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Executive Summary 
On October 31, 2013, a release of water and sediment from an onsite water containment pond 
occurred at the Obed Mountain Mine located near Hinton, Alberta.  The containment pond held 
surface and process water, and solids from the coal washing process.  When the incident occurred, 
approximately 670,000 cubic metres of water and sediment was released.  The flood waters flowed 
down slope to Apetowun Creek, Plante Creeks and ultimately to the Athabasca River.   

On November 19, 2013 Alberta Environment and Sustainable Resource Development issued 
Environmental Protection Order No. EP0-2013/34-CR, as amended, to Coal Valley Resources Inc. and 
Sherritt International Corporation (the “EPO”).  Clause 14 of the EPO required the Mine to complete 
an assessment of the impacts to Apetowun Creek, Plante Creek and the Athabasca River.   

The flood water caused damage to standing timber, surficial soils and to the bed and banks of 
Apetowun Creek.  As it moved down slope, the water and solids picked up additional naturally 
occurring materials from the creeks and surrounding terrain.  The heavier particles of solids settled 
within the headwaters of the Apetowun Creek while finer particles were carried onward to Plante 
Creek and the Athabasca River.  Measures to remediate the impact of the incident have been 
undertaken, including: the construction of four sediment traps along Apetowun Creek; the recovery 
of deposited sediment; the management of downed timber; the rehabilitation of damaged sections of 
Apetowun Creek; the installation of erosion control materials; and the revegetation of damaged areas. 

The assessment of terrestrial resources affected by the incident has indicated that the most significant 
impact is found within the upper 5 km of Apetowun Creek.  It is predicted that the soil remaining in 
place within the upper 5 km of Apetowun Creek will provide a suitable growing medium for the 
establishment of vegetation and subsequent restoration of wildlife habitat.  Re-vegetation and weed 
control measures will assist vegetation recovery and natural succession of native plant species to 
communities comparable to pre-disturbance conditions.  Wildlife surveys undertaken to date have 
confirmed the presence of local populations of large mammals, medium sized carnivores, hares and 
rodents in the area impacted by the incident.   

Studies of aquatic environments indicated incident related impacts on fish and fish habitat (including 
substrates, periphyton and invertebrate communities) in upper Apetowun Creek, and measurable but 
more minor effects on fish and fish habitat in lower Plante Creek.  Stabilization and partial recovery of 
fish habitat characteristics were evident in these creeks between spring and fall 2014.  Effects of the 
release on the upper Athabasca River were less clearly indicated, although sentinel-species monitoring 
suggested reduced food availability or energy storage by small-bodied fish downstream of Plante 
Creek, which could be related to effects of the release.  No residual, measurable effects of the release 
on water quality or sediment quality (judged by the frequency and distribution of exceedances of 
environmental quality guidelines) were indicated in Obed area creeks or the Athabasca River, 
including in far-field areas of the Athabasca River.  
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1.0 INTRODUCTION 

On October 31, 2013 a release of water and sediment from an onsite water containment pond occurred 
at the Obed Mountain Mine (“Obed” or “Mine”) located near Hinton, Alberta (Figure 1.0-1).  The 
Mine produced export quality thermal coal that is beneficiated through a washing and drying 
process.  The containment pond held surface and process water, and solids from the washing process.  
No chemicals are used in the process, except for flocculants that settle out the solid material from the 
water.  When the incident occurred, approximately 670,000 cubic metres of water and sediment was 
released.  The flood waters flowed down slope to Apetowun Creek, Plante Creeks and ultimately to 
the Athabasca River.  

On November 19, 2013 Alberta Environment and Sustainable Resource Development ("ESRD") issued 
Environmental Protection Order No. EP0-2013/34-CR, as amended ("EPO") to Coal Valley Resources 
Inc. (CVRI) and Sherritt International Corporation.  Oversight of the EPO transferred from ESRD to 
the Alberta Energy Regulator ("AER") in March 2014.  In April 2014 Westmoreland Coal Company 
acquired Sherritt International’s coal mining operations, which included the Obed Mountain Mine.   

1.1 Environmental Protection Order Requirements 

The required the Mine to complete an assessment of the impacts to Apetowun Creek, Plante Creek 
and the Athabasca River.  Clause 15(b) of the EPO, reproduced below, required the Mine to prepare a 
“Final Impact Assessment Report”.   

15. The Parties shall submit to the Director the following impacts assessment reports, which shall 
include: all data collected (including references to data collection locations), including all 
observations, data interpretation and conclusions regarding the impacts to receptors and habitats 
from the release of mine wastewater as identified during implementation of the Impacts 
Assessment Plan:   

b.  By May 16, 2014, a final report on all visual observations and all data recorded and collected, 
including final data interpretations and conclusions (the "Final Impacts Report"). 

The Impact Assessment Plan was submitted to ESRD on December 17, 2013.  As required in the EPO, 
a Final Impact Assessment Report was submitted in May 2014 but data collection and monitoring 
continued throughout 2014 and into 2015.  This “2014 Impact Assessment Report” has been 
completed as an update to the previous assessment report. 

This 2014 Impact Assessment Report provides a comprehensive assessment of all aquatic and 
terrestrial resource data collected since the release occurred up to approximately December 31, 2014.  
In some instances, data to February 1, 2015 has been incorporated into the assessment.  Additional 
details concerning the methodology utilized can be found in other documents submitted as required 
in the EPO such as: 
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• the Impact Assessment Plan; 

• the Immediate and Short-Term Sampling and Monitoring Plan 

• the Long-Term Sampling and Monitoring Plan (LTSMP); and 

• the Fish Monitoring Plan (FMP). 

1.2 Incident Summary 

The Obed Mine Green Pit contained surface and process water, and solids from the coal washing 
process.  When the incident occurred, approximately 670,000 cubic metres of water and sediment was 
released down slope.  The release contained water, clay, silt or mud, shale and coal fines.  The 
material released flowed from the Green Pit to the Main Tailings Pond (MTP) where it overtopped the 
dam and flowed down slope to Apetowun Creek, Plante Creek and ultimately into the Athabasca 
River. 

As it moved down slope, the water and solids picked up additional natural materials from the creeks 
and surrounding terrain.  Apetowun Creek was impacted as a result of the volume and velocity of 
water.  The heavier particles of solids settled within the headwaters of Apetowun Creek while finer 
particles were carried onward to Plante Creek and the Athabasca River.  The flood water caused 
damage to standing timber, surficial soils and to the bed and banks of Apetowun Creek.   

Immediately following the incident, a reconnaissance biophysical survey was undertaken to identify 
the area potentially impacted as water flowed from the MTP along Apetowun Creek and Plante Creek 
and ultimately into the Athabasca River.  Field surveys were divided into three zones of impact based 
on the distance from the MTP and degree of physical impact to the terrestrial environment.  These 
zones comprise the “Inundation Zone” (Figure 1.2-1) and were defined as follows: 

• Zone 1 is closest to the incident site and extends approximately 5 km downstream.  Impacts in 
Zone 1 include deposited solids, vegetation removal and substantial erosion of Apetowun 
Creek bed and shore. 

• Zone 2 begins approximately 5 km downstream of the incident site to approximately 17 km 
downstream.  Zone 2 displays an area of effect where vegetation is largely intact.  The 
influence of erosion is limited to several small areas of bank erosion and pockets of deposited 
solids.  In places where the creek overtopped the banks, deposition was found. 

• Zone 3 extends from the confluence of Apetowun Creek and Plante Creek to the Athabasca 
River.  Very little visible effects to vegetation resources are present within Zone 3.  Solids 
deposits of highly variable thickness were found near the confluence of Apetowun Creek and 
Plante Creek and at the confluence with the Athabasca River. 
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It was determined that the most significant impact occurred in the upper 5 km of Apetowun Creek, 
within Zone 1.  Within Zone 1 there was a smaller area of disturbance where there was sufficient force 
generated by the flow of water to remove timber.  This smaller area is shown as the Disturbance Area 
on Figure 1.2-1.  Aerial photos showing the change in the landscape that occurred due to the incident 
are provided in Figure 1.2-2. 

There were four main areas where the impact to the terrestrial and aquatic resources along Apetowun 
Creek and Plante Creek were most visible: 

• the DX Road crossing where the embankment acted as a low dam and slowed the flood 
advance enough for sediment to become deposited (within Zone 1); 

• the upper area of accumulation located approximately 740 m upstream of the DX Road 
Crossing where uprooted timber temporarily held up the flood advance allowing the 
deposition of some sediment and timber (within Zone 1); 

• the lower area of accumulation located approximately 885 m downstream of the DX Road 
Crossing where the force of flowing water had dissipated enough that the standing timber 
held and solid material accumulated (within Zone 1); and 

• the Delta at the confluence of the Athabasca River and Plante Creek where the flow of water 
slowed sufficiently to allow to sediment to deposit (within Zone 3).  

These four areas were the focus of remedial measures undertaken soon after the incident (as per EPO 
Clause 2) or undertaken as part of the Solids Recovery Plan (EPO Clause 6).  The remedial measures 
undertaken have included: 

• the construction of four sediment traps;  

• the recovery of deposited sediment; 

• the management of downed timber; 

• the rehabilitation of damaged sections of Apetowun Creek; 

• the installation of erosion control materials; and 

• the revegetation of damaged areas. 
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2.0 CONCEPTUAL BASIS OF EFFECTS ASSESSMENT 

2.1 Source Characterization 

The material released during the incident originated at the Green Pit containment pond located on the 
Mine.  This pit contained surface and process water, and solids from the washing process.  When the 
incident occurred, water was released down slope.  As the water moved down slope it mobilized 
other naturally occurring material that then became part of the source material that could potentially 
impact terrestrial and aquatic resources.  Depending on the location under assessment the Source 
Material could potentially include: 

• surface and process water; 

• flocculant utilized in the water management processes; 

• ash, processed coal, and coal from the Mine area; 

• solids from the coal washing process that are found in the containment ponds; and 

• soil mobilized from the pond berms, channel along Apetowun Creek, etc. 

To characterize the Source Material, water samples were taken from the Green Pit, the Spillway and 
the MTP (Figure 2.1-1).  Samples were submitted to ALS Environmental Laboratories in Edmonton 
and the following analyses were requested: 

• total suspended solids (TSS) & turbidity; 

• inorganics; 

• general chemistry; 

• metals; and 

• petroleum hydrocarbons. 

In addition, to assist in understanding the nature of the solids that were deposited on the surface or 
entered the Athabasca River, an extensive soil and solids sampling program was undertaken.  This 
assessment included sampling of solids that could make up part of the Source Material, solids found 
deposited along the banks of Apetowun Creek and underlying soil material.  Soil and solids 
investigations were undertaken in November 2013, January-March 2014 and June 2014.  A total of 
152 inspection sites have been recorded and 335 samples were collected.  The locations of sampling 
sites are shown on Figure 2.1-2 and listed in Appendix 2.1A. 

All samples were submitted to ALS Environmental Laboratories in Edmonton and the following 
analyses were requested: 

• Organics analysis: 



  
 Coal Valley Resources Inc. 
 2014 Impact Assessment Report 
 May 29, 2015 
 

Page 25 

• Polycyclic Aromatic Hydrocarbons;  

• Petroleum Hydrocarbons; 

• Gravimetric Heavy Hydrocarbons; and 

• Total Organic Carbon. 

• Inorganic analysis: 

• Metals by ICPMS; 

• VI Chromium; 

• Hot Water Soluble Boron; 

• Barium; 

• Mercury; 

• Detailed salinity; and 

• Particle Size Analysis. 

This characterization of the Source Material was taken into consideration when developing the 
Impact Assessment Plan and assessing the potential impacts of the incident on aquatic and terrestrial 
resources.   

2.1.1 Surface and Process Water 

Within the Mine, containment ponds located throughout the site are used to manage surface water 
from rainfall, snowmelt events and intercepted groundwater.  Water from several containment ponds 
was used in coal processing to assist in the separation of the coal from the rock material.  The waste 
material and water were then returned to the containment ponds and the water was recycled.  In 
some instances during the operation of the Mine, water from the containment ponds was required to 
be released offsite.  These releases are an approved activity within Obed’s Environmental Protection 
and Enhancement Act (EPEA) Approval No. 10119-02-00 (the "Approval") and are subject to regular 
sampling and monitoring.   

Since the incident, water samples have been taken from the Green Pit, Spillway and the MTP 
(Figure 2.1-1).  For the purpose of initial screening, the analytical results were compared to the Alberta 
Tier 1 Soil and Groundwater Remediation Guidelines (ESRD 2014a), the Canadian Water Quality Guidelines 
for the Protection of Aquatic Life (CCME 2007), and the Environmental Quality Guidelines for Alberta 
Surface Waters (ESRD 2014c).  Frequency of exceedances of these guidelines are outlined in Table 2.1-1.  
A summary of the laboratory analysis is included in Appendix 2.1B.  
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Table 2.1-1 Number of Samples of Surface Water from the Green Pit, MTP and Spillway 
Exceeding Guidelines. 

Parameter 
AB Tier 1 GW (Fine 
Soils, Natural Area) 

CWQG Aquatic 
Life 2014 

ESRD Aquatic Life 2014 

Ammonia NG 6 6 

Nitrate (as N) 1 1 1 

Nitrite (As N) NG 1  

Sulphides 4 NG 4 

Total Dissolved Solids 7 NG NG 

Iron (dissolved) 2 2 2 

Manganese (dissolved) 4 NG NG 

Selenium (dissolved) 4 4 4 

Arsenic (total) 6 6 6 

Barium (total) 4 NG NG 

Cobalt (total) NG NG 6 

Copper (total) 6 NG 6 

Iron (total) 10 10 10 

Manganese (total) 9 NG NG 

Selenium (total) 8 8 8 

Silver (total) 6 6 6 

Sodium (total) 1 NG NG 

Thallium (total) NG 3 3 

Uranium (total) 4 4 4 

Zinc (total) 6 6 6 

Note: BOLD represents most stringent guideline value. NG – No Guideline for that parameter. 
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2.1.2 Flocculant 

The flocculant that was recently used at the Mine is an anionic polyacrylamide-based product.  CVRI 
has undertaken an evaluation of flocculant use at the Mine which is included in Appendix 2.1G.   

The environmental and toxicological properties of flocculant products vary by formulation but as a 
class they are considered to be non-toxic to humans.   

The potential concern related to toxicity of flocculant products is the presence of residual acrylamide 
in the flocculant product.  Acrylamide is the monomer that is used to manufacture polyacrylamide.  
Unlike polyacrylamide, acrylamide can be highly toxic.  However, potential concentrations of 
acrylamide in water treated with flocculant products (estimated < 10 ppb) would be well below 
acrylamide concentrations present in most fried foods such as potato chips (150 to 4,000 ppb) 
(Simonne 2013).  Based on the published estimates of concentrations, residual acrylamide is not 
considered to be a concern when considering potential toxicity of polyacrylamide flocculant products.   

The potential toxicity of polyacrylamide flocculants to fish and other aquatic life is highly dependent 
on whether the flocculant polymer is present in water as dissolved molecules (unbound flocculant) or 
whether the flocculant is bound to particulates.  Once flocculant molecules are bound to particles and 
have settled, the polymer strands will remain fixed and no longer present a noteworthy risk to 
aquatic life (AWR 2009).  Therefore, a distinction must be made between the potential aquatic toxicity 
studies of flocculant products in dissolved, unbound form and the potential toxicity flocculant 
reagents that have been added to water and have attached to suspended solids.  The majority of 
flocculant polymers used during the normal operation of a water treatment system will quickly attach 
to suspended particles and form floc.  Therefore, the potential concern for aquatic life toxicity is 
limited to upset conditions that cause an overdose of flocculant to clean water for an extended period 
of time.  The Mine uses Best Practices for dosing of flocculant.  The probability that any unbound 
flocculant would have reported to Apetowun Creek, Plante Creek or the Athabasca River is 
effectively zero.   

2.1.3 Ash and Coal 

The coal processing plant utilized a coal-fired dryer as part of the finishing process.  The process 
contributed small quantities of ash to the waste stream.  Two samples of ash, one sample of coal and 
one sample of processed coal from the plant were taken.  As a screening tool, the analyses were 
compared to the Alberta Tier 1 Soil and Groundwater Remediation Guidelines (ESRD 2014a).  Exceedances 
of the Alberta Tier 1 guidelines are identified in Table 2.1-2.  Alberta Tier 1 Guideline exceedances 
were found for barium, leachable boron, PAHs (anthracene, fluoranthene, naphthalene, phenanthrene 
and pyrene), and volatile organic compounds (VOCs) (benzene and ethylbenzene).  Reaction of the 
ash was very alkaline.  Laboratory results are provided in Appendix 2.1C.   
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Table 2.1-2 Number of Samples of Ash and Coal Exceeding Guidelines. 

Parameter 
Number of Samples 
Exceeding Guideline 

Alberta Tier 1 Guideline 

Barium 2 Fine soils, Natural Area 

Boron (Hot Water Extractable) 3 Fine soils, Natural Area 

Anthracene 4 Fine soils, Natural Area 

Fluoranthene 3 Fine soils, Natural Area 

Naphthalene 3 Fine soils, Natural Area 

Phenanthrene 3 Fine soils, Natural Area 

Pyrene 2 Fine soils, Natural Area 

Benzene 2 Fine soils, Natural Area 

Ethylbenzene 2 Fine soils, Natural Area 

pH 2 Fine soils, Natural Area 

2.1.4 Pond Sediments 

To assess the potential for impact, solids (pond sediments) from points of release (Green Pit and MTP) 
were sampled.  Four samples were taken from the MTP and four samples were taken from the Green 
Pit.  Exceedances of the Alberta Tier 1 Soil and Groundwater Remediation Guidelines are identified in 
Table 2.1-3.  Samples from both MTP and Green Pit showed exceedance for PAHs such as anthracene, 
fluoranthene, naphthalene, phenanthrene and pyrene.  Guideline exceedances for barium were also 
found, and in one sample from Green Pit an exceedance for leachable boron was found.  Laboratory 
results along with figures showing the location of exceedances are provided in Appendix 2.1D. 
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Table 2.1-3 Number of Pond Sediments Samples Exceeding Guidelines. 

Parameter 
Number of Samples 
Exceeding Guideline 

Alberta Tier 1 Guideline 

Barium 5 Fine soils, Natural Area 

Boron (Hot Water Extractable) 1 Fine soils, Natural Area 

Anthracene 6 Fine soils, Natural Area 

Fluoranthene 5 Fine soils, Natural Area 

Naphthalene 8 Fine soils, Natural Area 

Phenanthrene 7 Fine soils, Natural Area 

Pyrene 7 Fine soils, Natural Area 

pH 1 Fine soils, Natural Area 

2.1.5 Deposited Solids Origin 

As the water flowed from the Green Pit to the MTP and ultimately along the Apetowun Creek to the 
Athabasca River, there was a potential for soil and solids from these areas to become mobilized.  To 
assess the quality of these potentially mobilized materials, samples were taken from: 

• area between Green Pit and MTP (including deposited material); 

• the MTP berm; and 

• sides of erosion channels and eroded stream banks. 

In total, 20 samples were collected from these locations.  Exceedances of the Alberta Tier 1 Soil and 
Groundwater Remediation Guidelines are identified in Table 2.1-4.  Laboratory results along with figures 
showing the location of exceedances are provided in Appendix 2.1E. 

Samples collected from between Green Pit and the MTP showed an exceedance for barium, selenium 
and boron.  A majority of samples collected from the area between Green Pit and the MTP and MTP 
berm showed exceedances for PAHs such as anthracene, fluoranthene, naphthalene, phenanthrene 
and pyrene.  One sample collected from the erosion channel below the MTP berm showed 
exceedances for leachable boron and PAHs such as fluoranthene, naphthalene, phenanthrene and 
pyrene. 
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Table 2.1-4 Number of Samples from Area of Solids Origin Exceeding 
Guidelines. 

Parameter 

Number of 
Samples 

Exceeding 
Guideline 

Alberta Tier 1 Guideline 

Barium 3 Fine soils, Natural Area 

Selenium 1 Fine soils, Natural Area 

Boron (Hot Water 
Extractable) 

3 Fine soils, Natural Area 

Anthracene1 4 Fine soils, Natural Area 

Fluoranthene 9 Fine soils, Natural Area 

Naphthalene 8 Fine soils, Natural Area 

Phenanthrene 6 Fine soils, Natural Area 

Pyrene 10 Fine soils, Natural Area 

pH 2 Fine soils, Natural Area 

Chromium (VI)1 0 Fine soils, Natural Area 

Ethylbenzene 1 Fine soils, Natural Area 

1 In 1 sample, the detectable limit was above the guideline. 

2.1.6 Deposited Material (Solids) 

A total of 47 samples of the deposited material (solids) released during the incident have been 
collected.  Exceedances of the Alberta Tier 1 guidelines (ESRD 2014a) are identified in Table 2.1-5.  
Laboratory results along with figures showing the location of exceedances are provided in 
Appendix 2.1F. 

No exceedances of metal guidelines were found in the deposited solids that were analyzed except for 
one site where selenium marginally exceeded the Alberta Tier 1 Guideline (1.03 mg/kg vs. 1 mg/kg) 
and one site were a boron exceeded guidelines.   

Alberta Tier 1 Guideline exceedances were found in some samples for PAHs such as anthracene, 
fluoranthene, naphthalene, phenanthrene and pyrene.   
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Table 2.1-5 Number of Deposited Solids Samples Exceeding Guidelines. 

Parameter 
Number of Samples 
Exceeding Guideline 

Alberta Tier 1 Guideline 

Selenium 1 Fine soils, Natural Area 

Boron (Hot Water Extractable) 1 Fine soils, Natural Area 

Anthracene 2 Fine soils, Natural Area 

Fluoranthene 10 Fine soils, Natural Area 

Naphthalene 3 Fine soils, Natural Area 

Phenanthrene 11 Fine soils, Natural Area 

Pyrene 11 Fine soils, Natural Area 

2.2 Post Release Hydrology 

Hydrologic data provide information on transport capabilities of dissolved and suspended materials 
such as sediments, nutrients, and pollutants.  Hydrometric time series can provide data for assessing 
fluxes of these materials.  Hydrometric statistics can provide information on biotic habitat availability 
and suitability, and potential flood and drought magnitudes and frequencies. 

A comprehensive surface water quantity monitoring program was initiated in Apetowun Creek and 
Plante Creek beginning in November 2013.  In addition, flow data for the Athabasca River near the 
study area were obtained and analyzed.  The closest Water Survey of Canada (WSC) station to the 
study area is the 'Athabasca River at Hinton’ (Station 07DA002). This station is located on the 
Athabasca River approximately 32 km upstream of Plante Creek.  The WSC reports that the 
07AD002 gross drainage area is 9,765 km2 (WSC 2015).  Glaciers cover 5.4% of the watershed 
(525.5 km2).  

Hydrometric data from the 2014 water year (November 2013 to October 2014) and 2014 calendar year 
(January to December) were compared to the long-term discharge record from this station (1961-2013) 
and are presented in the following section.  Detailed field and analysis methods and raw data are 
presented in Appendix 2.2A. 

2.2.1 Apetowun Creek and Plante Creek 

Figure 2.2-1 presents the locations of hydrology stations with detailed descriptions provided in 
Section 3.1.2.1.  All stations correspond to a previously established near-field sampling location.  The 
APC, APC-DS, PLC-US, and PLC-DS2 hydrographs for their respective monitoring periods are shown 
in Figure 2.2-2 through Figure 2.2-5.  The APC-DS station was set up in early July 2014, and much of 
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its hydrograph is composed of modeled data (Figure 2.2-3).  Discharge was consistently highest at 
PLC-DS2; this site has the largest upstream watershed area of any monitored stream (Figure 2.2-5). 

2.2.2 Athabasca River 

Athabasca River at Hinton discharge data from the 2014 calendar and water years (WY; November to 
October) are preliminary and are subject to change by the WSC.  Historic discharge and unit yield 
time series are composed of the maximum, minimum, quartiles, and median for each day of record 
(Figure 2.2-6).  The historic record spans 1961 to 2013 (WSC 2015).  For cumulative unit yield and 
runoff, only median and quartiles are shown, as presenting daily minima and maxima would not be 
informative. 

Over the winter of 2013-2014, flow magnitudes were low, but were often greater than the historic 
75th percentile (Figure 2.2-6).  The minimum seven-day low flow of 35 m3/s occurred on 
January 31, 2014.  Flows began to increase sharply in mid-May, 2014 when air temperatures increased 
above freezing, likely causing snowmelt at lower watershed elevations. 

The initial rise in discharge in the third week in May, 2014 was historically large.  Flow briefly 
exceeded the historic upper quartile (Figure 2.2-6), and almost exceeded the historic maximum on 
May 25, 2014.  This initial peak was not exceeded for another month, when peak water year discharge 
of 618 m3/s occurred on June 26, 2014.  Peak flow occurred slightly later than normal, and was slightly 
higher than normal.  Peak flow of the median historic time series occurs on June 24, with a discharge 
of 523 m3/s.  

Following freshet, discharge generally decreased until the end of the water year, with the exception 
small short-lived runoff events.  A runoff event occurred in late September, 2014 when discharge rose 
above this historic upper quartile.  Other than this event, flows in the autumn of 2014 were generally 
between historic flow interquartiles. 

The 2014 water year runoff was 544 mm, and the volume of water discharged was 5.3 x 109 m3 
(Figure 2.2-6).  Overall, this was very close to a normal water year in terms of water volume.  The 
median runoff is 529 mm, and the median volumetric outflow is 5.2 x 109 m3. 
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Figure 2.2-2 Measured and modelled daily average discharge at APC (2014) 

 

 
Figure 2.2-3 Measured and modelled daily average discharge at APC-DS (2014) 
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Figure 2.2-4 Measured and modelled daily average discharge at PLC-US (2014)  

 

 

Figure 2.2-5 Measured and modelled daily average discharge at PLC-DS2 (2014) 
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2.2.3 Inter-Site Comparisons and Hydrometric Indices 

Among study area watersheds, discharge magnitudes and volumetric outflow were generally 
lowest in APC, the station with the smallest upstream watershed area, and highest in PLC-DS2, 
the station with the highest watershed area (Figure 2.2-7; Table 2.2-1). 

From a unit yield perspective, flows per unit area were highest in Apetowun Creek during 
short-lived, but high magnitude, discharge events (Figure 2.2-7).  High unit yield led to high 
runoff; runoff at APC was highest of any monitored site in the study area.  APC is the highest 
elevation watershed in the study area, and its hydrograph is the flashiest.  The October 2013 
incident occurred in the APC watershed and flooding transported vegetation and soil.  This 
would reduce interception and retention, and increase the runoff ratio (the fraction of runoff to 
water inputs, typically precipitation and snowmelt).  Finally, water released from the MTP 
could have increased unit yield relative to other monitored rivers in the study area. 

Table 2.2-1 Hydrometric statistics for the four study area hydrometric stations and the 
Athabasca River at Hinton (using daily average time series from March 18 to 
December 31, 2014) 

Hydrometric 
Station 

Upstream 
Drainage 

Area 
(km2) 

Volumetric 
Outflow 

(m3) 

Runoff 
(mm) 

Discharge (m3/s) 

Mean Median Maximum Minimum 
7-day 
Low 
Flow 

APC 11.8 1.46 x106 123.4 0.059 0.026 0.987 0.000 0.003 

APC-DS 26.6 2.99 x106 112.4 0.120 0.088 0.615 0.017 0.021 

PLC-US 58.3 3.76 x106 64.7 0.148 0.078 1.229 0.022 0.016 

PLC-DS2 162.1 1.44 x107 88.9 0.573 0.308 4.772 0.011 0.032 

07DA002 9,765 5.17 x109 529.5 207.0 140.0 618.0 32.2 40.3 

The Athabasca River at Hinton has a very different hydrologic regime compared to study area 
watersheds (Figure 2.2-6, Figure 2.2-7; Table 2.2-1).  In particular, daily discharges and 
volumetric outflow are higher, the date of peak flow is delayed, and runoff amounts are higher.  
Flows are sustained throughout the year due to the large upstream area; however, even unit 
yield is consistently higher than in study area streams, except during freshet.  
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These differences are likely due to: 

• Glacier coverage in the 07AD002 watershed.  Glacial melt would contribute meltwater to 
the Athabasca River in summer.  By contrast, in the study area, after snowmelt, runoff is 
only contributed by rainfall events and baseflow.  

• A larger landmass would delay discharge responses (for example, the timing of peak 
flow) by increasing the time of concentration. 

• Much of the “Athabasca at Hinton” catchment is higher than study area watersheds.  
Orographic enhancement of precipitation would result in more precipitation and more 
runoff.  Runoff in higher elevations of the watershed would be delayed, contributing to 
the delayed peak flow. 
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Figure 2.2-6 Athabasca River at Hinton (Station 07AD002) daily discharge and hydrometric 

statistics for the 2014 water year, with historic (1961-2013) median, quartiles, 
maxima, and minima.   
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Figure 2.2-7  Discharge, unit yield, cumulative volumetric outflow and runoff at the four 

Study Area hydrometric stations and the Athabasca River at Hinton.  
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2.3 Potential Effects 

The assessment of the potential effects of the incident takes a traditional impact assessment 
methodology with additional considerations appropriate to the unexpected nature of the 
release.  Unlike traditional effects assessment, where considerable time is available to study the 
pre-effects base case, an unexpected release such as the incident, requires innovative 
development of reference baseline information.   

2.3.1 Aquatic Resource  

Identification of key questions and associated testable scientific hypotheses was undertaken 
using a traditional impact-assessment methodology, which identifies potential impact 
pathways, including stressors and receptors of potential impacts and assessment of the 
likelihood of impact.  Based on this assessment, monitoring approaches and associated 
component study designs were developed to address these questions of impact following 
published provincial, national or international standards, guidance and best practices.  When 
possible and appropriate, these component designs were also made consistent with historical 
fish monitoring already conducted in these watercourses, to allow for quantitative before-after 
comparisons to be made. 

This section summarizes the conceptual basis of the effects monitoring, with detailed aquatic 
resources study designs presented in Section 3.0. 

2.3.1.1 Impact Pathways 

During the incident, approximately 670,000 m3 of water and solids flowed down slope into the 
headwaters of Apetowun Creek through the MTP spillway channel.  This volume of solids and 
water flowed downstream through Apetowun Creek to lower Plante Creek, scouring and 
entraining existing streambed and riparian materials.  This material contained elevated 
concentrations of suspended solids and associated metals, and, relative to unaffected waters, 
elevated concentrations of some particulate and dissolved metals and PAH’s (Section 2.1). 

Although some of the released material remained within the Apetowun Creek and lower Plante 
Creek area, much of the material entered and mixed into the Athabasca River, which at the time 
was near annual low flows and low concentrations of suspended solids and turbidity 
(Figure 2.2-6).  Although no scouring impacts were observed in the Athabasca River, 
entrainment of these materials into the Athabasca River flow created highly turbid waters, 
containing high suspended solids concentrations and altered chemistry relative to unaffected, 
upstream waters (Section 3.1).  This entrained material was carried downstream with the 
Athabasca River flow.  The plume was tracked in real time by ESRD and CVRI using 
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strategically located, telemetry-linked turbidity sondes and by visual survey and water quality 
sampling by helicopter and shore-based access (Section 3.1). 

Based on downstream changes in turbidity and suspended solids concentrations, the bulk of 
entrained material fell from suspension in the Athabasca River between the Plante Creek 
confluence and approximately 3 km downstream of Sundance Creek (CVRI 2014a).  Continued 
turbidity declines toward background levels further downstream indicated continued 
deposition of release-related particles along the length of the river. 

For the purposes of this assessment, fish (including all life stages and their habitats) are 
considered the “end” aquatic resources for which these impact pathways will ultimately lead to. 
Potential impacts to humans through the consumption of fish tissue are also discussed; 
however, details on this are provided in a separate Human Health Risk Assessment.  The below 
impact pathways use a hierarchical framework ultimately linking the impact pathways to fish 
and fish habitat while providing details on the linkages (e.g. water > sediment > benthic 
communities > fish).   

Three key impacts have been identified as potentially affecting aquatic resources and ultimately 
fish population and communities in watersheds affected by the material release.  These include: 

• direct physical effects of increased creek discharge and material-slurry flows 
(i.e., scouring) on resident fish and fish habitat in Apetowun Creek and lower Plante 
Creek; 

• acute and chronic effects of suspended or deposited materials on resident fish and 
habitat in Apetowun Creek, Plante Creek and the downstream Athabasca River 
(i.e., direct suffocation/smothering of resident fish, fish eggs and benthic invertebrates, 
and long-term physical alteration of fish habitats and habitat availability); and 

• acute and chronic effects of chemical contaminants associated with the released material 
on fish and fish habitat. 

Each of these sources of impact and impact pathways is described in further detail below. 

2.3.1.1.1 Direct Scouring Effects 

The release of material contained sufficient energy to scour the entire channel bed and riparian 
areas of the upper 5 km of Apetowun Creek.  At approximately 5 km downstream, Apetowun 
Creek made an abrupt westerly turn which caused the initial release of material to crest its 
stream banks and dissipate much of its energy into the surrounding forest.  Habitat assessments 
conducted downstream of this crest location found limited scouring impacts in Apetowun 
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Creek and Plante Creek related to the incident and no scouring impacts were observed in the 
Athabasca River.  

Impact pathways associated with this impact source include physical removal or destruction of 
resident fish and aquatic invertebrates from the creek, and elimination or modification of fish 
habitats necessary to support one or more fish life-history functions (i.e., spawning, egg 
incubation, rearing, and foraging).  Fish movement throughout the creek has also been affected, 
through alteration of the stream channel and removal of beaver dams/pool habitat. 

The likely physical extent of this effect includes approximately 5 km of upper Apetowun Creek 
from the entry point of the slurry material to where the spill left the creekbed and entered the 
forest.  Based on habitat inspections, such scouring impacts were not seen in lower Plante Creek 
or in the Athabasca River. 

Receptors of this impact include all fish species that utilize upper Apetowun Creek for any 
portion of their life-history, as well as their habitat.  Rainbow trout and burbot were the only 
fish species captured during previous fish surveys of upper Apetowun Creek.  Based on these 
surveys these species have likely been resident year-round in upper Apetowun Creek and use it 
for all life-history functions mentioned above.  

The expected duration of this effect will depend on human interventions related to habitat 
restoration, natural restoration processes, and the magnitude of short-term effects on fish 
population structure and community composition.  Extensive habitat restoration activities were 
conducted in 2014 including removal of spill material, bank stabilization and riparian planting 
throughout Apetowun Creek, Plante Creek and its confluence with the Athabasca River.  

This impact pathway most likely had the greatest effect on the survival, condition and 
recruitment of fish populations and aquatic habitat in upper Apetowun Creek, and the 
composition of the overall fish community in the lower creek.   

2.3.1.1.2 Acute and Chronic Effects of Sediments and Sedimentation 

The release material contained a significant amount of sediment, predominantly sand, silts and 
clays.  Visual surveys in April 2014, after ice-out but before onset of freshet, found nearly all 
naturally erosional substrates of the Athabasca River from the confluence of Plante Creek to 
approximately 3 km downstream were coated in a layer of fine sediment/silt, likely caused by 
the incident.  The release material filled the interstitial spaces of the natural cobble/gravel 
substrate and varied in thickness from 10 to 20 cm.  Downstream of this “deposition area”, 
visual surveys indicated that further deposition of release-related materials occurred primarily 
in isolated naturally depositional zones, rather than over normally erosional substrates. 
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Impact pathways associated with this acute impact source include the direct death of resident 
fish in Apetowun Creek and potentially the Athabasca River downstream of Plante Creek, and 
smothering of eggs of any fall-spawning fish species that may have been incubating at the time 
of the incident in areas of heavy sediment deposition. 

The likely physical extent of this effect includes all of Apetowun Creek from the entry point of 
the release material to its confluence with Plante Creek, lower Plante Creek from the confluence 
of Apetowun Creek to its confluence with the Athabasca River, and overwinter “depositional 
areas” identified in the Athabasca River from the confluence of Plante Creek to approximately 
15.5 km downstream, where accumulation of release material over otherwise naturally 
erosional habitats was observed.  The direct duration of this effect was short-term (i.e., during 
the release event), but secondary effects (e.g., on mountain whitefish population structure, or 
fish community composition in Apetowun Creek and Plante Creek) related to this acute effect 
may be longer-lasting. 

2.3.1.1.3 Acute and Chronic Effects of Chemical Contaminants 

Changes in water or sediment quality (i.e., the introduction of chemical contaminants) may 
affect the health of fish, or their suitability for consumption by humans or wildlife. 

Water quality in Apetowun Creek, lower Plante Creek and the Athabasca River were affected 
by the release incident in the initial days following the spill, but improved rapidly.  A number 
of variables including dissolved aluminum, total mercury and total selenium exceeded the 2013 
Alberta water quality guidelines for the protection of aquatic life in the first few days after the 
release incident and again periodically during brief warming events and the 2014 spring 
freshets.  In addition, detectable concentrations of a small number of PAH compounds, 
including anthracene, benz(a)anthracene and pyrene, were measured at both exposure and 
reference (background) sites.  Acute toxicity was not observed in affected waters from the 
Athabasca River near Obed at the time of the incident.  Therefore, any potential acute effects of 
water quality related to the incident on fish resources are considered to be very short-term 
(i.e., restricted to the actual time of the incident and likely not measurable using a standard 
toxicity test) and restricted spatially to Apetowun Creek and Plante Creek.  

The chemistry of sediments deposited during the incident in Apetowun Creek, Plante Creek 
and the downstream Athabasca River may have direct effects on fish health and fish usability, 
through chronic toxicity, or secondary effects on fish health through effects on fish prey 
organisms (i.e., bioaccumulation via prey organisms or chemistry-mediated effects).  Of the 
various chemical constituents of the material released during the incident, those with greatest 
potential for bioaccumulation are mercury and selenium, which can bioaccumulate through 
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food chains, and PAHs, which can biomagnify through chemical partitioning from the 
surrounding environment. 

The environmental fate and potential for effects of mercury on aquatic life are highly dependent 
on the chemical form or species of mercury, with conditions for bioaccumulation greatest in 
lentic aquatic environments with warm water temperatures, high available organic material and 
nutrients, and anoxic conditions (Ullrich et al. 2001).  The upper Athabasca River is cold, fast-
flowing, well-oxygenated, oligotrophic, and relatively low in organic carbon (sediments 
typically 2% or less Total Organic Carbon (TOC)), conditions that do not encourage 
bioaccumulation.  Mercury in aquatic systems is generally bound to particulates, either in bed 
sediments or suspended in the water column (Ullrich et al. 2001). 

The process of bioaccumulation of selenium in aquatic organisms is very different from that of 
mercury, in that greatest trophic transfer rates for selenium are from sediments/particulates to 
primary producers (i.e., from sediments to periphyton or aquatic plants), rather than from 
primary to secondary or tertiary consumers such as invertebrates and fish, and fish size does 
not typically correlate with selenium tissue burden (Stewart et al. 2010).  Greatest 
bioaccumulation of selenium in the aquatic environment occurs in lentic (slow-flowing or 
standing-water) environments, particularly wetlands.  This is because of long-term deposition 
of selenium in sediments and cycling of selenium between sediments and primary 
producers/bacteria in lentic environments (leading to increasing concentrations), and because 
the bulk of selenium in these often-low-oxygen environments is in the reduced selenite form, 
which is more bioavailable than the oxidized form of selenate (Stewart et al. 2010).  Lotic 
(flowing) environments have well-oxygenated conditions, little sediment accumulation, and 
typically less organic matter and algal growth than lentic environments. 

Toxicity to developing fish eggs and larvae occurs through maternal transfer of selenium to 
eggs (Young et al. 2010).  As such, selenium burdens of importance in determining potential for 
adverse effect are those in ripe, female fish.  For female fish to develop high levels of selenium 
in their tissues through diet, they must feed consistently in high-selenium environments; fish 
that are resident in an area with high selenium concentrations will accumulate more than fish 
that migrate through such an area that only take a small part of their diet from that area.  
Regardless of ambient concentrations, the upper Athabasca River does not provide conditions 
conducive for bioaccumulation of selenium in fish tissues, given its fast-flowing, well-
oxygenated, lotic nature, and its open nature, allowing for wide-ranging fish movement. 

PAHs may accumulate in fish tissues through chemical partitioning from water and sediments 
into fish tissues.  A key factor determining the potential for bioaccumulation of individual 
PAHs is their chemical solubility, which is often related to molecular size and number of rings.  
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However, many environmental factors also affect potential for biomagnification from 
water/sediment to biota, including sediment organic content, amount of suspended sediment in 
waters, lipid content of fish, fish behaviour and life history, and oxygenation.   

Although bioaccumulation of these chemicals, as they relate to material released during the 
incident, is unlikely in fish in the upper Athabasca River for reasons outlined above, it is 
important from perspectives of scientific verification, due diligence/precaution, and community 
information to collect and interpret data describing concentrations of these and other chemicals 
in fish tissue.  

2.3.2 Soils and Terrain 

Soil quality is the main environmental indicator utilized for assessing impact to soil resources.  
The analysis of soil quality is used for determining impacts to soil properties critical for soil’s 
role as growing media.  The assessment of potential impacts to soil resources considers changes 
that may occur in physical, chemical and biological soil properties and soil volume (i.e., soil 
quantity) due to soil profile disturbance or sedimentation.  

This section summarizes the conceptual basis of the effects monitoring, with the detailed study 
design Section 3.7. 

2.3.2.1 Impact Pathways 

Key impacts identified as potentially affecting soil resources include: 

• direct erosional effects due to flowing water; and 

• direct chemical and physical effect of deposited materials on soil quality. 

Each of these sources of impact and impact pathways is described in further detail below. 

2.3.2.1.1 Direct erosional effects 

The release of material contained sufficient energy to scour the channel bed and riparian areas 
of the upper 5 km of Apetowun Creek.  At approximately 5 km downstream, Apetowun Creek 
made an abrupt westerly turn which caused the initial release of material to crest its stream 
banks and dissipate much of its energy into the surrounding forest.  

Impact pathways associated with this activity include physical loss of soil due to surface 
erosion, and the formation of rills and gullies.  Soil erosion can affect soil profiles and soil 
quality thereby the soils effectiveness as a growing medium.  This is a one-time effect but there 
may be additional erosional concerns over the longer term until vegetation establishment is 
sufficient enough to protect against erosion.   
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The likely physical extent of this effect includes the area below MTP and approximately 5 km of 
upper Apetowun Creek from the entry point of the slurry material to where the spill left the 
creekbed and entered the forest.  Since the incident occurred, extensive remediation efforts have 
been undertaken to minimize the risk of further erosion therefore the soil assessment focussed 
on identifying the ability of the soil remaining in place to be an effective growing medium. 

2.3.2.1.2 Direct effect of deposited materials on soil quality  

During the incident some material (solids) were deposited on the soil surface.  Depths of solids 
deposits ranged from less than 1 cm to areas in excess of 50 cm (with up to 60 cm recorded).  
Impact pathways associated with this include the potential negative effect to soil quality due to 
physical and chemical characteristics of the sediments deposited by the incident.  There are also 
potential longer term effects of the deposited solids due to weathering and the continual release 
of components of concern.   

The likely physical extent of this effect also includes the area below MTP and the upper 5 km of 
Apetowun Creek, from the entry point of the solids material to where the spill left the creek bed 
and entered the forest.  The soil assessment focussed on identification of the quality of the soil 
material remaining in place along with potential concerns related to its chemical composition.   

2.3.3 Vegetation 

On the ground surveys conducted between November 5 and 14, 2013 documented physical 
damage in the form of mechanical tree removal from the force of floodwaters, tree slumping 
(uprooted or bent over black spruce and pine trees) as a result of undercutting, and erosion of 
mineral soil substrate along stream banks.  Where flood-water flow rates were rapid, 
understory vegetation (grasses, forbs and bryophytes), surface litter, and organic soil (peat) was 
removed as a result of scouring.  In areas where flood-water flow rates were reduced (i.e. beaver 
dammed wetlands, side-channels and tributaries, and wide low-gradient areas along the 
Apetowun Creek), understory shrubs were often bent over and solids and sediment was 
deposited.   

The potential direct and indirect effects of the Obed release include: 

• alteration of the characteristic assemblages of species that occur on the landscape due to 
changes in relative abundance and species composition; 

• localised loss of plant species and/or plant communities; loss of regional scale 
biodiversity if rare species and/or rare plant communities are impacted; 

• encroachment of opportunistic, locally undesirable, or invasive species following 
removal of native plant cover and alteration of substrate; 
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• removal of wetland habitats and the plant communities associated with these habitats; 
and 

• reduction in vegetation vigour and health. 

The extent of physical disturbance to vegetation was identified during the preliminary 
biophysical assessment undertaken soon after the incident and additional surveys undertaken 
in 2014.  The effects on vegetation will be determined through continued monitoring of the 
success of vegetation established as part of the mitigation efforts undertaken in 2014.  The 
results to date of this monitoring program are discussed in Section 3.8. 

2.3.4 Wildlife 

Impacts on wildlife due to the incident can be direct or indirect.  Direct impacts may involve 
initial mortality as a result of the incident and increased mortality by legal and illegal hunting 
through provision of new access.   

Indirect impacts may involve: 

• modification and loss of habitat through deposition of solids  

• loss of habitat through erosion and disturbance required for undertaking remediation 
activities; 

• modification of habitat by deposition of; and 

• creation of barriers to animal movement by scour channels and timber repositioning for 
erosion control and access management 

The assessment of impact to wildlife will be undertaken through the collection and analysis of 
repeated observations to evaluate change in conditions after the incident.  This long term 
monitoring and evaluation will assist with the identification of measures that may be required 
to achieve the overall objective of returning the area to a state equivalent to pre-incident 
conditions.   

The wildlife monitoring program was developed to: 

• identify initial wildlife response; 

• test the impact predictions; and  

• evaluate effectiveness of mitigation measures. 

Elements of the terrestrial wildlife community composition will be determined by the selection 
of a subset of focal species in the system.  The use of focal species allows inferences to be made 
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about the state of the ecological system and provides information about wildlife community 
response to stressors (i.e., movement obstruction, loss of habitat, habitat modification).   

Population metrics appropriate to the species being assessed were chosen to test predictions.  
Species diversity is an important metric for certain wildlife communities (i.e., avian).  Time 
trend analyses of population metrics in disturbed and non-disturbed habitats will also be used 
to help define conditions prior to the event and interpret wildlife response to mitigation 
measures.  Results of the monitoring program will allow informed adjustments to mitigation 
measures and the environmental management program if required. 

2.3.4.1 Impact Pathways 

Information from a preliminary field assessment was used to identify the extent of disturbance 
to terrestrial resources.  The potential for direct impacts to wildlife are mostly likely in Zone 1 at 
the MTP, the MTP Spillway, the ECP Pond, and the upper 5 km of Apetowun Creek.   

Indirect impacts to wildlife fall within areas where the release solids accumulated in areas of 
significant importance to wildlife.  In Zone 1, the release scoured the sides of the channel 
connecting the Green Pit to the MTP and deposited this material onto the extensive mudflats on 
the west side of the MTP.  The direct pathway to naturalized marshes on the northwest corner 
and south edge of the MTP were filled in with sediment and mud, the pond depth reduced, and 
the mudflats on the west side of the MTP pond were covered with sediment, tree trunks, 
branches, roots, and ice blocks.   

The MTP overflowed and the spillway on the east side of the pond was severely eroded for 
about 750 m after which a thick layer of solids was deposited throughout black spruce lowland 
habitat.  A large beaver dam at the bottom of this lowland area was breached and then the 
flowing water scoured the channel banks on both sides creating a steep erosion gulley before 
joining a large tributary to Apetowun Creek (spillway tributary).  From this point, vegetation 
and trees were removed along the banks from some locations and erosion of the bed and shores 
of the spillway tributary and Apetowun Creek. 

The material released from the MTP also flowed into the ECP Pond via a ditch.  Sediment and 
mud was deposited in the pond.  This pond was not breached nor did it fill and overflow.  
Water exited from the ECP Pond in normal fashion flowing through a cattail impoundment 
below the pond before entering Apetowun Creek.  The banks and associated vegetation of this 
part of Apetowun Creek remained intact and the release water was confined to the existing 
channel.  
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Downstream of the confluence of the spillway tributary and Apetowun Creek, the release 
removed shoreline vegetation including trees which were periodically heaped in large piles 
along the creek.  Upstream of the DX crossing, valley bottom vegetation was removed but large 
sections of tall willow remained rooted even though they were pushed over and covered with 
sediment.  Later in the summer these shrubs leafed out and produced new roots anchoring the 
horizontal branches to the soil.  Downstream of the DX crossing, shoreline and valley bottom 
vegetation was removed and large sections of sediment deposited on the valley bottom as well 
as log piles along the shore. 

Remediation of the creek involved among other activities: excavating sediment deposits from 
the shore and especially on the upstream side of the DX crossing, removal of log piles and the 
spreading of cut wood on valley sides, seeding, tree planting, and installation of four sediment 
traps.   

2.3.5 Human Health 

The primary objectives of the Human Health Risk Assessment (HHRA) are to assess potential 
impacts to human health related to the original release event and to quantitatively evaluate 
health risks associated with the residual release material.  The HHRA also identifies key data 
gaps and any further investigations that would be required to provide that information, and 
includes recommendations for risk management measures to limit potential risk to human 
receptors.  A copy of the HHRA will be submitted to Alberta Health. 

The assessment considered potential risks to human health based on both the current and 
anticipated future use of the affected areas.  The assessment was conducted in accordance with 
relevant guidance published by Health Canada, Alberta Health and Wellness (AHW), Alberta 
Environment and Sustainable Resource Development (ESRD), and Canadian Council of 
Ministers of the Environment (CCME) including, but not limited to: 

• Federal Contaminated Sites Risk Assessment in Canada, Part V: Guidance on Human 
Health Detailed Quantitative Risk Assessment of Chemicals (DQRAChem) (Health 
Canada 2010);  

• Guidance on Human Health Risk Assessment for Environmental Impact Assessment in 
Alberta (AHW 2011); 

• 2014 Alberta Environmental Tier 1 and 2 Soil and Groundwater Remediation Guidelines 
(ESRD 2014a, b); 

• 2014 Environmental Quality Guidelines for Alberta Surface Water (ESRD 2014c); 

• Health Canada Guidelines for Canadian Drinking Water Quality (GCDWQ) (Health 
Canada 2014); and 
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• A Protocol for the Derivation of Environmental and Human Health Soil Quality 
Guidelines (CCME 2006). 

The overall risk assessment methodology followed in this HHRA was consistent with that laid 
out by Health Canada (2010) and AHW (2011).  Health Canada (2010a) was considered the 
primary source, since it pertains to contaminated sites and is therefore more directly applicable 
to the release and post-release conditions.  While the methodology described by AHW (2011) is 
essentially the same, the latter guidance is more relevant to environmental impact assessment of 
future projects; however, the guidance was consulted with respect to the Alberta context and 
AHW’s requirements and expectations. 

The risk assessment methodology adhered to the standard health risk assessment paradigm and 
consisted of four steps (Health Canada 2010; AHW 2011): 

• Problem Formulation 

• Exposure Assessment 

• Toxicity Assessment, and 

• Risk Characterization.   
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3.0 EFFECTS ASSESSMENT  

3.1 Water Quality Surveys 

3.1.1 Introduction 

Surface water quality is an important component in an impact assessment both from an 
ecological and a human health perspective.  It can provide a basis for evaluating aquatic 
ecosystems to determine whether water quality meets acceptable levels for the protection of 
aquatic life.  Changes in water quality can represent initial steps along an exposure pathway 
that can affect different trophic level organisms within the aquatic ecosystem. 

An intensive water quality sampling program was initiated immediately following the incident 
at the Obed Mine on November 1, 2013 to monitor water quality in Apetowun Creek, Plante 
Creek and the Athabasca River.  A preliminary assessment report detailing the initial results up 
to and including March 2014 was submitted in May 2014 (CVRI 2014a).  The water quality 
monitoring program has been and continues to be conducted according to the LTSMP 
(CVRI 2014b).  A summary of this ongoing sampling is provided in Table 3.1-1. 

Given results of water quality monitoring conducted within the first few months of the release 
have been reported previously (CVRI 2014a), the following sections focus on water quality data 
collected from January 1 to December 30, 2014.  A summary of pre-incident (baseline) water 
quality conditions from within the near-field study area is presented in Section 3.1.2 with a 
summary of the initial water quality results collected in late 2013 provided in Section 3.1.4.1.  
Where possible, results are discussed in relation to the release incident and potential effects to 
aquatic life.  Detailed summaries of analytical results are provided in Appendix 3.1A and 
QA/QC are provided in Appendix 3.1B. 
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Table 3.1-1 Summary of aquatic monitoring activities. 

 
1 Water quality data sonde monitoring continuously on 15 min sample schedule. 
2 Analytical sediment samples are collected monthly when conditions permit 
3 Analytical water quality samples are collected weekly for near-field and monthly for far-field stations 
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3.1.2 Pre-Incident Condition 

3.1.2.1 Upper Athabasca River 

Available water quality data in the Upper Athabasca River from upstream of Hinton to 
upstream of Whitecourt, where the majority of the potential effects from the incident were 
predicted to occur, are summarized below. 

The most comprehensive, long-term water quality monitoring programs in the upper Athabasca 
River have been conducted by ESRD, particularly Alberta’s Long Term River Network (LTRN) 
monitoring program, which includes monitoring locations at Hinton (station AB07AD0100) and 
Whitecourt (AB07AG0390), as well as further downstream at the Town of Athabasca 
(AB07BE0010), upstream of Fort McMurray (AB07CC0030) and near the Athabasca delta at Old 
Fort (AB07DD0010).  The most comprehensive recent reports that summarize the state of this 
watershed were produced by the Athabasca Watershed Council (FIERA 2012).  A summary of 
Athabasca River water quality based on these reports and online ESRD surface water quality 
data is provided below. 

The upper Athabasca River is frozen over during the winter months (typically mid-November 
to mid-April); water temperatures do not exceed 20°C in summer months.  Water is well 
buffered, with hardness >180 mg/L CaCO3; alkalinity and pH range from 90 to 180 mg/L and 
6.8 to 8.5, respectively from summer to winter.  Levels of specific conductivity fluctuate 
between 150 and 700 µS/cm, with an average value around 300 µS/cm.  Total dissolved solids 
(TDS) generally range from 120 mg/L in the summer to 250 mg/L in winter, driven largely by 
dilution caused by snowmelt and summer rains.  Turbidity levels, measured as nephelometric 
turbidity units (NTU) often approach zero in winter and range from 150 to 400 NTU during 
spring freshet.  Dissolved oxygen (DO) concentrations are generally high year round (>9 mg/L) 
and above the minimum concentrations required by the water quality guidelines for the 
protection of aquatic life. 

Nutrient concentrations in the Upper Athabasca River vary among reaches, with increased 
concentrations often reflecting anthropogenic inputs such as agricultural activities and 
discharges from municipalities and pulpmills.  Concentrations of nitrate are low in summer 
months, when available dilution and biological activity are high, and often peak in the early 
spring (maximum concentration of 0.35 mg/L reported in 2011) but remain well below the 
13 mg/L toxicity-based ESRD water quality guideline for the protection of aquatic life 
(ESRD 2014c).  Concentrations of total Kjeldahl nitrogen (TKN, a combined measure of organic 
nitrogen and ammonia) generally range from 0.1 to 1.0 mg/L with a peak concentration of 
1.7 mg/L measured in spring 2011.  Total and dissolved phosphorus concentrations are often 
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low, averaging 0.45 and 0.014 mg/L, respectively; highest concentrations are often observed in 
the late spring and early summer. 

Concentrations of metals in the upper Athabasca River are often low, with periodic exceedances 
of water quality guidelines for the protection of aquatic life for total metals, including iron, 
aluminum, cadmium, mercury, copper, and lead.  Typically, dissolved concentrations of these 
metals remain well below these guidelines or are non-detectable, even when corresponding 
total metals concentrations may exceed them.  Increased concentrations of most total metals are 
therefore associated with increased TSS and higher water flows that suspend particulates in the 
water column. 

Very little historical data exist for organic compounds in surface water in the upper Athabasca 
River, with nearly all measured organic compounds (e.g., total hydrocarbons, PAHs, other 
aromatic hydrocarbons, organic acids, PCBs etc.) reported as below detection limits.  
Adsorbable organic halides and phthalates were detected only in single samples between 
2007 and 2012. 

3.1.2.2 Apetowun Creek and Plante Creek 

As part of the historical environmental and socio-economic impact assessment completed for 
the Obed Marsh Thermal Coal Project in 1979, surface water quality monitoring was completed 
in both Apetowun Creek and Plante Creek.  These creeks were reported as natural, alkaline, 
subalpine streams of reasonably good water quality (IEC 1979).  As a condition of the existing 
EPEA approval, surface water quality samples have been collected annually from multiple 
watercourses in the Obed area.  Surface water samples are collected from upper 
(53° 37.108’N/117° 26.306’W) and lower (53°35.922’N 117°25.012’W) Apetowun Creek each fall.  
Samples were sent to ALS for analysis of a range of water quality variables, with results 
screened to Alberta surface water quality guidelines for the protection of aquatic life (ESRD 
2014c).  The most recent data immediately before the incident are presented in Table 3.1-2. 

Table 3.1-2 Pre-incident water quality variables in Apetowun Creek upstream and 
downstream stations of the Obed Mine collected on June 26, 2013 

Variables Unit Upstream APC Downstream APC 

Conventional Variables 

Temperature °C 8 9 

Dissolved Oxygen mg/L 5.48 8.64 

pH - 8.26 8.48 
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Table 3.1-2 Pre-incident water quality variables in Apetowun Creek upstream and 
downstream stations of the Obed Mine collected on June 26, 2013 

Variables Unit Upstream APC Downstream APC 

True Colour TCU 20.3 47 

Hardness mg/L 127 213 

Total Suspended Solids mg/L <3.0 6.0 

Total Dissolved Solids mg/L 133 338 

Sulphate mg/L 3.37 96.1 

Nutrients and Biochemical Oxygen Demand 

Ammonia mg/L <0.050 <0.050 

Nitrate - N mg/L <0.050 0.065 

Nitrite - N mg/L <0.050 <0.050 

Total Phosphorous mg/L <0.020 <0.020 

BOD mg/L <2.0 <2.0 

Total metals 

Aluminum µg/L 56 191 

Arsenic µg/L <0.40 0.66 

Boron µg/L <50 <50 

Cadmium µg/L <0.05 <0.05 

Chromium µg/L <5 <5 

Copper µg/L <1 1.5 

Iron µg/L 62 371 

Lead µg/L <0.1 0.18 

Mercury µg/L <0.1 <0.1 

Molybdenum µg/L <5 <5 

Nickel µg/L <2 <2 

Selenium µg/L <0.4 <0.4 

Silver µg/L <0.1 <0.1 

Thallium µg/L <0.1 <0.1 

Zinc µg/L <4 4.5 

Organics 
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Table 3.1-2 Pre-incident water quality variables in Apetowun Creek upstream and 
downstream stations of the Obed Mine collected on June 26, 2013 

Variables Unit Upstream APC Downstream APC 

Oil and Grease mg/L <1 <1 

Phenols µg/L 1.5 2.1 

Benzene µg/L <0.5 <0.5 

Toluene µg/L <0.5 <0.5 

Ethylbenzene µg/L <0.5 <0.5 

Xylene µg/L <0.71 <0.71 

Prior to the incident (in June 2013), hardness levels ranged from 127 to 213 mg/L, DO 
concentrations ranged from 5.5 to 8.6 mg/L, sulphate concentrations ranged from 
3.37 to 96.1 mg/L, TSS levels ranged from <3 to 6 mg/L, and TDS concentrations ranged from 
133 to 338 mg/L.  Concentrations of most metals and all organics were below analytical 
detection limits.  Concentrations of all non-metal variables did not exceed applicable water 
quality guidelines.  Two detected metals (total aluminum, 0.191 mg/L and total iron, 
0.371 mg/L) exceeded water quality guidelines in Apetowun Creek.  However, these samples 
are routinely sampled and tested for total fractions only and dissolved fraction may have been 
considerably lower.  In addition, concentrations of all detectable variables were higher at the 
downstream than upstream stations. 

3.1.3 Methods 

3.1.3.1 Study Design 

A water quality sampling program was initiated immediately following the incident on 
November 1, 2013 to monitor water quality in Apetowun Creek, Plante Creek and the upper 
Athabasca River.  Water quality sampling and monitoring activities included collection of 
surface water samples throughout the study area, establishment of routine sampling stations for 
long-term monitoring, establishment of a continuously monitored data-sonde network to 
monitor in situ water quality, tracking the plume locations/route and collection of porewater 
and toxicity samples from near-field sampling stations (see CVRI 2014b for details). 

As per the LTSMP, long-term routine sampling stations were established in Apetowun Creek, 
Plante Creek and the Athabasca River from Obed to 100 km upstream of Lake Athabasca 
(Figure 3.1-1 and Figure 3.1-2).  Sampling locations and sampling frequency were established in 
consultation with ESRD and the AER taking into consideration the hydrologic network of the 
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affected watercourses, fate of release material and the concerns of water users along the 
Athabasca River.  Unaffected upstream reference stations were also established for each 
watercourse. 

3.1.3.2 Selection of Sampling Stations and Monitoring Frequencies 

Seven near-field sampling stations (Figure 3.1-1) were established in Apetowun Creek, Plante 
Creek and the Upper Athabasca River as follows: 

• APC – Apetowun Creek approximately 1,700 m downstream of the MTP; 

• PLC-DS – Plante Creek approximately 20 m downstream of the Emerson Creek road 
crossing; 

• PLC-US – Plante Creek approximately 1,200 m upstream of its confluence with 
Apetowun Creek; 

• ATR-CON – Athabasca River approximately 100 m downstream of its confluence with 
Plante Creek; 

• ATR-D1 – Athabasca River approximately 12.5 km downstream of its confluence with 
Plante Creek; 

• ATR-D2 – Athabasca River approximately 31.5 km downstream of its confluence with 
Plante Creek; and 

• ATR-US – Athabasca River upstream of Plante Creek approximately 50 m upstream of 
the Mine bridge crossing. 

Immediately following the incident, a surface water sampling frequency of twice daily 
(i.e., morning and afternoon) was established as of November 5, 2013 for all established near-
field sampling stations.  Field crews made all attempts to collect two samples from each station 
daily; however, inclement weather and field conditions occasionally prevented sample 
collection.  From January 9, 2014, surface water sampling at near-field stations shifted to a 
weekly sampling schedule, given water quality conditions had returned to near background 
concentrations and the concentrations of nearly all measured variables were below applicable 
water quality guidelines.  Following the LTSMP, collection of water quality samples continues 
on a weekly basis from all near-field stations, supplemented by continuous monitoring using 
data sondes. 

Although five far-field sampling stations were established on the Athabasca River (Figure 3.1-2) 
and sampled on a monthly basis to monitor potential impacts of the incident on the 
downstream environment, water quality data were not evaluated as part of this report.  Instead, 
ESRD monitored, historical pre-incident data (1995 to 2013), and post-incident 2014 data 
collected from four stations (Athabasca River stations located at Hinton, Town of Athabasca, 
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upstream of Fort McMurray, and Old Fort) were compared.  This comparison is likely more 
realistic to differentiate the effects of the incident on Athabasca River water quality rather than 
comparing only 2014 data. 

3.1.3.3 Field Collections 

Where applicable, and following discussions with ESRD, Standard Operating Procedures 
(SOPs) for the Joint Federal-Provincial Oil Sands Monitoring Program (JOSMP) were used for 
the collection of samples.  Station locations were identified using GPS coordinates and Alberta 
Forestry, Lands and Wildlife Resource Access Maps.  Stations were accessed by jet boat, 
helicopter, and/or four wheel-drive vehicle. 

3.1.3.3.1 Continuously Monitored Data-Sonde Network 

A network of continuous-monitoring water quality data sondes was established at near-field 
stations APC, APC-DS, PLC-US, PLC-DS, ATR-US, ATR-CON, and ATR-D2 (Figure 3.1-1).  The 
PLC-DS station sonde has been in place and providing data since December 15, 2013.  At the 
end of February 2014, the PLC-DS sonde was removed and newly purchased sondes were 
installed at APC, PLC-US and PLC-DS.  The remaining sonde units for APC-DS, ATR-US, 
ATR-CON, and ATR-D2 were installed at the beginning of April, 2014.  Throughout 2014, the 
sondes were periodically removed for maintenance, calibration and in the case of APC-DS and 
the ATR sondes, due to damaging ice conditions. 
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Two different models of water quality data sondes were used.  The YSI 6000 series data sonde 
was predominantly used in the estimation of plume location.  These sondes were equipped with 
temperature, conductivity and turbidity sensors programmed to record measurements every 
15 minutes.  Where available, data were transmitted to a database using a radio transmitter; 
remaining sondes were manually downloaded.  For the near-field in situ water quality 
monitoring, the YSI EXO-2 sondes equipped with temperature, conductivity, pH, turbidity, and 
DO sensors are currently being used.  In addition, sondes at APC, APC-DS, PLC-DS, and 
PLC-US are equipped with pressure transducers to monitor discharge.  Sondes are programmed 
to log in situ measurements on a 15-min interval uploading data to a web-based viewer in real-
time using a satellite transmitter mounted to each data logger.  The 2014 discharge data 
collected by WSC from Athabasca River at Hinton also were used to compare against Athabasca 
River near-field stations.  Sondes are calibrated on a monthly basis and repaired as required.  
Logged data are checked against transmitted data for potential errors and calibration or repair 
requirements. 

3.1.3.3.2 Collection of Surface Water Samples 

Grab samples were collected from each station by submerging each sample bottle to a depth of 
approximately 30 cm (where feasible), uncapping and filling the bottle, and recapping at depth.  
The exception to this was total hydrocarbons (oil and grease) and BTEX samples, which were 
collected from the surface of the water to ensure capture of any floating hydrocarbons, and to 
ensure that the pre-charged preservative remained in the bottle.  Ultra-trace mercury samples 
were collected using an ultra-clean, two-person (“clean-hands/dirty-hands”) technique specified 
by the analytical laboratory. 

All water samples were collected, preserved and shipped according to protocols specified by 
analytical laboratories.  Samples collected for analysis of most dissolved fractions were 
delivered unfiltered and unpreserved to the analytical laboratory within 24 hours of sample 
collection, following laboratory direction. 

3.1.3.3.3 Collection of QA/QC Samples 

Sufficient Quality Assurance/Quality Control (QA/QC) samples were collected to represent at 
least 10% of all surface water samples (i.e., one for every ten field samples collected).  During 
the weekly near-field sampling, this constituted one QA/QC sample per week, alternating the 
sample types weekly.  Three types of QA/QC samples were collected as part of the surface 
water quality QA/QC program which included trip blanks, field blanks and field duplicates: 
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• Trip Blanks were prepared by the analytical laboratory prior to sampling and kept 
sealed for the duration of the sampling trip.  These were used to evaluate potential 
contamination from the sample container and efficacy of storage conditions. 

• Field Blanks were prepared in the field by filling a complete sample bottle set with de-
ionized water provided by the analytical lab.  Field blanks were used to assess potential 
contamination of samples during collection, handling and transport. 

• Field Duplicates were prepared in the field by filling a second complete set of sample 
bottles congruently with the standard field sample set.  These bottles were submitted to 
the lab using “dummy” station codes and used to assess lab testing methods and 
provided an assessment of the homogeneity of sampled water. 

The station of field duplicate collections varied depending on the field sampling schedule and 
station conditions given changing ice conditions occasionally prevented sample collection at   

3.1.3.3.4 Collection of Water Toxicity Samples 

Water toxicity samples were collected from near-field stations, APC, PLC-DS, PLC-US, ATR-US, 
ATR-CON, and ATR-D1 during spring, summer, and fall of 2014.  Samples were collected by 
filling seven, 20-L plastic pails at each station by either submerging the pail into the watercourse 
or using a 1-L amber glass sample jar to transfer station water to the pail.  Samples were sent to 
Nautilus Environmental (Burnaby, BC) for both acute and sublethal toxicity tests. 

3.1.3.4 Laboratory Analyses 

Water quality samples were analyzed for a full list of water quality variables by ALS 
Environmental Ltd. (Edmonton, AB) except methyl-mercury which was analyzed by the 
University of Alberta Low-Level Mercury Laboratory.  A detailed list of all water chemistry 
variables including the analytical method and detection limits is provided in the LTSMP and 
summarized below: 

• conventional variables; 

• major ions; 

• major nutrients and biological oxygen demand (BOD); 

• total and dissolved metals including ultra-low mercury; 

• Methyl-mercury (selected samples); 

• volatile organics; and 

• Polycyclic aromatic hydrocarbons. 
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Acute toxicity tests conducted by Nautilus Environmental included: 

• 96-hour rainbow trout (Oncorhynchus mykiss) LC50; and 

• 48-hour Daphnia magna LC50. 

Sublethal (chronic) toxicity tests included: 

• 7-day Ceriodaphnia dubia (survival and reproduction) LC50 and IC25; 

• 7-day rainbow trout (Oncorhynchus mykiss) embryo viability EC25; 

• 7-day duckweed (Lemna minor) growth inhibition; and 

• 72-hour alga (Pseudokirchneriella subcapitata) growth inhibition. 

All toxicity tests were conducted according to procedures described by Environment Canada 
protocols (Environment Canada 2000a,b; Environment Canada 2007a,b,c).  Rainbow trout 
embryo test followed modified procedures described by Environment Canada (1998) and 
Canaria et al. (1999). 

3.1.3.5 Data Analysis and Interpretation 

Quality assurance and quality control (QA/QC) procedures were conducted throughout the 
sample collection, data analysis and reporting components of the Project following procedures 
described above.  These procedures are utilized to ensure that data generated during this 
monitoring program are of consistently high quality and appropriate to address the objectives 
of the study. 

Continuously monitored sonde data for temperature, specific conductivity, DO, pH, and 
turbidity are presented in scatterplots with daily averaged trend-lines throughout the sampling 
dates. 

Analytical chemistry data are presented as summary statistics (i.e., minimum, mean, maximum, 
sample count and percent below method detection limits) with ESRD and CCME guideline 
exceedances highlighted where applicable.  Data were screened against most recent 
Environmental Quality Guidelines for Alberta Surface Waters (ESRD 2014c), which includes the 
Canadian Water Quality Guidelines for the Protection of Aquatic Life (CCME 2007 and later 
revisions).  A complete list of the guidelines used is presented in the LTSMP.  For hardness-
dependent guidelines, median hardness concentration of the corresponding station was used in 
determining the appropriate guideline value.  TSS guideline values were derived based on a 
maximum increase of 25 mg/L from background concentration for short-term exposure 
(ESRD 2014c).  Median TSS concentrations measured in respective upstream reference stations 
were assumed to be background concentrations.  Temporal/seasonal trends for select variables 
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of concern (e.g., variables with an approved guideline or are of significance in determining 
potential effects on the aquatic environment) are presented in appropriate figures. 

Toxicity data are presented as percent effluent concentrations (%v/v) that cause an acute or 
sublethal toxicity effect to the test organisms at the endpoints listed in Section 3.1.3.4. 

Data are presented and discussed by comparing results from downstream exposure stations to 
upstream reference stations, comparing against pre-incident (baseline) water quality conditions, 
where applicable, and by assessing water quality trends over time since the release occurred. 

To assess the potential effect of release material on far-field water quality in the Athabasca 
River, variables of potential concern identified at the near-field stations were assessed at ESRD 
LTRN stations at Town of Athabasca, upstream of Fort McMurray and Old Fort, with monthly 
data collected in 2014 compared with historical monthly data collected from these locations 
from January 1995 to October 2013 (approximately 19 years of data). Percentiles (5th, 25th, 
median, 75th and 95th) for the historical data were compared with 2014 data (post-incident).  
Potential long-term effects of water quality on aquatic life are also discussed. 

3.1.4 Results and discussion 

3.1.4.1 Immediate Post-Incident Water Quality 

A summary of water quality results collected immediately after the release (i.e., November and 
December 2013) are presented below; detailed results are presented in CVRI (2014a).  A detailed 
assessment of water quality results collected in 2014, including the 2014 spring freshet period, 
are presented and discussed below. 

3.1.4.1.1 Suspended Particulates 

At the time of the incident on November 1, 2013, measured TSS levels were as high as 
137,000 mg/L in Apetowun Creek and 92,100 mg/L in Plante Creek, followed by a rapid 
decrease to concentrations below 200 mg/L by November 6, 2013.  As of early December 2013, 
TSS concentrations in both creeks were almost always below ESRD short-term guideline of 
<25 mg/L increase from background. 

In the Athabasca River, a highest concentration of 8,150 mg/L TSS was recorded at ATR-CON, 
immediately downstream of the Plante Creek confluence, on November 1, 2013.  TSS 
concentrations at this station decreased to less than 100 mg/L shortly after, with only periodic 
increases above guidelines for the remainder of 2013.  In the far-field, as the plume travelled 
downstream, TSS concentrations declined relatively rapidly, from concentrations of over 
8,000 mg/L near the mouth of Plante Creek on November 1, 2013, to 876 mg/L at the 
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Highway 658 crossing near Whitecourt on November 4, 2013 and to approximately 20 mg/L 
downstream of the Town of Athabasca on November 15, 2013.  In the final three days of plume 
sampling (November 19 to 21, 2013), TSS concentrations within the plume were <10 mg/L. 

Continuous turbidity data reported by ESRD sondes from the Town of Athabasca to upstream 
of Fort McMurray indicated continued reduction in turbidity (indicative of reduced suspended 
materials) with distance downstream (Figure 3.1-3).  A plume-related peak of approximately 
100 NTU was recorded at the town of Athabasca, dropping to a plume-related peak of less than 
20 NTU at Pelican Rapids, 10 NTU upstream of Fort McMurray and <3 NTU in the Riviere des 
Rochers, the farthest downstream turbidity sonde, located downstream of Lake Athabasca. 

3.1.4.1.2 Total and Dissolved Metals 

Concentrations of 11 total metals exceeded water quality guidelines at APC, PLC-DS and 
ATR-CON on the day of incident, including arsenic, cadmium, cobalt, copper, lead, mercury, 
selenium, silver, thallium, uranium and zinc.  However, no concentrations of total metals 
exceeded applicable guidelines in 2013 after November 2, with the exception occasional 
exceedances of total mercury and total zinc at creek exposure areas APC and PLC-DS.  
Exceedances of dissolved aluminum and iron guidelines were recorded in one sample collected 
from Apetowun Creek on November 2, 2013, whereas exceedances of dissolved aluminum 
occurred in two samples collected from within the plume on November 12 and 14, 2013.  As of 
December 13, 2013, concentrations of all metals were below applicable guidelines. 

In the Athabasca River, concentrations of total copper, lead, silver and zinc were higher than 
applicable guidelines in a plume sample collected on November 4, 2013 near Whitecourt.  
Another plume sample collected on November 10, 2013 near Whitecourt had a total mercury 
concentration that exceeded chronic guideline of 5 ng/L.  Since November 17, 2013, no 
concentrations of metals exceeded applicable guidelines at the near-field Athabasca River 
stations in 2013, with the exception of total zinc on December 13, 2013 at ATR-CON. 

3.1.4.1.3 Organics 

Nearly all parent and alkylated PAHs were below detection limits of 0.01 to 0.04 µg/L in surface 
water samples.  Among the few detectable PAHs, anthracene was detected in >80% of 
Athabasca River samples, including upstream reference areas but was below detection limits in 
all Apetowun Creek and Plante Creek samples.  Similarly, phenanthrene and 
2-methylnaphthalene were detected in approximately 4% of Athabasca River and Plante Creek 
reference samples and in <1.5% of Apetowun Creek and Plante Creek exposure samples.  
Retene, a diagenic PAH resulting primarily from decomposition of organic material, was 
detectable in approximately half of samples analyzed.  The detectable PAHs were 
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predominantly from the Athabasca River samples both upstream and downstream of Plante 
Creek, indicating that the incident was not a significant source of PAHs and that these 
concentrations likely resulted from upstream natural and/or anthropogenic sources. 

In Apetowun Creek, benz(a)anthracene concentrations measured on November 8, 2013, 
exceeded its respective water quality guideline.  In upper Plante Creek (PLC-US), upstream of 
Apetowun Creek (i.e., upstream of incident influence), concentrations of fluoranthene and 
pyrene exceeded their respective water quality guidelines on November 6, 2013; however, 
concentrations of all three of these PAHs were below detection limits in all other samples.  
Concentrations of dissolved PAHs were non-detectable for nearly all species in all samples 
analyzed, indicating that PAHs generally were present in particulate form, consistent with their 
known hydrophobic nature. 

Benzene, toluene, ethylbenzene and xylene (BTEX) were detected in a single water sample from 
Apetowun Creek on November 1, 2013, with concentrations below Alberta guidelines for 
protection of aquatic life.  Ethylbenzene was also measured at a concentration near its detection 
limit in lower Plante Creek on November 1, 2013.  Since that time, and in all other watercourses 
for all dates, concentrations of BTEX were non-detectable in all samples. 

Concentrations of total naphthenic acids (by FTIR method), and all VOCs, solvents, and 
chlorinated or halogenated organic compounds measured at all stations in Apetowun Creek, 
Plante Creek or the Athabasca River downstream of the release were non-detectable in all 
samples. 

The Obed Mine has historically used acrylamides as flocculants to assist the settling of fine-
grained material in its water-storage ponds.  Concentrations of acrylamide in all samples were 
below detection limits (<5 µg/L).  Additional water samples were analyzed for acrylamide to a 
lower detection limit of 0.08 µg/L, and also were found to show no detectable acrylamide 
concentrations. 
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1 Chart provided by C. Cook (AER, in litt., 2015) 

Figure 3.1-3 Turbidity Trends along the Athabasca River following the Incident, November to December 2013 (note differences 
in Y-axis scale).1 
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3.1.4.1.4 Porewater Quality 

A total of nine variables in porewater exceeded provincial chronic guidelines for the protection 
of aquatic life including sulphide; total cadmium, cobalt, copper, lead, mercury, zinc; dissolved 
aluminum; and anthracene.  Of these variables, only dissolved aluminum exceeded the short-
term (acute) guideline.  In addition, with the exception of anthracene at ATR-CON, all 
exceedances occurred at ATR-D1, located approximately 12.5 km downstream of the Plante 
Creek confluence.  Concentrations of all general organics and VOCs were below laboratory 
detection limits in all samples. 

Although several guideline exceedances were observed in ATR-D1 porewater, none were 
observed in porewater collected from impacted stations along Apetowun Creek and Plante 
Creek (APC, PLC-DS and PLC-DS2), and only a single exceedance occurred at the Athabasca 
River station closest to Plante Creek (ATR-CON), indicating the exceedance were not attributed 
to the incident. 

3.1.4.1.5 Water Toxicity 

Rainbow trout exposed to Plante Creek water collected on November 2, 2013 showed 80% 
survival after 96 hours, yielding an LC50 value of >100%, test water.  Samples collected from the 
MTP and the Athabasca River downstream of Plante Creek (ATR-CON) on November 2, 2013 
showed 100% survival of rainbow trout. 

3.1.4.2 2014 Surface Water Quality 

Temporal trends of continuously monitored temperature, specific conductivity, DO, pH, and 
turbidity at select near-field stations are presented in Figure 3.1-4 and Figure 3.1-5.  Laboratory 
analyzed water quality data collected from seven near-field stations are summarized in 
Table 3.1-3 to Table 3.1-9 for conventional variables, major nutrients, ions and metals, and in 
Table 3.1-11 to Table 3.1-17 for organics variables.  Water quality guideline exceedances are 
presented in Table 3.1-10.  Temporal trends of select variables at near-field stations are shown in 
Figure 3.1-6 through Figure 3.1-34.  Major trends of water quality variables are summarized 
below. 

3.1.4.2.1 Continuous Monitored In Situ Water Quality 

Most water quality variables recorded by sondes showed strong correlation with the increased 
freshet discharge that began in mid-May 2014 (see Section 2.2) for measured and modelled daily 
discharge).  In Apetowun Creek and Plante Creek, water temperature remained near 0°C until 
mid-April, increasing to near 5°C in mid-May and continued to steadily increase until a peak of 
~23°C was reached in mid-July.  From mid-July onward, temperature decreased in a similar 
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fashion, reaching near 0°C by mid-November 2014 (Figure 3.1-4).  The Athabasca River showed 
similar temperature trends although generally remained ~2°C cooler than the creeks 
(Figure 3.1-5), which was likely attributed to increased depth and discharge in the river. 

In contrast to temperature, DO concentrations at all sampling stations were generally higher in 
winter than in summer (Figure 3.1-4 and Figure 3.1-5), likely related to higher oxygen solubility 
at low temperatures, reduced metabolic activities (decomposition, respiration) and continuous 
water flows during winter.  The trends were consistent with pre- and post-incident conditions. 
DO concentrations remained within guidelines for the protection of aquatic life throughout 2014 
with a few brief exceptions.  There were no discernible differences in DO concentrations 
between upstream and downstream stations of the Mine.  Adequate amounts of DO are 
required to support fish and other organisms in aquatic systems (Northern Ecological 
Monitoring and Assessment Network 2005).  The solubility of oxygen depends on the partial 
pressure of oxygen in the air, water temperature, turbulence, mineral content of the water, and 
the ability of the water to exchange freely with the atmosphere.  The solubility of atmospheric 
oxygen in fresh water ranges from approximately 15 mg/L at 0°C to 8 mg/L at 25°C at sea level 
(McNeely et al. 1979) and was found to be the case during this Project. 

Specific conductivity is a measure of the ability of water to conduct electricity and varies with 
the concentration of charged particles (ions) in the water; conductivity increases as the 
concentration of ions increases.  Specific conductivity was generally higher in winter than 
during spring freshet flows at all sampling stations (Figure 3.1-4 and Figure 3.1-5).  Low flow 
and exclusion of major ions from surface ice formation likely contributed to the higher specific 
conductivity measured during the winter.  Conductivity decreased gradually with downstream 
distance in both the creek and the Athabasca River.  Conductivity was routinely highest in 
upper Apetowun Creek (APC) gradually decreasing with distance downstream in both the 
creek and the Athabasca River.  Obed Mine routinely discharges mine impacted waters into 
upper Apetowun Creek.  This water contains a large proportion of groundwater (a significant 
source of major ions) which resulted in elevated conductivity. 

The pH is a measure of hydrogen ion concentration in a solution and is expressed as the 
negative logarithm of hydrogen ion concentration.  The greater the hydrogen ion activity in 
water, the more acidic it is.  Solutions with low hydrogen ion activity are alkaline (basic) and 
have a high pH.  Neutral waters have a pH of 7.  Most aquatic organisms can tolerate waters 
with a pH between 6 and 9, as commonly found in many of the natural surface waters in 
Canada.  The pH levels at all stations were generally within the alkaline range (Figure 3.1-4 and 
Figure 3.1-5) and demonstrated similar trends as DO.  Some individual values recorded at 
PLC-DS during spring and ATR-CON during fall were below the lower bound of water quality 
guideline (pH 6.5) for the protection of aquatic life. 
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Turbidity levels were highly variable at all sampling stations throughout the study period with 
short-lived trends difficult to discern.  As expected, turbidity levels increased during the freshet 
period and gradually decreased and stabilized throughout the remainder of the year.  Turbidity 
levels were relatively stable and lower in upstream Plante Creek than in the downstream 
Apetowun Creek and lower Plante Creek (Figure 3.1-4).  In contrast, turbidity levels had similar 
trends among Athabasca River confluence, downstream and upstream stations (Figure 3.1-5).  
Given that the release incident scoured away much of the riparian vegetation in upper 
Apetowun Creek, turbidity levels are expected to increase during rain events, beyond the 
normal range observed at reference stations, until increased riparian vegetation can reduce 
bank erosion and sediment loading into the creek.  TSS, a surrogate of turbidity, was also 
measured in analytical water samples and results are described below to establish more obvious 
trends. 

3.1.4.2.2 Total Suspended Solids and Other Conventional Variables 

The concentration of all solid particles in the water column is referred to as TSS.  Major sources 
of TSS in an aquatic system include soil particles from erosion, from agricultural areas and 
construction areas, erosion of stream substrates, and particulate matter resulting from plankton 
and detritus.  High TSS values can cause stress to aquatic life depending on both the TSS 
concentration and the duration of exposure (Newcombe and Jensen 1996).  Concentrations of 
TSS below 25 mg/L are generally not considered harmful to aquatic life (DFO and DOE 1983; 
EIFAC 1965; U.S. EPA 1973).  Aquatic organisms can withstand low levels of TSS for long 
periods and higher levels for shorter periods (Newcombe and MacDonald 1991). 

The incident resulted in very high TSS concentrations in the receiving environment immediately 
after the incident.  Concentrations dropped relatively rapidly in the weeks following and were 
near or below background concentrations by the end of December 2013.  In 2014, TSS 
concentrations at the creek exposure stations were higher than the reference stations, averaging 
32 mg/L (median 3 mg/L) at APC and 45 mg/L (median 7 mg/L) at PLC-DS and 5 mg/L (median 
3 mg/L) at PLC US (Table 3.1-3 to Table 3.1-5).  TSS reached a peak concentration at the onset of 
spring freshet on April 22, 2014, with maximum concentrations of 827 mg/L and 318 mg/L 
observed at PLC-DS and APC, respectively (Figure 3.1-6).  Concentrations at these stations 
declined throughout April and May and were generally stable at seasonal lows for the 
remainder of the year.  Using the median TSS concentration of PLC-US (3 mg/L) as 
“background”, TSS concentrations exceeded the short-term water quality guideline (28 mg/L) in 
23% of samples at APC and 19% of samples at PLC-DS (Table 3.1-10).  These results indicate 
that, as expected, additional release material remaining in Apetowun Creek and Plante Creek 
was flushed out during the 2014 spring freshet.  However, concentrations decreased to below 
detections limits by the end of June 2014 at all stations. 
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Figure 3.1-4 Water quality trends in Apetowun Creek and Plante Creek upstream and downstream of the Obed Mine recorded by sonde, 2014. 
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Figure 3.1-5 Water quality trends in the Athabasca River upstream and downstream of the Obed Mine recorded by data sonde, 2014. 

4

6

8

10

12

14

16

18

20

D
is

so
lv

ed
 O

xy
ge

n 
(m

g/
L) Chronic Guideline (minimum)

Acute Guideline (minimum)

0

100

200

300

400

500

600

700

Sp
ec

ifi
c 

C
on

du
ct

iv
ity

 (
µS

/c
m

)

-5

0

5

10

15

20

25

Te
m

pe
ra

tu
re

 (º
C

)

ATR-CON

ATR-D2

ATR-US

Sondes at ATR-CON and ATR-US were removed on November 11, 2014 

 



  
 Coal Valley Resources Inc. 
 2014 Impact Assessment Report 
 May 29, 2015 
 

Page 75 

In the Athabasca River near-field area, average TSS concentrations ranged from 15 mg/L 
(median 11 mg/L) at ATR-CON to 59 mg/L (median 8 mg/L) at ATR-D1 while upstream 
concentrations averaged 26 mg/L (median 15 mg/L) at ATR-US (Table 3.1-6 to Table 3.1-9).  In 
2014, freshet in the Athabasca River occurred slightly later than in the creek systems (Section 
2.2) with a peak TSS concentration of 265 mg/L recorded at ATR-D2 on May 20, 244 mg/L at 
ATR-D1 on May 26, and 69 mg/L at ATR-CON on April 22, 2014 (Figure 3.1-6).  Using the 
median TSS concentration of ATR-US (15 mg/L) as “background”, TSS concentrations exceeded 
the short-term water quality guidelines (40 mg/L) in 8% of samples at ATR-CON, 24% of 
samples at ATR-DS stations and 13% of samples at ATR-US (Table 3.1-10).  Similar to the creek 
system, it is apparent that the release material that was deposited along the bottom of the 
Athabasca River shortly after the incident, was flushed downstream during the 2014 spring 
freshet given that TSS concentrations exceed those observed at ATR-US (Figure 3.1-6).  At ESRD 
LTRN monitoring stations, TSS concentration at Town of Athabasca was above the historical 
75th-percentile, indicating elevated TSS during freshet relative to a typical year; however, this 
TSS observation was still within the range of historical observations at this location.  TSS 
concentrations at farther-downstream LTRN stations at Fort McMurray and Old Fort were 
below the long-term average upstream of Fort McMurray and ranged around the long-term 
inter-quartile range at Old Fort, indicating no apparent difference in TSS concentrations at these 
locations in 2014 relative to historical years (Figure 3.1-7). 

The capacity of a water sample to neutralize acids is termed as alkalinity.  This provides an 
indication of a waterbody’s sensitivity to acid deposition or its acid-neutralizing capacity.  
Hardness is the sum of calcium and magnesium concentrations.  Total alkalinity and hardness 
levels at creek stations (Table 3.1-3 to Table 3.1-5) indicate Apetowun Creek and Plante Creek as 
“very hard” water (Mitchell and Prepas 1990) with the lowest acid sensitivity (Saffran and Trew 
1996).  Concentrations of both variables were lower at PLC-US than at APC and PLC-DS.  
Concentrations were further decreased at Athabasca near-field stations and the lowest 
concentration was recorded at ATR-D2 (Table 3.1-6 to Table 3.1-9). 

Total organic carbon (TOC) comprises particulate and dissolved organic carbon.  Natural 
waters can have concentrations that vary from 1 to 30 mg/L (McNeely et al. 1979).  In 2014, TOC 
concentrations were mainly comprised of dissolved organic carbon and demonstrated 
decreasing trends towards downstream stations, with average concentrations ranging from 
5.1 to 7.2 mg/L at creek stations (Table 3.1-3 to Table 3.1-5) and 1.9 to 4.3 mg/L at Athabasca 
near-field stations (Table 3.1-6 to Table 3.1-9).  Therefore, TOC concentrations were 
characterized as “low” at creeks and “moderate” at Athabasca near-field stations 
(McNeely et al. 1979).  Biochemical oxygen demands were mostly below detection limits at all 
sampling stations as also evident by low level of organic matter in the water. 
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TDS concentrations were “high” at APC (average 516 mg/L) and “moderate” at PLC-DS 
(248 mg/L) and PLC-US (228 mg/L) according to Mitchell and Prepas (1990).  Concentrations 
further decreased towards Athabasca River downstream stations (159 to 234 mg/L); however, 
remained within “moderate” range (Table 3.1-3 to Table 3.1-9).  TDS concentration was 
338 mg/L at APC during pre-incident conditions. 

 

 

Figure 3.1-6 Total Suspended Solids concentrations in Apetowun Creek, Plante Creek and 
Athabasca River stations, January to December 2014.  
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Figure 3.1-7 Historical and post-incident (2014) total suspended solids concentrations at 

LTRN stations along the Athabasca River.  

0

100

200

300

400

500

600

700

800

Jan Feb Mar Apr MayJun Jul Aug Sep Oct NovDec

TS
S 

(m
g/

L)

Upstream of Fort McMurray

0

100

200

300

400

500

600

700

800

Jan Feb Mar Apr MayJun Jul Aug Sep Oct NovDec

TS
S 

(m
g/

L)

Hinton

0

100

200

300

400

500

600

700

800

Jan Feb Mar Apr MayJun Jul Aug Sep Oct NovDec

Town of Athabasca
2014

1995-2013
95 %ile

5 %ile
25 %ile
Median
75 %ile

0

100

200

300

400

500

600

700

800

Jan Feb Mar Apr MayJun Jul Aug Sep Oct NovDec

Old Fort



  
 Coal Valley Resources Inc. 
 2014 Impact Assessment Report 
 May 29, 2015 
 

Page 78 

 

Table 3.1-3 Summary of water quality variables in Plante Creek upstream of the Obed 
Mine (PLC-US), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

Conventional Variables 

Total Alkalinity mg/L 5 62 0 109 232 205 288 

Total Hardness  mg/L 1 49 0 107 221 201 264 

Colour  TCU 2 49 0 7 23 28 60 

Dissolved Organic Carbon  mg/L 1 49 0 3.8 6 7.5 15.3 

Total Organic Carbon  mg/L 1 49 0 3.6 5.8 7.2 14.7 

Total Dissolved Solids  mg/L 10 49 0 141 241 228 287 

Total Suspended Solids  mg/L 3 62 84 <3 <3 5 30 

Total Cyanide  µg/L 5 2 100 <5 <5 <5 <5 

Biochemical Oxygen 
Demand 

mg/L 2 49 96 <2 <2 <2 3 

Major Nutrients 

Total Ammonia as N mg/L 0.05 49 100 <0.05 <0.05 <0.05 <0.05 

Nitrate as N mg/L 0.02/0.05 62 46 <0.05 0.07 0.08 0.15 

Nitrate + Nitrite as N  mg/L 0.02/0.05 41 40 <0.05 0.08 0.08 0.15 

Nitrite as N  mg/L 0.01/0.05 49 100 <0.01 <0.02 <0.03 <0.05 

Total Kjeldahl Nitrogen  mg/L 0.2 49 66 <0.20 <0.20 0.24 0.54 

Total Nitrogen  mg/L 0.05 7 100 <0.05 <0.05 <0.05 <0.05 

Total Phosphorus  µg/L 1 50 0 2.7 8 10 51 

Dissolved Phosphorus  µg/L 1 50 4 <1.0 3.9 5 36 

Major Ions 

Calcium  mg/L 0.5 70 0 28 63 58 77 

Magnesium  mg/L 0.1 70 0 6 15 14 18 

Potassium  mg/L 0.5 70 0 0.58 0.76 0.81 2.67 

Sodium  mg/L 1 70 0 1.5 5 4.6 6.7 

Bicarbonate  mg/L 5 49 0 133 276 258 351 
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Table 3.1-3 Summary of water quality variables in Plante Creek upstream of the Obed 
Mine (PLC-US), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

Carbonate  mg/L 5 49 84 <5 <5 6 23 

Chloride  mg/L 0.5 44 86 <0.5 <0.5 0.55 2.52 

Hydroxide  mg/L 5 49 100 <5 <5 <5 <5 

Sulphate  mg/L 0.5 49 0 1.6 2.4 2.5 4.2 

Sulphide  µg/L 2 49 100 <2 <2 <2 <2 

Total Metals 

Aluminum  µg/L 3 78 0 4 20 44 517 

Antimony  µg/L 0.1 78 100 <0.1 <0.1 <0.1 <0.1 

Arsenic  µg/L 0.1 78 0 0.3 0.5 0.5 0.9 

Barium  µg/L 0.05 78 0 40 69 67 88 

Beryllium  µg/L 0.1/0.5 78 100 0.1 0.1 0.2 0.5 

Bismuth  µg/L 0.05 78 100 0.1 0.1 0.1 0.1 

Boron  µg/L 10 78 97 10 10 10 14 

Cadmium  µg/L 0.01 78 94 0 0 0 0 

Chromium (III+VI)  µg/L 0.1 78 71 0.1 0.1 0.1 0.8 

Cobalt  µg/L 0.1 78 87 0.1 0.1 0.1 0.5 

Copper  µg/L 0.1 78 8 0.1 0.3 0.4 3.4 

Iron  µg/L 10 78 0 235 388 404 1,190 

Lithium  µg/L 5 78 100 5 5 5 5 

Total Metals Cont’d. 

Lead  µg/L 0.05 78 80 0.1 0.1 0.1 0.8 

Manganese  µg/L 2 78 0 17 34 36 84 

Mercury  ng/L 0.5 46 43 0.5 0.6 1 3.6 

Methyl mercury  ng/L 0.02 5 0 0.02 0.03 0.03 0.04 

Molybdenum  µg/L 0.05 78 0 0.2 0.5 0.4 0.7 

Nickel  µg/L 0.005 78 0 0.2 0.4 0.5 2.4 

Selenium  µg/L 0.1 78 84 0.1 0.1 0.1 0.2 
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Table 3.1-3 Summary of water quality variables in Plante Creek upstream of the Obed 
Mine (PLC-US), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

Silicon  mg/L 0.05 78 0 3.16 4.5 4.45 5.74 

Silver  µg/L 0.01 78 99 <0.01 <0.01 <0.01 <0.01 

Strontium  µg/L 0.1 78 0 94 286 258 350 

Thallium  µg/L 0.01/0.05 78 100 <0.01 <0.01 <0.02 <0.05 

Tin  µg/L 0.1 78 94 <0.1 <0.1 0.2 3.7 

Titanium  µg/L 0.3 78 39 <0.3 0.4 1 10 

Uranium  µg/L 0.01 78 0 0.2 0.7 0.6 1.7 

Vanadium  µg/L 0.1 78 22 <0.1 0.4 0.5 1.8 

Zinc  µg/L 3 78 94 <3.0 <3.0 3.2 10.9 

Dissolved Metals 

Aluminum  µg/L 1 77 0 1.1 2.8 5.5 24.2 

Antimony  µg/L 0.1 77 100 <0.1 <0.1 <0.1 <0.1 

Arsenic  µg/L 0.1 77 1 <0.1 0.3 0.4 0.7 

Barium  µg/L 0.05 77 0 36 67 64 85 

Beryllium  µg/L 0.1/0.5 77 100 <0.1 <0.5 <0.4 <0.5 

Bismuth  µg/L 0.1 77 100 <0.1 <0.1 <0.1 <0.1 

Boron  µg/L 10 77 100 <10 <10 <10 <10 

Cadmium  µg/L 0.01 77 100 <0.01 <0.01 <0.01 <0.01 

Chromium (III+VI)  µg/L 0.1 77 96 <0.1 <0.1 <0.1 0.11 

Cobalt  µg/L 0.1 77 100 <0.1 <0.1 <0.1 <0.1 

Copper  µg/L 0.1 77 4 <0.1 0.3 0.3 0.7 

Iron  µg/L 10 77 6 <10 38 65 384 

Lead  µg/L 0.05 77 97 <0.05 <0.05 <0.05 0.08 

Lithium  µg/L 3 77 63 <3.0 <3.0 3.2 5 

Manganese  µg/L 0.05 77 0 0.2 1.8 10 52 

Molybdenum  µg/L 0.05 77 0 0.2 0.5 0.4 0.7 

Nickel  µg/L 0.1 77 0 0.3 0.4 0.5 0.9 
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Table 3.1-3 Summary of water quality variables in Plante Creek upstream of the Obed 
Mine (PLC-US), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

Selenium  µg/L 0.1 77 86 <0.1 <0.1 <0.1 0.12 

Silicon  mg/L 0.05 77 0 3.09 4.42 4.39 5.7 

Silver  µg/L 0.01 77 100 <0.01 <0.01 <0.01 <0.01 

Strontium  µg/L 0.1 77 0 94 284 255 379 

Thallium  µg/L 0.01/0.05 77 100 <0.01 <0.05 <0.04 <0.05 

Tin  µg/L 0.1 77 97 <0.1 <0.1 <0.1 0.5 

Titanium  µg/L 0.3 77 90 <0.3 <0.3 <0.3 1 

Uranium  µg/L 0.01 77 0 0.2 0.7 0.6 0.9 

Vanadium  µg/L 0.1 77 36 <0.1 <0.1 0.2 0.3 

Zinc  µg/L 1 77 86 <1.0 <1.0 1.5 11.8 

Note: Bold values indicate water quality guideline exceedance for the protection of aquatic life. 

 

Table 3.1-4 Summary of water quality variables in Apetowun Creek downstream of the 
Obed Mine (APC), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

Conventional Variables 

Total Alkalinity mg/L 5 62 0 158 307 323 479 

Total Hardness  mg/L 1 50 0 141 270 273 365 

Colour  TCU 2 49 8 <2 8 18 89 

Dissolved Organic Carbon  mg/L 1 50 0 2.4 3.5 5.2 15.7 

Total Organic Carbon  mg/L 1 50 0 2.2 3.5 5.1 21.6 

Total Dissolved Solids  mg/L 10 50 0 275 527 516 693 

Total Suspended Solids  mg/L 3 62 41 <3 <3 32 318 

Total Cyanide  µg/L 5 2 100 5 5 5 5 

Biochemical Oxygen 
Demand 

mg/L 2 50 94 <2 <2 2.1 7.3 
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Table 3.1-4 Summary of water quality variables in Apetowun Creek downstream of the 
Obed Mine (APC), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

Major Nutrients 

Total Ammonia as N mg/L 0.05 50 100 <0.05 <0.05 <0.05 <0.05 

Nitrate as N mg/L 0.02 62 56 <0.02 0.05 0.08 0.39 

Nitrate + Nitrite as N  mg/L 0.02 42 60 <0.02 0.07 0.09 0.39 

Nitrite as N  mg/L 0.01 50 100 <0.01 0.02 0.03 0.05 

Total Kjeldahl Nitrogen  mg/L 0.2 50 82 <0.2 <0.2 0.25 0.84 

Total Nitrogen  mg/L 0.05 7 75 <0.05 <0.05 0.07 0.12 

Total Phosphorus  µg/L 1 52 2 <1 6.6 21.3 274 

Dissolved Phosphorus  µg/L 1 51 16 <1 2 2.7 8.3 

Major Ions 

Calcium  mg/L 0.5 71 0 40 64 67 94 

Magnesium  mg/L 0.1 71 0 10 26 25 36 

Potassium  mg/L 0.5 71 0 1.14 2.22 2.09 2.88 

Sodium  mg/L 1 71 0 28 87 79 124 

Bicarbonate  mg/L 5 50 0 192 365 396 584 

Carbonate  mg/L 5 50 80 <5 <5 6 20 

Chloride  mg/L 0.5 50 0 0.88 1.6 1.72 3.26 

Hydroxide  mg/L 5 50 100 <5 <5 <5 <5 

Sulphate  mg/L 0.5 50 0 31 128 121 181 

Sulphide  µg/L 2 50 86 <2 <2 <2 7 

Total Metals 

Aluminum  µg/L 3 78 0 10 77 301 3,140 

Antimony  µg/L 0.1 78 57 <0.10 <0.10 0.11 0.23 

Arsenic  µg/L 0.1 78 0 0.26 0.51 0.6 2.12 

Barium  µg/L 0.05 78 0 85 122 124 247 

Beryllium  µg/L 0.1 78 96 <0.10 <0.10 0.15 0.5 

Bismuth  µg/L 0.05 78 96 <0.05 <0.05 <0.05 0.12 
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Table 3.1-4 Summary of water quality variables in Apetowun Creek downstream of the 
Obed Mine (APC), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

Boron  µg/L 10 78 0 12 44 41 70 

Cadmium  µg/L 0.01 78 65 <0.01 <0.01 0.02 0.15 

Chromium (III+VI)  µg/L 0.1 78 35 <0.10 0.13 0.44 3.54 

Cobalt  µg/L 0.1 78 5 <0.10 0.15 0.3 2.07 

Copper  µg/L 0.1 78 1 <0.10 0.5 0.95 6 

Iron  µg/L 10 78 0 115 244 553 4,360 

Lead  µg/L 0.05 78 39 <0.05 0.07 0.31 3.55 

Lithium  µg/L 5 78 0 9 34 31 51 

Manganese  µg/L 2 78 0 47 91 104 268 

Mercury  ng/L 0.5 47 10 <0.5 0.7 2.2 20.2 

Methyl mercury  ng/L 0.02 4 0 0.02 0.03 0.03 0.04 

Molybdenum  µg/L 0.05 78 0 0.83 1.78 1.75 3.2 

Nickel  µg/L 0.005 78 0 0.41 0.88 1.39 6.35 

Selenium  µg/L 0.1 78 14 <0.10 0.31 0.33 1.19 

Silicon  mg/L 50 78 0 3.18 4.47 4.62 8.2 

Silver  µg/L 0.01 78 84 <0.01 <0.01 <0.01 0.04 

Strontium  µg/L 0.1 78 0 321 816 790 1,170 

Thallium  µg/L 0.01 78 80 <0.01 <0.01 0.02 0.05 

Tin  µg/L 0.1 78 97 <0.10 <0.10 0.15 3.89 

Titanium  µg/L 0.3 78 1 <0.30 1.88 5.58 44 

Uranium  µg/L 0.01 78 0 1.5 3.38 3.18 5.65 

Vanadium  µg/L 0.26 78 10 <0.26 0.72 1.13 6.75 

Zinc  µg/L 3 78 67 <3.00 <3.00 4.64 21 

Dissolved Metals 

Aluminum  µg/L 1 78 1 <1.00 3.85 21 530 

Antimony  µg/L 0.1 78 77 <0.10 <0.10 <0.10 0.15 

Arsenic  µg/L 0.1 78 1 <0.10 0.4 0.42 0.71 

Barium  µg/L 0.05 78 0 69 110 110 159 
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Table 3.1-4 Summary of water quality variables in Apetowun Creek downstream of the 
Obed Mine (APC), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

Beryllium  µg/L 0.1/0.5 78 100 <0.10 <0.50 <0.50 <0.50 

Bismuth  µg/L 0.05 78 100 <0.05 <0.05 <0.05 <0.05 

Boron  µg/L 10 78 0 14 45 41 66 

Cadmium  µg/L 0.01 78 100 <0.01 <0.01 <0.01 <0.01 

Chromium (III+VI)  µg/L 0.1 78 90 <0.10 <0.10 0.11 0.61 

Cobalt  µg/L 0.1 78 77 <0.10 <0.10 0.11 0.33 

Copper  µg/L 0.1 78 1 <0.10 0.38 0.49 1.76 

Iron  µg/L 10 78 67 <10 <10 35 418 

Lead  µg/L 0.05 78 90 <0.05 <0.05 0.06 0.33 

Lithium  µg/L 5 78 0 10 34 30 56 

Manganese  µg/L 0.05 78 0 0.18 27 36 148 

Molybdenum  µg/L 0.05 78 0 0.82 1.74 1.71 3.29 

Nickel  µg/L 0.1 78 0 0.4 0.71 0.77 1.58 

Selenium  µg/L 0.1 78 18 <0.10 0.29 0.33 1.25 

Silicon  mg/L 0.05 78 0 2.71 4.06 4.22 5.85 

Silver  µg/L 0.01 78 100 <0.01 <0.01 <0.01 <0.01 

Strontium  µg/L 0.1 78 0 321 801 761 1,090 

Thallium  µg/L 0.01/0.05 78 100 <0.01 <0.05 <0.04 <0.05 

Tin  µg/L 0.1 78 97 <0.10 <0.10 <0.10 0.2 

Titanium  µg/L 0.3 78 76 <0.30 <0.30 0.81 17 

Uranium  µg/L 0.01 78 0 1.42 3.23 3.07 6.01 

Vanadium  µg/L 0.1 78 5 <0.10 0.23 0.3 1.33 

Zinc  µg/L 1 78 77 <1.00 <1.00 1.53 5.8 

Note: Bold values indicate water quality guideline exceedance for the protection of aquatic life. 
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Table 3.1-5 Summary of water quality variables in Plante Creek downstream of the 
Obed Mine (PLC-DS), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

Conventional Variables 

Total Alkalinity mg/L 5 90 0 123 246 225 301 

Total Hardness  mg/L 1 69 0 114 225 212 262 

Colour  TCU 2 69 0 3 11 18 57 

Dissolved Organic Carbon  mg/L 1 69 0 2.8 4 5.6 13.3 

Total Organic Carbon  mg/L 1 69 0 2.7 3.9 5.5 13.1 

Total Dissolved Solids  mg/L 10 69 0 131 259 248 322 

Total Suspended Solids  mg/L 3 90 34 <3 7 45 827 

Total Cyanide  µg/L 5 5 100 <5 <5 <5 <5 

Biochemical Oxygen 
Demand 

mg/L 2 69 93 <2 <2 2.1 3.5 

Major Nutrients 

Total Ammonia as N mg/L 0.05 69 100 <0.05 <0.05 <0.05 <0.05 

Nitrate as N mg/L 0.05 90 30 <0.05 0.08 0.08 0.12 

Nitrate + Nitrite as N  mg/L 0.05 61 32 0.05 0.08 0.08 0.12 

Nitrite as N  mg/L 0.01/0.05 69 100 <0.01 <0.04 <0.03 <0.05 

Total Kjeldahl Nitrogen  mg/L 0.2 69 80 <0.20 <0.20 0.26 1.61 

Total Nitrogen  mg/L 0.05 6 100 <0.05 <0.05 <0.05 <0.05 

Total Phosphorus  µg/L 1 71 6 <1.0 7.6 24 480 

Dissolved Phosphorus  µg/L 1 71 15 <1.0 2.1 2.7 8.7 

Major Ions 

Calcium  mg/L 0.5 92 0 31 63 60 75 

Magnesium  mg/L 0.1 92 0 7 16 15 22 

Potassium  mg/L 0.5 92 0 0.6 0.9 0.9 1.5 

Sodium  mg/L 1 92 0 5 15 15 27 

Bicarbonate  mg/L 5 69 0 151 295 278 363 

Carbonate  mg/L 5 69 77 <5 <5 6 16 

Chloride  mg/L 0.5 69 75 <0.5 <0.5 0.52 0.82 
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Table 3.1-5 Summary of water quality variables in Plante Creek downstream of the 
Obed Mine (PLC-DS), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

Hydroxide  mg/L 5 69 100 <5 <5 <5 <5 

Sulphate  mg/L 0.5 69 1 <0.5 16 17 36 

Sulphide  µg/L 2 69 97 <2 <2 <2 4 

Total Metals 

Aluminum  µg/L 3 100 0 4 79 356 6,120 

Antimony  µg/L 0.1 100 95 <0.10 <0.10 <0.10 0.16 

Arsenic  µg/L 0.1 100 0 0.23 0.36 0.58 6.63 

Barium  µg/L 0.05 100 0 54 86 101 694 

Beryllium  µg/L 0.1 100 94 <0.10 <0.10 0.19 0.5 

Bismuth  µg/L 0.05 100 96 <0.05 <0.05 <0.05 0.12 

Boron  µg/L 10 100 75 <10 <10 <10 17 

Cadmium  µg/L 0.01 100 81 <0.01 <0.01 0.02 0.24 

Chromium (III+VI)  µg/L 0.1 100 45 <0.10 0.14 0.52 8.02 

Cobalt  µg/L 0.1 100 65 <0.10 <0.10 0.32 5.06 

Copper  µg/L 0.1 100 2 <0.10 0.4 0.91 11.4 

Iron  µg/L 10 100 0 77 192 664 10,900 

Lithium  µg/L 5 100 33 <5 6 6 10 

Lead  µg/L 0.05 100 41 <0.05 0.11 0.55 9.93 

Manganese  µg/L 2 100 0 7 12 28 362 

Mercury  ng/L 0.5 66 16 <0.50 1.3 1.9 9.42 

Methyl mercury  ng/L 0.02 10 30 <0.02 <0.02 <0.02 0.03 

Molybdenum  µg/L 0.05 100 0 0.33 0.73 0.71 1.01 

Nickel  µg/L 0.005 100 0 0.17 0.43 1.02 13.1 

Selenium  µg/L 0.1 100 32 <0.10 0.12 0.12 0.31 

Silicon  mg/L 0.05 100 0 2.87 4.38 4.64 13,.0 

Silver  µg/L 0.01 100 87 0.01 0.01 0.01 0.1 

Strontium  µg/L 0.1 100 0 153 360 335 470 

Thallium  µg/L 0.01 100 87 0.01 0.01 0.02 0.14 
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Table 3.1-5 Summary of water quality variables in Plante Creek downstream of the 
Obed Mine (PLC-DS), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

Tin  µg/L 0.1 100 95 0.1 0.1 0.13 2.58 

Titanium  µg/L 0.3 100 24 0.3 1.77 7 88 

Uranium  µg/L 0.01 100 0 0.39 1.08 1.03 1.68 

Vanadium  µg/L 0.1 100 16 0.14 0.5 1.09 13.7 

Zinc  µg/L 3 100 74 3 3 5 50 

Dissolved Metals 

Aluminum  µg/L 1 99 4 <1 2 5 26 

Antimony  µg/L 0.1 99 100 <0.10 <0.10 <0.10 <0.10 

Arsenic  µg/L 0.1 99 1 <0.10 0.28 0.3 0.64 

Barium  µg/L 0.05 99 0 46 77 74 97 

Beryllium  µg/L 0.1/0.5 99 100 <0.1 <0.5 <0.5 <0.5 

Bismuth  µg/L 0.05 99 100 <0.05 <0.05 <0.05 <0.05 

Boron  µg/L 10 99 68 <10 <10 <10 16 

Cadmium  µg/L 0.01 99 100 <0.01 <0.01 <0.01 <0.01 

Chromium (III+VI)  µg/L 0.1 99 99 <0.10 <0.10 <0.10 0.22 

Cobalt  µg/L 0.1 99 100 <0.10 <0.10 <0.10 <0.10 

Copper  µg/L 0.1 99 1 <0.10 0.29 0.35 1.07 

Iron  µg/L 10 99 53 <10 <10 24 125 

Lead  µg/L 0.05 99 98 <0.05 <0.05 <0.05 0.06 

Lithium  µg/L 3 99 12 <3 6 6 11 

Manganese  µg/L 0.05 99 0 0.2 1.42 2.15 16 

Molybdenum  µg/L 0.05 99 0 0.32 0.73 0.71 1.38 

Nickel  µg/L 0.1 99 0 0.18 0.33 0.4 1.03 

Selenium  µg/L 0.1 99 42 <0.10 0.11 0.11 0.21 

Silicon  mg/L 0.05 99 0 2.69 4.08 4.08 5.09 

Silver  µg/L 0.01 99 100 <0.01 <0.01 <0.01 <0.01 

Strontium  µg/L 0.1 99 0 152 350 326 440 

Thallium  µg/L 0.01/0.05 99 100 <0.01 <0.05 <0.05 <0.05 
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Table 3.1-5 Summary of water quality variables in Plante Creek downstream of the 
Obed Mine (PLC-DS), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

Tin  µg/L 0.1 99 99 <0.10 <0.10 <0.10 0.3 

Titanium  µg/L 0.3 99 83 <0.30 <0.30 0.41 1.88 

Uranium  µg/L 0.01 99 0 0.31 1.04 0.96 1.51 

Vanadium  µg/L 0.1 99 6 <0.10 0.16 0.18 0.39 

Zinc  µg/L 1.0/5.0 99 82 <1.00 <1.00 1.49 10 

Note: Bold values indicate water quality guideline exceedance for the protection of aquatic life. 

 

Table 3.1-6 Summary of water quality variables in the Athabasca River upstream of the 
Obed Mine (ATR-US), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

Conventional Variables 

Total Alkalinity mg/L 5 64 0 79 117 113 161 

Total Hardness  mg/L 1 51 0 97 158 164 267 

Colour  TCU 2 51 16 <2 7 8 19 

Dissolved Organic 
Carbon  

mg/L 1 50 8 <1 3 3 5 

Total Organic Carbon  mg/L 1 51 10 <1 2.5 2.5 4.5 

Total Dissolved Solids  mg/L 10 51 0 98 194 213 363 

Total Suspended Solids  mg/L 3 64 8 <3 15 26 159 

Total Cyanide  µg/L 5 2 100 <5 <5 5 <5 

Biochemical Oxygen 
Demand 

mg/L 2 51 90 <2 <2 2.2 8.7 

Major Nutrients 

Total Ammonia as N mg/L 0.05 51 69 <0.05 <0.05 0.06 0.19 

Nitrate as N mg/L 0.05 64 41 <0.05 <0.05 0.06 0.12 

Nitrate + Nitrite as N  mg/L 0.05 41 61 <0.05 <0.05 0.07 0.12 

Nitrite as N  mg/L 0.01/0.05 51 100 <0.01 <0.02 <0.03 <0.05 
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Table 3.1-6 Summary of water quality variables in the Athabasca River upstream of the 
Obed Mine (ATR-US), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

Total Kjeldahl Nitrogen  mg/L 0.2 51 90 <0.20 <0.20 0.21 0.39 

Total Nitrogen  mg/L 0.05 10 100 <0.05 <0.05 <0.05 <0.05 

Total Phosphorus  µg/L 1 51 0 9.4 24 27 107 

Dissolved Phosphorus  µg/L 1 50 2 <1 5 8 31 

Major Ions 

Calcium  mg/L 0.5 72 0 25 37 42 74 

Magnesium  mg/L 0.1 72 0 7 11 13 22 

Potassium  mg/L 0.5 72 22 <0.5 0.54 0.64 1.16 

Sodium  mg/L 1 72 0 2 4 7 20 

Bicarbonate  mg/L 5 51 0 96 128 135 196 

Carbonate  mg/L 5 51 100 <5 <5 <5 <5 

Chloride  mg/L 0.5 51 12 <0.5 2.31 2.17 7.53 

Hydroxide  mg/L 5 51 100 <5 <5 <5 <5 

Sulphate  mg/L 0.5 51 0 25 52 54 125 

Sulphide  µg/L 2 51 47 <2 <2 3 9 

Total Metals 

Aluminum  µg/L 3 80 0 37 217 312 1,910 

Antimony  µg/L 0.1 80 100 <0.10 <0.10 <0.10 <0.10 

Arsenic  µg/L 0.1 80 1 <0.10 0.21 0.25 0.99 

Barium  µg/L 0.05 80 0 2 46 49 68 

Beryllium  µg/L 0.1 80 99 <0.10 <0.10 0.14 0.5 

Bismuth  µg/L 0.05 80 99 <0.05 <0.05 <0.05 0.1 

Boron  µg/L 10 80 80 <10 <10 <10 20 

Cadmium  µg/L 0.01 80 68 <0.01 <0.01 <0.01 0.05 

Chromium (III+VI)  µg/L 0.1 80 1 <0.10 0.34 0.5 2.78 

Cobalt  µg/L 0.1 80 21 <0.10 0.19 0.27 1.52 

Copper  µg/L 0.1 79 1 <0.10 0.52 0.67 3.4 
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Table 3.1-6 Summary of water quality variables in the Athabasca River upstream of the 
Obed Mine (ATR-US), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

Iron  µg/L 10 80 0 51 362 511 3,340 

Lithium  µg/L 5 80 98 <5 <5 <5 10 

Lead  µg/L 0.05 80 0 0.07 0.26 0.44 6 

Manganese  µg/L 2 80 0 1 18 21 105 

Mercury  ng/L 0.5 48 23 <0.50 0.85 1.1 5.09 

Methyl mercury  ng/L 0.02 2 100 <0.02 <0.02 <0.02 <0.02 

Molybdenum  µg/L 0.05 80 0 0.21 0.69 0.82 1.82 

Nickel  µg/L 0.005 80 0 0.13 0.56 0.72 3.84 

Selenium  µg/L 0.1 80 0 0.12 0.23 0.27 0.53 

Silicon  mg/L 0.05 80 0 1.21 1.85 1.92 4.32 

Silver  µg/L 0.01 80 91 <0.01 <0.01 <0.01 0.02 

Strontium  µg/L 0.1 80 0 237 409 460 813 

Thallium  µg/L 0.01 80 81 <0.01 <0.01 0.02 0.05 

Tin  µg/L 0.1 80 95 <0.10 <0.10 0.12 0.89 

Titanium  µg/L 0.3 80 4 <0.30 2.47 3.43 33.4 

Uranium  µg/L 0.01 80 0 0.32 0.49 0.51 0.76 

Vanadium  µg/L 0.2 80 9 <0.2 0.65 0.76 4.02 

Zinc  µg/L 3 80 68 <3 <3 4 13 

Dissolved Metals 

Aluminum  µg/L 1 78 0 6 15 18 85 

Antimony  µg/L 0.1 78 100 <0.10 <0.10 <0.10 <0.10 

Arsenic  µg/L 0.1 78 49 <0.10 <0.10 0.12 0.7 

Barium  µg/L 0.05 78 0 28 44 45 76 

Beryllium  µg/L 0.1/0.5 78 100 <0.10 <0.50 <0.40 <0.50 

Bismuth  µg/L 0.05 78 100 <0.05 <0.05 <0.05 <0.05 

Boron  µg/L 10 78 77 <10 <10 <10 13 

Cadmium  µg/L 0.01 78 99 <0.01 <0.01 <0.01 0.014 
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Table 3.1-6 Summary of water quality variables in the Athabasca River upstream of the 
Obed Mine (ATR-US), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

Chromium (III+VI)  µg/L 0.1 78 94 <0.10 <0.10 <0.10 0.15 

Cobalt  µg/L 0.1 78 100 <0.10 <0.10 <0.10 <0.10 

Copper  µg/L 0.1 78 3 <0.10 0.2 0.22 0.51 

Iron  µg/L 10 78 78 <10 <10 12 54 

Lead  µg/L 0.05 78 97 <0.05 <0.05 <0.05 0.15 

Lithium  µg/L 3 78 68 <3.00 <3.00 3.33 5 

Manganese  µg/L 0.05 78 1 <0.05 0.48 2.42 15.2 

Molybdenum  µg/L 0.05 78 0 0.35 0.66 0.8 1.85 

Nickel  µg/L 0.1 78 5 <0.10 0.22 0.23 0.4 

Selenium  µg/L 0.1 78 1 <0.10 0.22 0.25 0.53 

Silicon  mg/L 0.05 78 0 1 1.6 1.56 2.65 

Silver  µg/L 0.01 78 99 <0.01 <0.01 <0.01 0.014 

Strontium  µg/L 0.1 78 0 213 384 445 870 

Thallium  µg/L 0.01/0.05 78 100 <0.01 <0.05 <0.04 <0.05 

Tin  µg/L 0.1 78 95 <0.10 <0.10 <0.10 0.25 

Titanium  µg/L 0.3 78 92 <0.30 <0.30 0.33 1.59 

Uranium  µg/L 0.01 78 0 0.28 0.46 0.48 0.86 

Vanadium  µg/L 0.1 78 53 <0.10 <0.10 0.11 0.26 

Zinc  µg/L 1 78 69 <1.00 <1.00 1.56 11.4 

Note: Bold values indicate water quality guideline exceedance for the protection of aquatic life. 
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Table 3.1-7 Summary of water quality variables in the Athabasca River 
confluence with Plante Creek (ATR-CON), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

Conventional Variables 

Total Alkalinity mg/L 5 59 0 82 146 148 221 

Total Hardness  mg/L 1 47 0 108 182 180 254 

Colour  TCU 2 47 4 <2 12 15 53 

Dissolved Organic 
Carbon  

mg/L 1 47 0 1.4 4.0 4.5 13.2 

Total Organic Carbon  mg/L 1 47 0 1.1 3.7 4.3 11.8 

Total Dissolved Solids  mg/L 10 47 0 125 237 234 351 

Total Suspended 
Solids  

mg/L 3 59 28 <3 11 15 73 

Total Cyanide  µg/L 5 2 100 <5 <5 <5 <5 

Biochemical Oxygen 
Demand 

mg/L 2 47 94 <2 <2 2.1 3.6 

Major Nutrients 

Total Ammonia as N mg/L 0.05 47 69 <0.05 <0.05 0.06 0.11 

Nitrate as N mg/L 0.02 59 47 <0.05 0.06 0.07 0.12 

Nitrate + Nitrite as N  mg/L 0.02/0.05 39 45 <0.05 0.07 0.07 0.12 

Nitrite as N  mg/L 0.01/0.05 47 100 <0.01 <0.02 <0.03 <0.05 

Total Kjeldahl 
Nitrogen  

mg/L 0.2 47 81 0.20 0.20 0.22 0.48 

Total Nitrogen  mg/L 0.05 7 100 <0.05 <0.05 <0.05 <0.05 

Total Phosphorus  µg/L 1 48 0 1 17 20 48 

Dissolved 
Phosphorus  

µg/L 1 48 4 <1 5 7 30 

Major Ions 

Calcium  mg/L 0.5 68 0 30 49 49 69 

Magnesium  mg/L 0.1 68 0 8 13 13 20 

Potassium  mg/L 0.5 68 4 <0.5 0.77 0.75 1.21 

Sodium  mg/L 1 68 0 2 10 10 20 
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Table 3.1-7 Summary of water quality variables in the Athabasca River 
confluence with Plante Creek (ATR-CON), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

Bicarbonate  mg/L 5 47 0 101 178 181 261 

Carbonate  mg/L 5 47 96 <5 <5 <5 12 

Chloride  mg/L 0.5 47 23 <0.50 1.67 1.87 9.20 

Hydroxide  mg/L 5 47 100 <5 <5 <5 <5 

Sulphate  mg/L 0.5 47 0 1 38 43 111 

Sulphide  µg/L 2 47 65 <2 <2 <2 9 

Total Metals 

Aluminum  µg/L 3 76 0 18 164 263 2,000 

Antimony  µg/L 0.1 76 100 <0.10 <0.10 <0.10 <0.10 

Arsenic  µg/L 0.1 76 0 0.11 0.31 0.35 1.47 

Barium  µg/L 0.05 76 0 40 61 64 159 

Beryllium  µg/L 0.1 76 97 <0.10 <0.10 0.15 0.50 

Bismuth  µg/L 0.05 76 100 <0.05 <0.05 <0.05 <0.05 

Boron  µg/L 10 76 86 <10 <10 <10 14 

Cadmium  µg/L 0.01 76 69 <0.01 <0.01 <0.01 0.06 

Chromium (III+VI)  µg/L 0.1 76 12 <0.10 0.27 0.41 2.65 

Cobalt  µg/L 0.1 76 43 <0.10 0.14 0.23 1.27 

Copper  µg/L 0.1 76 1 <0.10 0.53 0.68 3.88 

Iron  µg/L 10 76 0 50 261 437 3,070 

Lithium  µg/L 5 76 78 <5 <5 <5 7 

Lead  µg/L 0.05 76 8 <0.05 0.18 0.30 2.36 

Manganese  µg/L 2 76 0 7 14 19 98 

Mercury  ng/L 0.5 44 18 <0.50 1.00 1.27 4.08 

Methyl mercury  ng/L 0.02 4 0 0.02 0.04 0.03 0.04 

Molybdenum  µg/L 0.05 76 0 0.28 0.71 0.79 1.71 

Nickel  µg/L 0.005 76 0 0.19 0.54 0.73 3.90 

Selenium  µg/L 0.1 76 6 <0.10 0.18 0.22 0.47 

Silicon  mg/L 0.05 76 0 1.59 2.64 2.76 5.77 

Silver  µg/L 0.01 76 94 <0.01 <0.01 <0.01 0.02 
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Table 3.1-7 Summary of water quality variables in the Athabasca River 
confluence with Plante Creek (ATR-CON), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

Strontium  µg/L 0.1 76 0 165 377 418 799 

Thallium  µg/L 0.01 76 87 <0.01 <0.01 0.02 0.05 

Tin  µg/L 0.1 76 90 <0.10 <0.10 0.27 10.70 

Titanium  µg/L 0.3 76 1 <0.30 1.92 3.55 36.60 

Uranium  µg/L 0.01 76 0 0.36 0.65 0.65 0.98 

Vanadium  µg/L 0.2 76 16 <0.20 0.57 0.74 4.71 

Zinc  µg/L 3 76 78 <3 <3 4 16 

Dissolved Metals 

Aluminum  µg/L 1 75 0 1.40 10 14 266 

Antimony  µg/L 0.1 75 100 <0.10 <0.10 <0.10 <0.10 

Arsenic  µg/L 0.1 75 7 <0.10 0.18 0.20 0.41 

Barium  µg/L 0.05 75 0 28 56 57 77 

Beryllium  µg/L 0.1/0.5 75 100 <0.10 <0.50 <0.39 <0.50 

Bismuth  µg/L 0.05 75 100 <0.05 <0.05 <0.05 <0.05 

Boron  µg/L 10 75 78 <10 <10 <10 13 

Cadmium  µg/L 0.01 75 100 <0.01 <0.01 <0.01 <0.01 

Chromium (III+VI)  µg/L 0.1 75 97 <0.10 <0.10 <0.10 0.36 

Cobalt  µg/L 0.1 75 97 <0.10 <0.10 0.11 0.41 

Copper  µg/L 0.1 75 1 <0.10 0.27 0.31 0.89 

Iron  µg/L 10 75 47 <10 <10 24 493 

Lead  µg/L 0.05 75 97 <0.05 <0.05 0.06 0.67 

Lithium  µg/L 3 75 30 <3.00 3.60 3.86 5.90 

Manganese  µg/L 0.05 75 0 0.10 0.50 1.95 24.60 

Molybdenum  µg/L 0.05 75 0 0.16 0.70 0.77 1.69 

Nickel  µg/L 0.1 75 1 <0.10 0.30 0.34 0.78 

Selenium  µg/L 0.1 75 14 <0.10 0.17 0.21 0.48 

Silicon  mg/L 0.05 75 0 1.01 2.40 2.42 4.00 

Silver  µg/L 0.01 75 99 <0.01 <0.01 <0.01 0.03 

Strontium  µg/L 0.1 75 0 162 367 406 799 
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Table 3.1-7 Summary of water quality variables in the Athabasca River 
confluence with Plante Creek (ATR-CON), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

Thallium  µg/L 0.01/0.05 75 100 <0.01 <0.05 <0.04 <0.05 

Tin  µg/L 0.1 75 99 <0.10 <0.10 <0.10 0.14 

Titanium  µg/L 0.3 75 89 <0.30 <0.30 0.33 1.63 

Uranium  µg/L 0.01 75 0 0.32 0.62 0.62 0.93 

Vanadium  µg/L 0.1 75 22 <0.10 0.12 0.14 0.32 

Zinc  µg/L 1 75 59 <1.00 1.00 1.50 6.50 

Note: Bold values indicate water quality guideline exceedance for the protection of aquatic life. 

 

Table 3.1-8 Summary of water quality variables in the Athabasca River downstream of the 
Obed Mine (ATR-D1), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

Conventional Variables 

Total Alkalinity mg/L 5 66 0 80 130 119 160 

Total Hardness  mg/L 1 53 0 96 182 168 250 

Colour  TCU 2 53 11 <2 8 8 20 

Dissolved Organic 
Carbon  

mg/L 1 53 7 <1.0 3.1 2.9 5.5 

Total Organic Carbon  mg/L 1 53 11 <1.0 2.8 2.7 5.1 

Total Dissolved Solids  mg/L 10 53 0 110 224 211 333 

Total Suspended 
Solids  

mg/L 3 66 25 <3 8 31 244 

Total Cyanide  µg/L 5 2 100 <5 <5 <5 <5 

Biochemical Oxygen 
Demand 

mg/L 2 53 94 <2.0 <2.0 <2.0 3.2 

Major Nutrients 

Total Ammonia as N mg/L 0.05 53 59 <0.05 <0.05 0.07 0.14 

Nitrate as N mg/L 0.02/0.05 66 40 <0.05 0.07 0.08 0.47 

Nitrate + Nitrite as N  mg/L 0.02/0.05 44 40 <0.05 0.07 0.09 0.47 
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Table 3.1-8 Summary of water quality variables in the Athabasca River downstream of the 
Obed Mine (ATR-D1), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

Nitrite as N  mg/L 0.01/0.05 53 100 <0.01 <0.02 <0.03 <0.05 

Total Kjeldahl 
Nitrogen  

mg/L 0.2 53 83 <0.20 <0.20 0.22 0.69 

Total Nitrogen  mg/L 0.05 8 89 <0.05 <0.05 <0.05 0.06 

Total Phosphorus  µg/L 1 54 0 8 20 20 267 

Dissolved Phosphorus  µg/L 1 54 2 <1 4 7 25 

Major Ions 

Calcium  mg/L 0.5 82 0 29 43 46 69 

Magnesium  mg/L 0.1 82 0 8 13 13 21 

Potassium  mg/L 0.5 82 20 <0.50 0.66 0.73 1.29 

Sodium  mg/L 1 82 0 2 5 8 21 

Bicarbonate  mg/L 5 53 0 97 145 143 196 

Carbonate  mg/L 5 53 100 <5 <5 <5 <5 

Chloride  mg/L 0.5 53 11 <0.5 2.25 2.19 9.73 

Hydroxide  mg/L 5 53 100 <5 <5 <5 <5 

Sulphate  mg/L 0.5 53 0 23 72 68 122 

Sulphide  µg/L 2 53 48 <2 <2 3 8 

Total Metals 

Aluminum  µg/L 3 82 0 31 160 327 2,260 

Antimony  µg/L 0.1 82 98 <0.10 <0.10 <0.10 0.14 

Arsenic  µg/L 0.1 82 0 0.10 0.22 0.27 1.20 

Barium  µg/L 0.05 82 0 34 52 53 81 

Beryllium  µg/L 0.1 82 95 <0.10 <0.10 0.16 0.50 

Bismuth  µg/L 0.05 82 100 <0.05 <0.05 <0.05 <0.05 

Boron  µg/L 10 82 80 <10 <10 <10 14 

Cadmium  µg/L 0.01 82 71 <0.01 <0.01 0.02 0.20 

Chromium (III+VI)  µg/L 0.1 82 2 <0.10 0.28 0.51 3.3 

Cobalt  µg/L 0.1 82 39 <0.10 0.14 0.29 1.77 

Copper  µg/L 0.1 82 1 <0.10 0.49 0.71 3.7 

Iron  µg/L 10 82 0 48 250 528 3,750 
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Table 3.1-8 Summary of water quality variables in the Athabasca River downstream of the 
Obed Mine (ATR-D1), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

Lithium  µg/L 5 82 94 <5 <5 <5 6 

Lead  µg/L 0.05 82 2 <0.05 0.18 0.38 2.67 

Manganese  µg/L 2 82 0 6 14 19 117 

Mercury  ng/L 0.5 50 29 <0.50 0.18 1.28 11 

Methyl mercury  ng/L 0.02 4 50 <0.02 <0.02 <0.02 0.024 

Molybdenum  µg/L 0.05 82 0 0.15 0.72 0.82 1.93 

Nickel  µg/L 0.005 82 0 0.19 0.51 0.76 4.5 

Selenium  µg/L 0.1 82 1 <0.10 0.23 0.27 0.58 

Silicon  mg/L 0.05 82 0 1.22 1.81 1.97 4.88 

Silver  µg/L 0.01 82 94 <0.01 <0.01 <0.01 0.02 

Strontium  µg/L 0.1 82 0 233 421 460 840 

Thallium  µg/L 0.01 82 78 <0.01 <0.01 0.018 0.05 

Tin  µg/L 0.1 82 93 <0.10 <0.10 0.18 4.56 

Titanium  µg/L 0.3 82 0 0.37 2.09 4.42 65 

Uranium  µg/L 0.01 82 0 0.32 0.52 0.53 0.80 

Vanadium  µg/L 0.2 82 16 <0.20 0.55 0.78 4.60 

Zinc  µg/L 3 82 69 <3.0 <3.0 3.7 12.0 

Dissolved Metals 

Aluminum  µg/L 1 81 0 2 13 25 364 

Antimony  µg/L 0.1 81 100 <0.10 <0.10 <0.10 <0.10 

Arsenic  µg/L 0.1 81 41 <0.10 <0.10 0.13 0.39 

Barium  µg/L 0.05 81 0 29 47 48 83 

Beryllium  µg/L 0.1/0.5 81 100 <0.10 <0.50 <0.40 <0.50 

Bismuth  µg/L 0.05 81 100 <0.05 <0.05 <0.05 <0.05 

Boron  µg/L 10 81 72 <10 <10 <10 13 

Cadmium  µg/L 0.01 81 95 <0.01 <0.01 <0.01 0.02 

Chromium (III+VI)  µg/L 0.1 81 93 <0.10 <0.10 0.12 0.59 

Cobalt  µg/L 0.1 81 96 <0.10 <0.10 0.11 0.45 

Copper  µg/L 0.1 81 2 <0.10 0.21 0.27 2.26 

Iron  µg/L 10 81 76 <10 <10 25 530 
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Table 3.1-8 Summary of water quality variables in the Athabasca River downstream of the 
Obed Mine (ATR-D1), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

Lead  µg/L 0.05 81 93 <0.05 <0.05 0.07 0.74 

Lithium  µg/L 3 81 62 <3.00 <3.00 3.40 5.30 

Manganese  µg/L 0.05 81 1 <0.05 0.47 2.28 36.60 

Molybdenum  µg/L 0.05 80 0 0.15 0.72 0.80 1.80 

Nickel  µg/L 0.1 81 4 <0.10 0.23 0.26 0.89 

Selenium  µg/L 0.1 81 2 <0.10 0.21 0.25 0.52 

Silicon  mg/L 0.05 81 0 1.007 1.40 1.60 2.96 

Silver  µg/L 0.01 81 99 <0.01 <0.01 <0.01 0.02 

Strontium  µg/L 0.1 81 0 218 413 452 843 

Thallium  µg/L 0.01/0.05 81 100 <0.01 <0.05 <0.04 <0.05 

Tin  µg/L 0.1 81 99 <0.10 <0.10 <0.10 0.35 

Titanium  µg/L 0.3 81 89 <0.30 <0.30 0.47 9.79 

Uranium  µg/L 0.01 81 0 0.28 0.47 0.50 0.85 

Vanadium  µg/L 0.1 81 50 <0.10 <0.10 0.13 1.02 

Zinc  µg/L 1 81 67 <1.00 <1.00 2.48 78 

Note: Bold values indicate water quality guideline exceedance for the protection of aquatic life. 

 

Table 3.1-9 Summary of water quality variables in the Athabasca River downstream of 
the Obed Mine (ATR-D2), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

Conventional Variables 

Total Alkalinity mg/L 5 31 0 80 92 97 143 

Total Hardness  mg/L 1 26 0 95 117 128 192 

Colour  TCU 2 26 15 <2 5 7 19 

Dissolved Organic Carbon  mg/L 1 26 19 <1 1.6 2.1 5.3 

Total Organic Carbon  mg/L 1 26 23 <1 1.4 1.9 5.0 

Total Dissolved Solids  mg/L 10 26 0 103 141 159 250 

Total Suspended Solids  mg/L 3 31 6 <3 32 59 265 
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Table 3.1-9 Summary of water quality variables in the Athabasca River downstream of 
the Obed Mine (ATR-D2), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

Biochemical Oxygen 
Demand 

mg/L 2 26 100 <2 <2 <2 <2 

Major Nutrients 

Total Ammonia as N mg/L 0.05 26 100 <0.05 <0.05 <0.05 <0.05 

Nitrate as N mg/L 0.05 31 74 <0.05 <0.05 <0.05 0.08 

Nitrate + Nitrite as N  mg/L 0.05 18 83 <0.05 <0.05 0.06 0.08 

Nitrite as N  mg/L 0.02 26 100 <0.02 <0.02 <0.02 <0.02 

Total Kjeldahl Nitrogen  mg/L 0.2 26 96 <0.20 <0.20 0.21 0.51 

Total Nitrogen  mg/L 0.05 8 100 <0.05 <0.05 <0.05 <0.05 

Total Phosphorus  µg/L 1 26 0 8 20 32 188 

Dissolved Phosphorus  µg/L 1 26 12 <1 3 3 9 

Major Ions 

Calcium  mg/L 0.5 43 0 27 33 34 51 

Magnesium  mg/L 0.1 43 0 7 10 10 16 

Potassium  mg/L 0.5 43 33 <0.50 <0.50 0.52 0.88 

Sodium  mg/L 1 43 0 1.6 2.8 3.6 11.4 

Bicarbonate  mg/L 5 26 0 97 106 118 175 

Carbonate  mg/L 5 26 100 <5 <5 <5 <5 

Chloride  mg/L 0.5 26 23 <0.5 0.72 0.99 4.2 

Hydroxide  mg/L 5 26 100 <5 <5 <5 <5 

Sulphate  mg/L 0.5 26 0 23 33 37 76 

Sulphide  µg/L 2 26 65 <2 <2 <2 4 

Total Metals 

Aluminum  µg/L 3 51 0 72 346 511 2,360 

Antimony  µg/L 0.1 51 96 <0.1 <0.1 <0.1 0.5 

Arsenic  µg/L 0.1 51 2 <0.1 0.3 0.3 1.5 

Barium  µg/L 0.05 51 0 36 44 48 108 

Beryllium  µg/L 0.1 51 90 <0.1 <0.1 <0.1 0.5 

Bismuth  µg/L 0.05 51 98 <0.05 <0.05 <0.05 0.25 
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Table 3.1-9 Summary of water quality variables in the Athabasca River downstream of 
the Obed Mine (ATR-D2), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

Boron  µg/L 10 51 98 <10.0 <10.0 10.8 50.0 

Cadmium  µg/L 0.01 51 75 <0.01 <0.01 <0.01 0.09 

Chromium (III+VI)  µg/L 0.1 51 0 0.1 0.5 0.8 3.6 

Cobalt  µg/L 0.1 51 18 <0.1 0.3 0.4 2.0 

Copper  µg/L 0.1 51 2 <0.1 0.7 0.9 4.5 

Iron  µg/L 10 51 0 102 563 794 4,510 

Lead  µg/L 0.05 51 2 <0.05 0.4 0.6 3.0 

Lithium  µg/L 5 51 96 <5.0 <5.0 5.4 25.0 

Manganese  µg/L 2 51 0 6 18 26 151 

Mercury  ng/L 0.5 23 13 <0.5 1.5 1.9 7.1 

Molybdenum  µg/L 0.05 51 0 0.2 0.5 0.6 1.1 

Nickel  µg/L 0.005 51 0 0.3 0.8 1.0 5.2 

Selenium  µg/L 0.1 51 4 <0.1 0.2 0.2 0.5 

Silicon  mg/L 0.05 51 0 1.26 1.73 1.98 6.08 

Silver  µg/L 0.01 51 92 <0.01 <0.01 0.011 0.05 

Strontium  µg/L 0.1 51 0 240 325 348 561 

Thallium  µg/L 0.01 51 67 <0.01 <0.01 <0.01 0.06 

Tin  µg/L 0.1/0.5 51 100 <0.1 <0.1 <0.1 <0.5 

Titanium  µg/L 0.3 51 0 0.7 3.7 6.4 44.8 

Uranium  µg/L 0.01 51 0 0.3 0.4 0.4 0.7 

Vanadium  µg/L 0.2 51 8 <0.2 0.8 1.1 5.8 

Zinc  µg/L 3 51 61 <3.0 <3.0 4.4 16.1 

Dissolved Metals 

Aluminum  µg/L 1 50 0 2 15 17 51 

Antimony  µg/L 0.1 50 100 <0.1 <0.1 <0.1 <0.1 

Arsenic  µg/L 0.1 50 52 <0.1 <0.1 <0.1 0.3 

Barium  µg/L 0.05 50 0 29 36 39 62 

Beryllium  µg/L 0.1/0.5 50 100 <0.1 <0.5 <0.4 <0.5 

Bismuth  µg/L 0.05 50 100 <0.05 <0.05 <0.05 <0.05 
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Table 3.1-9 Summary of water quality variables in the Athabasca River downstream of 
the Obed Mine (ATR-D2), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

Boron  µg/L 10 50 94 <10 <10 <10 11 

Cadmium  µg/L 0.01 50 100 0.01 0.01 0.01 0.01 

Chromium (III+VI)  µg/L 0.1 50 94 <0.1 <0.1 <0.1 0.5 

Cobalt  µg/L 0.1 50 100 <0.1 <0.1 <0.1 <0.1 

Copper  µg/L 0.1 50 4 <0.1 0.2 0.2 0.5 

Iron  µg/L 10 50 82 <10 <10 11 20 

Lead  µg/L 0.05 50 100 <0.05 0.05 <0.05 <0.05 

Lithium  µg/L 3 50 94 <3.0 <3.0 3.1 5.0 

Manganese  µg/L 0.05 50 4 <0.05 0.2 0.4 6.1 

Molybdenum  µg/L 0.05 50 0 0.4 0.6 0.6 1.0 

Nickel  µg/L 0.1 50 10 <0.1 0.2 0.2 0.4 

Selenium  µg/L 0.1 50 0 0.1 0.2 0.2 0.3 

Silicon  µg/L 50 50 0 961 1,300 1,320 2,040 

Silver  µg/L 0.01 50 96 <0.01 <0.01 <0.01 0.02 

Strontium  µg/L 0.1 50 0 217 293 329 565 

Thallium  µg/L 0.05 50 100 <0.05 <0.05 <0.05 <0.05 

Tin  µg/L 0.1 50 100 <0.1 <0.1 <0.1 <0.1 

Titanium  µg/L 0.3 50 92 <0.3 <0.3 <0.3 0.5 

Uranium  µg/L 0.01 50 0 0.3 0.4 0.4 0.6 

Vanadium  µg/L 0.1 50 68 <0.1 <0.1 <0.1 0.2 

Zinc  µg/L 1 50 84 <1.0 <1.0 1.2 4.5 

Note: Bold values indicate water quality guideline exceedance for the protection of aquatic life. 
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Table 3.1-10 Exceedances of water quality guidelines in Apetowun Creek, Plante Creek 
and Athabasca River stations, January to December 2014. 

Variable PLC-US APC PLC-DS ATR-US ATR-
CON 

ATR-D1 ATR-D2 

% 
samples 

% 
samples 

% 
samples 

% 
samples 

% 
samples 

% 
samples 

% 
samples 

TSS* - 23 19 - 8 15 33 

Sulphide 0 8 3 47 30 50 23 

Total Cobalt 0 0 3 0 0 0 0 

Total Copper 0(0) 0 (0) 3(0) 0(0) 0(0) 0(0) 0(0) 

Total Mercury 0(0) 13(2) 11(0) 2(0) 0(0) 4(0) 9(0) 

Total Lead 0 0 3 1 0 0 0 

Total Selenium 0 3 0 0 0 0 0 

Total Zinc 0 0 3 0 0 0 0 

Dissolved Aluminum 0(0) 5(3) 0(0) 3(0) 1(0) 4(3) 2(0) 

Dissolved Iron 1 2 0 3 1 2 0 

Anthracene 1 0 0 48 37 50 30 

Benz(a)anthracene 1 0 0 0 0 0 0 

Fluoranthene 1 0 0 0 0 0 0 

Pyrene 1 0 0 0 0 0 0 

Phenol (4AAP) 8 4 4 6 6 13 0 

Notes: Values in the bracket are acute guideline exceedances; TSS guideline values are calculated based on a maximum increase of 
25 mg/L from background concentration measured as median concentration from respective upstream reference stations. 

3.1.4.2.3 Major Nutrients 

Nutrients of key concern in most surface waters include nitrogen and phosphorus.  Both are 
required for plant growth but in low concentrations.  Aquatic plants including phytoplankton 
and periphyton use these nutrients as inorganic nitrogen (e.g., ammonia and nitrate) and 
phosphorus (e.g., dissolved orthophosphate).  Ammonium is more labile in the aquatic 
environment and metabolically more energy efficient, given nitrate must be reduced to 
ammonium before it can be assimilated (Wetzel 2001).  Syrett (1981) reported that algae will 
take up significant quantities of nitrate as a nutrient only when concentrations of ammonium 
are nearly depleted.  Total ammonia concentrations at all three creek stations and Athabasca 
River station ATR-D2 were below analytical detection limits (i.e., <0.5 mg/L) in all samples with 
no concentrations at any near-field station exceeding provincial or federal guidelines 
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(Table 3.1-3 to Table 3.1-9).  This suggests that bioavailable nitrogen in these watercourses is 
predominantly present as nitrate.  The highest concentration of total ammonia was recorded at 
ATR-US on April 9, 2014 at a concentration of 190 µg/L.  Nitrite concentrations were below 
detection limits at all sampling stations; nitrite is readily oxidized to nitrate in well-oxygenated 
surface waters.  Pre-incident data collected on June 26, 2013 indicated similar trends for both 
total ammonia and nitrite at creek stations.  Nitrate concentrations in the near-field area varied 
with approximately 30 to 56% of creek samples and 40 to 74% of Athabasca River near field 
samples below detection limits (i.e., <0.02 mg/L).  With a few exceptions, nitrate concentrations 
were higher at APC throughout the year with a maximum concentration of 386 µg/L on 
April 15, 2014 (Figure 3.1-8).  Concentrations were well below the applicable water quality 
guidelines for the protection of aquatic life of 3 mg/L.  In June 2013, prior to the release incident, 
nitrate concentrations in Apetowun Creek were 65 µg/L with post incident concentrations 
below detection limits (<0.05 mg/L) at the same station in June 2014.  Total Kjeldahl nitrogen 
concentrations also varied among near-field sampling stations with 66 to 96% of samples below 
detection limits (Table 3.1-3 to Table 3.1-9). 

Total phosphorus concentrations were typically detectable at all sampling stations and 
generally increased with distance downstream (Figure 3.1-9).  Average total phosphorus 
concentrations were 21 µg/L (median 7 µg/L) at APC and 24 µg/L (median 8 µg/L) at PLC-DS 
compared to 10 µg/L (median 8 µg/L) at PLC-US.  Higher average concentrations relative to 
median concentrations were primarily due to a few peak values recorded during spring freshet 
(Figure 3.1-9).  In the Athabasca near-field area, average total phosphorus concentrations were 
20 µg/L (median 17 µg/L) at ATR-CON, 20 to 32 µg/L (median 20 µg/L) at ATR-DS stations 
compared to 27 µg/L (median 24 µg/L) at ATR-US.  Median concentrations of total phosphorus 
indicate that the trophic level of Apetowun Creek, Plante Creek and the Athabasca River near-
field stations were within the oligotrophic range (Environment Canada 2004).  Historically, total 
phosphorus concentrations at Athabasca River downstream stations increased during freshet 
and remained higher in the summer (Figure 3.1-9).  However, 2014 spring TP concentrations 
were higher than the historical medians but within the percentile range.  Bioavailable dissolved 
phosphorus comprised of approximately 4% of total phosphorus.  Concentrations were 2.7 µg/L 
(median 2 µg/L) at APC and PLC-DS, compared to 5 µg/L (median 4 µg/L) at PLC-US.  A higher 
concentration at the upstream station compared to downstream stations was due to a few peak 
values recorded during spring freshet at this station (Figure 3.1-9).  In the Athabasca near-field 
stations, dissolved phosphorus concentrations were even higher than at creek stations 
(Table 3.1-6 to Table 3.1-9; Figure 3.1-11).  Historical dissolved phosphorus concentrations at 
Athabasca far-field downstream stations including 2014 were even higher than near-field 
stations indicating other possible nutrient sources in the downstream Athabasca River 
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(Figure 3.1-10).  Overall, nutrient results indicate that there was no evidence of nutrient 
enrichment to the receiving environment caused by the incident. 

Calcium, sodium and magnesium were the dominant cations, while bicarbonate and sulphate 
were the dominant anions at all sampling stations.  Generally, concentrations of major ions 
decreased with distance downstream with the highest concentration recorded at the station 
closest to the Mine (i.e., APC). 

Concentrations of calcium were approximately 60 mg/L at all creek stations (Table 3.1-3 to 
Table 3.1-5) and ranged from 34 to 49 mg/L in the Athabasca River near-field stations 
(Table 3.1-6 to Table 3.1-9).  Average magnesium concentrations were higher at APC (25 mg/L) 
compared to PLC-DS (15 mg/L) and PLC-US (14 mg/L).  Average concentrations of magnesium 
were relatively consistent at the Athabasca River near field stations ranging from 13 mg/L at 
ATR-US to 10 mg/L at ATR-D2 (Table 3.1-6 to Table 3.1-9).  Average sodium concentrations 
were highest at APC (79 mg/L) followed by 15 mg/L at PLC-DS and 5 mg/L at PLC-US 
(Table 3.1-3 to Table 3.1-9), indicating upper Apetowun Creek as significant source of sodium.  
Sodium concentrations decreased further in the Athabasca River to 10 mg/L at ATR CON, 
8 mg/L at ATR-D1 and 4 mg/L at ATR-D2; the average sodium concentration at ATR-US was 
7 mg/L.  Bicarbonate demonstrated similar trends as sodium with average concentrations 
highest at APC (396 mg/L) followed by PLC-DS (278 mg/L) and PLC-US (258 mg/L).  
Bicarbonate concentrations decreased consistently in the Athabasca River with an average 
concentration of 118 mg/L at ATR-D2 (Table 3.1-6 to Table 3.1-9). 

Average sulphate concentrations were higher at APC (121 mg/L) compared to PLC-DS 
(17 mg/L) and PLC US (3 mg/L) (Table 3.1-3 to Table 3.1-5).  Average sulphate concentrations 
were also higher at Athabasca River exposure stations ranging from 37 to 68 mg/L, compared to 
54 mg/L at the upstream station ATR-US (Table 3.1-6 to Table 3.1-9); however, no sulphate 
concentrations exceeded applicable water quality guidelines at any station.  Sulphide 
concentrations were below detection limits (0.002 mg/L) in 86 to 100% of creek samples and 
47 to 65% of Athabasca River near-field samples (Table 3.1-3 to Table 3.1-9).  In Apetowun 
Creek and Plante Creek, sulphide guideline exceedances occurred in 8% of APC samples and 
3% PLC-DS samples, with no exceedances occurring at PLC-US (Table 3.1-10).  Compared to 
creek stations, the occurrence of sulphide guideline exceedances was higher at Athabasca River 
near field stations (23 to 50% of samples) during low-flow periods indicating additional sources 
of sulphide present in the river.  Historical sulphide data collected by ESRD were mostly below 
detection limits at all far-field Athabasca River stations. 
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Figure 3.1-8 Nitrate nitrogen concentrations in Apetowun Creek, Plante Creek and 

Athabasca River stations, January to December 2014 
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Figure 3.1-9 Total phosphorus concentrations in Apetowun Creek, Plante Creek and 

Athabasca River stations, January to December 2014. 
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Figure 3.1-10 Historical and post-incident (2014) total phosphorus concentrations at LTRN 
stations along the Athabasca River. 
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Figure 3.1-11 Dissolved phosphorus concentrations in Apetowun Creek, Plante Creek and 

Athabasca River stations, January to December 2014. 
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Figure 3.1-12 Historical and post-incident (2014) dissolved phosphorus concentrations at 

LTRN stations along the Athabasca River. 
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Figure 3.1-13 Sulphide concentrations in Apetowun Creek, Plante Creek and Athabasca 
River stations, January to December 2014.  

3.1.4.2.4 Total and Dissolved Metals 

Metals naturally occur in surface waters in small quantities.  Aquatic organisms can show stress 
associated with high metal concentrations; however, the concentrations at which metals become 
toxic varies highly among metals and is dependent on several factors such as water hardness, 
DOC, temperature, oxygen demand, aquatic environment, levels of suspended solids present 
and exposure pathway/organism, etc.  The toxicity of select metals (e.g., cadmium, nickel copper 
etc.) generally decreases with increasing water hardness.  In addition, most metals are 
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associated with concentrations of suspended sediments and tend to settle out of the water 
column, rendering them biologically unavailable. 

A summary of the 2014 analysis of total and dissolved metals are presented in Table 3.1-3 to 
Table 3.1-9 with 2014 concentration trends presented in Figure 3.1-14 to Figure 3.1-31.  A 
summary of guideline exceedances is presented in Table 3.1-10. 

Total metals that were below analytical detection limits in >80% of the samples included five 
metals at APC (i.e., beryllium, bismuth, silver, thallium and tin), seven metals at PLC-DS 
(i.e., antimony, beryllium, bismuth, cadmium, silver, thallium and tin), and thirteen metals at 
PLC-US (i.e., antimony, beryllium, bismuth, boron, cadmium, cobalt, lead, lithium, selenium, 
silver, thallium, tin and zinc).  These results indicate that upper Apetowun Creek is a 
contributing source of total cadmium, cobalt, lead, lithium, selenium, and zinc into the aquatic 
environment, although generally in small quantities.  At the Athabasca near-field stations, 
metals that were below analytical detection limits in >80% of samples included seven metals at 
ATR CON, ATR D1 and ATR-D2 (i.e., antimony, beryllium, bismuth, boron, lithium, thallium, 
silver and tin) with one additional metal at ATR-US (i.e., thallium). 

Concentrations of total metals that exceeded applicable aquatic life guidelines in Apetowun 
Creek, Plante Creek and the upper Athabasca River included mercury (two creek stations and 
three Athabasca near-field stations), lead (one creek and one Athabasca near-field station), and 
cobalt, copper, selenium and zinc (one creek station each only) (Table 3.1-10).  Two dissolved 
metals, aluminum and iron each exceeded aquatic guidelines in one creek station and three 
Athabasca near-field stations.  In nearly all cases, these exceedances occurred during the 2014 
spring freshet (i.e., between May and June) and were generally associated with significant 
increases in suspended sediment (Figure 3.1-6).  In addition, nearly all metals were below 
guidelines post-freshet (i.e., ~June) and remained low throughout the remainder of the year.  In 
pre-incident data collected on June 26, 2013 in downstream Apetowun Creek, aluminum and 
iron concentrations exceeded the water quality guidelines and mercury and selenium 
concentrations were below detection limits.  Pre-incident historical data also indicate that 
aluminum, cadmium, iron, mercury, copper and lead in Athabasca River were reported to 
exceed the water quality guidelines (Figure 3.1-30, Figure 3.1-31, Figure 3.1-27, Figure 3.1-25 and 
Figure 3.1-26). 

Concentrations of total arsenic were higher during spring freshet and remained below 
guidelines at all near-field stations (Figure 3.1-14) as well as all far-field Athabasca River 
stations.  Further historical data collected since 1995 indicate elevated arsenic concentrations in 
2014 data compared to 1995-2013 median concentrations (Figure 3.1-23).  Total cobalt, copper, 
lead, and zinc exceeded guidelines in 3% of samples at PLC-DS (Table 3.1-10; Figure 3.1-15; 
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Figure 3.1-16, Figure 3.1-17, Figure 3.1-20).  None of these metals exceeded guidelines at near-
field Athabasca stations except total lead at ATR-US (1% of samples).  Similar trends for 
temporal and guideline exceedances were observed in historical data collected from far-field 
downstream Athabasca River stations (Figure 3.1-23 to Figure 3.1-31). 

Total ultra-trace mercury concentrations exceeded the chronic guideline of 5 ng/L in 13% of 
samples at APC, 11% of samples at PLC-DS, 9% of samples at ATR-D2, 4% of samples at 
ATR-D1 and 2% of samples at ATR US (Table 3.1 10; Figure 3.1-18).  Total mercury also 
exceeded its acute guideline of 13 ng/L in 2% of samples at APC.  At LTRN stations, total 
mercury concentrations exceeded guidelines in historical data as well as in 2014, with 2014 data 
being higher than median concentrations (Figure 3.1-27). 

Methyl mercury was analyzed in water samples from near-field sampling stations on two 
occasions (January 28/29 and February 11, 2014), using an ultra-low-level method conducted by 
the University of Alberta with a detection limit of 0.02 ng/L.  A maximum methyl mercury 
concentration of 0.04 ng/L was recorded at APC and ATR-D1 which is significantly lower than 
the chronic (1 ng/L) or acute guidelines (2 ng/L) for the protection of aquatic life; all other 
stations were near or below detection limits (Table 3.1-3 to Table 3.1-9). 

Concentrations of total selenium were below guidelines at all stations with the exception of 
APC in which exceedances occurred in 3% of samples collected in mid-April (Figure 3.1-19).  
For both mercury and selenium, their more bioavailable dissolved fractions were low or below 
detection at all stations with the exception of selenium at APC where both particulate and 
dissolved fractions were present in similar concentrations (Table 3.1-3 to Table 3.1-9).  Historical 
median concentrations of selenium demonstrated similar trends at all far-field stations with 
slightly lower concentrations compared to 2014 data. 

Concentrations of dissolved aluminum were below guidelines at both Plante Creek upstream 
and downstream stations.  In contrast, chronic guideline exceedances occurred in 5% of samples 
at APC, 4% of samples at ATR-D1, 3% of samples at ATR-US, 2% of samples at ATR-D2, and 1% 
of samples at ATR CON (Table 3.1-10; Figure 3.1-21).  In addition, acute guideline exceedances 
for dissolved aluminum occurred in 3% of samples collected from both APC and ATR-D1.  
These exceedances were not observed at further downstream far-field stations, although 2014 
concentrations were elevated compared to historical median concentrations during spring 
freshet (Figure 3.1-30). 

Concentrations of dissolved iron exceeded guidelines at a number of stations including APC 
(3% of samples), PLC-US (1% of samples), ATR-CON (1% of sample), ATR-US (3% of samples) 
and ATR-D1 (2% of samples) (Table 3.1-3 to Table 3.1-9).  However, neither exceedances nor 
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post-incident elevated concentrations of dissolved iron occurred at far-field Athabasca River 
LTRN stations (Figure 3.1-31). 

 
Figure 3.1-14 Total arsenic concentrations in Apetowun Creek, Plante Creek and Athabasca 

River stations, January to December 2014. 
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Figure 3.1-15 Total cobalt concentrations in Apetowun Creek, Plante Creek and Athabasca 

River stations, January to December 2014. 
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Figure 3.1-16 Total copper concentrations in Apetowun Creek, Plante Creek and Athabasca 

River stations, January to December 2014.  
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Figure 3.1-17 Total lead concentrations in Apetowun Creek, Plante Creek and Athabasca 

River stations, January to December 2014. 
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Figure 3.1-18 Total mercury concentrations in Apetowun Creek, Plante Creek and Athabasca 

River stations, January to December 2014. 
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Figure 3.1-19 Total selenium concentrations in Apetowun Creek, Plante Creek and 

Athabasca River stations, January to December 2014.  
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Figure 3.1-20 Total zinc concentrations in Apetowun Creek, Plante Creek and Athabasca 
River stations, January to December 2014.  
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Figure 3.1-21 Dissolved aluminum concentrations in Apetowun Creek, Plante Creek and 

Athabasca River stations, January to December 2014. 
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Figure 3.1-22 Dissolved iron concentrations in Apetowun Creek, Plante Creek and 

Athabasca River stations, January to December 2014. 
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Figure 3.1-23 Historical and post-incident (2014) total arsenic concentrations at LTRN 

stations along the Athabasca River. 
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Figure 3.1-24 Historical and post-incident (2014) total cobalt concentrations at LTRN stations 

along the Athabasca River. 
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Figure 3.1-25 Historical and post-incident (2014) total copper concentrations at LTRN 

stations along the Athabasca River. 
 

0

2

4

6

8

10

12

14

16

18

20

22

24

26

Jan Feb Mar Apr MayJun Jul Aug Sep Oct NovDec

To
ta

l C
op

pe
r (

µg
/L

)

Upstream of Fort McMurray

0

2

4

6

8

10

12

14

16

18

20

22

24

26

Jan Feb Mar Apr MayJun Jul Aug Sep Oct NovDec

To
ta

l C
op

pe
r (

µg
/L

)

Hinton

0

2

4

6

8

10

12

14

16

18

20

22

24

26

Jan Feb Mar Apr MayJun Jul Aug Sep Oct NovDec

Town of Athabasca

2014

1995-2013
95 %ile

5 %ile
25 %ile
Median
75 %ile

0

2

4

6

8

10

12

14

16

18

20

22

24

26

Jan Feb Mar Apr MayJun Jul Aug Sep Oct NovDec

Old Fort



  
 Coal Valley Resources Inc. 
 2014 Impact Assessment Report 
 May 29, 2015 
 

Page 125 

 
Figure 3.1-26 Historical and post-incident (2014) total lead concentrations at LTRN stations 

along the Athabasca River. 
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Figure 3.1-27 Historical and post-incident (2014) total mercury concentrations at LTRN 

stations along the Athabasca River. 
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Figure 3.1-28 Historical and post-incident (2014) total selenium concentrations at LTRN 

stations along the Athabasca River. 
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Figure 3.1-29 Historical and post-incident (2014) total zinc concentrations at LTRN stations 

along the Athabasca River. 
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Figure 3.1-30 Historical and post-incident (2014) dissolved aluminum concentrations at 

LTRN stations along the Athabasca River. 
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Figure 3.1-31 Historical and post-incident (2014) dissolved iron concentrations at LTRN 

stations along the Athabasca River. 
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3.1.4.2.5 Organics 

Organic compounds include chemicals consisting of chains or rings of carbon atoms, and 
include compounds such as hydrocarbons, phenols, polycyclic aromatic hydrocarbons (PAHs) 
and naphthenic acids.  These compounds may originate from natural sources (e.g., runoff 
following forest fires, decomposing organic matter) or may be released from industrial sources 
(e.g., internal combustion engines, wastewater discharges).  Elevated levels of organic 
compounds may be harmful to aquatic organisms; however, toxicity varies widely by chemical. 

A full suite of organic compounds were collected and analyzed throughout 2014 and 
summarized in Table 3.1-11 to Table 3.1-17.  Consistent with historical data, nearly all organic 
compounds were below detection limits at all near-field and far-field sampling stations in 2014.  
The few compounds that were detected (e.g., anthracene, phenols, and retene) were 
predominantly found in the Athabasca River both upstream and downstream of Plante Creek. 

3.1.4.2.5.1 Polycyclic Aromatic Hydrocarbons (PAHs) 

Similar to the immediate post-incident sampling results, PAH concentrations were below 
analytical detection limits in nearly all samples analyzed in 2014 (Table 3.1-11 to Table 3.1-17), 
with detectable PAHs predominantly occurring only in the Athabasca River both upstream and 
downstream of Plante Creek, indicating that they were likely attributed to sources upstream of 
the Obed Mine.  It should be noted that few parent PAHs and nearly no alkylated PAHs have 
associated water quality guidelines. 

Concentrations of anthracene were non-detectable in all samples collected from APC and PLC; 
however, anthracene was detected at PLC-US exceeding its water quality guideline in ~1% of 
samples (Table 3.1-10; Figure 3.1-32).  In addition, anthracene was detected in 38 to 48% of 
Athabasca River near-field samples both upstream and downstream of Plante Creek, exceeding 
its guideline in 30 to 50% of the total samples collected (Table 3.1-10; Figure 3.1-32). 

In 2014, detectable concentrations of phenanthrene were observed at ATR-US and ATR-D1 (5% 
of samples), ATR-D2 (4% of samples) and at ATR-CON, APC and PLC-US (1% of samples), 
with no concentrations exceeding the interim guideline of 0.4 µg/L (Table 3.1-11 to Table 3.1-17).  
However, phenanthrene concentration was below detection limit at PLC-DS (Table 3.1-13).  
Retene was detected at APC (32% of samples), PLC-DS (49% of samples), PLC-US (3% of 
samples), ATR-CON (26% of samples), ATR-D1 (6% of samples) and at ATR-D2 (12% of 
samples).  In nearly all cases, detectable concentrations occurred only during the spring freshet 
with concentrations subsiding throughout the summer and fall (Table 3.1-12 to Table 6.1-16).  A 
detectable concentration of 2-methylnaphthalene was observed at PLC-DS (3% of samples), 
PLC-US (4% of samples), ATR-D1 (9% of samples) and ATR-D2 (15% of samples).  Other 
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detectable PAHs include benz(a)anthracene, fluoranthene, fluorine, pyrene, and acridine which 
were detected in <4% of Athabasca River and Plante Creek upstream samples and in <1% of 
Plante Creek downstream samples (Table 3.1-11 to Table 3.1-17).  Of these additional PAHs, 
only benz(a)anthracene, fluoranthene, and pyrene were detected at concentrations that 
exceeded their associated guideline and only at PLC-US (Table 3.1-10). 

3.1.4.2.5.2 Naphthenic Acids, Volatile Organic Compounds, Chlorinated/Halogenated 
Organic Compounds and Solvents and Acrylamides 

With the approval of ESRD, analysis of naphthenic acids, VOCs chlorinated/halogenated 
organic compounds and solvents was discontinued on January 9, 2014, given nearly all results 
for these compounds were non-detectable.  Of the two samples collected in early January 2014, 
all concentrations of these compounds were below analytical detections limits with exception of 
one sample collected from ATR-US in which a detectable concentration of naphthenic acids was 
observed (Table 3.1-11 to Table 3.1-17).  In addition, concentrations of acrylamides were 
measured in a single set of samples collected during the 2014 spring freshet with all 
concentrations below the ultra-low detection limit of 0.08 µg/L. 

3.1.4.2.5.3 Recoverable Hydrocarbons and Phenols 

Recoverable hydrocarbons (or mineral oil and grease) provide an estimate of naturally 
occurring hydrocarbons.  Recoverable hydrocarbons were detected at PLC-US (4% of samples), 
PLC-DS (1% of samples) and at ATR-D1 and ATR-US (2% of samples); recoverable 
hydrocarbons were non-detectable at APC, and ATR-CON in all samples (Table 3.1-11 to 
Table 3.1-17). 

Phenol is a naturally occurring and manufactured chemical that is widely distributed in the 
environment and has been detected in surface waters, rainwater, sediments, drinking water, 
groundwater, industrial effluents, urban runoff, and at hazardous waste stations (ATSDR 2008).  
Phenols may occur naturally in aquatic environments from the decomposition of aquatic and 
terrestrial vegetation (CCME 2014; Dobbins et al. 1987).  Late-successional boreal forests are 
dominated by plants with high tissue-levels of phenolic compounds, and produce litter 
containing large quantities of phenolic compounds (Berglund 2004).  As vegetation 
decomposes, soluble phenolic compounds enter the soils as leachate.  Over time, this leachate 
may enter aquatic systems through seepage or as runoff from precipitation and snowmelt, 
producing elevated total phenolics concentrations. 

Phenols were detected in 31 to 39% of all creek samples and 19 to 48% of near-field Athabasca 
River samples (Table 3.1-11 to Table 3.1-17).  In Apetowun Creek and Plante Creek, 
concentrations exceeded guidelines in ~4% of samples from APC and PLC-DS compared to 
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8% of samples at PLC-US.  In the Athabasca River, phenols exceeded guidelines in 6% of 
samples at ATR-CON and 13% of samples at ATR-D1 compared to 6% of samples at ATR-US 
(Table 3.1-10; Figure 3.1-34).  Nearly all cases of guideline exceedances occurred during the 2014 
spring freshet with concentrations declining with decreasing flows.  However, guideline 
exceedance for phenol did not occur at ATR-D2 (Figure 3.1-34). 

Table 3.1-11 Summary of organics variables in Plante Creek upstream of the Obed Mine 
(PLC-US), January to December 2014 

Variables Unit DL Count %<DL Min Median Average Max 

General Organics 

Hydrocarbons, Recoverable  mg/L 1 49 96 <1 <1 1.14 7.80 

Naphthenic Acid  mg/L 1 1 100 <1 <1 <1 <1 

Phenols (4AAP)  µg/L 1 49 64 <1 <1 2 8 

Volatile Organics 

1,1,1-trichloroethane  µg/L 1 8 100 <1 <1 <1 <1 

1,1,2,2-tetrachloroethane  µg/L 20 8 100 <20 <20 <20 <20 

1,1,2-trichloroethane  µg/L 2 8 100 <2 <2 <2 <2 

1,1-dichloroethane  µg/L 1 8 100 <1 <1 <1 <1 

1,1-dichloroethene  µg/L 1 8 100 <1 <1 <1 <1 

1,2,3-trichloropropane  µg/L 5 8 100 <5 <5 <5 <5 

1,2-dibromoethane  µg/L 1 8 100 <1 <1 <1 <1 

1,2-dichlorobenzene  µg/L 1 8 100 <1 <1 <1 <1 

1,2-dichloroethane  µg/L 2 8 100 <2 <2 <2 <2 

1,2-dichloropropane  µg/L 2 8 100 <2 <2 <2 <2 

1,3-dichlorobenzene  µg/L 1 8 100 <1 <1 <1 <1 

1,4-dichlorobenzene  µg/L 1 8 100 <1 <1 <1 <1 

2-hexanone (MBK)  µg/L 10 8 100 <10 <10 <10 <10 

4-Methyl-2-pentanone  µg/L 10 8 100 <10 <10 <10 <10 

Acetone  µg/L 100 8 100 <100 <100 <100 <100 

Acrolein  µg/L 100 8 100 <100 <100 <100 <100 

Acrylonitrile  µg/L 100 8 100 <100 <100 <100 <100 
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Table 3.1-11 Summary of organics variables in Plante Creek upstream of the Obed Mine 
(PLC-US), January to December 2014 

Variables Unit DL Count %<DL Min Median Average Max 

Benzene  µg/L 1 8 100 <1 <1 <1 <1 

Bromodichloromethane  µg/L 1 8 100 <1 <1 <1 <1 

Bromoform  µg/L 3 8 100 <3 <3 <3 <3 

Bromomethane  µg/L 10 8 100 <10 <10 <10 <10 

Carbon disulfide  µg/L 1 8 100 <1 <1 <1 <1 

Carbon tetrachloride  µg/L 1 8 100 <1 <1 <1 <1 

Chlorobenzene  µg/L 1 8 100 <1 <1 <1 <1 

Chlorodibromomethane  µg/L 3 8 100 <3 <3 <3 <3 

Chloroethane  µg/L 10 8 100 <10 <10 <10 <10 

Chloroform  µg/L 1 8 100 <1 <1 <1 <1 

Chloromethane  µg/L 10 8 100 <10 <10 <10 <10 

cis-1,2-dichloroethene  µg/L 1 8 100 <1 <1 <1 <1 

cis-1,3-dichloropropene  µg/L 1 8 100 <1 <1 <1 <1 

cis-1,4-Dichloro-2-butene  µg/L 10 8 100 <10 <10 <10 <10 

Dibromomethane  µg/L 3 8 100 <3 <3 <3 <3 

Dichlorodifluoromethane  µg/L 3 8 100 <3 <3 <3 <3 

Dichloromethane  µg/L 1 8 100 <1 <1 <1 <1 

Ethanol  µg/L 300 8 100 <300 <300 <300 <300 

Ethyl methacrylate  µg/L 10 8 100 <10 <10 <10 <10 

Ethylbenzene  µg/L 1 8 100 <1 <1 <1 <1 

Iodomethane  µg/L 1 8 100 <1 <1 <1 <1 

Methyl Ethyl Ketone  µg/L 100 8 100 <100 <100 <100 <100 

trans-1,2-dichloroethene  µg/L 1 8 100 <1 <1 <1 <1 

trans-1,3-dichloropropene  µg/L 1 8 100 <1 <1 <1 <1 

trans-1,4-Dichloro-2-butene  µg/L 10 8 100 <10 <10 <10 <10 

Trichloroethene  µg/L 1 8 100 <1 <1 <1 <1 

Trichlorofluoromethane  µg/L 1 8 100 <1 <1 <1 <1 

Styrene  µg/L 1 8 100 <1 <1 <1 <1 
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Table 3.1-11 Summary of organics variables in Plante Creek upstream of the Obed Mine 
(PLC-US), January to December 2014 

Variables Unit DL Count %<DL Min Median Average Max 

Tetrachloroethene  µg/L 1 8 100 <1 <1 <1 <1 

Toluene  µg/L 1 8 100 <1 <1 <1 <1 

Vinyl acetate  µg/L 100 8 100 <100 <100 <100 <100 

Vinyl chloride  µg/L 2 8 100 <2 <2 <2 <2 

Xylene (m & p)  µg/L 1 8 100 <1 <1 <1 <1 

Xylene (o)  µg/L 1 8 100 <1 <1 <1 <1 

Polycyclic Aromatic Hydrocarbons 

1+2-Methylnaphthalenes  µg/L 0.014 22 96 <0.014 <0.014 0.02 0.043 

1-Methylnaphthalene  µg/L 0.01 78 97 <0.01 0.02 0.02 0.044 

2-methylnaphthalene  µg/L 0.01 78 97 <0.01 0.02 0.02 0.061 

Acenaphthene  µg/L 0.01 78 99 <0.01 0.02 0.02 0.028 

Acenaphthylene  µg/L 0.01 78 99 <0.01 0.02 0.02 0.02 

Acridine  µg/L 0.01 77 97 <0.01 0.02 0.02 0.128 

Anthracene  µg/L 0.01 78 99 <0.01 <0.01 <0.01 0.063 

Benz(a)anthracene  µg/L 0.01 78 99 <0.01 <0.01 <0.01 0.023 

Benzo(a)pyrene  µg/L 0.01 78 99 <0.01 <0.01 <0.01 0.012 

Benzo(e)pyrene  µg/L 0.01 78 100 <0.01 <0.01 <0.01 <0.01 

Benzo(g,h,i)perylene  µg/L 0.01 78 100 <0.01 <0.01 <0.01 <0.01 

Benzo(k)fluoranthene  µg/L 0.01 78 100 <0.01 <0.01 <0.01 0.015 

Benzo[b+j]fluoranthene  µg/L 0.01 78 99 <0.01 <0.01 <0.01 0.018 

Biphenyl  µg/L 0.01 78 99 <0.01 <0.01 <0.01 0.011 

C1 Acenaphthenes  µg/L 0.04 78 100 <0.04 <0.04 <0.04 0.04 

C1 Benz(a)Anthracenes/ 
Chrysenes  

µg/L 0.04 78 100 <0.04 <0.04 <0.04 <0.04 

C1 Benzofluoranthenes/ 
Benzopyrenes  

µg/L 0.04 78 100 <0.04 <0.04 <0.04 <0.04 

C1 Biphenyls  µg/L 0.04 78 100 <0.04 <0.04 <0.04 <0.04 

C1 Dibenzothiophenes  µg/L 0.04 78 100 <0.04 <0.04 <0.04 <0.04 
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Table 3.1-11 Summary of organics variables in Plante Creek upstream of the Obed Mine 
(PLC-US), January to December 2014 

Variables Unit DL Count %<DL Min Median Average Max 

C1 Fluoranthenes/Pyrenes  µg/L 0.04 78 100 <0.04 <0.04 <0.04 <0.04 

C1 Fluorenes  µg/L 0.04 78 100 <0.04 <0.04 <0.04 <0.04 

C1 Phenanthrenes/ 
Anthracenes  

µg/L 0.04 78 99 <0.04 <0.04 <0.04 0.041 

C2 Benzofluoranthenes/ 
Benzopyrenes  

µg/L 0.04 78 100 <0.04 <0.04 <0.04 <0.04 

C2 Biphenyls  µg/L 0.04 78 100 <0.04 <0.04 <0.04 0.04 

C2 Dibenzothiophenes  µg/L 0.04 78 100 <0.04 <0.04 <0.04 <0.04 

C2 Fluoranthenes/Pyrenes  µg/L 0.04 78 100 <0.04 <0.04 <0.04 <0.04 

C2 Fluorenes  µg/L 0.04 78 100 <0.04 <0.04 <0.04 <0.04 

C2 Naphthalenes  µg/L 0.04 78 99 <0.04 <0.04 <0.04 0.073 

C2 Phenanthrenes/ 
Anthracenes  

µg/L 0.04 78 100 <0.04 <0.04 <0.04 <0.04 

C2 subd B(a)Anthracenes/ 
Chrysenes  

µg/L 0.04 78 100 <0.04 <0.04 <0.04 <0.04 

C3 Benzanthracenes/ 
Chrysenes  

µg/L 0.04 78 100 <0.04 <0.04 <0.04 <0.04 

C3 Dibenzothiophenes  µg/L 0.04 78 100 <0.04 <0.04 <0.04 <0.04 

C3 Fluoranthenes/Pyrenes  µg/L 0.04 78 100 <0.04 <0.04 <0.04 <0.04 

C3 Fluorenes  µg/L 0.04 78 100 <0.04 <0.04 <0.04 <0.04 

C3 Naphthalenes  µg/L 0.04 78 100 <0.04 <0.04 <0.04 <0.04 

C3 Phenanthrenes/ 
Anthracenes  

µg/L 0.04 78 100 <0.04 <0.04 <0.04 <0.04 

C4 Benzanthracenes/ 
Chrysenes  

µg/L 0.04 76 100 <0.04 <0.04 <0.04 <0.04 

C4 Dibenzothiophenes  µg/L 0.04 78 100 <0.04 <0.04 <0.04 <0.04 

C4 Fluoranthenes/Pyrenes  µg/L 0.04 78 100 <0.04 <0.04 <0.04 <0.04 

C4 Naphthalenes  µg/L 0.04 78 100 <0.04 <0.04 <0.04 <0.04 

C4 Phenanthrenes/ 
Anthracenes  

µg/L 0.04 78 100 <0.04 <0.04 <0.04 <0.04 
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Table 3.1-11 Summary of organics variables in Plante Creek upstream of the Obed Mine 
(PLC-US), January to December 2014 

Variables Unit DL Count %<DL Min Median Average Max 

Chrysene  µg/L 0.01 78 99 <0.01 <0.01 <0.01 0.018 

Dibenz(a,h)anthracene  µg/L 0.01 78 100 <0.01 <0.01 <0.01 <0.01 

Dibenzothiophene  µg/L 0.01 78 99 <0.01 <0.01 <0.01 0.013 

Fluoranthene  µg/L 0.01 78 99 <0.01 <0.01 <0.01 0.105 

Fluorene  µg/L 0.01 78 99 <0.01 <0.01 <0.01 0.043 

Indeno(1,2,3-c,d)pyrene  µg/L 0.01 78 100 <0.01 <0.01 <0.01 <0.01 

Naphthalene  µg/L 0.01/ 
0.05 

78 99 <0.01 <0.05 <0.04 0.115 

Perylene  µg/L 0.01 78 100 <0.01 <0.01 <0.01 <0.01 

Phenanthrene  µg/L 0.01/ 
0.02 

78 99 <0.01 <0.02 <0.02 0.21 

Pyrene  µg/L 0.01 78 99 <0.01 <0.01 <0.01 0.066 

Quinoline  µg/L 0.01/ 
0.02 

76 100 <0.01 <0.02 <0.02 <0.02 

Retene  µg/L 0.01 78 97 <0.01 <0.01 <0.01 0.028 

 

Table 3.1-12 Summary of organics variables in Apetowun Creek downstream of the Obed 
Mine (APC), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

General Organics 

Recoverable Hydrocarbons  mg/L 1 50 100 <1 <1 <1 <1 

Naphthenic Acid  mg/L 1 1 100 <1 <1 <1 <1 

Phenols (4AAP)  µg/L 1 50 61 <1 <1 1.52 4.4 

Volatile Organics 

1,1,1-trichloroethane  µg/L 1 8 100 <1 <1 <1 <1 

1,1,2,2-tetrachloroethane  µg/L 20 8 100 <20 <20 <20 <20 

1,1,2-trichloroethane  µg/L 2 8 100 <2 <2 <2 <2 
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Table 3.1-12 Summary of organics variables in Apetowun Creek downstream of the Obed 
Mine (APC), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

1,1-dichloroethane  µg/L 1 8 100 <1 <1 <1 <1 

1,1-dichloroethene  µg/L 1 8 100 <1 <1 <1 <1 

1,2,3-trichloropropane  µg/L 5 8 100 <5 <5 <5 <5 

1,2-dibromoethane  µg/L 1 8 100 <1 <1 <1 <1 

1,2-dichlorobenzene  µg/L 1 8 100 <1 <1 <1 <1 

1,2-dichloroethane  µg/L 2 8 100 <2 <2 <2 <2 

1,2-dichloropropane  µg/L 2 8 100 <2 <2 <2 <2 

1,3-dichlorobenzene  µg/L 1 8 100 <1 <1 <1 <1 

1,4-dichlorobenzene  µg/L 1 8 100 <1 <1 <1 <1 

2-hexanone (MBK)  µg/L 10 8 100 <10 <10 <10 <10 

4-Methyl-2-pentanone  µg/L 10 8 100 <10 <10 <10 <10 

Acetone  µg/L 100 8 100 <100 <100 <100 <100 

Acrolein  µg/L 100 8 100 <100 <100 <100 <100 

Acrylamide  µg/L 0.08 2 100 <0.08 <0.08 <0.08 <0.08 

Acrylonitrile  µg/L 100 8 100 <100 <100 <100 <100 

Benzene  µg/L 1 8 100 <1 <1 <1 <1 

Bromodichloromethane  µg/L 1 8 100 <1 <1 <1 <1 

Bromoform  µg/L 3 8 100 <3 <3 <3 <3 

Bromomethane  µg/L 10 8 100 <10 <10 <10 <10 

Carbon tetrachloride  µg/L 1 8 100 <1 <1 <1 <1 

Carbon disulfide  µg/L 1 8 100 <1 <1 <1 <1 

Chlorobenzene  µg/L 1 8 100 <1 <1 <1 <1 

Chlorodibromomethane  µg/L 3 8 100 <3 <3 <3 <3 

Chloroethane  µg/L 10 8 100 <10 <10 <10 <10 

Chloroform  µg/L 1 8 100 <1 <1 <1 <1 

Chloromethane  µg/L 10 8 100 <10 <10 <10 <10 

cis-1,2-dichloroethene  µg/L 1 8 100 <1 <1 <1 <1 

cis-1,3-dichloropropene  µg/L 1 8 100 <1 <1 <1 <1 



  
 Coal Valley Resources Inc. 
 2014 Impact Assessment Report 
 May 29, 2015 
 

Page 139 

Table 3.1-12 Summary of organics variables in Apetowun Creek downstream of the Obed 
Mine (APC), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

cis-1,4-Dichloro-2-butene  µg/L 10 8 100 <10 <10 <10 <10 

Dibromomethane  µg/L 3 8 100 <3 <3 <3 <3 

Dichlorodifluoromethane  µg/L 3 8 100 <3 <3 <3 <3 

Dichloromethane  µg/L 1 8 100 <1 <1 <1 <1 

Ethanol  µg/L 300 8 100 <300 <300 <300 <300 

Ethyl methacrylate  µg/L 10 8 100 <10 <10 <10 <10 

Ethylbenzene  µg/L 1 8 100 <1 <1 <1 <1 

Iodomethane  µg/L 1 8 100 <1 <1 <1 <1 

Methyl Ethyl Ketone  µg/L 100 8 100 <100 <100 <100 <100 

Styrene  µg/L 1 8 100 <1 <1 <1 <1 

Tetrachloroethene  µg/L 1 8 100 <1 <1 <1 <1 

Toluene  µg/L 1 8 100 <1 <1 <1 <1 

trans-1,2-dichloroethene  µg/L 1 8 100 <1 <1 <1 <1 

trans-1,3-dichloropropene  µg/L 1 8 100 <1 <1 <1 <1 

trans-1,4-Dichloro-2-butene  µg/L 10 8 100 <10 <10 <10 <10 

Trichloroethene  µg/L 1 8 100 <1 <1 <1 <1 

Trichlorofluoromethane  µg/L 1 8 100 <1 <1 <1 <1 

Vinyl acetate  µg/L 100 8 100 <100 <100 <100 <100 

Vinyl chloride  µg/L 2 8 100 <2 <2 <2 <2 

Xylene (m & p)  µg/L 1 8 100 <1 <1 <1 <1 

Xylene (o)  µg/L 1 8 100 <1 <1 <1 <1 

Polycyclic Aromatic Hydrocarbons 

1+2-Methylnaphthalenes  µg/L 0.014 22 100 <0.014 <0.014 <0.014 <0.014 

1-Methylnaphthalene  µg/L 0.01 78 99 <0.01 0.02 0.02 0.021 

2-methylnaphthalene  µg/L 0.01 78 97 <0.01 0.02 0.016 0.038 

Acenaphthene  µg/L 0.01/ 
0.02 

78 100 <0.01 <0.02 <0.016 <0.02 

Acenaphthylene  µg/L 0.01/ 78 100 <0.01 <0.02 <0.016 <0.02 
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Table 3.1-12 Summary of organics variables in Apetowun Creek downstream of the Obed 
Mine (APC), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

0.02 

Acridine  µg/L 0.01/
0.02 

77 100 <0.01 <0.02 <0.016 <0.02 

Anthracene  µg/L 0.01 78 100 <0.01 <0.01 <0.01 <0.01 

Benz(a)anthracene  µg/L 0.01 78 100 <0.01 <0.01 <0.01 <0.01 

Benzo(a)pyrene  µg/L 0.01 78 100 <0.01 <0.01 <0.01 <0.01 

Benzo(e)pyrene  µg/L 0.01 78 100 <0.01 <0.01 <0.01 <0.01 

Benzo(g,h,i)perylene  µg/L 0.01 78 100 <0.01 <0.01 <0.01 <0.01 

Benzo(k)fluoranthene  µg/L 0.01 78 100 <0.01 <0.01 <0.01 <0.01 

Benzo[b+j]fluoranthene  µg/L 0.01 78 100 <0.01 <0.01 <0.01 <0.01 

Biphenyl  µg/L 0.01 78 100 <0.01 <0.01 <0.01 <0.01 

C1 Benzofluoranthenes/ 
Benzopyrenes  

µg/L 0.04 78 100 <0.04 <0.04 <0.04 <0.04 

C1 Acenaphthenes  µg/L 0.04 78 100 <0.04 <0.04 <0.04 <0.04 

C1 Benz(a)Anthracenes/ 
Chrysenes  

µg/L 0.04 78 100 <0.04 <0.04 <0.04 <0.04 

C1 Biphenyls  µg/L 0.04 78 100 <0.04 <0.04 <0.04 0.04 

C1 Dibenzothiophenes  µg/L 0.04 78 100 <0.04 <0.04 <0.04 <0.04 

C1 Fluoranthenes/Pyrenes  µg/L 0.04 78 100 <0.04 <0.04 <0.04 <0.04 

C1 Fluorenes  µg/L 0.04 78 100 <0.04 <0.04 <0.04 <0.04 

C1 Phenanthrenes/ 
Anthracenes  

µg/L 0.04 78 100 <0.04 <0.04 <0.04 <0.04 

C2 Benzofluoranthenes/ 
Benzopyrenes  

µg/L 0.04 78 100 <0.04 <0.04 <0.04 <0.04 

C2 Dibenzothiophenes  µg/L 0.04 78 100 <0.04 <0.04 <0.04 <0.04 

C2 Fluoranthenes/Pyrenes  µg/L 0.04 78 100 <0.04 <0.04 <0.04 <0.04 

C2 Fluorenes  µg/L 0.04 78 100 <0.04 <0.04 <0.04 <0.04 

C2 Naphthalenes  µg/L 0.04 78 99 <0.04 <0.04 <0.040 0.044 

C2 Biphenyls  µg/L 0.04 78 100 <0.04 <0.04 <0.04 0.04 



  
 Coal Valley Resources Inc. 
 2014 Impact Assessment Report 
 May 29, 2015 
 

Page 141 

Table 3.1-12 Summary of organics variables in Apetowun Creek downstream of the Obed 
Mine (APC), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

C2 Phenanthrenes/ 
Anthracenes  

µg/L 0.04 78 100 <0.04 <0.04 <0.04 <0.04 

C2 subd B(a)Anthracenes/ 
Chrysenes  

µg/L 0.04 78 100 <0.04 <0.04 <0.04 <0.04 

C3 Benzanthracenes/ 
Chrysenes  

µg/L 0.04 78 100 <0.04 <0.04 <0.04 <0.04 

C3 Dibenzothiophenes  µg/L 0.04 78 100 <0.04 <0.04 <0.04 <0.04 

C3 Fluoranthenes/Pyrenes  µg/L 0.04 78 100 <0.04 <0.04 <0.04 <0.04 

C3 Fluorenes  µg/L 0.04 78 100 <0.04 <0.04 <0.04 <0.04 

C3 Naphthalenes  µg/L 0.04 78 100 <0.04 <0.04 <0.04 <0.04 

C3 Phenanthrenes/ 
Anthracenes  

µg/L 0.04 78 100 <0.04 <0.04 <0.04 <0.04 

C4 Benzanthracenes/ 
Chrysenes  

µg/L 0.04 76 100 <0.04 <0.04 <0.04 <0.04 

C4 Dibenzothiophenes  µg/L 0.04 78 100 <0.04 <0.04 <0.04 <0.04 

C4 Fluoranthenes/Pyrenes  µg/L 0.04 78 100 <0.04 <0.04 <0.04 <0.04 

C4 Naphthalenes  µg/L 0.04 78 100 <0.04 <0.04 <0.04 <0.04 

C4 Phenanthrenes/ 
Anthracenes  

µg/L 0.04 78 100 <0.04 <0.04 <0.04 <0.04 

Chrysene  µg/L 0.01 78 100 <0.01 <0.01 <0.01 <0.01 

Dibenz(a,h)anthracene  µg/L 0.01 78 100 <0.01 <0.01 <0.01 <0.01 

Dibenzothiophene  µg/L 0.01 78 100 <0.01 <0.01 <0.01 <0.01 

Fluoranthene  µg/L 0.01 78 100 <0.01 <0.01 <0.01 <0.01 

Fluorene  µg/L 0.01 78 100 <0.01 <0.01 <0.01 <0.01 

Indeno(1,2,3-c,d)pyrene  µg/L 0.01 78 100 <0.01 <0.01 <0.01 <0.01 

Naphthalene  µg/L 0.01/
0.05 

78 100 <0.01 <0.05 <0.05 0.05 

Perylene  µg/L 0.01 78 100 <0.01 <0.01 <0.01 <0.01 

Phenanthrene  µg/L 0.01/
0.02 

78 99 <0.01 <0.02 <0.02 0.025 
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Table 3.1-12 Summary of organics variables in Apetowun Creek downstream of the Obed 
Mine (APC), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

Pyrene  µg/L 0.01 78 100 <0.01 <0.01 <0.01 <0.01 

Quinoline  µg/L 0.01/
0.02 

76 100 <0.01 <0.02 <0.02 <0.02 

Retene  µg/L 0.01 78 68 <0.01 <0.01 0.03 0.51 

Note: Bold values indicate water quality guideline exceedance for the protection of aquatic life. 

 

Table 3.1-13 Summary of organics variables in Plante Creek downstream of the Obed Mine 
(PLC-DS), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

General Organics 

Hydrocarbons, Recoverable  mg/L 1 69 99 <1 <1 <1 1.3 

Naphthenic Acid  mg/L 1 3 100 <1 <1 <1 <1 

Phenols (4AAP)  µg/L 1 69 69 <1 <1 2 6 

Volatile Organics 

1,1,1-trichloroethane  µg/L 1 18 100 <1 <1 <1 <1 

1,1,2,2-tetrachloroethane  µg/L 20 18 100 <20 <20 <20 <20 

1,1,2-trichloroethane  µg/L 2 18 100 <2 <2 <2 <2 

1,1-dichloroethane  µg/L 1 18 100 <1 <1 <1 <1 

1,1-dichloroethene  µg/L 1 18 100 <1 <1 <1 <1 

1,2,3-trichloropropane  µg/L 5 18 100 <5 <5 <5 <5 

1,2-dibromoethane  µg/L 1 18 100 <1 <1 <1 <1 

1,2-dichlorobenzene  µg/L 1 18 100 <1 <1 <1 <1 

1,2-dichloroethane  µg/L 2 18 100 <2 <2 <2 <2 

1,2-dichloropropane  µg/L 2 18 100 <2 <2 <2 <2 

1,3-dichlorobenzene  µg/L 1 18 100 <1 <1 <1 <1 

1,4-dichlorobenzene  µg/L 1 18 100 <1 <1 <1 <1 
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Table 3.1-13 Summary of organics variables in Plante Creek downstream of the Obed Mine 
(PLC-DS), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

2-hexanone (MBK)  µg/L 10 18 100 <10 <10 <10 <10 

4-Methyl-2-pentanone  µg/L 0.01 18 100 <0.01 <0.01 <0.01 <0.01 

Acetone  µg/L 0.1 18 100 <0.1 <0.1 <0.1 <0.1 

Acrolein  µg/L 100 18 100 <100 <100 <100 <100 

Acrylamide  µg/L 0.08 1 100 <0.08 <0.08 <0.08 <0.08 

Acrylonitrile  µg/L 100 18 100 <100 <100 <100 <100 

Benzene  µg/L 1 18 100 <1 <1 <1 <1 

Bromodichloromethane  µg/L 1 18 100 <1 <1 <1 <1 

Bromoform  µg/L 3 18 100 <3 <3 <3 <3 

Bromomethane  µg/L 10 18 100 <10 <10 <10 <10 

Carbon disulfide  µg/L 1 18 100 <1 <1 <1 <1 

Carbon tetrachloride  µg/L 1 18 100 <1 <1 <1 <1 

Chlorobenzene  µg/L 1 18 100 <1 <1 <1 <1 

Chlorodibromomethane  µg/L 3 18 100 <3 <3 <3 <3 

Chloroethane  µg/L 10 18 100 <10 <10 <10 <10 

Chloroform  µg/L 1 18 100 <1 <1 <1 <1 

Chloromethane  µg/L 10 18 100 <10 <10 <10 <10 

cis-1,2-dichloroethene  µg/L 1 18 100 <1 <1 <1 <1 

cis-1,3-dichloropropene  µg/L 1 18 100 <1 <1 <1 <1 

cis-1,4-Dichloro-2-butene  µg/L 10 18 100 <10 <10 <10 <10 

Dibromomethane  µg/L 3 18 100 <3 <3 <3 <3 

Dichlorodifluoromethane  µg/L 3 18 100 <3 <3 <3 <3 

Dichloromethane  µg/L 1 18 100 <1 <1 <1 <1 

Ethanol  µg/L 0.3 18 100 <0.3 <0.3 <0.3 <0.3 

Ethyl methacrylate  µg/L 10 18 100 <10 <10 <10 <10 
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Table 3.1-13 Summary of organics variables in Plante Creek downstream of the Obed Mine 
(PLC-DS), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

Ethylbenzene  µg/L 1 18 100 <1 <1 <1 <1 

Methyl Ethyl Ketone  µg/L 100 18 100 <100 <100 <100 <100 

Iodomethane  µg/L 1 18 100 <1 <1 <1 <1 

Styrene  µg/L 1 18 100 <1 <1 <1 <1 

Tetrachloroethene  µg/L 1 18 100 <1 <1 <1 <1 

Toluene  µg/L 1 18 100 <1 <1 <1 <1 

trans-1,2-dichloroethene  µg/L 1 18 100 <1 <1 <1 <1 

trans-1,3-dichloropropene  µg/L 1 18 100 <1 <1 <1 <1 

trans-1,4-Dichloro-2-butene  µg/L 10 18 100 <10 <10 <10 <10 

Trichloroethene  µg/L 1 18 100 <1 <1 <1 <1 

Trichlorofluoromethane  µg/L 1 18 100 <1 <1 <1 <1 

Vinyl acetate  µg/L 100 18 100 <100 <100 <100 <100 

Vinyl chloride  µg/L 2 18 100 <2 <2 <2 <2 

Xylene (m & p)  µg/L 1 18 100 <1 <1 <1 <1 

Xylene (o)  µg/L 1 18 100 <1 <1 <1 <1 

Polycyclic Aromatic Hydrocarbons 

1+2-Methylnaphthalenes  µg/L 0.014 30 97 <0.01
4 

<0.014 0.016 0.028 

1-Methylnaphthalene  µg/L 0.01 99 99 <0.01 <0.01 0.015 0.02 

2-methylnaphthalene  µg/L 0.01 99 98 <0.01 <0.01 <0.01 0.028 

Acenaphthene  µg/L 0.01/
0.02 

99 100 <0.01 <0.01 <0.01 0.02 

Acenaphthylene  µg/L 0.01/
0.02 

99 100 <0.01 <0.01 <0.01 0.02 

Acridine  µg/L 0.01 97 99 <0.01 <0.01 <0.01 0.02 

Anthracene  µg/L 0.01 99 100 <0.01 <0.01 <0.01 <0.01 
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Table 3.1-13 Summary of organics variables in Plante Creek downstream of the Obed Mine 
(PLC-DS), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

Benz(a)anthracene  µg/L 0.01 99 100 <0.01 <0.01 <0.01 <0.01 

Benzo(a)pyrene  µg/L 0.01 99 100 <0.01 <0.01 <0.01 <0.01 

Benzo(e)pyrene  µg/L 0.01 99 100 <0.01 <0.01 <0.01 <0.01 

Benzo(g,h,i)perylene  µg/L 0.01 99 100 <0.01 <0.01 <0.01 <0.01 

Benzo(k)fluoranthene  µg/L 0.01 99 100 <0.01 <0.01 <0.01 0.015 

Benzo[b+j]fluoranthene  µg/L 0.01 99 100 <0.01 <0.01 <0.01 <0.01 

C1 Acenaphthenes  µg/L 0.04 99 100 <0.04 <0.04 <0.04 <0.04 

C1 Benz(a)Anthracenes/ 
Chrysenes  

µg/L 0.04 99 100 <0.04 <0.04 <0.04 <0.04 

C1 Benzofluoranthenes/ 
Benzopyrenes  

µg/L 0.04 99 100 <0.04 <0.04 <0.04 <0.04 

C1 Biphenyls  µg/L 0.04 99 100 <0.04 <0.04 <0.04 0.04 

C1 Dibenzothiophenes  µg/L 0.04 99 100 <0.04 <0.04 <0.04 <0.04 

C1 Fluoranthenes/Pyrenes  µg/L 0.04 99 100 <0.04 <0.04 <0.04 <0.04 

C1 Fluorenes  µg/L 0.04 99 100 <0.04 <0.04 <0.04 <0.04 

C1 Phenanthrenes/ 
Anthracenes  

µg/L 0.04 99 100 <0.04 <0.04 <0.04 <0.04 

C2 Benzofluoranthenes/ 
Benzopyrenes  

µg/L 0.04 99 100 <0.04 <0.04 <0.04 <0.04 

C2 Biphenyls  µg/L 0.04 99 100 <0.04 <0.04 <0.04 0.04 

C2 Dibenzothiophenes  µg/L 0.04 99 100 <0.04 <0.04 <0.04 <0.04 

C2 Fluoranthenes/Pyrenes  µg/L 0.04 99 100 <0.04 <0.04 <0.04 <0.04 

C2 Fluorenes  µg/L 0.04 99 100 <0.04 <0.04 <0.04 <0.04 

C2 Naphthalenes  µg/L 0.04 99 99 <0.04 <0.04 <0.04 0.08 

C2 Phenanthrenes/ 
Anthracenes  

µg/L 0.04 99 100 <0.04 <0.04 <0.04 <0.04 

C2 subd B(a)Anthracenes/ 
Chrysenes  

µg/L 0.04 99 100 <0.04 <0.04 <0.04 <0.04 
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Table 3.1-13 Summary of organics variables in Plante Creek downstream of the Obed Mine 
(PLC-DS), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

C3 Benzanthracenes/ 
Chrysenes  

µg/L 0.04 99 100 <0.04 <0.04 <0.04 <0.04 

C3 Dibenzothiophenes  µg/L 0.04 99 100 <0.04 <0.04 <0.04 <0.04 

C3 Fluoranthenes/Pyrenes  µg/L 0.04 99 100 <0.04 <0.04 <0.04 <0.04 

C3 Fluorenes  µg/L 0.04 99 100 <0.04 <0.04 <0.04 <0.04 

C3 Naphthalenes  µg/L 0.04 99 100 <0.04 <0.04 <0.04 <0.04 

C3 Phenanthrenes/ 
Anthracenes  

µg/L 0.04 99 100 <0.04 <0.04 <0.04 <0.04 

C4 Benzanthracenes/ 
Chrysenes  

µg/L 0.04 94 100 <0.04 <0.04 <0.04 <0.04 

C4 Dibenzothiophenes  µg/L 0.04 99 100 <0.04 <0.04 <0.04 <0.04 

C4 Fluoranthenes/Pyrenes  µg/L 0.04 99 100 <0.04 <0.04 <0.04 <0.04 

C4 Naphthalenes  µg/L 0.04 99 99 <0.04 <0.04 <0.04 0.08 

C4 Phenanthrenes/ 
Anthracenes  

µg/L 0.04 99 93 <0.04 <0.04 <0.04 0.07 

Dibenz(a,h)anthracene  µg/L 0.01 99 100 <0.01 <0.01 <0.01 <0.01 

Dibenzothiophene  µg/L 0.01 99 100 <0.01 <0.01 <0.01 <0.01 

Fluoranthene  µg/L 0.01 99 100 <0.01 <0.01 <0.01 <0.01 

Fluorene  µg/L 0.01 99 100 <0.01 <0.01 <0.01 <0.01 

Biphenyl  µg/L 0.01 99 100 <0.01 <0.01 <0.01 <0.01 

Chrysene  µg/L 0.01 99 100 <0.01 <0.01 <0.01 <0.01 

Indeno(1,2,3-c,d)pyrene  µg/L 0.01 99 100 <0.01 <0.01 <0.01 <0.01 

Naphthalene  µg/L 0.01/
0.05 

99 100 <0.01 <0.05 <0.04 <0.05 

Perylene  µg/L 0.01 99 100 <0.01 <0.01 <0.01 <0.01 

Phenanthrene  µg/L 0.01 99 100 <0.01 <0.01 <0.01 <0.01 

Pyrene  µg/L 0.01 99 100 <0.01 <0.01 <0.01 <0.01 
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Table 3.1-13 Summary of organics variables in Plante Creek downstream of the Obed Mine 
(PLC-DS), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

Quinoline  µg/L 0.01 94 100 <0.01 <0.01 <0.01 0.02 

Retene  µg/L 0.01 99 51 <0.01 <0.01 0.06 0.8 

Note: Bold values indicate water quality guideline exceedance for the protection of aquatic life. 

 

Table 3.1-14 Summary of organics variables in the Athabasca River upstream of the Obed 
Mine (ATR-US), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

General Organics 

Hydrocarbons, Recoverable  mg/L 1 51 98 <1 <1 1.01 1.6 

Naphthenic Acid  mg/L 1 2 50 <1 1.2 1.10 1.2 

Phenols (4AAP)  µg/L 1 50 60 <1 <1 1.63 7.5 

Volatile Organics 

1,1,1-trichloroethane  µg/L 1 7 100 <1 <1 <1 <1 

1,1,2,2-tetrachloroethane  µg/L 20 7 100 <20 <20 <20 <20 

1,1,2-trichloroethane  µg/L 2 7 100 <2 <2 <2 <2 

1,1-dichloroethane  µg/L 1 7 100 <1 <1 <1 <1 

1,1-dichloroethene  µg/L 1 7 100 <1 <1 <1 <1 

1,2,3-trichloropropane  µg/L 5 7 100 <5 <5 <5 <5 

1,2-dibromoethane  µg/L 1 7 100 <1 <1 <1 <1 

1,2-dichlorobenzene  µg/L 1 7 100 <1 <1 <1 <1 

1,2-dichloroethane  µg/L 2 7 100 <2 <2 <2 <2 

1,2-dichloropropane  µg/L 2 7 100 <2 <2 <2 <2 

1,3-dichlorobenzene  µg/L 1 7 100 <1 <1 <1 <1 

1,4-dichlorobenzene  µg/L 1 7 100 <1 <1 <1 <1 

2-hexanone (MBK)  µg/L 10 7 100 <10 <10 <10 <10 
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Table 3.1-14 Summary of organics variables in the Athabasca River upstream of the Obed 
Mine (ATR-US), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

4-Methyl-2-pentanone  µg/L 10 7 100 <10 <10 <10 <10 

Acetone  µg/L 100 7 100 <100 <100 <100 <100 

Acrolein  µg/L 100 7 100 <100 <100 <100 <100 

Acrylamide  µg/L 5 1 100 <5 <5 <5 <5 

Acrylonitrile  µg/L 100 7 100 <100 <100 <100 <100 

Benzene  µg/L 1 7 100 <1 <1 <1 <1 

Bromodichloromethane  µg/L 1 7 100 <1 <1 <1 <1 

Bromoform  µg/L 3 7 100 <3 <3 <3 <3 

Bromomethane  µg/L 10 7 100 <10 <10 <10 <10 

Carbon disulfide  µg/L 1 7 100 <1 <1 <1 <1 

Carbon tetrachloride  µg/L 1 7 100 <1 <1 <1 <1 

Chlorobenzene  µg/L 1 7 100 <1 <1 <1 <1 

Chlorodibromomethane  µg/L 3 7 100 <3 <3 <3 <3 

Chloroethane  µg/L 10 7 100 <10 <10 <10 <10 

Chloroform  µg/L 1 7 100 <1 <1 <1 <1 

Chloromethane  µg/L 10 7 100 <10 <10 <10 <10 

cis-1,2-dichloroethene  µg/L 1 7 100 <1 <1 <1 <1 

cis-1,3-dichloropropene  µg/L 1 7 100 <1 <1 <1 <1 

cis-1,4-Dichloro-2-butene  µg/L 10 7 100 <10 <10 <10 <10 

Dibromomethane  µg/L 3 7 100 <3 <3 <3 <3 

Dichlorodifluoromethane  µg/L 3 7 100 <3 <3 <3 <3 

Dichloromethane  µg/L 1 7 100 <1 <1 <1 <1 

Ethanol  µg/L 300 7 100 <300 <300 <300 <300 

Ethyl methacrylate  µg/L 10 7 100 <10 <10 <10 <10 

Ethylbenzene  µg/L 1 7 100 <1 <1 <1 <1 
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Table 3.1-14 Summary of organics variables in the Athabasca River upstream of the Obed 
Mine (ATR-US), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

Iodomethane  µg/L 1 7 100 <1 <1 <1 <1 

Methyl Ethyl Ketone  µg/L 0.1 7 100 <0.1 <0.1 <0.1 <0.1 

Styrene  µg/L 1 7 100 <1 <1 <1 <1 

Tetrachloroethene  µg/L 1 7 100 <1 <1 <1 <1 

Toluene  µg/L 1 7 100 <1 <1 <1 <1 

trans-1,2-dichloroethene  µg/L 1 7 100 <1 <1 <1 <1 

trans-1,3-dichloropropene  µg/L 1 7 100 <1 <1 <1 <1 

trans-1,4-Dichloro-2-butene  µg/L 10 7 100 <10 <10 <10 <10 

Trichloroethene  µg/L 1 7 100 <1 <1 <1 <1 

Trichlorofluoromethane  µg/L 1 7 100 <1 <1 <1 <1 

Vinyl acetate  µg/L 100 7 100 <100 <100 <100 <100 

Vinyl chloride  µg/L 2 7 100 <2 <2 <2 <2 

Xylene (m & p)  µg/L 1 7 100 <1 <1 <1 <1 

Xylene (o)  µg/L 1 7 100 <1 <1 <1 <1 

Polycyclic Aromatic Hydrocarbons 

1-Methylnaphthalene  µg/L 0.01 80 98 <0.01 0.02 0.02 0.029 

2-methylnaphthalene  µg/L 0.01 80 91 <0.01 0.02 0.02 0.056 

Acenaphthene  µg/L 0.01/
0.02 

80 100 <0.01 <0.02 <0.02 <0.02 

Acenaphthylene  µg/L 0.01/
0.02 

80 100 <0.01 <0.02 <0.02 <0.02 

Acridine  µg/L 0.01/
0.02 

79 100 <0.01 <0.02 <0.02 <0.02 

Anthracene  µg/L 0.01 80 51 <0.01 0.011 0.03 0.187 

Benz(a)anthracene  µg/L 0.01 80 100 <0.01 <0.01 <0.01 <0.01 

Benzo(a)pyrene  µg/L 0.01 160 100 <0.01 <0.01 <0.01 <0.01 
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Table 3.1-14 Summary of organics variables in the Athabasca River upstream of the Obed 
Mine (ATR-US), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

Benzo(e)pyrene  µg/L 0.01 80 100 <0.01 <0.01 <0.01 <0.01 

Benzo(g,h,i)perylene  µg/L 0.01 80 100 <0.01 <0.01 <0.01 <0.01 

Benzo(k)fluoranthene  µg/L 0.01 80 100 <0.01 <0.01 <0.01 0.015 

Benzo[b+j]fluoranthene  µg/L 0.01 80 100 <0.01 <0.01 <0.01 <0.01 

C1 Phenanthrenes/ 
Anthracenes  

µg/L 0.04 80 100 <0.04 <0.04 <0.04 <0.04 

Chrysene  µg/L 0.01 80 100 <0.01 <0.01 <0.01 <0.01 

Dibenz(a,h)anthracene  µg/L 0.01 80 100 <0.01 <0.01 <0.01 <0.01 

Fluoranthene  µg/L 0.01 80 100 <0.01 <0.01 <0.01 <0.01 

Fluorene  µg/L 0.01 80 99 <0.01 <0.01 <0.01 0.011 

Indeno(1,2,3-c,d)pyrene  µg/L 0.01 80 100 <0.01 <0.01 <0.01 <0.01 

Perylene  µg/L 0.01 80 100 <0.01 <0.01 <0.01 <0.01 

Phenanthrene  µg/L 0.01/
0.02 

80 95 <0.01 <0.02 <0.02 0.023 

Naphthalene  µg/L 0.01/
0.05 

80 99 <0.01 <0.05 <0.04 0.053 

Pyrene  µg/L 0.01 80 100 <0.01 <0.01 <0.01 <0.01 

Quinoline  µg/L 0.01/
0.02 

78 100 <0.01 <0.02 <0.02 <0.02 

Note: Bold values indicate water quality guideline exceedance for the protection of aquatic life. 

 

Table 3.1-15 Summary of organics variables in the Athabasca River confluence with Plante 
Creek (ATR-CON), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

General Organics 

Hydrocarbons, Recoverable  mg/L 1 47 100 <1 <1 <1 <1 

Naphthenic Acid  mg/L 1 1 100 <1 <1 <1 <1 
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Table 3.1-15 Summary of organics variables in the Athabasca River confluence with Plante 
Creek (ATR-CON), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

Phenols (4AAP)  µg/L 1 47 52 <1 <1 1.9 7.3 

Volatile Organics 

1,1,1-trichloroethane  µg/L 1 8 100 <1 <1 <1 <1 

1,1,2,2-tetrachloroethane  µg/L 20 8 100 <20 <20 <20 <20 

1,1,2-trichloroethane  µg/L 2 8 100 <2 <2 <2 <2 

1,1-dichloroethane  µg/L 1 8 100 <1 <1 <1 <1 

1,1-dichloroethene  µg/L 1 8 100 <1 <1 <1 <1 

1,2,3-trichloropropane  µg/L 5 8 100 <5 <5 <5 <5 

1,2-dibromoethane  µg/L 1 8 100 <1 <1 <1 <1 

1,2-dichlorobenzene  µg/L 1 8 100 <1 <1 <1 <1 

1,2-dichloroethane  µg/L 2 8 100 <2 <2 <2 <2 

1,2-dichloropropane  µg/L 2 8 100 <2 <2 <2 <2 

1,3-dichlorobenzene  µg/L 1 8 100 <1 <1 <1 <1 

1,4-dichlorobenzene  µg/L 1 8 100 <1 <1 <1 <1 

2-hexanone (MBK)  µg/L 10 8 100 <10 <10 <10 <10 

4-Methyl-2-pentanone  µg/L 10 8 100 <10 <10 <10 <10 

Acetone  µg/L 100 8 100 <100 <100 <100 <100 

Acrolein  µg/L 100 8 100 <100 <100 <100 <100 

Acrylonitrile  µg/L 100 8 100 <100 <100 <100 <100 

Bromodichloromethane  µg/L 1 8 100 <1 <1 <1 <1 

Bromoform  µg/L 3 8 100 <3 <3 <3 <3 

Bromomethane  µg/L 10 8 100 <10 <10 <10 <10 

Benzene  µg/L 1 8 100 <1 <1 <1 <1 

Carbon disulfide  µg/L 1 8 100 <1 <1 <1 <1 

Carbon tetrachloride  µg/L 1 8 100 <1 <1 <1 <1 

Chlorobenzene  µg/L 1 8 100 <1 <1 <1 <1 

Chlorodibromomethane  µg/L 3 8 100 <3 <3 <3 <3 

Chloroethane  µg/L 10 8 100 <10 <10 <10 <10 
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Table 3.1-15 Summary of organics variables in the Athabasca River confluence with Plante 
Creek (ATR-CON), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

Chloroform  µg/L 1 8 100 <1 <1 <1 <1 

Chloromethane  µg/L 10 8 100 <10 <10 <10 <10 

cis-1,2-dichloroethene  µg/L 1 8 100 <1 <1 <1 <1 

cis-1,3-dichloropropene  µg/L 1 8 100 <1 <1 <1 <1 

cis-1,4-Dichloro-2-butene  µg/L 10 8 100 <10 <10 <10 <10 

Dibromomethane  µg/L 3 8 100 <3 <3 <3 <3 

Dichlorodifluoromethane  µg/L 3 8 100 <3 <3 <3 <3 

Dichloromethane  µg/L 1 8 100 <1 <1 <1 <1 

Ethanol  µg/L 300 8 100 <300 <300 <300 <300 

Ethyl methacrylate  µg/L 10 8 100 <10 <10 <10 <10 

Ethylbenzene  µg/L 1 8 100 <1 <1 <1 <1 

Styrene  µg/L 1 8 100 <1 <1 <1 <1 

Tetrachloroethene  µg/L 1 8 100 <1 <1 <1 <1 

Toluene  µg/L 1 8 100 <1 <1 <1 <1 

trans-1,2-dichloroethene  µg/L 1 8 100 <1 <1 <1 <1 

trans-1,3-dichloropropene  µg/L 1 8 100 <1 <1 <1 <1 

trans-1,4-Dichloro-2-butene  µg/L 10 8 100 <10 <10 <10 <10 

Trichloroethene  µg/L 1 8 100 <1 <1 <1 <1 

Trichlorofluoromethane  µg/L 1 8 100 <1 <1 <1 <1 

Vinyl acetate  µg/L 100 8 100 <100 <100 <100 <100 

Vinyl chloride  µg/L 2 8 100 <2 <2 <2 <2 

Xylene (m & p)  µg/L 1 8 100 <1 <1 <1 <1 

Xylene (o)  µg/L 1 8 100 <1 <1 <1 <1 

Polycyclic Aromatic Hydrocarbons 

1+2-Methylnaphthalenes  µg/L 0.014 21 100 <0.01
4 

<0.014 <0.014 <0.01
4 

1-Methylnaphthalene  µg/L 0.01 76 96 <0.01 0.02 0.016 0.032 

2-methylnaphthalene  µg/L 0.01 76 94 <0.01 0.02 0.017 0.059 
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Table 3.1-15 Summary of organics variables in the Athabasca River confluence with Plante 
Creek (ATR-CON), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

Acenaphthene  µg/L 0.01/ 
0.02 

76 100 <0.01 <0.02 <0.02 <0.02 

Acenaphthylene  µg/L 0.01/ 
0.02 

76 100 <0.01 <0.02 <0.02 <0.02 

Acridine  µg/L 0.01/ 
0.02 

75 100 <0.01 <0.02 <0.02 <0.02 

Anthracene  µg/L 0.01 76 62 <0.01 <0.01 0.02 0.143 

Benz(a)anthracene  µg/L 0.01 76 100 <0.01 <0.01 <0.01 <0.01 

Benzo(a)pyrene  µg/L 0.01 76 100 <0.01 <0.01 <0.01 <0.01 

Benzo(e)pyrene  µg/L 0.01 76 100 <0.01 <0.01 <0.01 <0.01 

Benzo(g,h,i)perylene  µg/L 0.01 76 100 <0.01 <0.01 <0.01 <0.01 

Benzo(k)fluoranthene  µg/L 0.01 76 100 <0.01 <0.01 <0.01 <0.01 

Benzo[b+j]fluoranthene  µg/L 0.01 76 100 <0.01 <0.01 <0.01 <0.01 

Biphenyl  µg/L 0.01 76 100 <0.01 <0.01 <0.01 <0.01 

C1 Acenaphthenes  µg/L 0.04 76 100 <0.04 <0.04 <0.04 <0.04 

C1 Benz(a)Anthracenes/ 
Chrysenes  

µg/L 0.04 76 100 <0.04 <0.04 <0.04 <0.04 

C1 Benzofluoranthenes/ 
Benzopyrenes  

µg/L 0.04 76 100 <0.04 <0.04 <0.04 <0.04 

C1 Biphenyls  µg/L 0.04 76 100 <0.04 <0.04 <0.04 <0.04 

C1 Dibenzothiophenes  µg/L 0.04 76 100 <0.04 <0.04 <0.04 <0.04 

C1 Fluoranthenes/Pyrenes  µg/L 0.04 76 100 <0.04 <0.04 <0.04 <0.04 

C1 Fluorenes  µg/L 0.04 76 100 <0.04 <0.04 <0.04 <0.04 

C1 Phenanthrenes/ 
Anthracenes  

µg/L 0.04 76 100 <0.04 <0.04 <0.04 <0.04 

C2 Benzofluoranthenes/ 
Benzopyrenes  

µg/L 0.04 76 100 <0.04 <0.04 <0.04 <0.04 

C2 Biphenyls  µg/L 0.04 76 100 <0.04 <0.04 <0.04 <0.04 

C2 Dibenzothiophenes  µg/L 0.04 76 100 <0.04 <0.04 <0.04 <0.04 

C2 Fluoranthenes/Pyrenes  µg/L 0.04 76 100 <0.04 <0.04 <0.04 <0.04 
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Table 3.1-15 Summary of organics variables in the Athabasca River confluence with Plante 
Creek (ATR-CON), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

C2 Fluorenes  µg/L 0.04 76 100 <0.04 <0.04 <0.04 <0.04 

C2 Naphthalenes  µg/L 0.04 76 99 <0.04 <0.04 <0.04 0.08 

C2 Phenanthrenes/ 
Anthracenes  

µg/L 0.04 76 100 <0.04 <0.04 <0.04 <0.04 

C2 subd B(a)Anthracenes/ 
Chrysenes  

µg/L 0.04 76 100 <0.04 <0.04 <0.04 <0.04 

C3 Benzanthracenes/ 
Chrysenes  

µg/L 0.04 76 100 <0.04 <0.04 <0.04 <0.04 

C3 Dibenzothiophenes  µg/L 0.04 76 100 <0.04 <0.04 <0.04 <0.04 

C3 Fluoranthenes/Pyrenes  µg/L 0.04 76 100 <0.04 <0.04 <0.04 <0.04 

C3 Fluorenes  µg/L 0.04 76 100 <0.04 <0.04 <0.04 <0.04 

C3 Naphthalenes  µg/L 0.04 76 100 <0.04 <0.04 <0.04 <0.04 

C3 Phenanthrenes/ 
Anthracenes  

µg/L 0.04 76 100 <0.04 <0.04 <0.04 <0.04 

C4 Benzanthracenes/ 
Chrysenes  

µg/L 0.04 74 100 <0.04 <0.04 <0.04 <0.04 

C4 Dibenzothiophenes  µg/L 0.04 76 100 <0.04 <0.04 <0.04 <0.04 

C4 Fluoranthenes/Pyrenes  µg/L 0.04 76 100 <0.04 <0.04 <0.04 <0.04 

C4 Naphthalenes  µg/L 0.04 76 100 <0.04 <0.04 <0.04 <0.04 

C4 Phenanthrenes/ 
Anthracenes  

µg/L 0.04 76 100 <0.04 <0.04 <0.04 <0.04 

Chrysene  µg/L 0.01 76 100 <0.01 <0.01 <0.01 <0.01 

Dibenz(a,h)anthracene  µg/L 0.01 76 100 <0.01 <0.01 <0.01 <0.01 

Dibenzothiophene  µg/L 0.01 76 100 <0.01 <0.01 <0.01 <0.01 

Fluoranthene  µg/L 0.01 76 99 <0.01 <0.01 <0.01 0.017 

Fluorene  µg/L 0.01 76 99 <0.01 <0.01 <0.01 <0.01 

Indeno(1,2,3-c,d)pyrene  µg/L 0.01 76 100 <0.01 <0.01 <0.01 <0.01 

Iodomethane  µg/L 1 8 100 <1 <1 <1 <1 

Methyl Ethyl Ketone  µg/L 0.1 8 100 <0.1 <0.1 <0.1 <0.1 

Naphthalene  µg/L 0.01 76 97 <0.01 0.05 0.04 0.1 



  
 Coal Valley Resources Inc. 
 2014 Impact Assessment Report 
 May 29, 2015 
 

Page 155 

Table 3.1-15 Summary of organics variables in the Athabasca River confluence with Plante 
Creek (ATR-CON), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

Perylene  µg/L 0.01 76 100 <0.01 <0.01 <0.01 <0.01 

Phenanthrene  µg/L 0.01 76 99 <0.01 0.02 0.02 0.031 

Pyrene  µg/L 0.01 76 99 <0.01 <0.01 <0.01 0.011 

Quinoline  µg/L 0.01/ 
0.02 

74 100 <0.01 <0.02 <0.02 <0.02 

Retene  µg/L 0.01 76 74 <0.01 <0.01 0.02 0.163 

Note: Bold values indicate water quality guideline exceedance for the protection of aquatic life. 

 

Table 3.1-16 Summary of organics variables in the Athabasca River downstream of the 
Obed Mine (ATR-D1), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

General Organics 

Hydrocarbons, 
Recoverable  

mg/L 1 53 98 <1 <1 2.0 53.6 

Naphthenic Acid  mg/L 1 1 100 <1 <1 <1 <1 

Phenols (4AAP)  µg/L 1 53 61 <1 <1 1.86 7.2 

Volatile Organics 

1,1,1-trichloroethane  µg/L 1 9 100 <1 <1 <1 <1 

1,1,2,2-tetrachloroethane  µg/L 20 9 100 <20 <20 <20 <20 

1,1,2-trichloroethane  µg/L 2 9 100 <2 <2 <2 <2 

1,1-dichloroethane  µg/L 1 9 100 <1 <1 <1 <1 

1,1-dichloroethene  µg/L 1 9 100 <1 <1 <1 <1 

1,2,3-trichloropropane  µg/L 5 9 100 <5 <5 <5 <5 

1,2-dibromoethane  µg/L 1 9 100 <1 <1 <1 <1 

1,2-dichlorobenzene  µg/L 1 9 100 <1 <1 <1 <1 

1,2-dichloroethane  µg/L 2 9 100 <2 <2 <2 <2 

1,2-dichloropropane  µg/L 2 9 100 <2 <2 <2 <2 
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Table 3.1-16 Summary of organics variables in the Athabasca River downstream of the 
Obed Mine (ATR-D1), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

1,3-dichlorobenzene  µg/L 1 9 100 <1 <1 <1 <1 

1,4-dichlorobenzene  µg/L 1 9 100 <1 <1 <1 <1 

2-hexanone (MBK)  µg/L 10 9 100 <10 <10 <10 <10 

Acetone  µg/L 100 9 100 <100 <100 <100 <100 

Acrolein  µg/L 100 9 100 <100 <100 <100 <100 

Acrylamide  µg/L 5 1 100 <5 <5 <5 <5 

Acrylonitrile  µg/L 100 9 100 <100 <100 <100 <100 

Benzene  µg/L 1 9 100 <1 <1 <1 <1 

Bromodichloromethane  µg/L 1 9 100 <1 <1 <1 <1 

Bromoform  µg/L 3 9 100 <3 <3 <3 <3 

Bromomethane  µg/L 10 9 100 <10 <10 <10 <10 

Carbon disulfide  µg/L 1 9 100 <1 <1 <1 <1 

Carbon tetrachloride  µg/L 1 9 100 <1 <1 <1 <1 

Chlorobenzene  µg/L 1 9 100 <1 <1 <1 <1 

Chlorodibromomethane  µg/L 3 9 100 <3 <3 <3 <3 

Chloroethane  µg/L 10 9 100 <10 <10 <10 <10 

Chloroform  µg/L 1 9 100 <1 <1 <1 <1 

Chloromethane  µg/L 10 9 100 <10 <10 <10 <10 

cis-1,2-dichloroethene  µg/L 1 9 100 <1 <1 <1 <1 

cis-1,3-dichloropropene  µg/L 1 9 100 <1 <1 <1 <1 

cis-1,4-Dichloro-2-butene  µg/L 10 9 100 <10 <10 <10 <10 

Dibromomethane  µg/L 3 9 100 <3 <3 <3 <3 

Dichlorodifluoromethane  µg/L 3 9 100 <3 <3 <3 <3 

Dichloromethane  µg/L 1 9 100 <1 <1 <1 <1 

Ethanol  µg/L 300 9 100 <300 <300 <300 <300 

Ethyl methacrylate  µg/L 10 9 100 <10 <10 <10 <10 

Ethylbenzene  µg/L 1 9 100 <1 <1 <1 <1 

Iodomethane  µg/L 1 9 100 <1 <1 <1 <1 
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Table 3.1-16 Summary of organics variables in the Athabasca River downstream of the 
Obed Mine (ATR-D1), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

Methyl Ethyl Ketone  µg/L 100 9 100 <100 <100 <100 <100 

Styrene  µg/L 1 9 100 <1 <1 <1 <1 

Tetrachloroethene  µg/L 1 9 100 <1 <1 <1 <1 

Toluene  µg/L 1 9 100 <<1 <1 <1 <1 

trans-1,2-dichloroethene  µg/L 1 9 100 <1 <1 <1 <1 

trans-1,3-dichloropropene  µg/L 1 9 100 <1 <1 <1 <1 

trans-1,4-Dichloro-2-butene  µg/L 10 9 100 <10 <10 <10 <10 

Trichloroethene  µg/L 1 9 100 <1 <1 <1 <1 

Trichlorofluoromethane  µg/L 1 9 100 <1 <1 <1 <1 

Vinyl acetate  µg/L 100 9 100 <100 <100 <100 <100 

Vinyl chloride  µg/L 2 9 100 <2 <2 <2 <2 

Xylene (m & p)  µg/L 1 9 100 <1 <1 <1 <1 

Xylene (o)  µg/L 1 9 100 <1 <1 <1 <1 

Polycyclic Aromatic Hydrocarbons 

Acenaphthene  µg/L 0.01/ 
0.02 

82 100 <0.01 <0.02 <0.02 <0.02 

1+2-Methylnaphthalenes  µg/L 0.014 22 91 <0.014 <0.014 <0.014 0.018 

1-Methylnaphthalene  µg/L 0.01 82 98 <0.01 0.02 0.02 0.08 

Acenaphthylene  µg/L 0.01/ 
0.02 

82 100 <0.01 <0.02 <0.02 <0.02 

2-methylnaphthalene  µg/L 0.01 82 89 <0.01 0.02 0.02 0.159 

4-Methyl-2-pentanone  µg/L 0.01 9 100 <0.01 <0.01 <0.01 <0.01 

Acridine  µg/L 0.01/ 
0.02 

81 100 <0.01 <0.02 <0.02 <0.02 

Anthracene  µg/L 0.01 82 52 <0.01 0.013 0.02 0.082 

Benz(a)anthracene  µg/L 0.01 82 100 <0.01 <0.01 <0.01 <0.01 

Benzo(a)pyrene  µg/L 0.01 82 100 <0.01 <0.01 <0.01 <0.01 

Benzo(e)pyrene  µg/L 0.01 82 100 <0.01 <0.01 <0.01 <0.01 

Benzo(g,h,i)perylene  µg/L 0.01 82 100 <0.01 <0.01 <0.01 <0.01 
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Table 3.1-16 Summary of organics variables in the Athabasca River downstream of the 
Obed Mine (ATR-D1), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

Benzo(k)fluoranthene  µg/L 0.01 82 100 <0.01 <0.01 <0.01 <0.01 

Benzo[b+j]fluoranthene  µg/L 0.01 82 100 <0.01 <0.01 <0.01 <0.01 

Biphenyl  µg/L 0.01 82 100 <0.01 <0.01 <0.01 <0.01 

C1 Acenaphthenes  µg/L 0.04 82 100 <0.04 <0.04 <0.04 <0.04 

C1 Benz(a)Anthracenes/ 
Chrysenes  

µg/L 0.04 82 100 <0.04 <0.04 <0.04 <0.04 

C1 Benzofluoranthenes/ 
Benzopyrenes  

µg/L 0.04 82 100 <0.04 <0.04 <0.04 <0.04 

C1 Biphenyls  µg/L 0.04 82 100 <0.04 <0.04 <0.04 0.045 

C1 Dibenzothiophenes  µg/L 0.04 82 100 <0.04 <0.04 <0.04 <0.04 

C1 Fluoranthenes/Pyrenes  µg/L 0.04 82 100 <0.04 <0.04 <0.04 <0.04 

C1 Fluorenes  µg/L 0.04 82 100 <0.04 <0.04 <0.04 <0.04 

C1 Phenanthrenes/ 
Anthracenes  

µg/L 0.04 82 100 <0.04 <0.04 <0.04 <0.04 

C2 Benzofluoranthenes/ 
Benzopyrenes  

µg/L 0.04 82 100 <0.04 <0.04 <0.04 <0.04 

C2 Biphenyls  µg/L 0.04 82 100 <0.04 <0.04 <0.04 <0.04 

C2 Dibenzothiophenes  µg/L 0.04 82 100 <0.04 <0.04 <0.04 <0.04 

C2 Fluoranthenes/Pyrenes  µg/L 0.04 82 100 <0.04 <0.04 <0.04 <0.04 

C2 Fluorenes  µg/L 0.04 82 100 <0.04 <0.04 <0.04 <0.04 

C2 Naphthalenes  µg/L 0.04 82 98 <0.04 <0.04 <0.04 0.102 

C2 Phenanthrenes/ 
Anthracenes  

µg/L 0.04 82 100 <0.04 <0.04 <0.04 <0.04 

C2 subd B(a)Anthracenes/ 
Chrysenes  

µg/L 0.04 82 100 <0.04 <0.04 <0.04 <0.04 

C3 Benzanthracenes/ 
Chrysenes  

µg/L 0.04 82 100 <0.04 <0.04 <0.04 <0.04 

C3 Dibenzothiophenes  µg/L 0.04 82 100 <0.04 <0.04 <0.04 <0.04 

C3 Fluoranthenes/Pyrenes  µg/L 0.04 82 100 <0.04 <0.04 <0.04 <0.04 

C3 Fluorenes  µg/L 0.04 82 100 <0.04 <0.04 <0.04 <0.04 
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Table 3.1-16 Summary of organics variables in the Athabasca River downstream of the 
Obed Mine (ATR-D1), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

C3 Naphthalenes  µg/L 0.04 82 100 <0.04 <0.04 <0.04 <0.04 

C3 Phenanthrenes/ 
Anthracenes  

µg/L 0.04 82 100 <0.04 <0.04 <0.04 <0.04 

C4 Benzanthracenes/ 
Chrysenes  

µg/L 0.04 80 100 <0.04 <0.04 <0.04 <0.04 

C4 Dibenzothiophenes  µg/L 0.04 82 100 <0.04 <0.04 <0.04 <0.04 

C4 Fluoranthenes/Pyrenes  µg/L 0.04 82 100 <0.04 <0.04 <0.04 <0.04 

C4 Naphthalenes  µg/L 0.04 82 100 <0.04 <0.04 <0.04 <0.04 

C4 Phenanthrenes/ 
Anthracenes  

µg/L 0.04 82 100 <0.04 <0.04 <0.04 <0.04 

Chrysene  µg/L 0.01 82 100 <0.01 <0.01 <0.01 <0.01 

Dibenz(a,h)anthracene  µg/L 0.01 82 100 <0.01 <0.01 <0.01 <0.01 

Dibenzothiophene  µg/L 0.01 82 100 <0.01 <0.01 <0.01 <0.01 

Fluoranthene  µg/L 0.01 82 99 <0.01 <0.01 <0.01 0.012 

Fluorene  µg/L 0.01 82 100 <0.01 <0.01 <0.01 <0.01 

Indeno(1,2,3-c,d)pyrene  µg/L 0.01 82 100 <0.01 <0.01 <0.01 <0.01 

Perylene  µg/L 0.01 82 100 <0.01 <0.01 <0.01 <0.01 

Phenanthrene  µg/L 0.01 82 95 <0.01 0.02 0.02 0.02 

Naphthalene  µg/L 0.01 82 98 <0.01 0.05 0.04 0.109 

Pyrene  µg/L 0.01 82 100 <0.01 <0.01 <0.01 <0.01 

Quinoline  µg/L 0.01/ 
0.02 

80 100 <0.01 <0.02 <0.02 <0.02 

Retene  µg/L 0.01 82 94 <0.01 <0.01 <0.01 0.117 

Note: Bold values indicate water quality guideline exceedance for the protection of aquatic life. 

  



  
 Coal Valley Resources Inc. 
 2014 Impact Assessment Report 
 May 29, 2015 
 

Page 160 

Table 3.1-17 Summary of organics variables in the Athabasca River downstream of the 
Obed Mine (ATR-D2), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

General Organics 

Hydrocarbons, Recoverable  mg/L 1 26 100 <1 <1 <1 <1 

Phenols (4AAP)  µg/L 1 26 81 <1 <1 1.17 3.8 

Polycyclic Aromatic Hydrocarbons 

1+2-Methylnaphthalenes  µg/L 0.014 13 85 <0.014 <0.014 <0.014 0.016 

1-Methylnaphthalene  µg/L 0.01/ 
0.02 

50 100 <0.01 0.02 0.017 0.02 

2-methylnaphthalene  µg/L 0.01 50 94 <0.01 0.02 0.018 0.02 

Acenaphthene  µg/L 0.01/ 
0.02 

50 100 <0.01 0.02 <0.017 <0.02 

Acenaphthylene  µg/L 0.01/ 
0.02 

50 100 <0.01 0.02 <0.017 <0.02 

Acridine  µg/L 0.01/ 
0.02 

50 100 <0.01 0.02 <0.017 <0.02 

Anthracene  µg/L 0.01 50 70 <0.01 <0.01 0.014 0.042 

Benz(a)anthracene  µg/L 0.01 50 100 <0.01 <0.01 <0.01 <0.01 

Benzo(a)pyrene  µg/L 0.01 50 100 <0.01 <0.01 <0.01 <0.01 

Benzo(e)pyrene  µg/L 0.01 50 100 <0.01 <0.01 <0.01 <0.01 

Benzo(g,h,i)perylene  µg/L 0.01 50 100 <0.01 <0.01 <0.01 <0.01 

Benzo(k)fluoranthene  µg/L 0.01 50 100 <0.01 <0.01 <0.01 <0.01 

Benzo[b+j]fluoranthene  µg/L 0.01 50 100 <0.01 <0.01 <0.01 <0.01 

Biphenyl  µg/L 0.01 50 100 <0.01 <0.01 <0.01 <0.01 

C1 Acenaphthenes  µg/L 0.04 50 100 <0.04 <0.04 <0.04 <0.04 

C1 Benz(a)Anthracenes/ 
Chrysenes  

µg/L 0.04 50 100 <0.04 <0.04 <0.04 <0.04 

C1 Benzofluoranthenes/ 
Benzopyrenes  

µg/L 0.04 50 100 <0.04 <0.04 <0.04 <0.04 

C1 Biphenyls  µg/L 0.04 50 100 <0.04 <0.04 <0.04 <0.04 

C1 Dibenzothiophenes  µg/L 0.04 50 100 <0.04 <0.04 <0.04 <0.04 
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Table 3.1-17 Summary of organics variables in the Athabasca River downstream of the 
Obed Mine (ATR-D2), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

C1 Fluoranthenes/Pyrenes  µg/L 0.04 50 100 <0.04 <0.04 <0.04 <0.04 

C1 Fluorenes  µg/L 0.04 50 100 <0.04 <0.04 <0.04 <0.04 

C1 Phenanthrenes/ 
Anthracenes  

µg/L 0.04 50 100 <0.04 <0.04 <0.04 <0.04 

C2 Benzofluoranthenes/ 
Benzopyrenes  

µg/L 0.04 50 100 <0.04 <0.04 <0.04 <0.04 

C2 Biphenyls  µg/L 0.04 50 100 <0.04 <0.04 <0.04 <0.04 

C2 Dibenzothiophenes  µg/L 0.04 50 100 <0.04 <0.04 <0.04 <0.04 

C2 Fluoranthenes/Pyrenes  µg/L 0.04 50 100 <0.04 <0.04 <0.04 <0.04 

C2 Fluorenes  µg/L 0.04 50 100 <0.04 <0.04 <0.04 <0.04 

C2 Naphthalenes  µg/L 0.04 50 100 <0.04 <0.04 <0.04 <0.04 

C2 Phenanthrenes/ 
Anthracenes  

µg/L 0.04 50 100 <0.04 <0.04 <0.04 <0.04 

C2 subd B(a)Anthracenes/ 
Chrysenes  

µg/L 0.04 50 100 <0.04 <0.04 <0.04 <0.04 

C3 
Benzanthracenes/Chrysenes  

µg/L 0.04 50 100 <0.04 <0.04 <0.04 <0.04 

C3 Dibenzothiophenes  µg/L 0.04 50 100 <0.04 <0.04 <0.04 <0.04 

C3 Fluoranthenes/Pyrenes  µg/L 0.04 50 100 <0.04 <0.04 <0.04 <0.04 

C3 Fluorenes  µg/L 0.04 50 100 <0.04 <0.04 <0.04 <0.04 

C3 Naphthalenes  µg/L 0.04 50 100 <0.04 <0.04 <0.04 <0.04 

C3 Phenanthrenes/ 
Anthracenes  

µg/L 0.04 50 100 <0.04 <0.04 <0.04 <0.04 

C4 
Benzanthracenes/Chrysenes  

µg/L 0.04 50 100 <0.04 <0.04 <0.04 <0.04 

C4 Dibenzothiophenes  µg/L 0.04 50 100 <0.04 <0.04 <0.04 <0.04 

C4 Fluoranthenes/Pyrenes  µg/L 0.04 50 100 <0.04 <0.04 <0.04 <0.04 

C4 Naphthalenes  µg/L 0.04 50 100 <0.04 <0.04 <0.04 <0.04 

C4 Phenanthrenes/ 
Anthracenes  

µg/L 0.04 50 100 <0.04 <0.04 <0.04 <0.04 
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Table 3.1-17 Summary of organics variables in the Athabasca River downstream of the 
Obed Mine (ATR-D2), January to December 2014. 

Variables Unit DL Count %<DL Min Median Average Max 

Chrysene  µg/L 0.01 50 100 <0.01 <0.01 <0.01 <0.01 

Dibenz(a,h)anthracene  µg/L 0.01 50 100 <0.01 <0.01 <0.01 <0.01 

Dibenzothiophene  µg/L 0.01 50 100 <0.01 <0.01 <0.01 <0.01 

Fluoranthene  µg/L 0.01 50 100 <0.01 <0.01 <0.01 <0.01 

Fluorene  µg/L 0.01 50 100 <0.01 <0.01 <0.01 <0.01 

Indeno(1,2,3-c,d)pyrene  µg/L 0.01 50 100 <0.01 <0.01 <0.01 <0.01 

Naphthalene  µg/L 0.01/ 
0.05 

50 100 <0.01 <0.05 <0.04 <0.05 

Perylene  µg/L 0.01 50 100 <0.01 <0.01 <0.01 <0.01 

Phenanthrene  µg/L 0.01 50 96 <0.01 0.02 0.02 0.02 

Pyrene  µg/L 0.01 50 100 <0.01 <0.01 <0.01 <0.01 

Quinoline  µg/L 0.01/ 
0.02 

50 100 <0.01 <0.02 <0.017 <0.02 

Retene  µg/L 0.01 50 88 <0.01 <0.01 0.014 0.129 

Note: Bold values indicate water quality guideline exceedance for the protection of aquatic life. 
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Figure 3.1-32 Anthracene concentrations in Apetowun Creek, Plante Creek and Athabasca 

River stations, January to December 2014. 
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Figure 3.1-33 Retene concentrations in Apetowun Creek, Plante Creek and Athabasca River 

stations, January to December 2014. 
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Figure 3.1-34 Phenol (4AAP) concentrations in Apetowun Creek, Plante Creek and 

Athabasca River stations, January to December 2014. 

3.1.4.2.6 Water Toxicity 

Results of toxicity tests conducted on samples collected in May (Spring, prior to freshet), 
July (summer) and October (fall) are summarized in Table 3.1-18.  In May, no adverse effects 
were observed in any of the samples tested in any of the six toxicity tests, with the exception of 
C. dubia reproduction test in samples collected at ATR-US and ATR-D1.  The IC25 values for 
ATR-US and ATR-D1 were 32.5 and 1.56%, respectively.  For the remaining samples, the LC, EC 
and IC values were greater than the highest concentrations for each endpoint in the toxicity 
tests. 
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In July, no adverse effects were observed in any of the samples tested with rainbow trout 
embryo, P. subcapitata, juvenile rainbow trout and D. magna.  However, adverse effects to 
C. dubia reproduction were observed in all samples, with the exception of APC and PLC-DS.  
The C. dubia IC25 values for PLC-US, ATR-US, ATR-CON and ATR-D1 were 61.4, 27.2, 6.2 and 
12.9%, respectively.  No adverse effects to L. minor frond count or dry weight were observed in 
samples collected from APC, PLC-US, ATR-CON and ATR-D1; however, adverse effects to 
frond count were observed at PLC-DS and ATR-US resulting in IC25 values of 87.5 and 37.6%, 
respectively.  The IC25 for dry weight at ATR-US was 39.4%. 

Samples collected in October demonstrated similar toxicity results as those observed in July 
with no adverse effects observed in any endpoint with the exception of C. dubia reproduction at 
APC, ATR-US and ATR-CON.  IC25 values for APC, ATR-US and ATR-CON were <1.56, 52.9, 
and 19.9%, respectively. 

Table 3.1-18 Effluent concentrations (%v/v) causing acute or sublethal toxicity to aquatic 
life, May, July, and October 2014. 

Tests/Endpoints APC PLC-DS PLC-US ATR-
US 

ATR-PLC ATR-D1 

May 2014 

7-day Ceriodaphnia dubia IC25  >100 32.5 >100 - <1.56 

7-day Ceriodaphnia dubia LC50  >100 >100 >100 - >100 

7-day rainbow trout EC25  >100 >100 >100 - >100 

7-day duckweed IC25 for frond 
count 

 >97 >97 >97 - >97 

7-day duckweed IC25 for dry 
weight 

 >97 >97 >97 - >97 

72-hour algal growth inhibition  >95.2 >95.2 >95.2 - >95.2 

 96-hour rainbow trout LC50  >100 >100 >100 - >100 

48-hour Daphnia magna LC50  >100 >100 >100 - >100 

July 2014- 

7-day Ceriodaphnia dubia IC25 >100 >100 61.4 27.2 6.2 12.9 

7-day Ceriodaphnia dubia LC50 >100 >100 >100 >100 >100 >100 

7-day rainbow trout EC25 >100 >100 >100 >100 >100 >100 
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Table 3.1-18 Effluent concentrations (%v/v) causing acute or sublethal toxicity to aquatic 
life, May, July, and October 2014. 

Tests/Endpoints APC PLC-DS PLC-US ATR-
US 

ATR-PLC ATR-D1 

7-day duckweed IC25 for frond 
count 

>97 87.5 >97 37.6 >97 >97 

7-day duckweed IC25 for dry 
weight 

>97 >97 >97 39.4 >97 >97 

72-hour algal growth inhibition >95.2 >95.2 >95.2 >95.2 >95.2 >95.2 

96-hour rainbow trout LC50 >100 >100 >100 >100 >100 >100 

48-hour Daphnia magna LC50 >100 >100 >100 >100 >100 >100 

October 2014 

7-day Ceriodaphnia dubia IC25 <1.56 >100 >100 52.9 19.9 >100 

7-day Ceriodaphnia dubia LC50 >100 >100 >100 >100 >100 >100 

7-day rainbow trout EC25 >100 >100 >100 >100 >100 >100 

7-day duckweed IC25 for frond 
count 

>97 >97 >97 >97 >97 >97 

7-day duckweed IC25 for dry 
weight 

>97 >97 >97 >97 >97 >97 

72-hour algal growth inhibition >95.2 >95.2 >95.2 >95.2 >95.2 >95.2 

96-hour rainbow trout LC50 >100 >100 >100 >100 >100 >100 

48-hour Daphnia magna LC50 >100 >100 >100 >100 >100 >100 

3.1.5 Summary and Conclusions 

A comprehensive water quality program was undertaken in 2014 to follow up the ongoing 
environmental effects assessment of Obed Mine especially after the release incident occurred.  
The 2014 program included automated in situ water quality monitoring using sondes, analysis 
of a full range of water quality variables including, conventional variables, major ions, major 
nutrients, total and dissolved metals and organics, and acute and chronic toxicity tests.  The 
sampling stations included three near-field creek stations, four near-field Athabasca River 
stations and five far-field Athabasca River stations.  Water quality data were evaluated by 
comparing concentrations of individual variables with the Alberta surface water quality 
guidelines for the protection of aquatic life, available historical baseline data and immediate 
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post-incident data collected in November and December 2013.  Concentrations and temporal 
trends for most of the variables were regulated by seasons especially spring freshet discharge. 

The QA/QC assessment indicated a high level of accuracy and precision in field sampling and 
laboratory analyses for the 2014 water quality monitoring program.  Therefore, the data 
generated in the program were of good quality and adequate to address the objectives of this 
study. 

Continuous monitored sonde data indicate that DO concentrations at all sampling stations were 
within the requirements for the protection of aquatic life.  Surface waters of Apetowun Creek 
and Plante Creek were characterized by high specific conductivity, TDS, alkalinity and 
hardness.  Concentrations of these variables decreased gradually towards the downstream 
stations including Athabasca River stations. 

Concentrations of TSS were low in both Apetowun Creek and Plante Creek, with many samples 
(41 and 34% samples, respectively) below the detection limit of 3 mg/L, especially in winter.  
During spring freshet flows, TSS concentrations were higher than short-term water quality 
guidelines in approximately 20% of the total samples in both the creeks.  Similar exceedances 
were noted at Athabasca near-field stations but even higher exceedances were recorded at far-
field stations indicating other sources of suspended particulates in the river. 

Consistent with pre-incident data collected in June 2013, total ammonia and nitrite 
concentrations were below analytical detection limits at creek stations.  Nitrate concentrations 
were detected in 44 to 70% of samples, depending on sampling station, but did not exceed the 
water quality guidelines for the protection of aquatic life.  Total and dissolved phosphorus 
concentrations were detected at all sampling stations.  Median concentrations of total 
phosphorus were lower than Athabasca near-field stations and Athabasca far-field stations and 
indicate that the Apetowun Creek, Plante Creek and near-field Athabasca stations were within 
the oligotrophic range and Athabasca River far-field stations within the mesotrophic range 
(Environment Canada 2004).  There was no obvious evidence for nutrient enrichment to the 
receiving environment by the incident.  However, elevated phosphorus concentrations at far-
field downstream stations indicate other sources for nutrients between Obed Mine and Lake 
Athabasca. 

Calcium, magnesium, sodium, bicarbonate and sulphate dominated the major ions, and there 
were no instances of concentrations above water quality guidelines except for sulphide 
concentrations in winter.  Consistent with TDS, concentrations of these ions decreased 
gradually towards the downstream stations including Athabasca stations.  Water quality 
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guideline exceedances for sulphide were higher at Athabasca stations than at creek stations 
indicating other sources of sulphide in the Athabasca River. 

The most frequent guideline exceedances of metals at creek stations included total mercury 
(13% samples at APC and 11% samples at PLC-DS) followed by dissolved aluminum 
(5% samples at APC), dissolved iron (3% samples at APC and 1% sample at PLC-US), total 
selenium (3% samples at APC), and total copper, cobalt, lead and zinc (3% samples each at 
PLC-DS).  At Athabasca near-field stations, three metals exceeded their guidelines including 
total mercury (9% samples at ATR-D2, 4% samples at ATR-D1 and 2% samples at ATR-US) 
followed by dissolved iron (3% samples at ATR-US and 2% samples at ATR-D1) and dissolved 
aluminum (4% samples at ATR-D1), respectively.  Organic-bound methyl-mercury 
concentrations were much lower than the water quality guidelines for the protection of aquatic 
life.  Pre-incident historical data indicate that aluminum and iron concentrations exceeded the 
guidelines and mercury and selenium concentrations were below their detection limits in 
Apetowun Creek.  The reasons for the highest frequency of guideline exceedances for total 
arsenic at far-field Athabasca River stations are unknown. 

Concentrations of organic compounds were generally below detection limits.  Exceptions 
included a few PAHs (anthracene, benz(a)anthracene, fluoranthene, fluorene, phenanthrene, 
acridine, pyrene, and retene), recoverable hydrocarbons, and phenols; concentrations of these 
compounds were detected in few samples although most detection limits exceeded the 
guideline. 

Despite the fact that water quality guideline exceedances occurred for several metals and organic 
variables, the results of the toxicity tests indicate no adverse effects in any of the samples tested 
with rainbow trout embryo, P. subcapitata, juvenile rainbow trout and D. magna.  Adverse effects 
were observed on C. dubia reproduction test (IC25) in samples collected from reference station 
ATR-US and exposure station ATR-D1 in May, at reference stations PLC-US and ATR-US, and 
exposure stations ATR-CON and ATR-D1 in July, and reference station ATR-US and exposure 
stations APC and ATR-CON in October.  In July samples, adverse effects were also observed on 
L. minor frond count in samples collected from reference station ATR-US and exposure station 
PLC-DS. 

Comparison of 2014 data with the range of historical (pre-incident) data at ESRD LTRN stations 
along the Athabasca River indicated an increase in TSS and some related total metals at Town of 
Athabasca during spring freshet in 2014 that could have been related to materials released 
during the incident being carried downstream.  However, these concentrations remained within 
historical ranges at this location, and were typically not detectable at stations farther 
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downstream at Fort McMurray and Old Fort, indicating no measurable effect of the incident on 
water quality at these downstream stations in 2014. 

Mercury present in water at concentrations above the acute or chronic guideline could be 
converted to methyl mercury by microbes in the long term and enter into the aquatic food chain 
through bioaccumulation and biomagnification.  However, methyl mercury concentrations 
measured in water samples were well below thresholds expected to affect aquatic life. 

3.2 Athabasca River Sediment Yield Model 

3.2.1 Introduction 

As described in Section 1.2, the release incident resulted in approximately 670,000 m3 of water 
and release material (i.e., clay, silt or mud, shale and coal fines) to breach the MTP containment 
pond and empty into the headwaters of Apetowun Creek.  This material travelled downstream 
and entered the Athabasca River approximately 35 km downstream of Hinton, AB on 
October 31, 2013.  The water and release material added approximately nine percent to the 
Athabasca River discharge on October 31 at the confluence of Plante Creek.  The sediment 
plume was tracked downstream; however, it was not known how much of the release material 
was deposited as bed material vs. transported in suspension, or how far the deposited sediment 
was transported.  

A sediment yield model study was developed to assess the temporal and spatial extent of the 
release material in the Athabasca River downstream of Plante Creek.  The following sections 
provide: 

• a calculation of  sediment budgets in the Athabasca River in the weeks following the 
incident, from TSS data available from a location upstream of the release, and several 
locations downstream; 

• a model of historic ‘baseline’ suspended sediment discharges for the study area reach 
(Hinton to Windfall on the Athabasca River).  ‘Baseline’ suspended sediment discharges 
include modelled historic fluxes (1961-2012) and modelled 2013-2014 fluxes assuming 
the release had not occurred; and 

• a determination of  whether a release-related signal is present in turbidity and TSS data 
collected in the water a year following the spill (2014). 

To determine the above, suspended sediment discharges are estimated using discharge (Q) 
records from nearby hydrometric stations on the Athabasca River, and TSS records from three 
sources: 
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• a historic database of Q/TSS for the Athabasca River near the study area reach (1974 to 
1991; WSC 2015); 

• TSS samples obtained in the weeks following the release in the study area reach; and 

• continuous records of turbidity from sondes installed in the near-field study area. 

3.2.2 Pre-Incident Conditions 

Results of the sediment yield modelling study include ‘baseline conditions’ (pre-incident) for 
the Athabasca River near Windfall.  These results are incorporated directly into the results 
presented in Section 3.2.4. 

3.2.3 Methods 

Environmental data required for the modelling of sediment yield in the Athabasca River 
included hydrology, climate, TSS and general water quality.  A summary of the monitoring 
stations and methods used to collect data are provided below as well as specific details on the 
modelling software and data analysis.  Details on the monitoring locations and methods for the 
collection of hydrology and surface water quality are provided in Section 2.2 and Section 3.1, 
respectively. 

3.2.3.1 Station Selection and Study Design 

Monitoring data were collected from six stations along a 132 km stretch of the upper Athabasca 
River (ATR) between Hinton and the Windfall Bridge (Figure 3.2-1 and Table 3.2-1).  These 
locations include two long-term WSC hydrometric stations, and the five near-field water quality 
monitoring stations established in the ATR.  Monitoring site locations and measured parameters 
are summarized in Table 3.2-1. 

Table 3.2-1 Water quality and hydroclimatic monitoring stations on the Athabasca River 
near Obed Mine. 

Station UTM 
Easting 

UTM 
Northing 

River 
Distance 

relative to 
Plante Creek 

(km) 

Discharge Total 
Suspended 

Solids 

Water 
Quality 
Sonde 

Athabasca River 
near Hinton (WSC 
ID 07AD002) 

462162 5919622 -34.7  x x 

ATR-US 476280 5931218 -14.5 x   
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Table 3.2-1 Water quality and hydroclimatic monitoring stations on the Athabasca River 
near Obed Mine. 

Station UTM 
Easting 

UTM 
Northing 

River 
Distance 

relative to 
Plante Creek 

(km) 

Discharge Total 
Suspended 

Solids 

Water 
Quality 
Sonde 

ATR-PLC 485385 5940747 0.2 x   

ATR-D1 489264 5950378 12.3 x  x 

ATR-D2 489498 5965837 30.8 x   

Athabasca River 
near Windfall (WSC 
ID 07AE001) 

561256 6006950 132.2  x x 

Period of Record n/a n/a n/a ~1960-
2014 

Nov. 2013-
Nov 2014 

May-Nov. 
2014 

Sampling frequency 
and processing 

n/a n/a n/a daily 
average 

daily / 
opportunistic 

15-minute 
average / 

continuous 

‘-‘ denotes km upstream of Plante Creek 

3.2.3.2 Hydroclimatic Data 

Hydrometric data were obtained for WSC stations ‘Athabasca River near Hinton’ (ID 07AD002) 
and ‘Athabasca River near Windfall’ (ID 07AE001; WSC 2015).  At the time of writing, approved 
discharge data were available from 1961 to 2011 at Station 07AD002, and from 1960 to 2012 at 
07AE001.  Preliminary, unapproved data were obtained for 07AD002 from 2012 to 2014; 
however, these data are subject to change upon further review by the WSC. 

The upstream watershed area of 07AD002 is 9,765 km2 and the upstream watershed area for 
07AE001 is 19,600 km2 (WSC 2015).  Station 07AE001 is 167 km downstream of 07AD002 
(Table 3.2-1; Figure 3.2-1).  Glaciers cover about 525.5 km2 of the headwaters of the watersheds. 

Precipitation data were retrieved from the Environment Canada climate archive for Edson, AB 
(Environment Canada 2015; Climate ID 3062239; 927 masl).  This station was selected because of 
its proximity to the study area reach and because it contained relatively complete precipitation 
record for 2014.  Edson is approximately 83 km south-southwest of Windfall (Figure 3.2-1). 
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3.2.3.3 Estimation of Sediment Flux 

3.2.3.3.1 Baseline Conditions (Athabasca River near Windfall) 

The empirical model LOADEST was used to predict baseline daily sediment loads from 1961 to 
2014 at Station 07AD002 (Runkel et al. 2004).  Model results are based on historic relationships 
between TSS and flows; however, results exclude TSS results from the October 31, 2013 release 
incident. 

The model was calibrated using data from the WSC sediment database for Station 07AE001 to 
develop a regression relationship; the model was used to predict daily sediment loads with 
daily discharge as input.  The ‘Least Absolute Deviation’ (LAD) regression method was 
employed, because residuals were not normally distributed, as indicated by a Shapiro-Wilks 
test and as recommended by Runkel et al. (2004).  Suspended sediment data were collected 
periodically at Athabasca River near Windfall (ID 07AE001) from 1974 to 1991 (WSC 2015).  
Eighty-eight pairs of discharge and sediment concentration were available for this site.  Data 
generally covers the ice-free period: typically from April to November. 

3.2.3.3.2 Post-release Conditions 

Daily sediment fluxes between November 1 to 17, 2013 were estimated by multiplying TSS 
concentrations at monitoring stations ATR-US, ATR-PLC, and ATR-D1 (Table 3.2-1) by daily 
average discharge (from site 07AD002).  When a daily TSS sample was not available on a given 
day or at a given site, TSS from the days before and after the data gap were linearly 
interpolated.  Missing days were November 1 at ATR-D1, and November 2-3 at ATR-US. 

3.2.4 Results 

3.2.4.1 Post-release Suspended Sediment Fluxes and Budget at Near-field Areas 

3.2.4.1.1 Post-release Sediment Flux  

Sediment fluxes were calculated for the seventeen days beginning on November 1, 2013 
(Figure 3.2-2).  This is the period following the release where reasonably continuous daily TSS 
data from grab samples were available.  Discharge decreased by about half at 07AD002 over 
this period. 
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Figure 3.2-2 Total suspended solids, discharge, and sediment flux post-release, fall 2013. 

Sediment flux over this period is estimated to be about 542 Mg (tonnes) at ATR-US, 70,464 Mg 
at ATR-PLC, and 3,482 Mg at ATR-D1.  The flux estimate at ATR-PLC is highly conditioned by 
the high TSS concentrations in the first sample collected (November 1, 2013).  The TSS 
concentration in that sample was 8,150 mg/L.  Assuming that this measured value is equal to 
the average TSS concentration on November 1, 2013 and given the Athabasca River discharge 
on that day (Figure 3.2-2), a sediment flux of 59,150 Mg was estimated, which is equivalent to 
84% of the sediment flux over the 17-day period following the release. 
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TSS peaked at ATR-D1 on November 2, 2013, and generally declined until November 11 
(Figure 3.2-2).  Note that no TSS sample was obtained from ATR-D1 on November 1; 
Section 3.2.5 discusses these implications. 

3.2.4.1.2 November 1 to 17, 2013 sediment budget 

The November 1 to 17 sediment discharge at ATR-US (542 Mg) is assumed to be a background 
flux at downstream sites.  Removing this background flux from the ATR-PLC flux provides an 
estimate of 69,922 Mg of release-related material transported there (Figure 3.2-3).  
Approximately 90,000 Mg of sediment was released in the October 31 event (Sherritt 2013).  The 
difference between these estimates (20,078 Mg) is attributed to release material that was 
removed during implementation of the Solids Recovery Plan, and release material stored as 
fluvial bed material. 

 
Figure 3.2-3 Sediment budget for November 1 to 17, 2013 in the Athabasca River, 

Apetowun Creek and Plante Creek. 

The sediment discharge at ATR-D1 was 3,482 Mg, with 542 Mg of background flux.  This results 
in 2,490 Mg of release-related flux transported downstream of ATR-D1 (Figure 3.2-3).  

If 69,922 Mg of release-related material was introduced at ATR-PLC, and 2,490 was transported 
downstream of ATR-D1, then 66,982 Mg of release-related sediment was deposited between 
ATR-PLC and ATR-D1 (Figure 3.2-3).  Sediment deposition surveys conducted in spring 2014 
(pre-freshet) observed that release material was deposited in areas of relatively low velocity, 
i.e. river margins, back channels, side channels, and eddies; this is consistent with field 
observations (Section 3.3). 

3.2.4.2 LOADEST Model Calibration 

The LOADEST model was calibrated using historic discharge and TSS data from WSC Station 
Athabasca near Windfall (07AE001; WSC 2015).  LOADEST calibration data are presented in 
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Figure 3.2-4.  Overall fit between observed and modelled results was strong, although results 
showed the model likely under-predicted sediment loads.  Assumptions relating to the 
LOADEST calibration process are described in Section 3.2.5. 

The Nash-Sutcliffe Efficiency Index (E) for the model is 0.79, where E=1 is a perfect fit between 
modelled and measured data.  The load bias is -20.3%, representing an underestimation of 
modelled loads.  A model with a positive or negative load bias exceeding 25% should not be 
used (Runkel et al. 2004).  The overall ‘partial load ratio’ (PLR) is 0.78.  PLR represents the 
overall sum of estimated loads divided by the sum of observed loads, again suggesting that the 
model underestimates loads.  Under prediction begins at the 90th percentile of discharge 
(PLR=0.96) and increases as discharge increases (PLRmin=0.33).  Lower discharges over predict 
sediment load, but are not responsible for large proportions of annual sediment fluxes. 

 
Figure 3.2-4 Historic relationship between discharge and sediment load for the Athabasca 

River near Windfall. Solid line is least-absolute deviation regression and 
dashed lines are 95% confidence intervals. 
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3.2.4.3 Stream flows and sediment fluxes 

3.2.4.3.1 Historic 

The Q/TSS regression equation developed in Section 3.2.4.2 was applied to the 1961-2014 
Athabasca near Hinton (07AD002) daily discharge record.  To summarize the historic sediment 
record, median, 25th percentile, 75th percentile, maximum and minimum statistics were extracted 
from this record.  These statistics are calculated for each day in the calendar year, using all 
available years of data for each day. 

The LOADEST model predicted an annual average sediment flux at Athabasca River at Hinton 
of 530,000 Mg (median = 430,000 Mg; standard deviation = 270,000 Mg). 

Estimated sediment fluxes in the study area reach are notably lower than annual sediment 
discharges estimated for downstream reaches of the Athabasca River (Conly 2001, Conly et al. 
2002).  The mean annual suspended sediment load at the Athabasca River at Fort McMurray is 
approximately 5,200,000 Mg, and at Embarras is approximately 6,300,000 Mg.  The order of 
magnitude increase in sediment discharge between Hinton and Fort McMurray is due to a large 
increase in watershed size, discharge, and an abundance of readily transportable fine-grained 
sediments in the Fort McMurray region (Milliman and Syvitski 1992; Church et al. 1999). 

3.2.4.3.2 2013 to 2014 Data Period Excluding Release Incident Contribution 

The following sections discuss the 2013 and 2014 upper Athabasca River discharge conditions 
and LOADEST-derived sediment fluxes to place the data into historic context.  LOADEST 
modelling provides an estimate of ‘baseline’ conditions if the release incident had not occurred, 
and does not include release-related data. 

3.2.4.3.2.1 2013 

The 2013 discharge record from the upper Athabasca River is unusual in three respects.  First, 
the freshet began earlier than normal.  Second, a large discharge event occurred in mid-May, 
where historic maxima were briefly exceeded, and discharges were above the historic upper 
quartile until the end of the month.  Third, an extremely large discharge event occurred in late 
June, where historic maxima were again exceeded, and a historically large peak annual flow 
was recorded at this time (Figure 3.2-5). 

As a result of these unusually large discharge events, and the large volume of discharged water, 
modelled ‘baseline’ 2013 sediment discharge was historically large (Figure 3.2-5).  Median 
annual sediment flux is 430,000 Mg, while 2013 modelled sediment flux was 630,000 Mg.  2013 
was the 16th largest modelled sediment flux out of 55 years of record. 
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3.2.4.3.2.2 2014 

The 2014 discharge record from 07AD002 was very similar to the historic median (Figure 3.2-5).  
This was true in terms of the beginning and end of the main melt period, and in terms of 
discharge magnitudes.  The largest deviation from normal was a period in late May when 
discharges exceeded the historic upper quartile.  Modelled sediment flux in 2014 was within the 
daily historic interquartile range.  Total modelled 2014 sediment discharge was 380,000 Mg.  
2014 was the 32nd largest modelled sediment flux out of 55 years of record. 

3.2.4.3.3 Including Sediment Contributed by the 2013 Incident 

To quantify the influence of the October 2013 incident on sediment fluxes, composite time series 
were created for ATR-US, ATR-PLC, and ATR-D1 using sediment fluxes calculated in 
Section 3.2.4.1 for the period between November 1 and 17, 2013.  For all other dates, the 
LOADEST-derived sediment flux for 07AD002 in 2013 was used.  Results are presented in 
Figure 3.2-6.  The construction of this composite time series was justified by the apparent lack of 
influence of the release on suspended sediment after the first week in November 2013 
(Section 3.2.4.1). 

Viewed on an annual basis, the impact of incident-related sediments on suspended sediment 
flux at ATR-PLC was immediate and apparent.  About 12% more sediment was transported at 
ATR-PLC than would have been expected in 2013 (12% over the modelled LOADEST 
suspended sediment flux; Figure 3.2-6). 

Suspended sediment flux in 2013 was historically large due to high discharges.  Incident-related 
suspended sediment transport adds to this historically large flux (Figure 3.2-6).  However, 
considering the historic suspended sediment flux record (1961-2012), the 2013 suspended 
sediment yield was not extreme.  For example, it was within one standard deviation of the 
average annual sediment flux.  Inclusion of release-related sediments into the annual 2013 
Athabasca River flux at ATR-PLC increases this year from the 16th largest load on record to the 
14th largest load. 

Cumulative sediment discharge at ATR-D1 and ATR-US (including release-related material) are 
close to being indistinguishable.  This was true both on an annual basis (Figure 3.2-6, lower 
panel), and for the period from November 1 to 17, 2013 (Figure 3.2-6, lower inset panel). 
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Figure 3.2-5 Historic ‘baseline’ discharge (Station ID 07AD002) and sediment flux statistics 

with 2013-2014 discharge and sediment flux estimates (not including sediment 
contributed from the October 2013 release). 
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Figure 3.2-6 2013-2014 discharge and sediment flux estimates. ‘Composite’ sediment flux 

time series include TSS-derived flux estimates from the October 2013 incident. 

3.2.4.4 Post-Release TSS Concentrations 

The Athabasca River near the study area reach froze up in mid-November 2013, making 
continued collection of daily TSS grab samples unsafe.  Collection continued over winter as 
field conditions allowed (Hatfield 2015).  As noted in Section 3.2.4.1, the short-term influence of 
the release on TSS concentrations was indiscernible following the first week in November, 2013.  
Sediment deposited in the autumn of 2013 between ATR-PLC and ATR-D1 could have been re-
mobilized in 2014.  Data to investigate this possibility come from TSS grab sample and 
continuously-logging data sondes. 

3.2.4.4.1 Discharge/TSS Relationships 

In Figure 3.2-7, TSS is plotted against 07AD002 discharge for ATR-US, ATR-PLC, and ATR-D1.  
The TSS dataset spans from November 1, 2013 to November 3, 2014.  Lines are connected 
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chronologically.  The historic upper Athabasca River Q/TSS relationship was also plotted in 
these figure panels (Figure 3.2-7; Station ID 07AE001; WSC 2015). 

At ATR-US, two distinct populations exist (Figure 3.2-7, middle lower panel).  The transition 
between the two populations occurs between May 5 and May 20, 2014: the rising limb of the 
2014 freshet (Figure 3.2-6).  Given this location is upstream of the Obed release, the existence of 
two populations cannot be attributed to the incident.  Rather, it is likely that the pre-May 5 
population was caused primarily by ice formation, cover, and breakup disrupting the Q/TSS 
relationship that exists during ice-free conditions.  In the upper left panel of Figure 3.2-7, 
discharge data graded as backwater by the WSC were removed.  Backwater in the study area 
reach of the Athabasca River was likely entirely caused by ice.  With ice-affected data removed, 
the leftmost population was also removed. Elevated Q/TSS relationships can be caused by ice 
scouring river banks and the near-shore (Prowse 1993).  These data suggest that the Q/TSS 
relationship was also naturally elevated under ice cover and during freeze-up.  The WSC TSS 
database is composed almost entirely of data when the Athabasca River was ice-free 
(Figure 3.2-7). 

At ATR-PLC, two distinct populations also exist (Figure 3.2-7, middle lower panel).  The 
transition to the normal Q/TSS zone (as indicated by the WSC TSS dataset) occurred between 
April 29 and August 20, 2014.  Again, backwater-affected discharge was responsible for much of 
the distinction between populations.  The release occurred very close to freeze-up in 2013, 
making it difficult to distinguish between the influence of ice formation on elevating TSS and 
the release. 

At ATR-D1, very similar Q/TSS relationships exist compared to ATR-US.  The exception was 
very high TSS recorded on November 2, 2013 which was a result of the incident. 

 



  
 Coal Valley Resources Inc. 
 2014 Impact Assessment Report 
 May 29, 2015 
 

Page 183 

 
Figure 3.2-7 Total suspended solid / discharge relationships (historic and 2013-2014 near-field). Datasets are presented both 

using the entire monitoring period, and using only data that are not affected by backwater. 
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3.2.4.4.2 Continuous Records of Turbidity 

Water quality sondes continuously recorded turbidity from May to November 2014 at ATR-US, 
ATR-PLC, and ATR-D2 (Figure 3.2-8). 

In general, turbidity co-varied between sites and was of similar magnitudes, with several short-
term exceptions.  At no point in the 2014 monitoring season did turbidity at ATR-PLC exceed 
turbidity upstream of the Plante/Athabasca confluence (Figure 3.2-8, middle panel, green plot).  
This indicates that the effects of the release on turbidity were undetectable between these two 
sites. 

One hypothesis relating to the fate of sediment deposited in the fall of 2013 between ATR-PLC 
and ATR-D2 is that sediment was remobilized in the 2014 freshet.  The release occurred at a 
time when Athabasca River discharge was decreasing towards its annual low, and fluvial 
sediment transport capacity would also have been low and declining.  However, turbidity 
records from 2014 do not support this possibility.  Turbidity in the 2014 freshet was typically 
highest at the upstream ATR-US location (Figure 3.2-8).  Although release-related increases in 
suspended sediment during freshet are not detectable in sonde turbidity records, it is possible 
that sediment moved downstream in bedload.  The 2014 melt season was historically average; 
larger freshets in the future could re-suspend deposited sediments. 

From late July to mid-October, and especially from mid-September to mid-October, turbidity 
was higher at ATR-D2 than at upstream sites.  However, pH and DO at ATR-D2 decline sharply 
for this period (Hatfield 2015), and it is inferred that the sonde was partially buried. 

3.2.5 Model Assumptions and Limitations 

Most conclusions are dependent on the accuracy of the sediment discharge modelling approach 
(LOADEST), and the process of estimating sediment yields in the autumn of 2013 using TSS 
grab samples. 

The 1974-1991 Q/TSS relationship in the studied reach could have changed over time due to 
changes in land cover; for example changes in headwater glacial cover, forested area, reservoir 
construction, or riparian modification.  Also, the modelling process was calibrated for 07AE001, 
and was applied throughout the study area reach.  These errors are considered small, since 
modern Q/TSS relationships at monitoring locations overlap with the historic 07AE001 
relationship (not including ice-affected data, and after the 2014 freshet; Figure 3.2-7). 

The LOADEST LAD regression calibration under-predicts loads at high discharges 
(Figure 3.2-4).  This error would cause an under prediction of loads at high discharges. 
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Daily TSS grab samples were used to estimate sediment discharges from November 1 to 
November 17, 2013.  This assumes that TSS at the sampling time was representative of TSS for 
the entire day.  It also assumes that a point-measure of near-surface TSS is representative of TSS 
in the channel as a whole. 

The post-incident sediment discharge estimate at ATR-PLC is highly dependent on the TSS 
sample obtained there on November 1, 2013.  Eighty-four percent of the sediment discharged 
over 17 days occurred on this day.  No TSS data are available from October 31; however, it was 
considered unlikely that large volumes of sediment arrived at the Athabasca River before this 
time.  The Apetowun Creek headwaters near the release were flowing at approximately 
0.13 m/s in November, 2013 (Hatfield 2015).  Given the approximate 18.5 km downstream 
distance between the release location and the mouth of Plante Creek, and assuming this velocity 
was consistent downstream it would take approximately 40 hours for water and sediment to be 
transported to the Athabasca River. 

The sediment discharge estimate at ATR-D1 is also highly dependent on the first TSS sample 
obtained there, on November 2, 2013.  The plume head travelled at just over 3 km/h for the first 
several hundred kilometres downstream of the Plante Creek confluence (Final Impacts 
Report 2014).  The plume head would therefore have arrived at ATR-D2 about four hours after 
arriving at ATR-PLC.  It is possible that release-related suspended sediment passed by ATR-D1 
before a TSS sample was obtained there. 

To summarize, most errors in the LOADEST modelling process bias towards under prediction 
of sediment loads in the study area reach.  Incident-related suspended sediment transport 
would therefore represent a smaller fraction of estimated baseline sediment transport.  

Errors in the estimation of sediment discharges derived from TSS grab samples are likely large 
and could be positive or negative.  However, given the similarity of the ATR-PLC sediment 
discharge estimate (~7.0 x 104 Mg) to the volume of sediment estimated to have been released 
(~9.0 x 104 Mg; Sherritt 2013), the TSS-derived flux appears to be reasonable. 
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Figure 3.2-8 Turbidity in the ATR upstream and downstream of the PLC confluence, 2014 

open water period. Lower panel shows daily average discharge at 07AD002 
and daily precipitation at Edson, AB 
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3.2.6 Summary 

Key findings of the above modeling study include: 

• In the seventeen days following the release, the Athabasca River transported 
approximately 70,000 Mg of suspended sediment at ATR-PLC.  All but about 542 Mg 
were incident-related. 

• Approximately 20,000 Mg of release-related sediment was either removed during the 
clean-up process, stored in sediment traps, or stored as fluvial bed material between the 
release point in Apetowun Creek and ATR-PLC. 

• In the absence of a release, the Athabasca River at Hinton would have transported 
630,000 Mg of sediment in 2013.  Including the release, about 700,000 Mg of sediment 
was transported at ATR-PLC in 2014. 

• About 12% more sediment was transported at ATR-PLC than would have been expected 
in 2013 (12% over the modelled LOADEST suspended sediment flux). 

• About 67,000 Mg of sediment was stored as bed material between ATR-PLC and 
ATR-D1 following the spill.  However, given that no TSS sample was obtained at 
ATR-D1 on November 1, 2013 this could be an overestimate. 

• About 2,500 Mg of suspended sediment was transported in suspension downstream of 
ATR-D1.  If significant suspended sediment was transported at ATR-D1 on 
November 1, 2013 then this is an underestimate. 

• The release increased 2013 sediment discharge by about 0.5% at ATR-D1 (0.5% above the 
2013 ‘baseline’ flux predicted by LOADEST; however, note the caveat above). 

• Suspended sediment availability appears to naturally increase during freezeup, ice 
cover, and ice breakup in the study area, making the effect of the incident on suspended 
sediment difficult to disentangle during periods influenced by ice. 

• Post 2014 breakup, the Q/TSS relationships returned to pre-release conditions at 
ATR-PLC and ATR-D1, meaning incident-related effects on suspended sediment were 
not detectable at these locations. 

• During the 2014 freshet, no incident-related effects on turbidity were recorded 
downstream of the Plante/Apetowun confluence on the Athabasca River. 

To summarize, the effects of the incident on suspended sediment close to the release point were 
large and immediate, but were relatively short-lived.  However, downstream of ATR-PLC, 
effects on TSS and sediment flux were relatively small, despite a visible suspended sediment 
plume that moved downstream to the lower Athabasca River.  Q/TSS relationships have relaxed 
to pre-incident conditions, even close to the point of release.  No release-related downstream 
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increases in turbidity were noted in the 2014 freshet; however, it is possible that release-related 
sediment has moved (or will move) downstream as bedload. 

3.3 Substrate Quality 

The incident contributed an estimated 670,000 m3 of slurry material to the Apetowun Creek and 
Plante Creek watershed and the upper Athabasca River.  Movement of the material plume to 
and through Apetowun and lower Plante Creek channels likely would have entrained further 
materials through bank erosion and natural deposition, resulting in changes to the physical and 
chemical composition of released materials that eventually reached the Athabasca River. 

Deposition of these materials could change natural substrate composition in these watercourses 
by covering existing substrates, especially in erosional areas where well-oxygenated interstitial 
spaces are critical to benthos or fish eggs/embryos.  These materials also could modify surficial 
chemistry in depositional areas in these watercourses, potentially exposing aquatic organisms to 
potentially hazardous concentrations of various chemicals of concern.  These potential impact 
pathways on substrates of Apetowun Creek, Plante Creek and the upper Athabasca River were 
addressed in the LTSMP and are discussed in Section 2.3.  The 2014 substrate surveys were 
designed to address the following objectives: 

• assessment of pre- and post-incident substrate composition and sediment chemistry in 
receiving aquatic environments including downstream of the release in Apetowun 
Creek, Plante Creek, and in the upper Athabasca River;  

• assessment of spatial and temporal changes in substrate composition and sediment 
chemistry; and 

• identification and quantification of chemicals of potential concern (COPC) in the 
receiving environment due to the incident, and their potential effects on aquatic health.  

Results of sediment quality surveys undertaken in late 2013 immediately following the release 
have been previously reported in CVRI (2014a,b).  Therefore, this assessment focuses on 
substrate composition and sediment chemistry data collected between January 1 and 
December 30, 2014. 

3.3.1 Pre-Incident Conditions 

Detailed historical (pre-incident) surveys of substrate quality were not conducted in Apetowun 
Creek and Plante Creek.  Pre-incident substrate data for these creeks were limited to visual 
assessments of substrate composition (i.e., dominant and sub-dominant substrates) as it related 
to fish habitat surveys.  No historical sediment chemistry data were found for these creeks. 
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Historical sediment chemistry data for the upper Athabasca River also are limited because of the 
generally erosional nature of the river in its upper sections.  Where sediment chemistry data are 
available, they are often dated and focused only on organic compounds associated with historical 
pulpmill and municipal sewage effluent, both of which have undergone significant improvements 
in process and treatment strategies resulting in significant declines in concentrations of many 
analytes (McMaster et al. 2006). 

Sediment samples for chemical analysis were collected from depositional areas in the upper 
Athabasca River in 1998 as part of the Weldwood Environmental Effects Monitoring (EEM) 
Cycle Two program.  This survey reported higher concentrations of mill-related compounds 
(i.e., organic matter, chloride, TKN, resin, fatty acids, etc.) in sediments downstream of effluent 
discharge relative to upstream sediments (Stantec-Golder 2000).  Sediment samples also were 
collected as part of ESRD LTRN monitoring program and the results showed concentrations of 
all measured organic compounds (i.e., PCBs, PAHs, pesticides, herbicides and organic acids) to 
be below analytical detection limits (AWC 2014). 

3.3.2 Methods 

3.3.2.1 Study Design and Station Selection 

3.3.2.1.1 Substrate Composition  

Substrate composition samples were collected from the same locations where benthic 
invertebrate samples were collected (Table 3.5-4 and Table 3.5-5).  In Apetowun Creek and 
Plante Creek, these areas included an Apetowun Creek exposure area (APC), an Apetowun 
Creek reference area (APC-US), a lower Plante Creek exposure area (PLC) and an upper Plante 
Creek reference area (PLC-US).  In the Athabasca River, sampling areas included a reference 
area upstream of the Plante Creek confluence (ATR-REF) a near-field exposure area (ATR-NF), 
and far-field exposure area (ATR-FF).  Athabasca River samples were collected from river 
margins in areas appropriate for collection of benthic invertebrates (Section 3.5) and therefore 
may not represent the conditions throughout the entire river channel.  Detailed descriptions of 
the sampling stations and sampling frequency are presented in Section 3.5.3.  

3.3.2.1.2 Sediment Quality  

As part of the water quality monitoring program, sediment quality surveys were initiated 
immediately following the incident on November 1, 2013 to monitor sediment quality in 
Apetowun Creek, Plante Creek and the upper Athabasca River (see CVRI 2014a and 
CVRI 2014b for details). 
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Immediately following the incident, initial soil and sediment sampling programs were 
implemented to characterize the chemical composition and potential toxicity of the deposited 
material (solids) released during the incident.  Numerous metals, organic compounds and 
polycyclic aromatic hydrocarbons (PAHs) were analyzed in each sample (Section 2.1).  Data 
describing background soils, source ponds or points of release were used to identify those 
analytes that are naturally elevated in the receiving aquatic environments and to screen those 
that may be influenced by the release materials.  Detailed information describing the initial 
sampling program were presented in CVRI (2014a,b). 

Following the initial assessment program and development of the LTSMP, long-term routine 
sediment and water sampling locations were established in Apetowun Creek and Plante Creek 
and in the Athabasca River from Obed to 100 km upstream of Lake Athabasca (Table 3.3-1, 
Figure 3.1-1 and Figure 3.1-2).  Sampling stations and sampling frequency were established in 
consultation with ESRD and the AER, taking into consideration the hydrologic network of the 
affected watercourses, fate of release materials, sediment accumulation, and concerns of water 
users along the Athabasca River.  Unaffected upstream reference stations also were established 
for each watercourse (PLC-US and ATR-US).  Field crews attempted to collect sediment samples 
monthly during the open water season from depositional areas near the sampling locations.  
However, slight modifications to sampling frequency were occasionally required due to 
accessibility or weather conditions (i.e., changing ice conditions). 

3.3.2.1.3 Sediment Toxicity 

Sediment samples for toxicity testing were collected in spring (May), summer (July) and fall 
(September/October) from six of the near-field sampling stations: APC, PLC-DS, PLC-US, ATR-
US, ATR-CON and ATR-D1.  Samples were collected concurrently with sediment chemistry 
sampling using the same pre-cleaned stainless steel sampling equipment. Samples were placed 
directly into pre-labelled 5-L sampling pails.  All samples were collected, stored and tested 
according to the recently released Environment Canada biological testing methods for Hyalella 
azteca (EPS1/RM/33) and Chrionomus dilutus (EPS1/RM/32) (Environment Canada 1997, 2013). 
Specific tests for each test organism were as follows: 

• Hyalella azteca – A freshwater amphipod 

• 14-d survival (# surviving and % of control); and 

• 14-d growth (mg/organism and % of control). 

• Chironomus dilutus – A freshwater midge (chironomid) larva 

• 10-d survival (# surviving and % of control); and 

• 10-d growth (mg/organism and % of control). 
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In 2014, all samples were sent to Nautilus Environmental Laboratories in Burnaby, BC. 

3.3.2.2 Field Collections 

Substrate composition sampling using a McNeil-Ahnell corer following Guidelines for 
Depositional Sediment Monitoring and Assessment Programs in Streams (Rex and Carmichael 1999).  
This core sampler includes a 15-cm diameter cylinder with an attached basin that is used to 
store sediments from the substrate and to trap suspended fines.  The corer was forced into the 
streambed to an approximate depth of 15 cm. Substrates within the 15-cm sampling core were 
removed from the sampler and placed into a 5-L pre-labeled pail.  The empty (water-filled) 
cylinder was then thoroughly disturbed and a 500-mL water sample was collected to capture 
suspended sediments. 

Core samples were sent to JASA Engineering (Calgary, AB) for detailed particle size analysis, by 
passing through a series of sieves of different pore size; corresponding water samples were sent 
to ALS Environmental (Burnaby, BC) for TSS analysis. 

Sediment chemistry samples were collected following standard procedures used for regional 
aquatics monitoring under the JOSMP, sampling details are provided in the LTSMP.  At 
selected stations, the top 2-cm of sediment were sampled using a stainless-steel sampling spoon.  
Five replicate samples were collected at each site and placed into a stainless pan until sufficient 
sample volume was collected (~2 L).  Samples were thoroughly homogenized and transferred 
into pre-labeled sterilized glass jars.  Field staff wore nitrile gloves while handling equipment 
and jars, which were changed between stations.  All sampling equipment was cleaned prior to 
contact with sediment and between stations using metal-free soap, acetone and hexane and 
rinsed with ambient site water.  A detailed list of all sediment chemistry variables including the 
analytical method and detection limits are provided in the LTSMP. 

Samples collected in 2014 were analyzed for all sediment variables detailed in LTSMP 
(CVRI 2014a).  All sediment quality variables were measured on a dry-weight basis.  In 
addition, select sediment samples collected in February and March 2014 were sent to Maxxam 
Analytics (Calgary, AB) for special analysis of rare-earth metals, stable isotope of mercury, lead 
and strontium and naturally occurring radioactive materials (NORMs). 
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Table 3.3-1 Sediment quality sampling locations in Apetowun Creek, Plante Creek, and the Athabasca River, January to 
December 2014. 

Station ID Watercourse/Site Description Date Sampled 

Creek stations   

APC* Apetowun Creek exposure area: 
Approximately 1,700 m downstream of the MTP. 

06-Nov-13 

07-Nov-13 

25-Feb-14 

26-Feb-14 

25-Mar-14 

14-May-14 
29-May-14 
24-Jun-14 
28-Jul-14 
17-Oct-14 

PLC-US* Plante Creek reference area: 
Approximately 1,200 m upstream of confluence with Apetowun Creek. 

26-Feb-14 
27-Feb-14 
03-Apr-14 
14-May-14 
29-May-14 

23-Jun-14 
29-Jul-14 
11-Sep-14 
14-Oct-14 

PLC-DS* Plante Creek exposure area: 
Approximately 20 m downstream of the Emerson Creek road crossing. 

25-Mar-14 
14-May-14 
29-May-14 
23-Jun-14 

29-Jul-14 
11-Sep-14 

Athabasca River reference and near-field stations   

ATR-US* Athabasca River upstream reference area: 
Upstream of Plante Creek approximately 50 m upstream of the Mine bridge crossing. 

14-May-14 15-Oct-14 

ATR-CON* Athabasca River near-field area 
Immediately downstream of its confluence with Plante Creek. 

12-May-14 16-Oct-14 

ATR-D1* Athabasca River near-field area: 
Approximately 12.5 km downstream of its confluence with Plante Creek. 

10-Mar-14 
24-Mar-14 
10-Apr-14 

15-May-14 
14-Oct-14 

ATR-D2 Athabasca River near-field area: 25-Jun-14  
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Table 3.3-1 Sediment quality sampling locations in Apetowun Creek, Plante Creek, and the Athabasca River, January to 
December 2014. 

Station ID Watercourse/Site Description Date Sampled 

Athabasca River approximately 31.5 km downstream of its confluence with Plante Creek. 

Athabasca River far-field stations 

ATR-AT1 Athabasca River far-field area: 
Approximately 5 km upstream of the Town of Athabasca. 

26-Feb-14 
26-Mar-14 
30-May-14 

14-Aug-14 
17-Oct-14 
07-Nov-14 

ATR-WC-1 Athabasca River far-field area: 
Approximately 0.5 km upstream of confluence with McLeod River, at the Town of Whitecourt. 

25-Feb-14 
15-May-14 
29-May-14 
26-Jun-14 

25-Mar-14 
30-Jul-14 
17-Oct-14 

ATR-FF5 Athabasca River far-field area: 
Located approximately 1.5 km upstream of the Fort McMurray bridge near the wastewater treatment 
plant. 

22-May-14 
19-Jun-14 
17-Jul-14 

15-Aug-14 
17-Oct-14 
06-Nov-14 

ATR-FF6 Athabasca River far-field area: 
Located approximately 5 km upstream of Fort McKay. 

18-Mar-14 
15-Apr-14 
22-May-14 
19-Jun-14 
17-Jul-14 

15-Aug-14 
22-Sep-14 
16-Oct-14 
06-Nov-14 

ATR-FF7 Athabasca River far-field area: 

Located upstream of the Embarras River landing strip approximately 15 km upstream of Fort 
Chipewyan. 

19-Mar-14 
15-Apr-14 
20-Jun-14 
16-Jul-14 

15-Aug-14 
22-Sep-14 
16-Oct-14 
05-Nov-14 

* Asterisk indicates sediment toxicity samples also collected from these locations. 
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3.3.2.3 Field and Laboratory QA/QC 

The QA/QC samples for sediment quality were collected at a minimum frequency of 10% of all 
field samples (i.e., one every ten field samples).  The QA/QC samples collected as part of the 
sediment quality sampling program included duplicate samples.  Field duplicate samples were 
taken to ensure that sampling and laboratory analyses produced repeatable results 
(Environment Canada 2012).  Duplicate samples were collected at Athabasca River stations 
“Mapsheet #4” in May, ATR-FF6 in March and at ATR-FF5 in October 2014.  

Sediment quality QA/QC results, presented in Appendix 3.1B, generally indicated a high level 
of accuracy and precision in field sampling and laboratory analyses for the 2014 sediment 
monitoring program. In one sample collected on August 14, 2014 and analyzed from station 
ATR-AT1 (upstream of Town of Athabasca), the concentrations of several metals including 
arsenic, cadmium, chromium, copper, molybdenum, nickel, selenium, tin, vanadium, and zinc 
were several orders of magnitude greater than those previously recorded at that station or any 
other station during the period, and above all applicable guidelines.  Subsequent follow-up with 
the contract laboratory indicated sample-dilution issues at the laboratory.  Therefore, these data 
from that station on August 14, 2014 were considered extreme outliers and were excluded for 
further analyses and comparison with other data. 

3.3.2.4 Data Analysis and Interpretation 

3.3.2.4.1 Substrate Composition 

Data generated from the McNeil cores were used to generate detailed classifications of particle-
size composition and characteristics, which were then used to assess potential effects of fines in 
erosional substrates on the suitability of these areas as sensitive fish habitat.  Specific 
interpretation included: 

• Particle size classification: In this report, particle size classification followed 
Wentworth's classification recommended by Environment Canada (2012), slightly 
modified to recognize that most of the released source materials were comprised of 
particles generally <0.6 mm diameter.  Sediment particle sizes were further grouped into 
the following subdivisions: cobbles (>40 mm); gravel (5-40 mm); Sand (0.6-5 mm); fines 
including silt and clay (<0.6 mm); 

• Percent fines >2 mm in streambed substrate: CCME (2014) guidelines for total 
particulate matter indicate that substrates suitable as salmonid spawning sites should be 
comprised of 10% or less of fines that are less than 2 mm in diameter.  This screening 
threshold was used to assess substrate quality in all sampled areas, although it is 
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important to consider that these areas may not actually be or have been used as 
spawning habitats for salmonids; 

• Geometric mean diameter (GMD): GMD provides an estimate of the average size of 
sediments found in the top 15 cm of streambed, and was calculated as follows: 

Geometric mean diameter = (d84 × d16)*0.5 

where, d84 = 84th percentile particle-size diameter and the d16 is the 16th percentile 
particle-size diameter (estimated from log-probability plots of the particle size 
distribution for McNeil cores); and 

• Fredle number (FN): FN provides an estimate of the general composition of pore size of 
the top 15 cm of the streambed, and was calculated as follows: 

FN = Dg/So 

where Dg is the GMD of particles and calculated using the equation above; and So is 
sorting coefficient, calculated as (d75/d25)0.5, where d75 and d25 are the 75th and 
25th percentiles of particle sizes, respectively, estimated from log-probability plots of 
the particle size distribution for McNeil cores.  FNs were screened against the CCME 
water quality guideline for percent fines in substrates in salmonid spawning areas, 
where an FN value of 5 or greater is recommended for substrates that support 
salmonid egg incubation (Birtwell 1999; CCME 2014). 

3.3.2.4.2 Sediment Chemistry 

Given the very large number of sediment quality endpoints measured during this program, 
many of which were below analytical detection limits, the number of sediment quality variables 
subjected to detailed analysis and interpretation was consolidated to a shorter list of key 
measurement endpoints that were: (a) reliably measured (i.e., concentrations typically above 
5x the analytical detection limit); (b) measurably higher in concentration (i.e., difference greater 
than the 20% acceptable level of laboratory precision) in source ponds or released material than 
in reference sediments from upper Plante Creek, or the upper Athabasca River; and (c) showed 
a concentration in any sample that exceeded a relevant sediment quality guideline. 

Specifically, the following data screens and interpretive approach were followed:  

1. Assessment of sediment quality measured in source ponds (Green Pit and Main Pond), 
release materials (i.e., materials measured at the Athabasca River), upstream reference 
locations in Plante Creek (PLC-US) and the upper Athabasca River (ATR-US), and 
background soils against applicable CCME sediment quality guidelines or Alberta soil 
quality guidelines, to identify specific sediment quality variables (i.e., metals and PAHs) 
that were above these guidelines and therefore could pose a risk to aquatic life. 
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2. Comparison of sediment quality data between source ponds against data from upstream 
reference locations in Plante Creek and the upper Athabasca River and background 
soils, to identify sediment quality variables that were higher in source ponds than in 
these unaffected regional sediments and soils.  To be reliably identified as higher in 
source ponds, a relative percent difference (RPD) of greater than 20% (i.e., the typical 
acceptable level of precision for laboratory analysis of duplicate samples). 

3. Variables that were higher in source ponds compared to background soils, creeks and 
river reference areas and also exceeded sediment quality guidelines were classified as 
COPC. 

4. These COPCs were subject to further, more detailed analysis and interpretation. 

Sediment chemistry data were screened against applicable sediment quality guidelines for the 
protection of aquatic life, including the Alberta sediment quality guidelines (ESRD 2014c), the 
Canadian Council of Ministers of the Environment (CCME) Interim Sediment Quality Guideline 
(ISQG; CCME 1999 and updates to 2014), and Alberta Tier 1 Soil and Groundwater Remediation 
Guidelines (ESRD 2014a) to identify any sediment quality variables of concern that may pose a 
potential effect to aquatic biota in both the short and long-term.  The Alberta sediment 
guidelines combine a variety of concentrations for parameters of interest including CCME ISQG 
and probable effect level (PEL), and lowest effect level (LEL) described by Thompson et al. 
(2005) as follows: 

• ISQG: generally reflective of threshold effect levels (TELs), which are the concentrations 
below which there is unlikely to be adverse biological effects; 

• PEL: concentration above which adverse effects are expected to occur to 50% of exposed 
organisms; and 

• LEL: concentration that can be tolerated by the majority of sediment-dwelling organisms 
(LEL is similar to ISQG and was used as a proxy for comparison when a published ISQG 
was not available for a specific variable but an LEL was available from Thompson et al. 
2005). 

Relevant soil and sediment quality guidelines are provided in the LTSMP.  Generally, the 
CCME ISQG provide the lowest thresholds for select metals and PAHs in sediment and was 
used as the primary screening guideline.  It is important to note that these guidelines generally 
apply to total metals and concentrations of specific PAHs in sediments, and that site-specific 
sediment characteristics can affect the bioavailability of sediment contaminants.  Therefore, if 
sediment concentrations appear high relative to the guidelines, an assessment of the 
bioavailable fraction may be required to more accurately define the potential effects. 
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3.3.3 Results and Discussion 

3.3.3.1 Substrate Composition 

In both spring and fall 2014, sediments from all sampled stations consisted predominantly of 
cobbles and gravel, with sand and fines comprising usually less than 20% of substrates 
(Figure 3.3-1).  Generally similar sediment particle size composition was also recorded at 
Athabasca River stations. 

 
Figure 3.3-1 Relative contribution of particle sizes to erosional substrate composition in 

McNeil cores in Apetowun Creek, Plante Creek and the upper Athabasca River 
during spring and fall, 2014. 
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Figure 3.3-2 Percent fines and estimated pore size (expressed as Fredle number) of 
erosional substrates sampled in McNeil cores from Apetowun Creek, Plante 
Creek and the upper Athabasca River during spring and fall, 2014. 
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Percent fines of <2 mm was highest in spring in areas of Apetowun Creek and lower Plante 
Creek affected by the release material (Figure 3.3-2).  Percent fines in substrates in all sampling 
areas except upper Plante Creek and the Athabasca River far-field area exceeded the CCME 
guideline of 10% fines for salmonid-spawning areas (although it is important to note that these 
areas are not actually known to be areas of salmonid spawning). 

Percent fines in reference areas (i.e., APC-US, PLC-US, and ATR-REF) were relatively consistent 
in both spring and fall 2014, indicating stable substrates in these unaffected areas.  However, 
notable changes in percent fines were observed between spring and fall 2014 in exposure areas 
of Apetowun Creek, Plante Creek, and in the Athabasca River near-field area; deposition of spill 
materials would be expected to have been greatest in these areas (Figure 3.3-2).  The far-field 
Athabasca area showed a small increase in proportion and variability of fines, although fines 
remained lowest in this area among all samples.  Mean percent fines were below the 
10% threshold in all Athabasca River areas in fall.  The high variability of fines in the creek areas 
in spring declined in fall 2014, indicating development of more consistent substrate conditions 
in these areas over the 2014 open-water season. 

Pore sizes in substrates are important determinants of oxygenation and habitat availability for 
aquatic biota, particularly fish eggs and embryos that occupy interstitial spaces within 
substrates.  Generally, the survival of salmonid embryos incubating in substrates declines when 
the FN falls below 5 (CCME 2014).  FN was highly variable in all creek areas sampled in spring 
and fall 2014, but generally showed similar or decreasing FN values in creek areas between 
spring and fall, suggesting decreased pore size in these substrates from spring to fall, despite 
the general reduction in percent fines observed in Apetowun Creek and lower Plante Creek.  
However, in all creek areas except APC-US (which generally had a more depositional character 
than other creek areas in 2014), mean FN was above the CCME guideline of >5 for the protection 
of incubating salmonid embryos. 

In the Athabasca River, FN was lowest in the reference area (where percent fines also was 
highest), and increased with distance downstream in both spring and fall (Figure 3.3-2).  Mean 
FN values for all Athabasca River areas were above the CCME guideline of >5 for the protection 
of incubating salmonid embryos. 

Although no pre-incident data describing substrate composition exist for these areas, these 2014 
data suggest effects of release materials on percent fines in exposure areas of Apetowun Creek 
and Plante Creek, which diminished between spring and fall 2014 to levels that were similar to 
or better than corresponding reference areas.  Given historical environmental surveys indicated 
that the Apetowun Creek exposure area had a depositional character before the incident, a 
major effect of the release has been to modify this creek reach to an erosional area with 
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substrates that in fall 2014 were potentially suitable for salmonid spawning.  An effect of the 
release on shallow habitats in the upper Athabasca River was possibly suggested by the 
reduction of percent fines from spring to fall 2014 in the near-field area.  However, spring 
substrate composition in this exposure area was similar to the upstream near-field area, 
suggesting any effect in these areas of the Athabasca River was minor and within the regional 
range of natural variability. 

3.3.3.2 Sediment Chemistry 

As a screening tool, sediment quality from background soils, source ponds (Green Pit and 
MTP), spill materials (release materials measured in the Athabasca River) was compared to all 
applicable sediment quality guidelines for the protection of aquatic life.  Detailed sediment 
chemistry data for all sites are presented in Appendix 3.3A.  In addition, a summary of 
guidelines exceedances is provided in Table 3.3-3. 

3.3.3.2.1 Chemicals of Potential Concern 

Comparisons of sediment quality data from source ponds with background soils and reference 
locations in upstream Plante Creek (PLC-US) and Athabasca River areas (ATR-US) were used as 
a screening tool to identify COPCs.  Summary data for consistently-detected variables are 
presented in Table 3.3-2. 

Arsenic was the only metal measured in sediments that showed higher (>20%) concentrations in 
source pond sediments than in background soils or upstream reference sediments, and also 
exceeded CCME sediment quality guidelines, with several observations exceeding the ISQG of 
5.9 mg/kg.  Concentrations of several PAHs exhibited a >20% RPD between source ponds and 
background soils and reference-location sediments and also exceeded an applicable guideline, 
including 2-methylnaphthalene, acenaphthene, fluoranthene, fluorene, naphthalene, 
phenanthrene, and pyrene.  These chemicals were identified as COPC and paid special 
attention, to evaluate 2014 sediment quality data to determine potential effects of release 
materials on receiving waters. 

3.3.3.2.2 Total Metals 

At all near-field sampling stations, mean concentrations of most measured metals were below 
applicable sediment quality guidelines with the exceptions of arsenic (Table 3.3-3).  The 
concentrations of arsenic exceeded CCME ISQG on majority of the sampling dates at APC, and 
on one or two occasions at PLC-US and ATR-CON. 

At Athabasca River far-field stations, several metals exceeded guidelines on one or more 
occasions (Table 3.3-3).  The concentrations of arsenic exceeded CCME ISQG on a majority of 
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the sampling dates at ATR-FF5 and one or two occasions at ATR-AT1 and in May at Map 
Sheet #4 and Map Sheet #26 (see Appendix 3.3A).  Molybdenum exceeded the LEL at ATR-FF6, 
located approximately 5 km upstream of Fort McKay, but similar exceedances were not 
observed at locations further upstream. 

Most arsenic concentrations measured in upper Apetowun Creek in 2014 exceeded the CCME 
ISQG of 5.9 mg/kg (Figure 3.3-3).  However, multiple exceedances of this ISQG also were 
observed in the upper Plante Creek reference area, of similar magnitude to those observed at 
Apetowun Creek, suggesting a potential natural contribution to observed levels at APC.  No 
arsenic exceedances for sediment were observed in any sediments sampled from lower Plante 
Creek, which was affected by the incident.  

Concentrations of arsenic in Athabasca River sediments did not show a consistent spatial trend 
with downstream distance (Figure 3.3-3), and did not suggest any effect of the incident on 
downstream arsenic concentrations in the Athabasca River.  Few patterns over time in 2014 
were apparent in arsenic at any location, with the potential exception of ATR-CON (near-field 
location closest to Plante Creek), where arsenic in sediment was half as high in October 2014 as 
it was in May 2014 when deposited release materials were evident in this area, perhaps 
suggesting an influence of the release material at this location in spring 2014 that declined 
through re-suspension during high flows in 2014. 

At no station at any time did arsenic exceed the CCME PEL of 17 mg/kg that would indicate a 
likelihood of effect on aquatic biota. 
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Table 3.3-2 Screening process to identify Chemicals of Potential Concern (COPCs). 

Variables Source >  
Background soils 

Source >  
PLC-US 

Source >  
ATR-US 

ISQG Exceedances 
in Source?  

Chemicals of Potential 
Concern (COPC) 

Metals 

Aluminum Yes (36%) Yes (52%) Yes (56%) No guideline No 

Arsenic Yes (29%) Yes (36%) Yes (83%) Yes Yes 

Barium Yes (56%) Yes (150%) Yes (167%) No guideline No 

Calcium Yes (45%) Yes (125%) Yes (156%) No guideline No 

Cadmium No No No No No 

Chromium (III+VI) No No No No No 

Copper No No No No No 

Lead Yes (46%) Yes (98%) Yes (71%) No No 

Lithium No No No No guideline No 

Magnesium Yes (23%) Yes(63) No No guideline No 

Mercury Yes (24%) Yes (45%) Yes (60%) No  No 

Molybdenum No Yes (71%) Yes (25%) No guideline No 

Sodium Yes (200%) Yes (170%) Yes (168%) No guideline No 

Titanium Yes (37%) Yes (122%) Yes (162%) No guideline No 

Uranium Yes (46%) Yes (128%) Yes (125%) No guideline No 

Zinc Yes (33%) Yes (60%) Yes (46%) No No 

Polycyclic Aromatic Hydrocarbons (PAHs) 

2-methylnaphthalene Yes (185%) Yes (162%) Yes (159%) Yes Yes 

Acenaphthene Yes (122%) Yes (115%) Yes (115%) Yes Yes 
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Table 3.3-2 Screening process to identify Chemicals of Potential Concern (COPCs). 

Variables Source >  
Background soils 

Source >  
PLC-US 

Source >  
ATR-US 

ISQG Exceedances 
in Source?  

Chemicals of Potential 
Concern (COPC) 

Fluoranthene Yes (162%) Yes (158%) Yes (158%) Yes Yes 

Fluorene Yes (158%) Yes (154%) Yes (154%) Yes Yes 

Naphthalene Yes (173%) Yes (61%) Yes (61%) Yes Yes 

Phenanthrene Yes (172%) Yes (168%) Yes (135%) Yes Yes 

Pyrene Yes (165%) Yes (162%) Yes (162%) Yes Yes 

Source ponds: Green Pit and MTP. 

Background soils: Control (unaffected) soils from the Obed site. 

Reference sediments for creeks: samples were collected from Plante Creeks reference station (PLC-US). 

Reference sediments for Athabasca River: samples were collected from Upper Athabasca River reference station (ATR-US). 

 

Table 3.3-3 Frequency of sediment quality guideline (ISQG or LEL) exceedances at Apetowun Creek, Plante Creek, and 
Athabasca River, January to December 2014. 

Variables APC PLC-
DS 

PLC-
US 

ATR-
US 

ATR-
PLC 

ATR-
AT1 

ATR-
D1 

ATR-
D2 

ATR-
WC1 

ATR-
WD1 

ATR-
FF5 

ATR-
FF6 

ATR-
FF7 

Samples exceeding (n)/total 
samples (N) 

n/N n/N n/N n/N n/N n/N n/N n/N n/N n/N n/N n/N n/N 

Total metals 

Aluminum - - - - - - - - - - - - - 

Arsenic 6/7 - 2/8 - 1/2 1/7 - - - - 6/6 - - 

Barium 1/7 - - - - - - - - - - - - 
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Table 3.3-3 Frequency of sediment quality guideline (ISQG or LEL) exceedances at Apetowun Creek, Plante Creek, and 
Athabasca River, January to December 2014. 

Variables APC PLC-
DS 

PLC-
US 

ATR-
US 

ATR-
PLC 

ATR-
AT1 

ATR-
D1 

ATR-
D2 

ATR-
WC1 

ATR-
WD1 

ATR-
FF5 

ATR-
FF6 

ATR-
FF7 

Cadmium - - - - - 1/7 - - - - - - - 

Chromium - - - - - 1/7 - - - - - - - 

Copper - - - - - 1/7 - - - - - - - 

Molybdenum - - - - - 1/7 - - - - - 1/9 - 

Nickel - - - - - 1/7 - - - - - - - 

Selenium - - - - - 1/7 - - - - - - - 

Tin - - - - - 1/7 - - - - - - - 

Vanadium - - - - - 1/7 - - - - - - - 

Zinc - - - - - 1/7 - - - - - - - 

PAHs 

1+2-Methylnaphthalenes 1/3 2/3 - - 2/2 - 1/2 - - - - - - 

2-methylnaphthalene - 2/7 - 1/2 1/2 - 1/3 1/1 1/7 - - - - 

Acenaphthene - 1/8 - - 1/2 - - 1/1 - - - - - 

Acenaphthylene - - - - - - - - - - - - - 

Anthracene - 1/8 - 1/2 1/2 - 1/4 1/1 3/8 - - - - 

Benz(a)anthracene - 1/8 - - 1/2 - - - - - - - - 

Fluoranthene 1/7 1/8 - - 1/2 - - 1/1 - - - - - 

Fluorene - 1/8 - - 1/2 - - - - - - - - 
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Table 3.3-3 Frequency of sediment quality guideline (ISQG or LEL) exceedances at Apetowun Creek, Plante Creek, and 
Athabasca River, January to December 2014. 

Variables APC PLC-
DS 

PLC-
US 

ATR-
US 

ATR-
PLC 

ATR-
AT1 

ATR-
D1 

ATR-
D2 

ATR-
WC1 

ATR-
WD1 

ATR-
FF5 

ATR-
FF6 

ATR-
FF7 

Naphthalene - - - - - - - 1/1 - - - - - 

Phenanthrene - 1/8 - - 1/2 - - 1/1 - - - - - 

Pyrene 1/7 1/8 - - 1/2 - - 1/1 - - - - - 

C3 Benzanthracenes/ Chrysenes - - - - - - - - - - 1/6 - 1/6 
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Figure 3.3-3 Arsenic in sediments collected from Apetowun Creek, Plante Creek and the 

Athabasca River, January to December 2014. 

Historical sediment quality monitoring conducted throughout the lower Athabasca basin for 
regional aquatic monitoring has found concentrations of arsenic in that region are frequently 
near (slightly below or above) the CCME ISQG value of 5.9 mg/kg (AWC 2014), similar to 
values observed in this study.  Arsenic concentrations measured at multiple stations in the 
Athabasca delta in September 2015 for JOSMP regional monitoring found similar 
concentrations, consistent with annual measurements at these stations since the late 1990s 
(Hatfield 2015). 

3.3.3.2.3 Polycyclic Aromatic Hydrocarbons 

Polycyclic aromatic hydrocarbons in aquatic ecosystems originate from both natural and man-
induced (anthropogenic) sources including forest fires, burning of fossil fuels, and natural 
inputs of petroleum hydrocarbons (Hites et al. 1980).  The majority of PAHs are insoluble in 
water and tend to be associated with sediments.  Therefore, the concentrations of PAHs in the 
sediments provide a better measure of PAHs in the aquatic environment.  Furthermore, many 
PAHs are carcinogenic, making their presence, concentrations, and fate in aquatic ecosystems of 
public concern (Atwater and Mavinic 1985; Chung and King 1999). 

Several PAH concentrations exceeded applicable sediment quality guidelines in source 
sediments, release materials, and Athabasca River reference samples (ATR-US) but no PAH 
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concentrations were above guidelines in background soils or Plante Creek reference sediment 
(PLC-US) (Table 3.3-4).   

Table 3.3-4 PAHs exceeding sediment quality or soil quality guidelines in background 
soils, source ponds, release materials and reference stations 

Location Variable exceeding guideline 

Background soils None 

Source ponds 2-methylnaphthalene, acenaphthene (ISQG); 
anthracene, fluoranthene (Alberta Tier 1); 
naphthalene, phenanthrene, pyrene (ISQG, Alberta Tier 1). 

release materials 2-methylnaphthalene, acenaphthene, benz(a)anthracene, fluorene (ISQG); 
1+2-Methylnaphthalene (ISQG, PEL); 
anthracene, fluoranthene, phenanthrene, pyrene (ISQG, Alberta Tier 1). 

Plante Creek reference 
site (PLC-US) 

None 

Athabasca River 
reference site (ATR-US) 

2-methylnaphthalene (ISQG); 
anthracene (ISQG, Alberta Tier 1). 

Concentrations of the majority of PAHs in sediments from receiving aquatic ecosystems were 
low and below applicable guidelines at most sampled stations, but guideline exceedances were 
observed for some PAHs including naphthalene, 2-methylnaphthalene, acenaphthene, 
anthracene, benz(a)anthracene, fluoranthene, fluorene, phenanthrene, and pyrene (Table 3.3-3).  
Of these PAHs that exceeded guidelines in receiving environments during 2014, most were 
detectable in only some samples, with generally consistent concentrations at all stations in 
Apetowun Creek, Plante Creek and the Athabasca River from near Obed to near the Athabasca 
delta (Figure 3.3-4).  In some cases, the ISQG value was above the analytical detection limit for 
these analyses. 

Highest concentrations of most PAHs were measured in a single sample collected from 
Athabasca River far-field station ATR-D2 in late June 2014, with exceedances of the ISQG for 
naphthalene, acenaphthene, anthracene, fluoranthene, fluorene, phenanthrene, and pyrene, and 
exceedance of the PEL for 2-methylnaphthalene (Figure 3.3-4).  A single sample collected from 
Athabasca River near-field station ATR-D1 in mid-May 2014 exhibited a high anthracene value 
(above the PEL), although this value was not consistent with measurements at other near-field 
stations at that time or at this station at other times in 2014.  Beyond these two incidences, the 
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majority of the PAHs measured in all samples from Athabasca River stations were low and 
typically below guidelines. 

Concentrations of total PAHs (adjusted to 1% organic carbon) measured at multiple stations in 
the Athabasca delta for JOSMP regional monitoring in September 2015 found similar 
concentrations to those observed in annual monitoring at these stations since the late 1990s 
(Hatfield 2015). 

3.3.3.3 Sediment Toxicity 

No significant reductions in survival of test organisms Hyalella azteca or Chironomus dilutus were 
observed in sediments collected from reference and near-field areas in spring and summer 
sampling campaigns, except in sediments collected from upper Plante Creek (PLC-US), where 
reduced survival was observed for H. azteca in both seasons, and for C. dilutus in summer 
(Table 3.3-5, Table 3.3-6).  In fall samples, no effect on survival of H. azteca was observed in 
sediments from any station, but reduced survival was observed to C. dilutus in sediments from 
all reference-area and exposure-area sediments relative to control sediment.  

Table 3.3-5 Survival and growth (mean ± SD) of the amphipod Hyalella azteca in 
sediments from exposure and reference stations in creeks and the upper 
Athabasca River, spring, summer, and fall 2014.1 

Sediment 
sample location 

Spring 
(May 14/15) 

Summer 
(July 30) 

Fall 
(October 14/15) 

Control sediment Survival 100.0 ± 0.0% 

Dry weight 0.13 ± 0.01 mg 

Survival 88.0 ± 13.0% 

Dry weight 0.10 ± 0.02 mg 

Survival 98.0 ± 4.5% 

Dry weight 0.17 ± 0.06 mg 

Creek stations 

APC (exposure) Survival 100.0 ± 0.0% 

Dry weight 0.14 ± 0.02 mg 

Survival 92.0 ± 13.0% 

Dry weight 0.09 ± 0.02 mg 

Survival 96.0 ± 8.9% 

Dry weight 0.23 ± 0.02 mg 

PLC-US (reference) Survival 74.0 ± 24.1% 

Dry weight 0.12 ± 0.03 mg 

Survival 44.0 ± 11.4% 

Dry weight 0.07 ± 0.03 mg 

Survival 100.0 ± 0.0% 

Dry weight 0.29 ± 0.04 mg 

PLC-DS (exposure) Survival 98.0 ± 4.5% 

Dry weight 0.08 ± 0.01 mg 
Survival 76.0 ± 30.5% 

Dry weight 0.07 ± 0.02 mg 
Survival 96.0 ± 5.5% 

Dry weight 0.22 ± 0.06 mg 

Athabasca River stations 

ATR-US (reference) Survival 98.0 ± 4.5% 

Dry weight 0.11 ± 0.01 mg 

Could not be sampled 
due to high flows 

Survival 100.0 ± 0.0% 

Dry weight 0.19 ± 0.04 mg 

ATR-CON (exposure) Survival 96.0 ± 5.5% 

Dry weight 0.11 ± 0.01 mg 
Could not be sampled 

due to high flows 
Survival 100.0 ± 0.0% 

Dry weight 0.22 ± 0.04 mg 
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Table 3.3-5 Survival and growth (mean ± SD) of the amphipod Hyalella azteca in 
sediments from exposure and reference stations in creeks and the upper 
Athabasca River, spring, summer, and fall 2014.1 

Sediment 
sample location 

Spring 
(May 14/15) 

Summer 
(July 30) 

Fall 
(October 14/15) 

ATR-D1 (exposure) Survival 100.0 ± 0.0% 

Dry weight 0.14 ± 0.01 mg 

Could not be sampled 
due to high flows 

Survival 100.0 ± 0.0% 

Dry weight 0.27 ± 0.04 mg 

1Bold results indicate statistically significant reduction in survival or growth (test-end weight) relative to control sediment. 

No significant reductions in growth of C. dilutus were observed in any tested sediments, with 
growth generally being higher in test sediments than in control sediment (Table 3.3-6).  In 
contrast, reduced growth of H. azteca was observed in various tested sediments in spring and 
summer (but not in fall), including in both upstream and near-field Athabasca River sediments 
from ATR-US and ATR-CON in spring, and downstream Plante Creek (PLC-DS) sediments in 
spring (Table 3.3-5). 

Collectively, these data do not suggest a spill-related adverse effect on survival or growth of 
these test organisms in sediments collected from areas exposed to release material. 
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Figure 3.3-4 Concentrations of various PAHs in sediments from Apetowun Creek, Plante Creek and the Athabasca 

River, January to December 2014 (bar indicates mean value; symbols represent individual observations). 
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Table 3.3-6 Survival and growth (mean ± SD) of the larval chironomid midge 
Chironomus dilutus in sediments from exposure and reference stations in 
creeks and the upper Athabasca River, spring, summer, and fall 2014.1 

Sediment 
sample location 

Spring 
(May 14/15) 

Summer 
(July 30) 

Fall 
(October 14/15) 

Control sediment Survival 90.0 ± 14.1% 

Dry weight 2.20 ± 0.19 mg 

Survival 94.0 ± 8.9% 

Dry weight 1.70 ± 0.13 mg 

Survival 96.0 ± 5.5% 

Dry weight 1.92 ± 0.10 mg 

Creek stations 

APC (exposure) Survival 78.0 ± 17.9% 

Dry weight 2.72 ± 0.25 mg 

Survival 76.0 ± 19.5% 

Dry weight 1.97 ± 0.20 mg 

Survival 82.0 ± 13.0% 
Dry weight 2.62 ± 0.37 mg 

PLC-US (reference) Survival 76.0 ± 15.2% 

Dry weight 3.08 ± 0.30 mg 

Survival 74.0 ± 8.9% 
Dry weight 2.36 ± 0.42 mg 

Survival 70.0 ± 10.0% 
Dry weight 2.72 ± 0.39 mg 

PLC-DS (exposure) Survival 78.0 ± 8.4% 

Dry weight 2.76 ± 0.53 mg 

Survival 78.0 ± 11.0% 

Dry weight 2.24 ± 0.20 mg 

Survival 72.0 ± 16.4% 
Dry weight 2.86 ± 0.62 mg 

Athabasca River stations 

ATR-US (reference) Survival 80.0 ± 12.2% 

Dry weight 3.44 ± 0.28 mg 

Could not be sampled 
due to high flows 

Survival 36.0 ± 46.2% 
Dry weight 3.08 ± 0.87 mg 

ATR-CON (exposure) Survival 80.0 ± 12.2% 

Dry weight 2.65 ± 0.22 mg 

Could not be sampled 
due to high flows 

Survival 66.0 ± 20.7% 

Dry weight 3.16 ± 0.18 mg 

ATR-D1 (exposure) Survival 84.0 ± 15.2% 

Dry weight 3.54 ± 0.59 mg 

Could not be sampled 
due to high flows 

Survival 74.0 ± 36.5% 

Dry weight 3.55 ± 0.66 mg 

1Bold results indicate statistically significant reduction in survival or growth (test-end weight) relative to control sediment. 

3.3.3.4 Stable Isotopes, Rare Earth Metals, and NORMs 

Various stable-isotope ratios for mercury, lead and strontium in sediments collected from 
Apetowun and Plante creeks and from the Athabasca River just downstream of Obed and near 
Whitecourt and the Town of Athabasca were indistinguishable among locations (Table 3.3-7), 
suggesting no effect of the release material on these ratios in sediments and precluding the use 
of these stable-isotope ratios as diagnostic indicators or tracers of such material in the receiving 
environment.  Concentrations of various rare earth metals were above method detection limits 
at all locations but similarly did not demonstrate any apparent differences or trends among the 
sampling stations.  Naturally occurring radioactive materials (NORMs, or radioisotopes) were 
non-detectable at all sampling locations.  
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Table 3.3-7 Isotopic compositions and rare earth metal concentrations in Apetowun 
Creek, Plante Creek and the Athabasca River, February/March 2014 

Analytes Unit PLC-US APC PLC-DS ATR-D1 ATR-WC-1 ATR-AD1 

Stable Isotope Ratios 

198Hg/202Hg - 0.3363 0.3367 0.3366 0.3359 0.3358 0.3360 

199Hg/202Hg - 0.5680 0.5690 0.5668 0.5685 0.5679 0.5681 

200Hg/202Hg - 0.7777 0.7768 0.7768 0.7767 0.7770 0.7769 

201Hg/202Hg - 0.4430 0.4426 0.4422 0.4437 0.4420 0.4427 

204Hg/202Hg - 0.2360 0.2419 0.2451 0.2478 0.2485 0.2489 

204Pb/206Pb - 0.0574 0.0564 0.0563 0.0569 0.0573 0.0580 

207Pb/206Pb - 0.8052 0.8077 0.8090 0.8062 0.8035 0.8055 

208Pb/206Pb - 2.0125 2.0095 2.0126 2.0181 2.0220 2.0104 

87Sr/86Sr - 0.7087 0.7067 0.7069 0.7107 0.7097 0.7096 

Rare Earth Metals 

Cerium mg/kg 42 42.8 43.4 47.1 44.9 45.7 

Dysprosium mg/kg 2.84 2.4 2.88 2.71 2.86 2.43 

Erbium mg/kg 1.67 1.38 1.78 1.58 1.74 1.39 

Europium mg/kg 0.71 0.73 0.76 0.71 0.71 0.74 

Gadolinium mg/kg 3.32 2.99 3.46 3.11 3.34 3.09 

Gallium mg/kg 10.6 12.4 10 7.4 6.8 9 

Hafnium mg/kg 7 6.4 6.6 9.9 8.2 6.4 

Holmium mg/kg 0.57 0.47 0.57 0.5 0.6 0.48 

Lanthanum mg/kg 22.3 22.7 23.5 23.3 23 23.8 

Lutetium mg/kg 0.29 0.25 0.26 0.25 0.3 0.24 

Neodymium mg/kg 17.6 17.5 18.2 19.5 18.5 18.9 

Niobium mg/kg 8.4 8.5 8.7 8.6 7.2 7.6 

Praseodymium mg/kg 4.85 4.73 4.99 5.45 4.98 5.11 

Rubidium mg/kg 53.3 54.6 47.3 41.3 42.3 49 

Samarium mg/kg 3.36 3.31 3.53 3.81 3.32 3.32 

Tantalum mg/kg 0.5 0.6 0.7 0.6 0.4 0.6 

Terbium mg/kg 0.51 0.44 0.52 0.48 0.51 0.46 
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Thulium mg/kg 0.24 0.22 0.24 0.24 0.26 0.21 

Ytterbium mg/kg 1.79 1.64 1.65 1.7 1.95 1.49 

Yttrium mg/kg 18.1 14 16.5 16 17.5 14.2 

Radioisotopes 

Lead-210 Bq/g <0.2 <0.2 <0.2 <0.1 <0.2 <0.2 

Radium-226 Bq/g <0.5 <0.5 <0.5 <0.1 <0.5 <0.5 

Radium-228 Bq/g <0.2 <0.2 <0.2 <0.1 <0.2 <0.2 

3.3.4 Summary and Conclusions 

Key findings of the study include: 

• Physical impacts of the incident changed the substrate characteristics of upper 
Apetowun Creek from a lentic, depositional character to a lotic (free-flowing), erosional 
character, with substrates dominated by coarse substrates rather than fine substrates.  
Naturally erosional substrates in lower Plante Creek exhibited variable but higher 
percent fines in spring 2014 relative to Plante Creek upstream of spill influences, 
suggesting an influence of the release material on substrate embeddedness in lower 
Plante Creek. 

• Percent fines in the upper Athabasca River downstream of Plante Creek in spring 2014 
were similar or lower to that measured in the Athabasca River upstream of Plante Creek, 
suggesting no measurable influence of the release material on the embeddedness of 
shallow, erosional river habitats in the downstream Athabasca River. 

• Percent fines generally declined in all sampling areas between spring and fall 2014, 
especially in areas downstream of the incident’s influence, suggesting re-suspension and 
reduction of fines from these areas over the 2014 high-flow period. 

• Percent fines and Fredle Number (an indicator of pore size of surficial sediments) values 
for all stations suggested erosional substrates in all sampling areas were generally 
suitable for salmonid spawning or embryo incubation except the upper Apetowun 
Creek reference area, which naturally had a more depositional character than other areas 
in 2014. 

• A screening of sediment quality data for the release material against sediment quality 
guidelines and upstream conditions indicated that arsenic was the only metal of 
potential concern contributing to the receiving environment from the release, with 
concentrations in release materials being generally higher than upstream reference 
sediments and occasionally exceeding the CCME ISQG.  However, arsenic 
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concentrations were typically near or below the ISQG and did not exceed the CCME PEL 
at any time at any location, and did not show any spatial or temporal patterns in 
Athabasca River samples suggestive of measurable incident-related influences. 

• Several PAH compounds (including naphthalene, 2-methylnaphthalene, acenaphthene, 
fluoranthene, fluorene, phenanthrene and pyrene) were identified as COPCs because 
they were both occasionally higher in release materials than upstream reference 
sediments and exceeded published sediment quality guidelines (CCME ISQGs).  
However, concentrations of these compounds in reference, near-field and far-field 
sediments in 2014 were typically at or near detection limits (which exceeded ISQG 
thresholds for some PAHs), and did not show spatial or temporal patterns that indicated 
that the release material was the source of these compounds in receiving environments 
or that the release had increased their concentrations above their pre-existing range of 
variability in these receiving environments. 

• Seasonal testing of sediment toxicity suggested no incident-related adverse effect on 
survival or growth of test organisms (the amphipod H. azteca and the chironomid 
C. dilutes) in sediments collected from affected areas. 

3.4 Periphyton Surveys 

3.4.1 Introduction 

Periphyton (benthic algae) are an important component of freshwater ecosystems, serving as 
both habitat and an important food resource for subsequent trophic levels in the aquatic 
environments (Goldsborough et al. 2005).  They are short-lived, diverse, sedentary, ubiquitous 
sensitive indicators of changes in the aquatic environments (USEPA 2011), and are often used as 
biological indicators.  Periphyton are often sampled as a component of water quality 
monitoring programs to detect the effect of a stressor in an aquatic ecosystem, and to assist in 
the interpretation of other aquatic resources data (i.e., water quality, benthos, fish, etc.).  Given 
periphyton may be the first aquatic organisms to respond to a stressor, subtle changes in the 
periphyton community may be detectable before impacts to the rest of the biological 
environment are apparent, giving an early signal for environmental change (Lowe and Pan 
1996; Sabater and Admiraal 2005).  

The main objectives of the 2014 periphyton surveys were to: 

• assess pre- and post-incident periphyton biomass and community structure in receiving 
aquatic environments, downstream of the release in Apetowun Creek, Plante Creek and 
in the upper Athabasca River;  

• monitor changes in periphyton biomass and community structure over time; and 
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• provide supporting information to aid interpretation of other biological components. 

3.4.2 Pre-Incident Conditions 

3.4.2.1 Upper Athabasca River 

Historical periphyton data are limited in the study area.  The only available pre-incident 
periphyton data were collected as part of EEM Cycle Three surveys at the Weldwood pulpmill 
in Hinton (Golder 2004); however, these results may not be directly comparable to the current 
river and water quality conditions.  A summary of the pre-incident periphyton communities in 
the upper Athabasca River near the Obed Mine is presented here.  Where data permitted, raw 
results of the EEM Cycle Three EEM surveys were used to describe baseline (pre-incident) 
conditions. 

The objective of EEM Cycle Three monitoring surveys at the Weldwood pulpmill was to 
determine the spatial extent of the mill’s effluent on benthic algal growth downstream of its 
diffuser by comparing biomass (measured as chlorophyll a) among four sampling areas.  
Sampling stations of the EEM Cycle surveys were located in the same approximate location as 
near-field and reference stations in the 2014 study. 

Results of the EEM Cycle Three surveys indicated an enrichment effect on periphyton biomass 
downstream of the mill’s diffuser; this effect was detectable up to 100 km downstream of the 
mill (Table 3.4-1).  Specifically, there was a considerable increase in the biomass of benthic algae 
in exposure sampling areas relative to the upstream reference area.  This enrichment effect was 
attributed to combined effects of the Hinton sewage outfall and Hinton pulpmill effluent 
(Golder 2004). 

Table 3.4-1 Descriptive statistics for periphyton from the upper Athabasca River, 
EEM Cycle Three 2003. 

Area 
Mean 

Chlorophyl
l a (mg/m2) 

Standard 
Deviation 

Standard 
Error 

Number 
(N) 

Minimum Maximum 

Reference 52.7 8.1 3.6 5 42.2 61.9 

Near-field1 272.6 49.7 22.2 5 196.1 330.0 

Far-field2 300.4 56.3 25.2 5 247.4 373.5 

Far-far-field 229.5 74.1 33.1 5 141.1 329.0 

Data taken from Weldwood mill Cycle Three EEM program (Golder 2004). 
1Located in the same approximate location as the 2014 reference area (ATR-REF). 
2Located in the same approximate location as the 2014 near-field area (ATR-NF). 
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3.4.2.2 Apetowun Creek and Plante Creek 

No pre-incident periphyton data exist for Apetowun Creek or Plante Creek.  All available 
periphyton data were collected post-incident as part of the LTSMP, and are presented below. 

3.4.3 Methods 

3.4.3.1 Study Design and Station Selection 

Periphyton samples were collected in spring and fall 2014 at the same time and locations where 
2014 benthic invertebrate samples were collected (Table 3.5-3 and Table 3.5-4).  In the Athabasca 
River, this equated to one reference area (ATR-REF) located upstream of the Plante Creek 
confluence and two exposure areas located downstream (ATR-NF and ATR-FF).  In Apetowun 
Creek and Plante Creek this equated to one reference area located in an un-impacted tributary 
of upper Apetowun Creek (APC-US), one reference area located in upper Plante Creek 
(PLC-US) and two exposure areas, located in upper Apetowun Creek (APC) and lower Plante 
Creek (PLC) respectively.  Rationale for the periphyton study design incorporated the same 
habitat features, release effects and release material sediment accumulation areas as those used 
in the benthic invertebrate sampling design.  A detailed description of this design is presented 
in Section 3.5.  Specific aspects of the periphyton surveys are presented below. 

Five stations were established within each sampling area.  At each station, one composite 
sample comprised of five randomly selected rock scrapings was collected and analyzed for 
chlorophyll a as periphyton biomass.  An additional composite sample was collected from each 
station for taxonomic identification and enumeration.  All samples were collected at a depth of 
approximately 0.2 to 0.3 m from reasonable flat rocks large enough to support a 16 cm2 
sampling template.  

It should be noted that Athabasca River sampling locations were established on or near 
historical Weldwood pulpmill EEM monitoring stations, as follows: 

• the ATR-REF area = the EEM near-field area; 

• the ATR-NF area = the EEM far-field area; and 

• the ATR-FF area = new area that does not have an equivalent in EEM Cycle Three area. 

3.4.3.2 Sample Collection  

Samples were collected following BC MOE guidance (Cavanagh et al. 1994) and accepted 
practice, as follows: 

• a transect was established across the creek/station, perpendicular to the direction of flow 
and 5 rocks were randomly selected at evenly spaced intervals from a representative 
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area.  Rocks that were relatively flat, small enough to lift, and large enough to collect a 
sufficient sample were kept and brought to shore; 

• a 4-cm × 4-cm (16-cm2) template was placed over a selected patch of rock that was 
randomly selected from each site.  Typically, the template was placed in the centre of the 
upside face of the rock to ensure consistency among samples.  A scalpel was used to 
remove periphyton from the area within this template;  

• for chlorophyll a analyses, five rock scrapings for each replicate sample were transferred 
directly onto 0.45µm membrane filter paper.  Filter paper was then folded, wrapped in a 
large piece of labeled aluminum foil, placed in Ziploc bag, and frozen.  Frozen samples 
were shipped on ice to ALS Environmental (Burnaby, BC) at the end of the sampling 
program.  Periphyton biomass analyses were conducted for both spring and fall 
samples; and, 

• for periphyton community analyses, one composite sample per site was collected from 
five rocks, preserved with Lugol’s solution and sent to a qualified taxonomist for 
analysis.  Periphyton community analyses were only conducted for the fall samples. 

3.4.3.3 Data Analysis 

3.4.3.3.1 Biomass and Community Metrics 

Periphyton biomass was measured as mass of chlorophyll a per composite sample.  The 
conversion of absolute mass to per-unit-area mass (mg/m2) was completed by dividing the 
absolute mass by the sampled area (cm2).  Biomass samples collected from the Athabasca River 
sites were compared to historical pulp mill EEM data while creek data were compared to 
published thresholds (i.e., Dodds and Welch 2000).  Biomass data were also compared to 
established streams trophic status classifications.  

Taxonomic analyses of periphyton community data were assessed semi-quantitatively, 
consisting of presence and absence observations and an overall assessment of the proportion of 
major algal taxa.  The adoption of a semi-quantitative approach ensures that the problems 
associated with numerical abundance estimates, which emphasizes small early colonizing 
species (i.e., Achnanthes spp.) that may contribute little to community biomass, and in the 
process de-emphasize larger cells, are minimized.  Given that these data were semi-quantitative, 
the only community metrics that could be determined were the proportion of major taxa groups 
and taxa richness, presented below. 

3.4.3.3.2 Statistical Analysis 

ANOVA was performed on benthic algal biomass to determine differences between exposure 
and reference areas.  Prior to statistical analysis, data were assessed to ensure that the 
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assumptions of parametric tests were met using normality and box plots test for homogeneity of 
variances and Shapiro-Wilk’s test statistic for data normality.  Variances of the chlorophyll a 
data were heterogeneous among sampling stations and a significant departure from the normal 
distribution were detected, even after data transformations.  As a result, a Kruskal-Wallis one-
way analysis of variance, a non-parametric test was conducted.  Separate tests were conducted 
for creeks and river.  For pairwise comparisons, Conover-Inman method was adopted to 
compare means of all pairs of groups.  Results of the analysis were tested at 0.10 significance 
level.  Statistical analysis was conducted using the SYSTAT 13 analytical software package 
(SPSS 2012). 

3.4.3.3.3 Assessment of Effects 

The effects assessment focused primarily on assessing potential effects of the incident on 
periphyton growth and community composition in receiving waters exposed to the release 
incident.  Potential effects of the release on periphyton were based on an evaluation of the 
following: 

• qualitative comparisons of pre- and post-incident periphyton data from Apetowun 
Creek, Plante Creek, and at both near field and far field sites within the upper Athabasca 
River; 

• qualitative and quantitative comparisons of periphyton data between exposure and 
reference areas;  

• comparison of historical EEM and post-release results to published stream trophic-status 
classifications; and 

• assessment of potential effects of the release on periphyton communities from known 
pathways based on published literature. 

3.4.4 Results 

Results of the 2014 periphyton biomass surveys are presented below and summarized in 
Figure 3.4-1 and Table 3.4-1.  Community composition and taxa richness results from the fall 
2014 sampling surveys are provided in Table 3.4-2.  Detailed analytical and taxonomic results 
are presented in Appendix 3.4A. 

3.4.4.1 Biomass 

3.4.4.1.1 Apetowun and Plante Creeks   

Overall periphyton biomass was highly variable in the creeks, both among and within areas and 
between spring and fall surveys, with the highest variability observed in the fall in creek 
reference areas (Figure 3.4-1).  High within-area variability in the fall also was noted by field 
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samplers who documented periphyton growth as being “patchy”, with substrates on some 
stations being completely covered in periphyton and other nearby locations in the same 
sampling area being completely void of growth.  In addition, biomass was higher in the fall in 
all sampling areas, relative to the spring.  The low biomass values observed in the spring are not 
surprising given that periphyton growth is typically reduced during the winter and can be 
further reduced by the scouring effects of spring freshet.  As noted previously, spring biomass 
was collected to compare with future spring sampling events and may not be directly 
comparable with fall sampling results. 

In Plante Creek and Apetowun Creek, spring biomass did not vary significantly (p>0.1; Kruskal-
Wallis test) between exposure area and reference area.  However, fall biomass was significantly 
higher (p<0.01; Kruskal-Wallis test) in the reference areas than in the exposure areas 
(Figure 3.4-1) with mean chlorophyll a concentrations of  256.4 mg/m2 in Apetowun Creek and 
426.3 mg/m2 in Plante Creek reference areas, relative to 21.4 mg/m2 in Apetowun Creek and 
8.1 mg/m2 in Plante Creek exposure areas.  Although biomass increased greatly in the reference 
areas, it remained consistently low in the exposure areas over the same time period, with many 
sites near or below detection limits (i.e., <0.25 mg/m2).  These results indicate that periphyton 
growth in the exposure areas of Apetowun Creek and Plante Creek (i.e., areas APC and PLC; 
Figure 3.4-1) was restricted in fall 2014 compared to growth in their respective reference areas 
(i.e., APC-US and PLC-US). 

3.4.4.1.2 Athabasca River  

Biomass in the Athabasca River areas, although variable, typically was lower than biomass in 
the creek areas, and varied less between spring and fall surveys (Figure 3.4-1).  Similar to the 
creek areas, biomass was slightly higher in the fall in all areas relative to the spring, with the 
exception of the reference area (ATR-REF).  In general, mean biomass increased with 
downstream distance ranging from 41.2 mg/m2 at ATR-REF to 62.4 mg/m2 at Athabasca far-field 
(ATR-FF) in spring and from 25.8 mg/m2 at ATR-REF to 98.9 mg/m2 at ATR-FF in fall 
(Figure 3.4-1). 



   
  Coal Valley Resources Inc. 
  2014 Impact Assessment Report 
  May 29, 2015 
 

Page 220 

  
Figure 3.4‐1  Periphyton biomass (mean ±SE) from Apetowun Creek, Plante Creek, and 

Athabasca River, 2014. 

A Kruskal‐Wallis ANOVA test did not show any significant difference (p>0.1) in chlorophyll a 
concentrations between exposure and reference areas of the Athabasca River in spring.  In fall, 
mean chlorophyll a concentration was significantly higher (p<0.01) in the far‐field exposure area 
(ATR‐FF) than in both the near‐field exposure area (ATR‐NF) and upstream reference area 
(ATR‐REF).  However, there were no significant differences (p>0.1) in biomass between the 
near‐field exposure area and upstream reference area (pairwise comparisons). 

3.4.4.2 Species Composition and Taxa Richness 

Overall, periphyton species composition was found to be relatively similar among all sampling 
areas.  Periphyton communities in all creek areas were composed primarily of diatoms, 
dominated by Navicula spp. (>25%), with Nitzschia spp. subdominant (5 to 25%); PLC was 
composed primarily of Synedra ulna with Diatoma tenue subdominant (Table 3.4‐2).  In contrast, 
periphyton communities in the Athabasca River were comprised primarily of Nitzschia spp. 
(>25%); other subdominant groups include D. tenue in Athabasca reference (ATR‐REF), D. tenue 
and Navicula spp.  In Athabasca near‐field (ATR‐NF), and Navicula spp. and Cocconeis pediculus 
in Athabasca far‐field (ATR‐FF), each contributing approximately 5 to 25% of the periphyton 
communities.  Of note, cyanobacteria (Cyanophyceae), diatoms (Bacillariophyceae), and green 
algae (Chlorophyceae) – the most frequently encountered groups in freshwater systems 
(Goldsborough et al. 2005) – were observed in all samples and areas.  
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Mean total richness (expressed here as the total number of families present in a given sampling 
area) in the creek sampling areas ranged from 24 to 29 taxa in the reference areas and from 
20 to 31 taxa in the exposure areas (Table 3.4-2).  In contrast to biomass, taxa richness was not 
notably different between exposure and reference areas, with the highest number of taxa (31) 
observed at APC (which is considered to have been highly impacted by the release).  Mean total 
richness in the Athabasca River ranged from 13 taxa in the upstream reference area (ATR-REF) 
to 19 taxa in the far-field exposure area (ATR-FF).  Similar to biomass, taxa richness in the 
Athabasca River increased with downstream distance. 

Table 3.4-2 Taxonomic richness and dominance of periphyton from Apetowun Creek, 
Plante Creek, and Athabasca River, September 2014. 

Site ID Sample 
Characteristics 

Replicates 
(n) 

Mean 
total 

Richness 
and 

range 

Dominant Taxa 
Group (%) 

Dominant 
species in 

all 
Samples 

Second 
Dominant 
Species in 

all Samples 

APC-US Small amounts of 
silt, detritus, and 
moss fragments. 

5 24 

(11 to 20) 

Diatoms 
(Bacillariophyceae) 

(70% to >99%) 

Navicula spp. Nitzschia spp. 

APC Small amounts of 
silty materials and 

clumps of algae 

5 31 

(12 to 21) 

Diatoms 
(Bacillariophyceae) 

(75% to >99%) 

Navicula spp. Nitzschia spp. 

PLC-US Small amounts of 
silt and moss 

fragments 

4* 29 

(17 to 24) 

Diatoms 
(Bacillariophyceae) 

(85% to >99%) 

Navicula spp. Cocconeis 
pediculus 

PLC2 Visible silty 
clumps and 

detritus/small soft 
balls of 

periphyton 

3* 20 

(9 to 13) 

Diatoms and Blue 
Greens 

(Bacillariophyceae 
and/ 

Cyanophyceae) 

(>99%/75%) 

Synedra ulna Diatoma tenue 

ATR-
REF 

Small amounts of 
silty materials 

5 13 

(8 to 12) 

Diatoms 
(Bacillariophyceae) 

(90% to 95%) 

Nitzschia 
spp. 

Diatoma tenue 

ATR-NF Small amounts of 
silty materials, 

with filaments in 
some samples 

5 18 

(11 to 15) 

Diatoms 
(Bacillariophyceae) 

(65% to 95%) 

Nitzschia 
spp. 

Diatoma tenue/ 
Navicula spp. 
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Table 3.4-2 Taxonomic richness and dominance of periphyton from Apetowun Creek, 
Plante Creek, and Athabasca River, September 2014. 

Site ID Sample 
Characteristics 

Replicates 
(n) 

Mean 
total 

Richness 
and 

range 

Dominant Taxa 
Group (%) 

Dominant 
species in 

all 
Samples 

Second 
Dominant 
Species in 

all Samples 

ATR-FF Four replicates 
contained small 
amounts of silty 
material, with 
filaments also 

visible in three of 
the samples 

4* 19 

(12 to 16) 

Diatoms and Green 
Algae 

(Bacillariophyceae 
and 

Chlorophyceae) 
(50%/50%) 

Nitzschia 
spp. 

Navicula spp./ 
Cocconeis 
pediculus 

1Detailed data and report provided in Appendix 3.4A 
2PLC is comprised of sample sites PLC-2, PLC-3, and APC-7 samples. 

* 1 sample from PLC-US, 2 samples from PLC, and 1 sample from ATR-FF were damaged during shipping 

3.4.4.3 Comparisons to Historical EEM Data 

Fall 2014 Athabasca River biomass data were compared to available biomass data collected 
during EEM Cycle Three studies at the Hinton pulpmill (Table 3.4-1 and Figure 3.4-1).  In 
general, fall periphyton biomass were consistently lower at all corresponding sampling areas 
than were observed in EEM Cycle Three (Figure 3.4-1).  However; in Cycle Three, a significant 
nutrient enrichment effect was observed in the end-points of several aquatic resources 
(i.e., periphyton, benthic invertebrates, fish, water quality etc.) downstream of effluent 
discharge, which persisted into far-field sampling areas (Golder 2004).  Since that time, both the 
Hinton pulpmill and the Hinton sewage treatment facility have undergone improvements in 
their effluent treatment and production processes as well as reductions in overall discharge at 
the pulpmill.  These operational changes, along with the inherent natural variability, including 
river flow often observed in periphyton communities, may have attributed to the lower biomass 
observed in 2014 samples. 

Given that no pre-incident periphyton data exist for the Apetowun or Plante Creek systems, no 
comparisons could be made with historical data. 

3.4.4.4 Comparisons to Published Datasets 

Fall 2014 biomass data were also compared to published periphyton chlorophyll a (biomass) 
data compiled from a large number of temperate streams, to assess the trophic status of the 
sampled watercourses (Table 3.4-3; Dodds et al. 1998).  
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In 2014, the upper Athabasca River was within the oligotrophic-mesotrophic range (Table 3.4-3).  
In comparison, during the EEM Cycle Three surveys, the Athabasca River was within the 
mesotrophic-eutrophic range.  Trophic status varied among the creek sampling areas, with 
exposure areas classified as oligotrophic-mesotrophic and reference areas classified as eutrophic 
(Dodds et al. 1998). 

Table 3.4-3 Suggested boundaries for trophic classification of streams 

Variable (mg/m2) Oligotrophic-mesotrophic 
boundary 

Mesotrophic-eutrophic 
boundary 

Mean periphyton biomass 20 70 

Maximum periphyton biomass 60 200 

Data taken from Dodds et al. 1998. 

3.4.5 Assessment of Effects  

Among the most frequently reported short-term potential effects of large-scale spills on 
periphyton are the smothering by fine particulates, stream bank erosion, and increased 
sedimentation, resulting in reduced available stable substrate for organisms to adhere 
(Biggs 1996).  In addition, abrasion of exposed periphyton by high levels of suspended 
sediments and increased flows may cause them to become dislodged and dispersed (Azim and 
Asaeda 2005).  These effects may be detected in periphyton communities as:  

• reduced biomass and species richness; and 

• changes in periphyton community composition. 

Fall biomass results clearly showed that periphyton growth within the creek exposure areas 
was reduced relative to their respective reference areas (Figure 3.4-1).  Similar results also were 
noted by field crews which documented abundant, although variable, periphyton growth 
within the reference areas and limited observable growth within the exposures areas.  The 
release incident had a significant scouring effect within the upper reaches of Apetowun Creek 
(i.e., within sampling area APC).  In addition, the upper reaches of Apetowun Creek continued 
to receive increased sediment throughout 2014, as a result of bank erosion and continued 
natural changes in stream morphology and substrate composition.  These changes may have 
contributed to the reduced periphyton growth observed in APC; however, as channel 
morphology and sedimentation rates continue to stabilize and restoration activities continue to 
improve bank stabilization, it is expected that periphyton growth will improve over time.  In 
addition, Obed Mine routinely discharges surface water and occasionally treated sewage into 
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upper APC; this has been documented to have a minor enrichment effect on benthic 
communities within upper Apetowun Creek (Pisces 2011).  This discharge is expected to 
continue for the next several years and may lead to increased periphyton growth once channel 
morphology stabilizes.  

In the upper Athabasca River, biomass generally increased with downstream distance 
(i.e., biomass was higher in the exposure areas relative to the upstream reference area).  As 
summarized in Section 2.3 and CVRI (2014), most of the release material dropped from 
suspension upon entering the Athabasca River and became deposited along the river bottom, 
potentially covering naturally erosional substrates and any periphyton that were inhabiting 
them.  

Another potential short-term effect of the release incident on periphyton could include toxicity-
related effects of chemicals in the spill material as well as increased turbidity from elevated 
sediments.  Such effects can manifest in ecosystems as changes in species composition, 
especially with pollutant-sensitive species and increase in populations of resilient (pollutant-
tolerant) species (Resh 2008; Walsh and Wepener 2009).  However, species composition was 
relatively consistent among all sampling areas with all areas containing taxa frequently 
encountered in freshwater ecosystems.  Total taxa richness also was fairly consistent among 
sampling areas. 

Potential long-term effects of the release incident on periphyton communities could include 
chronic effects of contaminants, which may act slowly over the course of several seasons, 
affecting periphyton physiology and growth.  It is anticipated that if additional chronic effects 
do persist that they will become apparent as subsequent monitoring is completed as per the 
long-term sampling and monitoring plan (CVRI 2014).  However, water and sediment quality 
surveys reported elsewhere in this report did not indicate elevated concentrations of COPC in 
these areas. 

Based on these results, it is apparent that the incident had an effect on periphyton growth 
(measured as biomass of chlorophyll a), in affected areas of Apetowun Creek and Plante Creek.  
However, given that periphyton growth is often highly variable among years and influenced by 
a number of hydrological and environmental factors, it is difficult to conclude the magnitude of 
this effect at this time.  Periphyton growth is anticipated to increase within the impacted areas 
of Apetowun Creek over time as creek conditions stabilize and additional restorations are 
completed.  Subsequent monitoring will continue to track changes to the periphyton 
communities within the study area. 
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3.4.6 Summary and Conclusions 

Periphyton surveys were conducted in spring and fall of 2014 in Apetowun Creek, Plante Creek 
and Upper Athabasca River.  While limited, historical periphyton data were available for the 
upper Athabasca River, there were no historical or pre-incident periphyton data available from 
Apetowun Creek or Plante Creek for comparison.  Results of fall 2014 studies indicate 
periphyton taxonomic richness and composition were relatively similar at both reference and 
exposure sites in creeks and the river.  Algal groups present in sampled sites included 
cyanobacteria (Cyanophyceae), diatoms (Bacillariophyceae), and green algae (Chlorophyceae) 
with a dominance of diatoms in all sites.  No distinct short-term effects of the spill on 
periphyton taxa richness and composition could be inferred from analysis of richness and 
taxonomy data. 

In fall 2014, periphyton biomass in both creek exposure areas was notably lower than in 
reference areas, suggesting an effect of the release on periphyton communities.  A closer look at 
periphyton biomass data showed that the results fall along the stream trophic-status continuum 
range proposed by Dodds et al. (1998), with exposure sites clustering around the oligotrophic 
end of the spectrum and the reference sites on the mesotrophic border.  The 2015 surveys are 
expected to document the recovery of periphyton in these areas. 

3.5 Benthic Invertebrate Community Survey 

3.5.1 Introduction 

The abundance and composition of benthic macroinvertebrate communities are sensitive 
indicators of environmental change, and are often used to assess the extent of effects of organic 
enrichment, forms of physical alteration, or chemical contamination on aquatic environments 
(Rosenberg and Resh 1993).  Benthic macroinvertebrates are diverse, ubiquitous, and generally 
sedentary organisms that integrate site-specific impacts or conditions.  Given different benthos 
taxa are affected differently by changes in habitat conditions, differences in density and taxa 
richness, and metrics of community composition such as evenness, diversity and Bray-Curtis 
similarity index may be used to assess potential effects of events like the Obed incident on 
bottom-dwelling organisms. 

The main objectives of the 2014 benthos surveys were to: 

• assess pre- and post-incident density and community structure in receiving aquatic 
environments, downstream of the release in Apetowun Creek, Plante Creek and in the 
upper Athabasca River; and 

• monitor changes in density and community structure over time in 2014. 
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Results of the initial benthos assessment program initiated immediately following the release on 
November 1, 2013 have been previously reported (CVRI 2014a, b).  This section focuses on 
benthos data collected in 2014 only.  However, previously reported pre-incident data from 
Apetowun Creek, Plante Creek, and the upper Athabasca River are summarized in Section 3.5-2 
and compared to 2014 data as appropriate to assess the potential impacts of the incident. 

3.5.2 Pre-Incident Conditions 

Below is a summary of the pre-incident conditions for benthic communities in Apetowun 
Creek, Plante Creek and the upper Athabasca River.  Where applicable, relevant data were 
utilized to assess potential effects of the release incident on benthic communities. 

3.5.2.1 Apetowun Creek and Lower Plante Creek 

Baseline studies of aquatic resources were completed on a number of creeks in the Obed Mine 
area from 1977 to 1979, to support permitting requirements of the Obed Mountain Mine (then 
named the Obed-Marsh Thermal Coal Project).  An environmental and socioeconomic impact 
assessment for the Mine was submitted by International Environmental Consultants (IEC) on 
behalf of Union Oil Company of Canada Ltd. and Rescon Coal Holdings in 1979 (IEC 1979), 
with a revised version submitted in 1980.  This report contains the earliest reported aquatic 
resources data for Apetowun Creek and Plante Creek and adjacent reference creeks.  In 1980, 
aquatic resources of Apetowun Creek and Plante Creek were further assessed by Zallen (1981) 
to support applications for mine development.  Benthic invertebrate monitoring was conducted 
on Apetowun Creek and Plante Creek as part of the Mine’s environmental monitoring program 
beginning in 1992 and included sampling every two years from 1992 to 2002, and every four 
years from 2002 to 2010 (Pisces 2011).  Sampling sites included five exposure stations and three 
reference stations.  Samples were collected from erosional habitats using a Hess cylinder with a 
sampling surface area of 0.1 m2 and a collecting-net mesh size of 250 µm.  Samples also were 
collected from depositional habitat sites with an Ekman grab sampler (sampling surface of 
0.023 m2). 

Table 3.5-1 presents the benthic invertebrate community metrics of the most recent benthic 
invertebrate survey of Apetowun Creek and Plante Creek (Pisces 2011); for consistency, these 
results were recalculated for presentation here using analytical methods consistent with federal 
metal-mining EEM requirements (Environment Canada 2012).  Results of early surveys (1994, 
1996, and 1998) suggested that mine effluent was affecting benthos immediately downstream of 
the settling pond discharge into upper Apetowun Creek (Pisces 2011).  Specifically, high 
densities of oligochaete worms were measured in 1998 at the station located about 500 m below 
the settling-pond discharge relative to reference stations.  There was also a relative increase in 
oligochaete density measured in 1998 at the next downstream station, which was attributed to 
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the occasional release of domestic sewage from the Mine’s sewage lagoon and discharge from 
the settling ponds.  Factors considered as potential influences on the benthic macroinvertebrates 
assemblage below the impoundment included increased concentrations of nitrate nitrogen in 
water and augmented stream flow related to addition of warm settling pond effluent.  
However, results from subsequent monitoring indicated no difference in benthic communities 
between exposure and reference stations (Pisces 2011), suggesting that observed differences 
likely were attributable to habitat differences between the stations rather of an effect of the 
Mine. 

Table 3.5-1 Summary statistics for benthic invertebrate communities in Apetowun and 
lower Plante creeks, September 2010. 

Variable Depositional stations Erosional stations 

A-1 A-2 A-3 A-4 A-5 A-6 A-7* A-8* 

Mean Density (#/m2) 7,965 5,226 6,783 5,374 9,908 2,072 4,196 7,344 

Standard Deviation1 
(#/m2) 

3,831 1,702 1,281 2,803 2,150 7,63 1,637 3,210 

Richness (Total # of 
taxa) 

20 20 23 16 26 25 27 32 

Simpson’s Diversity 
Index 

0.76 0.667 0.722 0.46 0.742 0.782 0.718 0.616 

Evenness 0.155 0.12 0.12 0.097 0.095 0.124 0.086 0.059 

%EPT 0.87 1.33 6.67 10.03 60.62 67.66 25.64 72.25 

* Stations located at approximately the same position as sampling conducted during 2013 field surveys. 
1 Refers to the standard deviation of density between five replicates collected per station. 

3.5.2.2 Upper Athabasca River 

Limited pre-incident aquatic resources data exists describing benthic invertebrate communities 
of the upper Athabasca River.  However, relevant data were obtained from the EEM studies for 
Hinton Pulp (upstream of Obed; previously referred to as Weldwood pulp mill).  At the time of 
this report, CVRI had access to benthic invertebrate community data from 2003 (EEM Cycle 
Three), as reported in Golder (2004).  In that study, sampling was undertaken in four areas, 
namely: a reference area upstream of Hinton; a near-field area downstream of Hinton but 
upstream of Obed; a far-field area downstream of Plante Creek; and a far-far-field area near the 
Berland River confluence.  Samples typically were collected in erosional habitats using a Hess 
cylinder (sampling surface area of 0.1 m2 with a mesh of 250 µm).  Five stations were located 
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within each area, with three replicate samples collected from each station as recommended by 
ESRD (Golder 2004), for a total of 60 independent samples. 

Results of the EEM Cycle Three surveys (2004) revealed that effluent was having an enrichment 
effect on benthic invertebrate communities downstream of the mill discharge location (Golder 
2004).  Relative to reference areas, invertebrate densities increased while richness remained 
consistent at the near and far-field areas, and again in the far-far-field area (Table 3.5-2).  
Differences in density and richness were attributed to increases in available nutrients 
downstream of mill effluent discharge (Golder 2004).  Chironomids accounted for most of the 
increase in the areas downstream of effluent discharge, though higher densities of pollution-
sensitive mayflies, stoneflies and caddisflies (EPT) were also observed in these areas. 

Although differences extended to the far far-field area, beyond 50 km downstream of Plante 
Creek, the response appeared to also be attributed to possible habitat differences 
(i.e., decreasing channel gradient). 

Table 3.5-2 Summary statistics for benthic invertebrate communities in the upper 
Athabasca River surveyed for EEM Cycle Three, 2003. 

Variable Weldwood pulp mill 

Reference Near-field Far-field Far far-field 

Mean Density (#/m2) 4,488 13,058 9,557 13,059 

Standard Deviation (#/m2) 1,479 3,112 2,522 11,527 

Richness (Total # of taxa) 22 21 25 25 

Evenness 0.278 0.18 0.121 0.302 

%EPT 60 42 32 41 

Additional summary data were also obtained from the historical EEM studies for Miller 
Western and Alberta Newsprint (Whitecourt), and Alberta Pacific (approximately 40 km 
downstream of Athabasca).  However, these studies areas were significantly influenced by mill 
and the Hinton sewage treatment plant (STP) related discharges and results were only referred 
to in the context of qualify benthic communities further downstream. 
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3.5.3 Methods 

3.5.3.1 Study Design and Station Selection 

Summary of Apetowun Creek and Plante Creek Benthic Community Surveys 

Design Before-After/Control-Impact (BACI) 

Sampling areas 2 exposure areas: “upper” exposure area in upper Apetowun Creek (APC) 
and “lower” exposure area in lower Plante Creek. 

2 reference areas, 1 “upper” reference area in a tributary to upper APC 
and 1 “lower” reference area in upper PLC. 

Samples 4 areas x 5 stations/area x 5 replicates/station (total 100 samples) 

Frequency 2x: Pre-freshet (April/May); post-freshet (September) 

The study design (including data analysis and effects assessment) and station selection 
presented below followed the approved LTSMP (CVRI 2014a) and Impact Assessment Plan 
(CVRI 2014b).  Any alterations or additions to this assessment were minor and generally 
corresponded to adjustments of specific station locations or data analysis methods; these are 
noted throughout.  The benthic invertebrate sampling program was conducted in accordance 
with methods outlined in the Metal Mining Technical Guidance for Environmental Effects 
Monitoring (Environment Canada 2012). 

As indicated above, the selection of sampling stations in Apetowun Creek and Plante Creek 
considered the magnitude and extent of the release incident as well as the hydrological network 
of Apetowun Creek and Plante Creek, ensuring upstream stations (i.e., those unaffected by the 
incident) were sampled for each affected watercourse.  In addition, station locations considered 
historical benthic sampling stations sampled as per the Mine’s existing environmental 
monitoring program. 

In Apetowun Creek and Plante Creek, sampling areas were classified into upper-watershed and 
lower-watershed areas, with corresponding exposure and reference areas for each (Table 3.5-3, 
Figure 3.5-1).  The upper exposure area in upper APC was identified during the immediate 
post-incident impact assessment (CVRI 2014c) as receiving the greatest physical impacts of the 
release, exhibiting significant bank, channel and riparian scouring and alterations to creek 
morphology.  A reference area for this upper, highly impacted exposure area was located in a 
tributary to upper APC that was selected based on its proximity and similar habitat 
characteristics to APC, and its use as a reference area in the Mine’s previous environmental 
monitoring program.  The lower exposure area in lower PLC was identified as an area where 
physical impacts were minimal and the release resulted in minor bank erosion and small 
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deposits of release material.  A reference area for this lower, less-impacted exposure area was 
located in upper PLC and was selected based on its proximity to lower PLC and similar habitat 
characteristics. 

Five sampling stations were selected within each of the areas described above, with five 
replicate samples collected at each station, for a total of 100 creek benthic invertebrate samples. 

Table 3.5-3 Benthic invertebrate sampling locations in Apetowun Creek and Plante 
Creek, spring and fall 2014. 

Study Area Station ID Easting Northing Dates sampled 

Spring Fall 

Upper 
Apetowun 

Exposure Area 

APC-1 471860 5938411 April 26, 2014 Sept. 20, 2014 

APC-2 472400 5938941 April 24, 2014 Sept. 20, 2014 

APC-3 473245 5939543 April 26, 2014 Sept. 19, 2014 

APC-4 474515 5941604 April 24, 2014 Sept. 20, 2014 

APC-5 475261 5942336 April 27, 2014 Sept. 20, 2014 

Upper 
Apetowun 

Reference Area 

APC-US-1 474781 5942455 May 14, 2014 Sept. 20, 2014 

APC-US-2 474958 5942387 April 27, 2014 Sept. 20, 2014 

APC-US-3 474005 5942367 May 15, 2014 Sept. 19, 2014 

APC-US-4 473223 5942355 May 15, 2014 Sept. 19, 2014 

APC-US-5 474878 5942453 May 14, 2014 Sept. 20, 2014 

Lower 
Apetowun/Lowe

r Plante Creek 
Exposure Area 

APC-6 481301 5944858 May 15, 2014 Sept. 21, 2014 

APC-7 481729 5944894 April 27, 2014 Sept. 21, 2014 

PLC-1 483639 5942333 April 25, 2014 Sept. 9, 2014 

PLC-2 483639 5942193 April 25, 2014 Sept. 9, 2014 

PLC-3 485238 5940752 May 13, 2014 Sept. 9, 2014 

Plante Creek 
Reference Area 

PLC-US-1 482575 5944594 May 13, 2014 Sept. 9, 2014 

PLC-US-2 482555 5944724 May 15, 2014 Sept. 10, 2014 

PLC-US-3 482489 5945181 May 13, 2014 Sept. 10, 2014 

PLC-US-4 482618 5944930 May 13, 2014 Sept. 10, 2014 

PLC-US-5 482446 5945592 May 13, 2014 Sept. 10, 2014 

*Stations location corresponds to a pre-incident benthic sampling location 
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3.5.3.2 Upper Athabasca River 

Summary of Upper Athabasca River Benthic Community Surveys 

Design Before-After/Control-Impact (BACI) and gradient 

Sampling areas 2 Exposure areas: 1 Near-field area and 1 Far-field area. 
1 Reference area: located upstream of Plante Creek. 

Samples 3 areas x 5 stations/area x 3 replicates/station (45 samples total) 

Frequency Pre-freshet (April/May), post-freshet (September) 

Three sampling areas were established for the benthic invertebrate sampling program in the 
upper Athabasca River: two exposure stations located downstream of Plante Creek and one 
reference area located upstream (Table 3.5-4, Figure 3.5-2).  Sampling locations were established 
in consultation with ESRD and the AER taking into consideration the hydrologic network of the 
affected watercourses, fate of release material and the concerns of residents and water users along 
the River (CVRI 2014a).  In addition, sampling locations were established on or near historical 
Weldwood pulpmill EEM Cycle Three monitoring stations as follows: 

• ATR-REF (reference area) =  EEM Cycle Three near-field area; 

• ATR-NF (near-field area = EEM  Cycle Three far-field area; and 

• ATR-FF (far-field area) = new area and does not have an equivalent EEM Cycle Three area. 

Five sampling stations were selected within each of the areas described above to provide 
sufficient statistical power for comparisons between areas using prescribed EEM effects criteria of 
±2 standard deviations from the reference mean (Environment Canada 2012), with three replicate 
samples collected from each station (also per EEM guidance), for a total of 45 benthic invertebrate 
community samples from the upper Athabasca River in spring and fall 2014. 
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Table 3.5-4 Benthic invertebrate sampling locations in the Athabasca spring and fall 2014. 

Study Area Station ID Easting Northing Dates sampled 

Spring Fall 

Upstream 
Reference Area 

ATR-REF-1 5930174 475779 April 28, 2014 Sept. 22, 2014 

ATR-REF-2 473276 5928106 April 28, 2014 Sept. 22, 2014 

ATR-REF-3 469118 5925603 April 28, 2014 Sept. 22, 2014 

ATR-REF-4 468500 5923475 April 28, 2014 Sept. 22, 2014 

ATR-REF-5 466756 5923158 April 28, 2014 Sept. 22, 2014 

Near-field Area ATR-NF-1 485867 5941241 April 30, 2014 Sept. 22, 2014 

ATR-NF-2 489657 5944548 April 30, 2014 Sept. 23, 2014 

ATR-NF-3 489206 5950010 April 30, 2014 Sept. 23, 2014 

ATR-NF-4 489513 5957314 April 30, 2014 Sept. 23, 2014 

ATR-NF-5 487075 5962212 April 30, 2014 Sept. 23, 2014 

Far-field Area ATR-FF-1 496409 5977355 April 29, 2014 Sept. 24, 2014 

ATR-FF-2 499064 5976579 April 29, 2014 Sept. 24, 2014 

ATR-FF-3 502469 5979658 April 29, 2014 Sept. 24, 2014 

ATR-FF-4 507106 5981625 April 29, 2014 Sept. 24, 2014 

ATR-FF-5 509599 5983051 April 29, 2014 Sept. 24, 2014 

*Stations located at approximately the same position as historical Weldwood pulp mill EEM locations 
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3.5.3.3 Field Sampling and Laboratory Analyses 

The collection and analysis of benthic invertebrate samples followed standard EEM protocols as 
presented in the Metal Mining Guidance Document for Aquatic Environmental Effects Monitoring 
(Environment Canada 2012) and the Pulp and Paper Environmental Effects Monitoring (EEM) 
Technical Guidance Document (Environment Canada 2010).  Detailed SOPs for benthos sampling 
were provided in CVRI 2014c.  All field crews were experienced in the collection of benthic 
invertebrates samples using the above methods and equipment described below.  Field crews 
navigated to sample sites using handheld GPS units with ±5 m accuracy.  Benthic invertebrate 
sampling was conducted concurrently with the sediment quality sampling program in April, 
May, and September 2014.  All field notes and data were recorded on station-specific datasheets.  
Photos of each area were also recorded and are presented in Appendix 3.5A. 

Benthic invertebrate samples were collected from erosional areas using a Neil-Hess cylinder with 
a 250-µm mesh screen.  The Hess sampler was inserted into the stream bed, mid-riffle, ensuring 
the top of the cylinder was not below water surface (<60 cm deep).  Large substrates were cleaned 
and removed from the samples.  The collector then manually dislodged the invertebrates and 
sediment in the Hess sampler allowing the suspended material to be transported into the 
downstream collection net.  Each replicate was sampled for approximately two minutes to ensure 
consistent effort at each site.  Once completed, the collected material was transferred to a pre-
labeled sample jar and preserved with 10% buffered formalin.  Samples collected were sent to 
invertebrate taxonomists.  Although different taxonomists were used for different watercourses, 
analytical methods used for all samples were consistent with federal EEM guidelines and 
included quality control assurances (Environment Canada 2012). 

Upon receipt, benthic invertebrate samples were screened into 250-µm and 500-µm size fractions; 
the 250-µm to 500-µm fractions were archived for possible future analysis.  Organisms were 
identified to the family level or lowest practical level (LPL) (i.e., to Genus or species where 
possible).  However, all index calculations were undertaken using family-level taxonomic 
resolution, consistent with federal EEM guidance (Environment Canada 2012). 

3.5.3.4 Quality Assurance/Quality Control 

As part of the laboratory QA/QC procedures after taxonomic analysis, previously sorted debris 
were re-sorted in 10% of the samples to determine the efficacy of the initial sorting. Sorting 
efficiency was evaluated using the following formula: 
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SE = n1/(n1+n2)*100 

Where: SE is the sorting efficiency expressed as a percentage, n1 is the total number of 
specimens in the first sort, and n2 is the total number of specimens in the second sort. 

Following Environment Canada guidance for EEM programs (Environment Canada 2012), the 
average number of individuals in the original sort must account for 90% of the total number of 
individuals enumerated.  If the average is less than 90%, re-sorts have to be conducted on all 
samples. 

In 2014, all re-sorts were >95% efficacy. 

Prior to calculation of community metrics and statistical analysis, all data in spreadsheets were 
checked for potential errors and proper taxonomic identification.  Organisms were grouped at the 
family level (or LPL) for data analyses; however, where applicable community metrics are 
described at lower levels of identification to assess changes within taxa (i.e., species). 

3.5.3.5 Data Analysis and Interpretation 

3.5.3.5.1 Descriptive Statistics 

Summary statistics (i.e., mean, median, standard deviations, standard error, and minimum and 
maximum values) were calculated for each variable by station, based on replicates. 

3.5.3.5.2 Community Metrics 

All community metrics recommended for the EEM program were calculated, including total 
density, taxon richness, Simpson’s diversity index, Simpson’s evenness, and Bray-Curtis index, 
using family-level data, in accordance with Metal Mining Technical Guidance for EEM 
(Environment Canada 2012).  Brief descriptions of these metrics are provided below. 

3.5.3.5.2.1 Density 

Raw count data for each sample were grouped by family level or next-highest LPL for specimens 
that could not be identified to family.  These counts were converted to densities (number of 
organisms per unit area) by dividing the counts by the area of the Hess sampler (0.0908 m2).  Any 
terrestrial or planktonic organisms were removed from calculations.  Densities were calculated 
for each replicate sample; average densities and total densities for each station were calculated 
by averaging results across all replicates for each station. 
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3.5.3.5.2.2 Richness 

Taxonomic richness (i.e., the number of different taxa) for each station was calculated by 
summing the total number of taxa present at each station (based on five replicates per station in 
creeks and three replicates per station for the river).  Where reported in tables or graphs, 
taxonomic richness for each station represents the sum of all taxa present among all replicates, 
rather than the average number of taxa present in each replicate. 

3.5.3.5.2.3 Simpson’s Diversity Index 

Simpson’s diversity index is a measure of diversity, which takes into account both the abundance 
or number of family level taxa (richness) and the evenness of the taxon distribution within the 
community in a sample (Simpson 1949).  This index is calculated at each station by determining 
for each taxonomic group the proportion of individuals that it contributes to the community total.  
The value of this diversity index ranges from 0 to 1, where the greater the value, the greater the 
community diversity. Simpson’s diversity index is calculated as: 

[ ]
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where: D = Simpson’s diversity index; 
 pi = the proportion of the ith taxon at the station; and 
 S = number of taxa (families) in the sample. 

3.5.3.5.2.4 Simpson’s Evenness 

Simpson’s evenness is a measure of the equitability of distribution of individuals among taxa 
within the community (Smith and Wilson 1996).  A community in which each taxon present is 
equally abundant has high evenness, while a community that is numerically dominated by one or 
few taxa has low evenness.  Similar to the Simpson’s diversity index, evenness ranges from 0 to 1, 
with a value of 1 representing the greatest evenness.  As recommended by the EEM guidance 
document (Environment Canada 2012), evenness is calculated: 
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where: E = evenness; 
 pi = proportion of the ith taxon at the station; and 

S = number of taxa in the sample. 
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3.5.3.5.2.5 Bray-Curtis Dissimilarity Coefficient 

The Bray-Curtis dissimilarity co-efficient is a measurement of difference that reaches a maximum 
value of 1 for two stations that are entirely different and a minimum of 0 for two stations that 
possess identical descriptors or have same species composition.  Bray-Curtis dissimilarity 
coefficients were calculated to compare the degree of similarity between individual stations and 
the reference median using the five reference stations.  For Athabasca data, the Athabasca 
reference (ATR-REF) median was used for analyses, while the low impact upstream data from 
Plante Creek (PLC-US) was used as reference median for analyses.  Dissimilarity coefficients for 
the reference median and individual stations were calculated using SYSTAT 13. 

The Bray-Curtis index is calculated as follows (Environment Canada 2012): 

B − C =  
∑ |yi1 − yi2|n
i=1

∑ (yi1 + yi2)n
i=1

 

 

where: B-C = Bray-Curtis distance between stations 1 and 2; 

 yi1 = count for species i at station 1; 

 yi2 = count for species i at station 2; and 

 n = total number of species present at the two stations. 

Because indices of density, richness, and evenness provide no quantitative information on what 
kind of organisms are present, the Bray-Curtis dissimilarity index is useful as it summarizes the 
overall difference in community structure including species composition between reference and 
exposed sites into a single number (Environment Canada 2012). 

3.5.3.5.2.6 Percent EPT 

EPT taxa—i.e., Ephemeroptera (mayflies), Plecoptera (stoneflies), and Trichoptera (caddisflies) are 
recognized as environmentally sensitive taxa and their presence and prevalence is considered to 
be an indicator of water quality (Lanat 1988).  EPT abundance was divided by total organism 
abundance at each station to attain a proportion (percent) EPT.  EPT taxa are generally adapted to 
flowing (lotic) waters and erosional substrates. 

3.5.3.6 Spatial Comparisons 

The following comparisons between sampling areas were made in order to evaluate the effects of 
release incident on benthic invertebrate communities: 
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3.5.3.6.1 Creek Areas 

• Comparison 1: The upper exposure area in upper Apetowun Creek was compared with 
the upper reference area in the upper Apetowun Creek tributary. 

• Comparison 2: The lower exposure area in lower Apetowun Creek and lower Plante Creek 
was compared with the lower reference area in upper Plante Creek. 

3.5.3.6.2 Athabasca River Areas 

• Comparison 3: The two exposure areas in the Athabasca River (Near-field and Far-field) 
were compared with the Athabasca River reference area. 

3.5.3.7 Temporal Comparisons 

Given the incident resulted in a significant alteration of upper Apetowun Creek, relative to pre-
incident conditions (i.e., much of the habitat changed from depositional to erosional requiring 
different sampling methods), only general comparisons among community metrics and 
composition were made between pre-incident historical monitoring results and 2014 data. 

However, as described previously, the Athabasca River reference and near-field areas were 
within the same areas as those sampled in EEM Cycle Three (2004) and the far-field area was 
within the same general river habitat.  In addition, sampling methods and analysis were nearly 
identical.  Therefore, temporal comparisons between Cycle Three and 2014 data were made to 
identify potential effects of the release incident and to evaluate natural and other anthropogenic 
changes on the benthic community. 

3.5.3.8 Statistical Analysis 

Statistical tests between areas were conducted on mean density, evenness and richness variables 
with analysis of variance (ANOVA) or analysis of covariance (ANCOVA). 

The Bray-Curtis index value was calculated for each replicate station by comparing the 
community at each station to the mean reference area community for the appropriate river.  For 
example, the replicate stations from the upstream reference areas were compared to their 
respective reference area means, and the replicate stations from the exposure areas were 
compared with the appropriate reference area means. 

Analyses were conducted using Excel 2013, SYSTAT 13 (SPSS 2012) and R statistical software 
(R Core Development Team 2012). 
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3.5.3.9 Assessment of Effects 

The effects assessment focused primarily on assessing potential effects of the release incident on 
benthic invertebrate community metrics and composition (dominant taxa and abundance of 
indicator taxa) in receiving waters affected by the release.  Community metrics were calculated 
and compared to the EEM effect criterion for a biologically (rather than simply statistically) 
significant effect of ±2 standard deviations from the reference mean for the respective reference 
stations, depending on the comparison being made (Environment Canada 2010, 2012). 

Comparisons between absolute values of benthic invertebrate metrics, and their relative values 
among areas, were also used to assess differences in effects between Athabasca River pulpmill 
EEM Cycle Three (2004) and the Obed Mine 2014 data. 

3.5.4 Results 

As described in Section 2.3, the release incident had a significant effect (predominantly through 
scouring) on upper Apetowun Creek, while effects in lower Plante Creek were generally limited 
to deposition of release material, with minimal bank erosion.  In the Athabasca River, physical 
effects of the release were predominantly related to deposition/smothering and potential toxicity 
of release material.  Given these two contrasting pathways of effects and the ecological difference 
between the study areas, the following sections are presented separately for Apetowun Creek, 
Plante Creek and the upper Athabasca River.  Benthic invertebrate data collected is provided in 
Appendix 3.5B. 

3.5.4.1 Apetowun Creek and Plante Creek 

Benthic invertebrate community metrics derived from the spring and fall Apetowun Creek and 
Plante Creek sampling areas are summarized in Table 3.5-5 and Table 3.5-8.  Detailed spring and 
fall results of metrics at each station presented in Figure 3.5-3 through Figure 3.5-12. 

3.5.4.1.1 Spring 2014 

3.5.4.1.1.1 Community Metrics 

In spring 2014, mean density varied considerably within exposure and reference areas, but mean 
densities in both upper and lower exposure areas were significantly lower than in their respective 
reference area (Figure 3.5-3, Table 3.5-5).  However, densities of exposure areas were within 2 SD 
of their respective reference area means (Figure 3.5-3), due to high variability of densities 
observed within each reference area. 

Taxa richness also was lower in exposure areas relative to their respective reference area 
(Figure 3.5-4); this difference was statistically significant for the highly-impacted Apetowun 
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Creek exposure area, but not significant for the less-impacted lower Plante Creek exposure area 
(Table 3.5-5).  Mean taxa richness in the Apetowun Creek exposure area also was well below 2 SD 
of its reference mean (and at all individual stations except APC-5), qualifying this difference as 
biologically as well as statistically significant by federal EEM classification.  Taxa richness in the 
lower Plante Creek area also was below 2 SD of its reference mean, indicating a biologically 
significant effect. 

Average Simpson’s index of diversity was lower in the upper Apetowun exposure area relative to 
its reference area (i.e., 0.65±0.18 vs. 0.73±0.16), but this difference was not statistically or 
biologically significant by EEM standards, likely due to high variability in both upper study areas 
(Figure 3.5-5, Table 3.5-5).  Conversely, higher diversity in lower Plante Creek versus upper 
Plante Creek was statistically and biologically significant, despite absolute diversity values being 
relatively similar in both areas (i.e., 0.82±0.03 vs. 0.75±0.03), given high within-area similarity in 
these lower sampling areas. 

In spring 2014, evenness was generally low in all areas and stations, with the exception of station 
APC 4 (Figure 3.5-6, Table 3.5-5), indicating generally consistent community composition among 
sampling areas.  Due to high variability within the upper reference area, differences between 
Apetowun Creek reference and exposure areas were not statistically or biologically significant.  
Conversely, evenness was significantly and biologically higher in the lower Plante Creek 
exposure area than in its reference area, indicating a broader distribution of individuals among 
taxa present in the lower exposure area (consistent with significantly lower densities but similar 
numbers of taxa observed in lower Plante Creek relative to upper Plante Creek). 

Benthic communities in the Apetowun Creek and Plante Creek exposure areas exhibited 
dissimilar composition relative to their respective reference areas (Bray-Curtis >0.4).  In the upper 
Apetowun exposure area Bray Curtis index values were high and statistically significant; 
however, given the high variability in the reference area, individual station values were within 
2 SD of the reference mean expect APC-3 and APC-4 (Table 3.5-5, Figure 3.5-7).  Bray-Curtis 
values were also high in the lower Plante Creek exposure area with mean index values 
statistically and biologically significant. 
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Table 3.5-5 Summary statistics for benthic invertebrate communities in Apetowun Creek 
and Plante Creek, spring 2014 

Variable/Area n Mean Median SD SE Min Max 

Apetowun Creek 

Mean density (# organisms/m2) 

Reference 5x5 3,056 1,924 2,591 518 1,100 7,482 

Exposure 5x5 515 142 640 128 20 1,492 

Taxa richness 

Reference 5x5 29 29 2 0.3 28 32 

Exposure 5x5 14 8 10 2.0 4 27 

Simpson's diversity 

Reference 5x5 0.73 0.71 0.16 0.03 0.54 0.88 

Exposure 5x5 0.65 0.58 0.18 0.04 0.47 0.86 

Evenness 

Reference 5x5 0.17 0.12 0.10 0.02 0.07 0.30 

Exposure 5x5 0.40 0.30 0.31 0.06 0.10 0.89 

Bray-Curtis 

Reference 5x5 0.46 0.47 0.20 0.04 0.22 0.76 

Exposure 5x5 0.79 0.80 0.15 0.03 0.61 0.98 

Plante Creek 

Mean density (# organisms/m2) 

Reference 5x5 3,736 3,028 2,630 526 1,116 8,016 

Exposure 5x5 330 186 210 42 168 560 

Taxa richness 

Reference 5x5 24 25 2 0.5 22 27 

Exposure 5x5 19 17 6 1.2 13 26 

Simpson's diversity 

Reference 5x5 0.75 0.76 0.03 0.01 0.70 0.79 

Exposure 5x5 0.82 0.83 0.03 0.01 0.77 0.85 
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Table 3.5-5 Summary statistics for benthic invertebrate communities in Apetowun Creek 
and Plante Creek, spring 2014 

Variable/Area n Mean Median SD SE Min Max 

Evenness 

Reference 5x5 0.17 0.16 0.01 0.00 0.15 0.19 

Exposure 5x5 0.30 0.29 0.07 0.01 0.23 0.41 

Bray-Curtis 

Reference 5x5 0.30 0.25 0.18 0.04 0.11 0.52 

Exposure 5x5 0.84 0.90 0.09 0.02 0.73 0.91 

 

 

Figure 3.5-3 Mean densities of benthic invertebrate communities in Apetowun Creek and 
Plante Creek, spring 2014 
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Figure 3.5-4 Taxonomic richness of benthic invertebrate communities in Apetowun Creek 
and Plante Creek, spring 2014 

 

 

Figure 3.5-5 Simpsons index of diversity for benthic communities in Apetowun Creek and 
Plante Creek, spring 2014 
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Figure 3.5-6 Evenness index for benthic invertebrate communities in Apetowun Creek and 
Plante Creek, spring 2014 

 

 

Figure 3.5-7 Bray-Curtis index for benthic invertebrate communities in Apetowun Creek and 
Plante Creek, spring 2014. 
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Table 3.5-6 Statistical comparisons of benthic invertebrate community metrics in 
Apetowun Creek and Plante Creek, spring 2014. 

Dependent Variable ANOVA (p-value) Significant 
difference (α = 0.10) 

Direction 

Density 

APC vs APC-US 0.09 yes Exposure<Reference 

PLC vs PLC-US 0.04 yes Exposure<Reference 

Richness 

APC vs APC-US 0.02 yes Exposure<Reference 

PLC vs PLC-US 0.15 no - 

Simpson’s Diversity 

APC vs APC-US 0.52 no - 

PLC vs PLC-US 0.02 yes Exposure>Reference 

Evenness 

APC vs APC-US 0.18 no - 

PLC vs PLC-US 0.01 yes Exposure>Reference 

Bray-Curtis 

APC vs APC-US 0.008 yes N/A 

PLC vs PLC-US <0.001 yes N/A 

3.5.4.1.1.2 Community Composition 

Dominant benthic invertebrate taxa were similar between APC and PLC sampling areas and 
consisted mostly of mayflies (Ephemeroptera), stoneflies (Plecoptera)  and midge larvae 
(chironomids, from the order Diptera); with the exception of the upper reference area, these taxa 
were generally present in similar proportions in each area (Table 3.5-7).  In spring 2014, the 
dominant taxa in all areas were mayflies (baetids, and heptagenids), stoneflies (nemourids) and 
chironomids (midges), with seed shrimp (cypridids) also common in the upper reference area.  
Cypridids are typically found amongst macrophytes in more depositional areas (De Decker 1981; 
James and Covish 2009), which were more prevalent in the upper Apetowun reference area.  
Mayflies, stoneflies and midges comprised 75% of total density in this reference area (13% were 
seed shrimp), 88% in the upper Apetowun exposure area, 96% in the Plante Creek reference area 
and 84% in the Plante Creek exposure area.  Proportions of remaining taxa were low (typically 
<5%) and were generally present in similar proportions in each area. 
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Members of the EPT indicator group were present in all sampling areas in variable proportions 
(Table 3.5-7).  In Apetowun Creek, the proportion of EPT was slightly higher in the exposure area 
than in the reference area (37% vs. 34%), while the opposite was observed in Plante Creek area 
(61% in the exposure area versus 75% in the reference area).  The higher proportion of mayflies in 
the Apetowun exposure area relative to the reference area (31% vs 14 %) may relate to the 
modified character of this impacted section of Apetowun Creek, which had a depositional 
character more similar to depositional sections of its reference area, before scour and removal of 
woody debris related to the release event made this reach more erosional in character. 
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Table 3.5-7 Proportion of mean density (%) of abundant taxa in the exposure and reference areas of Apetowun Creek and 
Plante Creek, spring and fall 2014. 

Taxon Spring Fall 

Apetowun Creek Plante Creek Apetowun Creek Plante Creek 

Reference 
Area 

Exposure 
Area 

Reference 
Area 

Exposure 
Area 

Reference 
Area 

Exposure 
Area 

Reference 
Area 

Exposure 
Area 

Ephemeroptera (Mayflies) 

   Baetidae 5.17 25.17 41.2 20.75 17.73 35.8 7.54 18.3 

   Ephemerellidae 5.2 1.01 1.6 1.46 8.67 1.01 1.46 1.62 

   Heptageniidae 1.65 5.05 13.07 23.67 3.57 11.22 8.43 21.88 

   Siphlonuridae 0.18 0 0.06 0 0.23 0.05 0.9 0.27 

   Leptophlebiidae 1.31 0 0.14 0.12 1.17 0.26 22.82 0.98 

Plecoptera (Stoneflies) 

   Chloroperlidae 1.13 0.54 0.22 4.37 1.77 0.05 3.62 1.62 

   Leuctridae 0.58 0 0.26 0.36 0.94 0.21 3.22 0.05 

   Nemouridae 11.87 1.94 15.87 2.55 9.85 4.95 3.9 5.39 

   Taeniopterygidae 0.13 1.48 0.5 0 0.78 0 0 0 

   Perlidae 0 0.54 0.44 2.31 0 0.2 1.01 1.34 

   Perlodidae 0.59 0.7 0.58 0.85 1.36 0.84 0.8 2.72 

   Capniidae 0.03 0 0.13 0.12 1.42 9.77 8.57 7.32 
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Table 3.5-7 Proportion of mean density (%) of abundant taxa in the exposure and reference areas of Apetowun Creek and 
Plante Creek, spring and fall 2014. 

Taxon Spring Fall 

Apetowun Creek Plante Creek Apetowun Creek Plante Creek 

Reference 
Area 

Exposure 
Area 

Reference 
Area 

Exposure 
Area 

Reference 
Area 

Exposure 
Area 

Reference 
Area 

Exposure 
Area 

Trichoptera (Caddisflies) 0 0 0 0.12 0 0 0 0 

   Brachycentridae 0.08 0.08 0.32 1.7 0.01 0 0.27 1.22 

   Glossosomatidae 0.07 0 0 0 1.26 0.08 0.18 0.13 

   Hydropsychidae 0.05 0.08 0.03 0.73 0.14 0.39 0.08 0.75 

   Hydroptilidae 0.05 0 0 0 0 0.13 0 0.03 

   Limnephilidae 0.04 0 0 0 0.03 0 0.12 0 

   Lepidostomatidae 0.13 0 0.1 1.09 0.25 0.01 0.15 0.52 

   Rhyacophilidae 5.69 0.47 0.44 0.85 1.06 0.25 1.44 0.11 

   Philopotamidae 0.01 0 0 0 0 0.03 0.02 0 

   Polycentropodidae 0 0 0 0 0 0 0.49 0 

Coleoptera (Beetles) 

   Elmidae 2.5 2.41 1.04 3.88 3.84 2.94 5.57 3.79 

   Dytiscidae 0.03 0 0 0.36 0.01 0.03 0.07 0 

   Chrysomelidae 0 0 0 0 0.01 0 0 0 
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Table 3.5-7 Proportion of mean density (%) of abundant taxa in the exposure and reference areas of Apetowun Creek and 
Plante Creek, spring and fall 2014. 

Taxon Spring Fall 

Apetowun Creek Plante Creek Apetowun Creek Plante Creek 

Reference 
Area 

Exposure 
Area 

Reference 
Area 

Exposure 
Area 

Reference 
Area 

Exposure 
Area 

Reference 
Area 

Exposure 
Area 

Diptera (True Flies) 

   Ceratopogonidae 0.51 0.08 0.1 0.73 0.57 0.02 0.04 0.62 

   Chironomidae 44.24 46.54 18.62 22.33 15.67 21.11 20.74 22.35 

   Empididae 1.43 4.04 0.24 2.67 0.69 1.21 0.32 1.45 

   Simuliidae 0.3 0.16 2.11 0.36 0.74 0.39 0.11 0.19 

   Tipulidae 0.29 0.78 0.52 0.97 0.39 1.39 2.42 1.63 

   Culicidae 0.01 0 0 0 0 0 0 0 

   Psychodidae 0.16 0.16 0.01 0.61 0.14 0.13 0.84 1.22 

   Ephydridae 0 0.08 0 0 0.02 0 0.07 0.12 

   Muscidae/Anthomyiidae 0 0 0 0 0 0.04 0 0 

   Tabanidae 0 0 0 0 0 0 0.01 0 

   Sciomyzidae 0 0 0 0 0 0.01 0 0 

Hemiptera (True bugs) 

   Corixidae 0 0 0.01 0.12 0 0 0 0 

   Mesovelidae 0 0 0 0 0.05 0 0.01 0 

   Notonectidae 0 0 0 0 0 0 0.02 0 
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Table 3.5-7 Proportion of mean density (%) of abundant taxa in the exposure and reference areas of Apetowun Creek and 
Plante Creek, spring and fall 2014. 

Taxon Spring Fall 

Apetowun Creek Plante Creek Apetowun Creek Plante Creek 

Reference 
Area 

Exposure 
Area 

Reference 
Area 

Exposure 
Area 

Reference 
Area 

Exposure 
Area 

Reference 
Area 

Exposure 
Area 

Megaloptera (Alderflies) 

   Sialidae 0 0 0.02 0 0.01 0 0.49 0.01 

Collembola (Springtails) 

   Isotomidae 0 0.23 0 0 0.01 0 0 0 

   Poduridae 0.24 0 0 0 0 0 0 0 

   Entomobryidae 0.08 3.81 0 0 0 0 0 0 

Lepidoptera (Aquatic Caterpillars) 

   Noctuidae 0 0 0 0 0 0.04 0 0 

Nematomorpha (Horsehair worms) 0 0 0 0 0.08 0 0 0 

   Gordidae 0.29 0 0.1 0.24 1.59 0.51 0.15 0.11 

Oligochaeta (Segmented worms) 

   Naididae 0.13 0.31 0.04 0.12 0.13 1.68 0.16 0.13 

   Lumbriculidae 0.04 1.86 0.03 0.61 0.18 0.02 0.3 0 

   Tubificidae 0.1 0.08 0.75 0.61 0.23 2.12 1.47 0.78 

Acari-Hydrarachnidia (Water Mites) 0.59 0.39 0.51 1.32 2.91 1.22 1.78 2.68 
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Table 3.5-7 Proportion of mean density (%) of abundant taxa in the exposure and reference areas of Apetowun Creek and 
Plante Creek, spring and fall 2014. 

Taxon Spring Fall 

Apetowun Creek Plante Creek Apetowun Creek Plante Creek 

Reference 
Area 

Exposure 
Area 

Reference 
Area 

Exposure 
Area 

Reference 
Area 

Exposure 
Area 

Reference 
Area 

Exposure 
Area 

   Hydrachnidae 0.84 0.08 0.47 0.12 0 0 0.01 0 

   Torenticolidae 0 0 0 0 0 0 0.01 0 

   Lebertidae 0.08 0.23 0 0.36 0 0 0 0 

   Sperchonidae 0.46 0.31 0.04 0 0 0 0 0 

   Oxydae 0.09 0 0.04 0.12 0 0 0 0 

   Hygrobatidae 0.01 0 0 0 0 0 0 0 

Ostrocode (Seed Shrimp) 

   Cyprididae 12.64 0.47 0.13 2.43 21.52 1.68 0.29 0.64 

Gastropoda (Snails and Slugs) 

   Lymnaeidae 0 0 0 0.12 0.01 0 0 0 

   Planorbidae 0 0.08 0.07 0.12 0.05 0.01 0.05 0 

   Valvatidae 0.16 0.16 0 0.36 0.05 0.02 0 0.03 

   Hydrobiidae 0.1 0 0 0 0.06 0 0.02 0 

Bivalvia 

   Sphaeriidae 0.01 0.08 0.18 0.24 0 0 0.02 0 
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Table 3.5-7 Proportion of mean density (%) of abundant taxa in the exposure and reference areas of Apetowun Creek and 
Plante Creek, spring and fall 2014. 

Taxon Spring Fall 

Apetowun Creek Plante Creek Apetowun Creek Plante Creek 

Reference 
Area 

Exposure 
Area 

Reference 
Area 

Exposure 
Area 

Reference 
Area 

Exposure 
Area 

Reference 
Area 

Exposure 
Area 

   Lynceidae 0 0 0 0.12 0 0 0 0 

Tricladida (Flatworms) 

   Planariidae 0.71 0.62 0 0 0.83 0.22 0.04 0 
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3.5.4.1.2 Fall 2014 

3.5.4.1.2.1 Community Metrics 

Benthic invertebrate sampling programs are typically performed in the late summer to early fall 
as this is the optimal time for peak biomass and benthic community diversity (BCMOE 2006). 

Mean invertebrate densities at all stations were higher in fall 2014 than in spring (Table 3.5-5, 
Table 3.5-8).  In Apetowun Creek, mean densities generally increased with downstream distance, 
while mean densities in Plante Creek were variable with generally fewer organisms at the 
exposure stations relative to the reference stations.  Differences in mean densities between upper 
or lower exposure areas and their respective reference area were not significant (Table 3.5-8); 
densities at all exposure stations were within 2 SD of their respective reference area means 
(Figure 3.5-8). 

Taxa richness was relatively consistent among stations in fall, with increased richness in both 
exposure areas relative to spring and relative to their respective reference areas (Figure 3.5-9), 
suggesting recolonization of benthic taxa in these exposure areas between spring and fall.  As in 
spring, differences in taxa richness between exposure and reference areas remained statistically 
significant; however, these differences were not biologically significant (Table 3.5-8). 

Simpson’s index of diversity was generally consistent at all stations, with no significant or 
biological difference between the Apetowun exposure area and its reference area, indicating 
significant recovery of this impacted area since spring (Figure 3.5-10).  The Plante Creek exposure 
area showed significantly higher diversity than its reference area, although this difference was not 
biologically significant (Table 3.5-8). 

Evenness was statistically and biologically similar in both Apetowun Creek communities in fall, 
and much less variable in both of these areas relative to spring (Figure 3.5-11).  As in spring, mean 
evenness was statistically higher in lower Plante Creek versus upper Plante Creek; however, this 
difference was not biologically significant (Table 3.5-8). 

In the fall, Bray-Curtis was relatively consistent among areas with exposure and reference areas 
increasing in similarity relative spring (i.e., decreased Bray-Curtis values; Figure 3.5-12).  
Differences in Bray-Curtis values between upper or lower exposure areas and their respective 
reference area were not significant, with values at all stations within 2 SD of their respective 
reference means (Table 3.5-8). 
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Table 3.5-8 Summary statistics for benthic invertebrate communities in Apetowun Creek and 
Plante Creek, fall 2014 

Variable/Area n Mean Median SD SE Min Max 

Apetowun Creek 

Mean density (# organisms/m2) 

Reference 5x5 6,138 4,760 3,509 702 2,674 11,750 

Exposure 5x5 4,150 3,932 1,387 277 2,876 6,462 

Taxa richness 

Reference 5x5 27 27 3 0.6 24 31 

Exposure 5x5 24 23 2 0.5 22 27 

Simpson's diversity 

Reference 5x5 0.76 0.84 0.16 0.03 0.47 0.86 

Exposure 5x5 0.76 0.74 0.07 0.01 0.67 0.87 

Evenness 

Reference 5x5 0.19 0.20 0.09 0.02 0.06 0.29 

Exposure 5x5 0.19 0.18 0.06 0.01 0.12 0.28 

Bray-Curtis 

Reference 5x5 0.41 0.36 0.19 0.04 0.21 0.66 

Exposure 5x5 0.48 0.45 0.11 0.02 0.39 0.66 

Plante Creek 

Mean density (# organisms/m2) 

Reference 5x5 7,294 5,252 6,032 1,206 2,762 17,560 

Exposure 5x5 2,985 1,524 2,749 550 1,324 7,762 

Taxa richness 

Reference 5x5 29 30 2 0.5 26 31 

Exposure 5x5 25 25 2 0.5 21 28 

Simpson's diversity 

Reference 5x5 0.78 0.76 0.04 0.01 0.75 0.83 

Exposure 5x5 0.83 0.84 0.05 0.01 0.80 0.91 
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Table 3.5-8 Summary statistics for benthic invertebrate communities in Apetowun Creek and 
Plante Creek, fall 2014 

Variable/Area n Mean Median SD SE Min Max 

Evenness 

Reference 5x5 0.17 0.15 0.03 0.01 0.14 0.21 

Exposure 5x5 0.26 0.24 0.07 0.01 0.20 0.38 

Bray-Curtis 

Reference 5x5 0.36 0.31 0.21 0.04 0.14 0.70 

Exposure 5x5 0.42 0.45 0.13 0.03 0.20 0.52 

 

 

Figure 3.5-8 Mean densities of benthic invertebrate communities in Apetowun Creek and Plante 
Creek, fall 2014. 
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Figure 3.5-9 Taxonomic richness of benthic invertebrate communities in Apetowun Creek and 
Plante Creek, fall 2014. 

 
Figure 3.5-10 Simpsons index of diversity of benthic communities in Apetowun Creek and Plante 

Creek, fall 2014. 
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Figure 3.5-11 Evenness index for benthic invertebrate communities in Apetowun Creek and Plante 

Creek, fall 2014. 

 
Figure 3.5-12 Bray-Curtis index for benthic invertebrate communities in Apetowun Creek and 

Plante Creek, fall 2014. 
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Table 3.5-9 Results of t-tests for benthic invertebrate community metrics comparing the 
affected area to the reference area in Apetowun Creek and Plante Creek, fall 2014. 

Dependent Variable TTEST (p-value) Significant difference 
(α = 0.10) 

Direction 

Density 

APC vs APC-US 0.29 no - 

PLC vs PLC-US 0.21 no - 

Richness 

APC vs APC-US 0.09 yes Reference>Exposure 

PLC vs PLC-US 0.04 yes Reference>Exposure 

Simpson’s Diversity 

APC vs APC-US 0.94 no - 

PLC vs PLC-US 0.09 yes Exposure>Reference 

Evenness 

APC vs APC-US 0.97 no - 

PLC vs PLC-US 0.04 yes Exposure>Reference 

Bray-Curtis 

APC vs APC-US 0.44 no - 

PLC vs PLC-US 0.62 no - 

3.5.4.1.2.2 Community Composition 

Similar to spring, dominant benthic invertebrate taxa and their proportions were similar between APC 
and PLC sampling areas in fall, with the exception of the upper reference area (Table 3.5-6).  Baetids, 
Heptageniids (flathead mayflies) nemourids (brown stoneflies) and chironomids (midges) continued to 
be the dominant taxa in all areas, with seed shrimp dominant in the upper reference area and 
Leptophlebiids (prong-gilled mayflies) dominant in the lower reference area.  Mayflies, stoneflies and 
midges comprised 65% of total abundance in the upper reference area (22% were seed shrimp), 89% in 
the upper exposure area, 87% in the lower reference area and 89% in the lower exposure area.  Other 
taxa that comprised moderate proportions in each area included: Capniids (winter stoneflies), Elmids 
(riffle beetle) and water mites (Trombidiformes) and were generally present in similar proportion in 
each area. 
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Members of the EPT indicator group were present in all sampling areas (Table 3.5-7), in more even 
proportions within each area than in spring.  In addition, %-EPT increased in Apetowun Creek areas 
and the Plante Creek exposure area relative to spring, while it decreased in the Plante Creek reference 
area.  In Apetowun Creek, %-EPT remained higher in the exposure area (65%) than the reference area 
(50%), and generally similar in both Plante Creek areas (65% reference and 64% exposure). 

3.5.4.1.3 Comparisons with Historical Data 

To identify potential changes in creek benthic invertebrate communities related to the release incident, 
fall 2014 data were compared against pre-incident benthic community data collected in fall 2010 as part 
of the Mine’s environmental monitoring program (Table 3.5-1).  However, it should be noted that the 
release incident caused significant alteration to portions of upper Apetowun Creek, from 
predominantly depositional to predominantly erosional substrates.  This required changes in sampling 
methods in 2014, and some adjustment of sampling locations in the exposure area relative to pre-
incident locations.  Given these differences, comparisons below are limited to general comparisons of 
benthic metrics, with no statistical comparisons conducted. 

3.5.4.1.3.1 Apetowun Creek 

Relative to pre-incident (2010) data, mean densities in 2014 were slightly lower in the Apetowun 
exposure area and higher in the reference area compared to pre-incident results.  For taxa richness, 
more taxa were observed in the exposure and reference areas in 2014 than in 2010.  Given different 
benthic habitats were sampled in 2014 (i.e., erosional using a Hess cylinder) than in 2010 (depositional, 
using an Ekman dredge), these differences were likely strongly affected by differences in habitat 
characteristics and/or methodologies between 2010 and 2014. 

The proportion of EPT was significantly higher in fall 2014 in exposure areas than in pre-incident 
results for the same areas; however, this result is to be expected given EPT taxa are generally more 
adapted to live in erosional habitats than the depositional habitats common in upper Apetowun Creek 
prior to the release incident. 

3.5.4.1.3.2 Plante Creek 

Areas and habitats sampled in Plante Creek in 2014 were comparable with those sampled in 2010.  
However, community metrics varied in both the exposure and reference areas, with 2014 mean 
densities, richness and diversity within the range of values observed in 2010 and evenness higher 
(0.19 vs. 0.09).  In the reference area, 2014 mean densities were higher (6,170 vs. 4,196) than those 
observed in 2010 while taxa richness, diversity and evenness were within the range of values observed 
in 2010. 
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In lower Plante Creek, observed %-EPT was lower in the exposure area in 2014 than in 2010 (i.e., 64% 
vs. 70%), while this proportion was higher in the reference area in 2014 (65%) than in 2010 (26%).  Given 
these confounding results, it is difficult to say whether these differences in Plante Creek were the result 
of effects of the incident or natural variability. 

3.5.4.2 Upper Athabasca River 

3.5.4.2.1 Spring 2014 

3.5.4.2.1.1 Community Metrics 

In spring 2014 mean densities of benthic invertebrates in the upper Athabasca River were highly 
variable within and among areas (Figure 3.5-13).  Mean invertebrate density in the near-field area was 
almost identical (<1% difference) to that in the reference area, while mean densities in the far-field area 
were approximately half of the value of the reference and near-field areas (Table 3.5-9).  However, 
given the large variability in mean densities among areas, densities were not statistically and 
biologically significant, according to EEM standards (Table 3.5-11, Figure 3.5-13). 

Mean taxa richness increased with distance downstream, from 17 families in the reference area to 19 in 
the near-field area to 21 in the far-field area (Table 3.5-9).  Taxa richness was not statistically significant 
among areas (Table 3.5-11) and was within 2 SD of the reference area mean at all near and far-field 
stations (Figure 3.5-14). 

Diversity and evenness generally increased with distance downstream (Figure 3.5-15, Figure 3.5-16), 
with the highest values in the far-field area, where numbers of taxa were highest and mean density was 
lowest.  These results indicate greater dispersion of individuals among the taxa present with distance 
downstream.  Diversity was statistically significant among all areas (Table 3.5-10); however, was within 
2 SD of the reference mean at all near-field stations except ATR-NF4 and was greater than 2 SD of the 
reference mean at all far-field stations.  Mean evenness was not statistically significantly for the near-
field area but was significant for the far-field area (Table 3.5-11).  Mean evenness was higher than 2 SD 
of the reference area mean at all near and far-field stations except ATR-NF1 and ATR-NF2. 

Bray-Curtis values were relatively consistent within the reference area, except at ATR-REF5, and 
generally increased with distance downstream of Plante Creek (i.e., benthic communities became less 
similar to those in the reference area, downstream of Plante Creek; Figure 3.5-17).  The high Bray-Curtis 
value at ATR-REF5 is likely attributed to fewer taxa and decreased density relative to other reference 
area stations (Figure 3.5-13, Figure 3.5-14).  Mean Bray-Curtis values were not statistically significant 
for the near-field area but were significant for the far-field (Table 3.5-11); however, mean Bray-Curtis 
was within 2 SD of the reference area men at all stations. 
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Table 3.5-10 Summary statistics for benthic invertebrate communities in the upper Athabasca 
River, spring 2014. 

Variable/Area n Mean Median SD SE Min Max 

Mean density (# organisms/m2) 

Reference 5x3 10,011 10,757 6,619 441 1,130 17,997 

Near-field 5x3 10,096 11,063 4,250 283 5,290 15,030 

Far-field 5x3 5,420 4,563 2,418 161 2,760 8,363 

Taxa richness 

Reference 5x3 26* 15 4 0.2 11 19 

Near-field 5x3 25* 16 3 0.2 16 22 

Far-field 5x3 25* 19 2 0.2 17 22 

Simpson's diversity 

Reference 5x3 0.33 0.35 0.13 0.009 0.17 0.52 

Near-field 5x3 0.52 0.55 0.09 0.006 0.38 0.62 

Far-field 5x3 0.76 0.80 0.05 0.004 0.70 0.81 

Evenness 

Reference 5x3 0.10 0.10 0.11 0.01 0.001 0.09 

Near-field 5x3 0.13 0.13 0.14 0.03 0.002 0.09 

Far-field 5x3 0.23 0.23 0.22 0.03 0.002 0.19 

Bray-Curtis 

Reference 5x3 0.31 0.26 0.30 0.020 0.03 0.81 

Near-field 5x3 0.25 0.23 0.14 0.010 0.07 0.40 

Far-field 5x3 0.60 0.58 0.11 0.008 0.47 0.76 
 



  
 Coal Valley Resources Inc. 
 2014 Impact Assessment Report 
 May 29, 2015 
 

Page 263 

 
Error bars represent standard deviation between three replicates 
Dashed line represents ±2 SD of reference mean (ATR-REF) 

Figure 3.5-13 Mean densities of benthic invertebrate communities in the upper Athabasca River, 
spring 2014 

 
Dashed line represents ±2 SD of reference mean (ATR-REF) 

Figure 3.5-14 Taxonomic richness of benthic invertebrate communities in the upper Athabasca 
River, spring 2014. 
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Dashed line represents ±2 SD of reference mean (ATR-REF) 

Figure 3.5-15 Simpsons index of diversity of benthic communities in the upper Athabasca River, 
spring 2014. 

 

 
Dashed line represents ±2 SD of reference mean (ATR-REF) 

Figure 3.5-16 Evenness index for benthic invertebrate communities in the upper Athabasca River, 
spring 2014. 
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Figure 3.5-17 Bray-Curtis index for benthic invertebrate communities in the Upper Athabasca 

River, spring 2014. 

Table 3.5-11 Results of ANOVA for benthic invertebrate community metrics comparing the 
reference area to the near and far-field areas, spring 2014. 

Dependent Variable ANOVA (p-value) Significant difference 
(α = 0.10) 

Direction 

Density 

Near vs. Reference 1.00 No - 

Far vs. Reference 0.31 No - 

Near vs. Far 0.30 No - 

Richness 

Near vs. Reference 0.84 No - 

Far vs. Reference 0.21 No - 

Near vs. Far 0.45 No - 

Simpson’s Diversity 

Near vs. Reference 0.003 Yes Near>Reference 

Far vs. Reference <0.001 Yes Far>Reference 

Near vs. Far 0.02 Yes Far>Near 
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Table 3.5-11 Results of ANOVA for benthic invertebrate community metrics comparing the 
reference area to the near and far-field areas, spring 2014. 

Dependent Variable ANOVA (p-value) Significant difference 
(α = 0.10) 

Direction 

Evenness 

Near vs. Reference 0.16 No - 

Far vs. Reference <0.001 Yes Far>Reference 

Near vs. Far 0.005 Yes Far>Near 

Bray-Curtis 

Near vs. Reference 0.90 No - 

Far vs. Reference 0.10 Yes - 

Near vs. Far 0.05 Yes - 

3.5.4.2.1.2 Community Composition 

Dominant benthic invertebrate taxa in the upper Athabasca River were similar between sampling areas 
but were present in differing proportions (Table 3.5-11).  In spring 2014, chironomid larvae dominated 
all areas and became less prevalent with distance downstream, while mayflies (ephemerellids, baetids 
and heptageniids) exhibited an opposite trend.  The generally higher densities in the reference and 
near-field areas relative to the far-field area were largely accounted for by chironomids.  Combined, 
chironomids and mayflies comprised 93% of the total abundance in the reference area, 95% in the near-
field area and 87% in the far-field area.  In the far-field area, other taxa that comprised moderate 
proportions of the total abundance included: stoneflies (4.6%) and oligochaetes (worms; 3.9%).  
Remaining taxa comprised <2 % of the total abundance in each area. 

Members of the EPT indicator group were present in all sampling areas although in variable 
proportions within each area (Table 3.5-11).  Percent-EPT increased (as well the percent of each major 
taxon) with distance downstream from 18% in the reference area, 31% in the near-field, to 55% in the 
far-field, indicating a general improvement in habitat suitability for these sensitive taxa with 
downstream distance. 
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Table 3.5-12 Proportion of mean density (%) of abundant taxa in the reference, near-field and 
far-field areas of the upper Athabasca River, spring and fall 2014. 

Taxon Spring Fall 

Reference Near-field Far-field Reference Near-field Far-field 

Ephemeroptera 

Ameletidae 0.08 0.13 0.32 0.41 0.04 0.10 

Baetidae 3.08 7.19 11.01 1.61 1.58 1.17 

Ephemerellidae 8.69 15.66 15.63 8.99 28.40 21.87 

Heptageniidae 3.45 5.05 20.49 1.19 0.96 2.00 

Siphlonuridae 0.11 0.01 0.11 0.00 0.00 0.00 

Leptophlebiidae 0.00 0.06 0.00 0.00 0.00 0.02 

Plecoptera 0.00 0.03 0.04 0.06 0.12 0.02 

Capniidae 0.03 0.05 0.14 39.82 31.40 20.71 

Chloroperlidae 0.28 1.09 1.34 0.79 0.49 2.57 

Nemouridae 0.01 0.15 0.14 0.04 0.07 0.20 

Perlidae 0.12 0.09 0.22 0.00 0.01 0.02 

Perlodidae 0.41 0.28 2.44 0.28 0.40 0.97 

Pteronarcyidae 0.01 0.01 0.17 0.00 0.01 0.05 

Taeniopterygidae 0.00 0.01 0.11 0.00 0.00 0.00 

Trichoptera 0.01 0.00 0.00 0.06 0.00 0.00 

Brachycentridae 0.01 0.00 0.04 0.10 0.01 0.01 

Glossosomatidae 0.27 0.32 0.17 0.10 0.34 0.05 

Hydropsychidae 1.65 0.76 2.42 0.08 0.47 0.18 

Hydroptilidae 0.00 0.00 0.10 0.00 0.00 0.00 

Lepidostomatidae 0.00 0.01 0.00 0.02 0.00 0.01 

Coleoptera 

Elmidae 0.00 0.05 0.00 0.06 0.00 0.00 

Hemiptera 

Corixdae 0.00 0.00 0.01 0.00 0.00 0.00 
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Table 3.5-12 Proportion of mean density (%) of abundant taxa in the reference, near-field and 
far-field areas of the upper Athabasca River, spring and fall 2014. 

Taxon Spring Fall 

Reference Near-field Far-field Reference Near-field Far-field 

Diptera 

Athericidae 0.09 0.04 0.14 0.02 0.01 0.01 

Chironomidae 76.88 66.13 37.90 44.07 33.88 47.24 

Empididae 0.42 0.30 0.70 0.12 0.18 0.19 

Tipulidae 0.15 0.33 0.30 0.08 0.03 0.13 

Acari-
Hydrachnidia 

1.46 0.41 2.25 0.90 0.31 0.91 

Veneroida 

Pisidiidae 0.05 0.00 0.00 0.00 0.00 0.00 

Oligochaeta 

Enchytraeidae 1.51 0.70 2.21 0.59 0.98 0.75 

Naididae 1.17 1.10 1.33 0.48 0.30 0.75 

Tubificinae 0.03 0.05 0.28 0.00 0.00 0.00 

Lumbriculidae 0.01 0.00 0.00 0.00 0.00 0.00 

Ostracoda 0.02 0.00 0.00 0.09 0.00 0.11 

3.5.4.2.2 Fall 2014 

3.5.4.2.2.1 Community Metrics 

In fall 2014, benthic communities in reference, near-field and far-field areas of the upper Athabasca 
River exhibited similar taxa richness, diversity and evenness, but densities and Bray-Curtis were more 
variable among and within areas (Table 3.5-13).  Mean density in the reference area was somewhat 
lower than in spring, similar in the near-field area, and higher in the far-field area.  Similar to spring, 
benthic communities increased in dissimilarity with distance downstream.  

Mean values of all metrics except Bray-Curtis, were not statistically different among areas (Table 
3.5-13) and were within 2 SD of the reference mean (i.e., were biologically similar; Figure 3.5-18, 
Figure 3.5-19, Figure 3.5-20, Figure 3.5-21).  Mean Bray-Curtis values in the near and far-field areas 
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were statistically significant with values at stations ATR-NF2, ATR-NF3, ATR-FF2 and ATR-FF4 
greater than 2 SD of the reference area mean (Figure 3.5-22). 

Table 3.5-13 Summary statistics for benthic invertebrate communities in the upper Athabasca 
River, fall 2014. 

Variable/Area n Mean Median SD SE Min Max 

Mean density (# organisms/m2) 

Reference 5x3 7,203 5,383 3,457 230 4,573 12,927 

Near-field 5x3 11,665 12,597 6,664 444 3,743 18,047 

Far-field 5x3 11,704 7,020 8,499 567 4,880 24,747 

Taxa richness 

Reference 5x3 24* 15 2 0.2 11 17 

Near-field 5x3 21* 15 3 0.2 11 18 

Far-field 5x3 24* 13 2 0.2 12 18 

Simpson's diversity 

Reference 5x3 0.62 0.60 0.06 0.004 0.56 0.71 

Near-field 5x3 0.64 0.70 0.17 0.011 0.34 0.78 

Far-field 5x3 0.63 0.66 0.16 0.011 0.39 0.81 

Evenness 

Reference 5x3 0.19 0.19 0.05 0.003 0.13 0.27 

Near-field 5x3 0.21 0.22 0.05 0.003 0.14 0.26 

Far-field 5x3 0.22 0.22 0.06 0.004 0.13 0.29 

Bray-Curtis 

Reference 5x3 0.23 0.16 0.12 0.008 0.12 0.39 

Near-field 5x3 0.40 0.36 0.11 0.007 0.26 0.51 

Far-field 5x3 0.48 0.44 0.13 0.009 0.34 0.62 

* Total number of taxa present in area 
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Figure 3.5-18 Mean densities of benthic invertebrate communities in the upper Athabasca River, 

fall 2014. 

 
Figure 3.5-19 Taxonomic richness of benthic invertebrate communities in the upper Athabasca 

River, fall 2014. 
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Figure 3.5-20 Simpsons index of diversity of benthic communities in the upper Athabasca River, 
fall 2014. 

 

 

Figure 3.5-21 Evenness index for benthic invertebrate communities in the upper Athabasca River, 
fall 2014. 
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Figure 3.5-22 Bray-Curtis index for benthic invertebrate communities in the upper Athabasca River, 
fall 2014. 

Table 3.5-14 Results of t-tests for benthic invertebrate community metrics comparing the 
reference area to the near and far-field areas, fall 2014. 

Dependent Variable ANOVA (p-value) Significant difference 
(α = 0.10) 

Direction 

Density 

Near vs. Reference 0.66 No - 

Far vs. Reference 0.62 No - 

Near vs. Far 1.00 No - 

Richness 

Near vs. Reference 1.0 No - 

Far vs. Reference 1.0 No - 

Near vs. Far 0.98 No - 

Simpson’s Diversity 

Near vs. Reference 0.71 No - 

Far vs. Reference 0.82 No - 
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Table 3.5-14 Results of t-tests for benthic invertebrate community metrics comparing the 
reference area to the near and far-field areas, fall 2014. 

Dependent Variable ANOVA (p-value) Significant difference 
(α = 0.10) 

Direction 

Near vs. Far 0.98 No - 

Evenness 

Near vs. Reference 0.79 No - 

Far vs. Reference 0.77 No - 

Near vs. Far 1.0 No - 

Bray-Curtis 

Near vs. Reference 0.06 Yes N/A 

Far vs. Reference 0.01 Yes N/A 

Near vs. Far 0.69 No - 

3.5.4.2.2.2 Community Composition 

Similar to spring, the same invertebrate taxa were dominant among all sampling areas in fall, although 
generally the prevalence of chironomids was reduced and the prevalence of stoneflies was much 
higher.  However, unlike the spring, the dominant taxa were present in relatively similar proportions 
among areas (Figure 3.5-14).  In the fall, ephemerellids (spiny-crawler mayflies), capniids (winter 
stoneflies) and chironomids were the dominant taxa in all areas; combined these taxa comprised at 
least 95% of total abundance in all areas (Table 3.5-12). 

Members of the EPT indicator group were present in all sampling areas; however, were present in 
varying proportions within each area (Table 3.5-12).  Similar to spring, %-EPT in fall increased between 
the reference and near-field areas but decreased in the far-field area. The proportion of EPT taxa 
increased in the reference and near-field areas in fall relative to spring: from 14% to 53% in the 
reference area; and from 31% to 64% in the near-field area but decreased from 54% to 49% in the far-
field area.  Differences were partly due to the increase in stoneflies (Plecoptera) in all areas and a 
decrease in mayflies in the far-field area, which may relate to the timing of their life-cycle rather than 
any environmental perturbation in these areas. 

3.5.4.2.3 Comparisons with Historical EEM Data 

These 2014 fall data were compared with pre-incident (2003) benthic data collected from the upper 
Athabasca River as part of the EEM Cycle Three surveys for the Weldwood pulpmill in Hinton, AB. 
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(Golder 2004).  As described in Section 3.3.1.2, the Cycle Three benthic study areas were located within 
the same river reaches where 2014 surveys were conducted, with the 2003 reference and near-field 
areas located upstream of Plante Creek and far-field and far-far-field areas located downstream.  Given 
only summary data were available for these historical surveys that reported values for density, taxa 
richness, evenness and percent EPT, comparison to historical data are limited to these four benthic 
metrics.  Results of these comparisons are presented in Figure 3.5-23 through Figure 3.5-26. 

In 2014, mean densities in all Athabasca River sampling areas were within the range of values observed 
in same the stretch of river sampled in 2003 and within 2 SD of 2003 data from upstream stations 
WWRef and WWNear (Figure 3.5-23).  Benthic densities downstream of this river reach have been 
documented to increase significantly largely due to an enrichment effected caused by the increase in 
available nutrients discharged by the Alberta Newsprint and Miller Western pulpmills and the 
Whitecourt STP (Stantec-Golder 2000, Stantec 2004). 

Taxa richness, evenness and %-EPT for 2014 were within the range of values observed in 2003 in areas 
upstream and downstream of the Plante Creek confluence (Figure 3.5-24, Figure 3.5-25, and Figure 
3.5-26).  Taxa richness and evenness varied little among areas; however, %-EPT was higher in the areas 
downstream of Plante Creek, relative to the same areas sampled in 2003 (Figure 3.5-26). 

Taken together, these results indicate that the benthic community in the upper Athabasca River 
(upstream of effluent inputs near Whitecourt) in all areas sampled in 2014 was similar to that measured 
in 2003, suggesting stable invertebrate communities dominated by relatively few taxa.  Although 
historical results suggested a mild enrichment downstream of the Weldwood pulpmill (as indicated by 
the increase in density), such a trend was not clear in the 2014 data.  The higher %-EPT observed in 
2014 relative to 2003 may suggest that benthic habitat quality has increased over time. 
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Error bars represent standard deviation among replicates 
Grey shading represents ±2 SD of the Cycle Three reference data 

Figure 3.5-23  Mean fall 2014 and historical densities of benthic invertebrates in the upper 
Athabasca River. 

 

 
Figure 3.5-24 Mean fall 2014 and historical taxa richness of benthic invertebrates in the upper 

Athabasca River. 
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Figure 3.5-25 Mean fall 2014 and historical evenness index values of benthic invertebrates in the 
upper Athabasca River. 

 
Figure 3.5-26 Mean fall 2014 and historical percent EPT of benthic invertebrate communities in 

upper Athabasca River. 
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3.5.5 Assessment of Effects 

3.5.5.1 Apetowun Creek and Plante Creek 

In spring 2014, benthic communities in the Apetowun Creek and lower Plante Creek exposure areas 
were highly variable among stations and were significantly different from those in their respective 
reference areas, with benthic metrics at many exposure stations also biologically significant (i.e., > ± 2SD 
of the reference mean).  In addition, the magnitude of the difference was more pronounced in the 
upper Apetowun Creek areas relative to the less-impacted, lower Plante Creek areas.  Exposure areas 
were characterized by decreased densities and fewer taxa, with communities in the Apetowun Creek 
exposure area disproportionally distributed. 

These results were not surprising given that the release incident scoured much of the stream channel in 
the highly impacted Apetowun Creek exposure area, likely significantly disrupting or removing 
benthic invertebrates in the process.  However, as previously described, the release incident also had a 
“flushing-effect” in upper Apetowun Creek removing much of the fines and depositional habitat that 
had built-up over time as result of significant beaver activity.  Post-incident substrate surveys 
(Section 3.3) found that upper APC is now classified as erosional habitat dominated by cobbles, gravels 
and coarse sand.  For benthic communities, this flushing-effect resulted in a significant increase in the 
proportion of the indicator taxa EPT in the Apetowun Creek exposure area, relative to pre-incident 
conditions.  EPT are considered pollutant-sensitive taxa that prefer coarser substrates with sufficient 
flow, and an increase in their relative proportion suggests a general improvement in habitat quality 
(Merritt and Cummins 2008, Walsh and Wepener 2009). 

In the fall, although benthic communities in the exposure areas remained dissimilar to those in their 
respective reference areas (for a number of benthic metrics), there was a general improvement in all 
benthic metrics at all stations, relative to spring.  In addition, there was a decrease in variability among 
stations in the fall, with benthic metrics at nearly all stations within 2 SD of their respective reference 
mean (i.e., were biologically similar by EEM standards).  Percent-EPT also remained high in all areas 
suggesting an abundance of suitable habitat for these sensitive taxa.  These results suggest an overall 
improvement in the benthic community over time with communities in the exposure areas more 
closely resembling those in their respective reference area.  Similar results were also observed in 
periphyton communities (Section 3.4) which saw a general improvement between spring and fall; 
although, biomass in exposure areas remained depressed, relative to reference areas. 

Taken together, results of the 2014 benthic surveys suggest benthic communities in the exposure areas 
of Apetowun Creek and Plante Creek were adversely affected by the release incident but generally 
improved over time.  In addition, the scouring effects of the release resulted in an improvement in 
benthic habitat quality and a resulting increase in sensitive taxa. 
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3.5.5.2 Upper Athabasca River 

As described in Section 2.3, most of the release material dropped from suspension upon entering the 
Athabasca River and became deposited along the river bottom between Plante Creek and ~18 km 
downstream, covering some naturally erosional substrates and benthic communities that inhabit them.  
Post-freshet sediment surveys conducted in September 2014 found that nearly all of the deposited 
material had been re-suspended during the freshet and was likely carried down river to natural 
depositional areas (i.e., downstream of Fort McMurray and Lake Athabasca).  Given that the release 
incident occurred on October 31, 2013 and the peak of the 2014 spring freshet was reached in July 2014 
(Section 2.2), it was estimated that benthic communities were exposed to release material for period 
between 8 and 10 months. 

In spring 2014 (i.e., late April, six months post-release), benthic invertebrate surveys conducted in the 
upper Athabasca River found that, with the exception of density, all community metrics generally 
increased with distance downstream.  Density was highly variable and generally increased in the 
reference area and decreased in the exposure area, with distance downstream.  Potential effects of the 
release incident were expected to be expressed as decreased density and/or taxa richness, or changes in 
community composition and distribution in the near-field stations, relative to reference and far-field 
stations.  However, given that this did not occur suggests that the incident did not have an adverse 
effect on benthic community metrics in the upper Athabasca River in the first six months after the 
release.  In addition, the increase in %-EPT with distance downstream suggests an overall 
improvement in habitat suitability for these sensitive taxa. 

In the fall (i.e., post-freshet and re-suspension of release material) benthic invertebrate surveys found 
that community metrics were generally consistent with distance downstream, with the exception of 
density.  Density was highly variable among stations and replicates in the near and far-field areas but 
was relatively consistent in the reference area.  Of particular note are the results for ATR-NF1 (closest 
exposure station to Plante Creek).  In the fall, density, richness and Simpson’s index of diversity were 
lowest at this station relative others, and were also notably lower relative to spring.  These results 
suggest that benthic communities at this station may have been adversely affected by the incident.  This 
is further highlighted in the %-EPT index which was also notably lower at ATR-NF1 relative to other 
stations and relative to spring.  However, an increase in %-EPT at the remaining near-field stations in 
the fall suggests the extent of this adverse effect was restricted to the area immediately downstream of 
Plante Creek; the 2015 benthic surveys are expected to provide further insight into this. 

Taken together, results of the 2014 upper Athabasca River benthic surveys suggest that benthic 
communities in the area immediately downstream of Plante Creek were likely adversely affected by the 
incident, with communities further downstream similar to those in the upstream reference area.  In 
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addition, benthic communities within all areas were similar to those observed in 2003 with the increase 
in %-EPT suggesting a general improvement in benthic habitat quality over time. 

3.6 Fish 

Fish populations were monitored because they are key components of the aquatic ecosystem and 
important ecological indicators that integrate natural and anthropogenic influences.  Fish are also an 
important subsistence and recreational resource used by many people in the Obed study area and 
further downstream.  Given the extent and magnitude of the potential effects of the release incident on 
fish, there are expectations from regulators, Aboriginal groups, and the general public with respect to 
comprehensive monitoring of fish populations in the Obed study area, including the upper Athabasca 
River. 

The overall objective of the fish monitoring programs is to identify and assess any short-term or long-
term effects of the release material on fish populations and communities in Apetowun Creek, Plante 
Creek and the upper Athabasca River. 

Data and knowledge gained through these surveys were used to assist in meeting the EPO objective of 
“restoring the aquatic…communities to an equivalent condition as existed prior to the release.”  

Although described in greater detail in Section 2.3 and throughout the following sections, the scope of 
the fish monitoring surveys focused on assessing potential effects on fish specific to key impact 
pathways associated with the physical and chemical attributes of the release incident, from both a 
spatial and temporal context. 

To meet this overall objective a number of fish monitoring programs were designed and implemented 
in 2014.  The main elements of the fish surveys were: 

• fish community surveys on the upper Athabasca River – monitor and assess temporal and 
spatial changes in species presence, relative abundance and population variables in the spring, 
summer, and fall.  In addition to their scientific value, the fish inventories provide useful 
information to local stakeholders on species diversity, the relative strength of age classes, and 
the incidence of fish abnormalities; 

• fish community surveys on Apetowun Creek and Plante Creek – focuses on characterizing the 
fish communities on the basis of total abundance, taxonomic richness, diversity, and an 
assemblage tolerance index, in areas affected by the release incident and in reference creeks; 

• sentinel fish species monitoring in the upper Athabasca River – monitoring potential effects of 
the release incident on spoonhead sculpin (SPSC), a species that has limited movement relative 
to the extent of release-related impacts.  The underlying premise of the approach is that the 
health of the selected sentinel species reflects the overall condition of the aquatic environment 
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in which that species resides.  The approach has also been included as part of the federal 
government’s EEM programs under the pulp and paper (Environment Canada 2010) and metal 
mining (Environment Canada 2012) effluent regulations; 

• fish tissue sampling for organic and inorganic chemicals – quantify and monitor chemical levels 
in relation to the suitability of the fish resource for human consumption and to identify 
potential risk related to fish health.  Muscle, liver and select gonad tissues were collected from 
mountain whitefish (MNWH), longnose sucker (LNSC) and SPSC from the upper Athabasca 
River.  Tissues were analyzed for metals, including mercury, and specific PAHs. 

Rationale for each survey are presented below with additional details presented in Section 2.3 and in 
the Fish Monitoring Plan (CVRI 2014).  

3.6.1 Study Area Definition 

As per the FMP the creeks to be monitored include Apetowun Creek, lower Plante Creek, Baseline 
Creek, Canyon Creek and Oldman Creek.  These creeks were selected because of known effects of the 
release (Apetowun and lower Plante Creek) and/or because existing fish-resources data exist for these 
creeks.  The fish resource data includes baseline data that were collected to support applications for the 
development of Obed Mine (Hawryluk 1977, Zallen 1981) and operational monitoring data collected as 
part of the Mine’s environmental-monitoring permit requirements (Pisces 2000, 2003, 2005, 2008, 2009, 
2010). 

The Athabasca River portion of the study area for fish monitoring focuses on the upper Athabasca 
River, extending approximately 3 km northeast (downstream) of Hinton, AB near the mouth of Brule 
Lake to Whitecourt (Figure 3.6-1).  This upstream extent of the Athabasca River study area was selected 
to incorporate as many of the existing environmental studies done in the region as possible (e.g., pulp 
and paper EEM programs for pulpmills in Hinton) while the downstream extent was selected to reduce 
larger potential confounding influences to the system (e.g., McLeod River and pulp mill discharges near 
Whitecourt). 

The downstream extent of the upper Athabasca study area was also selected based on results of pre-
freshet reconnaissance sampling of sediment and water quality as part of the LTSMP, which found that 
the largest accumulations of material from the incident (i.e., direct physical effects) in the Athabasca 
River were confined to an area between Plante Creek and approximately 3 km downstream of the 
Sundance Creek bridge. 

Additional studies (Gibbons et al. 1999, and Stantec-Golder 2000) also reported significant changes in 
habitat type and fish distribution downstream of Whitecourt, which could limit the ability to compare 
results among sampling reaches located further downstream. 
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3.6.2 Fish Resources in the Study Area 

Twelve fish species are known to reside within the Fish Monitoring Study Area including rainbow 
trout (RNTR), two species of char (i.e., bull trout and introduced Eastern brook trout), burbot, longnose 
dace, pearl dace, LNSC, white sucker, MNWH, Arctic grayling, northern pike and SPSC.  Pygmy 
whitefish also have been reported once within the study area near Whitecourt, but those specimens 
were considered vagrant individuals that did not represent a resident population (Sullivan 2011). 

Table 3.6-1 presents the list of species known to occur within the study area as well as key life-history 
and monitoring characteristics.  An overview of the general biology, habitat preferences and federal 
and provincial status of each species is presented in the FMP.  

Table 3.6-1 Summary of known occurrences and key life-history characteristics of fish 
species in the Obed study area. 

Fish species 

Relative abundance  
in study areas 1 
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Salmonidae 

Rainbow trout  
(Oncorhynchus mykiss) 

U A C - A Y3 Y Y Y - Y3 Y 

Brook trout  
(Salvelinus fontinalis) 

(P) (P) A C - Y3 Y Y - Y - Y 

Bull trout  
(Salvelinus confluentus) 

C (P) U - U Y3 Y Y - Y - Y 

Mountain whitefish  
(Prosopium williamsoni) 

A U U - U Y - Y - Y - Y 

Pygmy whitefish  
(Prosopium coulteri) 

(P) - - - - Y - Y - Y - - 

Arctic grayling  
(Thymallus arcticus) 

U - - - - Y - Y Y - Y Y 

Gadidae 

Burbot  
(Lota lota) 

U A U - C Y  Y Y - - Y 
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Table 3.6-1 Summary of known occurrences and key life-history characteristics of fish 
species in the Obed study area. 

Fish species 

Relative abundance  
in study areas 1 

Generalized life-history  
characteristics 2 
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Cyprinidae 

Longnose dace  
(Rhinichthys cataractae) 

C - - - - Y  - Y - - - 

Pearl dace  
(Margariscus margarita) 

C - - - - Y - - Y - - - 

Catostomidae 

Longnose sucker  
(Catostomus catostomus) 

A - - - - Y - Y Y - - - 

White sucker  
(Catostomus catostomus) 

U - - - - Y - Y Y - - - 

Esocidae 

Northern pike  
(Esox lucius) 

U - - - - N Y Y Y - Y Y 

Cottidae 

Spoonhead sculpin  
(Cottus ricei) 

A - - - U Y - - Y - Y - 

1 Qualitative assessment based on fish presence/abundance in historical studies undertaken in these waterbodies:  

A = abundance; C = common; U = uncommon; (P) = unrecorded but expected to be present. 
2 Refer to the FMP for details and references. 
3 True for juveniles 
4 Note that a non-retention requirement applies to all species sport-fished in the upper Athabasca River. 
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3.6.3 Fish Community Survey of Creeks 

3.6.3.1 Pre-Incident Conditions 

Considerable background (pre-incident) fish resources data exist for creeks in the Obed Mine 
area.  These data were collected to support applications for the development of the Mine 
(Hawryluk 1977, Zallen 1981) and as part of the Mine’s environmental monitoring program 
(Pisces 2000, 2003, 2005, 2008, 2009, 2010).  The following section summarize the pre-incident 
conditions for fish habitat and fish communities in Apetowun Creek and lower Plante Creek.  
Where available, raw data were used to assess trends in fish communities overtime. 

3.6.3.1.1 Fish Habitat 

Zallen (1981) described fish habitat characteristics in the upper quarter, the middle half and the 
lower quarter of the Apetowun Creek and Plante Creek drainage, as follows: 

• the upper quarter of the drainage was a small, silt-laden drainage that meandered 
through a largely shrub-covered riparian area with undercut and silty banks.  Several 
beaver dams that were located in the lower part of this section had created large pools 
and several side channels; 

• the higher-gradient middle half of the drainage was characterized by boulder and 
bedrock pools interspersed with riffles.  This section of the creek flowed through a 
densely treed canyon; 

• the lower quarter of the drainage was marked by the confluence of Plante Creek.  
Drainage in this area was characterized by braided channels over gravel and cobble 
substrates, bound by slumping, sand cliff banks; 

• sandy deposits were evident in the lower portion of Plante Creek; and 

• flows in Apetowun Creek (immediately upstream of the confluence with Plante Creek) 
ranged from 0.25 m3/sec to 3.5 m3/sec during periodic monitoring conducted from 1977 
to 1980.  High spring flows over 6 m3/sec were recorded in 1980 and were noted to have 
caused bank scouring as well as sediment deposition along the margins of the channel. 

3.6.3.1.2 Fish Communities 

Zallen (1981) conducted fish sampling on Apetowun Creek and Plante Creek in spring and late 
summer 1980 at seven locations within the watershed.  Electrofishing was the primary capture 
method used but gillnets, seines and fyke traps also were used when necessary.  Zallen (1981) 
reported that RNTR and SPSC were found throughout the majority of the drainage while 
burbot (Lota lota) were distributed more towards the upper portion of Apetowun Creek and 
MNWH were more prevalent in Plante Creek (Table 3.6-2). 
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Table 3.6-2 Fish capture from Apetowun Creek and Plante Creek (Zallen 1981). 

Fish Species Burbot Mountain 
Whitefish 

Rainbow 
Trout 

Spoonhead 
Sculpin 

Total Fish 
Captures 

Capture numbers 10 3 151 10 174 

Prior to the release incident, fish population monitoring was completed in streams draining the 
Mine area as part of the Mine’s environmental monitoring program.  A permanent monitoring 
section was established on Apetowun Creek in 2000 and fish-population estimates (closed 
removal method) were obtained from the monitoring section in 2000, 2003, 2006, and 2009 
(Pisces 2011a) (Table 3.6-3). 

Table 3.6-3 Summary of fish monitoring results for Apetowun Creek, 2000 to 2009. 

Year Species Population 
Estimate 

Density Estimate 
(fish/100m2) 

CPUE (first run) 
(fish/min) 

2000 Rainbow trout 17 5.1 0.22 

Burbot 4 1.2 0.075 

2003 Rainbow Trout 27 5.26 0.71 

Burbot 0 0 0 

2006 Rainbow Trout 35 6.06 0.48 

Burbot 61 10.57 0.53 

2009 Rainbow Trout 18 2.73 0.44 

Burbot 73 18.7 0.46 

In summary, these baseline studies and monitoring programs used a multi-pass removal 
method (Zippen 1958) to obtain fish-population estimates from within pre-established 
monitoring sections of a number of creeks in the Obed Mine area.  Surveyed creeks included 
Baseline Creek, Oldman Creek, Canyon Creek and Apetowun Creek.  These baseline and 
monitoring studies were the principal documents used to guide the study design of the Obed 
Mine fish community creek monitoring program. 

Fish population data from Apetowun Creek (Pisces 2006, 2009) and from Baseline and Canyon 
creeks (Pisces 2002, 2005, 2008, 2010) provided the necessary data to quantify baseline (pre-
release incident) conditions for the before-after/control-impact (BACI) study design, described 
below. 
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3.6.3.2 Study Design and Site Selection 

Summary of Obed Mine Creeks Fish Community Surveys 

Design  Before-After/Control-Impact (BACI), and time-trend 

Sampling areas Exposure: 3 areas in Apetowun and lower Plante Creeks 
Reference: 1 area each in Baseline, Canyon, Oldman Creeks  

Sample Closed, 3-pass removal  

Frequency Annually, in August 

In November 2013, a preliminary channel assessment was completed in Apetowun Creek and 
lower Plante Creek to assess the preliminary physical impacts of the release and to establish 
reach breaks for further monitoring.  Based on impacts to the channel that were apparent at the 
time of the field survey, Apetowun Creek and lower Plante Creek was divided into four 
impacted areas or “reaches”.  There was little evidence of substantial impacts to the physical 
structure of the channel in Reach 1 and Reach 2 (lower sections of the creek), which together 
comprised ~84% of the total creek length.  There was, however, evidence of significant physical 
impacts (i.e., deposited sediment, and scouring of the stream banks, channel and riparian area) 
within Reach 3 and Reach 4 (upper portion of the creek).  A summary of the results of the 
channel survey are presented in Table 3.6-4, detailed results are presented in CVRI (2014 – Final 
Impacts Report). 

Table 3.6-4 Summary of preliminary channel survey conducted in Apetowun and lower 
Plante Creek, November 2013. 

Drainage Reach Length 
(km) 

Comments 

Plante Creek Reach 1 6.75 Vegetation and channel largely intact; 
Periodic sediment deposits; and 

Small patches of vegetation scouring 

Middle 
Apetowun 
Creek 

Reach 2 17.0 Vegetation and channel largely intact; 
Periodic sediment deposits, more frequent in upper portion 

of reach; and 
Evidence of vegetation scouring. 

Reach 3 2.75 Lower portion of reach marked with log jam and 
de-vegetated floodplain (175 m at widest point); 

Streambanks impacted particularly in the upper 750 m and 
lower 500 m of the reach; 
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Table 3.6-4 Summary of preliminary channel survey conducted in Apetowun and lower 
Plante Creek, November 2013. 

Drainage Reach Length 
(km) 

Comments 

Evidence of channel infilling for a distance of ~ 200 m at the 
downstream end of the reach; and 

Sediment deposits common along riparian area within 
floodplain. 

Upper 
Apetowun 
Creek 

Reach 4 1.75 Stream channel deeply incised by the release; 
Small drainage may have been impacted near the 

downstream end of the reach; 
Multiple large vertical drops (>0.5 m height) within reach; 

and 
Very little flow in the majority of the channel. 

Three sections of Apetowun Creek and Plante Creek were selected for fish community 
monitoring (Figure 3.6-1).  A survey section was not established within the upper most section 
of Apetowun Creek given the significant amount of earth-works that were required to remove 
deposited sediment and restore the stream channel.  Where possible, section lengths exceeded 
40× the average wetted width.  Site Upper APC included the previously established monitoring 
section sampled in 2001, 2003, 2007 and 2009, which in 2009 was 316 m in length.  Creek 
morphology of this section was significantly different in 2014 compared to pre-incident 
conditions and in 2014 was 290 m in length.  Sites Mid APC and Lower PLC were established 
within Apetowun Creek and Plante Creek, respectively.  Given Mid APC and Lower PLC have 
not been previously monitored, sampling sites were established in the field. 

The monitoring section in Canyon Creek included the previously established section sampled in 
2000, 2003, 2007 and 2009, which in 2009 was 260 m in length and in 2014 was 340 m in length.  
The monitoring section in Baseline Creek and Oldman Creek also included the previously 
established section sampled in 2001, 2002, 2005, 2008 and 2010, which in 2010 were 270 m and 
265 m in length, respectively.  In 2014 these sections were 427 m and 270 m in length, 
respectively. 

Historical Mine activities and discharges to Baseline Creek, Oldman Creek and Canyon Creek, 
and the presence of exotic species, may have changed fish communities in these creeks relative 
to their pristine condition before development of Obed Mountain Mine in the 1980s.  The 
inclusion of these creeks in the study design improved the ability to interpret before-after 
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comparisons in fish communities in area creeks in the context of background inter-annual 
variability. 

Sampling of creek fish communities were conducted in late summer (August), to be consistent 
with historical fish population monitoring in these creeks (i.e., Pisces 2001 to 2011) so that 
meaningful before-after comparisons and time-trend assessments may be made.  A summary of 
the habitat characteristics of each 2014 sampling area is presented in Table 3.6-9. 

3.6.3.2.1 Key Questions and Hypotheses 

• Question #1: Does the fish community composition (i.e., relative abundance of species) 
differ significantly between areas affected by the incident (i.e., Apetowun Creek and 
lower Plante Creek) and similar, unaffected creeks (i.e., Baseline Creek, Canyon Creek 
and Oldman Creek), and is the composition stable over time?; 

• Ho1: Fish community composition is similar between sampling areas and sampling 
events in Apetowun Creek, Plante Creek and the corresponding reference creeks; 
and 

• Proposed monitoring approach: Community inventory at multiple locations in 
Apetowun Creek, Plante Creek and reference creeks; 

• Question #2: Do population characteristics of key indicator fish species (i.e., RNTR and 
burbot in Apetowun Creek) differ significantly between areas affected by the incident 
and similar, unaffected creeks, and are these characteristics stable over time?; 

• Ho2: Survival, condition, growth, and recruitment of key indicator species is similar 
between sampling areas and sampling events; and 

• Proposed monitoring approach: EEM-type non-lethal fish community monitoring 
programs in the upper Apetowun Creek, Plante Creek and reference creeks. 

3.6.3.3 Field Methods 

3.6.3.3.1 Fish sampling and processing 

Fish were collected using a Smith-Root model 20-B backpack electrofisher and standard pole 
seine and/or dip nets.  Prior to electrofishing, each monitoring section was isolated using fine 
mesh seine stop nets.  Stop nets were placed vertically across the creek at the upstream and 
downstream end of each monitoring section.  Each isolated section was electrofished from bank-
to-bank in an upstream direction by a four person crew.  Fish collected from each section were 
kept in 20-L holding buckets filled with creek water until the completion of all fishing. 

Captured fish were identified to species, measured for fork length (±1 mm) and weight (±0.1 g), 
and sex and state of maturity were recorded when discernible by external examination.  An 
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external assessment was conducted to evaluate the general health (e.g., presence of disease, 
incidence of parasites, physical abnormalities, etc.) of each fish.  The examination was conducted 
using a specific coding system (see the FMP) that focuses on the following structures: body (form 
and surface); lips and jaws; snout; barbels; anus; opercles; isthmus; fins; gills; pseudobranchs; 
thymus; eyes; and urogenital area.  This system is consistent with that undertaken for ESRD and 
Environment Canada for the Joint Oil Sands Monitoring Program in the lower Athabasca River. 

The total number of abnormalities was calculated for all species and will be compared against 
future sampling results.  An external-pathology assessment was completed by calculating the 
percentage of pathological abnormalities, including body deformities, growths, tumors, and 
parasites from the total number of fish captured for all species. 

Non-lethal sentinel-species assessment endpoints for key fish species collected from all 
sampling areas was also assessed, so that before-after comparisons could be made with 
historical and future sampling events.  RNTR and burbot in upper Apetowun Creek were a 
particular focus of this assessment.  Following direction from ESRD, no lethal sampling or 
collection of aging structures occurred on fish collected from creeks, with the exception of brook 
trout and incidental mortalities from some creeks, given concerns regarding sampling impacts 
for these fish.  Specifically, non-lethal endpoints calculated and compared among creek reaches 
focused on condition and size distribution, as described in Section 3.6.3.4. 

3.6.3.3.2 Fish Habitat Assessments 

Habitat assessments were completed at two transects at the downstream and upstream ends of 
each monitoring site.  Habitat assessment methods involved recording a range of variables 
relating to channel morphology, substrate, water quality, and stream cover similar to that 
outlined in Peck et al. (2006).  The following information was collected at each transect: 

• Habitat type (Table 3.6-5); 

• Wetted width (m); 

• Maximum depth (m); 

• Velocity (m/sec); 

• Overhead and instream cover (% of total cover) (Table 3.6-6); 

• Substrate (dominant and subdominant particle size) (Table 3.6-7); 

• Bank slope (º); 

• Bank height (m); and 

• Large and small woody debris (% of total cover). 
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In situ water quality variables including temperature, DO, and conductivity were measured 
using a Hanna hand-held probe (temperature, conductivity, pH) and a LaMotte Winkler 
titration kit (DO) at the downstream end of each monitoring site.  Additional in situ water 
quality data are available from the data sonde monitoring network. 

Table 3.6-5 Habitat type and code used for the fish population monitoring program 
(adapted from Peck et al. 2006). 

Habitat Type (code) Description 

Plunge pool (PP) Pool at base of plunging cascade or falls 

Trench pool (PT) Pool-like trench in the centre of the stream 

Lateral Scour Pool (PL) Pool scoured along a bank 

Backwater Pool (PB) Pool separated from main flow off the side of the channel (large enough to 
offer refuge to small fish).  Includes sloughs (backwater with vegetation), 
and alcoves (a deeper area off a wide and shallow main channel). 

Impoundment Pool (PD) Pool formed by impoundment above dam or constriction 

Pool (P) Pool (unspecified type) 

Run (Ru) Water moving slowly, with a smooth, unbroken surface. Low turbulence. 

Riffle (RI) Water moving, with small ripples, waves and eddies-waves not broken, 
surface tension not broken.  

Dry Channel (DR) No water in the channel or flow is submerged under the substrate. 

 

Table 3.6-6 Percent cover rating for instream and overhead cover at each transect used 
for the fish population monitoring program (adapted from Peck et al. 2006). 

Code Percent Cover 

0 absent, zero cover 

1 sparse, <10% 

2 moderate, 10-40% 

3 heavy, 40-75% 

4 very heavy, >75% 
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Table 3.6-7 Substrate size class codes used for the fish population monitoring program 
(adapted from Peck et al. 2006). 

Code Description 

RS bedrock (smooth) – larger than a car 

RR bedrock (rough) – larger than a car 

RC asphalt/concrete 

XB large boulder (1-4 m) – metre stick to a car 

SB small boulder (25 cm-1 m) – basketball to a metre stick 

CB cobble (6.4-2.5 cm) – tennis ball to basketball 

GC coarse gravel (16-64 mm) – marble to tennis ball 

GF fine gravel (2-16 mm) – ladybug to marble 

SA sand (0.06 to 2 mm) – gritty, up to ladybug size 

FN silt/clay – not gritty 

HP hardpan – firm consolidated fine substrate 

3.6.3.4 Data Analysis 

3.6.3.4.1 Key Endpoints 

Several conventional measurement endpoints of fish assemblages were calculated from the 
collected data: 

• Total Density – the total number of fish caught in the section, divided by the lineal 
length of the reach (# of fish/100m2); 

• Richness (S) – the total number of fish species collected per section. Higher richness 
values are typically used to infer a “healthier” fish assemblage; 

• Condition Factor (K) = 100 x (body weight/length3); 

• Catch Per Unit Effort (CPUE) – This endpoint was determined for each section by 
summing the total number of fish caught in the first pass, divided by the fishing effort 
applied to that pass (# of fish/100 sec); and 

• Assemblage Tolerance Index (ATI) – The ATI was developed by Whittier et al. (2007) 
for stream and river fish assemblages in the western United States to quantify a species’ 
tolerance to an overall human disturbance gradient (Table 3.6-8).  For species captured 
in the Obed study area, but not assessed by Whittier et al. (2007), a number was assigned 
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based on species similarity to those with calculated values.  With this index, lower 
tolerance values imply a species that is more sensitive to disturbance. 

Table 3.6-8 Tolerance values for fish collected during the fish community monitoring 
program (adapted from Whittier et al. 2007). 

Common Name Species Code Tolerance Value 

Arctic grayling ARGR 2.0 

Burbot ^ BURB 2.0 

Mountain whitefish MNWH 2.51 

longnose dace LNDC 6.2 

longnose sucker LNSC 4.6 

white sucker WHSC 7.6 

spoonhead sculpin SPSC 3.01 

Brook trout ^ BRTR 1.7 

Bull trout BLTR 0.7 

Rainbow trout ^ RBTR 2.1 

^ ATI value assigned based on similarity to species with calculated values 

3.6.3.4.2 Temporal Trends and Spatial Comparisons 

Possible changes in fish assemblages were evaluated by comparing measurement endpoints 
between exposure to reference sites on adjacent creeks and/or across years within a site.  Given 
the previous population monitoring programs did not include replication or collect detailed 
habitat data at each monitoring sites, comparisons with historical data will be done graphically 
and will not use variance-based statistical analyses. 

At the population level, condition and size distribution of population of different fish species 
captured were calculated, as follows: 

3.6.3.4.2.1 Condition 

Fish condition was evaluated over time as a measure of change in energy storage for each fish 
species.  The following analyses will be performed in order to evaluate condition: 

• Fish condition (or “how fat a fish is”) was compared among years for each season using 
analysis of covariance (ANCOVA; α = 0.05), where body weight (log10-transformed) is 
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the dependent variable, year is the independent variable, and fork length (log10-
transformed) is the covariate; and 

• Fulton’s Condition Factor was calculated as K= (body weight/fork length3) × 100, and 
used in tabular and graphical presentations showing mean condition for each target 
species between areas and over time. 

3.6.3.4.2.2 Length-Frequency Distributions 

Length-frequency distributions were determined for dominant fish species (ages were not 
determined using aging structures, to avoid sampling impacts on collected fish).  Length-
frequency distributions were displayed graphically to evaluate differences in size distribution 
among sampling areas and over time.  From these comparisons, observations and conclusions 
about recruitment and survival of different year classes were derived. 

3.6.3.4.3 Assessment of Effects 

Fish community results from exposure areas were compared with those from reference reaches 
and with historical sampling to draw conclusions about the effects of the incident on fish 
community composition.  Data were assessed semi-quantitatively and graphically, with 
similarities or differences interpreted in the context of site-specific and intra-site conditions. 

If sufficient numbers of fish of any given species were collected in different creeks to allow an 
ANCOVA-based comparison of fish condition, differences in condition were assessed using the 
federal EEM effect criterion of ±10% of the reference (or historical) mean (Environment Canada 
2010). 

3.6.3.5 Results 

The following sections present detailed results of fish community surveys completed in 
Apetowun Creek and lower Plante Creek.  For the upper Apetowun Creek survey site (Upper 
APC), results were compared to pre-incident fish and fish habitat surveys completed as part of 
the Mines permit requirements, where applicable.  In addition, results were also compared to 
historical and 2014 results of the fish community surveys completed in the unaffected reference 
creeks (i.e., Baseline Creek, Oldman Creek and Canyon Creek), where applicable.  Detailed 
historical results of the fish and fish habitat surveys completed in the reference creeks were not 
included in this report, but are presented in Pisces (2000, 2001, 2002, 2003, 2005, 2007, 2008, 2009, 
and 2010). 
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3.6.3.5.1.1 2014 Habitat Conditions in Apetowun and lower Plante Creek 

In 2014, fish habitat surveys were conducted in three sections of Apetowun Creek and lower 
Plante Creek, one section within each of the lower three biophysical reaches in this creek 
(Figure 3.6-1). 

Upper Apetowun Creek (Upper APC), located in Reach 3 of Apetowun Creek, where the 
largest physical effects of the release were observed, was comprised of riffle-pool and riffle-run 
habitats with an average channel slope of <5% (Table 3.6-9).  Water levels were near seasonal 
lows at the time of assessment resulting in average wetted and bankfull widths of 1.7 and 2.6 m, 
respectively.  Substrates were dominated by cobble with isolated areas of fines (sand and silt).  
Sediment Trap #1 (ST1) is located within this monitoring section but was not included in habitat 
classifications or fish surveys. 

Due to the significant scouring effects of the release incident in Upper APC, instream and 
overhead cover were minimal and limited to undercut banks, which likely formed as result of 
the scouring effects.  However, stream-channel restoration activities conducted within this 
reach included the placement of LWD (large woody debris), sloping of streambanks and 
riparian planting, which are expected to improve habitat cover conditions over time.  Water 
quality at the time of the survey was alkaline (pH: 8.51), with high conductivity (713 µS/cm), 
moderate levels of DO (7.8 mg/L) and a temperature of 12.7°C.  Apetowun Creek receives 
continuously monitored discharge from two of the Mine’s settling ponds and occasional 
discharge from the Obed Mine sewage lagoons as prescribed by their EPEA Approval.  
A detailed description of the water quality in Apetowun Creek since the release incident is 
presented in Section 3.1. 

Middle Apetowun Creek (Mid APC), located in Reach 2 of Apetowun Creek, and was 
comprised of riffle-pool habitat with an average channel slope of <5% and average pool depth 
of 0.38 m (Table 3.6-9).  Average bankfull and wetted widths were 10.1 and 7.9 m respectively, 
with bank shape ranging from steep to gradual.  Substrates were dominated by cobble, with 
boulder subdominant.  A habitat assessment of this reach conducted immediately after the 
incident indicated that physical impacts caused by the incident were minimal, with minor bank 
erosion and intermittent observations of isolated deposits of material (Final Impacts Report 
2014).  There were no impacts to instream cover or riparian areas observed.  In August 2014, 
instream cover was dominated by boulders with LWD subdominant; total percent cover was 
rated as moderate (10 – 40%) throughout Mid APC. 

Water quality at the time of this survey was alkaline (pH 8.71), with moderately high 
conductivity (449 µS/cm), high levels of DO (8.8 mg/L) and a temperature of 11.7 °C. 
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Lower Plante Creek (Lower PLC), located in Reach 1 of Plante Creek, downstream of its 
confluence with Apetowun Creek and was comprised of riffle-pool and run habitats with an 
average pool depth of 0.71 m.  Average bankfull and wetted widths were 10.5 and 8.7 m 
respectively, with bank shape ranging from gradual to steep.  Substrates were dominated by 
cobble with gravel and boulder subdominant.  Similar to Mid APC, the initial habitat 
assessment indicated that physical impacts to Reach 1 were minimal, limited to minor 
accumulation of release material (CVRI 2014a).  In August 2014, instream cover was dominated 
by large boulders with deep pools subdominant; total percent cover was rated as moderate 
(10 - 40%) throughout Lower PLC. 

Water quality at the time of this survey was slightly alkaline (pH 7.8), with moderate 
conductivity (429 µS/cm), moderate levels of DO (7.8 mg/L) and a temperature of 13.1 °C. 
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Table 3.6-9 Habitat characteristics of fish community monitoring in Obed area creeks, 2014. 

Variable Units Upper APC Middle APC Lower PLC Baseline 
Creek 

Oldman Creek Canyon 
Creek 

Sample Date - 13-Aug-14 16-Aug-14 14-Aug-14 12-Aug-14 17-Aug-14 15-Aug-14 

Habitat Transects n= 6 7 6 7 5 6 

Total Reach Length m 290 357 300 427 270 340 

Channel characteristics 

Morphology - RIP RIP RIP RIP RIP RIP 

Avg. depth m 0.4 0.38 0.71 0.45 0.4 0.21 

Avg. bankfull width m 2.6 10.1 10.5 7.2 9.2 3.6 

Avg. wetted width m 1.7 7.9 8.7 5.6 7.4 1.7 

channel slope % <5 <5 <1 <5 <5 <5 

LDB slope % 5 15 10 10 5 10 

RDB slope % 5 15 5 5 <5 15 

bank shape - Undercut Steep/Gradual Gradual/Steep Gradual Undercut steep 

Substrate 

Dominant - Cobble Cobble Cobble Cobble Cobble Cobble 

Subdominant - Sand Boulder Gravel Small boulder Gravel Boulder/Sand 
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Table 3.6-9 Habitat characteristics of fish community monitoring in Obed area creeks, 2014. 

Variable Units Upper APC Middle APC Lower PLC Baseline 
Creek 

Oldman Creek Canyon 
Creek 

Instream cover 

dominant - Undercut banks Boulder Boulder Deep pools Undercut banks SWD 

subdominant - LWD LWD Deep pools LWD LWD LWD 

Total cover rating - moderate moderate moderate moderate moderate moderate 

Field water quality 

Dissolved oxygen mg/L 7.8 8.8 7.8 9 - 8.7 

Conductivity µS/cm 713 449 429 574 - 472 

pH pH 
units 

8.51 8.71 8.73 8.53 - 8.67 

Water temperature °C 12.7 11.7 13.1 11.3 - 11.5 

Riparian cover 

Dominant  - mixed/mature mixed/mature mixed/mature mixed/mature mixed/mature mixed/mature 

Subdominant - shrubs/grasses shrubs shrubs/grasses shrubs/grasses shrubs/grasses shrubs 
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3.6.3.5.1.2 Fish Communities in Apetowun and lower Plante Creek 

Upper APC was first sampled August 2003, with subsequent pre-incident sampling conducted 
in 2006 and 2009.  These data were used to characterize pre-incident (“baseline”) conditions of 
fish communities within Upper APC and to facilitate comparisons with 2014 post-incident 
sampling data; therefore, temporal comparisons were conducted from 2003 to 2014.  Mid APC 
and Lower PLC were sampled for the first time in 2014; these results were used to assess inter-
reach variability and potential effects on downstream reaches where physical impacts of the 
incident were less.  Spatial comparisons of these sections to the sampled reference creeks are 
presented below. 

In 2014, abundance, CPUE and density significantly declined in Upper APC compared to 
previous years, with only 12 fish captured (Table 3.6-10, Figure 3.6-3).  These results are not 
unexpected given that fish communities in upper Apetowun Creek were likely displaced by the 
release incident.  However, the fact that fish were captured in 2014 shows that populations are 
returning to the upper reaches of Apetowun Creek.  Although these indices declined in Upper 
APC, relative to previous years, they were within range of values observed in Mid APC and 
Lower PLC with higher density and CPUE observed in Upper APC, compared to Mid APC and 
Lower PLC (Figure 3.6-3).  In 2014, a total of 19 fish and 9 fish were captured in Mid APC and 
Lower PLC, respectively, resulting in the lowest densities of all surveyed creeks (Table 3.6-10).  
In addition, field crews reported heavy rainfall events and increased turbidity during fish 
community surveys, which likely decreased catch success. 

Assemblage tolerance index (ATI) has remained consistent in Upper APC since monitoring 
began and in 2014 was low compared to Mid APC and Lower PLC (Figure 3.6-3).  Again these 
results are not unexpected given the low diversity of species captured in Upper APC and Mid 
APC compared to Lower PLC. 

Brook trout (Salvelinus fontinalis) and burbot (Lota lota) were the only species captured in upper 
Apetowun Creek in 2014, with neither species overly dominant (Figure 3.6-3).  Prior to the 
release incident species composition was comprised entirely of burbot and RNTR (Oncorhynchus 
mykiss).  These results indicate that RNTR were displaced from the Upper APC in 2014, with 
brook trout (typically a more aggressive species) moving in.  Mid APC was dominated by 
RNTR with single specimens of brook trout and burbot also captured (Figure 3.6-3), indicating 
that RNTR are still prevalent within Apetowun Creek and may migrate back upstream.  Lower 
PLC, near the confluence with the Athabasca River, was dominated by longnose dace, with 
single specimens of RNTR and SPSC also captured. 
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A summary of the morphometric measurements of the dominant species captured in each creek 
is presented in Table 3.6-11; however, due to the low abundances in Upper APC, Mid APC and 
Lower PLC, statistical comparisons could not be made. 

 

 
Figure 3.6-2 Species composition of fish community monitoring sections in Apetowun and 

lower Plante Creek, Obed Mine, 2003 to 2014. 

3.6.3.5.1.3 Comparison to Reference Creeks 

Table 3.6-10 summarizes the results of historical and current fish community surveys conducted 
within creeks of the fish community monitoring program.  In general, creeks within the Obed 
area have fish communities’ characteristic of cool water, moderately sloped, riffle-pool streams 
that dominate the foothills region.  Since 2001, a total of seven species have been documented 
within the studied creeks, with each creek, or surveyed section, generally only containing one 
or two species, and no one species dominant in every creek (Table 3.6-10).  With the exception of 
2014 (post-incident) results, measurements of key endpoints in Upper APC have generally been 
within the range of values observed in reference creeks. 

Although the surveyed creeks are of generally similar habitat, site specific habitat conditions 
vary among the surveyed sections and generally correspond to its location within the 
watershed and stream gradient.  The survey sites for Upper APC and Canyon Creek are near 
the upper reaches of their respective creeks and have narrower channel and wetted widths, 
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compared to Baseline Creek and Oldman Creek, resulting in less overall useable habitat (Table 
3.6-10).  Channel slopes in Upper APC range from 1 to 3% and from 4 to 8% in Canyon Creek.  
The gradual channel slope in Upper APC likely facilitated the development of beaver dams, 
which were abundant in Upper APC prior to the release incident.  Mid APC, Lower PLC, 
Baseline Creek and Oldman Creek are located within the middle to lower reaches of their 
respective watersheds and are characterized by wider channel and wetted widths and generally 
more useable habitat. 
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Figure 3.6-3 Total abundance, CPUE, density and ATI measured in fish community monitoring sections of Apetowun and 

lower Plante Creek, Obed Mine, 2003 to 2014. 
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Table 3.6-10 Catch composition and summary of fish community key endpoints in creeks, Obed Mine, 2001 to 2014. 

Common Name Code Total Catch 

Upper APC Mid 
APC 

Lower 
PLC 

Oldman Creek 

2003 2006 2009 2014 2014 2014 2001 2004 2007 2010 2014 

Rainbow trout RNTR 27 35 18 - 17 1 19 32 90 24 36 

Brook trout BKTR - - - 6 1 - - - - - - 

Bull trout BLTR - - - - - - - 1 - - - 

Burbot BURB - 80 47 6 1 - 14 6 38 16 33 

Spoonhead sculpin SPSC - - - - - 1 - 5 3 3 2 

Longnose dace LNDC - - - - - 7 - - - - - 

Mountain whitefish MNWH - - - - - - 8 - - - 4 

Total Count  27 115 65 12 19 9 41 44 131 43 75 

Species Richness  1 2 2 2 3 3 3 4 3 3 4 

Density (per 100m2)  5.3 22.4 9.8 2.4 0.7 0.3 2.0 1.8 4.9 2.1 3.8 

ATI  2.1 2.0 2.0 1.9 2.1 5.4 2.1 2.2 2.1 2.1 2.0 

Electrofishing Effort1 (secs)  3,585 9,892 7,293 3,908 13,853 9,684 12,520 12,520 18,048 12,411 7,418 

1st Pass CPUE (#/100 secs)  1.06 2.34 1.38 0.31 0.18 0.03 0.60 0.51 1.14 0.52 0.94 

Rainbow trout RNTR - - - 1  1 - - - 2 

Brook trout BKTR 4 5 3 17 88 135 153 117 172 

Bull trout BLTR - - - - - - - - - 

Burbot BURB - - - - - - - - - 

Spoonhead sculpin SPSC - - - - - - - - - 

Longnose dace LNDC - - - - - - - - - 
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Table 3.6-10 Catch composition and summary of fish community key endpoints in creeks, Obed Mine, 2001 to 2014. 

Common Name Code Total Catch 

Upper APC Mid 
APC 

Lower 
PLC 

Oldman Creek 

2003 2006 2009 2014 2014 2014 2001 2004 2007 2010 2014 

Mountain whitefish MNWH - - - - - - - - - 

Total Count  4 5 3 18 89 135 153 117 174 

Species Richness  1 1 1 2 2 1 1 1 2 

Density (per 100m2)  1.2 1.5 0.8 3.1 0.1 0.2 0.1 0.1 0.1 

ATI  1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 

Electrofishing Effort1 (secs)  3,887 4,411 3,676 4,911 4,588 7,023 14,365 12,534 9,011 

1st Pass CPUE (#/100 secs)  0.14 0.20 0.14 0.41 3.23 2.45 1.53 1.53 3.18 

1 Total fishing effort of all passes 
2 CPUE based on results of 1st pass given the diminishing catch results to the scare effects. 

 

Table 3.6-11 Summary of morphometric characteristics and key endpoints of the dominant species in each creek, Obed Mine, 
2001 to 2014. 

Creek Year Length (mm) Weight (g) K Abundance 
(n=) 

CPUE Density 
(100 m2) Min average Max Min average Max Min average Max 

Baseline Creek Brook Trout 

2001 29 117 230 0.5 27 138 1.03 1.29 2.05 88 3.18 12.6 

2004 41 97 94 1 14 142 0.70 1.07 1.93 135 2.45 18.1 

2007 48 123 206 1 25.4 101 0.09 1.06 1.42 153 1.53 14.2 
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Table 3.6-11 Summary of morphometric characteristics and key endpoints of the dominant species in each creek, Obed Mine, 
2001 to 2014. 

Creek Year Length (mm) Weight (g) K Abundance 
(n=) 

CPUE Density 
(100 m2) Min average Max Min average Max Min average Max 

2010 46 113 198 1.0 23.2 99.5 0.14 1.07 1.56 117 1.53 7.2 

2014 37 100 196 117.1 19.6 117.1 0.87 1.18 1.58 172 3.18 7.2 

Oldman Creek Burbot 

2001 90 165 275 5 37.6 135 0.50 0.61 0.71 14 0.22 0.7 

2004 121 153 180 16 23.0 43 0.440 0.654 1.129 6 0.04 0.2 

2007 41 163 247 12 38.6 101 0.514 0.795 2.009 38 0.16 1.4 

2010 66 159 241 2 37.4 104.5 0.514 0.699 0.783 16 0.13 0.8 

2014 93 160 231 9.3 29.1 70.5 0.526 0.657 1.145 33 0.26 1.7 

Rainbow Trout  

2001 72 156 228 4 59 143 0.977 1.173 1.390 19 0.24 0.9 

2004 42 126 238 1 126 238 0.642 1.037 1.465 32 0.38 1.3 

2007 44 118 242 1 22 159 0.843 1.064 1.355 90 0.97 3.4 

2010 37 135 213 0.5 44.0 106 0.987 1.128 1.350 24 0.34 1.1 

2014 74 125 239 4.5 31.3 158.9 0.927 1.201 1.503 36 0.68 1.8 

Canyon Creek Brook Trout 

2003 79 110 142 5.0 18 37.0 1.000 1.120 1.292 4 0.14 1.2 

2006 55 58 64 2.0 2 3.0 0.926 1.098 1.202 5 0.20 1.5 

2009 132 135 138 24.3 26.4 30.2 1.010 1.076 1.149 3 0.14 0.8 

2014 28 86 167 0.7 0.7 0.7 0.806 1.699 3.858 17 0.41 2.9 
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Table 3.6-11 Summary of morphometric characteristics and key endpoints of the dominant species in each creek, Obed Mine, 
2001 to 2014. 

Creek Year Length (mm) Weight (g) K Abundance 
(n=) 

CPUE Density 
(100 m2) Min average Max Min average Max Min average Max 

Upper APC Rainbow Trout 

2003 40 137 191 1 36 75 1.014 1.181 1.563 27 1.06 5.3 

2006 81 134 208 5 33 91 0.107 1.099 1.632 35 0.81 6.8 

2009 73 153 212 4 51 111 1.028 1.254 1.570 18 0.61 2.7 

2014 None Captured 

Burbot 

2003 None Captured 

2006 105 150 268 6 17 72 0.259 0.477 0.582 80 1.54 15.6 

2009 68 143 200 2 17.8 37 0.385 0.564 0.954 47 0.77 7.1 

2014 156 184 205 19.9 32.8 52.1 0.423 0.516 0.605 6 0.08 1.2 

Middle APC Rainbow Trout 

2014 90 152 250 13.4 63 221.7 1.208 1.405 1.838 17 0.18 0.7 

Lower PLC Longnose Dace 

2014 18 55 111 2 5 16.3 0.753 0.975 1.190 7 0.03 0.3 
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3.6.3.5.1.4 Assessment of Effects 

Prior to the incident, fish habitat conditions in upper Apetowun Creek were relatively poor due 
to abundant beaver activity, low habitat heterogeneity and a dominance of fine substrates 
(Pisces 2011).  After the incident, reach-breaks were re-established to reflect biophysical changes 
in channel morphology.  As discussed previously, the scouring effects of the incident removed 
the beaver impoundments and much of the fine sediment that had accumulated over time 
within upper Apetowun Creek. Post-incident habitat surveys documented increased habitat 
heterogeneity, more complex channel morphology and substrates dominated by cobble 
(Table 3.6-9).  These results indicate there was an overall improvement in habitat and substrate 
quality within upper Apetowun Creek.  Although the majority of instream and overhead 
vegetation was scoured away by the incident, the significant riparian planting and LWD 
placements that occurred in 2014 within upper Apetowun Creek are expected to continue to 
improve habitat conditions over time. 

Fish abundance and density at Upper APC were notably lower in 2014 than previous years, 
while these same endpoint measurements at reference stations were similar or higher than 
previous years (Table 3.6-11); statistical analysis of Upper APC could not be completed in 2014 
due to low sample size.  These results are not unexpected given the significant scouring effects 
the incident had on habitat and fish populations in upper Apetowun Creek.  

RNTR were not captured in upper APC in 2014, although 19 were captured in Mid APC, 
including several young-of-year.  Habitat improvements implemented throughout 2014, 
including significant improvements to fish passage and instream cover in upper Apetowun 
Creek, are expected to promote upstream migration of RNTR.  However, the penetration of 
brook trout into upper Apetowun Creek in 2014 may deter RNTR migration given that brook 
trout often out-compete other salmonids.  Continued annual monitoring of fish communities 
within the selected monitoring sections will be used to track habitat improvements and changes 
to community composition over time. 

3.6.4 Fish Community Survey of Upper Athabasca River 

3.6.4.1 Pre-Incident Conditions 

Pre-existing regional fish-inventory data are limited for the upper Athabasca River, especially 
for reaches near the Obed Mine.  Where data are available, they are often old (>19 years) and 
only represent a “snap-shot” of the aquatic ecosystem rather than regional information about 
fish populations.  The most applicable background information available, both in terms of 
scientific rigor, study area and regional scale are the adult fish survey (AFS) components of 
pulp-and-paper EEM pre-design, EEM Cycle One and Two programs for the mills in Hinton 
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(Weldwood) and Whitecourt, AB (ANC and Miller Western).  For reporting purposes, these 
studies are collectively referred to as historical EMM reports.  The following presents a 
summary of the pre-incident fish communities in the upper Athabasca River, where data 
permits, raw results of the various studies were used to quantify baseline (pre-incident) 
conditions. 

The historical EEM reports were the principal documents used to guide the design of the Obed 
Mine fish community monitoring program in the Athabasca River. 

3.6.4.1.1 Pulp Mill EEM Studies 

Fish and fish health information was collected on the Athabasca River in September 1998 to 
support the EEM Cycle Two program (Stantec-Golder 2000).  Fish collection occurred over a 
several-week period in September 1998 at each of the mills in the study area between Hinton 
and the Town of Athabasca.  A combination of boat electrofishing for large species, backpack 
electrofishing for SPSC for the Weldwood mill near Hinton, and beach-seining to capture trout-
perch for the Alberta Newsprint Company and Millar Western Mills near Whitecourt were 
used.  For each mill, a reference and multiple exposed areas were sampled. 

A summary of the fish species captured in each of the mills study areas is presented in 
Table 3.6-12.  MNWH comprised the largest proportion of the fish community with >55% of the 
total catch at all locations, and over 80% of the catch in the vicinity of Hinton.  LNSC were the 
second most abundant species and the two species together accounted for >80% of the total 
number of fish captured at all sites.  These fish-capture results illustrate a transition in species 
composition with distance downstream.  Sampling at the Town of Athabasca found that 
coldwater species such as MNWH comprised less than 1% of the total catch (Stantec-Golder 
2000). 

Table 3.6-12 Fish species captured in the Athabasca River between Hinton and 
Whitecourt, Alberta (data from Stantec-Golder 2000). 

Species Location (Mill) 

Hinton 
(Weldwood) 

Whitecourt 
(ANC) 

Whitecourt 
(Millar Western) 

Average 
composition 

Mountain whitefish 82.0% 69.6% 56.9% 69.5% 

Longnose sucker 11.6% 10.8% 25.7% 16.0% 

Trout perch <0.1% 11.8% 14.3% 8.7% 

Spoonhead Sculpin 4.9% 0.3% <0.1% 1.7% 
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Table 3.6-12 Fish species captured in the Athabasca River between Hinton and 
Whitecourt, Alberta (data from Stantec-Golder 2000). 

Species Location (Mill) 

Hinton 
(Weldwood) 

Whitecourt 
(ANC) 

Whitecourt 
(Millar Western) 

Average 
composition 

White sucker <0.1% 2.8% 1.8% 1.5% 

Spottail shiner <0.1% 2.5% <0.1% 0.9% 

Lake chub <0.1% 1.8% 0.3% 0.7% 

Northern pike 0.2% 0.3% 0.4% 0.3% 

Bull trout 0.6% <0.1% <0.1% 0.3% 

Longnose dace 0.4% <0.1% <0.1% 0.2% 

Walleye <0.1% <0.1% 0.2% <0.1% 

Rainbow trout 0.2% <0.1% <0.1% <0.1% 

Burbot <0.1% <0.1% 0.2% <0.1% 

Arctic grayling <0.1% <0.1% <0.1% <0.1% 

Pearl dace <0.1% <0.1% <0.1% <0.1% 

Emerald shiner <0.1% <0.1% <0.1% <0.1% 

3.6.4.1.2 Regional Inventory Studies 

In 1992, the Northern River Basins Study (NRBS) conducted a general fish and riverine habitat 
inventory of the Athabasca River (NRBS 1994).  This study included several sites between 
Hinton and Athabasca that provided a “snapshot” of the aquatic ecosystem following the 
critical ice-cover period.  The NRBS final report made several recommendations for follow-up 
monitoring which were undertaken as part of the Northern Rivers Ecosystem Initiative (NREI).  
Fish sampling took place in the section of river from Hinton to Whitecourt and supplemented 
with information being collected as part of EEM Cycle Two studies.  Although fish collections 
targeted specific species, they provided information on the distribution of possible sentinel 
species for use in EEM monitoring. 

3.6.4.1.3 Additional Local Studies 

ESRD maintains a record of fish captured during fish-community sampling at numerous 
locations along the Athabasca River in the Fisheries & Wildlife Management Information 
System (FWMIS).  These records show that the Athabasca River in the vicinity of the Mine 
contains a variety of sportfish species, including Arctic grayling, bull trout, RNTR, brook trout, 
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burbot, MNWH and northern pike (ESRD 2014d). Other large-bodied fish captured near Obed 
included white suckers and LNSC, and various forage fish species, including SPSC, longnose 
dace and lake chub.  Fish habitat in the Hinton area is composed primarily of deep runs with 
coarse substrate of cobble and large gravel.  Shoreline irregularities and islands create localized 
areas of slower water that can act as depositional zones (Stantec-Golder 2000). 

Farther downstream, near Whitecourt, the fish community includes additional forage fish 
species (brook stickleback, emerald and spottail shiner) and walleye.  Bull and brook trout are 
rare in the Whitecourt area, but RNTR can still be found in the tributaries (ESRD 2014d).  SPSC 
are rare in the Whitecourt area, but trout-perch are present and have been used as a sentinel 
species as part of previous EEM programs.  Fish habitat in the Athabasca River in the vicinity of 
Whitecourt is comprised mostly of deep runs with coarse substrates of cobble and gravel (ESRD 
2014d). 

Further downstream towards the Town of Athabasca, the fish community transitions from a 
coldwater to a cool-water community.  Trout are no longer found regularly while goldeye 
become more prevalent (ESRD 2014d).  Habitat is comprised primarily of runs with coarse 
substrate embedded with fine material (Stantec-Golder 2000). 

A number of more localized aquatic studies have been completed in the upper Athabasca River 
in response to proposed industrial developments.  Notable among these are the recently 
submitted application for expansion of the Trans-Mountain Pipeline (Kinder-Morgan 2013) and 
the Northern Gateway Pipeline (Enbridge 2010).  The Alberta Biodiversity Monitoring Institute 
has also established a permanent monitoring station on the Athabasca River upstream of 
Hinton. 

3.6.4.2 Study Design and Site Selection 

Summary of Athabasca River Fish Community Surveys 

Experimental design Before-After/Control-Impact (BACI), and time-trend 

Sampling areas Exposure: 6 areas from downstream of Plante Creek to Whitecourt. 
Reference: 2 areas between Hinton and Plante Creek.  

Sample Open, boat-based electrofishing (4 sections per 4-km area) 

Frequency Seasonally, in spring, summer and fall. 

Six exposure and two reference areas were selected for fish community surveys in Athabasca 
River.  Each area is approximately 4 km in length and is divided into four sections (A through 
D) of equal length (approximately 1,000 m) (Figure 3.6-1).  Exposure areas are located 
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downstream of Plante Creek, where the release material entered the Athabasca River.  
Reference areas are located upstream of Plante Creek but downstream of the Weldwood 
pulpmill effluent diffuser, to ensure all areas include potential influences of the pulpmill. 

The specific locations of the reference areas were selected to include those areas previously 
sampled during the EEM Cycle One and Two programs for the Weldwood pulp mill, in 
addition to being upstream of the Plante Creek confluence.  The locations of the exposure areas 
were selected based on a number of factors which included the following: 

• preliminary results of the sediment-deposition mapping study, which found that the 
largest accumulations of material released during the incident (i.e., direct effects) in the 
Athabasca River were confined to an area between Plante Creek and approximately 
3 km downstream of the Sundance Creek bridge; 

• areas previously sampled for the AFS component of the historical EEM monitoring 
reports; 

• significant confounding influences into the Athabasca River.  The downstream end of 
the fish inventory study area was selected to avoid the potentially significant 
confounding influences of the Macleod River and effluent discharges at ANC and Miller 
Western pulp mills in Whitecourt; and 

• safety and logistical concerns (i.e., boat launches and road access). 

In addition, attempts were made to select areas of similar habitat(s) ensuring the full range of 
habitats observed in the study area were assessed. 

The fish-community program was conducted in the spring (May), summer (July) and fall 
(September) of each monitoring year with approximately eight days required for sampling all 
eight reaches.  Sampling was conducted along both river margins of each reach in areas 
conducive to boat electrofishing (i.e., primarily in shallow areas deep enough to navigate by 
boat). 

Locations of the study areas are presented in Table 3.6-13.  Detailed descriptions of each 
reference and exposure area, including maps, habitat descriptions and site photos are presented 
in the FMP. 

3.6.4.2.1 Key Questions and Hypotheses 

The same key questions and hypotheses that were used to develop the fish community 
monitoring in the Obed area creeks were used developed the fish community monitoring the 
upper Athabasca River and are presented in Section 3.6.3.2. 
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Table 3.6-13 Fish sampling locations in the upper Athabasca River, between Hinton and 
Whitecourt, AB. 

Site Name Location UTMs 

ATRF-R2 Site begins approximately 10 km downstream from 
Willow Creek Road bridge 

US: E 465420 N 5921786 
DS: E 466816 N 5923592 

ATRF-R3 Site begins approximately 1 km upstream of the 
Obed Mountain Mine road bridge, and 4 km 
upstream of Plante Creek. 

US: E 475786 N 5930280 
DS: E 478201 N 5933834 

ATRF-E0 Starting 5 km below the outlet of Plante Creek and 
moving upstream. 

US: E 486366 N 5941812 
DS: E 489228 N 5943623 

ATRF-E1 Starting at routine water sample location ATR-D1 
and moving upstream 

US: E 489131 N 5950524 
DS: E 488855 N 5954409 

ATRF-E2 From 2 km upstream to 2 km downstream from the 
ATR-D2 routine water sample location. 

US: E 488321 N 5964736 
DS: E 491231 N 5967577 

ATRF-E3 Approximately 300 m downstream of the mouth of 
Berland River moving downstream 

US: E 510557 N 5984934 
DS: E 513527 N 5987679 

ATRF-E4 Site begins downstream of Kaybob boat launch and 
travels 4 km upstream 

US: E 526410 N 6000505 
DS: E 530021 N 6002170 

ATRF-E5 Approximately 25 km downstream from Whitecourt 
at the Windfall Bridge. 

US: E 560236 N 6008672 
DS: E 562588 N 6005503 

3.6.4.3 Field Methods 

3.6.4.3.1 Fish Sampling and Processing 

Fish-community sampling methods were adopted from the JOSMP and follow accepted 
standards, protocols and quality assurance/quality control procedures.  More details of these 
sampling methods appear in the FMP. 

Fish were collected using a custom-designed electrofishing boat equipped with a 5.0 GPP 
Smith-Root electrofishing unit, configured with two anode/boom arrays and multiple dropper 
cables.  Stunned fish were captured with dip nets and held in an on-board flow-through live 
well.  Fish observed but not captured were enumerated by species, when possible.  All data 
were recorded on monitoring-specific field sheets and/or in a field log book. 
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Captured fish were measured for fork length (±1 mm) and weight (±0.1 g), and sex and state of 
maturity were recorded when discernible by external examination.  An external assessment was 
conducted to evaluate the general health (e.g., presence of disease, incidence of parasites, 
physical abnormalities, etc.) of each fish.  The examination was conducted using an inventory-
specific coding system that focuses on the following structures: body (form and surface); lips 
and jaws; snout; barbels; anus; opercles; isthmus; fins; gills; pseudobranchs; thymus; eyes; and 
urogenital area. 

The total number of abnormalities was calculated by season for all species and will be 
compared to future sampling years.  An external pathology assessment was completed by 
calculating the percentage of pathological abnormalities, including body deformities, growths, 
tumors, and parasites from the total number of fish captured for all species by season and for all 
species combined. 

Samples of large-bodied fish species collected from the Athabasca River and retained for tissue 
analysis (i.e., MNWH and LNSC) will be taken from fish collected during this sampling 
program. 

3.6.4.4 Data Analysis 

Calculated fish-community metrics followed those undertaken for creek fish community 
monitoring (Section 3.6.3.4).  However, unlike with closed-area electrofishing in small creeks, 
boat-based electrofishing in a large river like the upper Athabasca preferentially samples large-
bodied species, with small-bodied species (e.g., sculpin, dace, minnows, etc.) and small juveniles 
of large-bodied species underrepresented in fish-community samples.  The data analysis and 
conclusions drawn from this program acknowledge this, and focus on relative comparisons 
among sampling areas of abundance and distribution of species that are effectively sampled by 
this method (i.e., adult large bodies species). 

3.6.4.4.1 Key Endpoints 

Measurement endpoints for the Athabasca River fish inventories included: 

• percent species composition (relative to all fish captured); 

• index of relative abundance (catch per unit effort – CPUE); 

• age-frequency distributions (measure of survival); 

• size-at-age (measure of growth); 

• condition factor; and 

• incidence of external health abnormalities. 



  
 Coal Valley Resources Inc. 
 2014 Impact Assessment Report 
 May 29, 2015 
 

Page 313 

3.6.4.4.2 Temporal Trends and Spatial Comparisons 

Temporal comparisons will be conducted to assess changes across years in each season for each 
measurement endpoint as future programs are completed.  Spatial comparisons will be 
conducted to assess differences between areas of the river for each measurement endpoint.  
Measurement endpoints calculated from data collected during the fish surveys were used to 
evaluate general trends in fish abundance and population characteristics, with a focus on large-
bodied, indicator species. 

3.6.4.4.2.1 Species Composition and Relative Abundance (CPUE)  

All fish captured in the Athabasca River fish-community surveys were summarized by percent 
species composition (relative to total catch for all species), and a measure of relative abundance 
for each species (catch per unit effort – CPUE).  These measurement endpoints were calculated 
for each reach on a river, for each season.  Temporal and spatial comparisons were graphically 
presented to compare species composition and CPUE between historical EEM reports (when 
possible) for each of the large-bodied species, for each season. 

3.6.4.4.2.2 Age-Frequency Distributions 

Length-frequency was calculated for commonly captured fish species.  Age-frequency 
distributions were displayed graphically in order to evaluate trends in dominant age classes 
over time and survival of fish to older age classes; only fish taken as part of the tissue sampling 
program in the fall were aged directly, to reduce incidental impacts related to fish handling in 
the spring and summer.  Where discrete age classes were evident from the age-frequency 
distribution (most likely at young ages), qualitative comparisons of age-classes between areas 
were made. 

3.6.4.4.2.3 Condition Factor  

Fish condition was evaluated over time as a measure of change in energy storage for each fish 
species.  The following analyses were performed in order to evaluate condition: 

• Fish condition (or “how fat a fish is”) will be compared among years for each season 
using analysis of covariance (ANCOVA; α = 0.05), where body weight (log10-
transformed) is the dependent variable, year is the independent variable, and fork 
length (log10-transformed) is the covariate. 

• Fulton’s Condition Factor was calculated as K= (body weight (kg)/fork length3) × 100, and 
used in tabular and graphical presentations showing mean condition for each species, per 
season, over time. 
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3.6.4.4.2.4 Incidence of External Health Abnormalities  

The incidence of external fish health abnormalities was evaluated for all species captured 
during the Athabasca River fish inventories.  The following metrics were calculated relative to 
the total number of fish captured: 

• percent of fish in each season with fin erosion and body wounds; and 

• percent of fish with external pathology, including parasites, growths/lesions, and body 
deformities. 

3.6.4.4.3 Assessment of Effects 

Fish community results from downstream reaches were compared with those from reference 
reaches and historical sampling to draw conclusions about effects of the Obed release on fish 
community composition.  Both control-impact and gradient-based data evaluations were 
undertaken.  Data were assessed semi-quantitatively and graphically, with similarities or 
differences interpreted in the context of site-specific and intra-site conditions. 

Area-based data collected as part of this program were compared with historical EEM data, 
where possible, and over time, once future years of the program are completed, to assess change 
related to potential impacts and recovery of fish communities. 

3.6.4.5 Results 

3.6.4.5.1 Total Catch and Species Composition 

A total of 1,415 fish representing 10 species were captured in the eight reaches of the upper 
Athabasca River during the 2014 spring, summer and fall fish community surveys (Table 3.6-15 
and Figure 3.6-4), of which: 

• 83 fish representing four species were captured in the spring; 

• 730 fish representing six species were captured in the summer; and 

• 602 fish representing ten species were captured in the fall. 

During the spring surveys, discharge increased from 60 m3/sec to 500 m3/sec over the course of 
5 days (Section 2.2) resulting in significantly increased turbidity and decreased catch success.  In 
addition, two of the sample reaches could not be safely surveyed in the spring and surveys 
were restricted to reference reach ATRF-R2 and exposure reaches ATRF-E0, ATRF-E2, ATRF-E3, 
ATRF-E4 and ATRF-E5. 

MNWH and LNSC were the two most dominant species captured in every reach in all seasons, 
with the exception of ATRF-E5 in the spring (Figure 3.6-4).  Combined, MNWH and LNSC 
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comprised 98% of the total catch in the spring, 98% in the summer and 92% in the fall 
(Table 3.6-15).  In the spring, in addition to MNWH and LNSC, a single RNTR and a single 
walleye were captured at ATRF-E3 and ATRF-E5, respectively.  In the summer RNTR, grayling, 
northern pike and bull trout comprised the remaining 2% of the total composition.  In the fall, 
RNTR, grayling, northern pike, bull trout, lake chub, trout perch, white sucker and walleye 
comprised the remaining 6% of the total composition. 

3.6.4.5.2 Catch Per Unit Effort 

Catch per unit effort (CPUE) varied considerably among seasons and reaches (Figure 3.6-5).  
Overall, CPUE was highest in the summer (ranging from 3.9 fish/100 sec to 12.4 fish/100 sec), 
and lowest in the spring (ranging from 0.25 fish/100 sec to 2.3 fish/100 sec); however, low CPUE 
in the spring was strongly influenced by increased freshet discharge and higher turbidity, 
which limited catch success.  In all seasons CPUE generally decreased with distance 
downstream, with notably higher CPUE values observed in reference reaches compared to 
exposure reaches in both the summer and fall surveys (Figure 3.6-5).  CPUE of MNWH and 
LNSC also varied among seasons, with CPUE of MNWH decreasing in all reaches between 
summer and fall and LNSC increasing in nearly all reaches over the same period. 

3.6.4.5.3 Age-Frequency Distributions 

Relative age frequency distributions and size-at-age relationships for MNWH and LNSC 
collected during the fall Athabasca River fish community survey are presented in Figure 3.6-6.  
Boat-based fish community surveys in the Athabasca River targeted adult fish generally 
>300 mm in length; thus small, younger fish are underrepresented in these results.  The 
dominant age classes for both MNWH and LNSC were similar in fall 2014; although, large 
differences in the range of age classes between the two species were observed.  The dominant 
age class for MNWH was ten years, ranging from five years to 20 years; several fish over 14 
years old were captured throughout the study area.  The dominant age class for LNSCs was 
nine years, ranging from five years to 14 years.  For MNWH and LNSC, younger age-classes 
(<7 years) were notably absent from the reference area.  In addition, MNWH appear to be 
growing at a slower rate and are reaching a maximum length sooner than LNSC (Figure 3.6-6). 

3.6.4.5.4 Condition Factor 

Condition factor for MNWH and LNSC collected from the Athabasca River during the spring, 
summer and fall fish community surveys are presented in Figure 3.6-7.  Condition factor varied 
little among seasons or among sites with no apparent correlation with downstream distance or 
between reference or exposure reaches.  Mean condition factor of MNWH ranged from 1.04 at 
Reach ATRF-E3 in the spring to 1.22 at Reach ATRF-E2 in the fall.  Mean condition factor of 
LNSC ranged from 1.10 at Reach ATRF-E5 in the spring to 1.41 at Reach ATRF-E2 in the spring.  
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High condition factor in the fall for MNWH and in the spring for LNSC were likely the result of 
increased gonad size during their respective fall and spring migration periods.  Large variations 
in spring LNSC condition factor are the result of low sample size with only a single specimen 
captured in some reaches. 

3.6.4.5.5 Comparisons to Historical Data 

In 2014, key endpoints of adult fish, including species composition and relative abundance 
(expressed as CPUE), were similar to those observed near the Hinton pulpmill in 1998 
(Table 3.6-12 and Table 3.6-2).  Fish populations continue to be dominated by MNWH and 
LNSC, which in 1998 comprised 93% of the total catch (Table 3.6-12).  In 1998, only LNSC were 
lethally sampled for analysis of morphometric characteristics.  LNSC collected in 1998 were 
older, with a dominant age class of 13 years compared to nine years in 2014.  Condition factor of 
LNSC captured in the fall was similar between 1998 and 2014 with a mean condition factor of 
1.25 and 1.20, respectively. 

3.6.4.5.6 External Health Assessment 

In 2014, 1.20%, 6.99%, and 2.33% of fish captured in spring, summer and fall, respectively, were 
found to have some type of external abnormality (Table 3.6-14).  The most commonly observed 
abnormalities were hemorrhaging/red sores and scarred/eroded fins.  Although external 
abnormalities were observed almost exclusively in MNWH and LNSC, this is likely due to the 
fact that these two species comprised the majority of the total catch in each season. 

In total, 4.7% of the total catch in 2014 (66 fish) exhibited some form of external pathological 
abnormality.  Similar levels of fish abnormalities have been documented in previous studies in 
the Athabasca River and other regional waterbodies, although results vary considerably among 
studies, areas and species.  Occurrences of external pathological abnormalities in previous 
studies in the Athabasca River have ranged from 0% to 76.7% of the total catch (Mill et al. 1996, 
Barton et al. 1993, Balagus et al. 1993, R.L. & L. Environmental Services 1994).  Abnormalities in 
these studies included tumors, lesions, scars, skin discolorations, deformities and parasites. 

Table 3.6-14 Percent of total fish captured in the Athabasca River with external 
pathology, Obed Mine, spring, summer, fall, 2014. 

Season Growth/Scar Wound/Sore Deformity Parasite % Total 
Total # 

Fish 

Spring 1.2 0 0 0 1.2 83 

Summer  1.37 5.48 0.14 0 6.99 730 

Fall 0.66 1.66 0 0 2.33 602 
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3.6.4.5.7 Assessment of Effects 

Adult, large-bodied fish captured during the 2014 fish community surveys in the upper 
Athabasca River were generally similar in terms of community composition and morphometric 
characteristics (i.e., age, condition, external health etc.) among all sampling sites and were 
comparable to EEM Cycle Two AFS results (Stantec-Golder 2000).  The most notable results 
observed during the 2014 surveys were the increase in total catch and CPUE of MNWH, and to 
a lesser extent LNSC, with upstream distance and the large increase in total catch and CPUE of 
MNWH and LNSC in the reference areas compared to exposure areas, in summer and fall.  In 
addition, exposure area ATRF-E2 had a higher total catch and CPUE compared to adjacent 
exposure sites, in the fall.  As noted previously, spring surveys were restricted by high freshet 
flows limiting the ability to draw meaningful conclusions from their results. 

A weight-of-evidence approach was used to interpret these notable differences in total 
abundance and CPUE between reference and exposure areas.  Although there are limited 
comparable pre-release data, the Cycle Two EEM report does make specific reference to the 
high relative abundance of fish and CPUE in the Weldwood mill exposure area (i.e., ATRF-R2 
and ATRF-R3) and that this was due primarily to the larger number of MNWH present in this 
area (Stantec-Golder 2000).  The EEM Cycle Two report also noted a decrease in the total 
number of MNWH with downstream distance, similar to what was observed during the 2014 
surveys. 

MNWH are known to travel extensively throughout the year, especially during their fall 
spawning period.  Elevated selenium concentrations in the tissues of MNWH collected in fall 
2014 (Section 3.6.6) were collected from fish residing in an area where environmental selenium 
concentrations (i.e., water, sediment and soils) are currently and historically low, suggesting 
that these fish may be migrating in from areas outside of the Obed study area.  Their observed 
distribution patterns throughout the study area may be due to site-specific habitat preferences 
and or migration patterns.  While mapping site-specific MNWH spawning habitats in the upper 
Athabasca River was not an objective of the program, fish community survey sites were 
established in areas with generally similar habitats ensuring the full range of habitats present 
were surveyed.  Other reports also documented that river morphology, substrate and general 
fish habitat conditions were similar in the upper Athabasca River between Hinton and 
Whitecourt (Research Council of Alberta 1972, NRBS 1994, Stantec-Golder 1998, Golder 2004). 

Although there are notable differences between reference and exposure areas of select key 
endpoints in the fish communities in the Athabasca River, spatial trends in the Athabasca River 
do not strongly support a release-related impact given that the area where the highest impacts 
were documented (i.e., site ATR-EO) had the highest CPUE and species diversity of all exposure 
areas (reverse gradient to what the potential impact pathway would suggest).  However, the 
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main objective of the fish community survey in the upper Athabasca River was to track changes 
in fish communities over time and not focus on between area comparisons in a given year.  The 
large degree of variation observed among areas for nearly all biological parameters and the 
difficulty in interpreting within year results based on a transient species like MNWH is 
expected to be further described as subsequent years of fish monitoring data are collected, as 
described in the FMP. 

 

Figure 3.6-4 Total catch and percent composition for the Athabasca River fish community 
surveys, Obed Mine, spring, summer and fall, 2014. 
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Table 3.6-15 Catch summary for the Athabasca River fish community surveys, Obed Mine, spring, summer and fall, 2014. 

Species Spring Summer Fall 

ATRF 
R2 

ATRF 
R3 

ATRF 
E0 

ATRF 
E1 

ATRF 
E2 

ATRF 
E3 

ATRF 
E4 

ATRF 
E5 

ATRF 
R2 

ATRF 
R3 

ATRF 
E0 

ATRF 
E1 

ATRF 
E2 

ATRF 
E3 

ATRF 
E4 

ATRF 
E5 

ATRF 
R2 

ATRF 
R3 

ATRF 
E0 

ATRF 
E1 

ATRF 
E2 

ATRF 
E3 

ATRF 
E4 

ATRF 
E5 

MNWH 15 nf nf 24 1 11 5 - 131 156 88 51 53 27 47 41 80 62 50 23 63 8 11 17 

LNSC 16 nf nf 1 1 1 4 2 25 24 9 11 13 14 11 11 87 51 14 21 41 9 9 7 

RNTR - nf nf - - 1 - - - 2 1 1 5 - - - - 3 7 7 4 2 - - 

ARGR - nf nf - - - - - - - - 1 3 - 3 - - - 3 1 - 1 - - 

NRPK - nf nf - - - - - - - - - - - - 1 - - - - - - - 1 

BLTR - nf nf - - - - - - - 1 - - - - - 1 2 - - - - - - 

LKCH - nf nf - - - - - - - - - - - - - - - - - - - - 4 

TRPR - nf nf - - - - - - - - - - - - - - - 2 - - - - 4 

WHSC - nf nf - - - - - - - - - - - - - - - 5 - - - - 1 

WALL - nf nf - - - - 1 - - - - - - - - - - - - - - 1 - 

Total # of Species 2 nf nf 2 2 3 2 1 2 3 4 4 4 2 3 3 3 4 6 4 3 4 3 6 

Total Count 31 nf nf 25 2 13 9 3 156 182 99 64 74 41 61 53 168 118 81 52 108 20 21 34 

 

 
Figure 3.6-5 CPUE for the Athabasca River fish community surveys, Obed Mine, spring, summer and fall, 2014. 
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Figure 3.6-6 Relative age-frequency distributions and size-at-age relationships of mountain 
whitefish and longnose suckers collected during the fall Athabasca River fish 
community survey, Obed Mine 2014. 
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Figure 3.6-7 Mean condition of mountain whitefish and longnose sucker collected during 

the Athabasca River fish community survey, Obed Mine, spring, summer and 
fall, 2014. 
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3.6.5 Sentinel Species Monitoring 

3.6.5.1 Background Information 

Gibbons et al. (1999), Stantec-Golder (2000), Golder (2004) and the 2010 Pulp and Paper 
Environmental Effect Monitoring (EEM) Technical Guidance Document, were the principal 
documents used to guide the study design of the 2014 Obed Mine sentinel species monitoring 
program.  Gibbons et al. (1999), Stantec-Golder (2000) and Golder (2003) used SPSC as a sentinel 
species to monitor the effects of pulpmill effluent on the receiving aquatic environment.  Results 
of the Cycle Two and Cycle Three sentinel species programs for the Weldwood mill in Hinton 
(Stantec-Golder 2000, Golder 2004) and Gibbons et al. (1999) were also used to quantify baseline 
(pre-incident) conditions, given that the same sentinel species (SPSC) and similar study areas 
used in those studies were monitored for the Obed Mine sentinel species program.  Sculpin are 
particularly applicable for conducting sentinel species monitoring given their relatively small 
home ranges and territorial nature making them ideal for determining effects among areas. 

3.6.5.2 Study Design and Site Selection 

Summary of Athabasca River Sentinel Species Program 

Experimental design Before-After/Control-Impact (BACI), gradient, and time-trend 

Sampling areas 
Exposure: 1 area of three pooled sites 
Reference: 1 area of five pooled sites 

Sample Backpack electrofishing: target min 30 male+30 female sculpin 

Frequency Annually, in fall. (Subject to review in spring 2015) 

Figure 3.6-8 presents the locations of the reference and exposure SPSC sampling sites.  These 
sites are located within the Athabasca River fish inventory sampling areas ATRF-R2 and ATRF-
R3, and ATRF-E0 and ATRF-E1.  Sampling was also conducted at numerous other sites within 
the same exposures and reference areas; however, only sites where fish were successfully 
captured are presented in Figure 3.6-8. 

The location of the reference sites were selected to include those sites previously sampled by 
Gibbons et al. (1999) and Stantec-Golder (2000), in addition to being upstream of the Plante 
Creek confluence.  The locations of the exposure sites were selected based on preliminary 
results of the sediment deposition mapping study, which found that the largest accumulations 
of Obed release material (i.e., direct effects) in the Athabasca River were confined to an area 
between Plante Creek and approximately 3 km downstream of the Sundance Creek bridge.  In 
addition, exposure sites were not extended further downstream given both Gibbons et al. (1999) 
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and Stantec-Golder (2000) found that the relative abundance of SPSC decreases with distance 
down river. 

Although the Fish Plan called for statistical comparisons between two separate reference and 
exposures areas, limited catch success throughout the study areas required the pooling of catch 
data into one exposure and one reference area for analysis purposes. 

The selection of sampling sites targeted run habitat (<1.0 m/s) approximately 0.25 to 0.75 m deep 
with boulder/cobble substrates, similar to habitats targeted by Gibbons et al. (1999).  Although 
these habitat characteristics were found throughout the sampling areas, abundance of SPSC was 
low at nearly all sites and nearly non-existent in areas outside of the aforementioned depth and 
substrate descriptions.  SPSC were collected between September 22 and October 9, when 
sexually mature characteristics make the sculpin easier to identify. 

Federal EEM guidance stipulates capture of 20 male and 20 female individuals of a sentinel 
species, unless existing data describing the variability of these variables in local fish are known 
and can be used in a power analysis.  Based on variability and power analysis conducted for 
SPSC for EEM Cycle 2 for the pulpmill at Hinton (Stantec-Golder 2000), data from between 
three and forty-one individuals (depending on sex and the specific endpoint being analyzed) 
were required to provide sufficient power for comparisons at α=β=0.1.  To maintain practicality 
of the program, a minimum of 30 male and 30 female sculpin were targeted for collection. 

In addition to targeting of adult fish, juvenile fish and especially young-of-year (YOY) were also 
captured, counted and released.  The distribution and abundance of SPSC juveniles, particularly 
YOY, provided important information regarding impacts of the incident on recruitment 
generally and regarding spring 2014 spawning success particularly. 

3.6.5.2.1.1 Key Questions and Hypotheses 

• Question #1: Do population characteristics of key indicator fish species (i.e., spoonhead 
sculpin in the Athabasca River) differ significantly between areas affected by the 
incident and similar, unaffected areas, and are these characteristics stable over time? 

• Ho2: Survival, condition, growth, and recruitment of key indicator species are similar 
between sampling areas and sampling events. 

• Proposed monitoring approach: EEM-type lethal sentinel species programs in the 
upper Athabasca River. 
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3.6.5.3 Field Methods 

3.6.5.3.1 Fish Sampling and Processing 

SPSC were collected using a model 20-B Smith-Root backpack electrofisher and standard pole 
seine and/or dip nets.  Collection nets were fitted with a fine-mesh net (32 mm) to ensure that 
SPSC of all sizes could be captured.  Dip nets were placed downstream of the anode prior to 
and during the application of electrical current.  Current was applied to the sampling site and 
stunned fish were swept downstream into the dip nets.  On occasion, stunned fish darted under 
rocks which required the rock to be overturned and the stunned sculpin hand-captured.  
Exposure and reference areas were electrofished until required number of adult males and 
females were captured. 

All captured sculpin were placed in holding pails, brought to shore and identified to species 
and for sexual maturity.  Fish dissections found that specimens <70 mm in length could not be 
easily sexed and so only fish longer than 70 mm were taken.  Each fish was measured for length 
(± 1.0 mm) and weight (± 0.01 g) using an electronic balance.  Fish <70 mm were released 
downstream while the required number of adults were placed in aerated holding containers 
and brought to an onsite laboratory facility for dissection.  Prior to dissection, fish were 
euthanized by concussion and spinal severance.  The internal organs were then removed, and 
the gonads (± 0.01 g), liver (± 0.01 g) and carcass (± 0.01 g) were weighed.  Otoliths were 
removed from each fish for ageing.  Internal and external pathology examinations were also 
performed on each fish. 

Fish habitat data were recorded at each sampling site and include measurements of water 
depth, substrate composition, water quality, and stream cover.  Water quality variables 
including temperature (°C), DO (mg/L), pH (pH units) and specific conductivity (µS/cm) were 
taken from the in situ data sondes for the specific dates and time of the sampling. 

3.6.5.4 Data Analysis 

3.6.5.4.1 Key Endpoints 

Measurement endpoints determined for the sentinel species monitoring program are 
summarized in Table 3.6-16.  These endpoints are based on Environment Canada’s EEM 
guidelines developed for the metal mining and pulp and paper industries (Environment 
Canada 2010). 
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The measurement endpoints for the sentinel species monitoring were calculated as follows: 

• Age = mean age; 

• Growth = size-at-age; 

• Condition Factor (K) = 100 x (body weight/length3); 

• Gonadosomatic index (GSI) = 100 x (gonad weight/body weight); and 

• Liversomatic index (LSI) = 100 x (liver weight/body weight). 

Table 3.6-16 Measurement endpoints of the Obed Mine sentinel species monitoring 
program (based on Environment Canada 2010). 

Response Measurement 
Endpoints 

Dependent Variable Covariate 

Age Age Age None 

Energy Use Growth Body weight Age 

Gonad size (GSI) gonad weight Body weight 

Energy Storage Liver size (LSI) Liver weight Body weight 

Condition Body weight Fork length 

3.6.5.4.2 Temporal Trends and Spatial Comparisons 

Possible spatial and temporal differences in measurement endpoints of SPSC were assessed by 
comparing fish from the exposure area against those from the upstream reference area.  Where 
data permitted, results were compared to the historical published literature (e.g., Gibbons et al. 
1999) and to the comparisons made in 2000 (Stantec-Golder 2000): 

To test for possible differences in age of SPSC between reference and exposure areas, mean age 
will be compared among sites over time, as future programs are completed, using ANOVA 
(α = 0.05), where age represents the dependent variable and site the independent variable. 

To test for possible differences in growth of SPSC between reference and exposure areas, size-
at-age was compared using ANCOVA (α = 0.05), where age represents the dependent variable, 
area the independent variable, and body weight the covariate. 

To test for possible differences in reproduction of SPSC between reference and exposure areas, 
relative gonad size was compared using an ANCOVA (α = 0.05), where gonad size represents 
the dependent variable, site the independent variable, and weight the covariate.  Relative liver 
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size was also compared between areas, where liver size represents the dependent variable, area 
the independent variable, and body weight the covariate. 

To test for possible differences in condition of SPSC between reference and exposure areas, 
condition factor was compared using ANCOVA (α = 0.05), where body weight represents the 
dependent variable, area the independent variable, and length the covariate. 

Where any observed differences between areas are not statistically significant, post hoc power 
analysis was used to determine whether the sample size was adequate to detect such 
differences, assuming a 10% probability of committing a Type I error and a 90% probability of 
detecting the difference (i.e., α=β=0.1), and the unexplained variability (i.e., the population 
standard deviation).  Power was calculated by re-arranging the following power equation 
(Green 1989): 

2

22
βα

δ

σ)tt(2
n

+
=  

where, 

n is the number of fish; 

σ is the population standard deviation; 

δ is the specified effect size; 

tα is the Students t statistic for a two-tailed test with significance level α; 
and 

tβ is the Students t statistic for a one-tailed test with significance level β. 

The estimated site-year standard deviation is the square-root of the pooled mean squared error 
term from the ANOVA or ANCOVA, separately generated for male and female SPSC. 

3.6.5.4.3 Assessment of Effects 

The selected criteria for determining change in a measurement endpoint for sentinel species 
monitoring was established for the Pulp and Paper EEM Program (Environment Canada 2010).  
These criteria were also applied to the Obed sentinel species program and included the 
following: 

• ± 25% difference in age of fish collected at an exposure area from age of fish collected at 
a reference area; 

• ± 25% difference in growth (size-at-age) in fish collected at an exposure area from 
growth (size-at-age) of fish collected at a reference area; 
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• ± 25% difference in GSI in fish collected at an exposure area from GSI of fish collected at 
a reference area; 

• ± 25% difference in LSI in fish collected at an exposure area from LSI of fish collected at 
a reference area; and 

•  ± 10% difference in condition in fish collected at an exposure area from condition of fish 
collected at a reference area. 

3.6.5.5 Sentinel Species Results 

A total of 94 adult SPSC were collected during 2014 sentinel species monitoring program near 
Obed Mine; 49 were collected from the reference area and 45 were collected from the exposure 
area.  Sex distribution was fairly even between areas.  Of the 49 captured in the reference area, 
26 were male and 23 were female.  Of the 45 collected from the exposure area, 23 were male and 
22 were female.  An additional five juvenile SPSC were captured in the reference area, were 
counted and released.  Table 3.6-17 presents a summary of catch results and parameters 
measured in SPSC collected during fall sentinel species monitoring program.  Age distributions, 
statistical comparisons and percent differences between areas are presented in Table 3.6-18 and 
Figure 3.6-9.  Raw data are presented in Appendix 3.6A. 

Table 3.6-17 Catch results and parameters measured in spoondhead sculpin collected 
during the fall sentinel species monitoring program on the Athabasca River 
near Obed Mine, 2014. 

Site Reach Sex N 
Age 
(yrs) 

Length 
(mm) 

Weight 
(g) 

K LSI GSI 

Exposure ATR-E0 Female 22 5±1 95.59±8.32 8.23±2.38 0.92±0.09 2.92±0.54 2.93±0.56 

Exposure ATR-E0 Male 23 5±1 96.61±5.47 9.82±1.81 0.95±0.09 2.07±0.57 2.14±0.47 

Reference ATR-R2 Female 23 6±2 96.04±9.15 9.89±3.22 1.1±0.17 3.14±0.73 3.73±1.04 

Reference ATR-R2 Male 26 5±2 95.35±11.14 10.46±3.48 1.18±0.21 2.22±0.69 2.14±0.61 

3.6.5.5.1 Age, Length and Weight Comparisons 

Mean age of adult sculpin varied little between sexes and/or between areas, ranging from 5±1 yr 
in the exposure area to 6±2 yrs in the reference area.  In the exposure area the relative age-
frequency distribution showed dominance of the 5-year age class for males and a 4-year and 
5-year age class for females (Figure 3.6-9).  In the reference area the relative age-class 
distribution showed a more even distribution across age classes for both males and females, 
although a higher proportion of fish < 6-years were captured.  There were no significant 
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differences in age between exposure and reference areas for both male and female sculpin 
(Table 3.6-18). 

Total length and weight were also similar between sexes and between stations with the 
exception of length of male sculpin and weight of female, which differed significantly between 
exposure and reference areas (p=0.030 and p=0.06, respectively) (Table 3.6-18).  Male sculpin in 
the exposure area were longer than those captured in the reference area while female sculpin 
were lighter than those captured in the reference area. 

3.6.5.5.2 Growth (Weight-at-Age) 

Growth (weight-at-age) in both male and female sculpin were significantly different between 
exposure and reference areas (p=<0.001) (Table 3.6-18).  Male and female sculpin in the reference 
area were heavier at a given age than sculpin in the exposure area, indicating greater growth 
(Figure 3.6-18). 

3.6.5.5.3 LSI and GSI 

GSI is the ratio of gonad weight (eggs or milt) to body weight, and provides a measure of gonad 
development and reproductive success for a fish.  Differences in gonad size, delayed sexual 
maturity and/or reduced body weight can be an indication of exposure to an environmental 
stressor (Gibbons et al. 1998).  GSI in both male and female sculpin were significantly different 
between exposure and reference areas (p<0.001) (Table 3.6-18).  Female and male sculpin from 
the exposure area had a lower gonad weight relative to sculpin in the reference area 
(Table 3.6-18).  These differences were statistically significant (p<0.001) but were below the 25% 
critical effects size (CES) (i.e., were not biologically significant by EEM effects criteria). 

LSI is the ratio of liver weight to body weight and provides a measure of energy storage.  
Similar to GSI, difference is liver size between two groups of fish can be an indication of 
exposure to an environmental stressor, given that this organ is involved in detoxification and is 
susceptible to toxins (Auro de Obampo and Ocampo 1999).  LSI in both male and female sculpin 
were also significantly different between exposure and references areas (p<0.001) and similarly 
to GSI, female and male sculpin from the exposure area had a lower liver weight relative to 
sculpin in the reference area (Table 3.6-18).  These differences were statistically significant 
(p<0.001) but were below the 25% CES (i.e., were not biologically significant by EEM effects 
criteria). 



  
 Coal Valley Resources Inc. 
 2014 Impact Assessment Report 
 May 29, 2015 
 

Page 330 

3.6.5.5.4 Condition 

Condition of both male and female sculpin was significantly higher in the reference area 
relative to sculpin in the exposure area (Table 3.6-18).  These difference were also greater than 
the 10% CES for condition and are considered biologically significant. 

3.6.5.5.5 Assessment of Effects and Post Hoc Power Analysis 

The CES for age, growth, GSI, LSI and condition, as outlined in Section 3.6.5.4, were defined by 
Environment Canada (2010) as a threshold above which an effect may be indicative of a higher 
risk to the environment.  For the Obed sentinel species program, differences greater than the 
CES between exposure and reference areas may suggest biologically relevant changes in the 
SPSC population in the exposure areas.  All significant differences of key endpoints presented 
in Table 3.6-17 and discussed above were below the Environment Canada CES, with the 
exception of condition factor (±10% of the reference area) in both males and females.  Condition 
of female and male sculpin was 15% and 19% higher in the reference area relative to the 
exposure area, respectively. 

A power analysis conducted on all pairwise comparisons of exposure to reference areas 
indicated that sufficient power was obtained for all comparisons (i.e., sample size was sufficient 
to detect a significant effect), with the exception of condition for both male and female sculpin 
(Table 3.6-18).  Power was relatively high for all comparisons ranging from 0.84 to 1.00. 

3.6.5.5.6 Comparison to Historical EEM Results 

The EEM Cycle Three sentinel species survey reported that both male and female SPSC exposed 
to effluent exhibited significant increases in size, growth, reproductive variables and energy 
storage and that these effects persisted into the mills far-field sampling areas (i.e., further 
downstream of the exposure area used in this assessment).  It was suggested that these effects 
were the result of SPSC responding to enhanced food availability and nutrients in the exposure 
areas (Golder 2004). 

Statistical analysis between the historical EEM results and this program were not completed as 
results would likely not be valid given that potential differences may be attributed to the age of 
the historical Cycle Three EEM data (i.e., 12 years), improvements in effluent quality at the 
Hinton mill and or changes in habitat quality that may have occurred over time. 

A comparison of these fish-health variables in SPSC between this survey and Cycle Three found 
that both male and female sculpin in the 2014 reference area were older and larger, and had 
higher GSI and LSI relative to SPSC from the same area in Cycle Three.  The opposite was found 
in the 2014 exposure area where SPSC were younger and smaller, and had decreased 
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reproductive variables and energy storage compared to SPSC from the same area in Cycle 
Three.  These results also suggest that upstream effluent discharges may still be having an effect 
on SPSC but that the extent of the effect has decreased.  Although details on the total number of 
juvenile sculpin were not recorded in Cycle Three, the study did make reference to the fact that 
juveniles were captured in all areas, albeit in habitats with smaller substrates.  The absence of 
juveniles in the 2014 exposure area suggests that the release material may have forced them into 
other more suitable habitats upstream or further downstream or that SPSC spawning may not 
have been successful in the exposure area in spring 2014. 

3.6.5.6 Incidental Bycatch Results 

During the SPSC surveys, incidental bycatch was identified to species, counted and released. As 
surveys targeted habitats dominated by SPSC, bycatch is presented as incidental results only 
and is not indicative of habitat conditions or size-class distributions.  Juvenile MNWH were also 
semi-quantified through visual count estimates; however, MNWH habitat was often avoided 
due to low SPSC CPUE and an overabundance of non-target MNWH. 

Bycatch species captured in the exposure area during the SPSC surveys included MNWH, 
LNSC, RNTR and pearl dace.  These same species were also captured in the reference area, in 
addition to walleye and burbot.  With the exception of pearl dace, all bycatch were juvenile with 
many appearing to be young-of-year fish.  Juvenile MNWH were the most abundant bycatch 
species in both areas with the highest abundances observed in deeper water (>0.5 m), at the 
outer extents of productive SPSC habitat.  Juvenile LNSC were also abundant at certain sites 
and often preferred the same habitat as SPSC.  Abundances of remaining bycatch species were 
limited (<5 individuals per area), with only a single walleye captured during the sentinel species 
surveys. 
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Figure 3.6-9 Age distribution of spoonhead sculpin collected during the fall sentinels 

species monitoring program on the Athabasca River near Obed Mine, 2014. 
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Table 3.6-18 Statistical comparisons and percent differences in spoonhead sculpin key 
endpoints between exposure and reference areas, Obed Mine 2014. 

Sex Comparison 
Actual 
Sample 

Size 

p 
value1 

Effects 
Criteria 

Exp vs. 
Ref2 

Post Hoc 
Power3 

ANOVA 

Age 

Female Exposure vs. Reference 22,23 0.22 ±25% - 0.96 

Male Exposure vs. Reference 23,26 0.48 ±25% - 0.96 

Length 

Female Exposure vs. Reference 22,23 0.86 ±25% - 1.00 

Male Exposure vs. Reference 23,26 0.03 ±25% 5% 1.00 

Weight 

Female Exposure vs. Reference 22,23 0.06 ±25% -17% 0.95 

Male Exposure vs. Reference 23,26 0.43 ±25% - 0.98 

ANCOVA 

Weight vs. Age  

Female Exposure vs. Reference 22,23 <0.001 ±25% -9% 0.98 

Male Exposure vs. Reference 23,26 <0.001 ±25% -9% 1.00 

Gonad Weight vs. Body Weight 

Female Exposure vs. Reference 22,23 <0.001 ±25% -22% 1.00 

Male Exposure vs. Reference 23,26 <0.001 ±25% -4% 1.00 

Liver Weight vs. Body Weight 

Female Exposure vs. Reference 22,23 <0.001 ±25% -7% 1.00 

Male Exposure vs. Reference 23,25 <0.001 ±25% -9% 0.96 

Condition (Body Weight vs. Length) 

Female Exposure vs. Reference 22,23 <0.001 ±10% -15% 0.84 

Male Exposure vs. Reference 23,26 <0.001 ±10% -19% 0.84 

1 bold signifies a significant difference p ≤ 0.10 
2 bold signifies when effect size exceeded EC's criterion for 25% for age, weight-at-age, GSI, and LSI, and 10% for condition. 
3 bold denotes comparisons where power was inadequate and sample size was too low. 

% difference calculated using ANCOVA adjusted least squared means 
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3.6.6 Fish Tissue Monitoring 

The following section presents the results of the fish tissue monitoring program completed in 
September 2014 concurrent with the fall Athabasca River fish community survey.  Analysis of 
results focuses on the assessment of key variables in tissue samples (i.e., mercury, selenium and 
select PAHs) collected from adult MNWH (a large-bodied, benthivorous sport fish), LNSC (a 
large-bodied consumer of sediments) and SPSC (a sedentary, benthivorous, small bodied fish).  
The purpose of the assessment was to assess potential effects of the incident on fish health and 
fish usability to wildlife, with a focus on comparing concentrations among areas and overtime 
as data collection continues (Section 3.6.6.4).  A detailed assessment of the potential effects on 
human health through consumption of fish tissue will be presented in the Human Health Risk 
Assessment.  However, for comparative purposes, Health Canada mercury guideline for 
general fish consumption (Health Canada 2007) and the 2014 BC MOE selenium guidelines in 
fish tissue (Beatty and Russo 2014) are presented on figures and tables below. 

3.6.6.1 Background Information 

Limited background (either upstream or pre-release incident) fish-tissue monitoring data exists 
for the area of the Athabasca River near the Obed Mine.  The limited available fish tissue data 
associated with the AFS component of the historical EEM reports are old (>19 years) and 
targeted compounds specifically associated with mill effluent (e.g., resin acids and chlorinated 
dioxins and furans) and not with compounds found in the material released during the 
incident. 

3.6.6.2 Study Design and Site Selection 

Summary of Athabasca River Fish Tissue Monitoring 

Experimental design Control-Impact (BACI), gradient, and time-trend 

Athabasca River sampling 
areas 

Exposure: 6 areas downstream of Plante Creek confluence.  
Reference: 2 areas upstream of Plante Creek confluence. 

Sample Taken during fish community surveys (MNWH and LNSC) or sentinel-
species survey (spoonhead sculpin). 
Target 10 adult fish/area. 
Muscle tissue taken from all fish for metals analysis. 
Eggs taken for analysis from all fish where possible. 
1 composite/species/site of livers for PAH analysis. 

Frequency Annually, in fall. 
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MNWH and LNSC were the target species for the fish-tissue monitoring component of the 
Obed Fish Monitoring Plan.  Tissue samples were acquired from fish collected from all eight 
sampling reaches of the Athabasca River during the September 2014 fish-community surveys 
(Section 3.6.4).  Additionally, a subsample of SPSC (whole carcass samples, total 10 per area) 
sacrificed for sentinel-species monitoring on the Athabasca River, were retained for tissue 
analysis of metals. 

Muscle tissue was collected lethally from a maximum of 10 fish from each species from each 
area for metals and PAH analysis; eggs were also sampled from gravid females where possible, 
specifically to address questions regarding selenium bioaccumulation.  Livers were also taken 
from select areas (ATRF-E2, ATRF-E0, ATRF-R2 and ATRF-R3), with one composite sample per 
species per area subjected to PAH analyses (samples were composited rather than analyzed 
individually because of tissue-volume requirements).  Metals analysis were completed on 
individual fish from each area.  Additional details on the rationale for species and specific tissue 
type selection are presented in Section 2.3. 

3.6.6.2.1 Key Questions and Hypotheses 

• Question #3: Do concentrations of metals and PAHs in muscle tissues of key indicator 
species (i.e., MNWH and LNSC in the Athabasca River) differ significantly between 
areas affected by the Obed release and similar, unaffected areas, and are these 
concentrations stable over time? 

• Ho3: Concentrations of metals and PAHs in muscle tissues of key fish species are 
similar between sampling areas and over time; 

• Question #4: Do concentrations of metals and PAHs in fish tissues exceed relevant 
environmental quality or consumption guidelines? 

• Ho4: Concentrations of metals and PAHs in fish tissues are within relevant 
environmental quality and consumption guidelines 

• Proposed monitoring approach: Analysis of metals and selected PAHs in tissues of 
key indicator fish species in the upper Athabasca River (i.e., MNWH and LNSC). 

3.6.6.3 Field Methods 

3.6.6.3.1 Fish Sampling and Processing 

Captured fish were stored in cold water and transported back to the shore-based processing 
area.  Each captured fish was sacrificed by concussion and spinal severance.  Each fish was 
measured for fork length (± 1 mm) and weight (± 0.1 g) and given an external health assessment 
as described in the FMP.  Each fish was then dissected and an internal assessment conducted to 
evaluate general health (e.g., presence of disease, incidence of parasites, physical and other 



  
 Coal Valley Resources Inc. 
 2014 Impact Assessment Report 
 May 29, 2015 
 

Page 336 

abnormalities) based on the following structures and characteristics: liver; kidney; spleen; 
hindgut; gall bladder; fat content; and the presence of parasites. 

For each fish, the sex, stage of maturity, liver weight (± 0.01 g), gonad weight (± 0.01 g), and 
carcass weight (total weight minus the internal organs, ± 1 g) was recorded.  Ageing structures 
(otoliths for MNWH, proximal pectoral fin ray for LNSC) were collected, dried, and stored in 
labeled coin envelopes and sent to North-South Consultants Inc. (Winnipeg, MB) for aging. 

Muscle tissue samples were removed from the musculature above the lateral line and posterior 
to the dorsal fin on the left side of each fish for analysis of metals and PAHs.  The minimum 
muscle tissue requirement per fish is 5 g (10 g preferred) for metals analyses: Skin and bone 
were removed from the muscle tissue.  Sampled MNWH and LNSC eggs were removed from 
their skein in the field and placed into clean, sealable plastic bags, with care taken not to 
contaminate eggs during handling.  Liver tissue samples were removed from selected fish for 
PAH analysis.  The minimum liver tissue requirement per fish is 10 g (20 g preferred) for PAH 
analyses.  Liver samples were individually wrapped and labeled in solvent-rinsed aluminum 
foil.  At the lab, liver samples were composited and homogenized by species and area resulting 
in one liver sample per species per area. 

All samples were labeled, frozen daily and shipped in dry-ice ice to ALS Laboratory Group in 
Edmonton for metals analysis (mercury analysis completed by Flett Research) and to AXYS in 
Sidney, BC for PAH analysis. 

3.6.6.3.2 Laboratory Analysis 

Metals analysis was undertaken for each replicate sample of muscle (and eggs where collected), 
to provide a detailed understanding of within-area variability.  PAH analysis was performed on 
a composite sample of tissue for each tissue type and species from each area, due to the greater 
sample-volume requirements for PAHs.  Each tissue sample was prepared for the following 
analyses (individual replicates for metals, composites per area for PAHs): 

• Metals: aluminum, antimony, arsenic, barium, beryllium, boron, cadmium, chromium, 
cobalt, copper, iron, lead, lithium, manganese, mercury (low-level), molybdenum, 
nickel, selenium, silver, strontium, thallium, tin, titanium, vanadium, and zinc; and 

• PAHs: Scan of parent and alkylated PAHs, consistent with PAH scans already being 
undertaken for water and sediment samples. 

Methods and detection limits used for all chemical analyses, including metals, and PAHs are 
presented in the FMP.  Fish tissue analytical results are provided in Appendix 3.6B. 
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3.6.6.4 Data Analysis 

3.6.6.4.1 Key Endpoints 

Measurement endpoints used to analyze fish-tissue results from the Athabasca River included 
whole-organism metrics (fork length, body weight, and age), incidence of external/internal 
health abnormalities, metals (including mercury) and PAH compounds measured. 

3.6.6.4.2 Spatial Comparisons 

Results are reported for all individual fish or for composites as appropriate.  For metals 
(including mercury), ANOVA and graphical approaches were used to compare fish-tissue 
concentrations among and between sampling areas. 

Scatterplots by area were used to explore potential relationships between metals concentrations 
and whole-organism metrics such as fish size, to examine potential bioaccumulation of mercury 
and other metals in fish. 

3.6.6.4.3 Assessment of Effects 

To assess potential risk to fish health and concentrations, fish-tissue data were screened in three 
ways: 

• Comparisons Between Areas: Data from exposure areas were compared among areas, 
particularly against those of reference areas, using ANOVA; 

• Comparisons Against Published Guidelines: All tissue residue data were screened 
against relevant published guidelines, where these exist (see below for additional such 
interpretation for mercury); and 

• Assessment Against Natural Variability: As a means of screening against a range of 
natural variability, data were screened against relevant published data describing 
concentrations of these compounds in fish tissue from other areas, from sources such as 
the scientific literature, recent monitoring studies from elsewhere in Alberta, or 
published reports describing background variability of these chemicals in tissues, such 
as Reiberger (1992)’s compilation of metals concentrations in tissues of fish collected 
from British Columbia uncontaminated lakes. 

3.6.6.5 Results 

3.6.6.5.1 Mercury 

Total mercury concentrations in muscle tissue of MNWH and LNSC are presented in 
Table 3.6-19.  Concentrations of mercury in MNWH ranged from 0.012 mg/kg to 0.15 mg/kg, 
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with a mean concentration of 0.04 mg/kg.  Total concentrations of mercury in LNSC ranged 
from 0.012 mg/kg to 0.25 mg/kg, with a mean concentration of 0.06 mg/kg.  Spatial comparisons 
of length-normalized mercury concentrations in MNWN and LNSC are presented in Figure 
3.6-10.  Length-normalized concentrations (normalized to the mean length of fish species 
captured) were calculated to reduce variation in the data due to differences in the length of fish 
caught in each sampling area.  In general, length-normalized mercury concentrations in MNWH 
increased with downstream distance while concentrations in LNSC remained relatively 
constant, with the exception of site ATRF-E3.  In addition, mean mercury concentrations were 
higher in LNSC at all sites with the exception of ATRF-E2, ATRF-E4 and ATRF-E5. 

Concentrations of mercury show a small increasing relationship with fork length and age for 
MNWH and a moderate increasing relationship for LNSC (Figure 3.6-10).  Regressions between 
mercury concentrations (log10-transformed) and fork length of individual MNWH and LNSC 
were statistically significant (p=0.008 and p<0.001, respectively) with a low correlation of 
mercury concentration to length for MNWH (r=0.30) and a moderate correlation for LNSC 
(r=0.66).  Regressions between mercury concentrations (log10-transformed) and age of individual 
MNWH were not statistically significant (p=0.797), although they were statistically significant 
for LNSC (p<0.001).  There was no correlation of mercury concentration to age for MNWH 
(r=0.03) and a low correlation for LNSC (r=0.45). 

Mean total mercury concentrations exceeded the CCME tissue residue guidelines to protect 
wildlife (0.033 mg/kg) in all sampling areas for both MNWH and LNSC, with the exception of 
MNWH in ATRF-R2 and ATRF-R3 (Table 3.6-19 and Figure 3.6-10).  However, total mercury 
concentrations were well below the Health Canada guideline for general fish consumers in all 
fish captured. 

3.6.6.5.2 Selenium 

Concentrations of selenium in MNWH muscle tissue ranged from 0.49 mg/kg to 8.68 mg/kg, 
with a mean concentration of 2.18 mg/kg (Table 3.6-19).  Concentrations of selenium were 
notably higher in MNWH eggs than in muscle tissue, ranging from 1.86 mg/kg to 55.46 mg/kg, 
with a mean concentration of 21.64 mg/kg.  Concentrations of selenium in LNSC muscle and 
egg tissues were lower in all sampling areas relative to MNWH, ranging from 0.77 mg/kg to 
1.91 mg/kg in muscle tissue and from 1.31 mg/kg to 3.21 mg/kg in eggs; mean concentration in 
muscle and eggs were 1.20 mg/kg and 1.96 mg/kg, respectively (Figure 3.6-12).  Selenium 
concentrations in MNWH tissues were highly variable within each sampling area, whereas 
concentrations in LNSC were fairly consistent within areas (Figure 3.6-11). 

Mean concentrations of selenium in muscle tissue were below the 2014 BC MOE guideline in all 
sampling areas with the exception of MNWH in ATRF-R3, ATRF-E0 and ATRF-E3 (Table 3.6-19 
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and Figure 3.6-11).  Concentrations of selenium in eggs varied considerably between MNWH 
and LNSC.  In LNSC eggs, selenium concentrations were below the 2014 BC MOE guideline in 
all sampling areas; however, mean concentrations in MNWH eggs exceeded guidelines in all 
sampling areas, except ATRF-E2. 

Concentrations of selenium in muscle tissue showed no relationship with age or fork length for 
both MNWH and LNSC (Figure 3.6-11).  Regressions of selenium concentrations in muscle 
tissue with fork length or age were not statistically significant for either MNWH or LNSC 
(p=0.661 and p=0.139, respectively). 

3.6.6.5.3 PAHs 

A detailed assessment of PAHs in fish tissue will be presented in the HHRA. 

3.6.6.5.4 Comparisons Between Areas 

Spatial comparisons of metal concentrations in fish tissues between exposure and reference 
areas were completed for MNWH, LNSC and SPSC using an ANOVA (p≤0.05).  Results were 
pooled for reference and exposure areas by species and are presented in Table 3.6-19.  In 
MNWH, metals that exhibited significantly higher concentrations in the exposure area versus 
the reference area included mercury and uranium.  In LNSC, these metals included arsenic, 
selenium (both muscle and egg tissue) and titanium.  In SPSC, only cadmium exhibited a higher 
concentration in the exposure area compared to the reference area. 

3.6.6.5.5 Assessment of Effects 

The following provides an assessment of the potential effects of the incident on fish tissues, 
specifically focusing on potential ecological effects.  An assessment of the potential effects and 
risk associated with consumption of fish tissues will be provided in the Human Health Risk 
Assessment. 

Overall, concentrations of metals in fish tissues were low in all species and areas sampled, with 
the exception of selenium in MNWH eggs and periodically in muscle tissue (Table 3.6-19).  
Concentrations of selenium in MNWH were similar in both reference and exposure areas; 
however, mean concentrations were within or lower than the range of concentrations observed 
in MNWH collected from the nearby upper McLeod and Smoky River systems, which receives 
water from three mountain coal mines (ASRD 2006).  It is difficult to say where MNWH 
captured near Obed were exposed to elevated selenium concentrations.  MNWH are known to 
travel extensively during the year (Nelson and Paetz 1992) especially during their fall spawning 
migrations period.  LNSC and SPSC, two more sessile species with similar benthic diets, and 
which have likely been exposed to Obed release material for a longer period, showed low 
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selenium tissue concentrations (Table 3.6-19).  Concentrations of all other metals in LNSC and 
SPSC tissues were low, with the exception of mercury in a few LNSC.  These results were not 
surprising given the low metal concentrations observed in sediment samples collected from 
source and release material (Section 2.1).  Concentrations of metals in all near-field samples 
were below the thresholds in which adverse effects to aquatic organisms are expected to occur 
(i.e., below CCME probable effects levels). 

Although there were LNSC samples that exceeded the CCME tissue residue guideline for 
mercury, this guideline is highly conservative and developed for the protection of wildlife 
feeding almost exclusively aquatic biota; guideline development focused primarily on 
piscivorous mammals (i.e., mink) and birds (i.e., loons) (CCME 2007).  Concentrations of 
mercury in fish tissues collected from watercourses and water bodies throughout BC and 
Alberta, including uncontaminated sites, on average exceed 0.033 mg/kg (AHW 2009, RAMP 
2013, Rieberger 1992).  In addition, in all cases of guideline exceedances, they occurred in both 
reference and exposure areas.  In cases where metals concentrations were statistically higher in 
the exposure area compared to reference area, yet remained below applicable guidelines, 
concentrations were low and likely pose minimal risk to piscivorous wildlife. 
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Table 3.6-19 Summary of metals concentrations in fish tissues of mountain whitefish and longnose suckers collected from the 
Athabasca River near the Obed Mine, fall 2014. 

Metal Units DL Guideline 
Reference Exposure p-value 

of 
means n min mean max  %BDL n min mean max  %BDL 

Mountain Whitefish 

Aluminum  mg/kg wwt <0.40 
 

20 <0.40 0.85 2.79 35.0 57 0.40 0.62 2.01 36.8 0.146 

Antimony  mg/kg wwt <0.0020 
 

20 <0.0020 0.0123 0.1890 90.0 57 <0.0020 0.0047 0.0946 80.7 0.438 

Arsenic  mg/kg wwt <0.0040 
 

20 0.0066 0.0207 0.0426 0.0 57 <0.0040 0.0270 0.0905 1.8 0.100 

Barium  mg/kg wwt <0.010 
 

20 0.015 0.040 0.088 0.0 57 <0.010 0.039 0.120 8.8 0.839 

Beryllium  mg/kg wwt <0.0020 
 

20 <0.0020 <0.0020 <0.0020 100.0 57 <0.0020 <0.0020 <0.0020 100.0 - 

Bismuth  mg/kg wwt <0.0020 
 

20 <0.0020 <0.0020 <0.0020 100.0 57 <0.0020 <0.0020 0.0024 96.5 0.163 

Boron  mg/kg wwt <0.20 
 

20 <0.20 <0.20 0.28 95.0 57 <0.20 <0.20 <0.20 100.0 - 

Cadmium  mg/kg wwt <0.0010 
 

20 <0.0010 <0.0010 <0.0010 100.0 57 <0.0010 <0.0010 0.0014 89.5 - 

Calcium  mg/kg wwt <4.0 
 

20 152.0 357.7 683.0 0.0 57 83.1 348.0 1040.0 0.0 0.817 

Cesium  mg/kg wwt <0.0010 
 

20 0.0024 0.0070 0.0104 0.0 57 0.0022 0.0068 0.0115 0.0 0.615 

Chromium  mg/kg wwt <0.010 
 

20 <0.010 0.017 0.043 35.0 57 <0.010 0.019 0.106 36.8 0.498 

Cobalt  mg/kg wwt <0.0040 
 

20 0.0045 0.0236 0.0465 0.0 57 0.0071 0.0200 0.0447 0.0 0.205 

Copper  mg/kg wwt <0.020 
 

20 0.124 0.229 0.389 0.0 57 0.107 0.231 0.603 0.0 0.952 

Iron  mg/kg wwt <0.60 
 

20 1.86 4.10 6.64 0.0 57 1.87 3.93 9.57 0.0 0.650 

Lead  mg/kg wwt <0.0040 
 

20 <0.0040 0.0042 0.0056 75.0 57 <0.0040 0.0046 0.0289 93.0 0.376 

Lithium  mg/kg wwt <0.10 
 

20 <0.10 <0.10 <0.10 100.0 57 <0.10 <0.10 <0.10 100.0 - 

Magnesium  mg/kg wwt <0.40 
 

20 266.00 310.45 365.00 0.0 57 217.00 304.61 375.00 0.0 0.415 

Manganese  mg/kg wwt <0.010 
 

20 0.136 0.232 0.419 0.0 57 0.070 0.217 0.581 0.0 0.528 
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Table 3.6-19 Summary of metals concentrations in fish tissues of mountain whitefish and longnose suckers collected from the 
Athabasca River near the Obed Mine, fall 2014. 

Metal Units DL Guideline 
Reference Exposure p-value 

of 
means n min mean max  %BDL n min mean max  %BDL 

Mercury  mg/kg wwt <0.0010 0.033, 0.2, 
0.51 

20 0.0124 0.0261 0.0606 0.0 57 0.0178 0.0481 0.1450 0.0 <0.001 

Molybdenum  mg/kg wwt <0.0040 
 

20 <0.0040 0.0043 0.0078 80.0 57 <0.0040 0.0043 0.0235 96.5 0.893 

Nickel  mg/kg wwt <0.040 
 

20 <0.040 <0.040 <0.040 100.0 57 <0.040 <0.040 <0.040 100.0 - 

Phosphorus  mg/kg wwt <2.0 
 

20 2,290.0 2603.0 2960.0 0.0 57 1,950.0 2,599.8 3,290.0 0.0 0.949 

Selenium-muscle2  mg/kg dwt <0.010 4 20 0.493 2.202 5.034 0.0 57 0.607 2.166 8.675 0.0 0.913 

Selenium-ovary2  mg/kg dwt <0.010 11 8 12.667 24.580 37.576 0.0 32 1.864 18.702 55.455 0.0 0.149 

Silver  mg/kg wwt <0.0010 
 

20 <0.0010 <0.0010 <0.0010 100.0 57 <0.0010 <0.0010 <0.0010 100.0 - 

Strontium mg/kg wwt <0.010 
 

20 0.186 0.490 1.010 0.0 57 0.040 0.412 1.160 0.0 0.224 

Tellurium  mg/kg wwt <0.0040 
 

20 <0.0040 <0.0040 <0.0040 100.0 57 <0.0040 <0.0040 <0.0040 100.0 - 

Thallium  mg/kg wwt <0.00040 
 

20 0.00099 0.00561 0.00840 0.0 57 0.00176 0.00603 0.00938 0.0 0.433 

Tin  mg/kg wwt <0.020 
 

20 <0.020 0.028 0.130 80.0 57 <0.020 0.024 0.094 82.5 0.537 

Titanium mg/kg wwt <0.020 
 

20 0.128 0.230 0.375 0.0 57 0.066 0.219 0.406 0.0 0.595 

Uranium  mg/kg wwt <0.00040 
 

20 <0.00040 <0.00040 <0.00040 100.0 57 <0.00040 0.00044 0.00123 86.0 0.029 

Vanadium mg/kg wwt <0.020 
 

20 <0.020 <0.020 <0.020 100.0 57 <0.020 <0.020 <0.020 100.0 - 

Zinc mg/kg wwt <0.10 
 

20 2.54 3.15 4.76 0.0 57 2.30 3.00 3.81 0.0 0.195 

Zirconium mg/kg wwt <0.040 
 

20 <0.040 <0.040 <0.040 100.0 57 <0.040 0.043 0.196 98.2 0.322 

Longnose Sucker 

Aluminum  mg/kg wwt <0.40 
 

20 <0.40 0.77 3.00 25.0 56 <0.40 0.84 8.28 37.5 0.757 
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Table 3.6-19 Summary of metals concentrations in fish tissues of mountain whitefish and longnose suckers collected from the 
Athabasca River near the Obed Mine, fall 2014. 

Metal Units DL Guideline 
Reference Exposure p-value 

of 
means n min mean max  %BDL n min mean max  %BDL 

Antimony  mg/kg wwt <0.0020 
 

20 <0.0020 0.0101 0.1200 85.0 56 <0.0020 0.0075 0.1500 85.7 0.710 

Arsenic  mg/kg wwt <0.0040 
 

20 0.0072 0.0239 0.0567 0.0 56 0.0093 0.0304 0.0817 0.0 0.049 

Barium  mg/kg wwt <0.010 
 

20 0.033 0.224 0.585 0.0 56 0.059 0.210 0.536 0.0 0.713 

Beryllium  mg/kg wwt <0.0020 
 

20 <0.0020 <0.0020 <0.0020 100.0 56 <0.0020 <0.0020 <0.0020 100.0 - 

Bismuth  mg/kg wwt <0.0020 
 

20 <0.0020 <0.0020 <0.0020 100.0 56 <0.0020 <0.0020 <0.0020 100.0 - 

Boron  mg/kg wwt <0.20 
 

20 <0.20 <0.20 <0.20 100.0 56 <0.20 <0.20 <0.20 100.0 - 

Cadmium  mg/kg wwt <0.0010 
 

20 <0.0010 <0.0010 0.0011 95.0 56 <0.0010 <0.0010 0.0022 94.6 0.229 

Calcium  mg/kg wwt <4.0 
 

20 84.8 348.7 758.0 0.0 56 79.0 328.8 1010.0 0.0 0.686 

Cesium  mg/kg wwt <0.0010 
 

20 0.0034 0.0059 0.0075 0.0 56 0.0034 0.0056 0.0085 0.0 0.142 

Chromium  mg/kg wwt <0.010 
 

20 <0.010 0.020 0.085 40.0 56 <0.010 0.024 0.520 48.2 0.705 

Cobalt  mg/kg wwt <0.0040 
 

20 <0.0040 0.0081 0.0267 10.0 56 <0.0040 0.0056 0.0108 23.2 0.044 

Copper  mg/kg wwt <0.020 
 

20 0.148 0.303 0.572 0.0 56 0.131 0.271 0.585 0.0 0.322 

Iron  mg/kg wwt <0.60 
 

20 1.35 3.90 8.83 0.0 56 1.20 3.55 10.40 0.0 0.505 

Lead  mg/kg wwt <0.0040 
 

20 <0.0040 0.0045 0.0119 90.0 56 <0.0040 0.0041 0.0059 94.6 0.310 

Lithium  mg/kg wwt <0.10 
 

20 <0.10 <0.10 <0.10 100.0 56 <0.10 <0.10 <0.10 100.0 - 

Magnesium  mg/kg wwt <0.40 
 

20 247.00 294.30 367.00 0.0 56 205.00 292.46 358.00 0.0 0.829 

Manganese  mg/kg wwt <0.010 
 

20 0.133 0.357 0.658 0.0 56 0.136 0.352 1.000 0.0 0.911 

Mercury  mg/kg wwt <0.0010 
0.033, 0.2, 

0.51 20 0.0158 0.0564 0.2470 0.0 56 0.0122 0.0632 0.2440 0.0 0.602 
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Table 3.6-19 Summary of metals concentrations in fish tissues of mountain whitefish and longnose suckers collected from the 
Athabasca River near the Obed Mine, fall 2014. 

Metal Units DL Guideline 
Reference Exposure p-value 

of 
means n min mean max  %BDL n min mean max  %BDL 

Molybdenum  mg/kg wwt <0.0040 
 

20 <0.0040 0.0053 0.0265 85.0 56 <0.0040 0.0041 0.0085 92.9 0.323 

Nickel  mg/kg wwt <0.040 
 

20 <0.040 <0.040 <0.040 100.0 56 <0.040 0.042 0.078 94.6 0.089 

Phosphorus  mg/kg wwt <2.0 
 

20 1,960.0 2,433.0 2,920.0 0.0 56 1,780.0 2,384.3 2,740.0 0.0 0.455 

Selenium-muscle2  mg/kg dwt <0.010 4 20 0.768 1.093 1.705 0.0 56 0.783 1.302 1.907 0.0 0.008 

Selenium-ovary2  mg/kg dwt <0.010 11 11 1.306 1.796 2.221 0.0 23 1.494 2.121 3.121 0.0 0.011 

Silver  mg/kg wwt <0.0010 
 

20 <0.0010 <0.0010 <0.0010 100.0 56 <0.0010 <0.0010 <0.0010 100.0 - 

Strontium mg/kg wwt <0.010 
 

20 0.096 0.673 1.640 0.0 56 0.091 0.569 1.850 0.0 0.382 

Tellurium  mg/kg wwt <0.0040 
 

20 <0.0040 <0.0040 <0.0040 100.0 56 <0.0040 <0.0040 <0.0040 100.0 - 

Thallium  mg/kg wwt <0.00040 
 

20 0.00043 0.00143 0.00467 0.0 56 0.00045 0.00150 0.00269 0.0 0.754 

Tin  mg/kg wwt <0.020 
 

20 0.020 0.047 0.435 75.0 56 <0.020 0.027 0.139 69.6 0.362 

Titanium mg/kg wwt <0.020 
 

20 0.075 0.172 0.335 0.0 56 0.057 0.228 0.404 0.0 0.012 

Uranium  mg/kg wwt <0.00040 
 

20 <0.00040 <0.00040 <0.00040 100.0 56 <0.00040 0.00041 0.00093 98.2 0.322 

Vanadium mg/kg wwt <0.020 
 

20 <0.020 <0.020 <0.020 100.0 56 <0.020 <0.020 0.024 98.2 0.322 

Zinc mg/kg wwt <0.10 
 

20 2.67 5.06 10.00 0.0 56 2.95 5.08 9.86 0.0 0.969 

Zirconium mg/kg wwt <0.040 
 

20 <0.040 <0.040 <0.040 100.0 56 <0.040 <0.040 <0.040 100.0 - 

Spoonhead Sculpin 

Aluminum  mg/kg wwt <0.40 
 

10 01.7 04.9 11.7 0 10 1.0 3.3 10.9 20 0.292 

Antimony  mg/kg wwt <0.0020 
 

10 <0.0020 <0.0020 0.0023 90 10 <0.0020 0.0022 0.0033 70 0.387 

Arsenic  mg/kg wwt <0.0040 
 

10 0.0114 0.0214 0.0425 0 10 0.0119 0.0197 0.0392 0 0.655 
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Table 3.6-19 Summary of metals concentrations in fish tissues of mountain whitefish and longnose suckers collected from the 
Athabasca River near the Obed Mine, fall 2014. 

Metal Units DL Guideline 
Reference Exposure p-value 

of 
means n min mean max  %BDL n min mean max  %BDL 

Barium  mg/kg wwt <0.010 
 

10 1.02 1.79 2.37 0 10 0.991 1.844 3.040 0 0.821 

Beryllium  mg/kg wwt <0.0020 
 

10 <0.0020 <0.0020 <0.0020 100 10 <0.0020 <0.0020 <0.0020 100 - 

Bismuth  mg/kg wwt <0.0020 
 

10 <0.0020 <0.0023 0.0048 90 10 <0.0020 <0.0020 <0.0020 100 0.343 

Boron  mg/kg wwt <0.20 
 

10 <0.20 <0.20 <0.20 100 10 <0.20 <0.20 <0.20 100 - 

Cadmium  mg/kg wwt <0.0010 
 

10 0.0021 0.0032 0.0044 0 10 0.0048 0.0183 0.0578 0 0.011 

Calcium  mg/kg wwt <4.0 
 

10 05440 10,614 16,400 0 10 7,060 1,1836 15,400 0 0.362 

Cesium  mg/kg wwt <0.0010 
 

10 0.0046 0.0053 0.0062 0 10 0.0049 0.0059 0.0087 0 0.136 

Chromium  mg/kg wwt <0.010 
 

10 <0.040 <0.040 <0.040 100 10 <0.040 0.041 0.046 90 0.343 

Cobalt  mg/kg wwt <0.0040 
 

10 0.0324 0.0512 0.0836 0 10 0.0308 0.0485 0.0837 0 0.741 

Copper  mg/kg wwt <0.020 
 

10 0.344 0.510 0.715 0 10 0.410 0.465 0.522 0 0.282 

Iron  mg/kg wwt <0.60 
 

10 08.1 13.3 26.3 0 10 06.1 10.9 20.6 0 0.324 

Lead  mg/kg wwt <0.0040 
 

10 0.011 0.021 0.055 0 10 0.011 0.027 0.103 0 0.558 

Lithium  mg/kg wwt <0.10 
 

10 <0.10 <0.10 <0.10 100 10 <0.10 <0.10 <0.10 100 - 

Magnesium  mg/kg wwt <0.40 
 

10 255 335 414 0 10 283 357 414 0 0.269 

Manganese  mg/kg wwt <0.010 
 

10 1.75 3.48 5.06 0 10 1.96 3.76 4.82 0 0.540 

Mercury  mg/kg wwt <0.0010 
0.033, 0.2, 

0.51 10 0.0055 0.0116 0.0186 0 10 0.0100 0.0149 0.0270 0 0.160 

Molybdenum  mg/kg wwt <0.0040 
 

10 <0.0080 <0.0080 0.0082 90 10 <0.0080 <0.0080 <0.0080 100 0.343 

Nickel  mg/kg wwt <0.040 
 

10 0.046 0.066 0.104 0 10 0.052 0.084 0.157 0 0.153 
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Table 3.6-19 Summary of metals concentrations in fish tissues of mountain whitefish and longnose suckers collected from the 
Athabasca River near the Obed Mine, fall 2014. 

Metal Units DL Guideline 
Reference Exposure p-value 

of 
means n min mean max  %BDL n min mean max  %BDL 

Phosphorus  mg/kg wwt <2.0 
 

10 3710 6118 8670 0 10 4,580 6,995 8,660 0 0.180 

Selenium-muscle2  mg/kg dwt <0.010 4 10 1.552 1.858 2.480 0 10 1.832 2.311 3.208 0 0.024 

Selenium-ovary2  mg/kg dwt <0.010 11 - - - - - - - - - - - 

Silver  mg/kg wwt <0.0010 
 

10 <0.0010 <0.0010 <0.0010 100 10 <0.0010 <0.0010 <0.0010 100 - 

Strontium mg/kg wwt <0.010 
 

10 11.5 20.7 29.6 0 10 12.7 23.7 33.5 0 0.267 

Tellurium  mg/kg wwt <0.0040 
 

10 <0.0040 <0.0040 <0.0040 100 10 <0.0040 <0.0040 <0.0040 100 - 

Thallium  mg/kg wwt <0.00040 
 

10 0.00170 0.00243 0.00337 0 10 0.00184 0.00242 0.00331 0 0.968 

Tin  mg/kg wwt <0.020 
 

10 <0.020 <0.024 0.047 70 10 <0.020 0.024 0.035 50 0.929 

Titanium mg/kg wwt <0.020 
 

10 0.10 0.11 0.16 80 10 <0.10 <0.10 0.14 90 0.461 

Uranium  mg/kg wwt <0.00040 
 

10 0.00084 0.00154 0.00323 0 10 0.00064 0.00239 0.00934 0 0.327 

Vanadium mg/kg wwt <0.020 
 

10 0.020 0.041 0.059 0 10 0.025 0.044 0.086 0 0.626 

Zinc mg/kg wwt <0.10 
 

10 10.8 17.4 21.9 0 10 12.3 17.9 21.5 0 0.724 

Zirconium mg/kg wwt <0.040 
 

10 <0.040 <0.040 <0.040 100 10 <0.040 <0.040 <0.040 100 - 

Bold denotes values exceeded its guideline 

Shaded denotes significant difference (α=0.1) 
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Figure 3.6-10 Spatial comparisons of length-normalized mercury concentrations and total 

mercury concentrations in muscle tissue versus length and age of mountain 
whitefish and longnose sucker collected from the Athabasca River near Obed 
Mine, fall 2014. 
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Figure 3.6-11 Spatial comparisons of selenium concentrations in muscle tissue and 

concentrations versus length and age of mountain whitefish and longnose 
sucker collected from the Athabasca River near Obed Mine, fall 2014. 
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Figure 3.6-12 Spatial comparisons of selenium concentrations in eggs and concentrations versus 

length and age of mountain whitefish and longnose sucker collected from the 
Athabasca River near Obed Mine, fall 2014. 
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