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EXECUTIVE SUMMARY 

Introduction 

Baffinland Iron Mines Corporation (Baffinland) has conducted water and sediment quality baseline 

studies on the Mary River Project since 2005.  This work has been completed in support of an 

environmental review by the Nunavut Impact Review Board (NIRB) and water licensing by the 

Nunavut Water Board (NWB).  The Project was approved by the NIRB on December 28, 2012 (with 

the issuance of Project Certificate No. 005) and the NWB issued Type A Water 

Licence No. 2AM-MRY1325 to Baffinland on July 24, 2013.  Baffinland initiated construction of the 

mine in the summer of 2013. 

Baffinland initiated the development of an Aquatic Effects Monitoring Program (AEMP) with the 

development of an AEMP Framework (Baffinland, 2013a) and an updated 

AEMP Framework (Baffinland 2013b).  A detailed AEMP Plan has been under preparation and will 

be submitted to the NWB prior to initiating mining in the second half of 2014.  

A component study of the AEMP will be a Core Receiving Environment 

Monitoring Program (CREMP).  The CREMP is a detailed aquatics monitoring program that is 

intended to complement and expand the scope of the Environmental Effects Monitoring (EEM) 

Program that is required under the Metal Mining Effluent Regulations (MMER). The CREMP is 

intended to monitor the effects of multiple stressors on the aquatic environment, including the 

discharge of mine effluents, the discharge of treated sewage effluent and the deposition of ore dust.  

The CREMP will include the monitoring of water, sediment, phytoplankton, benthic invertebrates and 

fish in the Project’s mine site streams and lakes.  Knight Piésold has prepared this baseline review 

and CREMP study design for the water and sediment components of the aquatic environment, in 

consultation with North/South Consultants Inc. who have led the freshwater biota aspects of the work 

and Intrinsik Inc. who have provided toxicological support in the development of the 

AEMP benchmarks that the monitoring results will be compared against. 

A review of water and sediment quality data was undertaken to:  

 Identify data quality issues 

 Determine whether or not mineral exploration and bulk sampling activities conducted since 

2004 have affected water or sediment quality in the mine site area 

 Understand the seasonal, depth (for lakes) and inter-annual variability in the water quality data 

 Understand natural enrichment of the mine site area waters and sediment 

 Determine the potential to pool data from multiple sample stations in order to increase the 

statistical power of the baseline water and sediment quality dataset 

 Develop study designs for monitoring water and sediment quality in mine site streams and lakes 

 Determine if changes to the existing water and sediment quality monitoring program are required 

to meet monitoring objectives 

Previous Site Activities 

Baffinland has been actively undertaking mineral exploration, bulk sampling and feasibility level 

studies at the Project site since 2004.  These activities have had the potential to affect the water and 
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sediment in the mine site area.  Based on our review, limited evidence of effects from exploration 

activities are apparent. 

Review of Baseline Water Quality 

The collection of baseline water quality data began in 2005 and was carried through to 2013.  Work 

was completed each year; although only a few samples were collected during 2009 and 2010.  As 

such, there is about 7 to 8 years of baseline data available for the Project.  To ensure consistency, 

all the field work was undertaken by the same small group of individuals. 

Streams were typically sampled once in the spring (June), summer (July) and 

fall (late August/early September).  The timing of spring sampling was dependent on the onset of 

freshet and fall sampling was carried out before the streams ran dry or froze (typically in the second 

half of September to early October).  

Lake water quality/limnology was studied in 2006, 2007, 2008, 2011, 2012 and 2013, but not all 

lakes were studied in all years. Open lake water quality samples were typically collected during the 

fall (late August or early September).  Winter sampling was carried out in select years at the mine 

site lakes (Camp, David, Mary and Sheardown Lakes), with sampling carried out typically in 

late April.  Sheardown Lake has been the most studied in the area, since the lake was the receiving 

water for treated sewage during the open season in 2009, 2011, 2012 and 2013.  Lake water quality 

samples were collected from both shallow depths (1 m below the waterline) and deep 

depths (approximately 1 m above the lake bottom).   

Various graphical analysis tools were utilized to characterize the baseline water quality within the 

mine site area, with reference to the Canadian Council of Ministers of the Environment’s Canadian 

Water Quality Guidelines for the Protection of Freshwater Aquatic Life (CWQG-PAL).  The following 

lentic and lotic systems were examined: Mary River, Camp Lake Tributary, Camp Lake, Mary River 

and Sheardown Lake. In general, all lakes are well mixed and did not show concentration differences 

with depth, noting the exception of aluminum and chromium. In addition, general chemistry 

characteristics of the lakes and river site-wide are very similar.  Within the Project area, water is 

characterized as circum-neutral/slightly alkaline pH and high alkalinity/low sensitivity to acidic inputs.  

Hardness ranges from “soft” to “moderately soft” and is almost entirely carbonate hardness.  

Seasonal analyses of general chemistry parameters within Mary River show a relationship between 

spring freshet and hardness, pH, TSS and DOC.  TSS does not show distinct trends.  Both pH and 

hardness tend to be slightly lower during spring and increase during summer, to a maximum 

concentration recorded in the fall.  DOC is at its peak during spring and decreases substantially 

during summer and fall.   

Site-wide, nitrate, arsenic and cadmium generally occur at detection limit, with the exception of 

one site in each river system that has elevated concentrations of both arsenic and cadmium (E0-02 

in Mary River and L1-02 in the Camp Lake Tributary) and Mary Lake, which also has elevated 

concentrations of arsenic and cadmium.  Due to detection limit interference, it is difficult to discern 

temporal and seasonal trends for these parameters. 

Iron, aluminum, chromium and copper are observed to be elevated within Mary River and Camp 

Lake Tributary.  Concentrations of these parameters are generally considerably lower in the 

identified lakes; however, copper remains slightly elevated in all lakes.  Aluminum concentrations are 

slightly elevated, and close to guidelines within Mary Lake and Sheardown Lake SE.  The inlets to 
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Mary Lake see increased concentrations of a number of metals, compared to other stations, but 

these concentrations generally remain below applicable guidelines.  Site-wide, nickel concentrations 

are quite low.  Site-wide, iron concentrations are slightly enriched, but always occur below 

guidelines. 

Iron concentrations are at their peak site-wide during the summer, although elevated concentrations 

were noted in the Camp Lake Tributary during the spring.  Iron concentrations reduce slightly, but 

remain elevated during the fall.  Stream water quality stations consistently depict concentrations in 

excess of lake water quality stations.  

With the exception of one large outlying value for nickel, there are relatively conserved 

concentrations for nickel are observed throughout the site, during different seasons.  There are 

slightly lower nickel concentrations in the spring; however, a small sample size is also observed.  

Copper concentrations increase slightly during the summer and remain slightly elevated during the 

fall.  Some particularly high copper values have been recorded in Camp Lake, which has maximum 

values that exceed those observed in Mary River. 

Stream aluminum concentrations are depressed in the spring, and elevated in the summer.  Stream 

concentrations, particularly those recorded in Mary River are greater than the concentrations 

recorded in the lakes.  Fall concentrations are elevated, when compared to fall and winter, but are 

less than those concentrations recorded in the summer. 

Power Analysis of Water Quality 

An initial power analysis was run using a paired Before-After-Control-Impact (BACI) design for each 

station.  The goal was to assess the statistical power of various sample sizes for detecting 

site-specific change. The power analysis attempted to use a basic BACI design with one impact 

station and one control station before and after commencement of mining activity.  This method was 

modified in two ways for water quality data:   1) in the absence of pre-mining reference data, only a 

Control-Impact (CI) assessment was completed, and 2) for parameters with a large amount of data 

below detection limits, a comparison of proportions was used. 

Power analysis was completed for a subset of parameters in select areas within Camp Lake, 

Sheardown Lake NW, Sheardown Lake SE, Mary Lake, Mary River and Camp Lake Tributary.  Key 

stations were selected, which often corresponded with the EEM near-field and far-field stations.  

Parameters that were elevated in baseline sampling and expected to be most affected during mine 

operation were selected to provide conservative representations of other measured parameters.  

Benchmarks values for water quality developed for the Project (CWQG-PAL or other; Intrinsik, 2014) 

were applied in the power analysis. Power analysis was completed based on all the existing data, 

and is expected to be revisited after completion of additional baseline sampling in 2014.  The 

2014 baseline sampling will occur concurrently with construction, but prior to mine-related effluent or 

ore dust emissions.  To be conservative when creating the study design, a second effect size was 

added to act as an early warning flag.  The second effect size was determined to be halfway 

between the station mean and the benchmark value.   

  



BAFFINLAND IRON MINES CORPORATION 

 MARY RIVER PROJECT 

 

WATER AND SEDIMENT QUALITY 
REVIEW AND CREMP STUDY DESIGN 

IV of VI NB102-181/33-1 Rev 2 

June 25, 2014 

 

Water Quality Study Design 

The power analysis supported a monitoring program that uses the existing baseline stations, and 

recommended the addition of the following stations: 

 Two stations within the basin at the north arm of Mary Lake, near BL0-01 (stations BL0-01-A and 

BL0-01-B) 

 Two additional stations within the main basin of Mary Lake, near the Mary River inlet near 

BL0-05 (BL0-05-A and BL0-05-B) 

 Sampling of an additional station within Sheardown Lake SE (existing station DL0-02-6) 

 Addition of a station in vicinity of L1-09, location to be determined (L1-05) 

 Addition of one or two reference stations upstream on Mary River (G0-09-A, G0-09-B) 

 Sampling of identified reference lakes, consistent with EEM program  

The following sampling frequencies are recommended for each of the different programs: 

 Lakes - three sampling events in each available season (winter, summer and fall) during the first 

three years of mine operation are expected to have adequate power to detect early warning flag 

concentrations for lake data.  

 Streams - four samples (one set of seasonal samples) per year is likely adequate for most 

parameters to determine significance.   

Sampling will be conducted annually during the initial years of operation but sampling frequency will 

be evaluated regularly (i.e., each year) to determine if modifications are warranted.  The sampling 

frequency and schedule will be evaluated after three years of monitoring. 

Review of Sediment Quality 

The collection of baseline sediment quality samples for the Project was carried out 

between 2005 and 2008 and between 2011 and 2013 in conjunction with the water quality 

baseline program. Sampling of sediment in streams and lakes around the mine site was typically 

conducted once in the fall (late August/early September) in conjunction with and at the same stations 

as the water quality and benthic invertebrate sampling.   

Metals concentrations in sediment are positively correlated with both finer grained particles as well 

as higher organic carbon content (Horowitz, 1991).  Smaller particles have more binding sites and a 

higher affinity for metals than coarser grained material.  Organic carbon within sediment decreases 

the dissolved oxygen and creates a more anoxic environment.  Depending on pH, an 

anoxic environment may influence metal solubility and speciation.  Within depositional areas of the 

lake that are characterized by higher concentrations of TOC and/or greater proportions of fine 

grained sediment, concentrations of several metals regularly exceeded the  CSQG-PAL ISQGs or 

the PSQG-LEL.  This includes chromium, copper, iron, nickel and phosphorus, and sometimes 

arsenic.  Iron and manganese in some instances exceeded the PSQG-SEL.  Most metals correlated 

well; in samples where one of the metals was elevated, all others were also elevated, except arsenic 

and manganese. 

At the mine site, depositional environments were predominantly found within the lakes.  The main 

exception to this is the stations within the main tributary of Sheardown Lake (Tributary 1).  Streams 



BAFFINLAND IRON MINES CORPORATION 

 MARY RIVER PROJECT 

 

WATER AND SEDIMENT QUALITY 
REVIEW AND CREMP STUDY DESIGN 

V of VI NB102-181/33-1 Rev 2 

June 25, 2014 

 

at the mine site are mostly high gradient, high energy depositional environments that are not likely to 

have substantial amounts of fine grained sediment or sediment with high organic carbon content. 

Power Analysis of Sediment Quality 

After an initial exploratory analysis of the sediment baseline data, fifty-two (52) samples were 

retained that fit cut-off criteria established for TOC and percent sand.  Sufficient power to detect a 

change from baseline values was desired for each station.  Baseline data not collected at reference 

stations and therefore, since baseline reference (control) data not available, a full BACI design was 

not used for the power analysis.  Instead, a before-after (BA) design was used.  The power analysis 

was carried out using a two sample t-test which assumes independence between the before and 

after samples.  Interim area-wide benchmarks for sediment quality developed for the 

Project (CSQG-PAL, PSQG or other; Intrinsik, 2014) were applied in the power analysis. 

After consideration of the inclusion criteria, six to twenty samples were recorded within each of the 

depositional area lake sampling locations.  An additional year of comprehensive sediment sampling 

within the mine site lakes in 2014 is recommended to supplement this dataset and provide a better 

basis for refined power analysis.  

Instead of using highly variable estimates of station means from the limited baseline data, a generic 

analysis was used.  Power to detect a change from a baseline mean to 97.5
th
 percentiles for a 

normally distributed variable was used to obtain sample size estimates which apply to all stations 

and metals.  This analysis will be refined for specific stations and metals after 2014 samples are 

collected and benchmarks have been finalized.   

Sediment Quality Study Design 

The review of sediment quality baseline identified the need for additional sediment quality stations in 

the mine site lakes. Additional stations were identified in each lake, corresponding with proposed 

benthic invertebrate monitoring stations to be monitored under the freshwater biota 

CREMP (North/South, 2014).   

Preliminary sediment sampling locations in each of Camp Lake, Sheardown Lake and Camp Lake 

are shown on Figures 3.9, 3.10 and 3.11, respectively, and are listed in Table 3.7.  The lake 

sediment stations make use of existing and new (proposed) stations as follows: 

 Camp Lake - 14 stations including three historic stations and 11 new stations 

 Sheardown Lake NW - 14 stations including six historic stations and eight new stations 

 Sheardown Lake SE - 10 stations including four historic stations and six new stations 

 Mary Lake - 15 stations including five historic stations and 10 new stations 

Lake sediment samples will be collected along transects positioned along the anticipated path of 

effluent (i.e., direction of inflow stream). At each station, field technicians will establish final locations 

for the sediment stations that are within depositional areas of the lake. This field fit of the sampling 

stations will likely result in some modifications to the gradient study design.  
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Limited stream sediment sampling is proposed for the reasons described in Section 3.5.  Select 

existing stream sediment sampling stations will continue to be monitored as described below (see 

Figures 3.9, 3.10 and 3.11): 

 Four sediment stations within Sheardown Tributary 1 (SDLT-1), a portion of which meet the TOC 

and % sand cut-offs (SDLT1-R1, D1-01, D1-05, and SDLT1-R4) 

 One sediment station in each of Sheardown Tributaries 9, 12 and 13 (SDLT-9-US, SDLT-12-US, 

SDLT-12-DS), none of which meet the TOC and % sand cut-offs  

 Three sediment stations within Camp Lake Tributaries 1 and 2 (CLT-1 and CLT-2) which do not 

meet the TOC and % sand cut-offs but are the lowest energy stations available (CLT-1-US, 

CLT-1-DS, CLT-2-DS) 

 Two sediment stations on the Mary River, downstream of effluent discharges where sediment 

collection is possible (E0-20 and C0-05) 

Additional pre-mining sediment sampling will be carried out in 2014 to increase the number of 

baseline sediment samples for comparison in future monitoring.  It will be necessary to identify 

additional stations in depositional areas characterized by high TOC and fines content (or lower sand 

content), as the depositional areas are more sensitive to change.   

In the long-term, sediment sampling under the CREMP will be conducted every three years, 

coinciding with biological monitoring studies. However, Baffinland will conduct sediment sampling in 

2014 to collect additional pre-mining baseline data, and then annually for the first three years of 

mining.  After monitoring three operating (mining) years, the sampling frequency will be conducted 

on a three year cycle provided annual sampling up to that time supports this change. 
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1 – INTRODUCTION 

1.1 BACKGROUND 

Baffinland Iron Mines Corporation (Baffinland) has conducted water and sediment quality baseline 

studies at the Mary River Project since 2005.  This work has been completed in support of an 

environmental review by the Nunavut Impact Review Board (NIRB) and water licensing by the 

Nunavut Water Board (NWB).  The water and sediment quality baseline data were utilized to support 

the preparation of the Final Environmental Impact Statement (FEIS) submitted to NIRB in 

February 2012 (Baffinland, 2012).  The Project was approved by the NIRB on 

December 28, 2012 (with the issuance of Project Certificate No. 005; NIRB, 2012) and the 

NWB issued Type A Water Licence No. 2AM-MRY1325 to Baffinland on July 24, 2013 (NWB, 2013).  

Baffinland initiated construction of the mine in the summer of 2013. 

At this stage in the Project, attention is shifting from baseline data collection to the development and 

execution of monitoring programs.  These programs include the development of the Aquatic Effects 

Monitoring Program (AEMP), which is a requirement of Baffinland`s Type A Water Licence.  A 

draft AEMP Framework was issued to the NWB and other regulators on 

February 26, 2013 (Baffinland, 2013a) and an updated draft AEMP Framework was distributed on 

December 1, 2013 (Baffinland, 2013b).  A final detailed AEMP is under development from the 

existing framework and will be submitted to the NWB prior to initiating the operations phase of the 

Project in 2014. 

This document presents a review of water and sediment quality data and the development of a study 

design for the water and sediment components of a key monitoring program referred to as the 

Core Receiving Environment Monitoring Program (CREMP).  The CREMP will be a component 

program of the AEMP. 

1.2 SCOPE OF REVIEW AND STUDY DESIGN 

The scope of the baseline review and study design for water and sediment quality monitoring was to:  

 Identify data quality issues 

 Determine whether or not mineral exploration and bulk sampling activities conducted 

since 2004 have affected water or sediment quality in the mine site area 

 Understand the seasonal, depth (for lakes) and inter-annual variability of water quality 

 Understand natural enrichment of the mine site area waters and sediment 

 Determine the potential to pool data from multiple sample stations to increase the statistical 

power of the baseline water and sediment quality dataset 
 Develop study designs for monitoring water and sediment quality in mine site streams and lakes, 

including an a priori power analysis
1 

 Determine if changes to the existing water and sediment quality monitoring program are required 

to meet monitoring objectives 

                                                      
1
 Power analysis can be used to calculate the minimum sample size required so that one can be reasonably likely to detect an 

effect of a given size. A power analysis completed before data are collected is an a priori or prospective power analysis. A 
priori power analysis is used in estimating sufficient sample sizes to achieve adequate power.  
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Parameters of interest in the baseline review included water quality stressors of potential 

concern (SOPCs) identified on the basis of the existence of an established water quality guideline, 

as well as other factors such as Exposure Toxicity Modifying Factors (ETMF): pH, water hardness, 

dissolved organic carbon, etc., and indicator parameters (alkalinity, chloride, nitrate).  Baseline water 

quality data was compared to Canadian Council of Ministers of the Environment (CCME) - 

Canadian Water Quality Guidelines for the Protection of Freshwater Aquatic Life (CWQG-PAL).  The 

focus was on total concentrations (versus dissolved) since CWQG-PAL guidelines are developed for 

total concentrations.  The parameters of interest are displayed graphically in box plots.  The box 

plots are used to portray natural ranges of selected parameters. Concentration data measured for 

the parameters of interest has been log transformed and further analyzed to investigate the 

possibility of aggregating data, bearing in mind: 

 Seasonal variability (between spring, summer, fall and winter samples) 

 Inter-annual variability (from 2006 through 2008 and 2011 through 2013) 

To assist in the development of study designs, parameter and station-specific a priori power 

analyses were completed in order to determine the power of the proposed sampling program to 

detect statistical changes.  As per the Assessment Approach and Response 

Framework (see Section 2.7.8), management action is triggered if the mean concentrations of any 

parameter at selected stations reach benchmark values. Benchmark values were developed for the 

identified SOPCs that consider aquatic toxicology, natural enrichment in the Project area, or low 

concentrations below MDLs (Intrinsik, 2014; see Section 2.7.3 of the main report).  Draft benchmarks 

were applied in the power analysis of the baseline presented in this review. 

The results of the above review were used to develop preliminary study designs for the ongoing 

monitoring of water quality (Section 2.7) and sediment quality (Section 3.6). 

1.3 PROJECT ACTIVITIES DURING BASELINE DATA COLLECTION 

Baffinland has been actively undertaking mineral exploration, bulk sampling and feasibility level 

studies at the Project site since 2004.  These activities have had the potential to affect the water and 

sediment in the mine site area.  A description of these activities follows. 

Baffinland established a camp and initiated exploration drilling at Deposit No. 1 in 2004.  Drilling 

programs were executed most years since 2004, and some exploration was undertaken at nearby 

Deposit Nos. 2 and 3.  Historical drillhole locations are shown in relation to historical water quality 

sampling stations on Figure 1.1 (mine site area including Mary Lake) and Figure 1.2 (mine site core 

area).  Historic sediment quality sampling stations are shown on Figure 1.3. 

In 2007, Baffinland’s operations and facilities were expanded to carry out a bulk sampling program 

and to accommodate expanded geotechnical investigations and environmental baseline studies.  

The exploration camp at the mine site was enlarged, the Milne Inlet Tote Road was upgraded, and 

small camps were established at Milne Port, Steensby Port and mid-way along the proposed railway 

alignment.  With preparatory work completed in 2007, the bulk ore sample was mined in 2008.  This 

included construction of a haul road to Deposit No. 1; mining of an 118,000 tonne bulk sample; 

crushing, screening and stockpiling of ore at the mine site; haulage of ore over the tote road; and 

stockpiling and ship loading the ore at Milne Port. 
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Between 2009 and the start of construction in 2013, site activities typically involved operating a 

summer camp to support ongoing exploration drilling at Deposits No. 1, 2 and 3; geotechnical 

investigations; and regional mineral exploration.  A small contingent of care and maintenance staff 

maintained the camp and airstrip and monitored site conditions during the winter months. 

The following historic activities have had the potential to affect local water and sediment quality: 

 Exploration drilling on Deposits No. 1, 2 and 3 have involved the use of calcium chloride brine.  

Progressively sophisticated and effective measures were employed over the years to recycle 

and contain the brine. Monitoring of water quality in the Mary River downstream of Deposit No. 1 

has confirmed that calcium chloride has reached the river. 

 Treated sewage effluent has been discharged to Sheardown Lake during most open water 

seasons starting in 2009. 

 The bulk sampling program in 2007 and 2008 involved various construction activities, the mining 

of the ore from the top of Deposit No. 1, as well as the crushing, stockpiling and transport of ore 

to Milne Port.  The crushing activities resulted in the dispersion of dust in the vicinity of 

Sheardown Lake and its main tributary.  Monitoring detected only minor changes to water and 

sediment quality potentially attributable to bulk sampling operations. 

These activities were considered during the review of the baseline dataset. 
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2 – WATER QUALITY REVIEW 

2.1 SUMMARY OF WATER QUALITY PROGRAM 

The collection of baseline water quality data began in 2005 and was carried through to 2013.  

Work was completed each year; however, a very limited number of samples were collected 

during 2009 and 2010 when the global financial crisis reduced Baffinland’s project activities.  As 

such, about 7 to 8 years of baseline data are available for the Project. 

Results of the various studies are presented in a number of baseline reports prepared over 

the years (KP, 2007, 2008, 2010a, 2010b, 2011 and 2012; North/South Consultants Inc., 2008).  

Water quality data collected in 2012 and 2013 were not previously reported upon but are included 

within this review. 

Sampling and analytical methods, and quality assurance/ quality control (QA/QC) procedures applied 

during the sampling period are described in the referenced baseline reports.  Current sampling 

methods are described in Appendix A.  To ensure consistency, the field work was undertaken by the 

same small group of individuals. 

Historic water quality stations in the mine site area are shown on Figures 1.1 and 1.2.  Streams were 

typically sampled once in the spring (June), summer (July) and fall (late August/early September).  

The timing of spring sampling was dependent on the onset of freshet and fall sampling was carried 

out before the streams ran dry or froze (typically in the second half of September to early October).  

The stream sampling history is presented in Table 2.1. 

Lake water quality/limnology was studied in 2006, 2007, 2008, 2011, 2012 and 2013, but not all 

lakes were studied in all years (Table 2.2). Open lake water quality samples were typically collected 

during the fall (late August or early September).  Winter sampling was carried out in select years at 

the mine site lakes (Camp, David, Mary and Sheardown Lakes), with sampling carried out typically in 

late April.  Sheardown Lake has been the most studied in the area, since the lake was the receiving 

water for treated sewage during the open season in 2009, 2011, 2012 and 2013. 

  



BAFFINLAND IRON MINES CORPORATION 

 MARY RIVER PROJECT 

 

WATER AND SEDIMENT QUALITY 
REVIEW AND CREMP STUDY DESIGN 

8 of 77 NB102-181/33-1 Rev 2 

June 25, 2014 

 

Table 2.1 Timing of Stream Water Quality Sampling 

Year Winter  Spring Summer  Fall 

2005 No sampling June 9 - 11 August 9 - 12 September 9 - 11 

2006 No sampling June 18 - 26 July 2 - 30; Aug 6 - 14 Aug 20 - Sept 20 

2007 No sampling June 13 - 24 July 1 - 28; August 5 - 12 Aug 19 - 31;  Sept 2 - 30 

2008 No sampling June 9 - 24 July 1 - 21; August 1 - 11 Aug 18 - Sept 16 

2009 No sampling June 29 July 6 - 20 Aug 9 - 18; Sept 2 - 14 

2010 No sampling No sampling No sampling Aug 13; Sept 15 

2011 No sampling No sampling July 21 - 26 Aug 28 - Sept 1 

2012 No sampling June 18 - 23 July 22 - 24 Aug 24 - 31 

2013 No sampling June 21 - 23 July 23 - 25 Aug 20 - Sept 3 

NOTES: 

1. WINTER SAMPLING OCCURRED DURING APRIL AND MAY; SPRING SAMPLING OCCURRED DURING JUNE; 

SUMMER SAMPLING OCCURRED FROM JULY TO AUGUST 17; FALL SAMPLING OCCURRED FROM AUGUST 18 

THROUGH SEPTEMBER 30. 

2. DUE TO NO FLOW, NO SAMPLING OF STREAMS OCCURRED DURING THE WINTER. 

3. DURING 2009 AND 2010 VERY LIMITED SAMPLING OCCURRED ONLY WITHIN MARY RIVER. 

Table 2.2 Timing of Lake Water Quality Sampling 

Year Winter (Lakes) Spring Summer  Fall 

2005 No sampling No sampling No Sampling No sampling 

2006 No sampling No sampling July 31  - Aug 2 Aug 31 - Sept 6 

2007 May 6 - 8 No sampling Aug 5 - Aug 14 Aug 13 - 20; Sept 13  - 20 

2008 May 11 June 25 July 30 - 31; Aug 5 - 7 Sept 2 -14 

2009 No sampling No sampling 

2010 No sampling No sampling 

2011 No sampling No sampling July 24 - 26 Sept 2 - 6 

2012 April 27 - 28 No sampling No sampling Aug 21 - 26 

2013 May 2 - 5 No sampling July 25 - 28 Aug 24 - Sept 1 

NOTES: 

1. WINTER SAMPLING OCCURRED DURING APRIL AND MAY; SPRING SAMPLING OCCURRED DURING JUNE; 

SUMMER SAMPLING OCCURRED FROM JULY TO AUGUST 17; FALL SAMPLING OCCURRED FROM AUGUST 18 

THROUGH SEPTEMBER 30
TH

. 

2. LAKE SAMPLING GENERALLY DID NOT OCCUR DURING SPRING, DUE TO SAFETY CONCERNS OF SAMPLING 

OVER MELTING ICE, WITH THE EXCEPTION OF ONE SAMPLING EVENT IN 2008. 

3. NO SAMPLING OCCURRED DURING 2009 AND 2010. 
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2.2 REVIEW OF WATER QUALITY DETECTION LIMITS 

Method detection limits (MDLs; also referred to as Method Recording Limits - MRLs or Limits of 

Quantification - LOQs) have changed for a number of water quality parameters since baseline 

sampling was initiated in 2005.  These changes are primarily due to improvements in laboratory 

instrumentation.  The MDLs for key parameters are presented in Table 2.3. 

Baffinland is interested in utilizing its existing baseline dataset to the maximum extent possible.  The 

objective is to reduce the number of sampling events that would be required to detect a statistical 

change during project monitoring.  Power analyses can be used to calculate the minimum sample 

size needed to reasonably detect an effect of a given size.  The statistical power needed to detect 

change during future monitoring is a function of the number of sampling events and the spread in the 

results. 

A number of parameters, particularly metals, are present in the water quality dataset at low 

concentrations (below their MDLs).  For several parameters, the dataset contained different 

detection limits over the sampling period due to improvements in analytical laboratory tools.  As 

such, the dataset contains a high proportion of non-detects at various MDLs. 

In the interest of utilizing as many results as possible to increase the statistical power of the dataset, 

the baseline dataset was plotted in relation to the MDL(s) for each metal parameter.  An example 

plot for silver is presented as Figure 2.1.  Plots of this type provide a visual representation of the 

various MDLs and their influence on the dataset. 

From review of the statistics (i.e., number and percent detects), the following actions were taken: 

 For those parameters in which at least 85% of the water quality dataset was below detect limits 

even at the lowest MDL, the lower MDL number was adopted and replaced the higher 

MDL non-detect results. 

 For those parameters in which less than 85% of the water quality dataset was non-detect (or 

conversely, more than 15% of the dataset was measured at detectable concentrations), a 

replacement of the lower MDL was not undertaken. Instead, the non-detect results at the higher 

MDL(s) were removed from the dataset.  While these deletions reduce the potential statistical 

power of the dataset, the higher MDL non-detect results will skew the baseline results if they are 

left in the dataset. 

Table 2.3 summarizes the yearly detection limits for each of the parameters along with any 

MDL adjustments that were undertaken.  The MDL assessment successfully removed the 

occurrence of most historically elevated MDLs.  In instances where 15% of the data were detectable, 

and below an MDL, the non-detect values at the elevated MDL were removed.  In some cases, more 

than one MDL remained below detectable concentrations.  In these instances, the MDLs were kept 

as is.  For this reason, it is still possible to locate multiple detection limits within the data.  As 

discussed, these lower valued MDLs are not expected to interfere with data analysis. 

  



2005 2006 2007 2008 2011 2012 2013

Alkalinity mg/L CaCO3 - 2 5 5 5 5 5 5
Br- mg/L - 0.3 0.05 0.05 0.05 0.25 0.25 0.25
Cl- mg/L 120 0.2 1 1 1 1 1 1

Conductivity uS/cm - 1 5 5 5 5 5 5
NH3+NH4 mg/L N 0.021-2313 0.1 0.02 0.02 0.02 0.02 0.02 0.02

NO2- mg/L N 0.06 0.06 0.005 0.005 0.005 0.1 0.005 0.005
NO3- mg/L N 13 0.05 0.1 0.1 0.1 0.1 0.1 0.1

NO2+NO3 mg/L N - 0.06 0.1 0.1 0.1 0.1 0.1 0.1
Phenols mg/L 0.004 0.001 0.001 0.001 0.001 0.001 0.001 0.001

Chlorophyll-a mg/m3 - 0.2
Pheophytin-a mg/m3 - 0.2

SO4- mg/L - 0.5 1 1 1 1 3 3
TKN mg/L - 0.1 0.1 0.1 0.1 0.1
TOC mg/L - 0.5 0.5 0.5 0.5 0.5
DOC mg/L - 0.5 0.5 0.5 0.5 0.5
TSS mg/L - 2 2 2 2 2
TDS mg/L - 30 5 5 5 1 1 1

Hardness mg/L CaCO3 - 0.5 1 1 0.5 0.5 0.5 0.5
Phosphorus Total - 0.02 0.01 0.003 0.003 0.003 0.003 0.003

Turbidity NTU - 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Aluminum mg/L 0.94 0.004 0.005 0.001 0.001 0.003 0.003 0.003 93%
Antimony mg/L - 0.0004 - 0.0001 0.0001 0.0001 0.0001 0.0001 0%
Arsenic mg/L 0.005 0.005 0.001 0.0001 0.0001 0.0001 0.0001 0.0001 5% Non-detects at 0.005 and 0.001 were revised to <0.0001
Barium mg/L - 0.01 0.01 0.00005 0.00005 0.00005 0.00005 0.00005 68%

Beryllium mg/L - 0.005 - 0.0005 0.0005 0.0005 0.0001 0.00002 0%
Bismuth mg/L - 0.0003 - 0.0005 0.0005 0.0005 0.0005 0.0005 0%
Boron mg/L 1.5 0.05 0.01 0.01 0.01 0.01 0.01 0.01 5%

Cadmium mg/L 0.000029 0.0001 0.0001 0.000017 0.000010 0.00001 0.00001 0.00001 8% Non-detects at 0.0001 were revised to <0.00001
Calcium mg/L - 0.05 1 0.05 0.05 0.05 0.05 0.05

Chromium mg/L 0.0047 0.001 0.001
0.0005
0.001

 0.0005
0.0005
0.001

0.0001 0.0001 16% Non-detects from 2005 through 2011 were revised to <0.0001

(Hexavalent) Chromium mg/L 0.001 0.001
(Trivalent) Chromium mg/L 0.005 0.005

Cobalt mg/L - 0.0003 0.0002 0.0001 0.0001 0.0001 0.0001 0.0001 12%

Copper mg/L 0.002 0.0008 0.001
0.0001
0.001

 0.0001 0.0005 0.0005 0.0005 72% Non-detects at 0.001 were removed from the dataset 

Iron mg/L 0.3 0.02 0.03 0.03 0.03 0.03 0.01 0.01 64%
Lead mg/L 0.001 0.0002 0.001 0.00005 0.00005 0.00005 0.00005 0.00005 Non-detects at 0.001 were removed from the dataset 

Lithium mg/L - - - 0.005 0.005 0.005 0.0005 0.0005 4%
Magnesium mg/L - 0.005 1 0.1 0.1 0.1 0.1 0.1 100%

Manganese mg/L - 0.0007 0.01
0.00005

0.01
0.00005 0.00005 0.00005 0.00005 62% Non-detects at 0.01 were removed from the dataset

Mercury mg/L 0.000026 0.0001 0.00005 0.00005 0.00001 0.00001 0.00001 0.00001 1% Non-detects at 0.0001 and 0.00005 were revised to <0.00001 

Molybdenum mg/L 0.073 0.0003 0.005
0.00005
0.005

 0.00005
0.00005
0.005

0.00005 0.00005 55% Non-detects at 0.005 were removed from the dataset

Nickel mg/L 0.083 0.001 0.005 0.0005 0.0005 0.0005 0.0005 0.0005 42% Non-detects at 0.001 and 0.005 were removed from the dataset
Potassium mg/L - 0.02 0.01 2 0.05 0.05 0.05 0.05 48%
Selenium mg/L 0.001 0.005 0.001 0.001 0.001 0.001 1% Non-detects at <0.001 and <0.005 were revised to <0.0001

Silicon mg/L - - - 0.05 0.05 0.05 0.05 0.05 99%

Silver mg/L 0.0001 0.0001 0.0001
0.00001
0.00005
0.00001

0.00001 0.000001 0.000001 0.000001 3% Non-detects at 0.001 and 0.00005 revised to <0.000001 

Sodium mg/L - 0.05 0.05 2 0.05 0.0012 0.0012 0.0012 86%
Strontium mg/L - 0.001 0.001 0.0001 0.0001 0.0001 0.0002 0.0002 100%
Thallium mg/L 0.0008 0.0002 - 0.0001 0.0001 0.0001 0.00001 0.00001 0%

Tin mg/L - 0.001 0.01 0.0001 0.0001 0.0001 0.0001 0.0001 10%
Titanium mg/L - 0.003 - 0.01 0.01 0.01 0.01 0.01 20%
Uranium mg/L 0.015 - - 0.00001 0.00001 0.00001 0.00001 0.00001 98%

Vanadium mg/L 0.006 0.0009 0.001 0.001 0.001 0.001 0.001 0.001 8%
Zinc mg/L 0.03 0.001 0.01 0.001 0.001 0.003 0.003 0.003 22% Non-detects at 0.01 were removed from the dataset

I:\1\02\00181\33\A\Report\Report 1 - Baseline WQ Review and CREMP Design\Rev 0\Tables\[Table 2.3 MDL Review 140221 RAC.xlsx]NB Table

NOTES:
1. MDL VALUES MAY BE ELEVATED IN INDIVIDUAL SAMPLES DUE TO SAMPLE MATRICES.  THE MDL VALUES ABOVE REPRESENT THE NORMAL VALUE.

2. MULTIPLE MDL VALUES ARE NOTED FOR SEVERAL PARAMETERS IN 2007 DUE TO TWO LABORATORIES DOING METALS ANALYSIS FOR COMPARISON PURPOSES.
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Figure 2.1 Example MDL Evaluation Graph - Silver 

2.3 TREATMENT OF OUTLIERS 

Once the non-detect results were modified or removed, the data were then plotted graphically and 

reviewed statistically in order to identify outliers.  An outlier is an unusually extreme value for a 

variable, given the statistical model in use (Edwards, 1998).  It is important to note that water quality 

data are among the environmental data that naturally produces extreme values.  As such, outlier 

removal was only undertaken if there were a data entry error or if there was a quality assurance 

explanation that justified data removal. 

2.4 WATER QUALITY PARAMETERS OF CONCERN 

The parameters of concern are those metals predicted by water quality modeling to be of most 

concern during mine operation, and those that are currently enriched naturally.  These parameters 

are the focus on the baseline review and include: 

 Aluminum 

 Arsenic 

 Cadmium 

 Chloride 

 Chromium 

 Copper 

 Iron 

2004         2005          2006        2008           2009           2010        2012 
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 Nitrate 

 Nickel 

Aluminum, copper, iron and nickel were found to be naturally enriched in the Project Area, relative to 

the Water Quality Guidelines.  Other parameters that have the potential to be elevated, but at a 

lower magnitude, due to mine site releases include the following (these parameters were not a focus 

of the baseline review): 

 Cobalt 

 Lead 

 Phosphorous 

 Silver 

 Thallium 

Not surprisingly, several of the above parameters were found to be naturally elevated in the vicinity 

of the mine site.  In several watercourses, the mean concentrations of the above parameters 

occasionally exceeded the generic criteria of the Canadian Environmental Quality Guidelines for the 

protection of freshwater aquatic life (CWQG-PAL).  As such, interim site-specific water quality 

objectives (SSWQOs) were initially developed by Knight Piésold (2012b) during review of the FEIS.   

These Interim SSWQOs and the generic CWQG-PAL criteria are referred to in the following 

discussions for the above parameters. 

2.5 GRAPHICAL ANALYSIS OF WATER QUALITY DATA 

A detailed review of water quality was undertaken using various graphical analysis tools to 

characterise the baseline water quality for waterbodies expected to be most influenced by mine 

operations.  A detailed review of the mine site area lake and stream water quality is presented in 

Appendix B and Appendix C, respectively. The raw data for pH, hardness, alkalinity and parameters 

of interest are displayed graphically in box plots and scatter plots in these two appendices.  A 

summary of the key findings of the reviews presented in Appendices B and C is presented in the 

following sub-sections. 

2.5.1 Lake Water Quality 

Lake water quality sampling was completed in the vicinity of the mine site at Camp Lake, 

Sheardown Lake and Mary Lake between 2006 and 2008 and between 2011 and 2013 (Figures 1.1 

and 1.2).  Lake water quality samples were collected from both shallow depths (1 m below the 

waterline) and deep depths (approximately 1 m above the lake bottom). 

The lakes in the study area are typically ice covered between October and June.  As such, most of 

the data was collected during the summer and fall, while the least amount of data were collected 

during the winter. 

Table 2.4 summarizes the range and median values of the general water chemistry parameters 

selected for evaluation.  The water chemistry is similar between the three mine site lakes and is 

generally slightly alkaline and soft with alkalinity values similar to hardness values, suggesting that 

the hardness is predominantly carbonate hardness. 
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Table 2.4 Concentrations of Select General Chemistry Parameters in Mine Site Lakes 

Parameter Camp Lake Sheardown L. NW Sheardown L. SE Mary Lake 

In Situ pH (pH) 6.93 - 8.23 (7.88) 6.76 - 8.33 (7.94) 6.41 - 8.32 (7.85) 6.71 - 8.55 (7.68) 

Alkalinity (mg/L CaCO3) 50 - 74 (60) 47 - 72 (57) 43 - 82 (50) 25 - 126 (38) 

Hardness (mg/L) 50 - 77 (59.6) 43 - 77.9 (60.5) 16 - 82 (51.75) 24.9 - 137 (39.5) 

Chloride (mg/L) <1 - 4 (1) <1 - 4 (3) <1 - 5 (3) <1 - 14 (2) 

Nitrate (mg/L) <0.10 <0.10 - 0.18 (0.10) <0.10 <0.10 

NOTES: 

1. MEDIAN CONCENTRATIONS IN BRACKETS. 

A summary of the trends observed during the review of water quality within the individual lakes 

follows. 

2.5.1.1 Camp Lake 

The trends observed in the Camp Lake baseline data included: 

 Distinct depth trends are not observed for Camp Lake, which suggests that the lake is 

completely mixed through much of the year.  Review of data above suggests aggregation of 

deep and shallow stations may be appropriate. 

 Geographic trends between discrete sampling stations were not observed for any parameters. 

 With the exception of chloride and chromium, parameters did not show any distinct inter-annual 

trends/variability over the six year sampling history.  Chloride and chromium concentrations in 

Camp Lake measured from 2011 through 2013 are elevated compared to earlier samples from 

2005 to 2010. 

 Parameters with MDL interference and/or that do not show seasonal trends include: cadmium, 

chloride, arsenic, iron and nitrate. 

 Parameters that have maximum concentrations occurring in the summer: nitrate and aluminum.  

This is likely as a result of the spring runoff period caused by rapid melt of winter snowpack. 

 Parameters that have maximum concentrations occurring in the winter: copper and nickel.  Most 

of this concentration occurs in a dissolved form, not as particulate. 

 Parameters that have maximum concentrations occurring in the fall: chromium. 

2.5.1.2 Sheardown Lake 

Summary of trends observed during review of Sheardown Lake NW baseline data: 

 Deeper sampling stations show slightly elevated concentrations of aluminum.  Distinct depth 

trends are not observed for other parameters within Sheardown Lake, which suggests that lake 

is completely mixed throughout the year, despite winter ice.  As a result, aggregation of deep 

and shallow stations is appropriate for all parameters except aluminum. 

 Detection limits decreased over the course of sampling and this decrease is particularly apparent 

in the copper and iron concentration data. 

 Little variability was observed between geographically distinct sampling stations. 

 Parameters below MDLs and/or do not show any seasonal trends: arsenic, cadmium, chloride, 

chromium, copper, nitrate and iron. 

 Parameters with highest concentration occurring in the fall: aluminum. 
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 Parameters with highest concentrations occurring in the winter: nickel.  The majority of the 

elevated nickel and copper total concentrations are in predominantly dissolved form. 

Summary of trends observed during review of Sheardown Lake SE baseline data: 

 Distinct depth trends are not observed for any parameters within Sheardown Lake SE.  This 

suggests that the lake is completely mixed throughout the year, despite winter ice.   

 Elevated concentrations observed at DL0-02-4 compared to other stations: copper, iron and 

nickel. 

 Early data (2007, 2008) appears elevated when compared to more recent data: copper and 

nickel. 

 Parameters below MDLs and/or do not show any seasonal trends: nitrate, arsenic, cadmium, 

chromium and copper. 

 Parameters with highest concentration occurring in the summer and/or fall: aluminum and iron. 

 Parameters with highest concentrations occurring in the winter: chloride and nickel. 

2.5.1.3 Mary Lake 

Summary of trends observed during review of Mary Lake baseline water quality data: 

 Distinct depth trends were not observed for any parameters within Mary Lake, which suggests 

complete mixing of the lake.  As a result, both deep and shallow station data have been utilized 

to inform baseline trends in water quality. 

 Inlet sampling shows elevated concentrations for certain parameters: aluminum, chloride, 

copper, iron, hardness, chromium and nickel. 

 Parameters that occur below MDL or do not show seasonal trends include: cadmium, copper, 

nitrate, and chromium. 

 Parameters with the highest concentrations in the summer include: aluminum and iron. 

 Parameters with the highest concentration during the fall include: arsenic. 

 Parameters with the highest concentration during the winter:  chloride, nickel and cadmium. 

 The overall trends in the lake baseline water quality data include: 

 The only parameter with distinct depth trends is aluminum in Mary Lake.  The rest of the data 

gathered at lake stations suggests aggregations of deep and shallow stations is appropriate. 

 Mary Lake inlet sampling was the only station that showed variability between geographically 

distinct sampling stations.  In particular, slightly elevated concentrations for aluminum, chloride, 

copper, iron, hardness, chromium and nickel were observed (although elevated, these 

concentrations were below guidelines).  Outlet sample locations show elevated concentrations of 

arsenic. 

 Aluminum was noted to have high summer concentrations at all stations, with the exception of 

Sheardown Lake NW where highest concentrations were recorded in the fall.  This would be 

expected given the magnitude of the spring runoff that is caused by rapid melting of the winter 

snowpack. 

 Arsenic, cadmium and nitrate (except for some slightly elevated fall concentrations) generally 

occurred below MDL and seasonal affects were difficult to discern. 

 Chloride, iron and copper did not show conserved seasonality trends at most stations.  
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 Nickel was generally high during the winter, which was not necessarily expected.  One possibility 

is that under-ice formation concentrates solutes at depth. However, this trend would be expected 

to occur for all parameters.  Data indicates that nickel and copper were present predominately in 

their dissolved form during the winter, while other parameters were present predominately in 

particulate form. 

2.5.2 Stream Water Quality 

Since 2005, a variety of watercourses have been sampled as part of the baseline monitoring 

program.  For the purposes of the CREMP, a subset of the baseline sampling stations was selected 

that were deemed applicable for future monitoring.  As a result, only two river/tributary systems were 

examined: Mary River and the Camp Lake Tributary.  In general, similar station-wide and seasonal 

trends were noted for each parameter within rivers/tributary systems on the property.  No distinct 

inter-annual trends were noted.  Comparison of the general chemistry of the two systems indicates 

the general composition is quite similar: water is characterised as circum-neutral/slightly alkaline 

pH and high alkalinity/low sensitivity to acidic inputs.  Hardness ranges from “soft” to “moderately 

soft” and is almost entirely carbonate hardness. 

Chemical concentration trends were analysed with the knowledge that the intense spring runoff 

period resulting from winter snowpack melting characterizes the artic hydrologic cycle (Stewart and 

Lamoureux, 2011).  Our data indicates highest trace metal concentrations occur during summer (and 

occasionally fall), and that spring concentrations are generally lowest.  This indicates that the 

snowpack is acting as a fresh, diluting seasonal input. 

Station-wide, nitrate, arsenic and cadmium general occur at detection limit.  Chloride and nickel 

generally occur above MDL, but below guideline values.  Chloride concentration increases through 

the seasons from the lowest recorded concentration in the spring to the highest recorded 

concentrations in the fall.  In Mary River, the highest nickel concentrations occur in the summer; 

whereas, no seasonal trends are noted for nickel within the Camp Lake Tributary.  Copper 

concentrations are consistently close to guideline value throughout the station, with highest 

concentrations occurring in the summer and fall. 

Aluminum and iron show slightly different trends between stations within Mary River and the 

Camp Lake Tributary.  Within Mary River, median total aluminium concentrations occur above 

CWQG-PAL guidelines, but below the SSWQO and are highest during the summer.  Within the 

Camp Lake Tributary, median total aluminum concentrations are generally low and below the 

CWQG-PAL guideline and are highest during the spring.  Total iron concentrations within Mary River 

are consistently close to the guideline, with maximum values exceeding guideline and highest 

concentrations occurring in the summer.  Within the Camp Lake Tributary, iron concentrations are 

consistently below guidelines, with maximum values occurring during the spring. 

2.5.3 Site-Wide Overview of Water Quality Including Seasonal Trends 

General site-wide trends were noted for the concentration of many parameters.  Few inter-annual 

trends of significance were noted, with the exception of a general decline in detection limits.  

Site-wide and seasonal trends are parameter-specific and were fairly consistent for river stations.  

Seasonal trends for lake stations were less consistent.  In general, all lakes are well mixed and did 

not show concentration differences with depth, with the exception of aluminum. 
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2.5.3.1 General Chemistry 

Site-wide, general water chemistry is consistent across stations within rivers and lakes. 

Circum-neutral/slightly alkaline pH (7.3 through 7.8) is noted throughout the site.  The water is 

characterized by high alkalinity, indicating low sensitive to acidic inputs and “soft” hardness and is 

composed almost entirely of carbonate hardness.  Water within the Camp Lake tributary ranges from 

“moderately soft” to “soft”.  In general, metal concentrations within the three lakes (Camp Lake, 

Sheardown Lake and Mary Lake) are reduced and below guidelines, when compared to river 

samples from Mary River and the Camp Lake tributary, which exceed certain guidelines.  High 

background metal concentrations are expected in an area with such a rich ore body. 

Seasonal review of general chemistry shows the relationship between spring freshet and hardness, 

pH, TSS and DOC.  TSS does not show very distinct trends.  Both pH and hardness tend to be 

slightly lower during spring and increase during summer, to a maximum level recorded in the fall.  

DOC is at its peak during spring and decreases substantially during summer and fall (Figure 2.2).  

Geographic trends for pH are not noted within Mary River (Figure 2.3). 

 

 

NOTES: 

1. BLACK (SPRING); RED (SUMMER); GREEN (FALL). 

Figure 2.2 Mary River - pH, TSS, DOC and Hardness 



BAFFINLAND IRON MINES CORPORATION 

 MARY RIVER PROJECT 

 

WATER AND SEDIMENT QUALITY 
REVIEW AND CREMP STUDY DESIGN 

17 of 77 NB102-181/33-1 Rev 2 

June 25, 2014 

 

 

Figure 2.3 Mary River - Geographic pH Trends 

2.5.3.2 Anions, Nutrients and Metals 

Site-wide, nitrate, arsenic and cadmium occur at detection limit, with the exception of the Mary Lake 

outlet, which has slightly elevated arsenic concentrations.  Due to detection limit interference, it is 

difficult to discern temporal and seasonal trends for these parameters. 

Iron, aluminum, copper and chromium are observed to be elevated and often occur above guideline 

values within Mary River and Camp Lake tributary.  Concentrations of these parameters are 

generally quite a bit lower in the identified lakes.  Camp lake has high outlying iron concentrations; 

Mary Lake has elevated aluminum and chromium concentrations and Sheardown Lake SW has 
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elevated aluminum and copper concentrations (Table B.9).  Site-wide, iron concentrations are 

slightly enriched, but always occur below guidelines. 

A more detailed discussion of seasonal trends site-wide for chloride, iron, nickel, copper and 

aluminum follows.  Site-wide trends observed match closely to the trends observed for streams, but 

not lakes.  This is simply a result of the magnitude difference between stream and lake 

concentrations.  Lake concentrations are consistently depressed when compared to stream 

concentrations.  Lake concentrations also have subtle differences in seasonality that can only be 

determined by looking at the lake in question.  With the exception of chloride and nickel, site-wide 

the other elevated parameters are seen to increase during the summer months. 

Exploration drilling on Deposits No. 1, 2 and 3 has involved the use of calcium chloride brine, as 

mentioned in Section 1.3.  Progressively more sophisticated and effective measures were employed 

over the years to recycle and contain the brine. Monitoring of water quality in the Mary River in 

the E3 tributary, downstream of Deposit No. 1 in 2007/2008 confirmed that calcium and chloride 

were quite elevated downstream of this activity. Chloride concentrations reached maximum 

concentrations of approximately 3,000 mg/L.  Detailed analysis of concentrations at E0-03 indicated 

that calcium and chloride concentrations were significantly reduced, but slightly elevated.  Chloride 

concentrations reached a maximum of 73 mg/L within E0-03 and had seasonal peaks during the 

summer (Figure 2.4 and Figure 2.5).  Despite use of the drilling salts during baseline, plots of the 

entire dataset indicate chloride concentrations are not distinctly elevated.   

Figures 2.6 through 2.8 depict the changes in concentrations that occur during seasons in both the 

streams and lake in vicinity to the proposed mine site.  Spring lake concentrations are never depicted 

and neither are winter stream concentrations. Figure 2.6 shows a small increase in chloride 

concentrations during the fall, with highest concentrations recorded at E0-03 and C0-01 and within 

the Camp Lake Tributary.  In general, lake concentrations of chloride are below concentrations of 

chloride measured in the streams. 

Iron concentrations are at their peak site-wide during the summer, although elevated concentrations 

were noted in the Camp Lake Tributary during the spring, as shown on Figure 2.7.  Iron 

concentrations reduce slightly, but remain elevated during the fall.  Stream water quality stations 

consistently depict concentrations in excess of lake water quality stations.  

With the exception of one large outlying value for nickel, Figure 2.8 shows relatively conservative 

concentrations for nickel are observed throughout the site, during different seasons.  Slightly lower 

nickel concentrations in the spring; however, a small sample size is also observed.  

Copper concentrations increase slightly during the summer and remain slightly elevated during the 

fall, as depicted on Figure 2.9.  Some particularly high copper values have been recorded in Camp 

Lake, which has maximum values that exceed those observed in Mary River. 

Stream aluminum concentrations are depressed in the spring, and elevated in the summer, as 

shown in Figure 2.10.  Stream concentrations, particularly those recorded in Mary River are greater 

than the concentrations recorded in the lakes.  Fall concentrations are elevated, when compared to 

fall and winter, but are less than those concentrations recorded in the summer.



BAFFINLAND IRON MINES CORPORATION 

 MARY RIVER PROJECT 

 

WATER AND SEDIMENT QUALITY 
REVIEW AND CREMP STUDY DESIGN 

19 of 77 NB102-181/33-1 Rev 2 

June 25, 2014 

 

 

NOTES: 

1. G0-09 REPRESENTS BACKGROUND CONDITIONS. 

2. E0-03 REPRESENTS A LOCATION DIRECTLY INFLUENCED BY DRILLING ACTIVITIES. 

3. G0-03 REPRESENTS BACKGROUND IN 2005 AND 2006 (NO DRILLING AT DEPOSITS NO. 2 AND 3). 

Figure 2.4 Chloride Concentrations in Mine Site Waters over the Study Period 

 

NOTES: 

1. G0-09 REPRESENTS BACKGROUND CONDITIONS. 

2. E0-03 REPRESENTS A LOCATION DIRECTLY INFLUENCED BY DRILLING ACTIVITIES. 

3. G0-03 REPRESENTS BACKGROUND IN 2005 AND 2006, AS THERE WAS NO DRILLING ON DEPOSITS NO. 2 

AND 3. 

Figure 2.5 Calcium Concentrations in Mine Site Waters over the Study Period 
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NOTES: 

1. AREA OF THE DOT IS EQUAL TO CONCENTRATION OF THE PARAMETER. 

2. BLACK (MARY RIVER); RED (CAMP LAKE TRIBUTARY); GREEN (MARY LAKE); DARK BLUE (CAMP LAKE); LIGHT 

BLUE (SHEARDOWN LAKE NW); PINK (SHEARDOWN LAKE SE). 

3. THE SITE WITH CLEARLY ELEVATED CONCENTRATIONS IS E0-03. 

Figure 2.6 Site-Wide Seasonal Trends for Chloride 
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NOTES: 

1. AREA OF THE DOT IS EQUAL TO CONCENTRATION OF THE PARAMETER. 

2. BLACK (MARY RIVER); RED (CAMP LAKE TRIBUTARY); GREEN (MARY LAKE); DARK BLUE (CAMP LAKE); LIGHT 

BLUE (SHEARDOWN LAKE NW); PINK (SHEARDOWN LAKE SE). 

Figure 2.7 Site-Wide Seasonal Trends for Total Iron 
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NOTES: 

1. AREA OF THE DOT IS EQUAL TO CONCENTRATION OF THE PARAMETER. 

2. BLACK (MARY RIVER); RED (CAMP LAKE TRIBUTARY); GREEN (MARY LAKE); DARK BLUE (CAMP LAKE); LIGHT 

BLUE (SHEARDOWN LAKE NW); PINK (SHEARDOWN LAKE SE). 

Figure 2.8 Site-Wide Seasonal Trends for Total Nickel 

  



BAFFINLAND IRON MINES CORPORATION 

 MARY RIVER PROJECT 

 

WATER AND SEDIMENT QUALITY 
REVIEW AND CREMP STUDY DESIGN 

23 of 77 NB102-181/33-1 Rev 2 

June 25, 2014 

 

 

NOTES: 

1. AREA OF THE DOT IS EQUAL TO CONCENTRATION OF THE PARAMETER. 

2. BLACK (MARY RIVER); RED (CAMP LAKE TRIBUTARY); GREEN (MARY LAKE); DARK BLUE (CAMP LAKE); LIGHT 

BLUE (SHEARDOWN LAKE NW); PINK (SHEARDOWN LAKE SE). 

Figure 2.9 Site-Wide Seasonal Trends for Total Copper 

  



BAFFINLAND IRON MINES CORPORATION 

 MARY RIVER PROJECT 

 

WATER AND SEDIMENT QUALITY 
REVIEW AND CREMP STUDY DESIGN 

24 of 77 NB102-181/33-1 Rev 2 

June 25, 2014 

 

 

NOTES: 

1. AREA OF THE DOT IS EQUAL TO CONCENTRATION OF THE PARAMETER. 

2. BLACK (MARY RIVER); RED (CAMP LAKE TRIBUTARY); GREEN (MARY LAKE); DARK BLUE (CAMP LAKE); LIGHT 

BLUE (SHEARDOWN LAKE NW); PINK (SHEARDOWN LAKE SE). 

Figure 2.10 Site-Wide Seasonal Trends for Total Aluminum 

2.5.3.3 Chromium 

A discussion of chromium is appropriate since most of the sampling to date has been for total 

chromium yet the CWQG-PAL guidelines are for two chromium species (trivalent chromium - Cr III 

and hexavalent chromium - Cr VI).  During review of the FEIS, naturally elevated concentrations of 

total chromium were identified within mine site waterbodies, and as discussed in Section 2.4, an 
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interim SSWQO of 0.0047 mg/L was established based on the 95
th
 percentile of baseline 

concentration of total chromium in the Mary River upstream of the deposits. 

In 2012 and 2013, analysis of chromium (III) and chromium (VI) was added to the program to 

understand the concentrations of these two chromium species.  The generic criteria for 

chromium (III) and chromium (VI) is 0.0089 mg/L and 0.001 mg/L, respectively. 

The majority of total chromium samples as well as chromium (III) and chromium (VI) samples were 

measured below MDLs.  The MDLs for total chromium, chromium (III) and chromium (VI) are 

presented in Table 2.5. 

Table 2.5 Water Quality Objectives for Chromium 

Parameter CWQG-PAL or SSWQO  

(mg/L) 

MDL 

(mg/L) 

Cr (total) 0.047 0.0001 

Cr (III) 0.0089 0.005 

Cr (VI) 0.001 0.001 

The MDLs are higher for Cr (III) and Cr (VI) compared to total chromium.  Total chromium was 

measured in 36% of samples within the Camp Lake Tributary and 38% of the samples in Mary River. 

There were no detectable concentrations of Cr (III) and Cr (VI) in Mary River for only 5% of Cr (III) 

and 2% of Cr (VI) samples were above MDLs.  

Monitoring of chromium in water will likely need to focus on total chromium as a parameter of 

concern; however, the proportion of detectable concentrations of Cr (III) and Cr (VI) will also be 

monitored as an indicator of increasing concentrations over time. 

2.5.3.4 Total Phosphorus and Total Kjeldahl Nitrogen 

Total phosphorus was found to be elevated in the water in the streams and in the sediment in 

depositional areas of streams (Sheardown Lake tributary) and in the lakes (Camp, Mary and 

Sheardown Lakes).  The distribution of total phosphorus within the Mary River system from the 

station furthest upstream of Deposit No. 1 (G0-09) to the station as far downstream as Mary Lake is 

presented in Table 2.5. 

It can be seen from this table that the total phosphorus concentrations are elevated in the baseline 

condition throughout the Mary River system.  According to Baffinland, limestone in the area is high in 

phosphorus up to a couple of percent by weight (Michael Zurowski, pers. comm.).  This limestone 

outcrops to the west of Sheardown Lake and the weathered material from this limestone is found in 

the overburden throughout the mine site area.  As such, it is possible that the concentrations of total 

phosphorus in the Mary River system is due to increased contact with local soils. Moss (2012) notes 

clay particles in soils also tend to bind tightly with phosphorus making the phosphorous resistant to 

simple leaching by water.   

Concentrations of total phosphorus in lake sediment are high and regularly exceed the Ontario 

Sediment Quality Guideline`s Lower Effects Level (LEL) criterion for total phosphorus in depositional 
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areas of the lake where metals also tend to accumulate.  Sediment quality results are discussed in 

more detail in Appendix D, Section 3.  

Monitoring of nutrients from sewage discharges to Sheardown Lake NW and the Mary River is 

anticipated to form a component of the AEMP.  Table 2.6 suggests that total phosphorus 

concentrations in the mine site waters are elevated, and more importantly for monitoring, are highly 

variable, ranging widely from below the MDL of 0.003 mg/L (ultra-oligotrophic) to 0.035 to 

0.100 mg/L (eutrophic) at each of the sampling stations in the Mary River, Mary Lake and 

Sheardown Lake.  

Table 2.6 Total Phosphorus in the Mary River and Mary Lake 

Sample Location  

Total Phosphorus  

Concentration  

(mg/L) 

 
CCME Eutrophication Scale 

Min Mean Max  Category TP (mg/L) 

G0-09 (upstream) <0.003 0.015 0.069 Ultra-oligotrophic <0.004 

G0-01 <0.003 0.010 0.032 Oligotrophic 
0.004 to 

0.010 

E0-03 <0.003 0.014 0.060 Mesotrophic 
0.010 to 

0.020 

Sheardown Lake 

NW 
<0.003 0.006 0.090 Meso-eutrophic 

0.020 to 

0.035 

C0-10 <0.003 0.014 0.060 Eutrophic 
0.035 to 

0.100 

C0-01 <0.003 0.015 0.062 Hyper-eutrophic >0.100 

Mary Lake <0.003 0.006 0.020   

NOTES: 

1. NON-DETECT MEASUREMENTS AT OR ABOVE 0.01 MG/L WERE REMOVED BEFORE CALCULATING THE 

ABOVE STATISTICS. 

Ongoing monitoring of total phosphorus is proposed as part of the CREMP; however, the high 

natural variability of total phosphorus do not allow for the measurement of statistically significant 

Project-related changes over time.  An alternate indicator, Chlorophyll a, is proposed to monitor 

effects of nutrient additions to mine site waters as part of the freshwater biota CREMP being 

developed by North/South Consultants Inc. 

The total nitrogen (TN) and total phosphorous (TP) ratio can vary with a waterbody’s trophic 

status (Downing & McCauley, 1992).  As noted above, the Mary River and Mary Lake stations show 

these waterbodies are oligotrophic to mesotrophic. The majority of limnological literature 

identifies total phosphorus as the limiting nutrient in freshwater environments that can influence 

phytoplankton communities.  The range of TN:TP ratios for the mine area waterbodies are provided 

in Table 2.7.    
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Table 2.7 Range of Total Nitrogen : Total Phosphorus Ratios in Mine Site Lakes 

Lake 

TN:TP Ratio 
Calculation 

Method 

Minimum 
TN:TP Ratio 

Average  
TN:TP Ratio 

Maximum 
TN:TP Ratio 

Camp Lake 
Mass 13 56 150 

Molar Weight 29 124 332 

Sheardown Lake NW 
Mass 20 65 177 

Molar Weight 44 144 391 

Mary Lake 
Mass 33 70 113 

Molar Weight 74 154 249 

It is likely that, despite the periodically high total phosphorus concentrations measured in the mine 

site lakes, total phosphorus remains the limiting nutrient.  

2.6 POWER ANALYSES 

Parameter-specific and site-specific power analyses were completed to assess the sample size 

required to detect changes at individual stations.  The analyses are presented in detail in Appendix C 

and the conclusions are presented in Section 2.7.4. 

The parameters selected for power analysis include:  

 Aluminum 

 Arsenic 

 Cadmium 

 Copper 

 Iron 

These parameters were selected as they are expected to be the most affected parameters during 

mine operation.  Stations were strategically selected to ensure sampling and subsequent statistical 

analyses would be able to provide information regarding the source of any contaminants that might 

be caused by mine development.  

Power analyses were completed to determine the sample size required to detect changes in mean 

concentration with respect to the selected benchmarks, as per the 

AEMP Framework (Baffinland, 2013b).  Also of interest was the ability to detect smaller statistically 

significant changes below the AEMP benchmark that would lead to low action adaptive 

management.  Several “low-action” benchmarks were investigated for each parameter at each 

station. 

Key sources of variation in the data were identified in the exploratory analysis: 

 Spatial variability - from waterbody to waterbody and station to station, as for example from near 

field to far field 

 Temporal variability - seasonal trends 

 Within station variability - due to varying weather conditions such as rainfall effects on stream 

data (not shown here) 
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The following types of power analysis were completed, depending on the data available: 

1) The power to detect a change in means was assessed for parameters with sufficient data above 

MDL (<15% of non-detected data).  A before-after-control-impact (BACI) design was used to 

assess the power to detect differences in log mean concentration values (using the methods of 

Stroup, 1999)
2
. A BACI design is rigorous in the sense that it shows a change in the difference 

between impact (exposure) and control (reference) stations from before to after the 

commencement of a potential environmental impact.  The following modifications to the 

complete BACI approach were taken, as dictated by the data available: 

i. Before-after (BA) design was used when control data was not available.  Under this design, 

power analysis was carried out using a two sample t-test to compare means.   

ii. Control-impact (CI) design was assumed when very little baseline data was available.  Under 

this design, power analysis for testing means was carried out using a paired t-test.   

2) The power to detect a change in the proportion of values above MDL was assessed for 

parameters with a large proportion of values below MDL (>15% of non-detected data).  For some 

parameters the baseline dataset is represented predominantly by values below MDL.  This 

occurred for arsenic and cadmium at all stations. 

i. BA designs were assessed using a test for two independent proportions (Agresti, 1990).  

ii. McNemar’s test (Agresti, 1990) was used to assess the power to detect a difference 

between the paired proportions at impact and control stations. 

The outcome of the preliminary power analysis is provided in the preliminary 

study design (Section 2.8.4).  Further details on the methodology used are provided in Section C.3 

and D.3. 

2.7 WATER QUALITY CREMP STUDY DESIGN 

The water quality CREMP will monitor water quality within mine site lakes and streams with the 

objective of identifying project-related effects to water quality from multiple sources. The water 

quality CREMP applies the assessment approach and response framework identified in the 

AEMP that is being applied to the various components of the aquatic environment (i.e., water, 

sediment, biota). 

The water quality CREMP study design is consistent with the requirements for the Environmental 

EEM Program as specified under the Metal Mining Effluent Regulations (MMER). The CREMP water 

quality stations overlap with those identified in the Draft EEM Cycle One Study 

Design (Baffinland, 2014; AEMP Appendix A). 

2.7.1 Pathways of Effect and Key Questions 

Key questions were developed for the CREMP to guide the review of baseline data adequacy and, 

ultimately, design of the monitoring program. These questions and metrics focus upon key potential 

                                                      
2
 Comparison of medians or log means are both supported methods to compare data sets.  Median comparisons are more 

robust when distributions are non-normally distributed.  Median or mean comparisons are equally robust when distributions 
are normally distributed.  Log distribution of water quality data collected created a data set that was normally distributed.  As a 
result, mean comparison was determined appropriate. 
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effects identified in the Final Environmental Impact Statement (FEIS) and the Early Revenue 

Phase (ERP) addendum, as well as metrics commonly applied for characterizing water quality. 

The key pathways of potential effects of the Project on water quality include: 

 Water quality changes related to discharge of ore or stockpile runoff to freshwater 

systems (immediate receiving environments: Mary River and Camp Lake Tributary 1) 

 Water quality changes (primarily nutrients and total suspended solids [TSS]) related to discharge 

of treated sewage effluent (immediate receiving environments: Mary River and Sheardown 

Lake NW) 

 Water quality changes due to deposition of dust in lakes and streams (Mine Area in zone of dust 

deposition) 

 Water quality changes due to non-point sources, such as site runoff and use of Ammonium 

nitrate fuel oil (ANFO) explosives (Mine Area) 

The key question related to the pathways of effect is: 

 What is the estimated mine-related change in contaminant concentrations in the exposed area? 

The primary issue of concern with respect to water quality is related to the combined effects on metal 

and TSS concentration from mine effluent discharges and ore dust deposition on water quality in 

lake and streams.  As such, the CREMP and the baseline data review focused on waterbodies that 

will receive mine effluent discharges and are closest to the sources of ore dust. Camp Lake and its 

Tributary 1 (CLT-1), as well as the Mary River and Mary Lake, will receive mine effluent discharges. 

These waterbodies, along with Sheardown Lake, may also be affected by ore dust deposition and 

non-point sources of fugitive dust (i.e., road dust).   

The discharge of treated sewage effluent also has the potential to cause eutrophication, with 

phosphorus being the limiting nutrient. As discussed in Section 2.5.3.4, however, TP concentrations 

are highly variable making it a poor indicator.  While TP will continue to be monitored as part of the 

CREMP, Chlorophyll a will be monitored as a more reliable indicator of potential eutrophication, as 

part of the freshwater biota CREMP (North/South, 2014). 

2.7.2 Indicators and Metrics 

Water quality indicators identified for monitoring include various physical parameters, metals and 

nutrients. They were selected on the basis of the following: 

 The potential to be naturally elevated in the environment 

 The potential to become elevated in the environment as a result of future mine site activities  

 Discharge limit(s) have been established for the parameter in the Type A Water Licence  

 An established criterion exists for the protection of freshwater aquatic life  

 Regulation under the MMER, or potential regulation as a result of the current re-evaluation of the 

regulations 

 The parameter is an exposure toxicity modifying factor (ETMF) for other parameters of concern  

The stressors of potential concern (SOPCs) and supporting parameters are listed in Table 2.8. 
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Table 2.8 Water Quality Parameters Selected for Monitoring 

Contaminants of Potential Concern Exploratory Data Analysis Only 

Aluminum Dissolved oxygen Hardness 

Arsenic pH Total Dissolved Solids 

Cadmium Total Suspended Solids Turbidity 

Chromium Chloride Alkalinity 

Copper Ammonia (NH3+NH4) Calcium 

Cobalt Nitrite (NO2-) Magnesium 

Iron Nitrate (NO3-) Potassium 

Lead Phosphorus Total Organic Carbon (TOC) 

Nickel Sulphate Dissolved Organic Carbon (DOC) 

Silver   

Thallium   

Vanadium   

Zinc   

2.7.3 Benchmarks 

Since the mine site occurs within an area of metals enrichment, generic water quality guidelines 

established for all areas within Canada may naturally be exceeded near the mine site. Therefore, the 

selection of appropriate benchmarks must consider established water quality guidelines, such as 

those developed by the Canadian Council of Ministers of the Environment (CCME), as well as 

site-specific natural enrichment, and other factors (such as Exposure Toxicity 

Modifying Factors (ETMF) including pH, water hardness, dissolved organic carbon, etc.), in the 

selection or development of final benchmarks for monitoring data comparison (CCME, 1999, updated 

to 2014).   

The assessment of surface water and sediment quality data over the life of the project will be 

ongoing, and the recommended benchmarks of comparison throughout this process may change, as 

more data become available.  For example, a site-specific water quality guideline established early 

on in the life of the mine may require updating in 10 years, based on new published literature which 

has become available, or site-specific toxicity tests conducted to further understand ETMF or 

resident species toxicity.  The iterative, cyclical nature of modification of benchmarks under an 

AEMP is well established (MacDonald et al., 2009).  

Intrinsik Environmental Sciences Inc. was retained by Baffinland to develop water and sediment 

quality benchmarks to be applied in the CREMP (Intrinsik, 2014; see Appendix F of the AEMP). 

Water quality benchmarks were identified for mine site lakes and streams individually, considering 

the higher of the generic water quality objective (i.e., CCME or other jurisdiction) or 

the 97.5
th
 percentile of baseline concentrations.  For parameters that are mostly below MDL (less 

than 5% detected values), either the Water Quality Guideline was selected (if available), or 3 * MDL 

was adopted as the benchmark, as follows: 

 Method A: Water Quality Guideline was higher than 97.5%ile, and therefore was selected 

 Method B: 97.5%ile was higher than the Water Quality Guideline, and therefore was selected 

 Method C: Parameter has < 5% detected values, and either the Water Quality Guideline was 

selected (if available), or 3 * MDL was used to derive benchmark  
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If Method B was selected, additional assessment of the data was conducted to ensure the percentile 

calculations were not being driven by elevated detection limits, or other factors.   

The selected benchmark development method and corresponding water quality benchmarks for the 

mine site lakes are presented in Table 2.9.  The benchmark method and benchmark values for 

stream water quality are presented in Table 2.10.  

Table 2.9 Selected Water Quality Benchmark Approach and Values for Mine Site Lakes 

Parameter Units 
Water Quality 

Guideline 

Camp 

Lake 

Mary 

Lake 

Sheardown 

Lake 

Selected 

Benchmark 

Benchmark 

Method 

Metals 
3
  

Aluminium
 

  
mg/L 0.1 0.026 

0.137 

 

0.179 

(Shallow) 

0.173 

(Deep) 

CL  = 0.1 

ML = 0.13; 

SDL shall/deep 

= 0.179/0.173 

A (CL), B 

(ML/SDL) 

Arsenic mg/L 0.005 NC 0.00018 0.0001 0.005 A 

Cadmium mg/L 

0.0001 (CL) 

0.00006 (ML) 

0.00009 (SDL) 

NC 0.000023 
0.000017 

 

0.0001 (CL) 

0.00006 (ML) 

0.00009 (SDL) 

A 

Chromium mg/L NGA NC 0.001 0.000641 

0.0003 (CL) 

(ML) = 0.0005
8 

(SDL) = 

0.000642
9 

B (ML/SDL), 

C (CL) 

Chromium 
+3

 mg/L 0.0089 NC 0.005 NC 0.0089 A 

Chromium 
+6

 mg/L 0.001 NC 0.001 NC 

0.003 – 0.015 

(CL)
5 

0.003   

(ML/SDL)
5 

C 

Cobalt mg/L 0.004 NC NC 0.0002 0.004 A 

Copper mg/L 0.002 0.0113 0.00239 
0.00243 

 

(CL) = 0.004
7 

(ML) = 0.0024 

(SDL) = 0.0024 

B 

Iron mg/L 0.3 0.0421 0.173 0.211 0.3 A 

Lead mg/L 0.001 0.000334 0.00013 0.00026 0.001 A 

Nickel mg/L 0.025 0.000941 0.00080 0.000973 0.025 A 

Silver mg/L 0.0001 NC NC 0.0000104 0.0001 A 

Thallium mg/L 0.0008 NC NC 0.0001 0.0008 A 

Vanadium mg/L 0.006 NC 0.00146 0.001 0.006 A 

Zinc mg/L 0.030 0.0037 0.003 0.00391 0.030 A 
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Parameter Units 
Water Quality 

Guideline 

Camp 

Lake 

Mary 

Lake 

Sheardown 

Lake 

Selected 

Benchmark 

Benchmark 

Method 

Water Quality Parameters  

Chloride (Cl
-
) mg/L 120 4 13 5 120 A 

Ammonia 

(NH3+NH4)   

mg 

N/L 
0.855

4 
0.84 0.32 0.44 0.855 A 

Nitrite (NO2
-
)      

mg 

N/L 
0.060 0.1

6 
0.1

6 
0.1

6 
0.060 A 

Nitrate (NO3)      
mg 

N/L 
13 NC 0.11 NC 13 A 

Sulphate mg/L 218 3 7 5 218 A 

NOTES: 

1. NGA = NO GUIDELINE AVAILABLE; NC = NOT CALCULATED; TBD = TO BE DETERMINED; GUIDELINE STILL 

UNDER DEVELOPMENT; CL = CAMP LAKE; ML = MARY LAKE; SDL = SHEARDOWN LAKE. 

2. METHOD A = WATER QUALITY GUIDELINE FROM CCME/B.C. MOE; METHOD B = 97.5%ILE OF BASELINE; 

METHOD C = 3* MDL. 

3. TOTAL METALS UNLESS OTHERWISE NOTED. 

4. ASSUMES TEMPERATURE AT 10 DEGREES C, AND pH OF 8. 

5. THE 2013 DETECTION LIMIT FOR Cr
6+

 INCREASED IN 2013 FROM 0.001 to 0.005, HENCE THIS AFFECTS THE 3* 

MDL CALCULATION FOR THE BENCHMARK IN CAMP LAKE.  EFFORTS WILL BE MADE TO REDUCE THIS MDL IN 

2014, AND COMPARISONS TO THE LOWER OF THE 2 BENCHMARKS WOULD THEN BE APPLIED IN CAMP LAKE.  

IF DETECTION LIMITS IMPROVE, METHOD A (SELECTION OF THE GUIDELINE) MAY BE IMPLEMENTED.  

6. THESE VALUES ARE ELEVATED DETECTION LIMITS, AND HENCE, THE GUIDELINE HAS BEEN SELECTED AS 

THE BENCHMARK. 

7. THE MAXIMUM VALUE OF 0.0113 MG/L COPPER WAS REMOVED TO CALCULATE THE 97.5
TH

 PERCENTILE, AS 

THIS VALUE APPEARS TO BE AN OUTLIER. 

8. AN ELEVATED DETECTION LIMIT OF 0.001 MG/L WAS REMOVED FROM THE DATASET AND CALCULATIONS, 

AND THE AEMP SELECTED WAS THE 97.5
th
 PERCENTILE, WHICH IS 0.0005 mg/L. 

9. SEVERAL DETECTED VALUES RANGING FROM 0.00079 - 0.00316 mg/L Cr HAVE BEEN REPORTED IN THE 

DATASET FOR SDL, AND HENCE, THESE VALUES WERE CONSIDERED TO REPRESENT BASELINE, AND WERE 

INCLUDED IN THE 97.5
th
 PERCENTILE CALCULATION. 

Table 2.10 Selected Water Quality Benchmark Approach and Values for Mine Site 

Streams 

Parameter Units 
Water Quality 

Guideline 

Camp Lake 

Tributary 
Mary River

3
 

Selected 

Benchmark 

Benchmark 

Method 

Metals
4
  

Aluminum mg/L 0.1 0.179 0.97 
CLT = 0.179 

MR = 0.966 
B 

Arsenic mg/L 0.005 0.00012 0.00013 0.005 A 

Cadmium mg/L 
0.00008 (CLT) 

0.00006 (MR) 
NC 0.00002 

CLT = 0.00008 

MR = 0.00006 
A 

Chromium mg/L NGA 0.000856 0.0023 
CLT = 0.000856 

MR = 0.0023 
B 

Chromium 
+3

 mg/L 0.0089 NC 0.005 0.0089 A 

Chromium 
+6

 mg/L 0.001 NC NC 0.003
5
 C 

Cobalt mg/L 0.004 NC 0.0004 0.004 A 

Copper mg/L 0.002 0.00222 0.0024 
CLT = 0.0022 

MR = 0.0024 
B 
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Parameter Units 
Water Quality 

Guideline 

Camp Lake 

Tributary 
Mary River

3
 

Selected 

Benchmark 

Benchmark 

Method 

Iron mg/L 0.3 0.326 0.874 
CLT = 0.326 

MR = 0.874 
B 

Lead mg/L 0.001 0.000333 0.00076 0.001 A 

Nickel mg/L 0.025 0.00168 0.0018 0.025 A 

Silver mg/L 0.0001 NC 0.0001 0.0001 A 

Thallium mg/L 0.0008 0.0002 0.0002 0.0008 A 

Vanadium mg/L 0.006 NC 0.002 0.006 A 

Zinc mg/L 0.030 0.0035 0.01 0.030 A 

Water Quality Parameters  

Chloride (Cl
-
) mg/L 120 23 21.55 120 A 

Ammonia 

(NH3+NH4) 

mg 

N/L 
0.855

6 
0.60 0.60 0.855 A 

Nitrite (NO2
-
) 

mg 

N/L 
0.060 0.095

7 
0.06 0.060 A 

Nitrate (NO3) 
mg 

N/L 
13 0.118 0.14 13 A 

Sulphate mg/L 218 6 8 218 A 

NOTES: 

1. NGA = NO GUIDELINE AVAILABLE; NC = NOT CALCULATED; TBD = TO BE DETERMINED; GUIDELINE STILL UNDER 

DEVELOPMENT; MR = MARY RIVER; CLT = CAMP LAKE TRIBUTARY. 

2. METHOD A = WATER QUALITY GUIDELINE FROM CCME/B.C. MOE; METHOD B = 97.5%ILE OF BASELINE; METHOD C = 3* MDL. 

3. ONE SAMPLE (OUTLIER) CONTAINING CHEMICAL CONCENTRATIONS ORDERS OF MAGNITUDE ABOVE OTHER VALUES WAS 

NOT INCLUDED IN THE CALCULATIONS FOR MARY RIVER.   

4. TOTAL METALS UNLESS OTHERWISE NOTED. 

5. EFFORTS WILL BE MADE TO REDUCE THIS MDL IN 2014, AND COMPARISONS TO THE HIGHER OF THE METHOD A OR C 

WOULD THEN BE APPLIED AS THE AEMP BENCHMARK. 

6. ASSUMES TEMPERATURE AT 10 DEGREES C, AND pH of 8.0. 

7. 97.5
th
 PERCENTILE IS BEING DRIVEN BY ELEVATED DETECTION LIMIT, THEREFORE, THE GUIDELINE WAS SELECTED. 

In most cases, the recommended benchmarks are consistent between lakes and streams, with the 

vast majority of selected benchmarks being generic WQOs. Where natural concentrations varied, 

and exceeded available water quality guidelines, or < 5% of values was detected, recommended 

benchmarks varied. 

As discussed in the baseline review in Section 2.5 and Appendices B (lakes) and C (streams), some 

parameters have been shown to exhibit some changes in concentrations with season. For those 

parameters, Step 1 of the assessment framework (see Section 2.7.8) will include an evaluation of 

seasonality trends relative to the benchmark and baseline.  Benchmarks may need to be re-visited 

for these compounds, and SSWQO can be considered.    

Several water quality guidelines established by the CCME are currently under revision (i.e., lead and 

iron) or have been released in draft form for comments (silver).  Once finalized, these revised 

benchmarks can be evaluated, using the benchmark selection process outlined, and benchmarks 

updated accordingly.   
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2.7.4 Monitoring Area and Sampling Stations 

The monitoring area for water quality includes mine area lakes, specifically Camp Lake, Mary Lake, 

and Sheardown Lake NW and SE; selected tributaries of each lake; and the 

Mary River (Figure 2.11).  The power analysis supported the selection of the existing baseline 

stations, and identified the addition of the following stations: 

 Two stations within the basin at the north arm of Mary Lake, near BL0-01 (stations BL0-01-A and 

BL0-01-B) 

 Two additional stations within the main basin of Mary Lake, near the Mary River inlet 

near BL0-05 (BL0-05-A and BL0-05-B) 

 Sampling of an additional station within Sheardown Lake SE (existing station DL0-02-6) 

 Addition of a station in vicinity of L1-09, location to be determined (L1-05) 

 Addition of one or two reference stations upstream on Mary River (G0-09-A, G0-09-B) 

 Sampling of identified reference lakes, consistent with EEM program and as identified by 

North/South (2014)   

The water quality CREMP monitoring stations are presented in Table 2.11. 

An initial power analysis was run using a paired BACI design for each station.  The goal was to 

assess the statistical power of various sample sizes for detecting site-specific change.  The power 

analysis used a basic BACI design with one impact station and one control station before and after 

commencement of mining activity.  This method was modified in three ways:  

 Simplified power analysis was used for sediment sampling 

 In the absence of pre-mining reference data, only a Control-Impact (CI) assessment was 

completed 

 For parameters with a large amount of data below detection limits, a comparison of proportions 

was used 

Environment Canada defines statistical difference between exposure and reference stations to be a 

difference of a “factor of 2”, except when there are applicable WQOs, detection limit interference, 

water quality guidelines, changes in pH and/or locations of reference stations within different 

watersheds.  For the Mary River Project, benchmarks were derived as summarized in Section 2.7.3.  

These benchmarks account for the naturally elevated metals in the Project area.  As a result, the 

ultimate effect size used in the power analysis was the difference between the station baseline mean 

and the benchmark.  To be conservative when creating the study design, a second effect size was 

added to act as an early warning flag.  The second effect size was determined to be halfway 

between the station mean and the benchmark value. 

Power analysis was completed for a subset of parameters in select areas within Camp Lake, 

Sheardown Lake NW, Sheardown Lake SE, Mary Lake, Mary River and Camp Lake 

Tributary (Appendices B and C).  Key stations were selected, which corresponded with the 

EEM near-field and far-field stations.  Parameters that were elevated in baseline sampling and 

expected to be most affected during mine operation were selected to provide conservative 

representations of other measured parameters. 

  



")

")

")

")

")

")")")

G0-09

L2-03

L1-09

L1-08
L1-02L0-01K0-01

J0-01

I0-01

G0-03

G0-01
F0-01E0-10

E0-03

D1-05D1-00

C0-05

C0-01

JL0-10JL0-01
JL0-02

JL0-09

BL0-01

BL0-03

BL0-05

BL0-04

BL0-09

BL0-06

G0-09-B

G0-09-A

DL0-02-7

DL0-02-3

DL0-01-4

DL0-01-2

DL0-01-1

DL0-01-7

DL0-01-5BL0-01-A

BL0-01-B

BL0-05-B

BL0-05-A

BL0-05-B4

CLT-REF3 (E2-08)

MRY-REF2 (S2-010)

CLT-REF4 (CV-006-1)

E0-21

E0-20

C0-10

JL0-07

DL0-02-6

DL0-02-8
DL0-02-4

DD-Hab 9-Stn 1

L1-05

CAMP LAKE

MARY RIVER

MARY RIVER

MARY LAKE

SHEARDOWN
LAKE

OPEN PIT

WASTE ROCK STOCKPILE a

a

a

a

a

a

a

a

ROM POND
(MS-08)

EAST POND
(MS-10)

WEST POND
(MS-09)

DISCHARGE LOCATION
(ORE STOCKPILE RUNOFF)

(MS-07)

24
0

200

280

320

360

400

440

16
0

480

520

56
0

60 0

6 4
0

680

20
0

240

20
0

320

560

640

240

560

560

640

16
0

240

240 200

48
0

280

560

600

24
0

200

60
0

44 0

16
0

52
0

480

560

320

480

32
0

44
0

56
0

560

600

552,000

556,000

560,000

564,000

568,000

572,000

7,904,000

7,908,000

7,912,000

7,916,000

7,920,000

REV DATE DESCRIPTION DESIGNED APP'DCHK'DDRAWN

AS0 27MAR'14 ISSUED WITH REPORT RAC RAC RAM

MARY RIVER PROJECT

BAFFINLAND IRON MINES CORPORATION

CREMP WATER QUALITY STATIONS

P/A NO.

REV

NB102-181/33 1
REF NO.

FIGURE 2.11S
AV

E
D

: I
:\1

\0
2\

00
18

1\
33

\A
\G

IS
\F

ig
s\

B
24

_r
2.

m
xd

; J
un

 2
6,

 2
01

4 
3:

50
 P

M
; a

si
m

ps
on

2

1 0 1 2 3 40.5 km

ò" >N

SCALE

LEGEND:

EXISTING TOTE ROAD

PROPOSED RAILWAY ALIGNMENT

PROPOSED CONSTRUCTION ACCESS ROAD

RIVER/STREAM/DRAINAGE

WATER

PROPOSED SITE INFRASTRUCTURE

WATER QUALITY CREMP STATION

NOTES:

1. BASE MAP:  © HER MAJESTY THE QUEEN IN RIGHTS OF CANADA, 
    DEPARTMENT OF NATURAL RESOURCES (2004).  ALL RIGHTS RESERVED.

2. COORDINATE GRID IS UTM (WGS84/NAD83) ZONE17.

3. CONTOUR ARE IN METRES.  CONTOUR INTERVAL VARIES.

4. LAKE SAMPLE LOCATIONS VARY SLIGHTLY DURING WINTER MONTHS DUE TO 
    ICE CONDITIONS.

5. INFRASTRUCTURE INFORMATION PROVIDED BY HATCH ON JANUARY 31, 2014.

MINE EFFLUENT FINAL DISCHARGE POINT")

")

L1-05

L2-03

L1-09

L1-02

L0-01
K0-01

JL0-10

JL0-01

JL0-02

200

240

WATERFALL/FISH BARRIER
(APROXIMATE HEIGHT 2.5 m)

")

SHEARDOWN
LAKE SE

D1-05
D1-00

C0-10

DL0-02-7

DL0-02-3

DL0-02-6

DL0-02-8
DL0-02-4

DL0-01-4

DL0-01-2

DL0-01-1

DL0-01-7

DL0-01-5
DD-Hab 9-Stn 1

200

240

280

160

320

360

200
240

SHEARDOWN
LAKE NW

L1-08

EXPLORATION CAMP

MINE
INFRASTRUCTURE

AREA

PROPOSED SITE INFRASTRUCTURE

CAMP LAKE

SWK1 30MAY'14 ISSUED WITH REPORT RAC RAC RAM

SUMMER DISCHARGE LOCATION OF TREATED SEWAGE EFFLUENT")

WINTER LAND DISCHARGE LOCATION OF TREATED SEWAGE EFFLUENT TO MARY RIVER")

SWK2 25JUN'14 ISSUED WITH REPORT RAC RAC RAM



BAFFINLAND IRON MINES CORPORATION 

 MARY RIVER PROJECT 

 

WATER AND SEDIMENT QUALITY 
REVIEW AND CREMP STUDY DESIGN 

36 of 77 NB102-181/33-1 Rev 2 

June 25, 2014 

 

Table 2.11 Water Quality CREMP Station Details 

Station ID 
Easting Northing 

Winter Spring Summer Fall Description/Rationale 
NAD83, Zone 17N 

Mary Lake (North Basin) 

BL0-01 554691 7913194 2 
 

2 2 North basin receiving water from Camp 

Lake BL0-01-A 554300 7913378 2 
 

2 2 

BL0-01-B 554369 7913058 2 
 

2 2 

Mary Lake (South Basin) 

BL0-03 552680 7906651 2 
 

2 2 Main basin receiving water from north 

basin BL0-04 553817 7904886 2 
 

2 2 

BL0-05 554632 7906031 2 
 

2 2 Mary Lake, southern basin near outlet 

of Mary River BL0-06 555924 7903760 2 
 

2 2 

BL0-05-A 554530 7906478 2 
 

2 2 

BL0-05-B 555034 7905692 2 
 

2 2 

BL0-09 554715 7904479 2 
 

2 2 Main basin between BL0-05 & BL0-06 

Mary River (D/S of SDL)  

C0-01 556305 7906894 
 

1 1 1 Mainstem, before outflow to Mary Lake 

C0-05
1
 558352 7909170 

 
1 1 1 Mainstem, d/s of mine 

C0-10 560669 7911633 
 

1 1 1 Mainstem, d/s Sheardown Lake outflow 

SDL-Trib 1 

D1-00 560329 7913512 
 

1 1 1 
Tributary D1 

D1-05 561397 7913558 
 

1 1 1 

Sheardown Lake NW 

DD-Hab 9-Stn1 560259 7913455 2 
 

2 2 Nearshore monitoring location  

DL0-01-1 560080 7913128 2 
 

2 2 Long-term lake monitoring 

DL0-01-2 560353 7912924 2 
 

2 2 

DL0-01-4 560695 7913043 2 
 

2 2 

DL0-01-5 559798 7913356 2 
 

2 2 

DL0-01-7 560525 7912609 2 
 

2 2 

Sheardown Lake SE 

DL0-02-3 561046 7911915 2 
 

2 2 Long-term lake monitoring 

DL0-02-4 561511 7911832 2 
 

2 2 

DL0-02-6 560756 7912167 2 
 

2 2 

DL0-02-7 560952 7912054 2 
 

2 2 

DL0-02-8 561301 7911846 2 
 

2 2 

Mary River (US of SDL) 

E0-03 562974 7912472 
 

1 1 1 Mainstem, u/s of Deposit 1 

E0-10 564405 7913004 
 

1 1 1 
Mainstem, u/s of Deposits No. 2 and 3, 

d/s of F0-01 

E0-20
1
 561688 7911272 

 
1 1 1 Mainstem u/s of trib E2 and d/s of 

ore/sewage discharge E0-21
1
 562444 7911724 

 
1 1 1 

F0-01 564483 7913015 
 

1 1 1 Mainstem tributary from east pond 

G0-01 564459 7912984 
 

1 1 1 Mainstem, u/s of F0-01 

G0-03 567204 7912587 
 

1 1 1 
Upstream, potential reference station 

within anticipated dust plume 

G0-09
1
 571546 7916317 

 
1 1 1 Upstream, potential reference station 

beyond anticipated dust plume G0-09-A 571264 7917344 
 

1 1 1 

G0-09-B 571248 7914682 
 

1 1 1 
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Station ID 
Easting Northing 

Winter Spring Summer Fall Description/Rationale 
NAD83, Zone 17N 

Camp Lake 

JL0-01 557108 7914369 2 
 

2 2 Long-term lake monitoring 

JL0-02 557615 7914750 2 
 

2 2 

JL0-07 556800 7914094 2 
 

2 2 

JL0-09 556335 7913955 2 
 

2 2 

JL0-10 557346 7914562 2 
 

2 2 

Camp Lake Tributaries 

I0-01 555470 7914139 
 

1 1 1 Tom River, below tote road  

J0-01 555701 7913773 
 

1 1 1 Outlet of Camp Lake 

K0-01 557390 7915030 
 

1 1 1 Drains to north region of Camp Lake 

Camp Lake Tributary 1 (CLT-1) 

L0-01 557681 7914959 
 

1 1 1 Mainstem tributary of CLT-1 

L1-02 558765 7915121 
 

1 1 1 Northern tributary of CLT-1, upstream 

of L0-01 L1-05 558040 7914935 
 

1 1 1 

L1-08 561076 7915068 
 

1 1 1 

L1-09
1
 558407 7914885 

 
1 1 1 Receives west pond outflow 

L2-03 559081 7914425 
 

1 1 1 Southern tributary of CLT-1 

Camp Lake Tributary Reference Areas 

CLT-REF3 (E2-

08)
1 

567004 7909174 
 

1 1 1 
Reference stream outside dust plume 

CLT-REF4 (CV-

006-1)
1 

568533 7907874 
 

1 1 1 

Mary River Reference Areas 

MRY-REF3 (S2-

020)
1
 

585407 7900061 
 

1 1 1 
Reference river outside dust plume 

MRY-REF2 (S2-

010)
1
 

570650 7905045 
 

1 1 1 

Reference Lakes 

TBD 
    

12 12 
 

Duplicates 
  

5 3 9 9 26 

TOTAL 
  

57 31 101 101 290 

NOTES: 

1. STATIONS INCLUDED IN THE EEM PROGRAM.    

2. LAKE STATIONS REQUIRE SHALLOW AND DEEP SAMPLES (N=2 PER SEASON).    

    

Power analysis was completed based on all the existing data, and is expected to be revisited after 

completion of additional baseline sampling in 2014.  The 2014 baseline sampling will occur 

concurrently with construction, but prior to mine-related effluent or ore dust emissions.    

At certain stations, combining analysis of data from stations with similar effluent additions may be 

required to achieve sufficient power.  Using this method, data is combined together but remains 

attributed to a station.  In this way, variability between stations and between impact areas and 

reference areas can be quantified.  This approach increases power, while considering the variability 

that might occur between stations.  During statistical analysis, the following stations are expected to 

have similar effluent concentrations and therefore similar station mean and variability values: 

 BL0-01, BL0-01-A and BL0-01-B 

 BL0-05 and BL0-05-A 
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 L1-09 and additional station 

 Stations within Camp Lake 

 Stations within the Sheardown Lake SE 

2.7.5 Sampling Frequency and Schedule 

Environment Canada (2012) specifies that four samples collected over a 12-month period from the 

same exposure and reference locations is the minimum amount of sampling required to detect 

differences in median values between exposure and reference stations.  As described above, a 

power analysis was completed based on the effect sizes calculated using average 

baseline pre-mining data and benchmarks.  To ensure a conservative study design, several actions 

were taken. For instance, the power analyses were completed based on an early warning 

flag (difference between measured baseline and 50% of AEMP benchmark). 

The following sampling frequencies are recommended for each of the different programs: 

 Lakes - three sampling events in each available season (winter, summer and fall) during the first 

three years of mine operation are expected to have adequate power to detect the early warning 

flag concentrations for lake data.  

 Streams - four samples (one set of seasonal samples) per year is likely adequate for most 

parameters to determine significance.   

Sampling will be conducted annually during the initial years of operation but sampling frequency will 

be evaluated regularly (i.e., each year) to determine if modifications are warranted. The sampling 

frequency and schedule will be evaluated after three years of monitoring. 

2.7.6 Quality Assurance/Quality Control 

A strict QA/QC program is in place to ensure that high quality and representative data are obtained 

in a manner that is scientifically defensible, repeatable and well documented.  This program aims to 

ensure that the highest level of QA/QC standard methods and protocols are used for the collection of 

all environmental media samples.  Quality assurance is obtained at the project management level 

through organization and planning, and the enforcement of both external and internal quality control 

measures.  The following lists summarize the QA/QC procedures and practices being followed: 

 Internal Quality Control: 

o Staffing the project with experienced and properly trained individuals 

o Ensuring that representative, meaningful data are collected through planning and efficient 

research 

o Using standard protocols for sample collection, preservation, and documentation 

o Calibrating and maintaining all field equipment 

o Collecting duplicate, blank, filter and travel blank samples for submission for analysis 

(approximately 10% of overall samples) 

o External Quality Control: 

o Employing fully accredited analytical laboratories for the analysis of all samples 

o Determining analytical precision and accuracy through the interpretation of the analysis 

reports for the blind duplicate, blank, filter and travel blank samples 
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The field sampling protocols being applied to the water (and sediment) quality programs are 

presented in Appendix A.  

The quality of the data obtained for a project is assessed via their adherence to the pre-set data 

quality objectives (DQOs).  DQOs provide a means of assessing whether the data in question are 

precise, accurate, representative, and complete.  The results from QA/QC samples are reviewed to 

determine if sample contamination occurred.  These data are further used to determine if the 

contamination occurred during collection, handling, storage, or shipping.  Upon receipt from the 

laboratory, the data are uploaded into EQWin® along with copies of field notes, photos, 

Sample Receipt Confirmations, Microsoft Excel data, and Certificates of Analysis. 

2.7.7 Study Design and Data Analysis 

The purpose of effluent characterization and water quality monitoring is to answer the question:  

“What is the estimated mine-related change in contaminant concentrations in the exposed area?”  

To answer this question, the study has been designed to test the following three hypotheses: 

 Null hypothesis: Change over time is the same for exposure and reference stations.  Alternate 

hypothesis:  Data from exposure stations is statistically different from data measured at 

reference stations. 

 Null hypothesis: Difference between exposure and reference stations is due to natural 

environmental variation.  Alternate hypothesis: Difference in exposure and reference station is 

due to mine effects. 

 Null hypothesis:  Magnitude of concentrations at the reference station does not exceed 

the benchmark.  Alternate hypothesis: Magnitude of concentrations at the reference station 

exceeds the benchmark.   

Environment Canada (2012) does not explicitly define the program design required to monitor effects 

to water quality.  Environment Canada does specify that: 

 Comparisons between reference and exposure stations should identify parameters for which 

there are differences.  This approach is consistent with a Control-Impact (CI) approach to 

design.   

 If logistically possible, samples of effluent and water for reference and exposure stations be 

collected on the same day or in as close succession as possible.  This implies paired sampling.   

 If there is adequate pre-mining data in the exposure area, then this data may be used a basis for 

comparison to determine post-mining effects.  This provision suggests comparison of 

concentrations before and after disturbance (BA design). 

With federal EEM monitoring guidance in mind, and following guidance from INAC (2009) 

and peer-reviewed scientific journal articles (Green, 1979; Underwood, 1992; Smith, 2002), the 

selected program design framework is a BACI design.  The BACI design addresses each of the 

three points above.  A BACI design compares changes over time at exposure and control stations, 

while considering natural variation that may occur over this same time period.  With this Project, the 

historical pre-mining data has already been collected for exposure and reference stations.  

Post-mining data at the exposure stations and reference stations would then be collected during 
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mine operations.  The BACI design will be used to detect changes in mean concentration with 

respect to the selected benchmarks, as per the assessment framework (Section 2.7.8).   

A BACI design is good for assessing large short term changes and is a natural starting point for long 

term monitoring.  A BACI design compares the baseline mean to the post-mining mean, which 

ignores time trends in the post-mining data. While this is reasonable for the initial mining period, long 

term temporal trends require adjustments to the statistical analyses that consider the rate of change 

over time.   

2.7.8 Assessment Framework 

Monitoring data will be assessed during each year of monitoring and would follow the assessment 

framework as outlined in Figure 2.12 and described below.  

2.7.8.1 Step 1: Initial Data Analysis 

Initial data analysis will involve following specific data management and monitoring protocols in the 

handling and initial comparison of data.  These protocols are in accordance with the conceptual 

sampling approach defined in Figure 2.12. 

Data Input and Storage 

Following data collection, and upon receipt of the laboratory reports, data will be entered into the 

Project EQWin® database.  The EQWin® Software was developed for collecting, analyzing, storing 

and interpreting sample data from environmental monitoring programs.  All environmental data will 

be stored in EQWin® to expedite quality assurance/quality control and all subsequent analyses. 

Initial Data Analysis including Outlier Assessment 

The initial data analysis will include the following:  

 Completion of summary statistics for  parameters sampled (average, median, maximum, 

minimum, quartiles) 

 Flagging of values greater than the defined benchmark values  

 Flagging of values at or exceeding the mid-point between the baseline mean and the benchmark 

 Evaluating temporal changes in the data by season 

The initial data analysis will include an outlier assessment after data entry and the completion of 

quality assurance and quality control steps. An outlier assessment is completed after each round of 

sampling to ensure data anomalies are identified early. If necessary, the laboratory can be contacted 

to re-analyze samples.  Any identified outliers will be investigated to ensure no data integrity issue 

exists.  For example, duplicate and blank samples will be assessed along with any holding time 

exceedances.  If no evidence exists to discard data, then the data will remain in the dataset but be 

flagged for future consideration. 

  


