environment/generation/ 

As the AEEMP monitoring focuses primarily on biota, it was agreed that additional 
methylmercury monitoring of water and sediment from upstream of the proposed Muskrat 
Falls Reservoir to the downstream outlet of Lake Melville would provide valuable 
information.  Under Section 31 of the Water Resources Act, the Minister may order a 
licensee or other person to undertake a required level of water quality monitoring.  Nalcor 
has agreed to engage an independent consultant to implement this monitoring plan for the 
Lower Churchill Project, focusing solely on water and sediment, to augment the information 
collected under the AEEMP. 
 
While neither the Churchill River nor Lake Melville are sources of drinking water for any 
community, methylmercury information in water and sediment could be used as an early 
indicator for methylmercury in biota tissue, consumption of which might lead to health 
issues.  The early indicator information from this plan, together with biota tissue testing data 
from the AEEMP, will provide the relevant provincial and federal agencies important 
information so any necessary action to protect human health can be taken at the earliest 
opportunity. 
 

 

1. Objectives: 
 

The objective of this plan is to assess change in the level of methylmercury in water and 
sediment due to the creation of the Muskrat Falls Reservoir.  The approach that will be used 
to assess these changes is to directly measure the net change of methylmercury in water and 
sediment at various locations from upstream of the proposed Muskrat Falls Reservoir to the 
downstream outlet of Lake Melville.  Any changes in methylmercury concentrations in the 

https://muskratfalls.nalcorenergy.com/environment/generation/
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upstream environment will provide an early indicator for potential changes in the 
downstream environment.  

The plan will initially monitor temporal and spatial aspects of ambient water and sediment 
quality through the collection of grab samples with special emphasis on testing for total 
mercury and methylmercury.  Section 3 outlines the procedural details for water and 
sediment samples to be collected in order to capture baseline, inundation and post-inundation 
methylmercury data. 

The sampling locations, frequency and duration may be adjusted on an adaptive basis as 
results become available.  The overall plan will be revisited for appropriate changes once the 
monitoring results related to the first phase of flooding have been analyzed.  

 

2.  Oversight 
 

This monitoring plan will be overseen by the Department of Environment and Climate 
Change, until the establishment of the Independent Expert Advisory Committee (IEAC), the 
Terms of Reference for which are in development.  

 

3. Methodology: 
 

The environmental monitoring proposed under this plan will focus on water and sediment 
grab sampling at sites which are selected in a scientific manner to capture the physiographic 
diversity of the project area.  

 

Sampling sites identified in this plan are based on the physiographic (features and attributes 
of land surface) and hydrologic (rainfall, runoff, inflow, outflow, etc.) features of the area.  
The plan has also taken into consideration spatial and temporal factors.  In order to capture 
the vertical profile of methylmercury, six sites (one site in the Muskrat Falls reservoir and 
five sites in Lake Melville) have been identified for multiple depth sampling.  

The Department of Environment and Climate Change requires that all monitoring results 
adhere to the Accredited Laboratory Policy.  The objective of the policy is to ensure that 
environmental information produced and provided to the Province is comparable, of known 
quality and adequate for its intended purpose, thereby providing a reliable and harmonized 
basis for characterization and management of the Newfoundland and Labrador environment.  

In accordance with the policy, the Department requires the use of laboratories which have a 
recognized form of laboratory accreditation to perform the required analyses.  Accreditation 
obtained from an accreditation body that is a signatory to the International Laboratory 
Accreditation Cooperation (ILAC) Agreement and based on ISO 17025 is considered a 
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recognized form of accreditation.  The Canadian Association for Laboratory Accreditation 
(CALA) is signatory to ILAC.  There are several laboratories in Canada that are accredited 
by the Canadian Association for Laboratory Accreditation (CALA) for methylmercury in 
water, soil and/ or tissue.  The selected laboratory provides direction for sample collection, 
storage and handling to ensure the integrity of the sample.  Deviations from the accredited 
method, quality protocols, QA/QC or sample integrity concerns are reported by the 
laboratory as part of adherence to the international standard on which the accreditation is 
based.  

The Accredited Laboratory Policy document is available on the departmental website at: 
http://www.env.gov.nl.ca/env/env_protection/lab_policy.pdf 

Sample collection methodology and protocols for water and sediment sampling are provided 
in Appendix A.  The Scope of Accreditation and Certification for the selected laboratory 
(Flett Research Ltd.) analyzing methylmercury in water and sediment is contained in 
Appendix B.  

 

4. Monitoring Guidance Framework: 
 

The following guiding principles will be taken into consideration during the implementation 
of this plan. 

• As shown in Figure 1, the Department of Environment and Climate Change currently 
operates five real time water quantity and quality monitoring stations within the Lower 
Churchill project area as well as two real-time weather stations.  Grab water samples are 
also collected at the five real-time water monitoring stations during the ice free period 
from June to October.  All these monitoring activities, which are separate from this 
monitoring plan, will continue, and the collected data will be available to all stakeholders. 

• Approximate sample locations, sampling frequency and duration are indicated in Tables 1 & 2 
and Figure 2.  Using a GPS or similar device, the coordinates of each sampling location shall 
be recorded and submitted to the Department of Environment and Climate Change.  The 
location of each sampling point shall remain consistent over the life of the monitoring 
programs, unless otherwise approved by the Department of Environment and Climate 
Change.   

• Water samples are required to be collected in representative areas. 

• Baseline water samples are to be collected at all sampling sites - Sites #N.1 to #N.13 (as 
indicated in Figure 2) and analyzed for total mercury and methylmercury, preferably one 
week apart if possible, but no less than 48 hours apart.  Selected samples will be analyzed 
for dissolved methylmercury as well as for methylmercury on suspended particulate 
matter.  Other chemical parameters to be analyzed are identified in Appendix C. 

http://www.env.gov.nl.ca/env/env_protection/lab_policy.pdf
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o Note: Baseline data has already been collected (October 14 & 16 and November 
5) for the majority of sites, with the exception of sites #N.6, #N.8, #N.9, #N.11 
and #N.12.  Sites which already meet the baseline minimum requirement as stated 
in Table 2 need not be resampled.  

• During inundation and post-inundation, water samples are to be collected at all sampling 
sites - Sites #N.1 to #N.13 (as indicated in Figure 2) and analyzed for total mercury and 
methylmercury.  Samples will be split and analyzed for dissolved and suspended 
methylmercury concentrations separately.  Other chemical parameters to be analyzed are 
identified in Appendix C. 

•  The feasibility of sediment sampling at the sites indicated on the map will be determined 
by flow regimes, depth and substrate condition in consultation between the proponent and 
the Department of Environment and Climate Change.  Other chemical parameters to be 
analyzed from sediment samples are identified in Appendix C. 

• Select water samples (as indicated in Tables 1 and 2 and in red in Figure 2) will be 
required to be taken at multiple depths.  In freshwater, the preferable locations will be 
near the surface, mid water column, and near the bottom, depending on the depth of the 
water at the location.  Multiple depths sampling in Lake Melville should be targeted, with 
samples collected at 1m and at a depth dependent on halocline/thermocline at the time of 
sampling. 

• If any samples cannot be collected for any reason, this must be communicated by the 
proponent to the Department of Environment and Climate Change, with the appropriate 
justification. 

• A statistical power analysis provides a guide for the design and planning of scientific 
studies and is used to indicate the sample size needed to detect environmental change.  
The sampling encompasses 13 different sites with a minimum of 10 samples collected at 
each site.  Based on the Oct 14, 2016 and Oct 16 sampling data made available from 
Nalcor, methylmercury levels are approximately 0.026 ± 0.0241 ng/L for Lake Melville.  
The methylmercury levels are approximately 0.018 ± 0.0083 ng/L for Lower Churchill 
River.  For Lake Melville methylmercury, with 10 samples in total taken from each lake 
location, there is a power of 0.93 to detect a difference of 0.0483 ng/L or more between 
each lake location.  A sample size of 10 results in a power of 0.99 to detect differences in 
concentration greater than 0.0483 ng/L at any one lake location.  For Churchill River 
methylmercury, with 10 samples taken in total from each river location, there is a power 
of 0.92 to detect a difference of 0.0167 ng/L or more between each river location.  A 
sample size of 10 results in a power of 0.99 to detect differences in concentration greater 
than 0.0167 ng/L at any one river location.  The detected difference is sufficiently lower 
than the CCME guideline for aquatic life of 4 ng/L for methylmercury.  Based on this 
analysis, and performing the power analysis using geographic location, and various water 
bodies (lakes, river) the monitoring plan has sufficient statistical power to detect changes 
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in water quality from baseline conditions for each station in this plan based on existing 
methylmercury concentrations.  More detail on the power analysis is provided in 
Appendix D.   

• Chemical analysis of the water samples shall be carried out by Flett Laboratories, which 
is a commercial laboratory with a recognized form of accreditation for methylmercury 
(see Appendix B).  The proponent shall ensure the detection limits to be used by the 
accredited laboratory are acceptable to the Department of Environment and Climate 
Change.  The method detection level is specified as 0.01 ng/l.  Samples may be split and 
analyzed separately at a different accredited lab periodically for quality assurance 
purposes. 

• As they become available, sample analysis results are to be provided to the Department 
of Environment and Climate Change, using the attached template (see Appendix E). 
Laboratory Certificates of Analysis will be required to be submitted as supporting 
documentation.  Results will be made publicly available (subject to development of 
appropriate communications plans).  

• The proponent shall bear all expenses incurred in carrying out the environmental monitoring, 
required analyses and reporting. 

• The overall monitoring plan will be revisited for appropriate changes once the monitoring 
results related to the first phase of flooding have been analyzed. 

• Monitoring will be re-evaluated as results are made available to determine if the sampling 
program needs to be modified or extended. 

• The Department of Environment and Climate Change may order the proponent to alter 
the monitoring program or require additional testing at any time under several 
circumstances including when there is potential for an adverse environmental effect. 

• The proponent may, at any time, request that the monitoring program or requirements in 
terms of sampling frequency and locations be altered by requesting the change in writing 
to the Department of Environment and Climate Change with sufficient justification. 

 
 

5. Considerations: 
 

The following factors should be taken into consideration in overseeing the implementation of 
this monitoring plan: 

• Sample collection will require samplers to cover a length of over 200 km in rough terrain. 
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• Weather conditions and site accessibility may play a significant role in whether planned 
samples can be collected or not. 

• Occupational health and safety related measures must be a priority when implementing 
the sampling program. 

• Analytical lab requirements for sample storage, holding time and shipping may require 
adjustments to the sampling frequency.  

• Sediment sampling will take place only at selected sites depending on flow regime, depth 
and substrate conditions. 

  



 
 

Table 1 – Sampling Locations & Coordinates (as per Figure 2) 

Area Station Number & Location Northing Easting Zone 

Upstream 
of Reservoir 

N.1 – Below Grizzle Rapids 5869577 606592 20 

Within 
Reservoir 

N.2* – Reservoir below Pinus River 5877481 619387 20 

N.3* – Reservoir between Pinus River & Upper Brook 5886480 628976 20 

N.4 – Above Muskrat Falls   
Top 

5902568 647135 20 Mid 
Bottom 

River below 
Reservoir 

N.5 – Below Muskrat Falls 5901860 651010 20 

N.6 – Causeway 5904834 666977 20 

N.7 – English Point 5913613 687135 20 

Lake 
Melville to 

Outlet 

N.8 – Goose Bay (East of Rabbit Island) 
1m 

5920014 693950 20 Targeted Depth (Above 
Halocline)** 

N.9 – Inflow to Lake Melville 
1m 

5937268 303217 21 Targeted Depth (Above 
Halocline)** 

N.10 – Middle of Lake Melville 
1m 

5954514 302600 21 Targeted Depth (Above 
Halocline)** 

N.11 – Middle of Lake Melville 
1m 

5953492 335067 21 Targeted Depth (Above 
Halocline)** 

N.12 – Northeastern Lake Melville 
(near Neveisik Island) 

1m 
5971440 365225 21 Targeted Depth (Above 

Halocline)** 
N.13 – Near Rigolet (Lake outflow) 6002098 405601 21 

 

*As the inundation of the reservoir is anticipated to progress slowly, it is acceptable to commence the sampling (sites #N.2 & #N.3) after the 
sampling location has been inundated using a staggered approach. 

 ** Sampling depth will be determined on a sample-by-sample basis according to in-situ location of halocline. 
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Table 2: Sampling Frequency & Duration 

Station Number & Location 
 

Frequency & Duration 
Total 

Samples 

N.1–Below Grizzle Rapids 
Baseline Minimum twice before headpond formation (48+ hours apart) 2 

Inundation/Post-Inundation Weekly (10 weeks) 10 

N.2*–Reservoir below Pinus River 
Baseline Minimum twice before headpond formation (48+ hours apart) 2 

Inundation/Post-Inundation Weekly (10 weeks) 10 

N.3*–Reservoir between Pinus River & Upper Brook 
Baseline Minimum twice before headpond formation (48+ hours apart) 2 

Inundation/Post-Inundation Weekly (10 weeks) 10 

N.4–Above Muskrat Falls  

Top 
Baseline Minimum twice before headpond formation (48+ hours apart) 2 

Inundation/Post-Inundation Weekly (10 weeks) 10 

Mid 
Baseline Minimum twice before headpond formation (48+ hours apart) 2 

Inundation/Post-Inundation Weekly (10 weeks) 10 

Bottom 
Baseline Minimum twice before headpond formation (48+ hours apart) 2 

Inundation/Post-Inundation Weekly (10 weeks) 10 

N.5–Below Muskrat Falls 
Baseline Minimum twice before headpond formation (48+ hours apart) 2 

Inundation/Post-Inundation Weekly (10 weeks) 10 

N.6–Causeway 
Baseline Minimum twice before headpond formation (48+ hours apart) 2 

Inundation/Post-Inundation Weekly (10 weeks) 10 

N.7–English Point 
Baseline Minimum twice before headpond formation (48+ hours apart) 2 

Inundation/Post-Inundation Weekly (10 weeks) 10 

N.8–Goose Bay (East of Rabbit 
Island) 

1m 
Baseline Minimum twice before headpond formation (48+ hours apart) 2 

Inundation/Post-Inundation Weekly (10 weeks) 10 

Targeted Depth 
Baseline Minimum twice before headpond formation (48+ hours apart) 2 
Inundation/Post-Inundation Weekly (10 weeks) 10 

N.9 – Inflow to Lake Melville 
1m 

Baseline Minimum twice before headpond formation (48+ hours apart) 2 

Inundation/Post-Inundation Weekly (10 weeks) 10 

Targeted Depth 
Baseline Minimum twice before headpond formation (48+ hours apart) 2 
Inundation/Post-Inundation Weekly (10 weeks) 10 

N.10–Middle of Lake Melville 
1m 

Baseline Minimum twice before headpond formation (48+ hours apart) 2 

Inundation/Post-Inundation Weekly (10 weeks) 10 

Targeted Depth 
Baseline Minimum twice before headpond formation (48+ hours apart) 2 

Inundation/Post-Inundation Weekly (10 weeks) 10 

N.11–Middle of Lake Melville 
1m 

Baseline Minimum twice before headpond formation (48+ hours apart) 2 

Inundation/Post-Inundation Weekly (10 weeks) 10 

Targeted Depth 
Baseline Minimum twice before headpond formation (48+ hours apart) 2 
Inundation/Post-Inundation Weekly (10 weeks) 10 

N.12–Northeastern Lake 
Melville (near Neveisik Island) 

1m 
Baseline Minimum twice before headpond formation (48+ hours apart) 2 
Inundation/Post-Inundation Weekly (10 weeks) 10 

Targeted Depth 
Baseline Minimum twice before headpond formation (48+ hours apart) 2 
Inundation/Post-Inundation Weekly (10 weeks) 10 

N.13 – Near Rigolet (Lake outflow) 
Baseline Minimum twice before headpond formation (48+ hours apart) 2 
Inundation/Post-Inundation Weekly (10 weeks) 10 
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Notes:   
o *As the inundation of the reservoir is anticipated to progress slowly, it is acceptable to commence the sampling after the sampling 

location has been inundated using a staggered approach. 
o During and after inundation, water samples collected should be analyzed as split samples whereby the dissolved vs. suspended 

concentrations are measured separately. 
o Sediment samples are to be collected where feasible. 
o The overall plan will be revisited for appropriate changes once the initial sampling results related to the first phase of flooding have 

been reviewed. 
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Figure 1: Current real-time water quality monitoring stations in the Lower Churchill Project Area 
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Sample taken at one depth 

Samples taken at multiple depths 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Methylmercury Monitoring stations in Churchill River and Lake Melville 
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Appendix B: Flett Research Inc Scope of Accreditation and Certificate 
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APPENDIX C: Monitoring Parameters  

Matrix Parameter  

Sediment 

Methylmercury (ng/g) 

Total Mercury (mg/kg) 

Sulphide (mg/kg) 

Available Sulphur (mg/kg) 

Water 
Laboratory 
Analysis 

Dissolved MeHg (ng/L) 

Total MeHg (ng/L) 

Total Mercury (ng/L) 

Sulphate (mg/L) 

Sulphide (mg/L) 

Ammonia as N (mg/L) 

Total Kjeldahl Nitrogen as N 

Total Phosphorous as P (mg/L) 

Total Organic Carbon (mg/L) 

Dissolved Organic Carbon (mg/L) 

Total Suspended Solids (mg/L) 

Water 
In-Situ 

Conductivity (umho/cm) 

Dissolved Oxygen (mg/L) 

pH  

Salinity (ppt) 

Temperature (⁰C) 

Total Dissolved Solids 

Turbidity (NTU) 
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APPENDIX D: POWER ANALYSIS FOR TOTAL AND METHYL MERCURY 

SAMPLING SITE LOCATION 

A total of 11 sites sampled by Nalcor on October 14 and 16, 2016 were used in this analysis.  
Ten samples for Lake Melville were used for the computation of the lake portion of the power 
analysis while 20 samples for Lower Churchill River were used for the computation of the river 
portion of the power analysis.  

DATA ANALYSIS 

In all cases, unfiltered data for methylmercury was used to perform the power analysis.  The 
actual value for method detection limit (~) was used for statistical measurements and power 
analysis. 

The count, mean and standard deviation of methylmercury for Lake Melville and the Lower 
Churchill River is shown below: 

Statistics Lake Melville  Lower Churchill River 
Count 10 20 
Mean (ng/L) 0.0260 0.0180 
St. Dev. (ng/L) 0.0241 0.0083 
Mean + 1 S.D. 0.0501 0.0263 
Mean – 1 S.D. 0.0019 0.0097 
Highest Difference in Mean (ng/L) 0.0483 0.0167 

 

Methylmercury has a CCME aquatic life guideline of 4 ng/L.  

POWER ANALYSIS – Lake Melville 

The following table shows the power analysis results for Lake Melville using 10 samples: 

Power Test Methylmercury (ng/L) 
Using 10 samples per site 
Power (at one site) - One Sample t 0.99 
Power (between each site) - ANOVA 0.93 
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POWER ANALYSIS – Lower Churchill River 

The following table shows the power analysis results for the Lower Churchill River using 20 
samples or using 10 samples: 

 
Methylmercury (ng/L) 

Using 20 samples per site 
Power (at one site) - One Sample t 1 
Power (between each site) - ANOVA 0.99 
Using 10 samples per site 
Power (at one site) - One Sample t 0.99 
Power (between each site) - ANOVA 0.92 

 

CONCLUSION:  

A statistical power analysis provides a guide for the design and planning of scientific studies and 
is used to indicate the sample size needed to detect environmental change.  The sampling 
encompasses 13 different sites in lakes and rivers with a minimum of 10 samples collected at 
each site.   

Based on the Oct 14, 2016 and Oct 16 sampling data made available from NALCOR, 
methylmercury levels are approximately 0.026 ± 0.0241 ng/L for Lake Melville.  The levels are 
approximately 0.018 ± 0.0083 ng/L for Lower Churchill River. 

For Lake Melville methylmercury, with 10 samples taken from each lake location, there is a 
power of 0.93 to detect a difference of 0.0483 ng/L or more between each lake location.  A 
sample size of 10 results in a power of 0.99 to detect differences in concentration greater than 
0.0483 ng/L at any one lake location.   

For Churchill River methylmercury, with 10 samples taken from each river location, there is a 
power of 0.92 to detect a difference of 0.0167 ng/L or more between each river location.  A 
sample size of 10 results in a power of 0.99 to detect differences in concentration greater than 
0.0167 ng/L at any one river location.  

The detected difference is sufficiently lower than the CCME guideline for aquatic life of 4 ng/L 
for methylmercury. Based on this analysis, and performing the power analysis using geographic 
location, and various water bodies (lake, river) the monitoring plan has sufficient statistical 
power to detect changes in water quality from baseline conditions for each station in this plan 
based on existing methylmercury concentrations.  

 



 
 

APPENDIX E: Sample Submission Templates 
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0.01 0.01 1.9 2 0.05 0.05 0.4 0.03 0.5 0.5 5 NA NA NA NA NA NA 0.1
1 14-Oct-16 Surface Baseline
2 14-Oct-16 Surface Baseline
3 14-Oct-16 Surface Baseline
4 14-Oct-16 Surface Baseline
4 14-Oct-16 Mid Baseline
4 14-Oct-16 Bottom Baseline
5 14-Oct-16 Surface Baseline
6 14-Oct-16 Surface Baseline
7 14-Oct-16 Surface Baseline
8 14-Oct-16 Surface Baseline
9 14-Oct-16 Surface Baseline

10 14-Oct-16 Surface Baseline
10 14-Oct-16 Mid Baseline
10 14-Oct-16 Bottom Baseline
11 14-Oct-16 Surface Baseline

1 16-Oct-16 Surface Baseline
2 16-Oct-16 Surface Baseline
3 16-Oct-16 Surface Baseline
4 16-Oct-16 Surface Baseline
4 16-Oct-16 Mid Baseline
4 16-Oct-16 Bottom Baseline
5 16-Oct-16 Surface Baseline
6 16-Oct-16 Surface Baseline
7 16-Oct-16 Surface Baseline
8 16-Oct-16 Surface Baseline
9 16-Oct-16 Surface Baseline

10 16-Oct-16 Surface Baseline
10 16-Oct-16 Mid Baseline
10 16-Oct-16 Bottom Baseline
11 16-Oct-16 Surface Baseline

Sample Type

Detection Limits

Laboratory Analysis

Sample DepthSample DateSample Site

In Situ
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Sediment: 
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RDL 1.3 0.05 0.05 0.05
1 14-Oct-16 Baseline
2 14-Oct-16 Baseline
3 14-Oct-16 Baseline
4 14-Oct-16 Baseline
4 14-Oct-16 Baseline
4 14-Oct-16 Baseline
5 14-Oct-16 Baseline
6 14-Oct-16 Baseline
7 14-Oct-16 Baseline
8 14-Oct-16 Baseline
9 14-Oct-16 Baseline

10 14-Oct-16 Baseline
10 14-Oct-16 Baseline
10 14-Oct-16 Baseline
11 14-Oct-16 Baseline

1 16-Oct-16 Baseline
2 16-Oct-16 Baseline
3 16-Oct-16 Baseline
4 16-Oct-16 Baseline
4 16-Oct-16 Baseline
4 16-Oct-16 Baseline
5 16-Oct-16 Baseline
6 16-Oct-16 Baseline
7 16-Oct-16 Baseline
8 16-Oct-16 Baseline
9 16-Oct-16 Baseline

10 16-Oct-16 Baseline
10 16-Oct-16 Baseline
10 16-Oct-16 Baseline
11 16-Oct-16 Baseline

Laboratory Analysis

Sample 
Site

Sample 
Date

Sample 
Type


	As the AEEMP monitoring focuses primarily on biota, it was agreed that additional methylmercury monitoring of water and sediment from upstream of the proposed Muskrat Falls Reservoir to the downstream outlet of Lake Melville would provide valuable inf...

