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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”) near Hinton, Alberta.  The Mine produced export 
quality thermal coal that is beneficiated through a washing and drying process.  No chemicals are 
used in the process, except for flocculants that settle out the solid material from the water.  
Flocculants are commonly used at potable water treatment plants in Canada.  When flocculants come 
into contact with sediment particles, they bond and become inactive.  

The pond contained surface and process water, and solids from the washing process.  When the 
containment pond wall breached, approximately 670,000 cubic meters of water and sediment was 
released down slope.  The release contained water, clay, silt or mud, shale and coal fines.  As it moved 
downhill, the water and silt 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 soil were contained within the headwaters of the Apetowun Creek.  Finer particles were 
carried onward to Plante Creek and the Athabasca River. 

The purpose of this updated Impact Assessment Plan is to respond to the comments made by Alberta 
Environment and Sustainable Resource Development (ESRD), attached hereto as Appendix A, with 
respect to the Impact Assessment Plan CVRI submitted on December 13, 2013 in compliance with the 
following requirements outlined in the EPO, as amended: 

Impact Assessment Plan 

11. An impact assessment plan shall be submitted to the Director on or before December 13, 2013 
(the "Impact Assessment Plan"). 

12. The Impact Assessment Plan shall be prepared and implemented by qualified environmental 
professionals. 

13. The Impact Assessment Plan shall include a plan for how the following will be carried out:  
a. full horizontal and vertical delineation of the adverse impacts to all affected waterbodies and 

associated terrestrial habitats, including the bed and shore of all waterbodies,  
b.  the delineation shall consider impacts to: vegetation, soil, aquatic life (fish and fish habitat),  
c.  identify areas of high impacts from any deposited mine wastewater solids, 
d.  steps that will be taken to prevent further adverse impacts to any of the above identified 

receptors or habitats from the deposited mine wastewater solids, and 
e.  a schedule of implementation for the Impact Assessment Plan for approval by the Director.  

This Impact Assessment Plan provides for full horizontal and vertical delineation of the adverse 
impacts to all affected waterbodies and associated terrestrial habitats, including the bed and shore of 
all waterbodies.  This Impact Assessment Plan considers effects to: vegetation, soil, wildlife, water 
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quality, and aquatic life (fish and fish habitat).  Areas impacted by deposited sediments have initially 
been identified and will continue to be identified within this Impact Assessment Plan as the Solids 
Recovery Plan is implemented.  CVRI has taken steps to prevent further adverse impacts to any of the 
above identified receptors or habitats from the deposited solids, and a schedule of implementation for 
approval by the Director has been provided. 

2.0 ASSESSMENT APPROACH 

Following approval by ESRD, this Impact Assessment Plan will be initiated using the data that is 
currently being collected under the Immediate and Short-Term Sampling and Monitoring Plan and 
other plans associated with the EPO response.  These programs are adaptive in nature and have been 
adjusted to accommodate the adaptive nature of this type of incident response.  Inclement weather 
immediately following the incident and the rapid onset of winter conditions restricted data collection.  
In all disciplines, the lack of access to the field created a condition whereby determination of the final 
extent of effects is difficult at this time.  Initial assessment, impact and mitigation plans are possible 
for some of the near Obed (near field) impacts, however additional time will be required to complete 
a full assessment of the impacts to the aquatic environments of both the near field and the broader 
zone of the Athabasca River.  As data and information are gathered and assessed under spring and 
summer conditions, this Impact Assessment Plan will be modified and refined as required.  

The generally accepted methodology for the assessment of the impacts of an activity, event or 
incident is to first develop and understand the spatial and temporal extent of the expected effect.  
Once that has been completed for the agreed upon components, a comprehensive examination of the 
background conditions is undertaken.  The understanding of the background is necessary to predict 
the effects of the activity to the pre-incident conditions.  Once background conditions are understood, 
plans can be developed to avoid further impact, mitigate the severity of the effect or mitigate for the 
unavoidable effects.  Where appropriate, an assessment of the environmental and human health risks 
associated with the development of mitigation proposal will be used.  Risk assessments are a valuable 
tool, using accepted methodology, in the determination of possible outcomes of a variety of plans.   

The compilation of information regarding background conditions is underway and includes a review 
of historic information and, where not enough historic information is available, the identification of 
suitable reference sites. 

In the circumstances surrounding the incident, the event was unpredictable and unexpected.  This is 
important in that the immediate steps of the incident response, both on the site and in compliance 
with the EPO, centred around the stabilization of the site.  Simultaneously, the determination of the 
extent of the impact began.  Organized by discipline and outlined below, this Impact Assessment Plan 
outlines what was known at the time of the development of this Impact Assessment Plan, what gaps 
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exist in the impact determination and the steps that will be undertaken to determine the severity of 
the effects.  Assessment activities will include the following:  

• Gather Baseline/Background Data; 

• Characterization of solids material released; 

• Assessment of the effect(s) of the solids material released; 

• Identification of desired endpoints; and 

• Review and analyze data and revise the Wildlife Mitigation Plan and Remediation Plan. 

3.0 PRE- INCIDENT CONDITIONS 

CVRI is currently in the process of identifying and compiling information regarding the 
environmental conditions in the area prior to the incident.  The following section provides a general 
summary of the information gathered to date along with steps to be taken to fill data gaps.   

3.1 Aquatic Resources 

In 1980, aquatic resources of Apetowun Creek and Plante Creek were assessed to support applications 
for the development of the Mine (Zallen 1981). Benthic invertebrate monitoring was conducted on 
Apetowun Creek and Plante Creek as part of the Mine’s environmental monitoring program. This 
included sampling every two years from 1992 to 2002 and every four years from 2002 to 2010. Fish 
population monitoring has been conducted on a three-year interval at one location on Apetowun 
Creek from 2000 to 2009. The Fish and Wildlife Information System (FWMIS) maintained by ESRD 
also has records of fish presence in these drainages. 

3.1.1 Fish Habitat 

The habitat investigations conducted by Zallen (1981) were summarized based on characteristics 
found in the upper quarter, the middle half and the lower quarter of the Apetowun Creek and Plante 
Creek drainage. 

• The upper quarter of the drainage was described as a small, silt laden drainage that 
meandered through a largely shrub covered riparian area with undercut and silty banks 
(Zallen 1981). Several beaver dams that were located in the lower part of this section had 
created large pools and several side channels (Zallen 1981).  

• The gradient of the middle half of the drainage was higher than in the upper portion and 
habitat was characterized by boulder and bedrock pool interspersed with riffles (Zallen 1981). 
This section of the creek flowed through a densely treed canyon (Zallen 1981).  

• The lower quarter of the drainage was marked by the confluence of Apetowun Creek. The 
drainage in this area was characterized by braided channels over gravel and cobble substrates 
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bounded by large slumping, sand cliff banks (Zallen 1981). Sandy deposits were evident in the 
lower portion of Plante Creek (Zallen 1981). 

• Zallen (1981) reported that 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 in excess of 6 m3/sec were 
recorded in the spring of 1980 and were noted to have caused bank scouring as well as 
sediment deposition along the margins of the channel.  

3.1.2 Fish Communities 

3.1.2.1 Zallen (1981)  

Zallen (1981) conducted fish sampling on Apetowun Creek and Plante Creek in spring and late 
summer of 1980 at seven locations within the drainage area. Electrofishing was the primary tool used 
to capture fish but gill nets, seines nets and fyke traps were also used when necessary (Zallen 1981). 
Zallen (1981) reported that Rainbow Trout (Oncorhynchus mykiss) and Spoonhead Sculpin (Cottus 
ricei) were found throughout the majority of the drainage while Burbot (Lota lota) were distributed 
more towards the upper portion of Apetowun Creek and Mountain Whitefish (Prosopium 
williamsoni) were more prevalent in Plante Creek (Table 1). 

Table 1 Fish capture from Apetowun Creek and Plante Creek (as reported 
by Zallen 1981) 

Fish Species Burbot 
Mountain 
Whitefish 

Rainbow 
Trout 

Spoonhead 
Sculpin 

Total Fish 
Captures 

Capture 
numbers 10 3 151 10 174 

3.1.2.2 Fisheries Monitoring (2000-2009) 

Prior to the incident, fish population monitoring was completed in streams draining the mine lease 
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 (removal method) were 
obtained from the monitoring section in 2000, 2003, 2006, and 2009 (Pisces 2010). The results of the 
fisheries monitoring conducted on Apetowun Creek are summarized in Table 2.  
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Table 2 Summary of fish monitoring results for Apetowun Creek 

Year Species 
Population 

Estimate 
Density Estimate 

(fish/100m2)1 
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 

1Removal Method 

 

3.1.2.3 Fish and Wildlife Management Information System (FWMIS) 

Table 3 provides a list of fish species present in Apetowun Creek and Plante Creeks according to 
FWMIS. 

Table 3 FWMIS data on fish presence in Apetowun Creek and Plante Creek 

Fish Species 
Species Present 

Apetowun Creek Plante Creek 

Brook Trout (Salvelinus fontinalis) Yes Yes 

Bull Trout (Salvalinus confluentus) No Yes 

Burbot (Lota lota) Yes Yes 

Longnose Dace (Rhinichthys cataractae) No Yes 

Longnose Sucker (Catostomus catostomus) No Yes 

Mountain Whitefish (Prosopium williamsoni) Yes Yes 

Northern Pike (Esox lucius) No Yes 

Rainbow Trout (Oncorhynchus mykiss) Yes Yes 

Spoonhead Sculpin (Cottus ricei) Yes Yes 
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3.1.3 Aquatic Organisms 

As part of Mine’s environmental monitoring program, benthic invertebrate sampling was conducted 
in the fall of 1992, 1994, 1996, 2002, 2006, and 2010. The sampling sites consisted of five synoptic sites 
and three reference sites. Samples were collected with a Hess cylinder (sampling surface area of 0.1 
m2 and a collecting net size of 0.250µm) for the erosional habitat sites. Samples collected from the 
depositional habitat sites were collected with an Ekman grab sampler (sampling surface of 0.023 m2). 
Five replicate samples were taken at random at each site as recommended by ESRD (Alberta 
Environment 1990).  

Results of early surveys (1994, 1996, and 1998) suggested that effluent was affecting the benthic 
invertebrate community immediately downstream of settling pond discharge into upper Apetowun 
Creek (Wolanski 2003). In particular, compared to the control site, high densities of Oligochaeta were 
measured in 1998 at the site located about 500 metres below settling pond discharge. Also, there was a 
relative increase in Oligochaeta density measured in 1998 at the next site downstream which was 
attributed to the occasional release of sewage from the sewage lagoon, as well as the discharge from 
the settling ponds. Factors considered as potential influences to the benthic macroinvertebrate 
assemblage below the impoundment included increased concentration of nitrate nitrogen in water 
and augmentation of stream flow by the addition of warm settling pond effluent. However, results 
from subsequent monitoring indicated no difference in benthic communities between synoptic sites 
and control sites (Wolanski 2003, Pisces 2011). Those differences that were present were likely 
attributable to habitat differences between the sites and not likely indicative of an impact from the 
mine. 

3.1.4 Ongoing Activities 

Given the high importance of the Athabasca River to recreational fish users as well as a wide variety 
of industrial and recreational residents (e.g., pulp mills and water withdrawal users), a significant 
amount of pre-incident aquatic resources data exists for the upper Athabasca River between Hinton 
and Athabasca. CVRI is currently acquiring and compiling all applicable aquatic resources data 
collected in the aforementioned section of the Athabasca River as well as other applicable 
methodology resources that may assist in the study, design, and implementation of field monitoring 
programs. Sources of existing aquatic resources data include: 

• Pulp mill EEM design and interpretive reports - Pulp mills are, or have been, discharging 
into the upper Athabasca River in Hinton, Whitecourt and Athabasca for decades and 
given that these mills are required to conduct EEM studies following very similar design 
documents used in governing the Mine’s Long-Term Sampling and Monitoring Plan and 
Impact Assessment Plan, they provide a valuable source of existing data. 
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• Regional Inventory Studies – In 1992 the Northern River Basins Study conducted a 
general fish and riverine habitat inventory of the Athabasca River. This study included 
several sites between Hinton and Athabasca that provided a “snap-shot” of the aquatic 
ecosystem following the critical ice cover period. 

• Regional Long-Term Studies – Environment Canada and ESRD continually monitor 
water and sediment quality and periodically monitor benthic invertebrates at a number of 
key sites, including Hinton and Whitecourt, as part of the Long-Term River Network 
(LTRN). These stations provide valuable long-term trends of certain aquatic resources. 

• Additional Localized Studies – A number of smaller scale more localized aquatic studies 
have been completed in the upper Athabasca River in response to industrial operations, 
academic studies and government funding. These studies will provide valuable sampling 
design and impact assessment methodologies tools that may provide insight into the Obed 
reclamation and remediation plans. . 

3.2 Terrestrial Resources 

3.2.1 Soil & Terrain 

3.2.1.1 Geology 

The area adjacent to Apetowun Creek and Plante Creek is located on a variety of surficial parent 
material deposits. These include: 

• Till Materials - medium to moderately fine grained, moderately to excessively stony, non-
calcareous, slightly acidic to slightly alkaline till classified as the Marlboro till.  This till occurs 
typically as a veneer over sedimentary deposits and gravels in the plateau areas and as rolling 
moraine in other areas.  Till thickness ranges from < 0.5 m to 5 m (WSES 1981).  A second till, 
the Obed till, is also present.  The Obed till is enriched with carbonates and is therefore 
slightly to moderately calcareous, alkaline, and medium to moderately fine textured (Union 
1979).   

• Till veneer over bedrock – thin till deposits (30-99 cm) overlying weathered sandstone, 
siltstone or preglacial gravel deposits. 

• Colluvium Materials - are considered a mixture of surficial materials that have moved down 
slope as a result of gravitational forces and settled. The colluvium material is comprised of a 
mixture of Marlboro till, gravels, and portions of shallow bedrock (Union 1979) that overlie till 
deposits or sedimentary deposits (WSES 1981). The thickness of the colluvial deposits range 
from 0.5 m on the upper slopes to > 3.0 m in the lower slope positions (WSES 1981).   
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• Glaciofluvial sediments – very coarse to moderately coarse textured ice-contact and outwash 
sediments. These localized deposits are typically 0.3 m - >1.0 m in thickness and occur in 
hummocky topography, leeward side of drumlins, terrace benches cut by glacial meltwater, 
and small, deeply incised glacial melt water channels.  

• Glaciofluvial veneer over till – shallow, moderately coarse to medium textured water-laid 
veneer ranging from 30-99 cm in thickness overlying till (Obed or Marlboro till). The veneer is 
more prominent in upper slope positions on localized, hummocky ridged, ridged, or steep 
single slope landforms. 

• Post glacial water laid sediments – alluvium deposits within and immediately adjacent to 
small drainage basins (stream channels). The material consists of coarse to very coarse sands 
(and in some cases silt materials) associated with active floodplains and channels. 

• Postglacial organic deposits – relatively thick organic deposits in nearly level to sloped 
terrain, peat depths extend to depths >2 m. These deposits usually occur in the valley bottoms 
adjacent major drain ways and, drainage basins created by the intricate glacial deposits 

• Organic veneer/blanket over till – peat deposits of variable thickness (<2 m) overlying 
medium to moderately fine textured till deposits. 

3.2.1.2 Soils Overview  

Apetowun Creek and Plante Creek are located within Soil Correlation Areas (SCA) 14 and 13 (Bock et 
al. 2006).  Orthic Gray (O.GL) and Brunisolic Gray Luvisols (BR.GL) are commonly found within the 
area on various slope positions in forested areas, on till, and are considered well to moderately well 
drained.  Luvisolic soils typically have a relatively thin LFH layer at surface underlain by an eluviated 
A horizon (Ae) leached of clay and nutrients.  Often a transitional AB or BA horizon is recorded that 
separates the Ae horizon from the clay enriched (illuviated) Bt horizon.  Typically pedogenic 
processes do not extend below 50 to 70 cm in depth, within this range unaltered surficial parent 
materials are recorded.  Brunisolic Gray Luvisols differ from the Orthic Gray soils by having a Bm 
horizon underlying the Ae horizon, and in some instances a secondary Ae horizon is recorded under 
the Bm horizon.  Brunisolic Gray Luvisols often occur on slightly coarser parent material and steeper 
terrain than Orthic Gray Luvisols (CVRI 2009). 

Brunisolic soils typically occur in drier landscapes and on coarser textured parent materials than the 
Luvisolic soils.  Brunisols typically have a thin duff layer (LF) overlying a thin to non-existent Ae 
horizon which is underlain by a medium to moderately coarse Bm horizon.  Typically these soils are 
recorded on steeper terrain and show less profile development then the Luvisols (CVRI 2009). 

Regosols occur sporadically throughout the Apetowun Creek and Plante Creek area and are typically 
recorded on steep slopes and/or areas with shallow bedrock.  Regosols shows little profile 
development and do not have a well-defined B horizon.  Regosols contain an LFH or A horizon 
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underlain by either till, colluvium, or bedrock.  Profile development does not extend below 40 to 60 
cm (CVRI 2009). 

Gleysolic soils are poorly drained soils that occur in depressional areas at the base of slopes or in 
drainage swales parallel or perpendicular to sloped terrain.  These soils typically occur on till or 
colluvium material accumulated at the base of slopes.  Organic soils occur in similar locations to 
Gleysolic soils; however, they are very poorly drained and contain a surface peat horizon > 40 cm 
thick.  Gleysolic and Organic soils occur sporadically throughout the Apetowun Creek and Plante 
Creek area (CVRI 2009). 

3.2.2 Vegetation & Wetlands 

3.2.2.1 Bio-geoclimatic Conditions 

Apetowun Creek and Plante Creek are in the Upper Foothills and Lower Foothills Natural 
Subregions.  This corresponds to the Berland Uplands and the Obed Uplands ecodistricts.   

Vegetation in the Upper Foothills is dominated by lodgepole pine stands on mesic sites, with 
whitespruce and Engelmann spruce at higher elevations bordering the subalpine (Natural Regions 
Committee 2006).  White spruce stands dominate along river valleys; mixed wood stands occur on the 
south and westerly facing slopes and in poorly drained areas black spruce, larch, and wetland 
vegetation are dominant.  Wetlands and poorly drained areas account for approximately 10% of the 
subregion and occur in valleys and lower slopes where seepage occurs (Natural Regions Committee 
2006). 

Vegetation in the Lower Foothills is comprised of diverse forest types and tree species. Aspen, balsam 
poplar, white birch, lodgepole pine, black spruce, white spruce, balsam fir and tamarack can grow as 
pure stands or as a mixture on a variety of slopes (Natural Regions Committee 2006). Pure deciduous 
stands are common at lower elevations; shrubby grasslands occur on drier sites; and poor to rich fens 
dominated by black spruce, tamarack, shrubs and herbs occur on low, wet sites (Natural Regions 
Committee 2006). Wetlands are not common on the steep valley sides but in the valley bottoms, 
wetlands can cover 15 to 40% of this area (Natural Regions Committee 2006).   

3.2.2.2 Ecosite Mapping 

In order to assess the potential environmental impacts of the incident, an understanding of the pre-
disturbance (baseline) conditions is required.  For this purpose, preliminary ecosite phase maps 
(Beckingham and Archibald 1996) were delineated based on recent pre-disturbance Valtus 0.5 metre 
color pixel orthophotography, and bare earth 5 metre LiDAR.  Polygons were defined by a 
combination of terrain features, slope, and aspect visible from the LiDAR hillshade, as well as tree 
canopy species composition, vegetation vigor, wetland boundaries, and anthropogenic disturbance 
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evident on the orthophoto imagery.  In addition GPS locations and data on dominant tree and shrub 
species collected during the preliminary field assessment were used to refine the ecosite maps. 

Ten Upper Foothills ecosite phases and fifteen Lower Foothills ecosite phases were mapped.  Figure 1 
shows the ecosite phase distribution across the landscape.  Ecosites mapped within the study area are 
described in Appendix B. 

3.2.3 Wildlife 

Pre-existing wildlife conditions against which potential changes to the wildlife community can be 
assessed will be described using several sources.  Sources include, but are not limited to: 

• biophysical assessment of Apetowun Creek and Plante Creek (completed in November 
2013); 

• wildlife inventory reports and species specific assessments prepared for the Mine; 

• ecosite and habitat mapping to be completed as part of the Vegetation and Wetland 
Resource Assessment Impact Plan; 

• Fish and Wildlife Management Information System (FWMIS); 

• Key Wildlife and Biodiversity Zones; 

• Registered Fur Management Area returns; 

• annual hunter harvest reports; and 

• provincial mammal, bird and amphibian atlases. 

A species list of known and expected wildlife in the area of effect is being compiled and conservation 
and risk status of each species will be identified. 

Elements of terrestrial wildlife community composition will be informed by selection of a subset of 
focal species in the system. The use of focal species will allow inference about the state of the 
ecological system and provide information about wildlife community response to stressors (i.e., 
movement obstruction, loss of habitat, habitat modification).  Criteria to select a suite of focal species 
will be based on wildlife species characteristics and the results of consultations with technical experts 
and stakeholders.  Selection of focal species will help bridge single-species methods with multi-
species recovery objectives.  Focal species may: 

• be those which have been monitored prior to the incident (pre-existing condition); 

• have wide spatial use that embrace the needs of other species (umbrella); 

• be sensitive to perturbations (indicator); or 

• have a strong interaction in their community or an important cultural role (keystone and / 
or dominant). 
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Species logistically impossible to monitor will not be selected to represent wildlife communities nor 
will species be selected whose likely response to other stimulus may confound interpretation (i.e., 
lynx / hare).  Selection of focal species will help bridge single-species methods with multi-species 
recovery objectives. 

Utilizing the ecosite map of pre-incident conditions (Section 3.2.2.2), habitat for each focal species will 
be mapped in the affected area (including upstream of Main Tailings Pond).  Habitat mapping will 
utilize the ecosite map to be created for the three Zones of Influence and if applicable, habitat models 
developed locally by the Foothills Research Institute for resource analysis applications.  

Potential focal species include: 

• American Beaver - Beavers are a keystone species, an ecological engineer, and have 
economic and social value. Beaver ponds located on the Obed Mineral Surface Lease and 
in Apetowun Creek may aid in intercepting sediment that may continue to flow in the 
watershed. 

• Moose - Moose is an ungulate with relatively large home range. It is dependent on 
deciduous browse for winter forage but uses a variety of forested and shrub habitats 
throughout the year.  It is an umbrella species for several habitats, has social and economic 
value  

• Short-tailed Weasel (Ermine) - The ermine is a small carnivore whose main prey items are 
small mammals and rodents.  They also feed on small birds, fish, amphibians, insects, and 
some vegetation.  Ermine populations are closely tied to small mammal populations and 
have economic importance. 

• Migrant Shorebirds - Multi-year migration surveys (2009, 2011, 2012, 2013) of the Mine’s 
Main Tailings Pond has identified this waterbody to be a migration stopover for a 
diversity of shorebirds.  Shorebirds feed mainly on invertebrates taken from mud and 
other soft substrates.  Their presence can be indicative of an areas biological productivity 
and health.  Trends of most shorebirds in Canada appear to be negative (Gratto-Trevor et 
al. 2011).  Shorebirds are a group of species of interest to bird watchers and have social and 
economic value.  

• Ground-dwelling Songbirds (New World Sparrows) - Emberizids or New World Sparrows 
(i.e., Chipping Sparrow, Lincoln’s Sparrow, White-throated Sparrow, Savannah Sparrow, 
Dark-eyed Junco). Most sparrow species eat insects in breeding season, seeds at other 
times.  They glean most food from the surface of the ground or from low vegetation.  Nest 
sites are usually small shrubs or on the ground usually at the base of a shrub or grass 
clump.  Their presence indicates a healthy forest floor environment. 
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4.0 SOURCE CHARACTERIZATION 

4.1 Water Chemistry 

Within the Mine, containment ponds located throughout the site are used to manage surface water 
from rainfall and snowmelt events.  Water from several containment ponds is used in coal processing 
to assist in the separation of the coal from the host rock material.  The waste material and water are 
then returned to the containment ponds and are 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 EPEA Approval No. 
10119-02 and subject to regular monitoring.   

Further, since the incident, water samples taken from the containment pond and the Main Tailings 
Pond have been obtained.  This water quality information will be used in conjunction with the pre-
incident baseline data to characterize the potential impacts and effects to the water quality within the 
Apetowun Creek and Plante Creek watersheds. 

To determine potential effects that the source water may have on the environment, a wide range of 
parameters will be analyzed.  The groups include: 

• Biological; 
• Chlorinated hydrocarbons; 
• Field and general chemistry; 
• Halogenated benzenes; 
• Halogenated hydrocarbons; 
• Inorganics; 
• Metals (total and dissolved); 
• Polycyclic Aromatic Hydrocarbons; 
• Phenols; 
• Petroleum hydrocarbons; 
• Solvents; and 
• Semi-volatile and volatile organic carbons. 

After an intensive initial sampling program in November and December 2013, ESRD agreed that the 
following parameters were no longer required to be analyzed for: 
 

• halogenated hydrocarbons; 
• Volatile Organic Compounds;  
• Solvents;  
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• Cyanide;  
• hexavalent chromium; and  
• napthenic acids. 

Additionally, water obtained from Apetowun Creek, Plante Creek and the Athabasca River were 
tested for acute toxicity using trout in a controlled laboratory environment. 

4.2 Sediment Chemistry 

When the incident occurred, solids contained within the pond were mobilized and transported in the 
flowing solids/water mixture.  As the release moved downslope, additional materials from the 
containment structure and other mine surface materials were mobilized.  The release then entered the 
Main Tailings Pond.  Finally, as this mixture of water and solids entered the natural area, soil was 
eroded and was mixed into the flow. 

As the flow moved downslope, solids began to be deposited along the banks and within the bed of 
Apetowun Creek and Plante Creek.  When the flow entered the Athabasca River, more solids were 
deposited at the Plante Creek delta while a portion entered the Athabasca River. 

To assist in understanding the nature of the solids that entered the Athabasca River, an extensive soil 
and deposited solids sampling program is required.  Solid samples from the containment pond, the 
soils around this pond, solids from the Main Tailings Pond and its surrounding soils will be 
characterized as this is considered the source material for any potential contaminants. 

Within the water courses of the creeks and Athabasca River, sediment will be sampled and analyzed 
for a wide range of the parameters, which include: 

• Hydrocarbons; 

• Leachable Anions and Nutrients; 

• Leachable Metals; 

• Metals; 

• Organic and inorganic carbons; 

• Particle size; 

• Plant available nutrients; 

• Polycyclic Aromatic Hydrocarbons; 

• Saturated Paste Extractables; 

• Speciated Metals;  

• Volatile Organic Compounds; 
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• Rare earth elements; 

• Lead stable isotope ratios; 

• Boron stable isotope ratios; 

• Strontium stable isotope ratios; 

• Radium stable isotope ratios; 

• Mercury stable isotope ratios; 

• Total mercury concentration; 

• Methyl-mercury concentration; and 

• Naturally Occurring Radioactive Materials (NORM) measurements (radium-226) 

These parameters will assist in characterizing the solids from the Mine site.   

5.0 AQUATIC RESOURCE ASSESSMENT 

5.1 Study Design Development 

This section outlines the proposed design of a long-term aquatic monitoring program in the vicinity 
of and in response to the incident.  CVRI has adopted, where applicable, the federal Metal Mining 
Effluent Regulations (MMER) (Environment Canada 2012) and Environment Canada’s Metal Mine 
Environmental Effects Monitoring Technical Guidance Document (Environment Canada 2012) to 
assist with study design, endpoint determination and impact assessment. CVRI also took into 
consideration the valuable inputs provided by regulators and other governmental bodies in designing 
the study; however, given the unknowns regarding some of the study areas due to ice conditions, 
CVRI may further refine the study design once a full understanding of the impacted areas can be 
determined. CVRI will fully attempt to implement this Impact Assessment Plan as described below 
and any alterations will be fully documented and presented to ESRD for approval. 

5.1.1 Biological Monitoring Studies 

CVRI will conduct monitoring studies to determine whether any effects on the biological and 
ecological environments occurred as a result of the incident. To assess potential effects, biological 
monitoring studies will assess fish population, fish tissue, fish habitat and benthic invertebrate 
communities, as well as water and sediment quality. It is anticipated that assessment and 
interpretation of 2014 data and results will assist in determining future monitoring requirements. 

Differences among the various endpoints for fish population, fish tissue, and benthic invertebrate 
community sampling programs will be designed to support specific endpoints, such as water quality 
and sediment analysis.  CVRI will utilize established guidelines (e.g., CCME and ESRD sediment and 
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water quality guidelines) for initial screening.  Relevant guidelines for each aquatics component are 
referenced in the Long-Term Sampling and Monitoring Plan. 

5.2 Site Selection Rationale 

The selection of near-field sampling locations (i.e., those on or immediately downstream of the Obed 
site) considered the hydrological network of Apetowun Creek, Plante Creek and the upper Athabasca 
River, with the intention of ensuring upstream sites (i.e., those unaffected by the spill) were sampled 
for each watercourse as well as representative affected sites from each creek.  The initial selection of 
far-field sampling sites (i.e., those on the Athabasca River further downstream of the immediate 
vicinity of Obed) considered the proximity of local communities (e.g., Whitecourt and Athabasca) as 
well as ongoing regional monitoring programs (i.e., ESRD Long-Term Regional Network [LTRN] 
stations and RAMP).  In addition to what is proposed herein, additional upstream sites for each water 
body are currently being identified and will be added to the monitoring plans.  CVRI will also 
consider the addition of cross-width sampling or transects during the 2014 investigation period. 

It is important to note that field sampling will not be limited to locations listed in the Long-Term 
Sampling and Monitoring Plan.  The monitoring of fish, fish habitat and sedimentation will be 
undertaken throughout Apetowun Creek, Plante Creek and the Athabasca River within the near-field 
sampling area, at stations to be further defined over 2014 through more detailed mapping and refined 
identification of appropriate sampling areas, such as those potentially most sensitive to sedimentation 
effects (i.e., depositional areas and/or potential high-value fish habitats). High-value fish habitat areas 
will be identified through consultations with ESRD, DFO and local watershed users and will include 
areas such as spawning habitat and/or important fishing areas. Depositional areas will be defined as 
below. 

5.2.1 Priori Power Calculations and Sample Size 

Using the 2012 Technical Guidance Document for Metal Mining Environmental Effects Monitoring 
(Environment Canada 2012) and the Critical Effect Sizes (CES) presented in Table 4, a sample size of 
five is required to detect a CES of ± 2 SD (of the reference mean) with an α and β set at 0.1. As such 
CVRI will establish additional reference and impact sites in Apetowun Creek, Plante Creek and the 
Athabasca River upstream and downstream of the impacted areas as soon as conditions permit. As 
ice conditions currently prevent the locating and establishment of additional appropriate sites, these 
sites will be established and sampled in early spring (March/April) prior to spring freshet and again 
in the fall as described in the Long-Term Sampling and Monitoring Plan. 

5.3 Determining an Effect 

To determine what constitutes an effect to the aquatic environment, CVRI will, where applicable, 
follow the guidance provided in Environment Canada’s 2012 Metal Mining Environmental Effects 
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Monitoring Technical Guidance document. An “effect” to the fish population or benthic invertebrate 
community is generally defined as a “statistically significant difference in fish or benthic invertebrate 
community effect indicators” measured between an exposed (downstream) and a reference 
(upstream) area. 

Attributing a cause to the Obed incident may prove difficult in certain circumstances given the short 
and rapid characteristics of the release. CVRI will undertake additional studies or adjust the current 
study design to maximize the confidence in establishing the linkage between the CVRI incident and 
an identified effect. This may include such things as increased sampling efforts in both reference and 
exposure areas or an increase or change in sampling areas. 

Two-tailed T-tests will be conducted to test for differences in benthic community metrics (i.e., density, 
richness, diversity and evenness) between the impacted (downstream) and reference (upstream) areas 
of each watercourse. Data for T-tests will be analyzed visually using residual plots to ensure that 
assumptions of normality and homogeneous variance will be met. If data fails to meet these 
assumptions, T-tests will be conducted using natural log transformed variables. All tests will be 
conducted at the alpha=0.1 level of significance, consistent with MMER technical guidance document.  

5.4 Confirmation of Effect 

Upon confirmation of an effect, CVRI will assess the magnitude and geographic extent of the effect 
using critical effects size (CES) (Table 4), which is a threshold above which “an effect may be 
indicative of a higher risk to the environment” (Environment Canada 2012). 

Table 4 Critical effect sizes for metal mining environmental effects monitoring 
program (Environment Canada 2012) 

Fish Effect Endpoints  CES1  Benthic Effect Endpoints  CES1  

Weight-at-age2  ± 25%  Density  ± 2SD  
Relative fish gonad size  ± 25%  Simpson’s Evenness  ± 2SD  
Relative liver size  ± 25%  Taxa Richness  ± 2SD  
Condition  ± 10%  Bray-Curtis Index  + 2SD  
Age2  ± 25%  

1 Differences in fish population effect endpoints are expressed as percentage (%) of reference mean, while differences in benthic 
effect endpoints are expressed as multiples of within-reference-area standard deviations (SDs).  
2 Problems associated with determining the age of some species of fish should be discussed and reviewed before effects on weight-
at-age and age are used to choose a path through the EEM program. Refer to Chapter 3 for recommendations on age determination. 
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5.5 Benthic Invertebrates 

For several reasons, benthic invertebrate monitoring will be relied on as an important tool used to 
quantitatively assess impacts to aquatic habitat.  First, benthic invertebrate communities are a good 
indicator of the overall condition of the aquatic environment when examining exposure and reference 
areas; second, pre-incident benthic invertebrate community composition data is available for 
Apetowun Creek and Plante Creek as well as sections of the Athabasca River near Hinton and 
Whitecourt; and third, benthic data can be used to assess degree of impairment compared to the 
natural condition. 

In accordance with standard practice, samples will be analyzed to the lowest possible level (LPL). 
Data analysis is generally completed at the family level.  However, Standard Taxonomic Effort lists 
compiled by SAFIT (2006) will be used as a guideline for the appropriate level of identification 
achievable, where the condition and maturity of the organism dictates its use. Investigation is 
currently ongoing with regards to incorporating benthic tissue sampling. 

5.5.1 Effect and Supporting Endpoints 

In accordance with Environment Canada 2012, a number of biotic indices will be determined, and 
treated as regulatory endpoints. Additional accepted approaches and endpoints (e.g., EPT index) will 
also be applied to benthic community data as necessary to more fully describe community structure 
and function. Effect and supporting endpoints (i.e. those used to assist in data interpretation) utilized 
for this assessment which will facilitate comparison between each study area include:  

• Density; 

• Taxa richness; 

• Simpson’s Index of Diversity; 

• Simpsons Index of Evenness; 

• Bray-Curtis Similarity Index; and  

• Hilsenhoff Biotic Index. 

 
Total Abundance and Density 

The total number of individual organisms in each sample will be summed. Because kick-net samples 
do not provide an area-based estimate of invertebrate density, total invertebrate abundance will be 
measured as the total number of individuals per kick-net sample (i.e., per three-minute sample). 
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Richness  

Taxonomic richness (i.e., the number of different taxa or families) for each station will be calculated 
by summing the number of taxa present at each station. Using guidance from the Environment 
Canada 2012, taxa richness will be determined at the family level. Where replicate samples are 
collected, both average number of taxa per replicate and total taxa across all replicates will be used in 
comparisons.  

Simpson’s Diversity Index  

Simpson’s Diversity index integrates both abundance and taxonomic richness of the community. This 
is calculated at each station by determining the proportion of individuals of each taxonomic group 
that contributes to the total. This diversity index can range from 0 to 1, with a value of 1 representing 
the highest 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. 

Evenness (Simpson’s Evenness Index)  

The Simpson’s Evenness index takes into consideration the abundance of each taxon in proportion to 
total abundance and the taxonomic richness at the station. Evenness is calculated:  
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where: E = evenness; 

 pi = the proportion of the ith taxon at the station; and 

 S = the number of taxa in the sample. 

Bray-Curtis Dissimilarity Coefficient  

The Bray-Curtis dissimilarity coefficient is a distance measurement that reaches a maximum value of 
1 for two sites that are entirely different and a minimum of 0 for two sites that possess identical 
descriptors. Bray-Curtis dissimilarity coefficients measure the amount of association between sites 



  
 Coal Valley Resources Inc. 
 Impact Assessment Plan 
 March 7, 2013 
  

 Page 19  

and will be calculated to compare the degree of similarity in density of individual taxa between 
individual stations and the reference median. Dissimilarity coefficients for the reference median and 
individual stations will be calculated using the statistical program R (R Core Development Team 
2012). The Bray-Curtis index is calculated as follows (Environment Canada 2012c):  

B-C= 
∑ |yi1-yi2|n

i=1

∑ (yi1+yi2)n
i=1

 

 

 where: B-C = Bray-Curtis distance between sites 1 and 2; 

 yi1 = count for species i at site 1; 

 yi2 = count for species i at site 2; and 

n = total number of species present at the two sites. 

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 between reference and exposed sites into a single number 
(Environment Canada 2012c).  

Hilsenhoff Biotic Index  

The Hilsenhoff Biotic Index (Hilsenhoff 1987) is a measure of the aggregate sensitivity of benthic 
invertebrates (arthropods, specifically) within a sample to organic pollution. It is an average of 
pollution-tolerance values for all arthropod taxa within a sample. Tolerance values for individual taxa 
range from 0 to 10, with 0 being most sensitive and 10 being most tolerant. The index is calculated 
using as follows: 
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where: HBI = Hilsenhoff’s Biotic Index; 

 yi = the count of the ith taxon in the sample;  

 Ti = the pollution-tolerance value for that taxon, from 0 to 10 
(from Hilsenhoff 1987); and 

 S = number of individuals in the sample. 
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HBI scores can range from 0 to 10, with the following guidance from Hilsenhoff (1988) regarding 
classification of results: 

 FBI Score Water Quality Degree of Organic Pollution 

0.00 to 3.75 Excellent Organic pollution unlikely 

3.76 to 4.25 Very Good Possible slight organic pollution 

4.26 to 5.00 Good Some organic pollution probable 

5.01 to 5.75 Fair Fairly substantial pollution likely 

5.76 to 6.50 Fairly poor Substantial pollution likely 

6.51 to 7.25 Poor Very substantial pollution likely 

7.26 to 10.00 Very poor Severe organic pollution likely 

5.6 Fish Communities 

Results from the fish sampling program will be used to compare key parameters measured within the 
impacted and reference streams to qualitatively assess impacts to fish populations. In addition, fish 
surveys conducted in Apetowun Creek and Plante Creek will be used to track recovery/recruitment of 
fish population back to the impacted portions of these watercourses.  While assessment of results may 
provide an indication of potential impacts, such as a species shift or the absence of an age/size class, 
additional data regarding the natural variability of population parameters will be collected long-term.  

5.6.1 Fish Inventory 

As mentioned above, CVRI will develop a detailed fish monitoring program design document (study 
design phase) using the 2014 open-water season that will include specific study design parameters 
and appropriate statistical analysis methods. This plan will be subject to approval in 2014 by ESRD 
prior to the implementation of the Long-Term Sampling and Monitoring Plan. 

Key parameters that will be measured include: 

• Fish presence, distribution, and community composition; 

• Relative abundance and/or density; and 

• Population structure and length/frequency distribution. 

Results from the sampling program will be used to compare the key parameters measured within the 
impacted and reference sites/reaches to qualitatively assess impacts to fish populations. While 
assessment results may provide some indication of potential impacts such as a species shift or the 
absence of an age/size class; additional data regarding the natural variability of population 
parameters will be collected over the long-term.  
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5.6.1.1 Effect and Supporting Endpoints 

It is anticipated that the fish population study will support non-lethal collection methods. However, 
certain aspects of the fish program will require lethal sampling in order to determine many of the 
EEM endpoints presented in Table 5 (Environment Canada 2012).  

Table 5 Fish survey effect indicators and endpoints for various study designs 

Effect Indicators  Lethal Effect and Supporting 
Endpoints  

Non-lethal Effect and Supporting Endpoints  

Survival  *Age  
*Age-frequency distribution  
Length-frequency distribution  

*Length-frequency distribution  
Age-frequency distribution (if possible)  

Growth  *Size-at-age (body weight at age)  
Length-at-age  

*Length of YOY (age 0) at end of growth period  
*Weight of YOY (age 0) at end of growth period  
Size of the 1+ fish  
Size at age (if possible)  

Reproduction  *Gonad weight at body weight  
Gonad weight at length  
Fecundity (number of eggs/female at 
body weight, length, and/or age)  

*Relative abundance of YOY (% composition of 
YOY)  
YOY survival  

Condition  *Body weight at length  
*Liver size at body weight  
Liver weight at length  
Egg weight at body weight and/or 
age (mature females only)  

*Body weight at length  

*Fish survey effect endpoints used for determining effects as designated by statistically significant differences between exposure and 
reference streams. Other supporting endpoints can be used to support analyses. 

5.6.2 Sentinel Species Monitoring 

Environment Canada 2012 recommends carrying out a fish survey that monitors adults of two species 
of relatively sedentary finfish that have been exposed to an “effluent” release over a long period of 
time. Given that the nature of the release was short in duration, yet large in magnitude, alteration to 
the general study design may be required.  Conducting this study concurrently with the fish 
inventory program, CVRI will consider factors such as: 1) exposure; 2) abundance; 3) relevance to the 
study area; and 4) sensitivity to the release material in selecting the appropriate fish species. Given the 
nature of the spill, potential impacts to benthic communities and background data, the likely 
monitoring species would be scuplins (e.g., spoonhead sculpin). General study design would follow a 
similar study conducted by Gibbons et al. in 1998 which used spoonhead scuplins as a sentinel 
monitoring species to assess potential impacts related to the discharge of pulpmill effluent into the 
Athabasca River near Hinton (upstream of Obed Mine). 
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5.7 Fish Habitat 

To assess the potential effects of sedimentation on substrates in high-value fish habitats (e.g., gravels 
potentially used by salmonids such as mountain whitefish for spawning and egg overwintering), 
substrates will be sampled using a McNeil corer to assess the extent of fine sediments in these gravels 
and a quantitative measurement of embeddedness will be conducted.  Resulting data will be 
compared between upstream and downstream areas, and with published substrate-quality thresholds 
for habitats of salmonids and other resident species, to assess sedimentation effects on these habitats. 
Additional potential impacts to fish habitat will be determined through the assessment of benthic 
invertebrates (fish food) and sediment and water quality (fish habitat). 

5.8 Surface Water Quality 

5.8.1 Water Chemistry Analysis 

The following water quality variables were approved by ESRD and will be measured with values 
screened to established guidelines from sites in both the near field and far-field areas: 

• conventional variables, including total suspended solids (TSS) and turbidity; 

• major ions; 

• nutrients and biological oxygen demand (BOD); 

• total and dissolved metals; 

• ultra-trace mercury, including total and dissolved fraction and methyl-mercury; 

• total hydrocarbons (CCME 4-fraction, including BTEX); and 

• total parent and alkylated PAHs. 

A detailed list of all variables analysed for in water chemistry samples along with laboratory 
statements of qualifications is provided in Appendix C and Appendix D. 

5.8.2 Water Toxicity 

To determine if there is evidence that the incident may affect fish, benthic invertebrates, and/or 
aquatic plants, acute and sublethal toxicity testing will be completed. Toxicity testing data can be used 
to estimate potential effects and its geographical extent in the exposure area. Such testing from a 
specific discharge location over time can provide an indication of the degree of variability in quality, 
as well as determine temporal or seasonal trends.  

Toxicity of creek water will be assessed in Apetowun Creek, Plante Creek, and in the Athabasca River 
upstream and downstream of the confluence with Plante Creek. 
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Acute toxicity testing assesses the percent survival of test species using short-duration tests at full 
sample concentration. Using Environmental Canada testing protocols (Biological Test Method series), 
acute toxicity tests will include Rainbow trout (Oncorhynchus mykiss; 96-hour test; Test Method 
EPS1/RM/09) and Daphnia magna (48-hour test; (Test Method EPS1/RM/11). Sublethal toxicity tests 
assess the water quality for a biological endpoint over an extended test duration (3 to 10 days 
depending on species). Testing is conducted at several water concentrations to measure the level of 
effect. Testing will include analysis for the following species and test endpoints:  

• fish early-life-stage development test using rainbow trout (Oncorhynchus mykiss) (Test Method 
EPS1/RM/28);  

• invertebrate reproduction and survival test using Ceriodaphnia dubia (Test Method 
EPS1/RM/21);  

• plant growth using Lemna minor (Test Method EPS1/RM/37); and  

• alga growth using Pseudokirchneriella subcapitata (Test Method EPS1/RM/25).  

Sublethal toxicity tests report LC50, EC25, or IC25 endpoints. The EC25 endpoint, reported by the fish 
early-life-stage development test, is an estimate of the effective concentration of a test solution that 
causes 25% of embryos to be non-viable. Algal, macrophyte, and invertebrate tests provide IC25 
endpoints, which are estimates of the concentration of test solution that causes 25% inhibition of a 
quantitative biological function, such as reproduction or growth. The invertebrate test also yields an 
LC50 endpoint, which is the concentration of test solution which causes mortality in 50% of the test 
organisms. 

5.9 Sediment Quality 

Sediment samples analyzed for total organic carbon, particle size distribution, PAHs, and metals will 
be screened against provincial and federal guidelines for the protection for aquatic life including both 
Interim Sediment Quality Guidelines (ISQG) and Probable Effect Level (PEL) values. 

5.9.1 Sediment Toxicity 

By evaluating the effects of exposure-area sediments on test organisms relative to effects due to 
control or reference-site sediments, whole sediment toxicity tests provide direct measurement of 
toxicity where test results are expressed in terms of survival, growth and reproduction in comparison 
with a reference site (Environment Canada 2012). Effects can also be expressed as the difference (in %) 
with response in control or reference sediments. CVRI plans to use sediment toxicity to corroborate 
that changes in benthic invertebrate communities are due to toxicity of sediments and not as a result 
of other physical or biological factors. Testing will include analysis for the following species and test 
endpoints: 

• Survival and growth using Hyalella azteca; and  
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• Survival and growth using Chironomid. 

5.10 Periphyton 

Periphyton (benthic algae) represent a complex community of algae and heterotrophic 
(i.e., non-photosynthesizing) microbes that are attached to submerged substrata. Periphyton are an 
important food resource for benthic invertebrates and fish.  Chemical and physical factors such as 
increased nutrients, temperature, and light attenuation can increase the growth of periphyton.  
Uptake of contaminants, such as high concentrations of metals and PCBs, can inhibit growth.   

Nutrients may affect periphyton community composition and biomass.  Community composition can 
indicate shifts in the diversity and abundance of various taxa; higher densities and reduced species 
diversity is common in highly eutrophic environments (Culp et al. 1996).  Shifts in community 
composition also can provide information on whether nutrient enrichment is occurring. Sensitive 
genera of diatoms (Bacillariophyceae), cyanobacteria, green algae (Chlorophyceae), and euglenoids 
(Euglenophyceae) are characteristic of eutrophic environments (Wetzel 2001).  Biomass provides an 
indication of the total amount of periphyton present in a waterbody and can be measured as ash-free 
dry weight, determined by drying the sample, or as chlorophyll a, determined by extracting pigments 
from the algal sample. 

5.10.1 Periphyton Biotic Indices 

The magnitude of eutrophication in study waterbodies will be assessed using several approaches 
including diatom species indicator analysis (Dufrene and Legendre 1997), and the relative abundance 
indices (Potapova and Charles 2007). Potapova and Charles (2007) index is primarily based on diatom 
species differential nutrient preference or utilization in lotic environments. Other indices may be 
considered during the 2014 study year, such as an index of siltation. Changes in diatoms community 
calculated as relative abundance (%) under different nutrient conditions, low versus high, will be 
determined for total phosphorus (TP) and total nitrogen (TN).  

Total Phosphorus Index 
 

RP = 10HP/HP+LP 
 

where: RP = relative abundance (%) of diatoms; 

 HP = % high-TP indicators; and 

 LP = % low-TP indicators. 
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Total Nitrogen Index 
 

RP = 10HN/HN+LN 
 

where: RN = relative abundance (%) of diatoms; 

 HN = % high-TN indicators; and 

 LN = % low-TN indicators. 

 
The factor of 10 was used to scale the ratio from 0 to 10, a range typically used for water quality 
indices. 

6.0 TERRESTRIAL RESOURCES ASSESSMENT 

6.1 Soil and Terrain 

Field surveys were conducted between November 6-14, 2013, which documented physical damage to 
the terrain and soils in the impacted area.  Evidence of sediment and mud deposits was documented 
as isolated pockets along the zone of impact.  Deposit thicknesses ranged from less than 1 cm near the 
point of incident to areas in excess of 50 cm. 

Information obtained from this preliminary assessment was utilized to identify the extent of 
disturbance to terrestrial resources (the “Disturbance Footprint”).  The Disturbance Footprint was 
then categorized into three zones of influence (Figure 2):   

• Zone 1 is directly below the incident site and extends approximately 5 km downstream.  
Within this Zone solids were deposited, vegetation including trees was removed from some 
locations and erosion of the bed and shores of Apetowun Creek occurred in some locations.  

• Zone 2 begins approximately 5 km downstream of the incident site and displays an area of 
effect where vegetation is largely intact.  The influence of erosion is limited to several small 
areas of bank erosion and solids are found deposited in isolated pockets or in a thin layer 
where the water overtopped the banks.   

• Zone 3 includes the confluence of the Apetowun Creek and Plante Creek and the confluence of 
the Plante Creek and Athabasca River.  Within this zone solid deposits of highly variable 
thickness were primarily deposited near the confluence of the creeks and at the confluence 
with the Athabasca River.  There is little visible evidence of vegetation effects.  

These zones will be used to facilitate planning, assessment, and monitoring programs that better 
reflect the character of the disturbance.   
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6.1.1 Potential Impacts 

The extent of soil impacts will depend on a number of factors, including (but not limited to): 

• the extent and degree of physical damage to soils along Apetowun Creek; 

• erosion of surface material caused by water flow and potential to increase post-disturbance 
soil erosion; and 

• the amount of mud and sediments deposited on surface of the soils within the disturbed area. 

The incident had the potential to have caused physical and chemical changes that could have directly 
or indirectly impacted soils.  These changes can include: 

• physical removal of surface organic and mineral material by flowing water; 

• accelerated soil erosion due to removing vegetation and duff layers; 

• sedimentation on top of soils; 

• contamination of soils by waste water and solids; and 

• soil disturbance caused by sediments removal. 

Potential changes in soils following disturbances can be used to assess the extent and nature of 
impacts.  To achieve this goal, environmental information gathered from literature, aerial imagery, 
LiDAR data and field surveys data will be used.  

For the purposes of this Impact Assessment Plan, soil quality will be the main environmental 
indicator.  The analysis of soil quality is used for determining impacts to soil properties critical for 
soil’s role as growing media.  Changes that may occur in physical, chemical and biological soil 
properties and soil volume due to soil profile disturbance or sedimentation will be assessed.   

Soil quality assessment will include the following steps: 

• full vertical and horizontal delineation of impacted soils; 

• soil resources inventory within the disturbed areas; 

• disturbed soils and sediments reclamation suitability assessment; 

• assessment of nutrient regime of disturbed soils; and 

• assessment of erosion potential of disturbed soils. 

6.1.2 Field Survey 

This preliminary investigation, has provided useful baseline information and data on the existing 
conditions within the affected areas.  CVRI is currently undertaking a Solids Recovery Plan that is 
designed to minimize additional disturbance in a program of sediment removal.  In order to 
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completely understand the entire effects of the incident, both related to the October 31, 2013 incident 
and subsequent sediment removal works, a detailed field survey will be undertaken in early 2014.  If 
during the survey additional disturbance is identified beyond what was identified during the 
preliminary survey, the survey area will be expanded.  In Zones 2 and 3, the target survey intensity 
will be a SiL1,which is defined as a survey with one site inspection per 1-5 ha of area (MSWG 1981).  
In Zone 1, which has experienced a higher level of disturbance, a more intense systematic survey 
based on a 100 m grid (or more intense based on soils and disturbance complexity) will be utilized.  
Location of inspection points will be refined after the spring thaw when the total area of disturbance 
can be confirmed.  Spatial distribution of inspection sites will vary according to access, terrain, and 
observed complexity of soil patterns.  Soil inspection sites will be selected to adequately represent 
local soil-terrain patterns and soil disturbance. 

At each inspection site, the soil profile will be investigated to a depth of approximately 100 cm or to 
bedrock contact for upland soils.  Organic soils will be investigated to mineral contact or a maximum 
depth of 220 cm.  A spade and 5 cm Dutch auger will be used to obtain soil samples to the appropriate 
depths.  Soil characteristics will be observed and recorded following accepted guidelines and 
classification systems (ECSS 1983 and 1987, SCWG 1998).  In addition, detailed site information will 
also be collected to assist in soil and terrain classification relationships. 

At each inspection location, the following characteristics will be recorded:  

• date of observation and observer; 

• degree of disturbance; 

• general vegetation identification and ecosite phase calls (if possible); 

• surficial (parent) material; 

• landform type, slope gradient, slope position and aspect; 

• soil drainage, moisture regime and nutrient regime; 

• surface stoniness; and 

• depth to apparent water table. 

Morphological data will be collected at each inspection point and will include a more comprehensive 
description of horizon colour, soil structure, mottles and coarse fragments.  Samples of soil horizons 
or layers as well as sediment layer(s) will be collected at select soil inspection sites that represent 
common soils in the area with different degrees of disturbance.  Samples will be analyzed for 
parameters required to determine suitability for reclamation.  Metal and hydrocarbon analysis will 
not be undertaken unless concerns related to these parameters are identified during review of the 
previous analytical results. 
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The location of each inspection will be determined using GPS.  Coordinates will be presented in 
Universal Transverse Mercator (UTM) referenced to the North American Datum (NAD) 1983 Zone 11 
North. 

6.1.3 Laboratory Methods 

Soil samples will be stored in coolers and delivered to an approved laboratory within appropriate 
delivery times.  Methods used will be cross-referenced with acceptable analytical methods outlined in 
the Quality Criteria Relative to Disturbance and Reclamation (SQCWG 1987).  Various root zone horizons 
will also be analyzed for total organic carbon and total nitrogen to address possible impact to nutrient 
regime of disturbed soils. 

6.1.4 Impact Prediction 

All data will be entered into a database designed for baseline soil surveys.  The database will be used 
to filter and query the soil data to establish trends and patterns with respect to soil quality and 
reclamation suitability.  This will be used as a tool to assist in determining changes in parameters 
defining soil quality over the disturbed landscape.  The soil inspection data will be supplemented by 
LiDAR data and satellite imagery, to be collected after the snow melt.   

6.2 Vegetation and Wetlands 

During the preliminary field surveys, dominant vegetation, sedimentation depth and damage to 
timber and shrubs was noted along the flooded areas.  Physical damage in the form of tree slumping 
(uprooted or bent over large white and black spruce), bent over or uprooted shrubs (up to 5m tall) 
and uprooted small shrubs, grasses and forbs were observed in Zone 1 and 2 during the preliminary 
field surveys.  Sediment and mud deposits on terrestrial vegetation communities were found as 
pockets of mud and sediment deposits in low lying areas and where flood water overtopped the 
existing flood channel banks along the zone of impact.     

Major tree species in the disturbance boundary included pine, white spruce, black spruce, balsam fir 
and some tamarack, aspen and balsam poplar. 

6.2.1 Potential Impacts 

The extent of ecosystem impacts will depend on a number of factors, including (but not limited to): 

• the extent and degree of physical damage to vegetation resources along Apetowun Creek; 

• erosion of and deposition of surface material including organics; and 
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• the depth and spatial extent of mud, sediments and mineral soil deposited on vegetation and 
organic soils within the riparian zone and surrounding vegetation communities within 
Apetowun Creek and Plante Creek. 

Physical impacts to vegetation resources resulting from the incident at the Mine can alter vegetation 
community composition and survival within the impacted area.  These changes can be direct, through 
uprooting and subsequent removal of trees, shrubs and forbs, removal of growth substrate through 
accelerated erosion, or changes in the growth environment resulting from excessive deposition of 
solid material.  Such changes can lead to the alteration of or complete loss of plant communities.  
Accelerated erosion removes and transports sediment and soil including the removal or mineral or 
organic soil layers.  

Changes to vegetation species composition and vigor following disturbances can be used to assess the 
extent and nature of impact.  To achieve this goal, environmental information gathered from existing 
literature and digital imagery are used to map existing (baseline) vegetation communities (ecosite 
phases) and wetlands.  The preliminary ecosite map created using data collected in initial vegetation 
assessments, together with data that will be collected during the growing season in spring 2014, will 
be used to further assess impacts from the disturbance and will be used to identify areas of high 
impact from the deposited sediment.  Impacts to vegetation resources will be characterized in the 
form of environmental indicators.  The disturbance information can then be compared to mapped 
baseline information, and used to further refine and formulate mitigation and monitoring plans.  For 
the purposes of this Impact Assessment Plan, four environmental indicators have been selected (Table 
6).   

Table 6 Indicator and Rationale for Selection 

 Indicator Rationale for Inclusion 

Vegetation Communities 

Vegetation communities are used for determining potential impacts 
to wildlife habitat, and other ecosystem components.  Also 
important for determining conservation and revegetation goals 
following Project closure. 

Wetlands 

Wetlands are highly valued and beneficial by virtue of their diverse 
functions including water filtration; flood attenuation; influencing 
wildlife diversity, and habitat; moderating climates; storing 
nutrients and carbon; providing recreational and educational 
opportunities; and they are a source for subsistence and medicinal 
vegetation. 

Old Growth Forests 
Old growth forests have a complex structure which provides a large 
variety of habitat types for use by species with specialized 
requirements.  These forests have the highest diversity of species, 
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Table 6 Indicator and Rationale for Selection 

 Indicator Rationale for Inclusion 

relative to other age classes, with representation of many rare 
species having their greatest abundance in old-growth.  Vegetation 
species that require a long time for colonization and growth, such as 
lichens, are often only found to any notable degree in old-growth 
forest stands.  Accumulation of large decaying wood, characteristic 
of old-growth stands supports unique groups of wood-decomposing 
species, as well as shelter and food for many other species.   

Rare Plants and Rare and 
Special Plant Communities 

Rare plants and plant communities are found in low abundance, 
have restricted range due to habitat specificity, or are of 
conservation concern due to abundance and distribution trends or 
other threats.  These elements are usually impacted the most by 
environmental disturbances, and monitoring any changes in their 
distribution and abundance may be a good indicator of the extent 
and intensity of disturbance. 

 

6.2.2 Impact Prediction Assessment 

Detailed vegetation surveys will be conducted during spring 2014 to collect information on vegetation 
resources including soil and terrain features and plant species health (plant vigor).  The study area 
utilized for the assessment will consist of the disturbance footprint as well as all areas that may have 
been directly or indirectly impacted by the incident (Figure 2).   

Survey plots rather than transects will be used to delineate impacts to vegetation resources.  This will 
allow for the capture of different vegetation strata at each site.  Survey plots inside the impacted area 
(the "Footprint") will be compared to reference plots located either within the Apetowun Creek and 
Plante Creek watersheds or in a nearby watershed with similar vegetation and terrain features.  One 
reference plot for each affected plant community will be established.  

Within the impacted area, survey plots will be set up at varying intensities according to the zones of 
impact as follows: 

• Zone 1, 1 survey plot every 200 m  

• Zone 2, 1 survey plot every 500 m 

• Zone 3, 1 survey plot every 1000 m 

Within each zone, vegetation communities that are found to be heavily impacted will be targeted for 
assessment. The location of each survey plot will be determined based on preliminary ecosite 
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mapping.  The total area of each survey plot will be 400 m2.  Survey plots will be set up to avoid edge 
effects, transition zones and variations in topography.  In plots where polygons are large enough to 
avoid the above effects, 20 m by 20 m plots will be surveyed. In narrower polygons, the plot shape 
will be adjusted to ensure that the sampled community/stand will be homogenous with respect to 
vegetation and other site characteristics.  All plots will be orientated parallel to the contour of the land 
with one edge starting at the creek shore.  Because the study area primarily runs along Apetowun 
Creek and Plante Creek, it is expected that most of the survey plots will be narrow, 400 m2 polygons 
running the length of the creeks.  

A nested plot design will be used to collect tree, shrub and herbaceous plant species information from 
each site (Figure 3).  In areas where macrophytes are present within the creek bed, three (3) random 
1m2 plots will be used to collect macrophyte composition, percent cover and vigor. The 3 random 
plots will be located along the length of the terrestrial plot.  Where the creek may be too deep, a rake 
will be used to quantify the composition and abundance of each submerged and/or floating species 
within three 1 m by 1 m plots.  Table 7 shows the information that will be collected from each main 
plot and subplot.   

Tree information will be collected from the 20 m by 20 m main plot. Tree height and diameter at 
breast height (1.4 m) will be assessed from ten representative trees within each 20 m by 20 m tree plot. 
Within the main plot, shrub cover and height will be collected from four 4 m by 4 m subplots located 
in each corner of the main plot.  Shrubs in a 4 m by 4 m subplot will be identified to species and 
percent cover and vigour recorded.  The average height of each shrub species will be recorded. While 
all shrubs in each subplot will be assessed, only shrub species with > 1% cover in the subplot will be 
assessed for vigor.  

Herbaceous (forb, graminoid, bryophyte and ground lichens) composition and percent cover will be 
collected from six 1 m by 1 m subplots placed in each main plot.  Four of the six subplots will be 
placed to run perpendicular to the creek shore.  All vascular species within each 1 m by 1 m subplot 
will be identified to species, and species with cover greater than 1 percent will also be assessed for 
vigour. The use of six 1 m2 subplots and four shrub subplots within each main plot will ensure that 
more habitat heterogeneity is captured.  

Epiphytic lichens will be documented qualitatively, based on the amount of cover on woody plant 
species within the 20 m by 20 m main plot. 

Vigor of all vascular species (trees, shrubs and herbaceous species) will be recorded using a four-point 
scale:  

1. Healthy (0-10% leaves dead);  
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2. Light to moderate decline (11-50% leaves dead);  

3. Severe decline (>50% leaves dead); and  

4. Dead (100% leaves dead). 

All vascular and non-vascular plant species not identified in the field will be collected for later 
identification.  Vascular plant species will be collected following ANPC guidelines.  The ANPC (2006) 
guidelines state that 1 sample of vascular plants can only be collected where there are at least 50 or 
more individuals in a population or within a localized area.  

Table 7 Data to be Collected from each Main Plot and Subplot 

Plot size Data Collected 

General Site Data 

Plot #; GPS Coordinates; Surveyor 
Natural Subregion 
Surface shape and expression 
Moisture regime 
Nutrient regime 
Aspect 
Slope, slope position, and slope length 
Ecosite Phase 
Plant community Type 
General observations/Notes 
Total species canopy cover 

20 m by 20 m 

Tree species Height 
Average age (tree cores) 
Diameter at Breast Height (DBH) 
Qualitative estimation of epiphytic lichens 

 4 m by 4 m plots 

Shrub species name 
Shrub species cover 
Average shrub species height 
Shrub species vigor 

1 m by 1m plots 

Forb species cover 
Forb species vigor  
Graminoid species cover 
Graminoid species vigor 
Bryophyte species cover 
Ground lichen species cover 
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6.3 Wildlife 

The preliminary investigation aided in the identification of areas of high impact to wildlife due to 
vegetation removal and sediment deposition.  CVRI has taken steps to prevent further adverse 
impacts to wildlife resources through the development of a Solids Recovery Plan and Waste 
Management Plan (MEMS 2013).   

6.3.1 Potential Impacts 

Impacts on wildlife 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: 

• loss of habitat through scour of the Spillway Channel banks and Apetowun Creek floodplain; 

• modification of habitat through deposition on the mudflats of the Main Tailings Pond; 

• deposition under Spruce-Pine/Bilberry forests adjacent the Spillway Channel, and in 
Spruce/horsetail habitats associated with Apetowun Creek; and 

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

6.3.2 Impact Assessment 

Materials used to assess impacts on wildlife include: 

• description of pre-existing conditions; 

• the Biophysical Assessment completed after the incident; 

• ongoing remote camera monitoring data and future wildlife surveys; 

• mitigation measures undertaken prior to spring 2014; 

• mitigation activities and outcomes, 

• identification of hazards,  

• suggested follow-up mitigation; and 

• habitat mapping of the affected area.  

The likely impacts for each focal species will be identified, and predictions made regarding outcomes 
(i.e., areas of deposition may smother vegetation required by ground nesting birds thereby reducing 
bird diversity in areas of high impact).  Population metrics appropriate to the focal species being 
assessed will be used to test impact predictions.  
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Potential focal species, monitoring measures and preliminary impact predictions are as follows: 

• American Beaver - The number of active beaver colonies determined by fall food cache 
(colony) counts. Dams, lodges and food caches will be mapped. Beaver activity will be 
surveyed each spring and fall.  The number and status of dams, and lodges and winter food 
caches will be recorded and mapped.  The status of dams and lodges (repaired or active / 
under construction / not repaired, not active) will be recorded on each visit.  It is expected that, 
over time beavers will return on their own to occupy ponds where dams have been broken by 
the incident and the number of active colonies should be similar to those prior to the release. 

• Moose - Moose abundance will be recorded by use of pellet / browse counts of permanent 
transects in affected and non affected areas.  Pellet-group counts are a measure of over winter 
use.  Linear transects will be used with circular plots spaced at regular intervals along the 
transect.  Plots will be counted and cleared of pellet-groups every year. Relative abundance 
will be measured by pellet-groups per square meter (pg / m²).  Browse use will be measured at 
intervals along the same transect established for pellet-group counts.  Browse will be 
measured as % use of current annual growth (CAG) and % use of previous year growth 
(hedging).  Moose abundance will be monitored annually until time trend analysis indicates 
no further change in trend due to the incident.  Moose are dependent on tall shrub and 
deciduous sapling cover to provide food in winter.  It is expected that deciduous trees and 
shrubs in the riparian areas should recover relatively quickly from damage caused by the 
incident and the use of riparian areas by moose be similar to pre-existing condition.  The 
removal of log piles and careful placement of erosion control structures will prevent any 
movement obstruction. 

• Short-tailed Weasel (Ermine) - Relative abundance of ermine will be measured by snow 
tracking methods (tracks per km-day).  Permanent transects (minimum length 1 km) will be 
placed in affected and non affected areas.  Track counts will begin within a few days of 
snowfall; tracks of all species intersecting the transects will be identified and recorded at 100 
m intervals.  Tracks counts will be repeated during the winter.  Ermine abundance will be 
monitored annually until time trend analysis indicates no further change in trend due to the 
incident.  It is expected that small mammal populations in the riparian area should recover 
relatively quickly and that ermine use of the disturbed area be similar to pre-existing 
conditions. 

• Migrant Shorebirds - Total number of shorebird migrants during fall migration (mid- June 
through to mid September) and species richness.  Fourteen species of shorebirds have been 
recorded on OMM’s Main Tailings Pond; 11 of these are migrants and three species breed on 
OMM.  Shorebird use of the Main Tailings Pond will be monitored annually until analysis 
indicates no change in trend due to the incident.  Removal of debris on the Main Tailings 
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Ponds mudflats and establishing water flow similar to pre-existing conditions will create 
conditions favourable for use by migrating shorebirds. 

• Ground-dwelling Songbirds (New World Sparrows) - Abundance measured by pairs / km².  A 
breeding bird survey using the point count technique will be conducted in June and early July 
using permanent plots located in affected and non-affected areas.  The number of birds heard 
or seen within a fixed radius plot will be recorded in three time intervals (0-3, 3-5, and 5-10 
minutes) and used to generate an index of abundance for each species.  Plots will be visited 
multiple times during the breeding season.  The response of the emberizids will be monitored 
annually until trends in abundance over time analysis indicates no change in trend due to the 
incident.  With mitigation (removal of sediment, seeding and / or planting heavily impacted 
areas) it is expected that sparrow abundance and species diversity should return to pre-
existing conditions. 

7.0 DATA MANAGEMENT AND REPORTING 

7.1 EPO Required Reporting 

In accordance with the EPO, as amended, CVRI will submit a report on all visual observations and all 
data recorded and collected to date by May 16, 2014. Although the EPO, as amended, states that these 
will be “final” visual observations and data recorded/collected, it must be clarified that the report 
information in this report will not be final. Due to the requests to analyze long-term or chronic 
impacts, additional information collected over a number of years may be required to meet this 
request.  

7.2 Data Analysis and Reporting 

Raw data received from the laboratories and subsequent data analysis is being managed and stored 
on behalf of CVRI as part of the incident response project.  Release of the data to the various 
regulators, interest groups and public at large has, to this point, been on an as requested or as 
available basis.   

CVRI is proposing to report data to ESRD on a quarterly basis, beginning at the end of March 2014 
and continuing quarterly thereafter, as long as there exists new data to release.  There are numerous 
other requirements for data, analysis and progress updates within the EPO that will be complied with 
as required.   

8.0 SCHEDULE OF ACTIVITIES 

The schedule of activities to be undertaken in order to implement and complete the Long-Term 
Sampling and Monitoring plan is provided in Table 8. 
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Table 8 Schedule of Activities 

Task Date 

Water Quality and Fisheries 

1 Implementation of Short-Term Sampling and Monitoring Plan Current to Dec. 2014 

2 Sediment Deposition Probability Mapping Ongoing 2014 

3 Create discharge curve for APC/PLC March 2014 

4 Review of Data Sonde Placement & Recommend Adjustments March – April 2014 

5 Source Laboratory for Isotope and Rare Earth Analysis March 2014 

6 Determination of In-Situ Variability in Benthic Data Spring/Fall 2014 

7 Develop Recommendations for Benthic Tissue Sampling Spring/Fall 2014 

8 Establish Reference Sites for Fish Habitat Spring 2014 

9 Develop Fish Monitoring Program Design Document April 2014 

10 Implementation of Long-Term Sampling and Monitoring Plan January 2015 

Soil & Terrain 

1 Field Survey June-July 2014 

2 Assessment and Reporting September 2014 

3 Long term sampling and monitoring plan development Fall 2014 

Vegetation, Wetlands & Riparian Areas 

1 Field Assessment & Ground Truthing of Ecosite Map Spring 2014 

2 Impact Assessment Reporting & Development of Recommendations for 
Mitigation 

September 2014 

3 Finalization of Long-Term Monitoring and Mitigation Plan Summer 2014 

Terrestrial Wildlife 

1 Monitor Initial Wildlife Response by Use of Trail Cameras Ongoing 

2 Compile Species List of Known and Likely to Occur Species January 2014 

3 Select Wildlife Focal Species (i.e., VECs) Spring 2014 

4 Continue Initial Assessment and Monitoring Activities  Spring-Fall 2014 

5 Continue Assessment and Initiate Monitoring (post winter 2014 mitigation) Spring-Fall 2014 

6 Develop Long Term Monitoring Schedule Spring 2014 
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Obed Mine 

Impact Assessment Plan, Long Term Monitoring Plan, and Wildlife Mitigation Plan 

Regulatory Feedback 

 

 Please note: the comments below are presented as received; they were not edited or sorted 
therefore there may be some duplication in the issues and concerns raised. 

 

ESRD Comments 

1.  P1 – If the intent is to compare data collected through this monitoring work to data collected by 
ESRD, there needs to be assurance that the methods used by the consultants and chosen labs 
are comparable to those used by ESRD.  This should involve some simultaneous sampling at the 
same location to ensure consistent results are being achieved. 

2. P2 – needs to be recognized that near real-time datasondes will be limited to primarily physical 
characteristics (turbidity, DO, pH, etc.).  Rapid changes in “water quality” is somewhat 
misleading.   

3. P4-5 - Due to high natural variability in many of the parameters proposed to be sampled 
(especially biological components), consideration should be given to having more than a single 
upstream location for each stream (Apetowun, Plante and Athabasca) to account for this 
variability.  As well, spatial variability exists across the width of larger rivers like the Athabasca, 
not just lengthwise.  Consideration to including some cross width sampling or transects should 
also be given. 

4. P6 – sampling frequency for water quality needs to be reconsidered.  During the spring freshet, 
when sediments will be remobilized into the system, sampling frequency needs to be increased, 
potentially to daily and then tapered off as the sediment plume passes.  In addition to water 
quality sampling, discharge measurements should also be collected in the Apetowun and Plante 
creek sample locations to determine loadings of sediment and parameters of concern to the 
receiving environment (Athabasca River). 

5. P7 – in situ measurements must also include turbidity. 
6. P7 – ultra-trace mercury collection method.  This needs to be included in the long-term plan.  

Stating that it will be triple rinsed is not sufficient for a parameter such as ultra-trace mercury 
which is collected (at least by ESRD staff) using very stringent field protocols. 

7. P8 – it is not sufficient to say that samples will be collected according to EC protocols or ALS 
protocols without including a reference to those protocols.  Either these protocols must be 
inserted into the body of the text or included as appendices and referenced in the text.  This is 
an issue throughout the document. 

8. P8 – The Athabasca upstream datasonde site needs to be equipped with telemetry for near real-
time reporting to ensure that natural changes in turbidity are observed and comparable to what 
may be remobilized sediment in the downstream sections. 

9. P9 – more details are needed on what constitutes “high values of turbidity”.  Needs to explicitly 
state at what value a decision would be made to implement additional sondes at locations 
further downstream.  Are these sondes going to be near-real time? 
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10. P9 – there is a major flaw in the thinking on the potential fish effects.  No, there were no 
significant acute effects at the time of the spill, and no, the concentrations of parameters of 
concern were not elevated for a significant period, however they were present and they were 
highly associated with sediments.  The long-term potential for chronic effects does exist as 
parameters of concern are taken up through periphyton and benthic invertebrates and then 
consumed by fish.  The chronic long-term impact is where the real potential issue lies and needs 
to be assessed.  Utilizing methods such as SPMDs (semi permeable membrane devices) and 
other non-destructive methods will provide a better idea of the potential long-term impact to 
the biological components in the Athabasca River. 

11. P10 – it should be noted that comparing benthic invertebrate samples from depositional areas is 
not comparable to samples collected from erosional areas. 

12. P10 – unclear as to what taxonomic level biological samples are being analyzed to.  This should 
be to the lowest level possible (genus or species). 

13. P10 – need to consider analyzing for body burdens of parameters of concern.  Again, the long-
term effects are not going to be acute toxicity, but rather chronic impacts to the biological 
communities, especially periphyton and macroinvertebrates which live predominantly on/in the 
substrate. 

14. Overall – unclear as to how all of this information will be compiled, assessed and reported out.  
For example, for the benthic invertebrates will there be assessment of changes in species 
composition spatially and temporally?  Will they look at diversity indices?  How will it be related 
to periphyton and water quality? 

15. Overall – needs to be re-read to catch spelling errors and grammar errors (e.g. affect vs. effect).  
Diminishes the content of the rest of the plan. 

 

Overall comment: this is not a plan, let alone the three separate plans that were required by the 
Order and which have very different functions, are normally reviewed by different experts (with some 
overlap) and should stand alone, not be mixed in to an appendix along with a bunch of SOPs and 
consultant qualification pages. This is a patchwork mess still, not three cohesive documents as per the 
Order or even a single cohesive document). This is a “plan for a plan”. It is also too high level still and 
makes little use of all the data that’s been gathered so far. Also – notable absence of photos? 

Pages 3-4: biological components will definitely need multiple reference sites, especially for benthic 
invertebrate sampling.  

Page 6-7: what are the plans for a possible midwinter thaw? As well, the early freshet is the most 
important time for contaminant mobilization and twice a week sampling is grossly underestimating what 
will be needed to follow it properly.  Sampling can and should be adaptive and can be reduced as 
stability is achieved.  Sondes can only cover a few parameters.  

Pages 9-10: The lack of acute toxic effects on pampered lab fingerlings (and there was one sample 
where some of the fish died, so I think the suspended material may very well be on the boundary for 
acute effects) does not eliminate the possibility of all direct effects on fish, nor does it address the 
possibility of tissue contamination.   Acute toxicity testing results don’t cover chronic exposures nor 
sublethal effects.   I’d like to see some chronic toxicity testing done as well as tissue assays. This was an 
immense loading of material into a fishery. ESRD does *not* consider this material to be chemically 
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inert or innocuous.  There is a public health issue that MUST be addressed with respect to fish tissue 
concentrations as well as the ecological considerations for non-human pisicvores. As the main uptake 
route into the fish is likely to be from the benthic food web, not via gill uptake, long-term monitoring 
should (must?) include fish and benthic invertebrate tissue sampling and analysis for contaminants, 
particularly PAHs.  In addition, the sheer size of the area influenced by the plume is so great and the 
disruptions to the normal conditions of the creek and river will be long-term. Even slight changes to 
substrate composition, periphyton cover, benthic invertebrate communities and fish survival will be 
magnified into significant ecological effects by the sheer size and duration of the disturbance. The 
studies for these will need to be more detailed, have greater power and be wider in scope than would 
be needed for an impact into a small stream. 

Text (map & p 10)  
I am not clear on some details of the study design - if samples of erosional and depositional habitats will 
be taken at each site and if the two datasets will be analysed separately?  I would recommend they are 
treated separately - they are distinct habitats, likely with different benthic assemblages and the two 
datasets will be helpful to establish conditions and potential effects.   How will the datasets be analysed 
(eg, include ANOVA and multivariate ordination/other)?  This is helpful to know so that it is reasonable 
and not overly simplistic or not including lower taxonomic level.  Also, how will substrate characteristics 
be used for interpretation of the zoobenthos data?  Other factors to consider, if/how will WQ and 
toxicity data be used in evaluation?   
 
So will there be 5 Neill samples AND 5 Ekman samples at each site?  Note that it may be a challenge to 
find depositional areas in the mainstem, especially pre-freshet; will sediment mapping (underway?) be 
used to select the sites?   It may also be a challenge find depositional areas of sufficient depth to use an 
Ekman grab at all sites - if so, is there a contingency for this?    
 
Having more than one (u/s) reference site provides a better measure of spatial (inter-site) variability and 
representation of u/s conditions.  For example, relying on 1 site can be problematic if the habitat 
conditions are unusual for the overall mainstem; also, one would also expect to see changes in 
zoobenthos due to longitudinal change in the river.  I am not familiar with all the other sites or how they 
relate to other data and decisions you have had to make.  But one observation - should there be another 
site between D2 and EF1?  Seems like a long gap and relatively close to the discharge?  
 
Appendix 2 
Details on methods including reference to various programs like federal EEM, RAMP are included here, 
but it is not always clear what will be collected for this study!  Generally I get the sense from info on 
Neill sampling that it is similar to ours, but to be sure, we should generally ask that contractors follow 
our field protocols, unless we feel something else is warranted.  For Neill and Ekman sampling see p 
78+ http://environment.gov.ab.ca/info/library/7805.pdf 
 
As indicated above, substrate composition is imp to interpretation of zoobenthos assemblages; at 
minimum they should record particle composition and organic content.  Photos of 
depositional/erosional substrate at each site would also be helpful - these could be used for other 
components of the study including epilithic cover.  GPS will be helpful to re-visit sites later in 2014 - 
when will these samples will be taken and why?  
- I forgot to mention the historical method used at LTRN or recently in JOSM by us is normally the Neill 
cylinder, 5 samples per site, thus more focussed on erosional habitat. 

http://environment.gov.ab.ca/info/library/7805.pdf
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Fisheries Review Comments of Obed Mine Impact Assessment, Long Term Sampling and Monitoring 
Plan, Water Quality and Aquatic Resources. 

As prepared by Hatfield Consultants. 

 

3.0 Sampling Locations: 

Re: final monitoring design for fish/habitat/sedimentation defined over winter 2013-2014 through 
detailed mapping and ID of sampling areas (most sensitive = depositional areas/potential high value fish 
habitats).  Can the company give a status update of this work, estimate completion date, and submit 
final plans to be reviewed (allowing sufficient time for review/amendments/timely implementation). 
Can the company define how “high value fish habitats” are determined. Are these species/seasonal 
dependant. Does this take into account substrate measurements, historic fish data, flow measurements 
etc. 

3.3 Sampling Frequency: 

Note that pre-freshet sampling window will be short lived and sampling must be conducted prior to high 
flows associated with freshet conditions.  This is of particular importance for benthic invert sampling. 

4.1 ID of Far Field Sampling Sites: 

-As above please elaborate on potential high value areas for fish. 

-Can the company provide timelines for completion of Sediment Deposition Probability Map.  Fisheries 
Management requests to review this map when completed, including areas designated as “potential 
high value areas”. Suggestion to expand geographic range of this mapping to Ft. Assiniboine/Vega Ferry 
area as this appears to be a more complete range of contaminant depositions (based on Environment 
data on external website showing many parameters above natural levels all the way down to this area. 

4.4 Fish and Fish Habitat in the Athabasca River  

-“lack of acute toxicity… direct contaminant related effects to fish are not anticipated” Fisheries 
management disagrees with this statement.  Though acute toxicity may not have been observed chronic 
toxicity exposure is a concern for fish. Elevated levels of many deleterious substances were observed in 
initial measurements, although these appeared to drop out of the water column it is highly likely that 
these have been deposited in a manner that will allow leeching of contaminants into the system. Further 
to the above, the deposited contaminants will likely impact benthic invertebrate communities, perhaps 
not direct mortalities, but certainly some substances could be taken in by these invertebrates. This 
provides a great deal of uncertainty regarding bio-accumulation of contaminants into fish tissue, and 
since this is uncertain the risk must be managed. It is likely that fish feeding on invertebrates will be first 
impacted by bio-accumulation issues, and later into predatory fishes. Fisheries management 
recommends that fish tissue toxicity samples are taken as per standards outlined by Alberta Health. This 
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will require collection of fish tissue (as per methods outlined by AB Health) of a variety of 
species(initially invertebrate feeding fish; e.g. long-nose  suckers, mountain whitefish, sculpins, 
cyprinids)  from numerous locations on the river.  

-High priority fish habitat; Can the company clarify if this is the same as the above “potential high value 
areas” and as above noted; define the terms explicitly. 

-There is no mention of actual fish sampling in the river, is this an oversight? Fish data must be collected 
in the Athabasca River to attempt to monitor impacts/ future recovery. Boat electrofishing should be 
utilized (I.e relative abundance studies) for all near and far field sites within the Athabasca River.  This 
could likely be combined to obtain toxicity samples mentioned above. 

-Details of fish habitat monitoring plan for Athabasca River developed over winter with potential 
implementation in March 2014. This should be included in this long term plan as it is now February 
2014, and this does not allow sufficient time for review/discussion/amendments/ implementation of 
plans prior to freshet conditions. 

-Sediment effects assessments should include a variety of habitat features/areas not just be defined to 
these high priority fish habitats/potential high value fish habitats. All habitat components should be 
sampled. Random sampling stratified by habitat type (pool, riffle, run, back waters, eddies, etc) in a 
manner that ensures sampling design is comprehensive and robust. Must include species other than 
salmonids including but not limited to: burbot, cyprinids, pygmy whitefish (technically a salmonid but 
different use of habitat), and longnose suckers.  

-The use of a McNeil Corer to assess extent of fine sediments in gravels, will this include a measure of 
embeddedness as emeddedness measurements were stated under 2.0 Program Objectives, point 4. 

 

4.5 Benthic Invertebrate Sampling: 

-Where is the compilation of historic benthic studies for comparison (and of fish data for that matter). 
This should have been completed prior to planning current/future studies as insights from historic data 
would likely aid in this planning. This is a mandatory component of the Wildlife Mitigation Plan as 
outlined in point 24, pg 2 of Obed Mine Impact Assessment Plan where it states wildlife mitigation plan 
shall address both terrestrial and aquatic species (#23), shall describe the condition of aquatic and 
terrestrial communities prior to the release using all available data (#24). This data is outlined in the 
Pisces plan for the Apetowun and Plante Creeks however appears to be absent for the Athabasca River. 

 

Overall the plan developed by Hatfield Consultants regarding Impact Assessment and Long Term 
Sampling and Monitoring of Water Quality and Aquatic Resources for the Athabasca River lacks specific 
actions/details/locations/historic data compilations that should have been included in this document.  
Any reference to sampling of fishes is also shockingly absent from this plan. This plan references that 
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many of these actions and details are underway and that they will be implemented prior to freshet 
conditions, however considering that we are now in February and these plans/designs have not be 
submitted has raised concerns of the overall timelines for review, discussion, amendment, and 
implementation of the sampling program.   

 

Fisheries Review Comments of Obed Mountain Mine – Aquatic Resources – Apetowun and Plante 
Creeks – Approach to Impact Assessment, Mitigation, Remediation, and Monitoring.  

As Prepared by: Pisces Environmental Consulting Services Ltd. 

 

2.0 Summary of Existing Information: 

- A couple of reports are referenced here (Zallen 1981, and in Section 2.3 Wolanski 2003) however they 
do not appear in 6.0 Literature Cited. Fisheries also requests a copy of Wolanksi 2003. 

3.3 Channel Impacts: 

-Instream work has potential to impact aquatic resources; detailed fisheries protection plans will be 
established.  Can the company elaborate on some of the mitigation that would be in place for these 
works, the solids recovery plan listed general best management practices, is it to be assumed these will 
be in place for work detailed in this plan? 

4.1 Future Impact Assessment and Monitoring – General Approach: 

- Assessments and Monitoring to occur in 2014 and plan to continue in 2015 and beyond if 2014 results 
dictate this.  Monitoring beyond 2015 should be anticipated as stated in the plan monitoring refers to 
repeated observations or measurements using standard methods over time in an attempt to detect 
trends.  Monitoring is suggested to continue until targeted endpoint(s) are achieved. These endpoints 
must be defined, in greater detail than 4.3 where endpoint is considered a condition similar to what 
existed prior to the release of mine water. While this is a desirable endpoint this must have associated 
measurable targets to assess success/effectiveness. This applies to habitat, (substrate composition, 
embededness, percent fines, channel characteristics) fish populations, (species richness, population’s 
relative abundances, recruitment) and benthic invertebrate communities (abundance, richness) 

-Baseline fisheries data is limited: this may be limited data, however it is still useful for comparisons as it 
gives some insight to what fish populations looked like prior to mining. While it is recognized as being 
somewhat limited it should not be discounted completely. 

-Regarding suggested reference streams (Upper Apetowun, Upper Plante, and Gorge Creek) these are 
sites that should be monitored as reference streams however some caution must be used when 
analysing this data, especially in regards to fish populations. Impacts to fish populations in the affected 
portions of the streams are likely although somewhat uncertain, by this logic it is probable that fish in 
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the impacted sections of Apetowun/Plante have been displaced and could impact these connected 
reaches (upper Apetowun/Plante). In light of this possibility it would be wise to include another 
reference stream in an unaffected drainage, perhaps Canyon/Baseline Creeks would be potential 
options to include. 

-Benthic invertebrate monitoring is considered the primary tool used to assess impact to aquatic 
resources. FMB agrees that this is an integral component to monitor, however this data should be 
sampled prior to freshet conditions (spring) as well as post-freshet (fall) conditions as the plan calls for. 
Benthic invertebrates are able to quickly recolonize aquatic environments and only assessing in the fall 
may overlook impacts to the invert community as a result of the spill. 

4.1.1 Fish Habitat: 

-Currently planned for 4 sites within impacted drainage which may be increased if necessary. Can the 
company clarify what conditions would cause increase in sample sites? No mention of Reach 4 (Erosion 
Gully) habitat assessment, can the company provide rationale for exclusion of this area. 

-A minimum of 3 habitat monitoring sections will also be established on reference streams; however 
total number and location of reference monitoring sections will be determined based on results from 
2014. Can the company clarify that there will be a habitat monitoring section on each reference stream 
(as opposed to 3 on one stream)  and that this will be conducted in 2014; and elaborate on the 
conditions that would cause the number and location of monitoring sites to change in the future?  

-Any habitat enhancement/offset must be reviewed by ESRD Fisheries Management Branch and DFO 
prior to construction/implementation. 

4.1.2 Fish Population Assessment and Monitoring: 

-Seasonal electrofishing component is detailed, however not ideal from ESRD FMB perspective. 
Suggestion to avoid Spring e-fish assessment in order to minimize impacts of spawning rainbow trout (it 
is likely these fish will be gravid and should not have increased stress to aid in recovery). Electrofishing in 
spring time also has a logistical difficulty in that the pre-freshet conditions window is very short in these 
high gradient small streams. Population estimates can be conducted as detailed in the plan, ensuring 
appropriate recovery periods in between runs as per Peterson 2004; (Transactions of American Fisheries 
Society, 133:262-275) where the author notes minimum of 24 hour recovery period (maximum of 72 
hours).  Can the company give an estimate of the proposed time for these population estimates? The 
most critical fish population data to collect is a single pass electrofishing run in late August-Mid 
September with fish relative abundance expressed as Catch per Unit Area (CPUA) thus requiring 
recording of, among others, fish caught, seconds, mean wetted width and distance electrofished in a 
minimum of 300m stream reach following “Alberta Fisheries Management Division Electrofishing Policy 
Respecting Injuries to Fish”. It is vital to conduct fish sampling in this Late August to September window 
as this is the period where all fish species and size classes have likelihood of occurrence while minimizing 
risk to any spawning fish, also logistically the water conditions in small streams are usually ideal at this 
time. 
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-Please note above comment regarding reference streams, re:  inclusion of another site, removed from 
any impacts of the spill. 

-Monitoring: Population estimates can continue annually. Must do late August-September single pass 
work annually to monitor recovery. 

-As above any sort of habitat enhancement/offsets planned must be thoroughly discussed and reviewed 
with regulators (ESRD/DFO). 

4.1.3. Lower Trophic Assessment and Monitoring 

-Benthic invert and substrate sampling should be conducted in Spring as well as Fall. Discussed in 
greater detail above under 4.1 comments. 

-Regarding #3 under 4.1.3. Use of existing data and sample results to: develop model of natural 
variation, determine appropriate sample size, Id data gaps. The data to do this is referenced under 
section 2, seems that this should be completed already, is this underway? Can the company provide 
timeline for completion? 

4.3 Endpoints 

-Please see above (4.1) for detailed comments. 

-Can the company estimate a timeline for establishing these endpoints? 

5.0 Implementation Schedule: 

-Prelim Impact Assessment – Habitat (Spring-Fall 2014), Populations (Spring-Fall 2015)-Why are there no 
plans for fish sampling assessment in 2014? Hope this is a typo? Please clarify. 

-Benthic and Invertebrates and Sediment Quality-Fall 2014- Please see above for rationale for request to 
include Spring sampling of these parameters. 

-Monitoring- conduct annually until endpoint (note comments on endpoints above).  Fish population 
monitoring states Fall 2015-2018 and earlier notes population estimates done in summer will continue. 
Please clarify. This appears to suggest that monitoring is anticipated for 4 years, however this should be 
a minimum of 5 years dependant of effectiveness of recovery and durability of remedial works(s). 

Appendix B.1 Fisheries Monitoring: 

-Electrofishing effort must be recorded (includes but not limited to : seconds, wetted width, distance). 

-All fish are to be measured for fork length at minimum (reference to subsampling if >30 should not 
apply for fork length measurements). 

-Document references using catch per unit effort (fish/min), while this can be recorded please adhere to 
above point and record effort (I.e. Distance/Width) to compute CPUA. 
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Alberta Health with input from Alberta Health Services and Health Canada has undertaken a review of 
Long Term Sampling & Monitoring Plan submitted by Coal Valley Resources Inc regarding the Obed 
Mine Spill of November 2013. 
Our comments are as follows: 

• This plan appears to only speak to monitoring and sampling plans between the mine site and the 
Town of Athabasca. As Coal Valley Resources Inc. is aware, there have been significant health 
and environmental impacts expressed along the full length of the Athabasca River to the 
communities of Fort McMurray and Fort Chipewyan and into the Northwest Territories. Similar 
monitoring practices to what is proposed in this plan between the releaser site and the Town of 
Athabasca are required to occur along the full length of the Athabasca River system downstream 
from the mine site.  

• This plan appears to only focus on sampling in the 2014 year. There needs to be clarity around 
the likelihood of sampling into 2015-2016, and how and when those monitoring plans will be 
determined.  

• This submission does not allow for an evaluation or improved understanding of the human 
health impact. Coal Valley Resource Inc. must undertake a human health risk assessment, that is 
acceptable to Alberta Health, and provide this information under separate cover. This should 
include, but not be limited to the following factors: 
- Evaluate and describe the potential routes of exposure for users along this river system. This 

evaluation shall identify the likelihood of exposure, location of how and where those 
exposures may occur (including a sediment deposition sites) and clearly identify the need 
for which routes need to have further evaluation and associated monitoring programs. 
Routes of exposure include, but are not limited to, water use (community, individual and 
farming situations), contact with sediment by recreational users, or consumption of fish and 
wildlife that may have taken up chemicals (e.g. metals, PAHs, etc.) from the sediment or 
water.  

- Short and long term water impacts, as the Athabasca River system is considered to be a 
source of drinking water for many types of users (i.e. private individuals, community 
drinking water plants, and industrial work camps.) 

- Initiate a potable drinking water program and exposure assessment where Coal Valley 
Resources Inc. evaluates the raw water going into the plant and after drinking water 
treatment. The concern is to have an understanding of if metals, PAHs or flocculant 
breakdown products may be entering into the potable water treatment plant from sediment 
movement during freshet and spring run-off and how effectively the drinking water 
treatment is at removing these contaminants. This will assist in understanding the concerns 
of First Nations and communities that use this River system as their drinking water source. 

- Evaluations of the likelihood of all chemical contaminants contained within the sediment to 
mobilize and or breakdown from the sediment deposits into the water column and enter 
into the food web (i.e fish, large wildlife). For example, methylmercury and alkylation of 
PAHs.  



February-10-14 
 

10 
 

• Water and sediment sampling locations: 
- Specifically, additional information is needed as to where the various water and sediment 

samples are being collected along the creek or river system (i.e along the shore, midstream). 
- Confirmation that the sampling sites proposed in this plan are the same location as those 

used in the short and intermediate monitoring plan.  
- Need for a larger network of sampling sites along the River system as a whole. 

• Flocculant and Acrylamide 
- Additional information is required about the use of the flocculant at the mining site, 

including but not limited to the amount of flocculant used, and if the breakdown product 
detectable at the mine site; 

- Inclusion of a detailed evaluation of the breakdown of this flocculant and the likelihood of 
its transport or mobilization in the water column and uptake into potable drinking water 
sources. Alberta Health is in support of the comments submitted via Alberta Environment & 
Sustainable Resource Development from the University of Alberta. 

- As completed in the short term monitoring plan, the use of an appropriate laboratory facility 
that can detect acrylamide levels that are relevant to human health (see previously 
submitted comments related to acrylamide) is important. 

• Fish and wildlife health & tissue sampling. 
- There are no proposed measures of individual fish or animal health, and or the likelihood of 

fish or animal populations, to uptake chemicals related to this spill. In part, understanding of 
the likelihood of this to occur can be addressed via a human health risk assessment, 
however additional information about proposed tissue sampling processes and evaluation 
are required in this plan.  

• Lab analysis 
- Need to ensure that detection limits and sample analysis techniques utilized are those 

suitable and relevant to human health impact evaluation. Comments related to these 
concerns have been previously submitted, specifically; mercury, selenium, arsenic, 
acrylamide and PAHs. This applies to not only water sampling activities but fish tissue 
sampling. 

• Data analysis & progressive evaluation 
- This plan does not address how data will be analyzed and evaluated as the data becomes 

available. Initial sampling results should guide the development of this plan and evaluation 
points should be determined throughout the proposed timeline to determine if additional 
sampling is needed or could decrease.  

 

Other Comments 

• Communication - There is a need to have a comprehensive risk communication plan, associated 
with this monitoring plan, which considers the views and concerns of the users of this river. A 
detailed human health risk assessment will also be informative to the communication plans by 
being able to verify, and eventually validate the likelihood of a health risk being present.   While 
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specific detail is not necessary in this plan, there needs to an understanding by Alberta Health, 
Alberta Health Services and Health Canada as to how monitoring plans, and how results are 
going to be communicated to the regulators, users of the Athabasca River, communities and 
First Nations groups.  
- Specifically related to freshet and spring runoff conditions, large users of the River system 

need to be aware of where they can find information about turbidity and data sondes.  
• The entire program should be integrated into existing regional monitoring that is occurring 

under the Joint Oil Sands Initiative and other others. This will allow for comparison before, 
during and after the event. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



February-10-14 
 

12 
 

DFO Comments: Long-term Monitoring and Sampling Report 

Section 4, Table 1, Page 6: “Final Impact Assessment Report (incorporating all to-date results)”. 

• Seems preliminary to have a final “impact” assessment considering the time of year the event 
occurred and the statement on page 4 that notes: …winter conditions restricted data collection 
therefore making it impossible to predict the final extent of effects at this time”. Perhaps we are not 
clear on the context of the Final Impact Assessment report. Clarify. 

Hatfield Report 

Section 2.0, page 2: “Provide continuous water quality information for lower Plante Creek and multiple 
locations in the downstream Athabasca, using multi-probe sondes recording data every 15 minutes, to 
ensure any rapid changes in water quality…”. Table 1, page 3 list Apetowun Creek sample sites. 

• Apetowun Creek is not referenced with respect to the water quality monitoring described on page 2, 
but is listed as a site that will be the subject of monitoring as per Table 1. Will the sampling on 
Apetowun be different than the sampling on Plante Creek and the Athabasca River? If so, explain 
why. Not clear on the Pisces involvement, see next comment. 

• This is all confusing. In the introduction, Section 1.0, page 1, it states that: “the focus of this 
[Hatfield] document is on impact assessment and monitoring related to: water quality and sediment 
in Apetowun Creek, Plante Creek and the Athabasca River… The next paragraph references: “[Pisces 
Environmental Consultants] plan for the Impact Assessment and Long-Term Sampling and 
Monitoring of benthics, fish and fish habitat”. Not clear why the footnotes on Table 1 indicate Pisces 
is monitoring water quality on Apetowun Creek. 

Section 3.0, page 4:”It is important to note that field sampling will not necessarily be limited to specific 
locations listed in Table 1 and described below”. 

• What is the process for notifying regulators of the changes/additions/deletions in sample locations? 
• Can DFO obtain this information? 
Section 4.2.4, page 8: “The purpose of this sonde network is to provide continuous , near-real time data 
that describe any water quality that occur either naturally or as a result of remobilization of spill-related 
solids…” 

• Expand on how this monitoring differentiates between natural influences on water quality and 
those that are a result of the remobilization of spill related solids. 

Section 4.4, page 9/10: To assess the potential adverse effects of sedimentation on substrates in high-
priority fish habitats (e.g., gravels potentially used by salmonids like mountain whitefish for spawning 
and egg overwintering), substrates will be sampled… 

• Were these high priority sites identified prior to the Obed incident? 
• How does CVRI know that they are targeting a gravel area (for example) that is impacted by 

sedimentation? It is possible that an area that was once a gravel zone could be completely covered 
by sediment, and difficult to find or identify. Will this just be passed off and assessed as an area that 
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is composed of sand/silt/clay? Where is the baseline? How will surveyors know if the area was once 
a valued or high priority site that is now covered in fine material? 

Pisces Report 

Section 4.1, page 11: “Monitoring would be conducted on an ongoing basis until targeted endpoint(s) 
have been achieved”. 

• What defines a “targeted endpoint(s)”?  
Section 4.1.3, Page 14: Reference Condition Approach for invertebrate sampling. 

• Is there additional information regarding the historical data sets available and the number and 
location of sampling sites used with regard to benthic invertebrate assessments? 

The Reference section is missing the Zallen, 1981 and Wollanski, 2003 titles. 

• These titles will be useful documents, please provide. 
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AANDC PROPONENT RESPONSE DOCUMENT 
  
AANDC Comment #1 
2.1.1 Additional aquatic resources - CVRI stated that it will conduct depositional-zone sediment 
sampling in the early spring prior to spring freshet and in the fall. Summer sampling of the depositional 
zones is also recommended.  
  
AANDC Comment #2 
Question 10: Rationale is not provided as to why conditions would prevent the sampling of suspended 
sediment and bed sediment through ice in winter. Should ice conditions be safe, sampling of suspended 
sediment and bed sediment should be practical and is recommended. AANDC notes that winter conditions 
may affect the ability to collect a full suspended sediment samples (i.e. low turbidity waters). AANDC 
recommends that the sediment sampling regime include: number of subsamples at each site, QA/QC, 
control sites (if any), composite versus grab sampling, etc. 
  
RESPONSE: Sampling of sediment samples through ice in winter is not recommended partly because of 
safety concerns but mostly because substrate morphology and the location of appropriate depositional 
zone for sampling of sediment quality are not known. Because winter low flows are expected to remain 
relatively constant until freshet, deposited sediments are also likely to remain in place. The long-term 
monitoring plan proposed identification and sampling of sediments and benthos from these depositional 
zones in spring after ice-out but before freshet, consistent with recommendations made by other 
reviewers of the immediate-term plan and discussed earlier in this response document. 
  
AANDC RESPONSE:  AANDC appreciates that sampling should only be conducted should conditions permit 
the safe collection of samples. However, AANDC would like to note that deposited sediments may not 
remain in place until after ice-off. In large high-latitude rivers where ice cover forms in autumn and flows 
persist under ice during winter months, the dynamics of river flow under ice is profoundly influenced by 
the ice cover. In those northern-hemisphere rivers where the direction of flow is northward (i.e. pole-
ward), as is the case with the Mackenzie River and many of its tributaries, the autumn formation of ice 
begins first in downstream reaches and progresses southward toward upstream reaches; this causes the 
effects known as backwater, under-ice scouring and ice jams to commonly occur in such rivers during ice 
formation and/or break up (EC). Both the Mackenzie and Slave Rivers and significant portions of their 
Peace and Athabasca tributaries are north-flowing. As ice formation progresses upstream each fall from 
the northern reaches of the river system, backwater effects and under-ice scouring progress upstream as 
well. Spring freshet progresses downstream from southern river reaches, so backwater effects and 
associated under-ice scouring begin again in spring before break up (Milburn and Krishnappan, 2002; 
Moore et al., 2013); and ice jams tend to occur in some locations during spring break up with associated 
heavy scouring and sediment transport. *References are provided below* 
  
AANDC Comment #3 
11. CVRI does not address the lack of fish monitoring. 
  
AANDC Comment #4 
13. CVRI has not responded to requests for sampling on the Slave River. 
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APPENDIX 3 HATFIELD REPORT  
  
AANDC Comment #5 
General - A total of only three sediment samples were collected from Nov 5th to 15th. No sediment 
toxicity testing was completed on the OBED mine pond sediment sample. Full explanation required as to 
why this was not conducted should be provided. 
  
AANDC Comment #6 
Pages 9 & 11 - FYI COMMENT: the TSS values at Plante Creek downstream (PLC-DS) were still above 
background on Nov 15 (Table 3) 53 (downstream) vs 3 mg/L (upstream) 
  
AANDC Comment #7 
Missing information - Not clear as to how many water samples were analyzed for PAHs - could not find 
the n (number of samples) in table 5 or page 14. Please identify. 
  
AANDC Comment #8 
Section 3.2 Sediment Quality 
It states that the sediment quality and toxicity test results will not be released until May 14,2014. It 
would be worthwhile to get these results sooner as this may influence the winter and spring sampling 
approaches. 
  
AANDC Comment #9 
3.2.2 Fate of Sediment Load in the Athabasca River - last paragraph 
Hatfield has stated that based on the estimate of the amount of sediment and its expected mobility, 
sediment will not be transported along the length of the Athabasca River. This conclusion needs to be 
confirmed as it seems to contradict statements made in the earlier paragraphs.  
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General Comments 
 
The proponents propose to conduct a qualitative assessment of impacts on fish (section 4.1.2 of 
attachment 2).  This is simply unacceptable and leaves the assessment open to subjective 
interpretation as to what constitutes an equivalent condition.  We do acknowledge that thought 
has been put into how benthic invertebrate communities will be evaluated (section 4.1.3 of 
attachment 2), but little text is devoted to actual data analysis and what will happen if prolonged 
monitoring after impact assessment fails to demonstrate that the site is returning to an 
equivalent condition.  In total, the sum of these deficiencies will significantly increase 
uncertainties ultimately affecting the decision of whether the EPO has been satisfactorily 
concluded.  By stating these terms more accurately at the outset, it will be easier to identify 
issues and take action to rectify/remediate. 
 
The entire program needs to integrate with existing regional monitoring programs (JOSM, 
RAMP, COSIA, PADEMP, SWEEP) to obtain as much data as possible before, during and after 
the event.  This should be a formal task built into the awarded contract.  While it is mentioned in 
the preamble (page 5) and in section 1.0 of attachment 1, there needs to be more detail about 
the types of data to be collected, who will be the custodian of this data, and whether it will be 
done systematically or on an ad hoc basis. 
 
Ideally, the designs of a wildlife-monitoring program should be modeled on the recently released 
(2012) metal mining EEM.  This EEM uses a multimetric approach with diversity, evenness and 
similarity as endpoints. The multimetric approach would most likely generate data that could be 
compared to existing data from the site and the region that was generated under existing EEM 
programs. 
 
The statistical sensitivity or power desired for each variable or environmental indicator will likely 
depend on whether or not there is an understanding of implications or importance of a certain 
amount of change in the indicator. For example, this could include guideline concentration 
values for water quality that must be met, threshold values for chronic toxicity of sediment 
metals or PAH, or some environmental threshold associated with a variable that is well 
understood, like percent loss in a particular form of fish habitat. 
 
Benthic Invertebrates 
 
The proponents either provide no information on how benthic invertebrate data will be analyzed 
(section 4.5 of attachment 1) or propose a reference condition, pass-fail approach (section 4.1.3 
of attachment 2).  The reference condition approach requires large numbers of sites to be 
sampled (>10 as recommended by the metal mining EEM program 2012- Environment Canada) 
to understand regional variation in assemblages.  More detail needs to be provided with 
literature references about some of the challenges associated with this approach.   
 
As described above for the Power Analysis and also discussed in the review of the Short-term 
Monitoring Plan, the LTRN approach to benthic invertebrate sampling should be adopted, to 
avoid the higher variation that results from the RAMP-based design involves randomizing 
replicate sampling sites along full reaches of creeks and rivers.  If this approach is still pursued, 
then the increased variance of the various invertebrate indicators represented in the RAMP 
dataset should be used to estimate the number of samples necessary, via Power Analysis, to 
properly account for the higher variance. 
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In terms of benthic invertebrates, it is not clear whether a reference condition approach (RCA) 
will be used for the Athabasca or, instead, the standard suite of indicators will be assessed 
(e.g., diversity, taxonomic richness, absolute and proportional abundance, EPT, ETO, EPT: 
chironomids, etc).  Because this is a post-impact assessment, problems may arise in finding 
appropriate reference sites against which to compare impacted mainstem Athabasca River 
sites.  In addition to other possible metrics for assessing changes in ecosystem function, based 
on changes in benthic invertebrate communities, it is recommended that suggest that 
Hilsenhoff’s Modified Biotic Index (MBI) also be used to track impacts, change, and recovery of 
benthic invertebrate communities in riffle zones (Hilsenhoff 1988, 1998; Mandaville, 2002). MBI 
scores correlate well with biochemical oxygen demand (5-day; BOD), the lowest recorded 
concentration of dissolved oxygen (DO), total concentration of chlorides, lowest maximum 
temperature, total suspended solids, total nitrogen concentration (TN), as well as total 
phosphorus concentration (TP) and total alkalinity (Hilsenhoff, 1977). Because MBI scores 
correlate to qualitative degrees of organic enrichment, they are generally indicative of effects of 
organic waste, enrichment, or eutrophication, and the changes in benthic invertebrate 
communities that result from them.  
 
Selection of reference sites for RCA should be limited to creeks in basins that are as similar as 
possible to Apetowan and Plante Creeks, in terms of the intensities and types of industrial 
disturbance.  Also, it is not clear that the RCA technique has sufficient sensitivity to assess or 
quantify a longitudinal gradient of impacts on a single stream, as opposed to inter-stream 
comparisons. This should be clarified, because an alternative design could instead include a 
couple of reference streams on which a longitudinal series of sites are assessed and monitored, 
from upper to lower in the catchment, with comparisons of the various impacted sites in 
Apetowan and Plante Creeks to the comparable reference sites in the reference systems, based 
on sub-basin locations.  Otherwise, the interaction between natural longitudinal gradients in 
substrate type and benthic communities and disturbance gradients along Apetowan and Plante 
Creeks may confound or complicate interpretation of RCA results.  Also, the RCA approach 
typically involves a large number of reference sites from which confidence limits are developed 
in “eigen-space”, against which a potentially impacted site is compared.  Will the selection and 
use of a limited number of reference sites satisfy the requirements of the RCA approach? 
 
It should be noted that many of the contaminants of interest are unlikely to be detected in water 
even though they may pose considerable risk because of hotspots of sediment contamination.  
This includes methyl mercury.  Some measure of concentrations of selenium, metals and PAHs 
in the lower food web before and after the freshet must be completed.  Non-mobile, large-
bodied benthic invertebrates or periphyton could be an option for this purpose, since some of 
the smaller sites likely cannot have fish repeatedly sampled without affecting populations.  
 
Vegetation and Wetland Resources 
 
The proposal for periphyton sampling at far-field sites (section 4.6 of attachment 1) is given 
without any rationale for this endpoint or indication of how data will be analysed.  Is simple 
abundance (chl a and biovolume) the endpoint, indicating food for invertebrates?  Or will the 
relative proportion of tolerant taxa or some other community descriptor be used?  Guidance can 
be found in Stevenson and Pan (1999).  If periphyton are to be used as an indicator of 
disturbance and recovery at far-field sites, they must also be used at the near-field sites and the 
data need to be analysed as a single package. 
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An application of an index of siltation also may be of value for assessing impacts of the tailings 
spill on benthic algal communities, given the large release of sediments that resulted and the 
detailed sediment monitoring program being pursued under this program that will presumably 
provide useful and complementary information on sediment fluxes and deposition.  Motile algal 
species that are well adapted to streambed instability can be considered to be silt tolerant, and 
the relative total combined abundance of Nitzschia and Navicula spp. has been used as an 
index of siltation, where higher combined relative abundance is interpreted as indicative of 
higher siltation at a particular site (Kutka and Richards, 1996). Such an index may provide more 
insight into the algal community changes related to physical changes in sediment type that will 
have occurred because of this accident, and provide another measure by which to track 
recovery. 
 
 
Fish Health (Aquatic Resources) 
 
A significant aspect of the proposal is the generalized definition of the trout species 
Oncorhynchus mykiss as “rainbow trout” using Zallen’s 1981 nomenclature as a guide. This is 
inappropriate given the management status given to Athabasca rainbow trout strain within the 
province. The Government of Alberta recognizes the rainbow trout in the Athabasca drainage as 
a unique strain (Alberta Ministry of Environment, 1994) and the General Status of Alberta Wild 
species 2005 assessment the native stocks of rainbow trout in the Athabasca River are 
identified as “may be at risk”.  A recently completed full report on the status of the Athabasca 
rainbow trout (Rasmussen and Taylor, 2009) confirms this designation and provides an 
excellent resource.  Therefore, it is imperative that more indicators of fish population that 
distinguish between rainbow trout and Athabasca rainbow trout be implemented to satisfy the 
terms of the EPO. 
 
Given the limited populations of Athabasca rainbow trout that one is likely to encounter, 
destructive sampling should be minimized to prevent impact on the population.  Athabasca 
rainbow trout grow slower and spawn much later (June-July) than other rainbow trout strains 
and spawn in finer grained areas (depositional zones) and therefore the larvae are likely more 
susceptible to sedimentation from increased TDS.  In addition, given that age of maturity is 3-4 
years, a longer period of assessment to ensure spawning success should be part of the plans 
for the monitoring. The current plans call for assessment until 2018 which, assuming a poor 
year class this upcoming year because of failed spawning or recruitment success, will not allow 
for one spawning cycle to be completed. Loss of habitat for spawning as a result of this event 
along with continued sedimentation from downstream migration of sediments until the banks 
and riparian areas are stabilized are serious risks to the trout population, within Apetowun and 
Plante creeks especially.  
 
Given the issues listed above it is suggested that the wildlife monitoring plan include plans for 
monitor spawning success through the presence of redd’s and/or presence of fry in the creeks 
from the mine site to the Plante Creek rivermouth.  It is likely that in-migration of individuals from 
other less impacted sites downstream will form the entirety of the recruitment and population in 
the first years.  Population recruitment success in this species is severely affected by higher 
water temperatures (and loss of riparian tree cover in the upper reach of Apetowan Creek will 
likely significantly increase stream temperature) and silt/sediment. Therefore, it is important to 
monitor age class distribution and recruitment/spawning to ensure a healthy sustaining 
population returns to the creek.  Simply counts of larger individuals will not provide an adequate 
measure of fish population health. 
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A significant deficiency noted for the report is that there are no proposed measures of individual 
fish health – including growth, reproduction and survival – in sections 4.4 of attachment 1 and 
4.1.2 of attachment 2.  These endpoints can be much more sensitive indicators of long-term 
population performance than simple abundances.  Spoonhead sculpin would be the ideal choice 
of monitoring species because they meet many of the criteria for appropriate sentinels for an 
incident of this nature where sediment contamination is likely.  They are benthic, non-mobile 
and abundant and are present in both Apetowan and Plante Creeks, as well as the Athabasca 
River.  Prior studies conducted upstream in the Athabasca (Gibbons et al. 1998) would provide 
additional regional sites for comparison of endpoints such as condition, fecundity, size at age 
and energy storage.  Lethal sampling would also provide tissues for contaminant (selenium, 
methyl mercury) analyses and possible biomarkers such as liver enzymes, oxidative stress, and 
histopathology.  Recognizing that depletion of local fish populations in small systems is a 
concern, a small but statistically relevant number of lethal samples should conducted in the fall 
at synoptic and reference sites would be the minimum effort needed to provide information 
about the nature of the impact.  The fall sample is also the recommended time for sampling 
sculpin species (Environment Canada 2012).  This detailed lethal sample would also 
complement the non-lethal sampling proposed using rainbow trout and burbot. 
 
The proponents suggest that all reference sites will be sampled in erosional habitats (Section 
B3, page 152 of 196).  Yet the greatest effects downstream of the release are likely to be in 
depositional zones.  In order to directly compare community structure in reference and exposed 
areas, samples must be collected in both depositional and erosional habitats in both areas. 
  
For monitoring fisheries and fish habitat, there is a discrepancy between text describing summer 
population monitoring in s. 4.1.2 and s. 5.0 Implementation Schedule, in which fish population 
monitoring will occur annually during the fall.   
 
When sampling depositional sediments and assessing the physical changes in sediment loads 
in substrates in high-priority fish habitat, it is imperative to collect in situ pore-water samples in 
addition to solid sediments, for use in both acute toxicity tests and for chemical analyses, 
independent of the assessment of physical changes associated with substrate-quality 
thresholds for fish habitat use.  As described in the review of the short-term monitoring plan, and 
the impact assessment and long-term monitoring plans, pore-water hardness should be 
determined to enable characterization of the likely chronic toxicity of the sediment metals 
mixture, according to the USEPA’s standard equilibrium partitioning techniques.  Their other 
similar technique for characterizing the chronic toxicity of sediment PAH mixtures should also be 
applied, which will necessitate determination of sediment carbon content, in addition to PAH 
concentrations. 
 
More detailed, specific assessments of the potential for mobilization of contaminants in 
sediments as the result of redox reactions should be pursued as well.  For example, in the 
Introduction, it was stated that, “When flocculants come into contact with sediment particles, 
they bond and become inactive.”  That may be the case, but without identifying the chemical 
nature of the flocculent or clearly identifying the authority for that statement, it remains 
undetermined whether or not that is actually the case.  No doubt flocculants are designed to 
scrub particulates from the water column, but it is likely just a presumption that they remain 
bound in sediments and are not subject to reactions or processes that can remobilize them, 
potentially in a different form with different toxicity.  Whether it is chemicals bound to 
particulates, or simply sediments with high concentrations of metals and PAHs normally 
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associated with coal tailings, mobilization may occur either chemically, resulting in increases in 
pore-water concentrations and toxicity, or conceivably by incorporation into the foodweb via 
benthic microbes and invertebrates. 
 
It is not clear what approach will be used to assess impacts or changes in the Athabasca River 
caused by the release event. Clearly describing the indicators to be relied upon will also clarify 
for ESRD exactly what the proponent is planning on incorporating into their long-term 
monitoring, impact assessment, and mitigation plans. For example, the benthic algal 
communities in the Upper Athabasca River are probably much more sensitive to nutrient inputs 
than communities in the Lower Athabasca River (Bowman et al, 2005;2007; Chambers et al   
2000; 2006; Culp et al, 2000a,b; Scrimgoer and Chambers, 2000) .For this reason, any 
assessment of impacts of community changes in the Athabasca River should consider the local 
dynamics and sensitivity to nutrient inputs, rather than simply involve comparisons to standard 
water quality guidelines for nutrient water concentrations. Generally, riverine diatoms may be 
less reliable as indicators of change because of their short life cycles and rapid population 
changes in response to complex interactions involving a host of chemical, physical, and 
biological factors, including of hydrodynamics, light, nutrients, and invertebrate grazing 
(Chessman et al 1999).  While algal community changes are often associated with changes in 
water quality, geochemistry, current velocity, physical disturbance with changes in flow, and 
local conditions or microhabitat differences associated with such things as canopy cover or 
shading also can be important (Kutka and Richards, 1996). 
 
Notwithstanding general problems with using riverine algae as indicators of change, in addition 
to the standard diversity and richness indices often used, an index of diatom nutrient preference 
based on known nutrient preference ranges for riverine diatom species is also available 
(Potopova and Charles, 2007). This index is based on an indicator species analysis that 
identified species associated with the most nutrient-rich and nutrient poor sites included in a 
number of regional U.S.G.S. National Water Quality Assessment datasets, thereby creating a 
list of diatom indicator species based on their preference for low or high nitrogen and 
phosphorus concentrations (Defrene and Legendre, 1997). This index may be used to indicate 
significant shifts in algal communities likely occurring in response to changes in upstream 
nutrient inputs, and in an assessment of recovery trajectories. 
 
 
Terrestrial and Wildlife  
 
The terrestrial plan involves examinations of a number of key focal species as indicators of the 
health and the plan proposes to use population estimates to examine each of these species to 
determine if specific habitats that were impacted.  The include beaver, moose, ermine, ground 
dwelling and migrant shorebirds. The specific choices of the sentinel species are appropriate for 
assessment.   
 
The terrestrial plan will use a variety of datasets to examine short and long term impact on 
population estimates.  Some of these estimates (e.g. migrant shorebirds) should be easy to 
obtain and the methods described are likely sufficient given that these bird use the main tailing 
ponds as habitat. For moose, given the rather small spatial disturbance relative to moose home 
ranges and the presence of active hunting in the region, this is likely not to be a fruitful indicator 
of health or effect. For ground dwelling birds (sparrows), the proposal to monitor species 
abundance and diversity is a good indicator for the area but the proposed MAPS program 
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including control sites to determine spatial variability should be implemented at the outset rather 
than waiting for the surveys to return a result that can only qualitatively be assessed. 
 
For beaver and ermine, given their location as semi-aquatic animals and their diets that will 
include plants and animals (respectively) from the affected area, monitoring should be 
expanded from simple abundance and re-establishment of populations to also include some 
indicators of animal health as well, with an understanding that a non-destructive indicator (e.g. 
blood sample) rather than destructive sampling is desirable for a small population. Given that 
these species are hunted or trapped in the local area by First Nations, partnerships with these 
groups is encouraged. The local FN may be willing to also provide tissue samples from local 
area animals which could be available for comparative control purposes to ensure that health is 
re-established in addition to population. 
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Overall Evaluation 
 
With Hatfield and Pisces both involved in various aspects of the project to deliver the results, it 
would have been preferable to have them agree to common terminologies for the sites so that a 
direct comparison of the plans can be accomplished.  For example, the use of the separations 
into “Zones” by Hatfield and “Reaches” by Pisces provides some confusion. 
 
The impact assessment plan appears to have been primarily defined in relation to a delineation 
of the zone of impact and mitigation of further impact through the near term, while remediation 
strategies are being developed. The proposed plan for continued monitoring of impacts on water 
quality, aquatic animals, vegetation and terrestrial species includes many generalities that in 
many cases do not reveal what is planned, what will be measured, how data will be analyzed 
and assessed, or what indices of environmental condition will be used to assess whether or not 
impacts of the Obed release persist. 
 
The EPO states that the aquatic and terrestrial communities must be restored to an equivalent 
condition as existed prior to the release.  There are really only two ways to determine the 
equivalent condition: 1) historical, pre-release data, and 2) estimation based on a single 
reference site (i.e. upstream) or multiple regional reference sites (Mackey et al. 2012).  While 
there are several useful components of the plan, a key element that is missing throughout much 
of the document is criteria by which the system will be considered to have returned to an 
equivalent condition.  Will the definition of an effect from the metal mining EEM program be 
used? ‘‘A statistical difference between data collected in an exposure area and in a reference 
area or sampling areas within an exposure area where there are gradually decreasing effluent 
concentrations at increasing distances from the effluent discharge’’ (Environment Canada 
2012).  In this case, Apetowan Creek must be considered the “effluent”.  If statistical 
approaches are to be used, then more detail on sample sizes and proposed comparisons are 
needed because of the many complications related to experimental design and subsequent 
statistical analyses (e.g. Munkittrick et al. 2010).  Other approaches that do not rely on statistical 
hypothesis-testing can be used (e.g. <25% deviation from the reference site in a particular 
endpoint), but importantly without clear a priori criteria it will be difficult to know when the job is 
done and monitoring can be reduced or cease altogether.   
 
It is not clear what approach will be used to assess environmental changes in the Athabasca 
River caused by the release event. Clearly describing the indicators to be relied upon will also 
clarify for ESRD exactly what the proponent is planning on incorporating into their long-term 
monitoring, impact assessment, and mitigation plans. For example, the benthic algal 
communities in the Upper Athabasca River are probably much more sensitive to nutrient inputs 
than communities in the Lower Athabasca River. (Bowman et al. 2005, 2007, Chambers et al. 
2000, Chambers et al. 2006, Culp et al. 2000a, Culp et al. 2000b, Scrimgeour and Chambers 
2000)  For this reason, any assessment of impacts of community changes in the Athabasca 
River should consider the natural longitudinal changes associated with the River Continuum 
Concept (Robinson et al. 1995, Vannote et al. 1980), including local dynamics and sensitivity to 
such things as nutrient inputs, rather than simply involve comparisons to standard water quality 
guidelines for nutrient water concentrations.  
 
Obviously, water quality levels exceeding regulatory thresholds should be considered as 
violations and significant impacts, but the program does not specify the methods for evaluating 
excedences of ecological thresholds. Further, the spill could also cause a chronic increase in 
water contaminant levels above the baseline (upstream) concentrations but below clear 
ecological thresholds. In such a scenario, the long-term monitoring program as described will 
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likely not identify this problem, and the will likely not capture persisting impacts because it will 
be focused on assessing violations with respect to the regulatory guidelines or ecological 
standards. It is important that the long-term monitoring programs be capable of detecting 
important water quality changes even if they are below ecological/regulatory standards. The 
program should clearly identify the regulatory and ecological standards to be applied or 
considered, base the monitoring program on them, then design specify methods of 
assessment and evaluation of data with respect to both the standards and pre-release 
baseline data, where available. 
 
Sediment load in the creek should be assessed before the first freshet and throughout the 
summer at multiple sites, to determine sediment mobilization and redisposition down the creek. 
The rate of transfer will allow an estimation of removal time for assessing the long-term impact 
and inform how long the continuing monitoring should last.  This will allow assessment of the 
impacts on the stream and the effects of the freshet on sediment transfer down the river. It is 
important to perform an approximate mass balance calculations to determine the distribution for 
sediment (at least) for the specific reaches of the Athabasca River, to define the zone of impact 
better than simply by relying on TSS concentrations or the arbitrary location of the plume on 
November 5, 2013 for selection of far-field monitoring sites.  Such a mass-balance assessment 
will aid greatly in determining where and when sediments and other co-contaminants were 
deposited along the reaches of the Apetowan Creek and into the Athabasca River, and 
therefore also assist in monitoring site selection. 
 
Power Analysis should be employed to determine what the appropriate number of samples to 
be taken, given the risk of having insufficient statistical power to detect meaningful changes in 
such environmental variables.  This was also recommended in the response to the short-term 
monitoring response plan.  
 
Lack of indicators for the impact of the spill 
 
The first priority in determining the impacts of the Obed tailings release should be the 
identification and characterization of specific indicators of Obed coal and associated 
contaminants, which is not addressed in the proposed impact assessment.  
 
There is no hypothesis about the expected contaminants that were present in the water 
containment and other ponds in Obed mine, nor systematic evaluation of possible contaminants 
that can be mobilized from the solids that were released by the spill. Without these specific 
criteria, it would be impossible to clearly establish links between water quality guideline 
violations or changes in ecosystem health or function, if they occur, and the spill.  
 
In identifying key water quality parameters and their association with the spill, a comprehensive 
water quality characterization of the effluents from the water containment and other ponds in the 
Obed mine should be a critical part of the Impact Assessment Plan.  
 
The first step in the Impact Assessment evaluation should therefore be an assessment of the 
water and sediment chemistry and quality of the various sources within the Obed mine (e.g., 
main tailing pond). If these data are already available they shall be included in the plan and a 
summary of existing results should be provided. In addition to the full list outlined in the 
program, the mine sediments should be assessed for potential isotopic fingerprints that will 
allow their identification in downstream water sources. These should include the parameters 
included under the short-term monitoring plan.   
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Several studies have shown that “tagging” the effluent waters provides a sensitive monitoring 
tool to delineate their flow and impacts in a watershed. For example, Vengosh et al. (2013) have 
shown that variations in strontium, carbon, and sulfur isotopes in effluents from mountaintop 
mining in West Virginia can be detected and quantified in the downstream watershed; the 
combined isotopes approach provides a precise and sensitive monitoring tool for evaluation of 
the relative contribution of the effluents to downstream waters and sediments, in spite of the 
large dilution (Vengosh et al., 2013). A similar mass-balance approach should be applied also 
for the Obed spill, based on geochemical and isotopic characterization of the Obed mine waters 
and sediments. 
  
Mobilization of contaminants from the spilled coal solids also may pose long-term risks to the 
environment. In order to evaluate the potential risk associated with such processes, impact 
potential of representative coal samples from the Obed mine could be assessed through 
leaching experiments (water extraction, cation-exchange extraction, and acid extraction). For 
example, Ruhl et al. (2009; 2010) have shown that the transport of coal ash materials from the 
2008 coal ash spill in Kingston, Tennessee, resulted in leaching of contaminants (arsenic, 
selenium, boron, strontium) to areas of sediment deposition downstream from the spill site. In 
order to characterize the contaminant leaching potential, systematic leaching experiments of the 
spilled coal ash materials were conducted. A similar approach could be included in the Impact 
Assessment stage of the reponse to the Obed release, whereby contaminant leaching potential 
of sediments released from the Obed mine site are determined. The Obed coal leachates also 
should be characterized for both the geochemical and isotopic fingerprints that are outlined 
above. This is not a requirement by ESRD but a suggestion that may improve understanding of 
the impacts of the spill. 
 
As described in the review of the short-term monitoring plan, the LTRN approach to benthic 
invertebrate sampling should be adopted, to avoid the higher variation that results from the 
RAMP-based design that involves randomizing replicate sampling sites along full reaches of 
creeks and rivers.  If this approach is still pursued, then the increased variance of the various 
invertebrate indicators represented in the RAMP dataset should be used to estimate the number 
of samples necessary, through Power Analysis, to properly account for the higher variance. 
 
The proponents propose a reference condition, pass-fail approach to evaluating benthic 
invertebrate data.  The reference condition approach requires large numbers of sites to be 
sampled to understand regional variation in assemblages, from which confidence limits are 
developed in “eigen-space” against which a potentially impacted site is compared.  More detail 
needs to be provided with literature references about some of the challenges associated with 
this approach, including whether the selection and use of a limited number of reference sites 
satisfies the requirements of the RCA approach.  Furthermore, a multivariate approach to the 
benthic invertebrate data is proposed in the plan.  This runs counter to the metal mining EEM 
that uses a multi-metric approach with diversity, evenness and similarity as endpoints, rather 
than multivariate representations of community structure.  While there are strengths and 
weaknesses of both approaches that are hotly contested in the primary literature, the multi-
metric approach would most likely generate data that could be compared to existing data from 
the site and the region that was generated under existing EEM programs. 
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Methodology for Evaluation of the Spill  

 
The proposed Impact Assessment plan does not specify the criteria for detection of impacts or 
“contamination”. Obviously, water quality levels exceeding ecological and water quality 
thresholds should be considered as violations and impacts, but the program does not specify 
the methods for evaluating excedences of ecological thresholds and guideline values. Further, 
the spill could also cause a chronic increase in water contaminant levels above the baseline 
(upstream) concentrations but below clear ecological thresholds. In such a scenario, the Impact 
Assessment program as described will likely not identify this problem, and will likely not capture 
persisting impacts because it will be focused on assessing violations with respect to the 
regulatory guidelines or ecological standards. It is important that the Impact Assessment and 
Long-term Monitoring programs be capable to detect important water quality changes even if 
they are below ecological/drinking water standards. The program must specify methods of 
assessment and evaluation of the water quality data with respect to both acceptable 
standards as well as baseline data. 
 
In addition to insufficient a priori assessment in selection of indicators or variables to be 
assessed and monitored, the sampling network proposed in the Impact Assessment plan 
is not sufficient. Once the critical water quality parameters required for determining the impact 
of the Obed spill are identified and assessed, monitoring site numbers and locations should then 
be determined based on detailed assessment of data generated by the shot-term monitoring 
program, to enable identification and quantification of downstream impacts of the release, in 
Apetowan Creek, Plante Creek, and Athabasca River.  
 
In summary, a significantly larger sampling network, the design of which is informed by a 
detailed assessment of preliminary data already collected, is required to provide an adequate 
evaluation of water quality in the watershed. 
 
As mentioned above and in our Short-Term Monitoring plan review, pore-water hardness should 
be determined to enable characterization of the likely chronic toxicity of the sediment metals 
mixture, according to the USEPA’s standard equilibrium partitioning techniques.  The other 
similar USEPA technique for characterizing the chronic toxicity of sediment PAH mixtures 
should also be applied, which will necessitate determination of sediment carbon content, in 
addition to PAH concentrations. 
 
Specific Comments 
 
Ultimately, the number of samples required will depend on the variable of interest and whether 
there is either a guideline target or trigger value, or a known ecological threshold associated 
with it.  For example, if the mean concentration of some contaminant is 20% below guideline 
values, then sufficient sample replicates must be taken to ensure the ability to detect changes in 
mean concentrations of approximately 20%.  One might argue that taking a large enough 
number of replicate samples at each sampling/monitoring site to ensure statistical power is not 
realistic. However, doing so protects the interests of both Coal Valley and the public interest, by 
avoiding both false positive and false negative results.  Insufficient sampling can lead to 
identification of a significant change where one has not actually happened (false positive), which 
could result in significant regulatory action or penalties where it is unnecessary.  On the other 
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hand, where insufficient sampling results in a lack of evidence of change (false negative), it is 
likely that the regulatory response will cease, despite that a significant change has occurred and 
has simply not been detected because of insufficient sampling. 
The number of replicate samples to be taken to adequately characterize the state and changes 
in every parameter in the impact assessment, monitoring, and mitigation plans should be 
determined using this technique. 
 
2. Adequate sampling sites 
 
The proponents suggest that all reference sites will be sampled in erosional habitats (Section 
B3, page 152 of 196).  Yet the greatest effects downstream of the release are likely to be in 
depositional zones.  In order to directly compare community structure in reference and exposed 
areas, samples must be collected in both depositional and erosional habitats in both areas. 
 
3. Identification of “hot spots” areas  
 
Following from the above, many of the contaminants of interest are unlikely to be detected in 
water even though they may pose considerable risk because of hotspots of sediment 
contamination.  This includes methyl mercury.  Some measure of concentrations of metals and 
PAHs in the lower food web before and after the freshet must be completed.  Non-mobile, large-
bodied benthic invertebrates or periphyton would be an option for this purpose, since some of 
the smaller sites likely cannot have fish repeatedly sampled without affecting populations.   
 
4. The impact of freshet flow 
 
The freshet will be the key moment when the true nature of impact is revealed as fine sediments 
deposited during low flow conditions are mobilized in high flows.  Sampling must occur at high 
frequency during this period – at a level approaching that conducted for water immediately after 
the release event.  A single sample for invertebrates and fish in the spring and fall may be 
insufficient to document the potentially dramatic changes that occur during the freshet. 
 
5. Filtration and preservation water samples on sites 
 
The sampling procedure states that water samples will not be filtered and preserved in the field; 
rather filtration and preservation are planned to take place only after 24 hours at the lab. This 
approach is not acceptable and could cause changes in the water chemistry. For example, 
turbidity-rich river sediments can be modified due to reactions within the bottles, particularly for 
trace elements that could be sensitive to the high contents of solids and changes in redox 
condition within the bottle. Thus, filtration and preservation of the water samples should be 
conducted at the field on sites. 
 
6.  Sequential leaching of sediments 
 
The Impact Assessment Program includes bulk (total) chemical analyses of river sediments. In 
addition to the bulk analyses ESRD recommends that CVRI conduct sequential leaching 
experiments in order to evaluate whether specific contaminants are highly mobile and pose 
higher risks to the ambient environment and water resources. The sequential leaching 
experiments of the sediments should be first conducted with coal solids collected at the Obed 
mine for establishing the key contaminants that are highly mobilized. A comparison of the 
leachate compositions of the downstream river/stream sediments to the leachate configuration 
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of the coal materials would provide the ability to assess the net effect of the spilled coal solids in 
the downstream watersheds.  
 
7. NORM measurements  
 
The Impact Assessment Plan contains a long list of chemical parameters but does not include 
Naturally Occurring Radioactive Materials (NORM). Several studies have detected elevated 
NORM in coal and coal ash in the form of radium isotopes (radium-226 and radium-228). The 
distribution of the coal solids along the spill could lead to the increase in NORM in the stream 
sediments in the downstream watershed, particularly in areas of sediments deposition. Radium-
226 and radium 228 measurements should be included in the Impact Assessment program. 
 
8. Water Quality 
 
With respect to field Methods that are based on RAMP SOPs for Water Quality (WQ), the same 
comments as provided in response to the short-term plan re: transect across river, clean 
sampling for Hg, etc, apply. 
 
How many replicates of water quality samples will be taken at each site?  They appear to be 
grab samples; how will variations in water quality both laterally across river and through the 
water column be accounted for or considered?  Will efforts be taken to calibrate results of grab 
samples to an integrated quantification of full-stream water quality? 
 
10. Benthic invertebrates 
 
Selection of reference sites for RCA should be limited to creeks in basins that are as similar as 
possible to Apetowan and Plante Creeks, in terms of the intensities and types of industrial 
disturbance.  Also, it is not clear that the RCA technique has sufficient sensitivity to assess or 
quantify a longitudinal gradient of impacts on a single stream, as opposed to inter-stream 
comparisons. This should be clarified, because a possible alternative design could instead 
include a couple of reference streams on which a longitudinal series of sites are assessed and 
monitored, from upper to lower in the catchment, with comparisons of the various impacted sites 
in Apetowan and Plante Creeks to the comparable reference sites in the reference systems, 
based on sub-basin locations.  Otherwise, the interaction between natural longitudinal gradients 
in substrate type and benthic communities and disturbance gradients along Apetowun and 
Plante Creeks may confound or complicate interpretation of RCA results.   
 
In terms of benthic invertebrates, it is not clear whether a reference condition approach (RCA) 
will be used for the Athabasca, or instead the standard suite of indicators will be assessed (e.g., 
diversity, taxonomic richness, absolute and proportional abundance, EPT, ETO, 
EPT:chironomids, etc).  Because it’s a post-impact assessment, problems may arise in finding 
appropriate reference sites against which to compare impacted mainstem Athabasca River 
sites. 
 
The Hilsenhoff’s Modified Biotic Index (MBI) should also be used to track impacts, change, and 
recovery of benthic invertebrate communities in riffle zones.(Hilsenhoff 1988, 1998, Mandaville 
2002) MBI scores correlate well with biochemical oxygen demand (5-day; BOD), the lowest 
recorded concentration of dissolved oxygen (DO), total concentration of chlorides, lowest 
maximum temperature, total suspended solids, total nitrogen concentration (TN), as well as total 
phosphorus concentration (TP) and total alkalinity.{Hilsenhoff, 1977 #94} Because MBI scores 
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correlate to qualitative degrees of organic enrichment, they are generally indicative of effects of 
organic waste, enrichment, or eutrophication, and the changes in benthic invertebrate 
communities that result from them. 
 
Given the high variance with benthic invertebrate sampling (as described above in the 
discussion of power analysis), it is confusing why and how many replicate samples will be taken 
to determine effect.  The SOP in appendix 2 states “several” samples are necessary to perform 
invertebrate analysis and these together count as a single response.  However, in the body of 
the monitoring plans, the proponent describes a single sample or a representative sample that 
encompasses “several” samples from each reach/zone.  This low replication of samples will 
result in a very low statistical power to delineate if any effects persist.  Given that benthic 
invertebrates have been identified as be the primary indicator of the environmental health by the 
proponent, upon which recovery and remediation success will be based, it is important that the 
proper ecological endpoints be identified for the variety of indicators based on benthic 
invertebrate community structure and changes, and the appropriate number of replicate 
samples be taken to provide sufficient statistical power (i.e., prevent Types I and II error). 
 
Following from the above discussions of contaminant mobilization, many of the contaminants of 
interest are unlikely to be detected in water even though they may pose considerable risk 
because of hotspots of sediment contamination.  This includes methyl mercury.  Some measure 
of concentrations of metals and PAHs in the lower food web should be monitored as part of the 
long-term monitoring plan.  Non-mobile, large-bodied benthic invertebrates or periphyton would 
be an option for this purpose, since some of the smaller sites likely cannot have fish repeatedly 
sampled without affecting populations. 
 
11. Periphyton sampling  
 
Notwithstanding general problems with using riverine algae as indicators of change, in addition 
to the standard diversity and richness indices often used, an index of diatom nutrient preference 
based on known nutrient preference ranges for riverine diatom species is also available 
(Potopova et al., 2007). This index is based on an indicator species analysis that identified 
species associated with the most nutrient-rich and nutrient poor sites included in a number of 
regional U.S.G.S. National Water Quality Assessment datasets, thereby creating a list of diatom 
indicator species based on their preference for low or high nitrogen and phosphorus 
concentrations (Defrene et al., 1997). This index may be used to indicate significant shifts in 
algal communities that are most likely have been in response to changes in upstream nutrient 
inputs, and in an assessment of recovery trajectories, especially given that the communities in 
the upper Athabasca River have been demonstrated to be very sensitive to changes in nutrient 
inputs. 
 
In similar fashion, application of an index of siltation also may be of value for assessing impacts 
of the tailings spill on benthic algal communities, given the large release of sediments that 
resulted and the detailed sediment monitoring program being pursued under this program that 
will presumably provide useful and complementary information on sediment fluxes and 
deposition.  Motile algal species that are well adapted to streambed instability can be 
considered to be silt tolerant, and the relative total combined abundance of Nitzschia and 
Navicula spp. has been used as an index of siltation, where higher combined relative 
abundance is interpreted as indicative of higher siltation at a particular site (Kutka et al., 1996). 
Such an index may provide more insight into the algal community changes related to physical 
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changes in sediment quantities and quality that will have occurred because of this accident, and 
provide another measure by which to track recovery. 
 
12. Fish populations 
 
Table 2.2. Why does the ratio of estimated fish population to density for rainbow trout in 
Apetowan Creek change from 3.33 in 2000, to 5.13 in 2003, to 5.77 in 2006, to 6.59 in 2009?  
Should the ratio not remain approximately the same, or did the area of habitat vary interannually 
in a way that resulted in the differences in the ratios during that period?  
 
For monitoring fisheries and fish habitat, there’s a discrepancy between text describing summer 
population monitoring in s. 4.1.2 and s. 5.0 Implementation Schedule, in which fish population 
monitoring will occur annually during the fall.  Should also consider collecting fish larvae to 
assess whether mutations or other negative impacts are occurring as the result of increased 
sediment loads from settling ponds, and potential increases in porewater toxicity. 
 
13. Fish health 
 
There are no proposed measures of individual fish health – including growth, reproduction and 
survival – in sections 4.4 of attachment 1 and 4.1.2 of attachment 2.  These endpoints can be 
much more sensitive indicators of long-term population performance than abundances.  
Spoonhead sculpin would be the ideal choice of monitoring species because they meet many of 
the criteria for appropriate sentinels for an incident of this nature where sediment contamination 
is likely.  They are benthic, non-mobile and abundant and are present in both Apetowan and 
Plante Creeks, as well as the Athabasca River.  Prior studies conducted upstream in the 
Athabasca (Gibbons et al. 1998) would provide additional regional sites for comparison of 
endpoints such as condition, fecundity, size at age and energy storage.  Lethal sampling would 
also provide tissues for contaminant analyses and possible biomarkers such as liver enzymes, 
oxidative stress, and histopathology.  Recognizing that depletion of local fish populations in 
small systems is a concern, a single lethal sample conducted in the fall at synoptic and 
reference sites would be the minimum effort needed to provide information about the nature of 
the impact.  This fall sample is also the recommended time for sampling sculpin species 
(Environment Canada 2012).  This detailed lethal sample would also complement the non-lethal 
sampling proposed using rainbow trout and burbot. 
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General Comments 
 
The EPO states that the aquatic and terrestrial communities must be restored to an 
equivalent condition as existed prior to the release.  There are really only two ways to 
determine the equivalent condition:  
 

1. historical, pre-release data; and  
2. estimation based on a single reference site (i.e. upstream) or multiple regional reference 

sites (Mackey et al. 2012).   
 
While there are several useful components of the plan, a key element that is missing 
throughout much of the document is criteria by which the system will be considered to 
have returned to an equivalent condition. ESRD suggests using the definition of an effect 
from the metal mining EEM program. ‘‘A statistical difference between data collected in an 
exposure area and in a reference area or sampling areas within an exposure area where there 
are gradually decreasing effluent concentrations at increasing distances from the effluent 
discharge’’ (Environment Canada 2012).  In this case, Apetowan Creek must be considered the 
“effluent”.  If statistical approaches are to be used, then more detail on sample sizes and 
proposed comparisons are needed because of the many complications related to experimental 
design and subsequent statistical analyses (e.g. Munkittrick et al. 2010).  Other approaches that 
do not rely on statistical hypothesis-testing can be used (e.g. <25% deviation from the reference 
site in a particular endpoint), but importantly without clear a priori criteria it will be difficult to 
know when the job is done and monitoring can be reduced or cease altogether.   
 
For example, it is not clear what approach will be used to assess environmental changes in the 
Athabasca River caused by the release event.  

• CVRI shall clearly describing the indicators to be relied upon will also clarify for AESRD 
exactly what the proponent is planning on incorporating into their long-term monitoring, 
impact assessment, and mitigation plans.  

For example, the benthic algal communities in the Upper Athabasca River are probably much 
more sensitive to nutrient inputs than communities in the Lower Athabasca River. (Bowman et 
al. 2005, 2007, Chambers et al. 2000, Chambers et al. 2006, Culp et al. 2000a, Culp et al. 
2000b, Scrimgeour and Chambers 2000)  For this reason, any assessment of impacts of 
community changes in the Athabasca River should consider the natural longitudinal changes 
associated with the River Continuum Concept (Robinson et al. 1995, Vannote et al. 1980), 
including local dynamics and sensitivity to such things as nutrient inputs, rather than simply 
involve comparisons to standard water quality guidelines for nutrient water concentrations.  
 
Obviously, water quality levels exceeding regulatory thresholds should be considered as 
violations and significant impacts; however, the spill could also cause a chronic increase in 
water contaminant levels above the baseline (upstream) concentrations but below clear 
ecological thresholds. In such a scenario, the long-term monitoring program as described will 
likely not identify this problem, and will likely not capture persisting impacts because it will be 
focused on assessing acute or short-term violations with respect to the regulatory guidelines or 
ecological standards.  

• It is important that the Long-term Monitoring program be designed to detect the impact of 
this event on the impacted terrestrial and aquatic ecosystems even if they are below 
ecological/regulatory standards.  
 

To accomplish this important task, the program should clearly identify a priori the regulatory and 
ecological standards to be applied or considered, base the monitoring program on them, then 
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design specific methods of assessment and evaluation of data with respect to both the 
standards and pre-release baseline data, where available. 
 
Importantly, there is no discussion as to what will be done if impacts or exceedances are found 
and how to distinguish whether these are associated with the Obed release or instead with the 
natural variability of the sites. This speaks to the need for proper study design and selection of 
control sites that will result in proper interpretation and subsequent monitoring and assessment 
planning. During the program design stage, there needs to be a clear description of what 
endpoints or variations in environmental condition will trigger a change in the monitoring focus 
or intensity. 
 
Specific Comments 
 
Monitoring Plan Design 
 
Indicators to Be Assessed 
 
As submitted, the plan does not describe all of the indicators or indices that will be relied upon 
for assessment and tracking of environmental change, especially in relation to water and 
sediment quality, and benthic invertebrate and algal communities.   

• This shall be done in detail, because it will – at least in some cases – determine whether 
or not there are specific additions or changes in sampling techniques that will needed, as 
described in more detail below.   

A critical part of this must include a detailed and in-depth assessment of existing data from other 
monitoring programs, and derived from the short-term monitoring program associated with this 
accident. 
 
The entire program needs to integrate with existing regional monitoring programs (JOSM, 
RAMP, COSIA, PADEMP, SWEEP) to obtain as much data as possible before, during and after 
the event.  While it is mentioned in the preamble (page 5) and in section 1.0 of attachment 1, 
there needs to be more detail about the types of data to be collected, who will be the custodian 
of this data, and whether it will be done systematically or on an ad hoc basis.  

• A schedule of when and in what format this data will be turned over to ESRD also needs 
to be included. 

 
Sample Numbers 
 
For statistical validity, ESRD recommends that a Power Analysis be employed to determine 
what the appropriate number of samples taken for each indicator or parameter of interest, given 
the risk of having insufficient statistical power to detect meaningful changes in such 
environmental variables.  This is explained in detail, below, to ensure that both the intent and 
importance of this recommendation is clearly understood.   
 
The importance of Power Analysis can be illustrated, by considering the mean abundance of 
Ephemeroptera, Plecotera, and Tricoptera taxa (EPT – mayflies, stoneflies, and caddisflies - a 
common indicator of benthic invertebrate community structure and ecosystem health) in the 
Athabasca River upstream of the Plante Creek: 6799 ± 3880 individuals per m2, based on 5 
samples (ESRD Long-Term River Network monitoring dataset, Old Entrance site).  The 
coefficient of variation for this metric at this site (i.e., St Dev / Mean) is 57%.  Taking five 
replicate samples provides an 88% probability of detecting a real difference of 114% in mean 
EPT densities, either between sites or over time (i.e., 2 units of standard deviation; P≤0.05).  
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However, there is only a 55% chance of detecting a 57% difference in EPT density with five (5) 
samples (P≤0.10).  In other words, if the mean density of EPT declined by 57% immediately 
downstream of Plante Creek because of the influx of sediments, based on the LTRN sampling 
design there will be little more than a 50-50 chance of detecting that change at a (P≤0.10) level, 
respectively. 
 
The statistical sensitivity or power desired for each variable or environmental indicator will likely 
depend on whether or not there is an understanding of implications or importance of a certain 
amount of change in the indicator. For example, this could include guideline concentration 
values for water quality that must be met, threshold values for chronic toxicity of sediment 
metals or PAH, or some environmental threshold associated with a variable that is well 
understood, like percent loss in a particular form of fish habitat. 

 
Power Analysis in Detail 
 

Eq. 1      

 
where: 

 = number of independent samples 
= Z-score for , the Type I error rate 
= Z-score for , the Type II error rate 

= population variance ( , where = variance in distributions for unpaired, 
independent samples) 

= significant difference between sample means,  to be detected 
 
If is characterized in terms of , where =  (i.e., the difference between sample means is 
the equivalent of one unit of standard deviation), then: 
 

Eq. 2     
 
 
Therefore, for example, if the desire is to be able to have an 80% probability of detecting a real 
difference between means of one standard deviation, at a 5% Type I error rate, then: 
 

 
 

 
Solving Eq. 2 for n, the number of samples is 12.5 (rounded to 13). However, because  is not 
actually known, in approximating n a further adjustment must be made to convert Z-values to t-
values, which is referred to as the Required Factor (RF): 
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where: = 2(n-1) for independent samples 
 
 
Adjusting n calculated according to Eq. 2 by RF (1.08, based on n = 13) results in a final 
estimate of the number of 14 samples needed to satisfy the criteria of sensitivity described 
above.   
 

• This approach applies to all aspects of the various monitoring, impact assessment, and 
mitigation plans.   

• Further, the required number of samples for any parameter will vary according to the 
sensitivity desired in designing a monitoring program.  If the desire is to be able to detect 
significant differences as a percent change from some reference condition, the number 
of samples will increase with the variance of the data representing the reference 
condition. 

 
What this means is that the statistical power of the proposed sampling designs (e.g., 3 replicate 
samples) is quite low.  Specifically, taking 3 replicate samples will provide a 55% chance of 
detecting a significant change in the mean value of some parameter by one unit of standard 
deviation (temporally or spatially), at a (P≤0.15) level.  Taking 5 replicate samples provides the 
same chance of detecting that same change, but at a (P≤0.10) level.  However, increasing the 
detection goal with respect to the difference in mean values will also reduce the required 
number of samples.   

• ESRD leaves the final decision about how many replicate samples need to be collected 
up to CVRI; however, ESRD recommended that a general goal of an 80% probability of 
detecting a real difference between means of 2 units of standard deviation be adopted. 
This means that at a (P<0.05) level, and according to Eq. 1, above the required number 
of replicate samples is 4.   

 
Ultimately, the number of samples required will depend on the variable of interest and whether 
there is either a guideline target or trigger value, or a known ecological threshold associated 
with it.  For example, if the mean concentration of some contaminant is 20% below guideline 
values, then sufficient sample replicates must be taken to ensure the ability to detect changes in 
mean concentrations of approximately 20%.   
 
One might argue that taking a large enough number of replicate samples at each 
sampling/monitoring site to ensure statistical power is not realistic. However, doing so protects 
the interests of both Coal Valley and the public interest, by avoiding both false positive and false 
negative results.  Insufficient sampling can lead to identification of a significant change where 
one has not actually happened (false positive), which could result in significant regulatory action 
or penalties where it is unnecessary.  On the other hand, where insufficient sampling results in a 
lack of evidence of change (false negative), it is likely that the regulatory response will cease, 
despite that a significant change has occurred and has simply not been detected because of 
insufficient sampling. 

• The number of replicate samples to be taken to adequately characterize the state and 
changes in every parameter in the impact assessment, monitoring, and mitigation plans 
should be determined using this technique. 

 
Number and Location of Monitoring Sites 
CVRI proposes that all reference sites will be sampled in erosional habitats (e.g., Section B3, 
page 152 of 196).  However, the greatest effects downstream of the release are likely to be in 
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depositional zones, because of sediment accumulation and potential contaminant mobilization 
in and from those sediments.  In order to directly compare community structure in reference and 
exposed areas, samples must be collected in both depositional and erosional habitats in 
both areas. 
 
At least one reference site lies downstream of a major road crossing, which likely makes this a 
poor control site selection.   

• Every effort shall be made by CVRI to locate suitable reference sites located upstream 
of roads and bridge crossings, and multiple control sites should be used to determine 
natural levels of variation. 

 
Near-field 
The proposed monitoring program is based on high frequency sampling of 13 sampling sites (9 
near-field and 4 far-field) for a large spectrum of water quality parameters. While this approach 
can provide some information of violations of water quality guidelines with respect to drinking 
water or ecological thresholds, it will not be sufficient to properly tract continuing impacts of, or 
recovery, from the spill. The specific issues are outlined below. 
 
The long-term monitoring plan includes only 2 downstream sites at the Apetowan Creek, one 
downstream at Plante Creek, and 3 in the Athabasca River. This infrequent distribution of 
monitoring along ~31 km of flow cannot reveal the full near-field effect of the spill.  

• A much higher number of sampling sites is required and shall include sites 
located along the full length of the Athabasca River.  

 
Rather than sampling only 6 downstream sites at a high frequency (the other sites represent 
upstream samples), it may be more effective to establish a much larger sampling network. 
Given that the coal solids will re-distributed and re-deposited with spring flows further 
downstream, the ability to identify the spatial distribution of sediments and changes in water 
quality in the affected watershed is critical.  
 
Far-field 
It is not clear why the assessment and monitoring focus in the Athabasca River (far-field) is 
limited to sites chosen in relation to the sediment plume’s location on November 5, 2013 (i.e., 
downstream of the plume, and in the upper, middle and lower sections of the plume, all chosen 
from within an approximately 100 km stretch of the river). The monitoring plan should involve a 
longitudinal design, based on the patterns and rates of sediment deposition and accumulation 
that resulted from the plume as it proceeded downstream in the river, and covering a more 
substantial length of the river.  Mainstem river sedimentation between Plante Creek and the 
Lower Athabasca will vary in rate and sediment particle size, with larger particles settling out 
immediately downstream of Planted Creek, and progressively smaller particle size along the 
length of the river. Sites upstream and downstream of the described section should be included 
in assessment and monitoring programs, to adequately assess impacts along the full length of 
the river. 
 
For this reason, it is strongly suggested that CVRI perform approximate mass balance 
calculations to determine the distribution for sediment (at least) for the specific reaches of the 
Athabasca River, to define the zone of impact better than simply by relying on TSS 
concentrations or the arbitrary location of the plume on November 5th for selection of far-field 
monitoring sites.  Such a mass-balance assessment will aid greatly in determining where and 
when sediments and other co-contaminants were deposited along the reaches of the Apetowan 
Creek and into the Athabasca River, and therefore also assist in monitoring site selection. 
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Additional Monitoring Parameters  

Pore waters 
While it is important to monitor the quality of surface water, more detailed, specific assessments 
of the potential for mobilization of contaminants in creek and river sediments as the result of 
redox reactions and biogeochemical processes is critical for understanding long-term effects.  
For example, in the Introduction to the plans provided, it was stated that, “When flocculants 
come into contact with sediment particles, they bond and become inactive.”  That may be the 
case, but without identifying the chemical nature of the flocculent or clearly identifying the 
authority for that statement, it remains undetermined whether or not that is actually the case.  
No doubt flocculants are designed to scrub particulates from the water column, but it is not clear 
whether or not it is merely a presumption that they remain bound in sediments are not subject to 
reactions or processes that can remobilize them, potentially in a different form with different 
toxicity. 
 
Whether it involves chemicals such as flocculants that are bound to particulates, or simply 
sediments with high concentrations of metals and PAHs normally associated with coal tailings, 
mobilization may occur either chemically, resulting in increases in pore-water concentrations 
and toxicity, or conceivably via incorporating into the foodweb via benthic microbes and 
invertebrates. As in the review of the short-term monitoring plan, assessing the equilibrium 
partitioning of metals mixtures in sediments and their chronic toxicity to benthic invertebrates 
demands determining sediment pore-water hardness, coincidentally with sediment metals 
concentrations, water and carbon content, etc.  
 
Several studies have shown that accumulation of coal and coal ash materials in river bottom 
sediments can lead to mobilization of contaminants from the solids to the ambient pore water 
(e.g., Ruhl et al., 2010). In addition, elevated arsenic concentrations have been found in 
numerous lakes and rivers located downstream from coal ash ponds (Ruhl et al., 2012). The 
changes of redox potential in the river sediments can trigger the mobilization of some redox 
sensitive elements such as iron, manganese, barium, and arsenic to the pore water.  
 
In addition, microbial sulfate reduction in anoxic sediments can result in the transformation of 
inorganic mercury to toxic organic methylmercury, that is then available for incorporation into 
food-chains.  For example, up to 2% of the total mercury in sediments containing coal ash was 
present as methylmercury after the Kingstone coal mine spill in TN. Mercury isotope 
composition and sediment geochemical data suggested that elevated methylmercury 
concentrations occurred in regions where native sediments were mixed with coal ash. The 
spilled coal ash may have provided substrates (such as sulfate) that stimulated biomethylation 
of mercury. The production of methylmercury in these areas is a concern because this 
neurotoxic organomercury compound can be highly bioaccumulative (Deonarine et al., 2013). 
 
Thus monitoring possible accumulation of contaminants in pore water is critical to 
assess the impact of the Obed spill on the water quality in the affected watershed. The 
addition of core and pore-water sampling of the river sediments to the Long-Term Monitoring 
and/or the Impact Assessment Plan will provide an opportunity to evaluate the impacts of the 
Obed release on pore water quality at different depths and perhaps identify pore water quality in 
sediments deposited prior to the spill.   

• Pore water sampling shall be included in the long-term monitoring program.  
• In addition, pore water hardness shall be included in the suite of analyses of 

sediment pore water. 
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Naturally Occurring Radioactive Materials (NORM) 
The Impact Assessment Plan contains a long list of chemical parameters but does not include 
Naturally Occurring Radioactive Materials (NORM). Several studies have detected elevated 
NORM in coal and coal ash in the form of radium isotopes (radium-226 and radium-228). The 
distribution of the coal solids along the spill could lead to the increase in NORM in the stream 
sediments in the downstream watershed, particularly in areas of sediments deposition.   

• Radium-226 and radium 228 measurements shall be included in the long-term 
monitoring program. 

 
Specific Technical Comments / Questions 
With Hatfield and Pisces both involved in various aspects of the project to deliver the results, it 
would have been preferable to have them agree to common terminologies for the sites so that a 
direct comparison of the plans can be accomplished.  For example, the use of the separations 
into “Zones” by Hatfield and “Reaches” by Pisces caused some confusion.  In addition, the 
proponents propose to conduct a qualitative assessment of impacts on fish (section 4.1.2 of 
attachment 2).  This is simply unacceptable and leaves the assessment open to subjective 
interpretation.  While some thought has been put into how benthic invertebrate communities 
will be evaluated (section 4.1.3 of attachment 2), little text is devoted to actual data analysis.  All 
of these deficiencies significantly increase uncertainties that will affect the ultimate decision of 
whether the EPO has been satisfactorily addressed. 

 

Water Quality 
With respect to field methods that are based on RAMP SOPs for Water Quality (WQ), the same 
comments as provided in response to the short-term plan apply to the long-term monitoring 
program. 
 
Filtration and preservation of water samples on sites 
The sampling procedure states that water samples will not be filtered and preserved in the field; 
rather filtration and preservation are planned to take place only after 24 hours at the lab. This 
approach is not acceptable and could cause changes in the water chemistry. For example, 
turbidity-rich river sediments can be modified due to reactions within the bottles, particularly for 
trace elements that could be sensitive to the high contents of solids and changes in redox 
condition within the bottle.   

• Thus, filtration and preservation of the water samples should be conducted in the 
field, on site. 

 
Specific Comments / Questions 

• CVRI shall clarify how many replicates of water quality samples will be taken at each site 
and the rational for the determination of this number 

• All water samples appear to be grab samples; how will variations in water quality both 
laterally across river and through the water column be accounted for or considered?   

• Clean sampling and sample handling techniques (i.e., clean-hands, dirty-handy) must be 
employed for Hg sampling 

• Near real-time data sondes as identified in the Short-term monitoring plan shall continue 
to be deployed under the Long-term Monitoring plan until ESRD grants permission for 
those sondes to be removed 

Algal community indicators 
Generally, riverine diatoms may be less reliable as indicators of change because of their short 
life cycles and rapid population changes in response to complex interactions involving a host of 
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chemical, physical, and biological factors, including hydrodynamics, light, nutrients, and 
invertebrate grazing (Chessman et al. 1999).  While algal community changes are often 
associated with changes in water quality, geochemistry, current velocity, physical disturbance 
with changes in flow, and local conditions or microhabitat differences associated with such 
things as canopy cover or shading also can be important (Kutka and Richards 1996).  
Notwithstanding general problems with using riverine algae as indicators of change, in addition 
to the standard diversity and richness indices often used, an index of diatom nutrient preference 
based on known nutrient preference ranges for riverine diatom species is also available 
(Potopova and Charles 2007). This index is based on an indicator species analysis that 
identified species associated with the most nutrient-rich and nutrient poor sites included in a 
number of regional U.S.G.S. National Water Quality Assessment datasets, thereby creating a 
list of diatom indicator species based on their preference for low or high nitrogen and 
phosphorus concentrations (Defrene and Legendre 1997). This index may be used to indicate 
significant shifts in algal communities that are most likely have been in response to changes in 
upstream nutrient inputs, and in an assessment of recovery trajectories. 
 
In similar fashion, application of an index of siltation also may be of value for assessing impacts 
of the tailings spill on benthic algal communities, given the large release of sediments that 
resulted and the detailed sediment monitoring program being pursued under this program that 
will presumably provide useful and complementary information on sediment fluxes and 
deposition.  Motile algal species that are well adapted to streambed instability can be 
considered to be silt tolerant, and the relative total combined abundance of Nitzschia and 
Navicula spp. has been used as an index of siltation, where higher combined relative 
abundance is interpreted as indicative of higher siltation at a particular site (Kutka and Richards 
1996). Such an index may provide more insight into the algal community changes related to 
physical changes in sediment type that will have occurred because of this accident, and provide 
another measure by which to track recovery. 
 
Specific Comments / Questions 

• The proposal for periphyton sampling at far-field sites (section 4.6 of attachment 1) is 
given without any rationale for this endpoint or indication of how data will be analysed.  
Is simple abundance (chl a and biovolume) the endpoint, indicating food for 
invertebrates?  Or will the relative proportion of tolerant taxa or some other community 
descriptor be used?  Guidance can be found in Stevenson and Pan (1999).  If periphyton 
is to be used as an indicator of disturbance and recovery at far-field sites, they must also 
be used at the near-field sites and the data need to be analysed as a single package. 

 

Benthic invertebrate community change 
• As described in the review of the short-term monitoring plan, the LTRN approach to 

benthic invertebrate sampling shall be adopted, to avoid the higher variation that results 
from the RAMP-based design that involves randomizing replicate sampling sites along 
full reaches of creeks and rivers.   

• The proponents propose a reference condition, pass-fail approach to evaluating benthic 
invertebrate data.  The reference condition approach requires large numbers of sites to 
be sampled to understand regional variation in assemblages, from which confidence 
limits are developed in “eigen-space” against which a potentially impacted site is 
compared.   

• More detail needs to be provided with literature references about some of the challenges 
associated with this approach, including whether the selection and use of a limited 
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number of reference sites satisfies the requirements of the RCA approach.  Furthermore, 
a multivariate approach to the benthic invertebrate data is proposed in the plan.  This 
runs counter to the metal mining EEM that uses a multi-metric approach with diversity, 
evenness and similarity as endpoints, rather than multivariate representations of 
community structure.  While there are strengths and weaknesses of both approaches 
that are hotly contested in the primary literature, the multi-metric approach would most 
likely generate data that could be compared to existing data from the site and the region 
that was generated under existing EEM programs. 

 
Specific Comments / Questions 

1. Selection of reference sites for RCA should be limited to creeks in basins that are as 
similar as possible to Apetowan and Plante Creeks, in terms of the intensities and types 
of industrial disturbance.  Also, it is not clear that the RCA technique has sufficient 
sensitivity to assess or quantify a longitudinal gradient of impacts on a single stream, as 
opposed to inter-stream comparisons. This should be clarified, because a possible 
alternative design could instead include a couple of reference streams on which a 
longitudinal series of sites are assessed and monitored, from upper to lower in the 
catchment, with comparisons of the various impacted sites in Apetowan and Plante 
Creeks to the comparable reference sites in the reference systems, based on sub-basin 
locations.  Otherwise, the interaction between natural longitudinal gradients in substrate 
type and benthic communities and disturbance gradients along Apetowan and Plante 
Creeks may confound or complicate interpretation of RCA results.   

2. In terms of benthic invertebrates, it is not clear whether a reference condition approach 
(RCA) will be used for the Athabasca, or instead the standard suite of indicators will be 
assessed (e.g., diversity, taxonomic richness, absolute and proportional abundance, 
EPT, ETO, EPT:chironomids, etc.).  Because it is a post-impact assessment, problems 
may arise in finding appropriate reference sites against which to compare impacted 
mainstem Athabasca River sites. 

3. The Hilsenhoff’s Modified Biotic Index (MBI) should also be used to track impacts, 
change, and recovery of benthic invertebrate communities in riffle zones.(Hilsenhoff 
1988, 1998, Mandaville 2002) MBI scores correlate well with biochemical oxygen 
demand (5-day; BOD), the lowest recorded concentration of dissolved oxygen (DO), 
total concentration of chlorides, lowest maximum temperature, total suspended solids, 
total nitrogen concentration (TN), as well as total phosphorus concentration (TP) and 
total alkalinity. (Hilsenhoff, 1977 #94) Because MBI scores correlate to qualitative 
degrees of organic enrichment, they are generally indicative of effects of organic waste, 
enrichment, or eutrophication, and the changes in benthic invertebrate communities that 
result from them. 

4. Given the high variance with benthic invertebrate sampling (as described above in the 
discussion of Power Analysis), it is hard to tell why and how many replicate samples will 
be taken to determine effect.  The SOP in appendix 2 states “several” samples are 
necessary to perform invertebrate analysis and these together count as a single 
response.  However, in the body of the monitoring plans, the proponent describes a 
single sample or a representative sample that encompasses “several” samples from 
each reach/zone.  This low replication of samples will result in a very low statistical 
power to delineate whether any effects persist.  Given that benthic invertebrates have 
been identified as the primary indicator of environmental health by the proponent, upon 
which recovery and remediation success will be based, it is important that the proper 
ecological endpoints be identified for the variety of indicators based on benthic 
invertebrate community structure and changes, and the appropriate number of replicate 
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samples be taken to provide sufficient statistical power (i.e., prevent Types I and II 
error). 

5. Following from the above discussions of contaminant mobilization, many of the 
contaminants of interest are unlikely to be detected in water even though they may pose 
considerable risk because of hotspots of sediment contamination.  This includes methyl 
mercury.  Some measure of concentrations of metals and PAHs in the lower food web 
should be monitored as part of the long-term monitoring plan.  Non-mobile, large-bodied 
benthic invertebrates or periphyton would be an option for this purpose, since some of 
the smaller sites likely cannot have fish repeatedly sampled without affecting 
populations. 

 

Changes in fish health and populations 
There are no proposed measures of individual fish health – including growth, reproduction and 
survival – in sections 4.4 of attachment 1 and 4.1.2 of attachment 2.  These endpoints can be 
much more sensitive indicators of long-term population performance than abundances.  
Spoonhead sculpin would be the ideal choice of monitoring species because they meet many of 
the criteria for appropriate sentinels for an incident of this nature where sediment contamination 
is likely.  They are benthic, non-mobile and abundant and are present in both Apetowan and 
Plante Creeks, as well as the Athabasca River.  Prior studies conducted upstream in the 
Athabasca (Gibbons et al. 1998) would provide additional regional sites for comparison of 
endpoints such as condition, fecundity, size at age and energy storage. 
 
Lethal sampling would also provide tissues for contaminant analyses and possible biomarkers 
such as liver enzymes, oxidative stress, and histopathology.  Recognizing that depletion of local 
fish populations in small systems is a concern, a single lethal sample conducted in the fall at 
synoptic and reference sites would be the minimum effort needed to provide information about 
the nature of the impact.  This fall sample is also the recommended time for sampling sculpin 
species (Environment Canada 2012).  This detailed lethal sample would also complement the 
non-lethal sampling proposed using rainbow trout and burbot. 

 
Specific Comments / Questions 

1. Table 2.2. Why does the ratio of estimated fish population to density for rainbow trout in 
Apetowan Creek change from 3.33 in 2000, to 5.13 in 2003, to 5.77 in 2006, to 6.59 in 
2009?  Should the ratio not remain approximately the same, or did the area of habitat 
vary inter-annually in a way that resulted in the differences in the ratios during that 
period?  

2. For monitoring fisheries and fish habitat, there is a discrepancy in the text describing 
summer population monitoring in s. 4.1.2 and s. 5.0 Implementation Schedule, in which 
fish population monitoring will occur annually during the fall.  Consideration should also 
be given to collecting fish larvae to assess whether mutations or other negative impacts 
are occurring as the result of increased sediment loads from settling ponds, and 
potential increases in porewater toxicity. 

 
  



11 | P a g e  
 

 
References 
 
Bowman M.F., Chambers P.A., and Schindler D.W. (2005). Epilithic algal abundance in relation 
to anthropogenic changes in phosphorus bioavailability and limitation in mountain rivers. Can. J. 
Fish. Aquat. Sci. 62: 174-184. 
 
—. (2007). Constraints on benthic algal response to nutrient addition in oligotrophic mountain 
rivers. River Research and Applications 23: 858-876. 
 
Chambers P.A., Dale A.R., Scrimgeour G.J., and Bothwell M.L. (2000). Nutrient enrichment of 
northern rivers in response to pulp mill and municipal discharges. Journal of Aquatic Ecosystem 
Stress and Recovery 8: 53–66. 
 
Chambers P.A., Culp J.M., Glozier N.E., Cash K.J., Wrona F.J., and Noton L. (2006). Northern 
Rivers Ecosystem Initiative: Nutrients and dissolved oxygen – issues and impacts. 
Environmental Monitoring and Assessment 113: 117-141. 
 
Chessman B., Grown I., Currey J., and Plunkett-Cole N. (1999). Predicting diatom communities 
at the genus level for the rapid biological assessment of rivers. Freshwater Biology 41: 317-331. 
 
Culp J.M., Cash K.J., and Wrona F.G. (2000a). Cumulative effects assessment for the Northern 
River Basins Study. Journal of Aquatic Ecosystem Stress and Recovery 8: 87-94. 
 
Culp J.M., Podemski C.L., and Cash K.J. (2000b). Interactive effects of nutrients and 
contaminants from pulp mill effluents on riverine benthos. Journal of Aquatic Ecosystem Stress 
and Recovery 8: 67–75. 
 
Defrene M., and Legendre P. (1997). Species assemblages and indicator species: the need for 
a flexible asymmetrical approach. Ecological Monographs 67: 345-366. 
 
Deonarine, A., Bartov, G., Johnson,  T.M, Ruhl, L., Vengosh, A., and Hsu-Kim, H. (2013). 
Environmental impacts of the Tennessee Valley Authority Kingston coal ash spill. 2. Effect of 
coal ash on methylmercury in historically contaminated river sediments. Environmental Science 
& Technology, 47(6), 2100-2108. (DOI: 10.1021/es303639d). 
 
Environment Canada 2012. Metal mining technical guidance for environmental effects 
monitoring. Environment Canada, Gatineau, QC. 
 
Gibbons W.N., Munkittrick K.R., and Taylor W.D. (1998). Monitoring aquatic environments 
receiving industrial effluents using small fish species 1: Response of spoonhead sculpin (Cottus 
ricei) downstream of a bleached-kraft pulp mill.  Environmental Toxicology and Chemistry 17: 
2227-2237. 
 
Hilsenhoff W.L. (1988). Rapid field assessment of organic pollution with a family-level biotic 
index. Journal of the North American Benthological Society 7: 65-68. 
 
—. (1998). A modification of the Biotic Index of organic stream pollution to remedy problems 
and permit its use throughout the year. The Great Lakes Entomologist 31: 1-12. 
 



12 | P a g e  
 

Kutka F.J, and Richards C. (1996). Relating diatom assemblage structure to stream habitat 
quality. Journal of the North American Benthological Society 15: 469-480. 
 
Mackey R., Res C., Wells K., Pham S., and England K. (2012). Can natural variability trigger 
effects on fish and fish habitat as defined in Environment Canada’s metal mining environmental 
effects monitoring program? Integrated Environmental Assessment and Management 9: 155-
163. 
 
Mandaville S.M. (2002). Benthic Macroinvertebrates in Freshwaters - Taxa Tolerance Values, 
Metrics, and Protocols. Soil & Water Conservation Society of Metro Halifax, Project H-1, xviii, 48 
pp, Appendices A-B. 
 
Munkittrick K.R., Barrett T.J. and McMaster M.E. (2010). Guidance for site-specifically 
assessing the health of fish populations with emphasis on Canada’s Environmental Effects 
monitoring program. Water Quality Research Journal of Canada 45: 209-221. 
 
Potopova M., and Charles D.F. (2007). Diatom metrics for monitoring eutrophication in rivers of 
the United States. Ecological Indicators 7: 48-70. 
 
Robinson B.L., Richardson W.B., and Naimo T.J. (1995). Past, present and future concepts in 
large river ecology. BioScience 45: 134-141. 
 
Ruhl, L., Vengosh, A., Dwyer, G.S., Hsu Kim H., Schwartz, G., Romanski, A., and Smith, S.D. 
(2012). The impact of coal combustion residue effluent on water resources: A North Carolina 
example. Environmental Science & Technology, 46, 12226–12233. 
 
Ruhl, L., Vengosh. A., Dwyer, G.S., Hsu-Kim, H., and Deonarine, A. (2010). The Environmental 
Impacts of the Coal Ash Spill in Kingston, Tennessee: An Eighteen-Month Survey. 
Environmental Science and Technology, 44, 9272–9278. 
 
Ruhl, L., Vengosh. A., Dwyer, G.S., Hsu-Kim, H., Deonarine, A., Bergin, M., Kravchenko, J. 
(2009). Survey of the potential environmental and health impacts in the immediate aftermath of 
the coal ash spill in Kingston, Tennessee. Environmental Science and Technology, 43, 6326–
6333. 
 
Scrimgeour G.J., and Chambers PA. (2000). Cumulative effects of pulp mill and municipal 
effluents on epilithic biomass and nutrient limitation in a large northern river ecosystem. Can. J. 
Fish. Aquat. Sci. 57: 1342-1354. 
 
Stevenson R.J. and Pan. Y. (1999). Assessing environmental conditions in rivers and streams 
with diatoms. In The diatoms: applications for environmental and earth sciences (Stoermer E.F., 
and Smol, J.P., eds.) pp. 11-40. Cambridge University Press, Cambridge. 
 
Vannote R.L., Minshall G.W., Cummins K.W., Sedell J.R., and Cushing C.E. (1980). The River 
Continuum Concept. Can. J. Fish. Aquat. Sci. 37: 130-137. 
 
Vengosh, A. Linberg, T.T., Merola, B., Ruhl, L., Warner, N.R., White, Al., Dwyer, G.S., and Di 
Giulio, R.T. (2013). Isotopic imprints of mountaintop mining contaminants. Environmental 
Science & Technology, 47, 10041–10048  (DOI: 10.1021/es4012959). 
 



Comment Where Addressed How Addressed

P1 – If the intent is to compare data collected through this monitoring work to data collected by ESRD, there needs to be assurance that the methods 
used by the consultants and chosen labs are comparable to those used by ESRD.  This should involve some simultaneous sampling at the same location 
to ensure consistent results are being achieved.

Methodologies and sampling locations are outlined in the 
Long‐Term Sampling and Monitoring Plan which builds 
upon the approved Short‐Term Sampling and Monitoring 
Plan.

In order to ensure that methodologies utilized by CVRI are aligned with what has been 
followed by ESRD, CVRI requests that ESRD provide the sampling methodology utilized 
for their mentoring activities.  A comparison of laboratories is included in the Plan.  

2. P2 – needs to be recognized that near real‐time datasondes will be limited to primarily physical characteristics (turbidity, DO, pH, etc.).  Rapid 
changes in “water quality” is somewhat misleading

Long‐Term Sampling and Monitoring Plan:  Continuous 
Monitoring (Sonde) Network. 

List of physical characteristics included.

3. P4‐5 ‐ Due to high natural variability in many of the parameters proposed to be sampled (especially biological components), consideration should be 
given to having more than a single upstream location for each stream (Apetowun, Plante and Athabasca) to account for this variability.  As well, spatial 
variability exists across the width of larger rivers like the Athabasca, not just lengthwise.  Consideration to including some cross width sampling or 
transects should also be given.

Long‐Term Sampling and Monitoring Plan:  Site Selection.  
Additional sites for each water body is currently under consideration as is the addition of cross‐
sectional variation sampling during the 2014 study design/investigation period prior to the 
implementation of the Long‐Term Sampling and Monitoring Plan.

4. P6 – sampling frequency for water quality needs to be reconsidered.  During the spring freshet, when sediments will be remobilized into the system, 
sampling frequency needs to be increased, potentially to daily and then tapered off as the sediment plume passes.  In addition to water quality 
sampling, discharge measurements should also be collected in the Apetowun and Plante creek sample locations to determine loadings of sediment and 
parameters of concern to the receiving environment (Athabasca River).

Long‐Term Sampling and Monitoring Plan:  Sampling 
Frequency and Continuous Monitoring Network.

Sampling frequency is the same as approved through the Immediate and Short‐Term  Sampling and 
Monitoring Plan.  The sondes at PLC‐DS, PLC‐US, and APC have been equipped with a pressure 
transducer to measure discharge.  CVRI is currently developing a sampling schedule to create a 
discharge curve for APC/PLC to relate the pressure transducer data to actual discharge. 

5. P7 – in situ measurements must also include turbidity. Long‐Term Sampling and Monitoring Plan:  Field Methods. In‐situ turbidity measurements will be taken.

6. P7 – ultra‐trace mercury collection method.  This needs to be included in the long‐term plan.  Stating that it will be triple rinsed is not sufficient for a 
parameter such as ultra‐trace mercury which is collected (at least by ESRD staff) using very stringent field protocols. Long‐Term Sampling and Monitoring Plan: Field Methods.

Ultra‐trace mercury samples will be collected using the “clean‐hands, dirty‐hands” 
technique, following specific guidance from the analytical laboratory.

7. P8 – it is not sufficient to say that samples will be collected according to EC protocols or ALS protocols without including a reference to those 
protocols.  Either these protocols must be inserted into the body of the text or included as appendices and referenced in the text.  This is an issue 
throughout the document.

Long‐Term Sampling and Monitoring Plan Laboratory SOQs included in the Plan.

8. P8 – The Athabasca upstream datasonde site needs to be equipped with telemetry for near real‐time reporting to ensure that natural changes in 
turbidity are observed and comparable to what may be remobilized sediment in the downstream sections.

Long‐Term Sampling and Monitoring Plan:  Continuous 
Monitoring Network.

All units will be equipment with satellite‐based telemetry programmed to upload data twice daily to 
a web‐based data server for downloading and viewing.  

9. P9 – more details are needed on what constitutes “high values of turbidity”.  Needs to explicitly state at what value a decision would be made to 
implement additional sondes at locations further downstream.  Are these sondes going to be near‐real time?

Long‐Term Sampling and Monitoring Plan:  Continuous 
Monitoring Network.

The data sondes will differentiate between natural influences on water quality and those that are a 
result of the remobilization of spill related solids by including both control and impact sites, using 
guidelines defined by CCME.  All units will be equipment with satellite‐based telemetry programmed 
to upload data twice daily to a web‐based data server for downloading and viewing. 

10. P9 – there is a major flaw in the thinking on the potential fish effects.  No, there were no significant acute effects at the time of the spill, and no, 
the concentrations of parameters of concern were not elevated for a significant period, however they were present and they were highly associated 
with sediments.  The long‐term potential for chronic effects does exist as parameters of concern are taken up through periphyton and benthic 
invertebrates and then consumed by fish.  The chronic long‐term impact is where the real potential issue lies and needs to be assessed.  Utilizing 
methods such as SPMDs (semi permeable membrane devices) and other non‐destructive methods will provide a better idea of the potential long‐term 
impact to the biological components in the Athabasca River.

Long‐Term Sampling and Monitoring Plan CVRI is undertaking sub lethal toxicity tests on benthics.  Other long term effects will be addressed 
in the design of future fish studies.

11. P10 – it should be noted that comparing benthic invertebrate samples from depositional areas is not comparable to samples collected from 
erosional areas.

Not Applicable Samples from depositional and erosional areas will not be directly compared

12. P10 – unclear as to what taxonomic level biological samples are being analyzed to.  This should be to the lowest level possible (genus or species).
Long‐Term Sampling and Monitoring Plan:  Benthic 
Invertebrate Sampling

Samples will be analyzed to the lowest possible level (LPL) with data analysis generally completed at 
the family level

13. P10 – need to consider analyzing for body burdens of parameters of concern.  Again, the long‐term effects are not going to be acute toxicity, but 
rather chronic impacts to the biological communities, especially periphyton and macroinvertebrates which live predominantly on/in the substrate. Long‐Term Sampling and Monitoring Plan

CVRI is undertaking sub lethal toxicity tests on benthics.  Other long term effects will be addressed 
in the design of future fish studies.

14. Overall – unclear as to how all of this information will be compiled, assessed and reported out.  For example, for the benthic invertebrates will 
there be assessment of changes in species composition spatially and temporally?  Will they look at diversity indices?  How will it be related to 
periphyton and water quality?

General updates/improvements to the plans have been made to highlight how collected 
information may be compiled, assessed, and reported.

15. Overall – needs to be re‐read to catch spelling errors and grammar errors (e.g. affect vs. effect).  Diminishes the content of the rest of the plan. Noted and taken into consideration.

Overall comment: this is not a plan, let alone the three separate plans that were required by the Order and which have very different functions, are 
normally reviewed by different experts (with some overlap) and should stand alone, not be mixed in to an appendix along with a bunch of SOPs and 
consultant qualification pages. This is a patchwork mess still, not three cohesive documents as per the Order or even a single cohesive document). This 
is a “plan for a plan”. It is also too high level still and makes little use of all the data that’s been gathered so far. Also – notable absence of photos?

The plans have been reorganized into three separate plans 
as per the EPO.

Further refinements to the plans have been made to address comments provided since the incident 
and since the original plans were submitted in December.

Impact Assessment Plan, Long Term Monitoring Plan, and Wildlife Mitigation Plan Regulatory Feedback
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Comment Where Addressed How Addressed

Pages 3‐4: biological components will definitely need multiple reference sites, especially for benthic invertebrate sampling. Long‐Term Sampling and Monitoring Plan: Site Selection.  
Additional sites for each water body is currently under consideration as is the addition of cross‐
sectional variation sampling during the 2014 study design/investigation period prior to the 
implementation of the Long‐Term Sampling and Monitoring Plan.

Page 6‐7: what are the plans for a possible midwinter thaw? As well, the early freshet is the most important time for contaminant mobilization and 
twice a week sampling is grossly underestimating what will be needed to follow it properly.  Sampling can and should be adaptive and can be reduced 
as stability is achieved.  Sondes can only cover a few parameters. 

Immediate and Short‐Term Sampling and Monitoring Plan
The approved Immediate and Short‐Term Sampling and Monitoring Plan will be in place throughout 
the winter and freshet.  

Pages 9‐10: The lack of acute toxic effects on pampered lab fingerlings (and there was one sample where some of the fish died, so I think the 
suspended material may very well be on the boundary for acute effects) does not eliminate the possibility of all direct effects on fish, nor does it 
address the possibility of tissue contamination.   Acute toxicity testing results don’t cover chronic exposures nor sublethal effects.   I’d like to see some 
chronic toxicity testing done as well as tissue assays. This was an immense loading of material into a fishery. ESRD does *not* consider this material to 
be chemically inert or innocuous.  There is a public health issue that MUST be addressed with respect to fish tissue concentrations as well as the 
ecological considerations for non‐human pisicvores. As the main uptake route into the fish is likely to be from the benthic food web, not via gill uptake, 
long‐term monitoring should (must?) include fish and benthic invertebrate tissue sampling and analysis for contaminants, particularly PAHs.  In 
addition, the sheer size of the area influenced by the plume is so great and the disruptions to the normal conditions of the creek and river will be long‐
term. Even slight changes to substrate composition, periphyton cover, benthic invertebrate communities and fish survival will be magnified into 
significant ecological effects by the sheer size and duration of the disturbance. The studies for these will need to be more detailed, have greater power 
and be wider in scope than would be needed for an impact into a small stream.

Long‐Term Sampling and Monitoirng Plan.
Plan recognizes that greater detail may be required as additional information is gathered and effects 
are determined

Text (map & p 10) 
I am not clear on some details of the study design ‐ if samples of erosional and depositional habitats will be taken at each site and if the two datasets 
will be analysed separately?  I would recommend they are treated separately ‐ they are distinct habitats, likely with different benthic assemblages and 
the two datasets will be helpful to establish conditions and potential effects.   How will the datasets be analysed (eg, include ANOVA and multivariate 
ordination/other)?  This is helpful to know so that it is reasonable and not overly simplistic or not including lower taxonomic level.  Also, how will 
substrate characteristics be used for interpretation of the zoobenthos data?  Other factors to consider, if/how will WQ and toxicity data be used in 
evaluation? 

General updates/improvements to the plans have been 
made to highlight how collected information may be 
compiled, assessed, and reported. 

Sediment will be sampled from depositional areas and benthics from both erosional and 
depositional areas.  Data sets will not be directly compared.  Data analysis discussed in the Impact 
Assessment Plan.  

So will there be 5 Neill samples AND 5 Ekman samples at each site?  Note that it may be a challenge to find depositional areas in the mainstem, 
especially pre‐freshet; will sediment mapping (underway?) be used to select the sites?   It may also be a challenge find depositional areas of sufficient 
depth to use an Ekman grab at all sites ‐ if so, is there a contingency for this?

Long‐Term Sampling and Monitoring Plan:  Benthic 
Invertebrate Sampling.

Five replicate samples will be collected from each site. The habitat will determine the 
sampling method (i.e. erosional habitats will be sampled using erosional methods; 
depositional habitat will be sampled using depositional methods).

Having more than one (u/s) reference site provides a better measure of spatial (inter‐site) variability and representation of u/s conditions.  For 
example, relying on 1 site can be problematic if the habitat conditions are unusual for the overall mainstem; also, one would also expect to see 
changes in zoobenthos due to longitudinal change in the river.  I am not familiar with all the other sites or how they relate to other data and decisions 
you have had to make.  But one observation ‐ should there be another site between D2 and EF1?  Seems like a long gap and relatively close to the 
discharge? 

Long‐Term Sampling and Monitoring Plan:  Site Selection.  
Additional sites for each water body is currently under consideration as is the addition of cross‐
sectional variation sampling during the 2014 study design/investigation period prior to the 
implementation of the Long‐Term Sampling and Monitoring Plan.

Appendix 2
Details on methods including reference to various programs like federal EEM, RAMP are included here, but it is not always clear what will be collected 
for this study!  Generally I get the sense from info on Neill sampling that it is similar to ours, but to be sure, we should generally ask that contractors 
follow our field protocols, unless we feel something else is warranted.  For Neill and Ekman sampling see p 78+ 
http://environment.gov.ab.ca/info/library/7805.pdf

Methodologies and sampling locations are outlined in the 
Long‐Term Sampling and Monitoring Plan which builds 
upon the approved Short‐Term Sampling and Monitoring 
Plan.  

In order to ensure that methodologies utilized by CVRI are aligned with what has been 
followed by ESRD, CVRI requests that ESRD provide the sampling methodology utilized 
for their monitoring activities.  It should be noted that the website referenced in the 
comment provided Aquatic Ecosystems Field Sampling Protocols (March 2006), which 
states that it was derived in part from RAMP protocols.

As indicated above, substrate composition is imp to interpretation of zoobenthos assemblages; at minimum they should record particle composition 
and organic content.  Photos of depositional/erosional substrate at each site would also be helpful ‐ these could be used for other components of the 
study including epilithic cover.  GPS will be helpful to re‐visit sites later in 2014 ‐ when will these samples will be taken and why? 

Long‐Term Sampling and Monitoring Plan:  Methodology
General substrate comp is always recorded as are photos and GPS coordinates. Organic content is 
generally only done in depositional habitats. 

I forgot to mention the historical method used at LTRN or recently in JOSM by us is normally the Neill cylinder, 5 samples per site, thus more focussed 
on erosional habitat.

Noted and taken into consideration.

3.0 Sampling Locations: Re: final monitoring design for fish/habitat/sedimentation defined over winter 2013‐2014 through detailed mapping and ID of 
sampling areas (most sensitive = depositional areas/potential high value fish habitats).  Can the company give a status update of this work, estimate 
completion date, and submit final plans to be reviewed (allowing sufficient time for review/amendments/timely implementation).

Long‐Term Sampling and Monitoring Plan
Air photos have been required for entire reach of Athabasca River, historic data is be compiled and 
candidate depositional areas are being incorporated into the short term plan as they are identified.

Can the company define how “high value fish habitats” are determined. Are these species/seasonal dependant. Does this take into account substrate 
measurements, historic fish data, flow measurements etc.

Long‐Term Sampling and Monitoring Plan:  Sampling 
Locations. 

High‐value fish habitat areas would be identified through consultations with ESRD, DFO and local 
watershed users and would include areas such as spawning habitat and/or important fishing areas. 
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Comment Where Addressed How Addressed
3.3 Sampling Frequency:
Note that pre‐freshet sampling window will be short lived and sampling must be conducted prior to high flows associated with freshet conditions.  This 
is of particular importance for benthic invert sampling.

Immediate and Short‐Term Sampling and Monitoring Plan
The approved Immediate and Short‐Term Sampling and Monitoring Plan will be in place throughout 
the winter and freshet.

4.1 ID of Far Field Sampling Sites:
‐As above (1a) please elaborate on potential high value areas for fish.
‐Can the company provide timelines for completion of Sediment Deposition Probability Map.  Fisheries Management requests to review this map 
when completed, including areas designated as “potential high value areas”. Suggestion to expand geographic range of this mapping to Ft. 
Assiniboine/Vega Ferry area as this appears to be a more complete range of contaminant depositions (based on Environment data on external website 
showing many parameters above natural levels all the way down to this area.

Long‐Term Sampling and Monitoring Plan:  Sampling 
Locations. 

High‐value fish habitat areas would be identified through consultations with ESRD, DFO and local 
watershed users and would include areas such as spawning habitat and/or important fishing areas. 

Sediment Deposition Probability Mapping is underway and can be provided to ESRD upon 
completion.

4.4 Fish and Fish Habitat in the Athabasca River 
‐“lack of acute toxicity… direct contaminant related effects to fish are not anticipated” Fisheries management disagrees with this statement.  Though 
acute toxicity may not have been observed chronic toxicity exposure is a concern for fish. Elevated levels of many deleterious substances were 
observed in initial measurements, although these appeared to drop out of the water column it is highly likely that these have been deposited in a 
manner that will allow leeching of contaminants into the system. Further to the above, the deposited contaminants will likely impact benthic 
invertebrate communities, perhaps not direct mortalities, but certainly some substances could be taken in by these invertebrates. This provides a 
great deal of uncertainty regarding bio‐accumulation of contaminants into fish tissue, and since this is uncertain the risk must be managed. It is likely 
that fish feeding on invertebrates will be first impacted by bio‐accumulation issues, and later into predatory fishes. Fisheries management 
recommends that fish tissue toxicity samples are taken as per standards outlined by Alberta Health. This will require collection of fish tissue (as per 
methods outlined by AB Health) of a variety of species(initially invertebrate feeding fish; e.g. long‐nose  suckers, mountain whitefish, sculpins, 
cyprinids)  from numerous locations on the river.

Long‐Term Sampling and Monitoring Plan

Hatfield will use the results of continued sample collection, the mapping of high‐priority fish habitat, 
and continued consultation with regulators to develop a long‐term fish‐monitoring program.  Details 
of a fish monitoring plan will be developed over the winter with potential implementation in April 
2014.

High priority fish habitat; Can the company clarify if this is the same as the above “potential high value areas” and as above noted; define the terms 
explicitly

Long‐Term Sampling and Monitoring Pan:  Sampling 
Locations. 

Wording clarified as high priority fish habitat and potential high value areas have the same meaning. 

There is no mention of actual fish sampling in the river, is this an oversight? Fish data must be collected in the Athabasca River to attempt to monitor 
impacts/ future recovery. Boat electrofishing should be utilized (I.e relative abundance studies) for all near and far field sites within the Athabasca 
River.  This could likely be combined to obtain toxicity samples mentioned above.

Long‐Term Sampling and Monitoring Pan: Fish Sampling.  
Plan was revised to better detail CVRI's approach to fish sampling and references the development 
of the fish monitoring program design document (study design phase) in 2014.

Details of fish habitat monitoring plan for Athabasca River developed over winter with potential implementation in March 2014. This should be 
included in this long term plan as it is now February 2014, and this does not allow sufficient time for review/discussion/amendments/ implementation 
of plans prior to freshet conditions.

Long‐Term Sampling and Monitoring Pan:  Fish Habitat 
Sampling

Timeframe for Long‐Term Sampling and Monitoring Plan begins in late 2014/early 2015 following 
the conclusion of the ESRD‐approved Short‐Term Sampling and Monitoring Plan.

Sediment effects assessments should include a variety of habitat features/areas not just be defined to these high priority fish habitats/potential high 
value fish habitats. All habitat components should be sampled. Random sampling stratified by habitat type (pool, riffle, run, back waters, eddies, etc) in 
a manner that ensures sampling design is comprehensive and robust. Must include species other than salmonids including but not limited to: burbot, 
cyprinids, pygmy whitefish (technically a salmonid but different use of habitat), and longnose suckers. 

Long‐Term Sampling and Monitoring Plan:  Fish Habitat 
Sampling

Habitat monitoring sections (corresponding with fish population monitoring sections) will be 
established within the study area and ensure that all habitat components are sampled.  

The use of a McNeil Corer to assess extent of fine sediments in gravels, will this include a measure of embeddedness as emeddedness measurements 
were stated under 2.0 Program Objectives, point 4.

Long‐Term Sampling and Monitoring Plan:  Fish Habitat 
Sampling

Measurement of embeddedness will be undertaken

4.5 Benthic Invertebrate Sampling:
‐Where is the compilation of historic benthic studies for comparison (and of fish data for that matter). This should have been completed prior to 
planning current/future studies as insights from historic data would likely aid in this planning. This is a mandatory component of the Wildlife Mitigation 
Plan as outlined in point 24, pg 2 of Obed Mine Impact Assessment Plan where it states wildlife mitigation plan shall address both terrestrial and 
aquatic species (#23), shall describe the condition of aquatic and terrestrial communities prior to the release using all available data (#24). This data is 
outlined in the Pisces plan for the Apetowun and Plante Creeks however appears to be absent for the Athabasca River.

Impact Assessment Plan and Wildlife Mitigation Plan.
Historic data available to CVRI has been compiled and is provided in the plans.  Additional data 
review and compilation is underway.  CVRI has requested that ESRD make available historical data 
they have collected.

Overall the plan developed by Hatfield Consultants regarding Impact Assessment and Long Term Sampling and Monitoring of Water Quality and 
Aquatic Resources for the Athabasca River lacks specific actions/details/locations/historic data compilations that should have been included in this 
document.  Any reference to sampling of fishes is also shockingly absent from this plan. This plan references that many of these actions and details are 
underway and that they will be implemented prior to freshet conditions, however considering that we are now in February and these plans/designs 
have not be submitted has raised concerns of the overall timelines for review, discussion, amendment, and implementation of the sampling program

The Immediate and Short‐Term Sampling and Monitoring 
Plan addresses the sampling plan through the spring 
freshet and into fall 2014, and has been approved by 
ESRD. Other program improvements/ revisions concerning 
this issue have been incorporated throughout the 
document.

2.0 Summary of Existing Information:
‐ A couple of reports are referenced here (Zallen 1981, and in Section 2.3 Wolanski 2003) however they do not appear in 6.0 Literature Cited. Fisheries 
also requests a copy of Wolanksi 2003.

Long‐Term Sampling and Monitoring Plan:  References.  References have been added.  A copy of Wolanski 2003 can be provided to ESRD upon request. 

3.3 Channel Impacts:
‐Instream work has potential to impact aquatic resources; detailed fisheries protection plans will be established.  Can the company elaborate on some 
of the mitigation that would be in place for these works, the solids recovery plan listed general best management practices, is it to be assumed these 
will be in place for work detailed in this plan?

Potential impacts to aquatic resources due to instream 
work were addressed in the Solids Recovery Plan which 
has now been approved by ESRD.

Further fisheries protection plans will be developed, as required, once extent of impact is 
understood and remediation plans developed.  
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Comment Where Addressed How Addressed
4.1 Future Impact Assessment and Monitoring – General Approach:
‐ Assessments and Monitoring to occur in 2014 and plan to continue in 2015 and beyond if 2014 results dictate this.  Monitoring beyond 2015 should 
be anticipated as stated in the plan monitoring refers to repeated observations or measurements using standard methods over time in an attempt to 
detect trends.  Monitoring is suggested to continue until targeted endpoint(s) are achieved. These endpoints must be defined, in greater detail than 
4.3 where endpoint is considered a condition similar to what existed prior to the release of mine water. While this is a desirable endpoint this must 
have associated measurable targets to assess success/effectiveness. This applies to habitat, (substrate composition, embededness, percent fines, 
channel characteristics) fish populations, (species richness, population’s relative abundances, recruitment) and benthic invertebrate communities 
(abundance, richness)

Impact Assessment Plan. Updated to include plans for identification of endpoints.

Baseline fisheries data is limited: this may be limited data, however it is still useful for comparisons as it gives some insight to what fish populations 
looked like prior to mining. While it is recognized as being somewhat limited it should not be discounted completely. Impact Assessment Plan and Wildlife Mitigation Plan.

CVRI agrees that although baseline fisheries data is limited, it provides useful comparisons and has 
not been discounted.  Historical data compiled to date is provided in the plans.  Additional data 
acquisition,  review and compilation is underway. 

Regarding suggested reference streams (Upper Apetowun, Upper Plante, and Gorge Creek) these are sites that should be monitored as reference 
streams however some caution must be used when analysing this data, especially in regards to fish populations. Impacts to fish populations in the 
affected portions of the streams are likely although somewhat uncertain, by this logic it is probable that fish in the impacted sections of 
Apetowun/Plante have been displaced and could impact these connected reaches (upper Apetowun/Plante). In light of this possibility it would be wise 
to include another reference stream in an unaffected drainage, perhaps Canyon/Baseline Creeks would be potential options to include.

Long‐Term Sampling and Monitoring Plan:  Sampling 
Locations. 

The inclusion of additional reference sites for each water body is currently under consideration.  A 
desktop review of available fisheries information suggests that an unnamed tributary to upper 
Apetowun Creek, upper Plante Creek, and Gorge Creek may be suitable reference streams; however 
this will be confirmed during field investigations in 2014.

Benthic invertebrate monitoring is considered the primary tool used to assess impact to aquatic resources. FMB agrees that this is an integral 
component to monitor, however this data should be sampled prior to freshet conditions (spring) as well as post‐freshet (fall) conditions as the plan 
calls for. Benthic invertebrates are able to quickly recolonize aquatic environments and only assessing in the fall may overlook impacts to the invert 
community as a result of the spill.

Immediate and Short‐Term Sampling and Monitoring Plan. 
Sampling will be conducted in the early spring (March; pre freshet) and again in fall to determine 
changes and potential long‐term (multi‐year) effects in these watercourse

4.1.1 Fish Habitat:
‐Currently planned for 4 sites within impacted drainage which may be increased if necessary. Can the company clarify what conditions would cause 
increase in sample sites? No mention of Reach 4 (Erosion Gully) habitat assessment, can the company provide rationale for exclusion of this area.

Long‐Term Sampling and Monitoring Plan:  Fish Habitat 
Sampling

The channel in Reach 4 is an erosion gully created by the release.

A minimum of 3 habitat monitoring sections will also be established on reference streams; however total number and location of reference monitoring 
sections will be determined based on results from 2014. Can the company clarify that there will be a habitat monitoring section on each reference 
stream (as opposed to 3 on one stream)  and that this will be conducted in 2014; and elaborate on the conditions that would cause the number and 
location of monitoring sites to change in the future? 

Long‐Term Sampling and Monitoring Plan
Plan was revised to better detail CVRI's approach to fish and fish habitat sampling and 
references the development of the fish monitoring program design document (study 
design phase) in 2014.

Any habitat enhancement/offset must be reviewed by ESRD Fisheries Management Branch and DFO prior to construction/implementation.
Any plans regarding habitat enhancement/offsets will be 
provided to ESRD.

4.1.2 Fish Population Assessment and Monitoring:
‐Seasonal electrofishing component is detailed, however not ideal from ESRD FMB perspective. Suggestion to avoid Spring e‐fish assessment in order 
to minimize impacts of spawning rainbow trout (it is likely these fish will be gravid and should not have increased stress to aid in recovery). 
Electrofishing in spring time also has a logistical difficulty in that the pre‐freshet conditions window is very short in these high gradient small streams. 
Population estimates can be conducted as detailed in the plan, ensuring appropriate recovery periods in between runs as per Peterson 2004; 
(Transactions of American Fisheries Society, 133:262‐275) where the author notes minimum of 24 hour recovery period (maximum of 72 hours).  Can 
the company give an estimate of the proposed time for these population estimates? The most critical fish population data to collect is a single pass 
electrofishing run in late August‐Mid September with fish relative abundance expressed as Catch per Unit Area (CPUA) thus requiring recording of, 
among others, fish caught, seconds, mean wetted width and distance electrofished in a minimum of 300m stream reach following “Alberta Fisheries 
Management Division Electrofishing Policy Respecting Injuries to Fish”. It is vital to conduct fish sampling in this Late August to September window as 
this is the period where all fish species and size classes have likelihood of occurrence while minimizing risk to any spawning fish, also logistically the 
water conditions in small streams are usually ideal at this time.

Long‐Term Sampling and Monitoring Plan:  Fish Sampling.   Electrofishing will be undertaken in accordance with the Alberta FMD Electrofishing Policy.

Please note above comment regarding reference streams, re:  inclusion of another site, removed from any impacts of the spill. Long‐Term Sampling and Monitoring Plan 
Plan definition now focuses on applying the protocols outlined in the 2012 Metal Mining 
Environmental Effects Monitoring (EEM) Technical Guidance Document.

Monitoring: Population estimates can continue annually. Must do late August‐September single pass work annually to monitor recovery. Long‐Term Sampling and Monitoring Plan Population surveys will be conducted during the late‐August to September time period.

As above any sort of habitat enhancement/offsets planned must be thoroughly discussed and reviewed with regulators (ESRD/DFO).
Any plans regarding habitat enhancement/offsets will be 
provided to ESRD.

4.1.3. Lower Trophic Assessment and Monitoring
‐Benthic invert and substrate sampling should be conducted in Spring as well as Fall. Discussed in greater detail above under 4.1 comments.

Long‐Term Sampling and Monitoring Plan:  Benthic 
Invertebrate Sampling.

Benthic communities and periphyton will be sampled in spring and fall.
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Comment Where Addressed How Addressed
Regarding #3 under 4.1.3. Use of existing data and sample results to: develop model of natural variation, determine appropriate sample size, Id data 
gaps. The data to do this is referenced under section 2, seems that this should be completed already, is this underway? Can the company provide 
timeline for completion?

Long‐Term Sampling and Monitoring Plan:  Benthics 
Monitoring

Data collected in accordance with the approved short term plan will be used to make refinements 
to the long term plan if necessary.  Any refinements will be implemented upon approval by ESRD.

4.3 Endpoints
‐Please see above (4.1) for detailed comments.

Long‐Term Sampling and Monitoring Plan and Impact 
Assessment Plan

Revisions have eliminated this language. Other program improvements/revisions 
concerning this issue have been incorporated throughout the plans as appropriate. It is 
anticipated that future revisions may be required as additional information is collected 
during 2014.

Can the company estimate a timeline for establishing these endpoints?
Long‐Term Sampling and Monitoring Plan and Impact 
Assessment Plan

Revisions have eliminated this language. Other program improvements/revisions 
concerning this issue have been incorporated throughout the plans as appropriate. It is 
anticipated that future revisions may be required as additional information is collected 
during 2014.

5.0 Implementation Schedule:
‐Prelim Impact Assessment – Habitat (Spring‐Fall 2014), Populations (Spring‐Fall 2015)‐Why are there no plans for fish sampling assessment in 2014? 
Hope this is a typo? Please clarify.

Long‐Term Sampling and Monitoring Plan:  Fish Sampling.   Plans for fish sampling included.

Benthic and Invertebrates and Sediment Quality‐Fall 2014‐ Please see above for rationale for request to include Spring sampling of these parameters.
Long‐Term Sampling and Monitoring Plan:  Sediment 
Sampling and Benthics Sampling

Sampling will be conducted in both spring and fall.

Monitoring‐ conduct annually until endpoint (note comments on endpoints above).  Fish population monitoring states Fall 2015‐2018 and earlier notes 
population estimates done in summer will continue. Please clarify. This appears to suggest that monitoring is anticipated for 4 years, however this 
should be a minimum of 5 years dependant of effectiveness of recovery and durability of remedial works(s).

Long‐Term Sampling and Monitoring Plan:  Fish Sampling.   Duration of sampling included in the Plan.

Appendix B.1 Fisheries Monitoring:
‐Electrofishing effort must be recorded (includes but not limited to : seconds, wetted width, distance).

Long‐Term Sampling and Monitoring Plan:  Fish Sampling.   Electrofishing effort will follow the Alberta FMD Electrofishing Policy. 

All fish are to be measured for fork length at minimum (reference to subsampling if >30 should not apply for fork length measurements). Long‐Term Sampling and Monitoring Plan Standard Procedures for Fish and Fish Habitat Sampling. Included in the Plan.

Document references using catch per unit effort (fish/min), while this can be recorded please adhere to above point and record effort (I.e. 
Distance/Width) to compute CPUA.

Long‐Term Sampling and Monitoring Plan Standard Procedures for Fish and Fish Habitat Sampling. Included in the Plan.

This plan appears to only speak to monitoring and sampling plans between the mine site and the Town of Athabasca. As Coal Valley Resources Inc. is 
aware, there have been significant health and environmental impacts expressed along the full length of the Athabasca River to the communities of 
Fort McMurray and Fort Chipewyan and into the Northwest Territories. Similar monitoring practices to what is proposed in this plan between the 
releaser site and the Town of Athabasca are required to occur along the full length of the Athabasca River system downstream from the mine site.

Long‐Term Sampling and Monitoring Plan Far‐field sites have been added to the plan.

This plan appears to only focus on sampling in the 2014 year. There needs to be clarity around the likelihood of sampling into 2015‐2016, and how and 
when those monitoring plans will be determined. 

Long‐Term Sampling and Monitoring Plan:  Sampling 
Duration

Duration of sampling included in the Plan.

• This submission does not allow for an evaluation or improved understanding of the human health impact. Coal Valley Resource Inc. must undertake a 
human health risk assessment, that is acceptable to Alberta Health, and provide this information under separate cover. This should include, but not be 
limited to the following factors:
‐ Evaluate and describe the potential routes of exposure for users along this river system. This evaluation shall identify the likelihood of exposure, 
location of how and where those exposures may occur (including a sediment deposition sites) and clearly identify the need for which routes need to 
have further evaluation and associated monitoring programs. Routes of exposure include, but are not limited to, water use (community, individual and 
farming situations), contact with sediment by recreational users, or consumption of fish and wildlife that may have taken up chemicals (e.g. metals, 
PAHs, etc.) from the sediment or water. 
‐ Short and long term water impacts, as the Athabasca River system is considered to be a source of drinking water for many types of users (i.e. private 
individuals, community drinking water plants, and industrial work camps.)
‐ Initiate a potable drinking water program and exposure assessment where Coal Valley Resources Inc. evaluates the raw water going into the plant 
and after drinking water treatment. The concern is to have an understanding of if metals, PAHs or flocculant breakdown products may be entering into 
the potable water treatment plant from sediment movement during freshet and spring run‐off and how effectively the drinking water treatment is at 
removing these contaminants. This will assist in understanding the concerns of First Nations and communities that use this River system as their 
drinking water source.
‐ Evaluations of the likelihood of all chemical contaminants contained within the sediment to mobilize and or breakdown from the sediment deposits 
into the water column and enter into the food web (i.e fish, large wildlife). For example, methylmercury and alkylation of PAHs. 

Impact Assessment Plan A risk based assessment approach will be utilized for evaluation of impacts and the development of 
mitigation plans as required

• Water and sediment sampling locations:
Specifically, additional information is needed as to where the various water and sediment samples are being collected along the creek or river system 
(i.e along the shore, midstream)

Long‐Term Sampling and Monitoring Plan:  Sampling 
Locations. 

Sampling locations are consistent with those included in the approved Immediate and Short‐Term 
Sampling and Monitoring Plan
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Comment Where Addressed How Addressed

Confirmation that the sampling sites proposed in this plan are the same location as those used in the short and intermediate monitoring plan
Long‐Term Sampling and Monitoring Plan:  Sampling 
Locations.

At this point, the sampling sites are the same as the Immediate and Short‐Term Sampling and 
Monitoring Plan; however, the Long‐Term Sampling and Monitoring Plan proposed sites will be 
reviewed following the execution of the Short‐Term Plan over the course of 2014 and revisions will 
be proposed to ESRD accordingly.

Need for a larger network of sampling sites along the River system as a whole Long‐Term Sampling and Monitoring Plan:  Site Selection.  
Additional sites for each water body is currently under consideration as is the addition of cross‐
sectional variation sampling during the 2014 study design/investigation period prior to the 
implementation of the Long‐Term Sampling and Monitoring Plan.

 Flocculant and Acrylamide
Additional information is required about the use of the flocculant at the mining site, including but not limited to the amount of flocculant used, and if 
the breakdown product detectable at the mine site

Immediate and Short Term Sampling and Monitoring Plan Previously submitted to ESRD

Inclusion of a detailed evaluation of the breakdown of this flocculant and the likelihood of its transport or mobilization in the water column and uptake 
into potable drinking water sources. Alberta Health is in support of the comments submitted via Alberta Environment & Sustainable Resource 
Development from the University of Alberta.

Immediate and Short Term Sampling and Monitoring Plan Previously submitted to ESRD

As completed in the short term monitoring plan, the use of an appropriate laboratory facility that can detect acrylamide levels that are relevant to 
human health (see previously submitted comments related to acrylamide) is important.

Immediate and Short Term Sampling and Monitoring Plan Analysis will be undertaken as outlined in the approved short term plan

Fish and wildlife health & tissue sampling.
‐ There are no proposed measures of individual fish or animal health, and or the likelihood of fish or animal populations, to uptake chemicals related to 
this spill. In part, understanding of the likelihood of this to occur can be addressed via a human health risk assessment, however additional information 
about proposed tissue sampling processes and evaluation are required in this plan. 

Long‐Term Sampling and Monitoring Plan:  Fish Sampling Fish tissue sampling will be undertaken but the study design will be developed based on information 
gathered in 2014

 Lab analysis
‐ Need to ensure that detection limits and sample analysis techniques utilized are those suitable and relevant to human health impact evaluation. 
Comments related to these concerns have been previously submitted, specifically; mercury, selenium, arsenic, acrylamide and PAHs. This applies to 
not only water sampling activities but fish tissue sampling

Long‐Term Sampling and Monitoring Plan:  Methodology.  
Methodology utilized is consistent with the approved Immediate and Short‐Term Sampling and 
Monitoring Plan

Data analysis & progressive evaluation
‐ This plan does not address how data will be analyzed and evaluated as the data becomes available. Initial sampling results should guide the 
development of this plan and evaluation points should be determined throughout the proposed timeline to determine if additional sampling is needed 
or could decrease.

CVRI will report in accordance with the EPO.

Other Comments
Communication ‐ There is a need to have a comprehensive risk communication plan, associated with this monitoring plan, which considers the views 
and concerns of the users of this river. A detailed human health risk assessment will also be informative to the communication plans by being able to 
verify, and eventually validate the likelihood of a health risk being present.   While specific detail is not necessary in this plan, there needs to an 
understanding by Alberta Health, Alberta Health Services and Health Canada as to how monitoring plans, and how results are going to be 
communicated to the regulators, users of the Athabasca River, communities and First Nations groups. 
‐ Specifically related to freshet and spring runoff conditions, large users of the River system need to be aware of where they can find information about 
turbidity and data sondes. 

CVRI will work with ESRD to ensure that a comprehensive risk communication plan is 
established that outlines how actions/activities will be communicated to stakeholders, 
including details on accessing any publically available data.

The entire program should be integrated into existing regional monitoring that is occurring under the Joint Oil Sands Initiative and other others. This 
will allow for comparison before, during and after the event

A direct comparison cannot be completed as the JOSM region is much further 
downstream. Feasibility of regional program integration is under review.

Section 4, Table 1, Page 6: “Final Impact Assessment Report (incorporating all to‐date results)”. Seems preliminary to have a final “impact” assessment 
considering the time of year the event occurred and the statement on page 4 that notes:…winter conditions restricted data collection therefore 
making it impossible to predict the final extent of effects at this time”. Perhaps we are not clear on the context of the Final Impact Assessment report. 
Clarify.

As required in the EPO, CVRI will submit a Final Impact Assessment Report by May 16, 
2014 based on the information collected to date.

Section 2.0, page 2: “Provide continuous water quality information for lower Plante Creek and multiple locations in the downstream Athabasca, using 
multi‐probe sondes recording data every 15 minutes, to ensure any rapid changes in water quality…”. Table 1, page 3 list Apetowun Creek sample 
sites.
Apetowun Creek is not referenced with respect to the water quality monitoring described on page 2, but is listed as a site that will be the subject of 
monitoring as per Table 1. Will the sampling on Apetowun be different than the sampling on Plante Creek and the Athabasca River? If so, explain why. 
Not clear on the Pisces involvement, see next comment.

Long‐Term Sampling and Monitoring Plan:  Aquatic 
Monitoring Program Sampling Locations

Monitoring plans for Apetowun Creek is clarified.

This is all confusing. In the introduction, Section 1.0, page 1, it states that: “the focus of this [Hatfield] document is on impact assessment and 
monitoring related to: water quality and sediment in Apetowun Creek, Plante Creek and the Athabasca River… The next paragraph references: “[Pisces 
Environmental Consultants] plan for the Impact Assessment and Long‐Term Sampling and Monitoring of benthics, fish and fish habitat”. Not clear why 
the footnotes on Table 1 indicate Pisces is monitoring water quality on Apetowun Creek.

All sampling and monitoring activities have been combined into one Long‐Term Sampling 
and Monitoring Plan

Section 3.0, page 4:”It is important to note that field sampling will not necessarily be limited to specific locations listed in Table 1 and described 
below."
What is the process for notifying regulators of the changes/additions/deletions in sample locations?

Any changes to the approved Plans will be reviewed with ESRD prior to implementation

Can DFO obtain this information?
It is CVRI's understanding that ESRD will be the main point of contact for any changes and 
will forward this information to other stakeholders as required.
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Comment Where Addressed How Addressed
Section 4.2.4, page 8: “The purpose of this sonde network is to provide continuous , near‐real time data that describe any water quality that occur 
either naturally or as a result of remobilization of spill‐related solids…”
Expand on how this monitoring differentiates between natural influences on water quality and those that are a result of the remobilization of spill 
related solids
Section 4.4, page 9/10: To assess the potential adverse effects of sedimentation on substrates in high‐priority fish habitats (e.g., gravels potentially 
used by salmonids like mountain whitefish for spawning and egg overwintering), substrates will be sampled… Were these high priority sites identified 
prior to the Obed incident?

High priority sites were not identified prior to the incident.  CVRI will use the results of continued 
sample collection and field verification steps, the mapping of high‐value fish habitat.

How does CVRI know that they are targeting a gravel area (for example) that is impacted by sedimentation? It is possible that an area that was once a 
gravel zone could be completely covered by sediment, and difficult to find or identify. Will this just be passed off and assessed as an area that is 
composed of sand/silt/clay? Where is the baseline? How will surveyors know if the area was once a valued or high priority site that is now covered in 
fine material?

Long‐Term Sampling and Monitoring Plan:  Sampling 
Locations.

CVRI is currently working on developing a Sediment Deposition Probability Map.  In reviewing this 
output, CVRI can more readily confirm/apply the proffered experimental design for sampling 
sediment quality, potential depositional benthic invertebrate communities, and selected fish 
habitats (pre freshet) at a selection of locations along a downstream gradient from Obed to 
Whitecourt for the Long‐Term Plan prior to execution.

Section 4.1, page 11: “Monitoring would be conducted on an ongoing basis until targeted endpoint(s) have been achieved”. What defines a “targeted 
endpoint(s)”?

Long‐Term Sampling and Monitoring Plan:  Duration of 
Sampling

Duration of sampling is clarified.  Endpoints are the overall  objective of proposed monitoring, 
mitigation and remediation plans to restore aquatic communities in Apetowun and Plante Creek to 
a condition that is similar to what existed prior to the release of mine water.

Section 4.1.3, Page 14: Reference Condition Approach for invertebrate sampling. Is there additional information regarding the historical data sets 
available and the number and location of sampling sites used with regard to benthic invertebrate assessments?

Impact Assessment Plan, Long‐Term Sampling and 
Monitoring Plan:  Sampling Locations.

Historic data collected to date and number and location of sample sites has been clarified.

The Reference section is missing the Zallen, 1981 and Wollanski, 2003 titles. These titles will be useful documents, please provide Long‐Term Sampling and Monitoring Plan:  References.  References added.  

2.1.1 Additional aquatic resources ‐ CVRI stated that it will conduct depositional‐zone sediment sampling in the early spring prior to spring freshet and 
in the fall. Summer sampling of the depositional zones is also recommended.

Long‐Term Sampling and Monitoring Plan:  Sampling 
Frequency. 

Sediment will be collected monthly from all depositional areas

Question 10: Rationale is not provided as to why conditions would prevent the sampling of suspended sediment and bed sediment through ice in winter. Should ice 
conditions be safe, sampling of suspended sediment and bed sediment should be practical and is recommended. AANDC notes that winter conditions may affect the 
ability to collect a full suspended sediment samples (i.e. low turbidity waters). AANDC recommends that the sediment sampling regime include: number of subsamples at 
each site, QA/QC, control sites (if any), composite versus grab sampling, etc.
 
RESPONSE: Sampling of sediment samples through ice in winter is not recommended partly because of safety concerns but mostly because substrate morphology and the 
location of appropriate depositional zone for sampling of sediment quality are not known. Because winter low flows are expected to remain relatively constant until 
freshet, deposited sediments are also likely to remain in place. The long‐term monitoring plan proposed identification and sampling of sediments and benthos from these 
depositional zones in spring after ice‐out but before freshet, consistent with recommendations made by other reviewers of the immediate‐term plan and discussed earlier 
in this response document.
 
AANDC RESPONSE:  AANDC appreciates that sampling should only be conducted should conditions permit the safe collection of samples. However, AANDC would like to 
note that deposited sediments may not remain in place until after ice‐off. In large high‐latitude rivers where ice cover forms in autumn and flows persist under ice during 
winter months, the dynamics of river flow under ice is profoundly influenced by the ice cover. In those northern‐hemisphere rivers where the direction of flow is 
northward (i.e. pole‐ward), as is the case with the Mackenzie River and many of its tributaries, the autumn formation of ice begins first in downstream reaches and 
progresses southward toward upstream reaches; this causes the effects known as backwater, under‐ice scouring and ice jams to commonly occur in such rivers during ice 
formation and/or break up (EC). Both the Mackenzie and Slave Rivers and significant portions of their Peace and Athabasca tributaries are north‐flowing. As ice formation 
progresses upstream each fall from the northern reaches of the river system, backwater effects and under‐ice scouring progress upstream as well. Spring freshet 
progresses downstream from southern river reaches, so backwater effects and associated under‐ice scouring begin again in spring before break up (Milburn and 
Krishnappan, 2002; Moore et al., 2013); and ice jams tend to occur in some locations during spring break up with associated heavy scouring and sediment transport. 
*References are provided below*

Immediate and Short Term Sampling and Monitoring Plan

11. CVRI does not address the lack of fish monitoring. Long‐Term Sampling and Monitoring Plan:  Fish Sampling.  
Plan was revised to better detail CVRI's approach to fish sampling and references the development 
of the fish monitoring program design document (study design phase) in 2014.

13. CVRI has not responded to requests for sampling on the Slave River.

During the immediate response execution, a data sonde was installed on the Slave River 
to track the plume. As the plume could not be definitively identified in the Slave River, 
CVRI received permission from ESRD to remove the data sonde. No other sampling on 
the Slave River is anticipated.

General ‐ A total of only three sediment samples were collected from Nov 5th to 15th. No sediment toxicity testing was completed on the OBED mine 
pond sediment sample. Full explanation required as to why this was not conducted should be provided Impact Assessment Plan Plans for source characterization included.

Pages 9 & 11 ‐ FYI COMMENT: the TSS values at Plante Creek downstream (PLC‐DS) were still above background on Nov 15 (Table 3) 53 (downstream) 
vs 3 mg/L (upstream)

Noted and taken into consideration.

Long‐Term Sampling and Monitoring Plan:  Continuous 
Monitoring Network.

The data sondes will differentiate between natural influences on water quality and those that are a 
result of the remobilization of spill related solids by including both control and impact sites, using 

guidelines defined by CCME.  All units will be equipment with satellite‐based telemetry programmed 
to upload data twice daily to a web‐based data server for downloading and viewing. 
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Comment Where Addressed How Addressed
Missing information ‐ Not clear as to how many water samples were analyzed for PAHs ‐ could not find the n (number of samples) in table 5 or page 
14. Please identify.

Long‐Term Sampling and Monitoring Plan:  Sampling 
Frequency. 

The cumulative number of samples collected depends on the time period being reported.  

Section 3.2 Sediment Quality
It states that the sediment quality and toxicity test results will not be released until May 14,2014. It would be worthwhile to get these results sooner as 
this may influence the winter and spring sampling approaches.

Long‐Term Sampling and Monitoring Plan:  Data Storage 
and Reporting

Commitment of data release is included

3.2.2 Fate of Sediment Load in the Athabasca River ‐ last paragraph
Hatfield has stated that based on the estimate of the amount of sediment and its expected mobility, sediment will not be transported along the length 
of the Athabasca River. This conclusion needs to be confirmed as it seems to contradict statements made in the earlier paragraphs.

Further detail is requested regarding this comment. There is question as to which 
document this references because Section 3.2.2 does not exist in the previous submittal.

8 of 23



Comment Where Addressed How Addressed

The proponents propose to conduct a qualitative assessment of impacts on fish (section 4.1.2 of attachment 2).  This is simply unacceptable and leaves 
the assessment open to subjective interpretation as to what constitutes an equivalent condition.  We do acknowledge that thought has been put into 
how benthic invertebrate communities will be evaluated (section 4.1.3 of attachment 2), but little text is devoted to actual data analysis and what will 
happen if prolonged monitoring after impact assessment fails to demonstrate that the site is returning to an equivalent condition.  In total, the sum of 
these deficiencies will significantly increase uncertainties ultimately affecting the decision of whether the EPO has been satisfactorily concluded.  By 
stating these terms more accurately at the outset, it will be easier to identify issues and take action to rectify/remediate

Long‐Term Sampling and Monitoring Plan:  Fish Habitat 
Sampling and Fish Sampling.  

Impact Assessment Plan Section:  Fish Sampling.

Fish sampling has been clarified in the monitoring plan.  Further details will be provided in the fish 
monitoring program design document (study design phase) that is currently being developed with 
information gathered in 2014.  

Evaluation of benthic communities included in the impact assessment plan.

The entire program needs to integrate with existing regional monitoring programs (JOSM, RAMP, COSIA, PADEMP, SWEEP) to obtain as much data as 
possible before, during and after the event.  This should be a formal task built into the awarded contract.  While it is mentioned in the preamble (page 
5) and in section 1.0 of attachment 1, there needs to be more detail about the types of data to be collected, who will be the custodian of this data, and 
whether it will be done systematically or on an ad hoc basis.

Impact Assessment Plan and Wildlife Mitigation Plan

A direct comparison cannot be completed as the JOSM region is much further 
downstream. Feasibility of regional program integration is under review.

Historical data compiled to date is provided in the plans.  Additional data review and 
compilation is underway.  CVRI is requesting that ESRD provide any historic data they 
have collected.  

Ideally, the designs of a wildlife‐monitoring program should be modeled on the recently released (2012) metal mining EEM.  This EEM uses a 
multimetric approach with diversity, evenness and similarity as endpoints. The multimetric approach would most likely generate data that could be 
compared to existing data from the site and the region that was generated under existing EEM programs

Long‐Term Sampling and Monitoring Plan The EEM approach was taken into consideration when refining the plan.

The statistical sensitivity or power desired for each variable or environmental indicator will likely depend on whether or not there is an understanding 
of implications or importance of a certain amount of change in the indicator. For example, this could include guideline concentration values for water 
quality that must be met, threshold values for chronic toxicity of sediment metals or PAH, or some environmental threshold associated with a variable 
that is well understood, like percent loss in a particular form of fish habitat.

Long‐Term Sampling and Monitoring Plan
The EEM approach and critical effects sizes were taken into consideration when refining 
the plan.

The proponents either provide no information on how benthic invertebrate data will be analyzed (section 4.5 of attachment 1) or propose a reference 
condition, pass‐fail approach (section 4.1.3 of attachment 2).  The reference condition approach requires large numbers of sites to be sampled (>10 as 
recommended by the metal mining EEM program 2012‐ Environment Canada) to understand regional variation in assemblages.  More detail needs to 
be provided with literature references about some of the challenges associated with this approach

Impact Assessment Plan Plans now reference EEM 2012 Technical Guideance Document

As described above for the Power Analysis and also discussed in the review of the Short‐term Monitoring Plan, the LTRN approach to benthic 
invertebrate sampling should be adopted, to avoid the higher variation that results from the RAMP‐based design involves randomizing replicate 
sampling sites along full reaches of creeks and rivers.  If this approach is still pursued, then the increased variance of the various invertebrate 
indicators represented in the RAMP dataset should be used to estimate the number of samples necessary, via Power Analysis, to properly account for 
the higher variance.

Long‐Term Sampling and Monitoring Plan

To overcome the higher variance, CVRI will sample more sites and collect more 
replicates.   In addition the EEM approach and critical effects sizes were taken into 
consideration when refining the plan.

Regarding alignment with ESRD methods, please provide the referenced methods 
document so that we may accurately compare and employ the appropriate methods. 
CVRI does attempt to align by stating "LTRN approach"; however, the exact methods are 
desired for confirmation.

In terms of benthic invertebrates, it is not clear whether a reference condition approach (RCA) will be used for the Athabasca or, instead, the standard 
suite of indicators will be assessed (e.g., diversity, taxonomic richness, absolute and proportional abundance, EPT, ETO, EPT: chironomids, etc).  
Because this is a post‐impact assessment, problems may arise in finding appropriate reference sites against which to compare impacted mainstem 
Athabasca River sites.  In addition to other possible metrics for assessing changes in ecosystem function, based on changes in benthic invertebrate 
communities, it is recommended that suggest that Hilsenhoff’s Modified Biotic Index (MBI) also be used to track impacts, change, and recovery of 
benthic invertebrate communities in riffle zones (Hilsenhoff 1988, 1998; Mandaville, 2002). MBI scores correlate well with biochemical oxygen 
demand (5‐day; BOD), the lowest recorded concentration of dissolved oxygen (DO), total concentration of chlorides, lowest maximum temperature, 
total suspended solids, total nitrogen concentration (TN), as well as total phosphorus concentration (TP) and total alkalinity (Hilsenhoff, 1977). 
Because MBI scores correlate to qualitative degrees of organic enrichment, they are generally indicative of effects of organic waste, enrichment, or 
eutrophication, and the changes in benthic invertebrate communities that result from them.

Impact Assessment Plan Plans now reference EEM 2012 Technical Guideance Document

Wildlife Plan Requlatory Response
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Comment Where Addressed How Addressed

Selection of reference sites for RCA should be limited to creeks in basins that are as similar as possible to Apetowan and Plante Creeks, in terms of the 
intensities and types of industrial disturbance.  Also, it is not clear that the RCA technique has sufficient sensitivity to assess or quantify a longitudinal 
gradient of impacts on a single stream, as opposed to inter‐stream comparisons. This should be clarified, because an alternative design could instead 
include a couple of reference streams on which a longitudinal series of sites are assessed and monitored, from upper to lower in the catchment, with 
comparisons of the various impacted sites in Apetowan and Plante Creeks to the comparable reference sites in the reference systems, based on sub‐
basin locations.  Otherwise, the interaction between natural longitudinal gradients in substrate type and benthic communities and disturbance 
gradients along Apetowan and Plante Creeks may confound or complicate interpretation of RCA results.  Also, the RCA approach typically involves a 
large number of reference sites from which confidence limits are developed in “eigen‐space”, against which a potentially impacted site is compared.  
Will the selection and use of a limited number of reference sites satisfy the requirements of the RCA approach

Impact Assessment Plan Plans now reference EEM 2012 Technical Guideance Document

It should be noted that many of the contaminants of interest are unlikely to be detected in water even though they may pose considerable risk 
because of hotspots of sediment contamination.  This includes methyl mercury.  Some measure of concentrations of selenium, metals and PAHs in the 
lower food web before and after the freshet must be completed.  Non‐mobile, large‐bodied benthic invertebrates or periphyton could be an option for 
this purpose, since some of the smaller sites likely cannot have fish repeatedly sampled without affecting populations. 

Long‐Term Sampling and Monitoring Plan:  Benthic 
Invertebrate Sampling and Periphyton Sampling

CVRI agrees with the commenter and this work is currently being researched/planned as part of the 
benthics/periphyton sampling program

The proposal for periphyton sampling at far‐field sites (section 4.6 of attachment 1) is given without any rationale for this endpoint or indication of 
how data will be analysed.  Is simple abundance (chl a and biovolume) the endpoint, indicating food for invertebrates?  Or will the relative proportion 
of tolerant taxa or some other community descriptor be used?  Guidance can be found in Stevenson and Pan (1999).  If periphyton are to be used as an 
indicator of disturbance and recovery at far‐field sites, they must also be used at the near‐field sites and the data need to be analysed as a single 
package

Long‐Term Sampling and Monitoring Plan:  Periphyton 
Sampling

Periphyton samples will be collected from all near and far‐field sampling locations for analysis of 
algal biomass (as chlorophyll‐a), with an additional sample collected from each site for taxonomic 
analysis. 

An application of an index of siltation also may be of value for assessing impacts of the tailings spill on benthic algal communities, given the large 
release of sediments that resulted and the detailed sediment monitoring program being pursued under this program that will presumably provide 
useful and complementary information on sediment fluxes and deposition.  Motile algal species that are well adapted to streambed instability can be 
considered to be silt tolerant, and the relative total combined abundance of Nitzschia and Navicula spp. has been used as an index of siltation, where 
higher combined relative abundance is interpreted as indicative of higher siltation at a particular site (Kutka and Richards, 1996). Such an index may 
provide more insight into the algal community changes related to physical changes in sediment type that will have occurred because of this accident, 
and provide another measure by which to track recovery

Noted

A significant aspect of the proposal is the generalized definition of the trout species Oncorhynchus mykiss as “rainbow trout” using Zallen’s 1981 
nomenclature as a guide. This is inappropriate given the management status given to Athabasca rainbow trout strain within the province. The 
Government of Alberta recognizes the rainbow trout in the Athabasca drainage as a unique strain (Alberta Ministry of Environment, 1994) and the 
General Status of Alberta Wild species 2005 assessment the native stocks of rainbow trout in the Athabasca River are identified as “may be at risk”.  A 
recently completed full report on the status of the Athabasca rainbow trout (Rasmussen and Taylor, 2009) confirms this designation and provides an 
excellent resource.  Therefore, it is imperative that more indicators of fish population that distinguish between rainbow trout and Athabasca rainbow 
trout be implemented to satisfy the terms of the EPO.

Long‐Term Sampling and Monitoring Plan:  Fish Sampling.  
Plan was revised to better detail CVRI's approach to fish sampling and references the need to design 
a fish monitoring program in 2014.

Given the limited populations of Athabasca rainbow trout that one is likely to encounter, destructive sampling should be minimized to prevent impact 
on the population.  Athabasca rainbow trout grow slower and spawn much later (June‐July) than other rainbow trout strains and spawn in finer 
grained areas (depositional zones) and therefore the larvae are likely more susceptible to sedimentation from increased TDS.  In addition, given that 
age of maturity is 3‐4 years, a longer period of assessment to ensure spawning success should be part of the plans for the monitoring. The current 
plans call for assessment until 2018 which, assuming a poor year class this upcoming year because of failed spawning or recruitment success, will not 
allow for one spawning cycle to be completed. Loss of habitat for spawning as a result of this event along with continued sedimentation from 
downstream migration of sediments until the banks and riparian areas are stabilized are serious risks to the trout population, within Apetowun and 
Plante creeks especially.

Long‐Term Sampling and Monitoring Plan: Fish Sampling.  
Plan was revised to better detail CVRI's approach to fish sampling and references the development 
of the fish monitoring program design document (study design phase) in 2014.

Given the issues listed above it is suggested that the wildlife monitoring plan include plans for monitor spawning success through the presence of 
redd’s and/or presence of fry in the creeks from the mine site to the Plante Creek rivermouth.  It is likely that in‐migration of individuals from other 
less impacted sites downstream will form the entirety of the recruitment and population in the first years.  Population recruitment success in this 
species is severely affected by higher water temperatures (and loss of riparian tree cover in the upper reach of Apetowan Creek will likely significantly 
increase stream temperature) and silt/sediment. Therefore, it is important to monitor age class distribution and recruitment/spawning to ensure a 
healthy sustaining population returns to the creek.  Simply counts of larger individuals will not provide an adequate measure of fish population health

Long‐Term Sampling and Monitoring Plan:  Fish Sampling
Plan was revised to better detail CVRI's approach to fish sampling and references the development 
of the fish monitoring program design document (study design phase) in 2014.
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A significant deficiency noted for the report is that there are no proposed measures of individual fish health – including growth, reproduction and 
survival – in sections 4.4 of attachment 1 and 4.1.2 of attachment 2.  These endpoints can be much more sensitive indicators of long‐term population 
performance than simple abundances.  Spoonhead sculpin would be the ideal choice of monitoring species because they meet many of the criteria for 
appropriate sentinels for an incident of this nature where sediment contamination is likely.  They are benthic, non‐mobile and abundant and are 
present in both Apetowan and Plante Creeks, as well as the Athabasca River.  Prior studies conducted upstream in the Athabasca (Gibbons et al. 1998) 
would provide additional regional sites for comparison of endpoints such as condition, fecundity, size at age and energy storage.  Lethal sampling 
would also provide tissues for contaminant (selenium, methyl mercury) analyses and possible biomarkers such as liver enzymes, oxidative stress, and 
histopathology.  Recognizing that depletion of local fish populations in small systems is a concern, a small but statistically relevant number of lethal 
samples should conducted in the fall at synoptic and reference sites would be the minimum effort needed to provide information about the nature of 
the impact.  The fall sample is also the recommended time for sampling sculpin species (Environment Canada 2012).  This detailed lethal sample would 
also complement the non‐lethal sampling proposed using rainbow trout and burbot.

Long‐Term Sampling and Monitoring Plan:  Fish Sampling.  
A sculpin sentinel fish study is currently proposed.  CVRI will also develop a  fish monitoring program 
design document (study design phase) in 2014.

The proponents suggest that all reference sites will be sampled in erosional habitats (Section B3, page 152 of 196).  Yet the greatest effects 
downstream of the release are likely to be in depositional zones.  In order to directly compare community structure in reference and exposed areas, 
samples must be collected in both depositional and erosional habitats in both areas

Long‐Term Sampling and Monitoring Plan:  Benthic 
Sampling

Initially after the assessment it was predicted that a majority of the sediment fell from suspension in 
the area upstream of Whitecourt. This area is predominantly erosional hence the focus on erosional 
sampling. Current plans include benthic sampling from both depositional and erosional areas.

For monitoring fisheries and fish habitat, there is a discrepancy between text describing summer population monitoring in s. 4.1.2 and s. 5.0 
Implementation Schedule, in which fish population monitoring will occur annually during the fall.

Long‐Term Sampling and Monitoring Plan:  Fish Habitat 
Sampling and Fish Sampling

Single‐pass electrofishing surveys will be completed in the spring and fall and population estimates 
will be conducted in the summer.

When sampling depositional sediments and assessing the physical changes in sediment loads in substrates in high‐priority fish habitat, it is imperative 
to collect in situ pore‐water samples in addition to solid sediments, for use in both acute toxicity tests and for chemical analyses, independent of the 
assessment of physical changes associated with substrate‐quality thresholds for fish habitat use.  As described in the review of the short‐term 
monitoring plan, and the impact assessment and long‐term monitoring plans, pore‐water hardness should be determined to enable characterization of 
the likely chronic toxicity of the sediment metals mixture, according to the USEPA’s standard equilibrium partitioning techniques.  Their other similar 
technique for characterizing the chronic toxicity of sediment PAH mixtures should also be applied, which will necessitate determination of sediment 
carbon content, in addition to PAH concentrations.

Long‐Term Sampling and Monitoring Plan:  Pore Water 
Sampling

Pore water will be sampled at each of the near‐field sampling locations using a Solinst stainless steel 
drive‐point piezometer, for analysis of the same parameters sampled in surface waters 

More detailed, specific assessments of the potential for mobilization of contaminants in sediments as the result of redox reactions should be pursued 
as well.  For example, in the Introduction, it was stated that, “When flocculants come into contact with sediment particles, they bond and become 
inactive.”  That may be the case, but without identifying the chemical nature of the flocculent or clearly identifying the authority for that statement, it 
remains undetermined whether or not that is actually the case.  No doubt flocculants are designed to scrub particulates from the water column, but it 
is likely just a presumption that they remain bound in sediments and are not subject to reactions or processes that can remobilize them, potentially in 
a different form with different toxicity.  Whether it is chemicals bound to particulates, or simply sediments with high concentrations of metals and 
PAHs normally associated with coal tailings, mobilization may occur either chemically, resulting in increases in pore‐water concentrations and toxicity, 
or conceivably by incorporation into the foodweb via benthic microbes and invertebrates.

Impact Assessment Plan
A risk based assessment approach will be utilized for evaluation of impacts and the 
development of mitigation plans as required

It is not clear what approach will be used to assess impacts or changes in the Athabasca River caused by the release event. Clearly describing the 
indicators to be relied upon will also clarify for ESRD exactly what the proponent is planning on incorporating into their long‐term monitoring, impact 
assessment, and mitigation plans. For example, the benthic algal communities in the Upper Athabasca River are probably much more sensitive to 
nutrient inputs than communities in the Lower Athabasca River (Bowman et al, 2005;2007; Chambers et al   2000; 2006; Culp et al, 2000a,b; Scrimgoer 
and Chambers, 2000) .For this reason, any assessment of impacts of community changes in the Athabasca River should consider the local dynamics 
and sensitivity to nutrient inputs, rather than simply involve comparisons to standard water quality guidelines for nutrient water concentrations. 
Generally, riverine diatoms may be less reliable as indicators of change because of their short life cycles and rapid population changes in response to 
complex interactions involving a host of chemical, physical, and biological factors, including of hydrodynamics, light, nutrients, and invertebrate grazing 
(Chessman et al 1999).  While algal community changes are often associated with changes in water quality, geochemistry, current velocity, physical 
disturbance with changes in flow, and local conditions or microhabitat differences associated with such things as canopy cover or shading also can be 
important (Kutka and Richards, 1996).

Long‐Term Sampling and Monitoring Plan and Impact 
Assessment Plan

Currently the main indicators are benthic invertebrate and periphyton.  Other indicators will be 
provided in the fish monitoring program design document (study design phase) that is currently 
being developed with information gathered in 2014.  

Notwithstanding general problems with using riverine algae as indicators of change, in addition to the standard diversity and richness indices often 
used, an index of diatom nutrient preference based on known nutrient preference ranges for riverine diatom species is also available (Potopova and 
Charles, 2007). This index is based on an indicator species analysis that identified species associated with the most nutrient‐rich and nutrient poor sites 
included in a number of regional U.S.G.S. National Water Quality Assessment datasets, thereby creating a list of diatom indicator species based on 
their preference for low or high nitrogen and phosphorus concentrations (Defrene and Legendre, 1997). This index may be used to indicate significant 
shifts in algal communities likely occurring in response to changes in upstream nutrient inputs, and in an assessment of recovery trajectories.

Impact Assessment Plan Plans for assessment of impacts on periphyton included.
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The terrestrial plan involves examinations of a number of key focal species as indicators of the health and the plan proposes to use population 
estimates to examine each of these species to determine if specific habitats that were impacted.  The include beaver, moose, ermine, ground dwelling 
and migrant shorebirds. The specific choices of the sentinel species are appropriate for assessment.

Comment noted.

The terrestrial plan will use a variety of datasets to examine short and long term impact on population estimates.  Some of these estimates (e.g. 
migrant shorebirds) should be easy to obtain and the methods described are likely sufficient given that these bird use the main tailing ponds as 
habitat. For moose, given the rather small spatial disturbance relative to moose home ranges and the presence of active hunting in the region, this is 
likely not to be a fruitful indicator of health or effect. For ground dwelling birds (sparrows), the proposal to monitor species abundance and diversity is 
a good indicator for the area but the proposed MAPS program including control sites to determine spatial variability should be implemented at the 
outset rather than waiting for the surveys to return a result that can only qualitatively be assessed

Impact Assessment Plan Approach for assessing impacts to ground dwelling birds clarified.

For beaver and ermine, given their location as semi‐aquatic animals and their diets that will include plants and animals (respectively) from the affected 
area, monitoring should be expanded from simple abundance and re‐establishment of populations to also include some indicators of animal health as 
well, with an understanding that a non‐destructive indicator (e.g. blood sample) rather than destructive sampling is desirable for a small population. 
Given that these species are hunted or trapped in the local area by First Nations, partnerships with these groups is encouraged. The local FN may be 
willing to also provide tissue samples from local area animals which could be available for comparative control purposes to ensure that health is re‐
established in addition to population.

Impact Assessment Plan
A risk based assessment approach will be utilized for evaluation of impacts and the development of 
mitigation plans as required.  CVRI has an ongoing relationship with the local First Nations 
community.
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With Hatfield and Pisces both involved in various aspects of the project to deliver the results, it would have been preferable to have them agree to 
common terminologies for the sites so that a direct comparison of the plans can be accomplished.  For example, the use of the separations into 
“Zones” by Hatfield and “Reaches” by Pisces provides some confusion.

"Reach" is a commonly used term applied to smaller watercourses (e.g. APC/PLC) and 
was well suited in its use. Zones are more applicable to larger waterbodies and its use 
was appropriate for the Athabasca River.

The impact assessment plan appears to have been primarily defined in relation to a delineation of the zone of impact and mitigation of further impact 
through the near term, while remediation strategies are being developed. The proposed plan for continued monitoring of impacts on water quality, 
aquatic animals, vegetation and terrestrial species includes many generalities that in many cases do not reveal what is planned, what will be measured, 
how data will be analyzed and assessed, or what indices of environmental condition will be used to assess whether or not impacts of the Obed release 
persist.

General updates/improvements to the documents have 
been made to highlight how collected information may be 
compiled, assessed, and reported. For fish and fish habitat 
sampling, further details will be provided in the fish 
monitoring program design document (study design 
phase) that is currently being developed with information 
gathered in 2014.  

The EPO states that the aquatic and terrestrial communities must be restored to an equivalent condition as existed prior to the release.  There are 
really only two ways to determine the equivalent condition: 1) historical, pre‐release data, and 2) estimation based on a single reference site (i.e. 
upstream) or multiple regional reference sites (Mackey et al. 2012).  While there are several useful components of the plan, a key element that is 
missing throughout much of the document is criteria by which the system will be considered to have returned to an equivalent condition.  Will the 
definition of an effect from the metal mining EEM program be used? ‘‘A statistical difference between data collected in an exposure area and in a 
reference area or sampling areas within an exposure area where there are gradually decreasing effluent concentrations at increasing distances from 
the effluent discharge’’ (Environment Canada 2012).  In this case, Apetowan Creek must be considered the “effluent”.  If statistical approaches are to 
be used, then more detail on sample sizes and proposed comparisons are needed because of the many complications related to experimental design 
and subsequent statistical analyses (e.g. Munkittrick et al. 2010).  Other approaches that do not rely on statistical hypothesis‐testing can be used (e.g. 
<25% deviation from the reference site in a particular endpoint), but importantly without clear a priori criteria it will be difficult to know when the job 
is done and monitoring can be reduced or cease altogether.

Impact Assessment Plan 
Plan definition now specifically highlights the application of the protocols outlined 2012 Metal 
Mining Environmental Effects Monitoring (EEM) Technical Guidance Document.

It is not clear what approach will be used to assess environmental changes in the Athabasca River caused by the release event. Clearly describing the 
indicators to be relied upon will also clarify for ESRD exactly what the proponent is planning on incorporating into their long‐term monitoring, impact 
assessment, and mitigation plans. For example, the benthic algal communities in the Upper Athabasca River are probably much more sensitive to 
nutrient inputs than communities in the Lower Athabasca River. (Bowman et al. 2005, 2007, Chambers et al. 2000, Chambers et al. 2006, Culp et al. 
2000a, Culp et al. 2000b, Scrimgeour and Chambers 2000)  For this reason, any assessment of impacts of community changes in the Athabasca River 
should consider the natural longitudinal changes associated with the River Continuum Concept (Robinson et al. 1995, Vannote et al. 1980), including 
local dynamics and sensitivity to such things as nutrient inputs, rather than simply involve comparisons to standard water quality guidelines for 
nutrient water concentrations.

Long‐Term Sampling and Monitoring Plan and Impact 
Assessment Plan

Currently the main indicators are benthic invertebrate and periphyton.  Other indicators will be 
provided in the fish monitoring program design document (study design phase) that is currently 
being developed with information gathered in 2014.  

Obviously, water quality levels exceeding regulatory thresholds should be considered as violations and significant impacts, but the program does not 
specify the methods for evaluating excedences of ecological thresholds. Further, the spill could also cause a chronic increase in water contaminant 
levels above the baseline (upstream) concentrations but below clear ecological thresholds. In such a scenario, the long‐term monitoring program as 
described will likely not identify this problem, and the will likely not capture persisting impacts because it will be focused on assessing violations with 
respect to the regulatory guidelines or ecological standards. It is important that the long‐term monitoring programs be capable of detecting important 
water quality changes even if they are below ecological/regulatory standards. The program should clearly identify the regulatory and ecological 
standards to be applied or considered, base the monitoring program on them, then design specify methods of assessment and evaluation of data with 
respect to both the standards and pre‐release baseline data, where available

Impact Assessment Plan A risk based assessment approach will be utilized for evaluation of impacts and the development of 
mitigation plans as required

Sediment load in the creek should be assessed before the first freshet and throughout the summer at multiple sites, to determine sediment 
mobilization and redisposition down the creek. The rate of transfer will allow an estimation of removal time for assessing the long‐term impact and 
inform how long the continuing monitoring should last.  This will allow assessment of the impacts on the stream and the effects of the freshet on 
sediment transfer down the river. It is important to perform an approximate mass balance calculations to determine the distribution for sediment (at 
least) for the specific reaches of the Athabasca River, to define the zone of impact better than simply by relying on TSS concentrations or the arbitrary 
location of the plume on November 5, 2013 for selection of far‐field monitoring sites.  Such a mass‐balance assessment will aid greatly in determining 
where and when sediments and other co‐contaminants were deposited along the reaches of the Apetowan Creek and into the Athabasca River, and 
therefore also assist in monitoring site selection.

Immediate and Short Term Sampling and Monitoring Plan Assessment of sediment before the freshet is discussed in the short term plan

Power Analysis should be employed to determine what the appropriate number of samples to be taken, given the risk of having insufficient statistical 
power to detect meaningful changes in such environmental variables.  This was also recommended in the response to the short‐term monitoring 
response plan

Long‐Term Sampling and Monitoring Plan
To overcome the higher variance, CVRI will sample more sites and collect more 
replicates.   In addition the EEM approach and critical effects sizes were taken into 
consideration when refining the plan.

Impact Assessment Plan Regulator Response
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Comment Where Addressed How Addressed
The first priority in determining the impacts of the Obed tailings release should be the identification and characterization of specific indicators of Obed 
coal and associated contaminants, which is not addressed in the proposed impact assessment. Impact Assessment Plan CVRI is currently undertaking characterization efforts on the source material.

There is no hypothesis about the expected contaminants that were present in the water containment and other ponds in Obed mine, nor systematic 
evaluation of possible contaminants that can be mobilized from the solids that were released by the spill. Without these specific criteria, it would be 
impossible to clearly establish links between water quality guideline violations or changes in ecosystem health or function, if they occur, and the spill.

Impact Assessment Plan
A risk based assessment approach will be utilized for evaluation of impacts and the 
development of mitigation plans as required

In identifying key water quality parameters and their association with the spill, a comprehensive water quality characterization of the effluents from 
the water containment and other ponds in the Obed mine should be a critical part of the Impact Assessment Plan. Impact Assessment Plan

A risk based assessment approach will be utilized for evaluation of impacts and the 
development of mitigation plans as required

The first step in the Impact Assessment evaluation should therefore be an assessment of the water and sediment chemistry and quality of the various 
sources within the Obed mine (e.g., main tailing pond). If these data are already available they shall be included in the plan and a summary of existing 
results should be provided. In addition to the full list outlined in the program, the mine sediments should be assessed for potential isotopic fingerprints 
that will allow their identification in downstream water sources. These should include the parameters included under the short‐term monitoring plan

Impact Assessment Plan
A risk based assessment approach will be utilized for evaluation of impacts and the 
development of mitigation plans as required

Several studies have shown that “tagging” the effluent waters provides a sensitive monitoring tool to delineate their flow and impacts in a watershed. 
For example, Vengosh et al. (2013) have shown that variations in strontium, carbon, and sulfur isotopes in effluents from mountaintop mining in West 
Virginia can be detected and quantified in the downstream watershed; the combined isotopes approach provides a precise and sensitive monitoring 
tool for evaluation of the relative contribution of the effluents to downstream waters and sediments, in spite of the large dilution (Vengosh et al., 
2013). A similar mass‐balance approach should be applied also for the Obed spill, based on geochemical and isotopic characterization of the Obed 
mine waters and sediments.

Impact Assessment Plan
A risk based assessment approach will be utilized for evaluation of impacts and the 
development of mitigation plans as required

Mobilization of contaminants from the spilled coal solids also may pose long‐term risks to the environment. In order to evaluate the potential risk 
associated with such processes, impact potential of representative coal samples from the Obed mine could be assessed through leaching experiments 
(water extraction, cation‐exchange extraction, and acid extraction). For example, Ruhl et al. (2009; 2010) have shown that the transport of coal ash 
materials from the 2008 coal ash spill in Kingston, Tennessee, resulted in leaching of contaminants (arsenic, selenium, boron, strontium) to areas of 
sediment deposition downstream from the spill site. In order to characterize the contaminant leaching potential, systematic leaching experiments of 
the spilled coal ash materials were conducted. A similar approach could be included in the Impact Assessment stage of the reponse to the Obed 
release, whereby contaminant leaching potential of sediments released from the Obed mine site are determined. The Obed coal leachates also should 
be characterized for both the geochemical and isotopic fingerprints that are outlined above. This is not a requirement by ESRD but a suggestion that 
may improve understanding of the impacts of the spill.

Immediate and Short Term Sampling and Monitoring Plan Additional analysis of solid source material is underway and will include isotopic characterization

As described in the review of the short‐term monitoring plan, the LTRN approach to benthic invertebrate sampling should be adopted, to avoid the 
higher variation that results from the RAMP‐based design that involves randomizing replicate sampling sites along full reaches of creeks and rivers.  If 
this approach is still pursued, then the increased variance of the various invertebrate indicators represented in the RAMP dataset should be used to 
estimate the number of samples necessary, through Power Analysis, to properly account for the higher variance.

Long‐Term Sampling and Monitoring Plan

To overcome the higher variance, CVRI will sample more sites and collect more 
replicates.   In addition the EEM approach and critical effects sizes were taken into 
consideration when refining the plan.

Regarding alignment with ESRD methods, please provide the referenced methods 
document so that we may accurately compare and employ the appropriate methods. 
CVRI does attempt to align by stating "LTRN approach"; however, the exact methods are 
desired for confirmation.

The proponents propose a reference condition, pass‐fail approach to evaluating benthic invertebrate data.  The reference condition approach requires 
large numbers of sites to be sampled to understand regional variation in assemblages, from which confidence limits are developed in “eigen‐space” 
against which a potentially impacted site is compared.  More detail needs to be provided with literature references about some of the challenges 
associated with this approach, including whether the selection and use of a limited number of reference sites satisfies the requirements of the RCA 
approach.  Furthermore, a multivariate approach to the benthic invertebrate data is proposed in the plan.  This runs counter to the metal mining EEM 
that uses a multi‐metric approach with diversity, evenness and similarity as endpoints, rather than multivariate representations of community 
structure.  While there are strengths and weaknesses of both approaches that are hotly contested in the primary literature, the multi‐metric approach 
would most likely generate data that could be compared to existing data from the site and the region that was generated under existing EEM programs

Impact Assessment Plan Plans now reference EEM 2012 Technical Guideance Document
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Comment Where Addressed How Addressed

The proposed Impact Assessment plan does not specify the criteria for detection of impacts or “contamination”. Obviously, water quality levels 
exceeding ecological and water quality thresholds should be considered as violations and impacts, but the program does not specify the methods for 
evaluating excedences of ecological thresholds and guideline values. Further, the spill could also cause a chronic increase in water contaminant levels 
above the baseline (upstream) concentrations but below clear ecological thresholds. In such a scenario, the Impact Assessment program as described 
will likely not identify this problem, and will likely not capture persisting impacts because it will be focused on assessing violations with respect to the 
regulatory guidelines or ecological standards. It is important that the Impact Assessment and Long‐term Monitoring programs be capable to detect 
important water quality changes even if they are below ecological/drinking water standards. The program must specify methods of assessment and 
evaluation of the water quality data with respect to both acceptable standards as well as baseline data.

Impact Assessment Plan A risk based assessment approach will be utilized for evaluation of impacts and the development of 
mitigation plans as required

In addition to insufficient a priori assessment in selection of indicators or variables to be assessed and monitored, the sampling network proposed in 
the Impact Assessment plan is not sufficient. Once the critical water quality parameters required for determining the impact of the Obed spill are 
identified and assessed, monitoring site numbers and locations should then be determined based on detailed assessment of data generated by the 
shot‐term monitoring program, to enable identification and quantification of downstream impacts of the release, in Apetowan Creek, Plante Creek, 
and Athabasca River.

Noted Short term monitoring data will be assessed and long term monitoring plan adjusted as required.

In summary, a significantly larger sampling network, the design of which is informed by a detailed assessment of preliminary data already collected, is 
required to provide an adequate evaluation of water quality in the watershed.

Noted Short term monitoring data will be assessed and long term monitoring plan adjusted as required.

As mentioned above and in our Short‐Term Monitoring plan review, pore‐water hardness should be determined to enable characterization of the likely 
chronic toxicity of the sediment metals mixture, according to the USEPA’s standard equilibrium partitioning techniques.  The other similar USEPA 
technique for characterizing the chronic toxicity of sediment PAH mixtures should also be applied, which will necessitate determination of sediment 
carbon content, in addition to PAH concentrations.

Long‐Term Sampling and Monitoring Plan:  Pore Water 
Sampling

Pore water will be sampled at each of the near‐field sampling locations.

Ultimately, the number of samples required will depend on the variable of interest and whether there is either a guideline target or trigger value, or a 
known ecological threshold associated with it.  For example, if the mean concentration of some contaminant is 20% below guideline values, then 
sufficient sample replicates must be taken to ensure the ability to detect changes in mean concentrations of approximately 20%.  One might argue that 
taking a large enough number of replicate samples at each sampling/monitoring site to ensure statistical power is not realistic. However, doing so 
protects the interests of both Coal Valley and the public interest, by avoiding both false positive and false negative results.  Insufficient sampling can 
lead to identification of a significant change where one has not actually happened (false positive), which could result in significant regulatory action or 
penalties where it is unnecessary.  On the other hand, where insufficient sampling results in a lack of evidence of change (false negative), it is likely 
that the regulatory response will cease, despite that a significant change has occurred and has simply not been detected because of insufficient 
sampling.
The number of replicate samples to be taken to adequately characterize the state and changes in every parameter in the impact assessment, 
monitoring, and mitigation plans should be determined using this technique

During 2014, a Power Analysis will be employed in further refining the appropriate 
number of replicate samples to be taken.

The proponents suggest that all reference sites will be sampled in erosional habitats (Section B3, page 152 of 196).  Yet the greatest effects 
downstream of the release are likely to be in depositional zones.  In order to directly compare community structure in reference and exposed areas, 
samples must be collected in both depositional and erosional habitats in both areas

Long‐Term Sampling and Monitoring Plan:  Benthic 
Sampling

Initially after the assessment it was predicted that a majority of the sediment fell from suspension in 
the area upstream of Whitecourt. This area is predominantly erosional hence the focus on erosional 
sampling. Current plans include benthic sampling from both depositional and erosional areas.

Following from the above, many of the contaminants of interest are unlikely to be detected in water even though they may pose considerable risk 
because of hotspots of sediment contamination.  This includes methyl mercury.  Some measure of concentrations of metals and PAHs in the lower 
food web before and after the freshet must be completed.  Non‐mobile, large‐bodied benthic invertebrates or periphyton would be an option for this 
purpose, since some of the smaller sites likely cannot have fish repeatedly sampled without affecting populations

Long‐Term Sampling and Monitoring Plan:  Benthic 
Invertebrate Sampling and Periphyton Sampling

CVRI agrees with the commenter and this work is currently being researched/planned as part of the 
benthics/periphyton sampling program

The freshet will be the key moment when the true nature of impact is revealed as fine sediments deposited during low flow conditions are mobilized in 
high flows.  Sampling must occur at high frequency during this period – at a level approaching that conducted for water immediately after the release 
event.  A single sample for invertebrates and fish in the spring and fall may be insufficient to document the potentially dramatic changes that occur 
during the freshet.

Long‐Term Sampling and Monitoring Plan:   Sampling 
Frequency and Continuous Monitoring Network.

Sampling frequency is the same as approved through the Immediate and Short‐Term  Sampling and 
Monitoring Plan. 

The sampling procedure states that water samples will not be filtered and preserved in the field; rather filtration and preservation are planned to take 
place only after 24 hours at the lab. This approach is not acceptable and could cause changes in the water chemistry. For example, turbidity‐rich river 
sediments can be modified due to reactions within the bottles, particularly for trace elements that could be sensitive to the high contents of solids and 
changes in redox condition within the bottle. Thus, filtration and preservation of the water samples should be conducted at the field on sites.

Long‐Term Sampling and Monitoring Plan:  Field Methods. 

Revisions focused on clarity in approach. Specifically, field filtering is not conducted in the winter 
because ice crystals quickly form in the sampling equipment, making filtration impossible. In other 
seasons, where very high suspended solids are present in a waterbody, submitting samples to the 
lab unfiltered is preferable to field‐filtration due to an increased risk of sample contamination; field 
filters (45 µm) can quickly clog with debris, and the frequent necessity to replace filters increases 
the risk that water contamination will occur.
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Comment Where Addressed How Addressed
The Impact Assessment Program includes bulk (total) chemical analyses of river sediments. In addition to the bulk analyses ESRD recommends that 
CVRI conduct sequential leaching experiments in order to evaluate whether specific contaminants are highly mobile and pose higher risks to the 
ambient environment and water resources. The sequential leaching experiments of the sediments should be first conducted with coal solids collected 
at the Obed mine for establishing the key contaminants that are highly mobilized. A comparison of the leachate compositions of the downstream 
river/stream sediments to the leachate configuration of the coal materials would provide the ability to assess the net effect of the spilled coal solids in 
the downstream watersheds.

Immediate and Short Term Sampling and Monitoring Plan Additional analysis of solid source material is underway and will include isotopic characterization

The Impact Assessment Plan contains a long list of chemical parameters but does not include Naturally Occurring Radioactive Materials (NORM). 
Several studies have detected elevated NORM in coal and coal ash in the form of radium isotopes (radium‐226 and radium‐228). The distribution of 
the coal solids along the spill could lead to the increase in NORM in the stream sediments in the downstream watershed, particularly in areas of 
sediments deposition. Radium‐226 and radium 228 measurements should be included in the Impact Assessment program.

Impact Assessment Plan Plans for source characterization included.

With respect to field Methods that are based on RAMP SOPs for Water Quality (WQ), the same comments as provided in response to the short‐term 
plan re: transect across river, clean sampling for Hg, etc, apply.

Long‐Term Sampling and Monitoring Plan Section 2.4 
Methodology

Methodologies and sampling locations are outlined in the Long‐Term Sampling and 
Monitoring Plan which builds upon the approved Short‐Term Sampling and Monitoring 
Plan.  

How many replicates of water quality samples will be taken at each site?  They appear to be grab samples; how will variations in water quality both 
laterally across river and through the water column be accounted for or considered?  Will efforts be taken to calibrate results of grab samples to an 
integrated quantification of full‐stream water quality?

Long‐Term Sampling and Monitoring Plan
Additional sites for each water body is currently under consideration as is the addition of 
cross‐sectional variation sampling during the 2014 study design/investigation period 
prior to the implementation of the Long‐Term Sampling and Monitoring Plan.

Selection of reference sites for RCA should be limited to creeks in basins that are as similar as possible to Apetowan and Plante Creeks, in terms of the 
intensities and types of industrial disturbance.  Also, it is not clear that the RCA technique has sufficient sensitivity to assess or quantify a longitudinal 
gradient of impacts on a single stream, as opposed to inter‐stream comparisons. This should be clarified, because a possible alternative design could 
instead include a couple of reference streams on which a longitudinal series of sites are assessed and monitored, from upper to lower in the 
catchment, with comparisons of the various impacted sites in Apetowan and Plante Creeks to the comparable reference sites in the reference systems, 
based on sub‐basin locations.  Otherwise, the interaction between natural longitudinal gradients in substrate type and benthic communities and 
disturbance gradients along Apetowun and Plante Creeks may confound or complicate interpretation of RCA results.

Impact Assessment Plan Plans now reference EEM 2012 Technical Guideance Document

In terms of benthic invertebrates, it is not clear whether a reference condition approach (RCA) will be used for the Athabasca, or instead the standard 
suite of indicators will be assessed (e.g., diversity, taxonomic richness, absolute and proportional abundance, EPT, ETO, EPT:chironomids, etc).  
Because it’s a post‐impact assessment, problems may arise in finding appropriate reference sites against which to compare impacted mainstem 
Athabasca River sites.

Impact Assessment Plan Plans now reference EEM 2012 Technical Guideance Document

The Hilsenhoff’s Modified Biotic Index (MBI) should also be used to track impacts, change, and recovery of benthic invertebrate communities in riffle 
zones.(Hilsenhoff 1988, 1998, Mandaville 2002) MBI scores correlate well with biochemical oxygen demand (5‐day; BOD), the lowest recorded 
concentration of dissolved oxygen (DO), total concentration of chlorides, lowest maximum temperature, total suspended solids, total nitrogen 
concentration (TN), as well as total phosphorus concentration (TP) and total alkalinity.{Hilsenhoff, 1977 #94} Because MBI scores correlate to 
qualitative degrees of organic enrichment, they are generally indicative of effects of organic waste, enrichment, or eutrophication, and the changes in 
benthic invertebrate communities that result from them

Impact Assessment Plan Hilsenhoff MBI has been added.

Given the high variance with benthic invertebrate sampling (as described above in the discussion of power analysis), it is confusing why and how many 
replicate samples will be taken to determine effect.  The SOP in appendix 2 states “several” samples are necessary to perform invertebrate analysis 
and these together count as a single response.  However, in the body of the monitoring plans, the proponent describes a single sample or a 
representative sample that encompasses “several” samples from each reach/zone.  This low replication of samples will result in a very low statistical 
power to delineate if any effects persist.  Given that benthic invertebrates have been identified as be the primary indicator of the environmental 
health by the proponent, upon which recovery and remediation success will be based, it is important that the proper ecological endpoints be identified 
for the variety of indicators based on benthic invertebrate community structure and changes, and the appropriate number of replicate samples be 
taken to provide sufficient statistical power (i.e., prevent Types I and II error).

Long‐Term Sampling and Monitoring Plan
To overcome the higher variance, CVRI will sample more sites and collect more 
replicates.   In addition the EEM approach and critical effects sizes were taken into 
consideration when refining the plan.

Following from the above discussions of contaminant mobilization, many of the contaminants of interest are unlikely to be detected in water even 
though they may pose considerable risk because of hotspots of sediment contamination.  This includes methyl mercury.  Some measure of 
concentrations of metals and PAHs in the lower food web should be monitored as part of the long‐term monitoring plan.  Non‐mobile, large‐bodied 
benthic invertebrates or periphyton would be an option for this purpose, since some of the smaller sites likely cannot have fish repeatedly sampled 
without affecting populations.

Long‐Term Sampling and Monitoring Plan:  Benthic 
Invertebrate Sampling and Periphyton Sampling

CVRI agrees with the commenter and this work is currently being researched/planned as part of the 
benthics/periphyton sampling program
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Notwithstanding general problems with using riverine algae as indicators of change, in addition to the standard diversity and richness indices often 
used, an index of diatom nutrient preference based on known nutrient preference ranges for riverine diatom species is also available (Potopova et al., 
2007). This index is based on an indicator species analysis that identified species associated with the most nutrient‐rich and nutrient poor sites 
included in a number of regional U.S.G.S. National Water Quality Assessment datasets, thereby creating a list of diatom indicator species based on 
their preference for low or high nitrogen and phosphorus concentrations (Defrene et al., 1997). This index may be used to indicate significant shifts in 
algal communities that are most likely have been in response to changes in upstream nutrient inputs, and in an assessment of recovery trajectories, 
especially given that the communities in the upper Athabasca River have been demonstrated to be very sensitive to changes in nutrient inputs.

Long‐Term Sampling and Monitoring Plan and Impact 
Assessment Plan

Currently the main indicators are benthic invertebrate and periphyton.  Other indicators will be 
provided in the fish monitoring program design document (study design phase) that is currently 
being developed with information gathered in 2014.  

In similar fashion, application of an index of siltation also may be of value for assessing impacts of the tailings spill on benthic algal communities, given 
the large release of sediments that resulted and the detailed sediment monitoring program being pursued under this program that will presumably 
provide useful and complementary information on sediment fluxes and deposition.  Motile algal species that are well adapted to streambed instability 
can be considered to be silt tolerant, and the relative total combined abundance of Nitzschia and Navicula spp. has been used as an index of siltation, 
where higher combined relative abundance is interpreted as indicative of higher siltation at a particular site (Kutka et al., 1996). Such an index may 
provide more insight into the algal community changes related to physical changes in sediment quantities and quality that will have occurred because 
of this accident, and provide another measure by which to track recovery.

Noted

Table 2.2. Why does the ratio of estimated fish population to density for rainbow trout in Apetowan Creek change from 3.33 in 2000, to 5.13 in 2003, 
to 5.77 in 2006, to 6.59 in 2009?  Should the ratio not remain approximately the same, or did the area of habitat vary interannually in a way that 
resulted in the differences in the ratios during that period? 

Not Applicable Table 2.2 provided historical monitoring data.  Reasons for change in ratio is not known at this time.  

For monitoring fisheries and fish habitat, there’s a discrepancy between text describing summer population monitoring in s. 4.1.2 and s. 5.0 
Implementation Schedule, in which fish population monitoring will occur annually during the fall.  Should also consider collecting fish larvae to assess 
whether mutations or other negative impacts are occurring as the result of increased sediment loads from settling ponds, and potential increases in 
porewater toxicity.

Long‐Term Sampling and Monitoring Plan:  Fish Habitat 
Sampling and Fish Sampling

Single‐pass electrofishing surveys will be completed in the spring and fall and population estimates 
will be conducted in the summer.

There are no proposed measures of individual fish health – including growth, reproduction and survival – in sections 4.4 of attachment 1 and 4.1.2 of 
attachment 2.  These endpoints can be much more sensitive indicators of long‐term population performance than abundances.  Spoonhead sculpin 
would be the ideal choice of monitoring species because they meet many of the criteria for appropriate sentinels for an incident of this nature where 
sediment contamination is likely.  They are benthic, non‐mobile and abundant and are present in both Apetowan and Plante Creeks, as well as the 
Athabasca River.  Prior studies conducted upstream in the Athabasca (Gibbons et al. 1998) would provide additional regional sites for comparison of 
endpoints such as condition, fecundity, size at age and energy storage.  Lethal sampling would also provide tissues for contaminant analyses and 
possible biomarkers such as liver enzymes, oxidative stress, and histopathology.  Recognizing that depletion of local fish populations in small systems is 
a concern, a single lethal sample conducted in the fall at synoptic and reference sites would be the minimum effort needed to provide information 
about the nature of the impact.  This fall sample is also the recommended time for sampling sculpin species (Environment Canada 2012).  This detailed 
lethal sample would also complement the non‐lethal sampling proposed using rainbow trout and burbot

Long‐Term Sampling and Monitoring Plan:  Fish Sampling. 
A sculpin sentinel fish study is presently proposed. Further details will be provided in the fish 
monitoring program design document (study design phase) that is currently being developed with 
information gathered in 2014.  
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The EPO states that the aquatic and terrestrial communities must be restored to an equivalent condition as existed prior to the release.  There are 
really only two ways to determine the equivalent condition: 

1. historical, pre‐release data; and 
2. estimation based on a single reference site (i.e. upstream) or multiple regional reference sites (Mackey et al. 2012).  

While there are several useful components of the plan, a key element that is missing throughout much of the document is criteria by which the system 
will be considered to have returned to an equivalent condition. ESRD suggests using the definition of an effect from the metal mining EEM program. ‘‘A 
statistical difference between data collected in an exposure area and in a reference area or sampling areas within an exposure area where there are 
gradually decreasing effluent concentrations at increasing distances from the effluent discharge’’ (Environment Canada 2012).  In this case, Apetowan 
Creek must be considered the “effluent”.  If statistical approaches are to be used, then more detail on sample sizes and proposed comparisons are 
needed because of the many complications related to experimental design and subsequent statistical analyses (e.g. Munkittrick et al. 2010).  Other 
approaches that do not rely on statistical hypothesis‐testing can be used (e.g. <25% deviation from the reference site in a particular endpoint), but 
importantly without clear a priori criteria it will be difficult to know when the job is done and monitoring can be reduced or cease altogether.  

Impact Assessment Plan  Plan definition now specifically highlights the application of the protocols outlined 2012 Metal 
Mining Environmental Effects Monitoring (EEM) Technical Guidance Document.

For example, it is not clear what approach will be used to assess environmental changes in the Athabasca River caused by the release event. 
• CVRI shall clearly describing the indicators to be relied upon will also clarify for AESRD exactly what the proponent is planning on incorporating into 
their long‐term monitoring, impact assessment, and mitigation plans. 
For example, the benthic algal communities in the Upper Athabasca River are probably much more sensitive to nutrient inputs than communities in 
the Lower Athabasca River. (Bowman et al. 2005, 2007, Chambers et al. 2000, Chambers et al. 2006, Culp et al. 2000a, Culp et al. 2000b, Scrimgeour 
and Chambers 2000)  For this reason, any assessment of impacts of community changes in the Athabasca River should consider the natural 
longitudinal changes associated with the River Continuum Concept (Robinson et al. 1995, Vannote et al. 1980), including local dynamics and sensitivity 
to such things as nutrient inputs, rather than simply involve comparisons to standard water quality guidelines for nutrient water concentrations. 

Long‐Term Sampling and Monitoring Plan and Impact 
Assessment Plan

Currently the main indicators are benthic invertebrate and periphyton.  Other indicators will be 
provided in the fish monitoring program design document (study design phase) that is currently 
being developed with information gathered in 2014.  

Obviously, water quality levels exceeding regulatory thresholds should be considered as violations and significant impacts; however, the spill could also 
cause a chronic increase in water contaminant levels above the baseline (upstream) concentrations but below clear ecological thresholds. In such a 
scenario, the long‐term monitoring program as described will likely not identify this problem, and will likely not capture persisting impacts because it 
will be focused on assessing acute or short‐term violations with respect to the regulatory guidelines or ecological standards. 
• It is important that the Long‐term Monitoring program be designed to detect the impact of this event on the impacted terrestrial and aquatic 
ecosystems even if they are below ecological/regulatory standards. 

To accomplish this important task, the program should clearly identify a priori the regulatory and ecological standards to be applied or considered, 
base the monitoring program on them, then design specific methods of assessment and evaluation of data with respect to both the standards and pre‐
release baseline data, where available.

Impact Assessment Plan A risk based assessment approach will be utilized for evaluation of impacts and the development of 
mitigation plans as required

Importantly, there is no discussion as to what will be done if impacts or exceedances are found and how to distinguish whether these are associated 
with the Obed release or instead with the natural variability of the sites. This speaks to the need for proper study design and selection of control sites 
that will result in proper interpretation and subsequent monitoring and assessment planning. During the program design stage, there needs to be a 
clear description of what endpoints or variations in environmental condition will trigger a change in the monitoring focus

Impact Assessment Plan and Immediate and Short‐Term 
Monitoring Plan

Impact Assessment Plan has been amended to include expanded source characterization and short‐
term plan was previously expanded to include isotopic fingerprinting

Monitoring Plan Design

Indicators to Be Assessed

As submitted, the plan does not describe all of the indicators or indices that will be relied upon for assessment and tracking of environmental change, 
especially in relation to water and sediment quality, and benthic invertebrate and algal communities.  
• This shall be done in detail, because it will – at least in some cases – determine whether or not there are specific additions or changes in sampling 
techniques that will needed, as described in more detail below.  
A critical part of this must include a detailed and in‐depth assessment of existing data from other monitoring programs, and derived from the short‐
term monitoring program associated with this accident.

Long‐Term Sampling and Monitoring Plan and Impact 
Assessment Plan

Indicators to be assessed have been clarified

The entire program needs to integrate with existing regional monitoring programs (JOSM, RAMP, COSIA, PADEMP, SWEEP) to obtain as much data as 
possible before, during and after the event.  While it is mentioned in the preamble (page 5) and in section 1.0 of attachment 1, there needs to be more 
detail about the types of data to be collected, who will be the custodian of this data, and whether it will be done systematically or on an ad hoc basis. 
• A schedule of when and in what format this data will be turned over to ESRD also needs to be included.

Not Applicable
A direct comparison cannot be completed as the JOSM region is much further 
downstream. Feasibility of regional program integration is under review.

Long Term Plan Regulatory Response

18 of 23



Comment Where Addressed How Addressed
Sample Numbers

For statistical validity, ESRD recommends that a Power Analysis be employed to determine what the appropriate number of samples taken for each 
indicator or parameter of interest, given the risk of having insufficient statistical power to detect meaningful changes in such environmental variables.  
This is explained in detail, below, to ensure that both the intent and importance of this recommendation is clearly understood

Long‐Term Sampling and Monitoring Plan
To overcome the higher variance, CVRI will sample more sites and collect more 
replicates.   In addition the EEM approach and critical effects sizes were taken into 
consideration when refining the plan.

The importance of Power Analysis can be illustrated, by considering the mean abundance of Ephemeroptera, Plecotera, and Tricoptera taxa (EPT – 
mayflies, stoneflies, and caddisflies ‐ a common indicator of benthic invertebrate community structure and ecosystem health) in the Athabasca River 
upstream of the Plante Creek: 6799 ± 3880 individuals per m2, based on 5 samples (ESRD Long‐Term River Network monitoring dataset, Old Entrance 
site).  The coefficient of variation for this metric at this site (i.e., St Dev / Mean) is 57%.  Taking five replicate samples provides an 88% probability of 
detecting a real difference of 114% in mean EPT densities, either between sites or over time (i.e., 2 units of standard deviation; P≤0.05).  However, 
there is only a 55% chance of detecting a 57% difference in EPT density with five (5) samples (P≤0.10).  In other words, if the mean density of EPT 
declined by 57% immediately downstream of Plante Creek because of the influx of sediments, based on the LTRN sampling design there will be little 
more than a 50‐50 chance of detecting that change at a (P≤0.10) level, respectively.

Long‐Term Sampling and Monitoring Plan
To overcome the higher variance, CVRI will sample more sites and collect more 
replicates.   In addition the EEM approach and critical effects sizes were taken into 
consideration when refining the plan.

The statistical sensitivity or power desired for each variable or environmental indicator will likely depend on whether or not there is an understanding 
of implications or importance of a certain amount of change in the indicator. For example, this could include guideline concentration values for water 
quality that must be met, threshold values for chronic toxicity of sediment metals or PAH, or some environmental threshold associated with a variable 
that is well understood, like percent loss in a particular form of fish habitat.

Long‐Term Sampling and Monitoring Plan
To overcome the higher variance, CVRI will sample more sites and collect more 
replicates.   In addition the EEM approach and critical effects sizes were taken into 
consideration when refining the plan.

Adjusting n calculated according to Eq. 2 by RF (1.08, based on n = 13) results in a final estimate of the number of 14 samples needed to satisfy the 
criteria of sensitivity described above.  

• This approach applies to all aspects of the various monitoring, impact assessment, and mitigation plans.  
• Further, the required number of samples for any parameter will vary according to the sensitivity desired in designing a monitoring program.  If the 
desire is to be able to detect significant differences as a percent change from some reference condition, the number of samples will increase with the 
variance of the data representing the reference condition.

Long‐Term Sampling and Monitoring Plan
To overcome the higher variance, CVRI will sample more sites and collect more 
replicates.   In addition the EEM approach and critical effects sizes were taken into 
consideration when refining the plan.

What this means is that the statistical power of the proposed sampling designs (e.g., 3 replicate samples) is quite low.  Specifically, taking 3 replicate 
samples will provide a 55% chance of detecting a significant change in the mean value of some parameter by one unit of standard deviation 
(temporally or spatially), at a (P≤0.15) level.  Taking 5 replicate samples provides the same chance of detecting that same change, but at a (P≤0.10) 
level.  However, increasing the detection goal with respect to the difference in mean values will also reduce the required number of samples.  
• ESRD leaves the final decision about how many replicate samples need to be collected up to CVRI; however, ESRD recommended that a general goal 
of an 80% probability of detecting a real difference between means of 2 units of standard deviation be adopted. This means that at a (P<0.05) level, 
and according to Eq. 1, above the required number of replicate samples is 4.

Long‐Term Sampling and Monitoring Plan
To overcome the higher variance, CVRI will sample more sites and collect more 
replicates.   In addition the EEM approach and critical effects sizes were taken into 
consideration when refining the plan.

Ultimately, the number of samples required will depend on the variable of interest and whether there is either a guideline target or trigger value, or a 
known ecological threshold associated with it.  For example, if the mean concentration of some contaminant is 20% below guideline values, then 
sufficient sample replicates must be taken to ensure the ability to detect changes in mean concentrations of approximately 20%. 

Long‐Term Sampling and Monitoring Plan
To overcome the higher variance, CVRI will sample more sites and collect more 
replicates.   In addition the EEM approach and critical effects sizes were taken into 
consideration when refining the plan.

One might argue that taking a large enough number of replicate samples at each sampling/monitoring site to ensure statistical power is not realistic. 
However, doing so protects the interests of both Coal Valley and the public interest, by avoiding both false positive and false negative results.  
Insufficient sampling can lead to identification of a significant change where one has not actually happened (false positive), which could result in 
significant regulatory action or penalties where it is unnecessary.  On the other hand, where insufficient sampling results in a lack of evidence of 
change (false negative), it is likely that the regulatory response will cease, despite that a significant change has occurred and has simply not been 
detected because of insufficient sampling.
• The number of replicate samples to be taken to adequately characterize the state and changes in every parameter in the impact assessment, 
monitoring, and mitigation plans should be determined using this technique.

Long‐Term Sampling and Monitoring Plan
To overcome the higher variance, CVRI will sample more sites and collect more 
replicates.   In addition the EEM approach and critical effects sizes were taken into 
consideration when refining the plan.

CVRI proposes that all reference sites will be sampled in erosional habitats (e.g., Section B3, page 152 of 196).  However, the greatest effects 
downstream of the release are likely to be in depositional zones, because of sediment accumulation and potential contaminant mobilization in and 
from those sediments.  In order to directly compare community structure in reference and exposed areas, samples must be collected in both 
depositional and erosional habitats in both areas.

Long‐Term Sampling and Monitoring Plan:  Benthic 
Sampling

Initially after the assessment it was predicted that a majority of the sediment fell from suspension in 
the area upstream of Whitecourt. This area is predominantly erosional hence the focus on erosional 
sampling. Current plans include benthic sampling from both depositional and erosional areas.
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At least one reference site lies downstream of a major road crossing, which likely makes this a poor control site selection.  
• Every effort shall be made by CVRI to locate suitable reference sites located upstream of roads and bridge crossings, and multiple control sites should 
be used to determine natural levels of variation.

Every effort was and in the future will be made by CVRI to locate suitable reference sites 
upstream of roads and bridge crossings; however, please note that there are quite a large 
number of bridges on the Athabasca River and the Apetowun/Plante Creeks.

As well, further refinements to the Long‐Term Sampling and Monitoring Plan as presently 
defined will be conducted concurrently with the execution and data collection/review of 
the Short‐Term Sampling and Monitoring Plan to determine control sites.

Near‐field
The proposed monitoring program is based on high frequency sampling of 13 sampling sites (9 near‐field and 4 far‐field) for a large spectrum of water 
quality parameters. While this approach can provide some information of violations of water quality guidelines with respect to drinking water or 
ecological thresholds, it will not be sufficient to properly tract continuing impacts of, or recovery, from the spill. The specific issues are outlined below.

The long‐term monitoring plan includes only 2 downstream sites at the Apetowan Creek, one downstream at Plante Creek, and 3 in the Athabasca 
River. This infrequent distribution of monitoring along ~31 km of flow cannot reveal the full near‐field effect of the spill. 
• A much higher number of sampling sites is required and shall include sites located along the full length of the Athabasca River. 

Immediate and Short‐Term Sampling and Monitoring Plan Sampling proposed is consistent with that identified in the approved short term plan.

Rather than sampling only 6 downstream sites at a high frequency (the other sites represent upstream samples), it may be more effective to establish 
a much larger sampling network. Given that the coal solids will re‐distributed and re‐deposited with spring flows further downstream, the ability to 
identify the spatial distribution of sediments and changes in water quality in the affected watershed is critical.

Long‐Term Sampling and Monitoring Plan:  Sampling 
Locations.

Sampling proposed is consistent with that identified in the approved short term plan.   Additional 
sites for each water body is currently under consideration as is the addition of cross‐sectional 
variation sampling during the 2014 study design/investigation period prior to the implementation of 
the Long‐Term Sampling and Monitoring Plan.

Far‐field
It is not clear why the assessment and monitoring focus in the Athabasca River (far‐field) is limited to sites chosen in relation to the sediment plume’s 
location on November 5, 2013 (i.e., downstream of the plume, and in the upper, middle and lower sections of the plume, all chosen from within an 
approximately 100 km stretch of the river). The monitoring plan should involve a longitudinal design, based on the patterns and rates of sediment 
deposition and accumulation that resulted from the plume as it proceeded downstream in the river, and covering a more substantial length of the 
river.  Mainstem river sedimentation between Plante Creek and the Lower Athabasca will vary in rate and sediment particle size, with larger particles 
settling out immediately downstream of Planted Creek, and progressively smaller particle size along the length of the river. Sites upstream and 
downstream of the described section should be included in assessment and monitoring programs, to adequately assess impacts along the full length of 
the river.

For this reason, it is strongly suggested that CVRI perform approximate mass balance calculations to determine the distribution for sediment (at least) 
for the specific reaches of the Athabasca River, to define the zone of impact better than simply by relying on TSS concentrations or the arbitrary 
location of the plume on November 5th for selection of far‐field monitoring sites.  Such a mass‐balance assessment will aid greatly in determining 
where and when sediments and other co‐contaminants were deposited along the reaches of the Apetowan Creek and into the Athabasca River, and 
therefore also assist in monitoring site selection.

Long‐Term Sampling and Monitoring Plan Additional far‐field monitoring sites have been added.

Pore waters
While it is important to monitor the quality of surface water, more detailed, specific assessments of the potential for mobilization of contaminants in 
creek and river sediments as the result of redox reactions and biogeochemical processes is critical for understanding long‐term effects.  For example, 
in the Introduction to the plans provided, it was stated that, “When flocculants come into contact with sediment particles, they bond and become 
inactive.”  That may be the case, but without identifying the chemical nature of the flocculent or clearly identifying the authority for that statement, it 
remains undetermined whether or not that is actually the case.  No doubt flocculants are designed to scrub particulates from the water column, but it 
is not clear whether or not it is merely a presumption that they remain bound in sediments are not subject to reactions or processes that can 
remobilize them, potentially in a different form with different toxicity.

Whether it involves chemicals such as flocculants that are bound to particulates, or simply sediments with high concentrations of metals and PAHs 
normally associated with coal tailings, mobilization may occur either chemically, resulting in increases in pore‐water concentrations and toxicity, or 
conceivably via incorporating into the foodweb via benthic microbes and invertebrates. As in the review of the short‐term monitoring plan, assessing 
the equilibrium partitioning of metals mixtures in sediments and their chronic toxicity to benthic invertebrates demands determining sediment pore‐
water hardness, coincidentally with sediment metals concentrations, water and carbon content, etc.

Long‐Term Sampling and Monitoring Plan:  Pore Water 
Sampling

Pore water will be sampled at each of the near‐field sampling locations.
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Several studies have shown that accumulation of coal and coal ash materials in river bottom sediments can lead to mobilization of contaminants from 
the solids to the ambient pore water (e.g., Ruhl et al., 2010). In addition, elevated arsenic concentrations have been found in numerous lakes and 
rivers located downstream from coal ash ponds (Ruhl et al., 2012). The changes of redox potential in the river sediments can trigger the mobilization of 
some redox sensitive elements such as iron, manganese, barium, and arsenic to the pore water. 

In addition, microbial sulfate reduction in anoxic sediments can result in the transformation of inorganic mercury to toxic organic methylmercury, that 
is then available for incorporation into food‐chains.  For example, up to 2% of the total mercury in sediments containing coal ash was present as 
methylmercury after the Kingstone coal mine spill in TN. Mercury isotope composition and sediment geochemical data suggested that elevated 
methylmercury concentrations occurred in regions where native sediments were mixed with coal ash. The spilled coal ash may have provided 
substrates (such as sulfate) that stimulated biomethylation of mercury. The production of methylmercury in these areas is a concern because this 
neurotoxic organomercury compound can be highly bioaccumulative (Deonarine et al., 2013).

Long‐Term Sampling and Monitoring Plan:  Pore Water 
Sampling

Pore water will be sampled at each of the near‐field sampling locations.

Thus monitoring possible accumulation of contaminants in pore water is critical to assess the impact of the Obed spill on the water quality in the 
affected watershed. The addition of core and pore‐water sampling of the river sediments to the Long‐Term Monitoring and/or the Impact Assessment 
Plan will provide an opportunity to evaluate the impacts of the Obed release on pore water quality at different depths and perhaps identify pore water 
quality in sediments deposited prior to the spill.  
• Pore water sampling shall be included in the long‐term monitoring program. 
• In addition, pore water hardness shall be included in the suite of analyses of sediment pore water.

Long‐Term Sampling and Monitoring Plan:  Pore Water 
Sampling

Pore water will be sampled at each of the near‐field sampling locations.

Naturally Occurring Radioactive Materials (NORM)
The Impact Assessment Plan contains a long list of chemical parameters but does not include Naturally Occurring Radioactive Materials (NORM). 
Several studies have detected elevated NORM in coal and coal ash in the form of radium isotopes (radium‐226 and radium‐228). The distribution of 
the coal solids along the spill could lead to the increase in NORM in the stream sediments in the downstream watershed, particularly in areas of 
sediments deposition.  
• Radium‐226 and radium 228 measurements shall be included in the long‐term monitoring program.

Impact Assessment Plan Plans for source characterization included.

Specific Technical Comments / Questions
With Hatfield and Pisces both involved in various aspects of the project to deliver the results, it would have been preferable to have them agree to 
common terminologies for the sites so that a direct comparison of the plans can be accomplished.  For example, the use of the separations into 
“Zones” by Hatfield and “Reaches” by Pisces caused some confusion

"Reach" is a commonly used term applied to smaller watercourses (e.g. APC/PLC) and 
was well suited in its use. Zones are more applicable to larger waterbodies and its use 
was appropriate for the Athabasca River.

In addition, the proponents propose to conduct a qualitative assessment of impacts on fish (section 4.1.2 of attachment 2).  This is simply 
unacceptable and leaves the assessment open to subjective interpretation.  While some thought has been put into how benthic invertebrate 
communities will be evaluated (section 4.1.3 of attachment 2), little text is devoted to actual data analysis.  All of these deficiencies significantly 
increase uncertainties that will affect the ultimate decision of whether the EPO has been satisfactorily addressed.

Long‐Term Sampling and Monitoring Plan:  Fish Habitat 
Sampling and Fish Sampling.  

Impact Assessment Plan Section:  Fish Sampling.

Fish sampling has been clarified in the monitoring plan.  Further details will be provided in the fish 
monitoring program design document (study design phase) that is currently being developed with 
information gathered in 2014.  

Evaluation of benthic communities included in the impact assessment plan.
Water Quality
With respect to field methods that are based on RAMP SOPs for Water Quality (WQ), the same comments as provided in response to the short‐term 
plan apply to the long‐term monitoring program.

Long‐Term Sampling and Monitoring Plan:  Methodology
Methodologies and sampling locations are outlined in the Long‐Term Sampling and 
Monitoring Plan which builds upon the approved Short‐Term Sampling and Monitoring 
Plan.  

Filtration and preservation of water samples on sites
The sampling procedure states that water samples will not be filtered and preserved in the field; rather filtration and preservation are planned to take 
place only after 24 hours at the lab. This approach is not acceptable and could cause changes in the water chemistry. For example, turbidity‐rich river 
sediments can be modified due to reactions within the bottles, particularly for trace elements that could be sensitive to the high contents of solids and 
changes in redox condition within the bottle.  
• Thus, filtration and preservation of the water samples should be conducted in the field, on site.

Long‐Term Sampling and Monitoring Plan: Field Methods. 

Revisions focused on clarity in approach. Specifically, field filtering is not conducted in the winter 
because ice crystals quickly form in the sampling equipment, making filtration impossible. In other 
seasons, where very high suspended solids are present in a waterbody, submitting samples to the 
lab unfiltered is preferable to field‐filtration due to an increased risk of sample contamination; field 
filters (45 µm) can quickly clog with debris, and the frequent necessity to replace filters increases 
the risk that water contamination will occur.

• CVRI shall clarify how many replicates of water quality samples will be taken at each site and the rational for the determination of this number
• All water samples appear to be grab samples; how will variations in water quality both laterally across river and through the water column be 
accounted for or considered?  

Long‐Term Sampling and Monitoring Plan
Additional sites for each water body is currently under consideration as is the addition of 
cross‐sectional variation sampling during the 2014 study design/investigation period 
prior to the implementation of the Long‐Term Sampling and Monitoring Plan.

• Clean sampling and sample handling techniques (i.e., clean‐hands, dirty‐handy) must be employed for Hg sampling Long‐Term Sampling and Monitoring Plan: Field Methods.
Ultra‐trace mercury samples will be collected using the “clean‐hands, dirty‐hands” 
technique, following specific guidance from the analytical laboratory.

• Near real‐time data sondes as identified in the Short‐term monitoring plan shall continue to be deployed under the Long‐term Monitoring plan until 
ESRD grants permission for those sondes to be removed

Long‐Term Sampling and Monitoring Plan:   Continuous 
Monitoring (Sonde) Network

Data sondes are included in the long‐term monitoring plan.
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Generally, riverine diatoms may be less reliable as indicators of change because of their short life cycles and rapid population changes in response to 
complex interactions involving a host of chemical, physical, and biological factors, including hydrodynamics, light, nutrients, and invertebrate grazing 
(Chessman et al. 1999).  While algal community changes are often associated with changes in water quality, geochemistry, current velocity, physical 
disturbance with changes in flow, and local conditions or microhabitat differences associated with such things as canopy cover or shading also can be 
important (Kutka and Richards 1996). 
Notwithstanding general problems with using riverine algae as indicators of change, in addition to the standard diversity and richness indices often 
used, an index of diatom nutrient preference based on known nutrient preference ranges for riverine diatom species is also available (Potopova and 
Charles 2007). This index is based on an indicator species analysis that identified species associated with the most nutrient‐rich and nutrient poor sites 
included in a number of regional U.S.G.S. National Water Quality Assessment datasets, thereby creating a list of diatom indicator species based on 
their preference for low or high nitrogen and phosphorus concentrations (Defrene and Legendre 1997). This index may be used to indicate significant 
shifts in algal communities that are most likely have been in response to changes in upstream nutrient inputs, and in an assessment of recovery 
trajectories.

Long‐Term Sampling and Monitoring Plan and Impact 
Assessment Plan

Currently the main indicators are benthic invertebrate and periphyton.  Other indicators will be 
provided in the fish monitoring program design document (study design phase) that is currently 
being developed with information gathered in 2014.  

In similar fashion, application of an index of siltation also may be of value for assessing impacts of the tailings spill on benthic algal communities, given 
the large release of sediments that resulted and the detailed sediment monitoring program being pursued under this program that will presumably 
provide useful and complementary information on sediment fluxes and deposition.  Motile algal species that are well adapted to streambed instability 
can be considered to be silt tolerant, and the relative total combined abundance of Nitzschia and Navicula spp. has been used as an index of siltation, 
where higher combined relative abundance is interpreted as indicative of higher siltation at a particular site (Kutka and Richards 1996). Such an index 
may provide more insight into the algal community changes related to physical changes in sediment type that will have occurred because of this 
accident, and provide another measure by which to track recovery.

Noted

The proposal for periphyton sampling at far‐field sites (section 4.6 of attachment 1) is given without any rationale for this endpoint or indication of 
how data will be analysed.  Is simple abundance (chl a and biovolume) the endpoint, indicating food for invertebrates?  Or will the relative proportion 
of tolerant taxa or some other community descriptor be used?  Guidance can be found in Stevenson and Pan (1999).  If periphyton is to be used as an 
indicator of disturbance and recovery at far‐field sites, they must also be used at the near‐field sites and the data need to be analysed as a single 
package

Long‐Term Sampling and Monitoring Plan:   Periphyton 
Sampling

Periphyton samples will be collected from all near and far‐field sampling locations for analysis of 
algal biomass (as chlorophyll‐a), with an additional sample collected from each site for taxonomic 
analysis. 

As described in the review of the short‐term monitoring plan, the LTRN approach to benthic invertebrate sampling shall be adopted, to avoid the 
higher variation that results from the RAMP‐based design that involves randomizing replicate sampling sites along full reaches of creeks and rivers.

Long‐Term Sampling and Monitoring Plan

To overcome the higher variance, CVRI will sample more sites and collect more 
replicates.   In addition the EEM approach and critical effects sizes were taken into 
consideration when refining the plan.

Regarding alignment with ESRD methods, please provide the referenced methods 
document so that we may accurately compare and employ the appropriate methods. 
CVRI does attempt to align by stating "LTRN approach"; however, the exact methods are 
desired for confirmation.

The proponents propose a reference condition, pass‐fail approach to evaluating benthic invertebrate data.  The reference condition approach requires 
large numbers of sites to be sampled to understand regional variation in assemblages, from which confidence limits are developed in “eigen‐space” 
against which a potentially impacted site is compared.  

Impact Assessment Plan Plans now reference EEM 2012 Technical Guideance Document

 More detail needs to be provided with literature references about some of the challenges associated with this approach, including whether the 
selection and use of a limited number of reference sites satisfies the requirements of the RCA approach.  Furthermore, a multivariate approach to the 
benthic invertebrate data is proposed in the plan.  This runs counter to the metal mining EEM that uses a multi‐metric approach with diversity, 
evenness and similarity as endpoints, rather than multivariate representations of community structure.  While there are strengths and weaknesses of 
both approaches that are hotly contested in the primary literature, the multi‐metric approach would most likely generate data that could be compared 
to existing data from the site and the region that was generated under existing EEM programs.

Impact Assessment Plan Plans now reference EEM 2012 Technical Guideance Document

Selection of reference sites for RCA should be limited to creeks in basins that are as similar as possible to Apetowan and Plante Creeks, in terms of the 
intensities and types of industrial disturbance.  Also, it is not clear that the RCA technique has sufficient sensitivity to assess or quantify a longitudinal 
gradient of impacts on a single stream, as opposed to inter‐stream comparisons. This should be clarified, because a possible alternative design could 
instead include a couple of reference streams on which a longitudinal series of sites are assessed and monitored, from upper to lower in the 
catchment, with comparisons of the various impacted sites in Apetowan and Plante Creeks to the comparable reference sites in the reference systems, 
based on sub‐basin locations.  Otherwise, the interaction between natural longitudinal gradients in substrate type and benthic communities and 
disturbance gradients along Apetowan and Plante Creeks may confound or complicate interpretation of RCA results.

Impact Assessment Plan Plans now reference EEM 2012 Technical Guideance Document
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Comment Where Addressed How Addressed
In terms of benthic invertebrates, it is not clear whether a reference condition approach (RCA) will be used for the Athabasca, or instead the standard 
suite of indicators will be assessed (e.g., diversity, taxonomic richness, absolute and proportional abundance, EPT, ETO, EPT:chironomids, etc.).  
Because it is a post‐impact assessment, problems may arise in finding appropriate reference sites against which to compare impacted mainstem 
Athabasca River sites.

Impact Assessment Plan Plans now reference EEM 2012 Technical Guideance Document

The Hilsenhoff’s Modified Biotic Index (MBI) should also be used to track impacts, change, and recovery of benthic invertebrate communities in riffle 
zones.(Hilsenhoff 1988, 1998, Mandaville 2002) MBI scores correlate well with biochemical oxygen demand (5‐day; BOD), the lowest recorded 
concentration of dissolved oxygen (DO), total concentration of chlorides, lowest maximum temperature, total suspended solids, total nitrogen 
concentration (TN), as well as total phosphorus concentration (TP) and total alkalinity. (Hilsenhoff, 1977 #94) Because MBI scores correlate to 
qualitative degrees of organic enrichment, they are generally indicative of effects of organic waste, enrichment, or eutrophication, and the changes in 
benthic invertebrate communities that result from them.

Impact Assessment Plan Hilsenhoff MBI has been added.

Given the high variance with benthic invertebrate sampling (as described above in the discussion of Power Analysis), it is hard to tell why and how 
many replicate samples will be taken to determine effect.  The SOP in appendix 2 states “several” samples are necessary to perform invertebrate 
analysis and these together count as a single response.  However, in the body of the monitoring plans, the proponent describes a single sample or a 
representative sample that encompasses “several” samples from each reach/zone.  This low replication of samples will result in a very low statistical 
power to delineate whether any effects persist.  Given that benthic invertebrates have been identified as the primary indicator of environmental 
health by the proponent, upon which recovery and remediation success will be based, it is important that the proper ecological endpoints be identified 
for the variety of indicators based on benthic invertebrate community structure and changes, and the appropriate number of replicate samples be 
taken to provide sufficient statistical power (i.e., prevent Types I and II error).

Long‐Term Sampling and Monitoring Plan
The EEM approach and critical effects sizes were taken into consideration when refining 
the plan.

Following from the above discussions of contaminant mobilization, many of the contaminants of interest are unlikely to be detected in water even 
though they may pose considerable risk because of hotspots of sediment contamination.  This includes methyl mercury.  Some measure of 
concentrations of metals and PAHs in the lower food web should be monitored as part of the long‐term monitoring plan.  Non‐mobile, large‐bodied 
benthic invertebrates or periphyton would be an option for this purpose, since some of the smaller sites likely cannot have fish repeatedly sampled 
without affecting populations

Long‐Term Sampling and Monitoring Plan:  Benthic 
Invertebrate Sampling and Periphyton Sampling

CVRI agrees with the commenter and this work is currently being researched/planned as part of the 
benthics/periphyton sampling program

There are no proposed measures of individual fish health – including growth, reproduction and survival – in sections 4.4 of attachment 1 and 4.1.2 of 
attachment 2.  These endpoints can be much more sensitive indicators of long‐term population performance than abundances.  Spoonhead sculpin 
would be the ideal choice of monitoring species because they meet many of the criteria for appropriate sentinels for an incident of this nature where 
sediment contamination is likely.  They are benthic, non‐mobile and abundant and are present in both Apetowan and Plante Creeks, as well as the 
Athabasca River.  Prior studies conducted upstream in the Athabasca (Gibbons et al. 1998) would provide additional regional sites for comparison of 
endpoints such as condition, fecundity, size at age and energy storage.

Lethal sampling would also provide tissues for contaminant analyses and possible biomarkers such as liver enzymes, oxidative stress, and 
histopathology.  Recognizing that depletion of local fish populations in small systems is a concern, a single lethal sample conducted in the fall at 
synoptic and reference sites would be the minimum effort needed to provide information about the nature of the impact.  This fall sample is also the 
recommended time for sampling sculpin species (Environment Canada 2012).  This detailed lethal sample would also complement the non‐lethal 
sampling proposed using rainbow trout and burbot.

Long‐Term Sampling and Monitoring Plan:  Fish Sampling.  
A sculpin sentinel fish study is currently proposed.  CVRI will also develop a  fish monitoring program 
design document (study design phase) in 2014.

1. Table 2.2. Why does the ratio of estimated fish population to density for rainbow trout in Apetowan Creek change from 3.33 in 2000, to 5.13 in 
2003, to 5.77 in 2006, to 6.59 in 2009?  Should the ratio not remain approximately the same, or did the area of habitat vary inter‐annually in a way 
that resulted in the differences in the ratios during that period?

Not Applicable Table 2.2 provided historical monitoring data.  Reasons for change in ratio is not known at this time.  

2. For monitoring fisheries and fish habitat, there is a discrepancy in the text describing summer population monitoring in s. 4.1.2 and s. 5.0 
Implementation Schedule, in which fish population monitoring will occur annually during the fall.  Consideration should also be given to collecting fish 
larvae to assess whether mutations or other negative impacts are occurring as the result of increased sediment loads from settling ponds, and 
potential increases in porewater toxicity

Long‐Term Sampling and Monitoring Plan:  Fish Habitat 
Sampling and Fish Sampling

Single‐pass electrofishing surveys will be completed in the spring and fall and population estimates 
will be conducted in the summer.
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1 

Below are brief descriptions of Upper Foothills and Lower Foothills ecosites mapped within the study 
area.   

c ecosite – hairy wild rye 

The c ecosite is typically found on southerly aspects with a submesic moisture regime.  These sites can 
be poor, medium, or rich in nutrients depending on slope position (poorer nutrient status at higher 
slope positions), parent materials (poorer sites usually have coarse‐textured soils and bedrock close to 
the surface), or a combination of both.  White spruce forest represents the climax community, while 
pine‐ and aspen‐dominated communities represent mid‐seral stages.  Succession is slow due to the 
dry nature of the sites.  Indicator species for the hairy wild rye ecosite include aspen, hairy wild rye, 
blueberry, bearberry, bog cranberry, and Labrador tea.  There are four ecosite phases within the c 
ecosite: c1 hairy wild rye lodgepole pine, c2 hairy wild rye aspen, c3 hairy wild rye aspen‐white 
spruce‐lodgepole pine, and c4 hairy wild rye white spruce. These ecosite phases are essentially the 
same in the Upper and Lower Foothills, c2 in both Upper and Lower Foothills in the RSA and only in 
the Upper Foothills in the LSA, and c3 and c4 only in the Lower Foothills.  

e ecosite – Tall bilberry/arnica  

The e ecosite is the reference ecosite for the Foothills Ecological Area due to its mesic moisture regime 
and a medium nutrient status.  The ecosite differs in species composition between the Upper and 
Lower Foothills.  Notably, deciduous‐dominated stands (mainly aspen) characterize the Lower 
foothills and coniferous subalpine fir stands being present due to higher elevation and changes in 
climate in the Upper Foothills.  It is not characteristic of the Upper Foothills to have deciduous forest 
stands, but mixed wood and conifer stands can be present in both the Upper and Lower foothills.  
Characteristic shrub and forb species can also differ between the Upper and Lower Foothills ecosites.  
Pine dominated stands are most common due to the fire return interval.  In the absence of fire, these 
stands will succeed to white spruce‐ and subalpine fir‐dominated sites, with aspen, balsam poplar, 
and white birch found less frequently on coarser textured soils.  Indicator species for the e ecosite 
includes white spruce, green alder, low‐bush cranberry, tall bilberry, Labrador tea, and heart‐leaved 
arnica.  There are four ecosite phases within the e ecosite: e1 tall bilberry/arnica lodgepole pine, e2 tall 
bilberry/arnica aspen‐white spruce‐lodgepole pine, e3 tall bilberry/arnica white spruce, and e4 tall 
bilberry/arnica subalpine fir.  These ecosite phases are essentially the same in the Upper and Lower 
Foothills.  All four phases were mapped within the RSA and LSA with e1, e2 and e3 occurring in both 
regions and e4 found only in the Lower Foothills.  
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f ecosite – bracted honeysuckle  

The bracted honeysuckle ecosite has a rich to very rich nutrient regime and a mesic to subhygric 
moisture regime.  Consequently, the f ecosite tends to be on lower slopes receiving nutrient‐rich 
seepage waters for part of the growing season.  Species diversity, cover and vegetation production 
within f ecosites is the greatest among all ecosites within the Foothills due to abundant fertility and 
moisture.  Succession is slow following disturbance due to substantial competition from grasses and 
forbs, however tree growth progresses well once established.  Indicator species of the f ecosite include 
balsam poplar, bracted honeysuckle, narrow spinulose shield fern, wild sarsaparilla, cow parsnip, 
wild red raspberry, tall lungwort, river alder, and oak fern.  There are six ecosite phases within the f 
ecosite, which are more or less similar in the UF and LF regions. Only four were observed within the 
LSA and RSA: f2 bracted honeysuckle balsam poplar, f3 bracted honeysuckle balsam poplar‐white 
spruce‐lodgepole pine, f4 bracted honeysuckle white spruce, and f6 bracted honeysuckle willow. 

h ecosite – Labrador tea‐subhygric  

The h ecosite is similar to that of the d ecosite, but occupies lower topographical positions, exhibits 
soil mottling in the top 25 cm, has a thicker organic layer, and is dominated by black spruce rather 
than pine.  The nutrient status is the same as the d ecosite (poor), while the moisture regime ranges 
from subhygric to hygric.  Soils are acidic as evidenced by the presence of Labrador tea and bog 
cranberry.  Fine textured morainal parent materials promote wet conditions and the development of 
Gleysolic soils.  There is just one ecosite phase associated with the h ecosite: h1 ecosite phase – 
Labrador tea‐subhygric black spruce‐lodgepole pine.  This ecosite phase was mapped within the RSA 
only in the LF subregion. 

i ecosite – horsetail  

The horsetail ecosite is characterized by a subhygric to hygric moisture regime and a rich nutrient 
status.  These sites are commonly found in association with fluvial to glaciolacustrine parent material, 
gleysolic soils, organic matter accumulation and high water tables.  Nutrients are supplied via 
seepage or flooding.  Indicator species are common and meadow horsetail.  There are three ecosite 
phases associated with the i ecosite, however, only two were mapped as occurring in the study area: 
i1 horsetail balsam poplar‐aspen and i3 horsetail white spruce.  Both phases occurred in the 
disturbance footprint, RSA and LSA. 
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j ecosite – horsetail  

The horsetail ecosite is nutrient rich and has a subhygric to hygric moisture regime.  It is found on 
level ground at lower slope positions where water and nutrients are replenished by flooding or 
seepage.  Fluvial parent materials, gleysolic soils, and organic matter accumulation characterize these 
sites.  White spruce and subalpine fir form the climax community; if removed, these trees can be 
difficult to establish due to wet site conditions.  Indicator species for the horsetail ecosite include 
common and meadow horsetail.  This species composition is characteristic of the Upper Foothills j 
ecosite.  In the LF, the j ecosite is dominated by labrador tea in addition to horsetail, thus the name 
labrador tea/horsetail.  The LF j ecosite was not present in any of the study area.  There is only one 
ecosite phase associated with the j ecosite: j1 horsetail white spruce and was mapped as occurring in 
the LSA and RSA only in the Upper Foothills. 

l ecosite – poor fen 

The poor fen ecosite has a medium nutrient regime and a hygric to hydric moisture regime.  This 
ecosite is transitionary between a bog and a rich fen, and subsequently supports species characteristic 
of both.  Indicator species include black spruce, Labrador tea, cloudberry and peat moss (typical of 
bogs), and tamarack, dwarf birch, willow, sedge, and golden and brown moss (typical of a rich fen).  
Water drainage is somewhat impeded, with some water flow allowing for limited fertility and oxygen 
replenishment.  Organic soils are typically of poor fens due to the level or depressional topography 
and subsequent organic matter accumulation.  There are two ecosite phases within the l ecosite in the 
Lower Foothills: l1 (treed poor fen) and l2 (shrubby poor fen).  Both phases are also present in the 
Upper Foothills with an addition ecosite phase l3 (graminoid fen).  Both l1 and l2 ecosite phases were 
mapped in the Upper and Lower Foothills in the RSA, and only in the Upper Foothills LSA. 

m ecosite – rich fen  

The rich fen ecosite has a hygric to hydric moisture regime and a rich to very rich nutrient regime.  
The rich nutrient status results from flowing alkaline water at or near the surface for a large part of 
the growing season.  Typical species include tamarack, willow, dwarf birch, sedge, and golden, 
tufted, and brown mosses.  The soil is organic resulting from the accumulation of decomposing sedge 
and golden/ brown moss material in level or depressional topographic positions.  Typical of wetlands, 
the rich fen ecosite has a slow successional rate and changes in the hydrologic regime determine the 
species composition, in addition to the rate and direction of succession.  There are three ecosite phases 
associated with the rich fen ecosite: m1 treed rich fen, m2 shrubby rich fen, and m3 graminoid rich 
fen.  All three ecosites were mapped only in the LF, with all three occurring in the RSA and only m1 
and m2 in the LSA. 
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APPENDIX C:  ANALYSED VARIABLES 



Detailed analyte testing list for water quality samples. 
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Parameter  Product  Synonym  LOR  Units 
 

DISSOLVED ORGANIC CARBON  C-DIS-ORG-ED  Dissolved Organic Carbon  1 mg/L 
TOTAL ORGANIC CARBON  C-TOT-ORG-ED  Total Organic Carbon  1 mg/L 

AESRD  Draft Guideline 

Long Term  Short Term 

COLOR, TRUE  COL-TRU-ED  Color, True  2 C.U.  20% increase 
HARDNESS 
ION BALANCE 
TDS 

IONBALANCE-ED 
IONBALANCE-ED 
IONBALANCE-ED 

Hardness (as CaCO3) 
Ion Balance 
TDS (Calculated) 

1 
-100 

1 

 

ALKALINITY, TOTAL PH/EC/ALK-ED Alkalinity, Total (as CaCO3) 5 mg/L 20 
BICARBONATE PH/EC/ALK-ED Bicarbonate (HCO3) 5 mg/L  
CARBONATE PH/EC/ALK-ED Carbonate (CO3) 5 mg/L  
CONDUCTIVITY PH/EC/ALK-ED Conductivity (EC) 0.2 uS/cm  
HYDROXIDE PH/EC/ALK-ED Hydroxide (OH) 5 mg/L  
PH  PH/EC/ALK-ED  pH  0.1 pH  6.5-9.0 
TOTAL DISSOLVED SOLIDS SOLIDS-TDS-ED Total Dissolved Solids 10 mg/L variable to background  
TOTAL SUSPENDED SOLIDS SOLIDS-TOTSUS-ED Total Suspended Solids 3 mg/L   
TURBIDITY In situ Turbidity 1 NTU variable to background  
CHLORIDE CL-IC-ED Chloride (Cl) 0.5 mg/L 120 640 

CALCIUM MET-D-CCMS-ED Calcium (Ca)-Dissolved 0.5 mg/L   
MAGNESIUM MET-D-CCMS-ED Magnesium (Mg)-Dissolved 0.1 mg/L   
POTASSIUM MET-D-CCMS-ED Potassium (K)-Dissolved 0.5 mg/L   
SODIUM MET-D-CCMS-ED Sodium (Na)-Dissolved 1 mg/L   
SULFATE  SO4-IC-ED  Sulfate (SO4)  0.5 mg/L  varies with hardness 

SULPHIDE SULPHIDE-ED Sulphide 0.002 mg/L 0.002  
AMMONIA AS N NH3-CFA-ED Ammonia, Total (as N) 0.05 mg/L pH and temperature dep.  
NITRATE AND NITRITE AS N NO2+NO3-CALC-ED Nitrate and Nitrite (as N) 0.005 mg/L   
NITRITE AS N NO2-IC-ED Nitrite (as N) 0.05 mg/L variable with chloride  
NITRATE AS N NO3-IC-ED Nitrate (as N) 0.05 mg/L 3 124 

PHOSPHORUS P-T-L-COL-ED Phosphorus (P)-Total 0.001 mg/L   
PHOSPHORUS  (P)-TOTAL  DISSOLVED P-TD-L-COL-ED Phosphorus (P)-Total  Dissolved 0.001 mg/L   
TOTAL KJELDAHL NITROGEN TKN-CFA-ED Total Kjeldahl Nitrogen 0.2 mg/L   
BIOCHEMICAL  OXYGEN DEMAND BOD-ED Biochemical Oxygen Demand 2 mg/L   
HYDROCARBONS, RECOVERABLE HOG-IR-ED Hydrocarbons,  Recoverable (I.R.) 1 mg/L   
NAPHTHENIC ACIDS NAPHTHENIC-ACID-FM Naphthenic Acids 1 mg/L   
PHENOLS (4AAP) PHENOLS-4AAP-ED Phenols (4AAP) 0.001 mg/L 4  
MERCURY HG-T-CVAA-ED Mercury (Hg)-Total 0.0001 mg/L   
ALUMINUM MET-T-CCMS-ED Aluminum (Al)-Total 0.003 mg/L   
ANTIMONY MET-T-CCMS-ED Antimony (Sb)-Total 0.0001 mg/L   
ARSENIC MET-T-CCMS-ED Arsenic (As)-Total 0.0001 mg/L 0.005  
BARIUM MET-T-CCMS-ED Barium (Ba)-Total 0.00005 mg/L   
BERYLLIUM MET-T-CCMS-ED Beryllium (Be)-Total 0.0005 mg/L   
BISMUTH MET-T-CCMS-ED Bismuth (Bi)-Total 0.00005 mg/L   
BORON MET-T-CCMS-ED Boron (B)-Total 0.01 mg/L 1.5 29 
CADMIUM MET-T-CCMS-ED Cadmium (Cd)-Total 0.00001 mg/L 0.00059  
CALCIUM MET-T-CCMS-ED Calcium (Ca)-Total 0.5 mg/L   
CHROMIUM MET-T-CCMS-ED Chromium (Cr)-Total 0.0001 mg/L   
COBALT MET-T-CCMS-ED Cobalt (Co)-Total 0.0001 mg/L 0.025  
COPPER 
IRON 

MET-T-CCMS-ED 
MET-T-CCMS-ED 

Copper (Cu)-Total 
Iron (Fe)-Total 

0.0001 mg/L 
0.01 mg/L 

0.007 0.0307 

LEAD MET-T-CCMS-ED Lead (Pb)-Total 0.00005 mg/L 0.007  
LITHIUM MET-T-CCMS-ED Lithium (Li)-Total 0.005 mg/L   
MAGNESIUM MET-T-CCMS-ED Magnesium (Mg)-Total 0.1 mg/L   
MANGANESE MET-T-CCMS-ED Manganese (Mn)-Total 0.002 mg/L   
MOLYBDENUM MET-T-CCMS-ED Molybdenum (Mo)-Total 0.00005 mg/L 0.073  
NICKEL MET-T-CCMS-ED Nickel (Ni)-Total 0.0001 mg/L 0.092 0.825 
POTASSIUM MET-T-CCMS-ED Potassium (K)-Total 0.1 mg/L   
SELENIUM MET-T-CCMS-ED Selenium (Se)-Total 0.0001 mg/L 0.001  
SILVER MET-T-CCMS-ED Silver (Ag)-Total 0.00001 mg/L 0.0001  
SODIUM MET-T-CCMS-ED Sodium (Na)-Total 1 mg/L   
STRONTIUM MET-T-CCMS-ED Strontium (Sr)-Total 0.0001 mg/L   
THALLIUM MET-T-CCMS-ED Thallium (Tl)-Total 0.00005 mg/L   
TIN MET-T-CCMS-ED Tin (Sn)-Total 0.0001 mg/L   
TITANIUM MET-T-CCMS-ED Titanium (Ti)-Total 0.0003 mg/L   
URANIUM 
VANADIUM 

MET-T-CCMS-ED 
MET-T-CCMS-ED 

Uranium (U)-Total 
Vanadium (V)-Total 

0.00001 mg/L 
0.0001 mg/L 

0.15 0.33 

ZINC MET-T-CCMS-ED Zinc (Zn)-Total 0.003 mg/L 0.03  
MERCURY HG-T-U-CVAF-VA Mercury (Hg)-Total 0.0005 ug/L 0.005 0.013 
MERCURY HG-D-U-CVAF-VA Mercury (Hg)-Dissolved 0.0005 ug/L   
BORON B-D-L-CCMS-ED Boron (B)-Dissolved 0.002 mg/L   
MERCURY HG-D-CVAA-ED Mercury (Hg)-Dissolved 0.0001 mg/L   
ALUMINUM 
ANTIMONY 

MET-D-CCMS-ED 
MET-D-CCMS-ED 

Aluminum (Al)-Dissolved 
Antimony (Sb)-Dissolved 

0.001 mg/L 
0.0001 mg/L 

0.05 0.1 

ARSENIC MET-D-CCMS-ED Arsenic (As)-Dissolved 0.0001 mg/L   
BARIUM MET-D-CCMS-ED Barium (Ba)-Dissolved 0.00005 mg/L   
BERYLLIUM MET-D-CCMS-ED Beryllium (Be)-Dissolved 0.0005 mg/L   
BISMUTH MET-D-CCMS-ED Bismuth (Bi)-Dissolved 0.00005 mg/L   
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METHYL PHENANTHRENE/ANTHRACENEPAH-ALK-GCMS-EX 
1-METHYL-7-(1-METHYLETHYL)PHENAN PAH-ALK-GCMS-EX 

C1 Phenanthrenes/Anthracenes 
Retene 

0.04 ug/L 
0.01 ug/L 

1-METHYLNAPHTHALENE 
2-METHYLNAPHTHALENE 

PAH-ALK-GCMS-EX 
PAH-ALK-GCMS-EX 

1-Methylnaphthalene 
2-Methylnaphthalene 

0.01 ug/L 
0.01 ug/L 

 

NAPHTHALENE 
PERYLENE 

PAH-ALK-GCMS-EX 
PAH-ALK-GCMS-EX 

Naphthalene 
Perylene 

0.05 ug/L 
0.01 ug/L 

1 

PHENANTHRENE PAH-ALK-GCMS-EX Phenanthrene 0.01 ug/L 0.4 
PYRENE PAH-ALK-GCMS-EX Pyrene 0.01 ug/L 0.025 
QUINOLINE 
C2 SUB'D B(A)A/CHRYSENE 

PAH-ALK-GCMS-EX 
PAH-ALK-GCMS-EX 

Quinoline 
C2 Benz(a)Anthracenes/Chrysene 

0.01 ug/L 
0.04 ug/L 

3.4 

C2 SUB'D B(B&K)F/B(A)P 
C2 SUB'D BIPHENYL 

PAH-ALK-GCMS-EX 
PAH-ALK-GCMS-EX 

C2 Benzofluoranthenes/Benzopyr 
C2 Biphenyls 

0.04 ug/L 
0.04 ug/L 

 

C2 SUB'D DIBENZOTHIOPHENE 
C2 SUB'D FLUORANTHENE/PYRENE 

PAH-ALK-GCMS-EX 
PAH-ALK-GCMS-EX 

C2 Dibenzothiophenes 
C2 Fluoranthenes/Pyrenes 

0.04 ug/L 
0.04 ug/L 

 

C2 SUB'D FLUORENE 
C2 SUB'D NAPHTHALENE 

PAH-ALK-GCMS-EX 
PAH-ALK-GCMS-EX 

C2 Fluorenes 
C2 Naphthalenes 

0.04 ug/L 
0.04 ug/L 

 

C2 SUB'D PHENANTHRENE/ANTH. 
C3 BENZANTHRACENES/CHRYSENES 

PAH-ALK-GCMS-EX 
PAH-ALK-GCMS-EX 

C2 Phenanthrenes/Anthracenes 
C3 Benzanthracenes/Chrysenes 

0.04 ug/L 
0.04 ug/L 

 

C3 SUB'D DIBENZOTHIOPHENE 
C3 SUB'D FLUORANTHENE/PYRENE 

PAH-ALK-GCMS-EX 
PAH-ALK-GCMS-EX 

C3 Dibenzothiophenes 
C3 Fluoranthenes/Pyrenes 

0.04 ug/L 
0.04 ug/L 

 

C3 SUB'D FLUORENE 
C3 SUB'D NAPHTHALENE 

PAH-ALK-GCMS-EX 
PAH-ALK-GCMS-EX 

C3 Fluorenes 
C3 Naphthalenes 

0.04 ug/L 
0.04 ug/L 

 

C3 SUB'D PHENANTHRENE/ANTH. 
C4 BENZANTHRACENES/CHRYSENES 

PAH-ALK-GCMS-EX 
PAH-ALK-GCMS-EX 

C3 Phenanthrenes/Anthracenes 
C4 Benzanthracenes/Chrysenes 

0.04 ug/L 
0.04 ug/L 

 

C4 SUB'D DIBENZOTHIOPHENE 
C4 FLUORANTHENES/PYRENES 

PAH-ALK-GCMS-EX 
PAH-ALK-GCMS-EX 

C4 Dibenzothiophenes 
C4 Fluoranthenes/Pyrenes 

0.04 ug/L 
0.04 ug/L 

 

C4 SUB'D NAPHTHALENE 
C4 SUB'D PHENANTHRENE/ANTH. 

PAH-ALK-GCMS-EX 
PAH-ALK-GCMS-EX 

C4 Naphthalenes 
C4 Phenanthrenes/Anthracenes 

0.04 ug/L 
0.04 ug/L 

 

ACENAPHTHYLENE D8 PAH-ALK-GCMS-EX Acenaphthylene d8 1 %  
BENZO(A)PYRENE D12 PAH-ALK-GCMS-EX Benzo(a)pyrene d12 1 %  
BENZO(G,H,I)PERYLENE D12 PAH-ALK-GCMS-EX Benzo(g,h,i)perylene d12 1 %  
 

 

 
 

Parameter  Product  Synonym  LOR  Units 
 

CADMIUM                                                    MET-D-CCMS-ED            Cadmium (Cd)-Dissolved                0.00001 mg/L 
CHROMIUM                                                 MET-D-CCMS-ED            Chromium (Cr)-Dissolved                 0.0001 mg/L 
COBALT                                                       MET-D-CCMS-ED            Cobalt (Co)-Dissolved                       0.0001 mg/L 
COPPER                                                      MET-D-CCMS-ED            Copper (Cu)-Dissolved                     0.0001 mg/L 

AESRD  Draft Guideline 

Long Term  Short Term 

IRON                                                             MET-D-CCMS-ED            Iron (Fe)-Dissolved                               0.01 mg/L                         0.3 
LEAD                                                            MET-D-CCMS-ED            Lead (Pb)-Dissolved                       0.00005 mg/L 
LITHIUM                                                       MET-D-CCMS-ED            Lithium (Li)-Dissolved                         0.005 mg/L 
MANGANESE                                               MET-D-CCMS-ED            Manganese (Mn)-Dissolved                0.002 mg/L 
MOLYBDENUM                                            MET-D-CCMS-ED            Molybdenum (Mo)-Dissolved          0.00005 mg/L 
NICKEL                                                         MET-D-CCMS-ED            Nickel (Ni)-Dissolved                         0.0001 mg/L 
SELENIUM                                                   MET-D-CCMS-ED            Selenium (Se)-Dissolved                  0.0001 mg/L 
SILVER                                                         MET-D-CCMS-ED            Silver (Ag)-Dissolved                      0.00001 mg/L 
STRONTIUM                                                MET-D-CCMS-ED            Strontium (Sr)-Dissolved                   0.0001 mg/L 
THALLIUM                                                    MET-D-CCMS-ED            Thallium (Tl)-Dissolved                   0.00005 mg/L 
TIN                                                                MET-D-CCMS-ED            Tin (Sn)-Dissolved                            0.0001 mg/L 
TITANIUM                                                     MET-D-CCMS-ED            Titanium (Ti)-Dissolved                     0.0003 mg/L 
URANIUM                                                     MET-D-CCMS-ED            Uranium (U)-Dissolved                    0.00001 mg/L 
VANADIUM                                                   MET-D-CCMS-ED            Vanadium (V)-Dissolved                   0.0001 mg/L 
ZINC                                                             MET-D-CCMS-ED            Zinc (Zn)-Dissolved                             0.001 mg/L 
ACENAPHTHENE                                        PAH-ALK-GCMS-EX        Acenaphthene                                       0.01 ug/L                          5.8 
ACENAPHTHYLENE                                    PAH-ALK-GCMS-EX        Acenaphthylene                                    0.01 ug/L 
ACRIDINE                                                    PAH-ALK-GCMS-EX        Acridine                                                 0.01 ug/L                          4.4 
ANTHRACENE                                             PAH-ALK-GCMS-EX        Anthracene                                           0.01 ug/L                      0.012 
BENZO(A)ANTHRACENE                            PAH-ALK-GCMS-EX        Benz(a)anthracene                               0.01 ug/L                      0.018 
BENZO(A)PYRENE                                      PAH-ALK-GCMS-EX        Benzo(a)pyrene                                    0.01 ug/L                      0.015 
BENZO(B&J)FLUORANTHENE                   PAH-ALK-GCMS-EX        Benzo(b&j)fluoranthene                        0.01 ug/L 
BENZO(E)PYRENE                                      PAH-ALK-GCMS-EX        Benzo(e)pyrene                                    0.01 ug/L 
BENZO(G,H,I)PERYLENE                           PAH-ALK-GCMS-EX        Benzo(g,h,i)perylene                             0.01 ug/L 
BENZO(K)FLUORANTHENE                       PAH-ALK-GCMS-EX        Benzo(k)fluoranthene                            0.01 ug/L 
BIPHENYL                                                    PAH-ALK-GCMS-EX        Biphenyl                                                0.01 ug/L 
CHRYSENE                                                  PAH-ALK-GCMS-EX        Chrysene                                              0.01 ug/L 
DIBENZO(A,H)ANTHRACENE                    PAH-ALK-GCMS-EX        Dibenz(a,h)anthracene                         0.01 ug/L 
DIBENZOTHIOPHENE                                 PAH-ALK-GCMS-EX        Dibenzothiophene                                 0.01 ug/L 
FLUORANTHENE                                        PAH-ALK-GCMS-EX        Fluoranthene                                         0.01 ug/L                        0.04 
FLUORENE                                                  PAH-ALK-GCMS-EX        Fluorene                                                0.01 ug/L                             3 
INDENO(1,2,3-CD)PYRENE                        PAH-ALK-GCMS-EX        Indeno(1,2,3-cd)pyrene                        0.01 ug/L 
METHYL ACENAPHTHENE                         PAH-ALK-GCMS-EX        C1 Acenaphthenes                               0.04 ug/L 
METHYL B(A)A/CHRYSENE                        PAH-ALK-GCMS-EX        C1 Benz(a)Anthracenes/Chrysene       0.04 ug/L 
METHYL B(B&K)F/B(A)P                             PAH-ALK-GCMS-EX        C1 Benzofluoranthenes/Benzopyr        0.04 ug/L 
METHYL BIPHENYL                                    PAH-ALK-GCMS-EX        C1 Biphenyls                                         0.04 ug/L 
METHYL DIBENZOTHIOPHENE                 PAH-ALK-GCMS-EX        C1 Dibenzothiophenes                         0.04 ug/L 
METHYL FLUORANTHENE/PYRENE         PAH-ALK-GCMS-EX        C1 Fluoranthenes/Pyrenes                   0.04 ug/L 
METHYL FLUORENE                                  PAH-ALK-GCMS-EX        C1 Fluorenes                                        0.04 ug/L 
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Parameter  Product  Synonym  LOR  Units 
AESRD  Draft Guideline 

Long Term  Short Term 
 

NAPHTHALENE D8 
PHENANTHRENE D10 

PAH-ALK-GCMS-EX 
PAH-ALK-GCMS-EX 

Naphthalene d8 
Phenanthrene d10 

1 % 
1 % 
1 % PYRENE D10 PAH-ALK-GCMS-EX Pyrene d10 

ACETONE 
ACROLEIN 

VOC-EPA-ED 
VOC-EPA-ED 

Acetone 
Acrolein 

0.1 mg/L 
0.1 mg/L 

ACRYLONITRILE 
BENZENE 

VOC-EPA-ED 
VOC-EPA-ED 

Acrylonitrile 
Benzene 

0.1 mg/L 
0.001 mg/L 

BROMODICHLOROMETHANE 
BROMOFORM 

VOC-EPA-ED 
VOC-EPA-ED 

Bromodichloromethane 
Bromoform 

0.001 mg/L 
0.003 mg/L 

BROMOMETHANE 
2-BUTANONE (MEK) 

VOC-EPA-ED 
VOC-EPA-ED 

Bromomethane 
2-Butanone (MEK) 

0.01 mg/L 
0.1 mg/L 

CARBON DISULFIDE 
CARBON TETRACHLORIDE 

VOC-EPA-ED 
VOC-EPA-ED 

Carbon disulfide 
Carbon tetrachloride 

0.001 mg/L 
0.001 mg/L 

CHLOROBENZENE 
CHLORODIBROMOMETHANE 

VOC-EPA-ED 
VOC-EPA-ED 

Chlorobenzene 
Dibromochloromethane 

0.001 mg/L 
0.003 mg/L 

CHLOROETHANE 
CHLOROFORM 

VOC-EPA-ED 
VOC-EPA-ED 

Chloroethane 
Chloroform 

0.01 mg/L 
0.001 mg/L 

CHLOROMETHANE 
ETHYLENE DIBROMIDE 

VOC-EPA-ED 
VOC-EPA-ED 

Chloromethane 
1,2-Dibromoethane 

0.01 mg/L 
0.001 mg/L 

DIBROMOMETHANE 
CIS-1,4-DICHLORO-2-BUTENE 

VOC-EPA-ED 
VOC-EPA-ED 

Dibromomethane 
cis-1,4-Dichloro-2-butene 

0.003 mg/L 
0.01 mg/L 

TRANS-1,4-DICHLORO-2-BUTENE 
1,2-DICHLOROBENZENE 

VOC-EPA-ED 
VOC-EPA-ED 

trans-1,4-Dichloro-2-Butene 
1,2-Dichlorobenzene 

0.01 mg/L 
0.001 mg/L 

1,3-DICHLOROBENZENE 
1,4-DICHLOROBENZENE 

VOC-EPA-ED 
VOC-EPA-ED 

1,3-Dichlorobenzene 
1,4-Dichlorobenzene 

0.001 mg/L 
0.001 mg/L 

DICHLORODIFLUOROMETHANE 
1,1-DICHLOROETHANE 

VOC-EPA-ED 
VOC-EPA-ED 

Dichlorodifluoromethane 
1,1-Dichloroethane 

0.003 mg/L 
0.001 mg/L 

1,2-DICHLOROETHANE 
1,1-DICHLOROETHENE 

VOC-EPA-ED 
VOC-EPA-ED 

1,2-Dichloroethane 
1,1-Dichloroethene 

0.002 mg/L 
0.001 mg/L 

CIS-1,2-DICHLOROETHENE 
TRANS-1,2-DICHLOROETHENE 

VOC-EPA-ED 
VOC-EPA-ED 

cis-1,2-dichloroethene 
trans-1,2-Dichloroethene 

0.001 mg/L 
0.001 mg/L 

METHYLENE CHLORIDE 
1,2-DICHLOROPROPANE 

VOC-EPA-ED 
VOC-EPA-ED 

Methylene chloride 
1,2-Dichloropropane 

0.001 mg/L 
0.002 mg/L 

CIS-1,3-DICHLOROPROPENE 
TRANS-1,3-DICHLOROPROPENE 

VOC-EPA-ED 
VOC-EPA-ED 

cis-1,3-Dichloropropene 
trans-1,3-Dichloropropene 

0.001 mg/L 
0.001 mg/L 

ETHANOL 
ETHYL METHACRYLATE 

VOC-EPA-ED 
VOC-EPA-ED 

Ethanol 
Ethyl methacrylate 

0.3 mg/L 
0.01 mg/L 

ETHYLBENZENE 
2-HEXANONE 

VOC-EPA-ED 
VOC-EPA-ED 

Ethylbenzene 
2-Hexanone 

0.001 mg/L 
0.01 mg/L 

IODOMETHANE 
4-METHYL-2-PENTANONE (MIBK) 

VOC-EPA-ED 
VOC-EPA-ED 

Iodomethane 
4-Methyl-2-pentanone (MIBK) 

0.001 mg/L 
0.01 mg/L 

STYRENE 
1,1,2,2-TETRACHLOROETHANE 

VOC-EPA-ED 
VOC-EPA-ED 

Styrene 
1,1,2,2-Tetrachloroethane 

0.001 mg/L 
0.02 mg/L 

TETRACHLOROETHENE 
TOLUENE 

VOC-EPA-ED 
VOC-EPA-ED 

Tetrachloroethylene 
Toluene 

0.001 mg/L 
0.001 mg/L 

1,1,1-TRICHLOROETHANE VOC-EPA-ED 1,1,1-Trichloroethane 0.001 mg/L 
1,1,2-TRICHLOROETHANE 
TRICHLOROETHENE 

VOC-EPA-ED 
VOC-EPA-ED 

1,1,2-Trichloroethane 
Trichloroethene 

0.002 mg/L 
0.001 mg/L 

TRICHLOROFLUOROMETHANE 
1,2,3-TRICHLOROPROPANE 

VOC-EPA-ED 
VOC-EPA-ED 

Trichlorofluoromethane 
1,2,3-Trichloropropane 

0.001 mg/L 
0.005 mg/L 

VINYL ACETATE 
VINYL CHLORIDE 

VOC-EPA-ED 
VOC-EPA-ED 

Vinyl acetate 
Vinyl chloride 

0.1 mg/L 
0.002 mg/L 

ORTHO-XYLENE 
M+P-XYLENES 

VOC-EPA-ED 
VOC-EPA-ED 

o-Xylene 
m+p-Xylenes 

0.001 mg/L 
0.001 mg/L 

4-BROMOFLUOROBENZENE VOC-EPA-ED 4-Bromofluorobenzene 1 
1,2-DICHLOROETHANE D4 VOC-EPA-ED 1,2-Dichloroethane d4 1 
TOLUENE D8 
TOTAL ACRYLAMIDE 

VOC-EPA-ED Toluene d8 
Total Acrylamide 

1 
5 ug/L 

ACENAPHTHENE 
ACENAPHTHYLENE 

PAH-ALK-GCMS-EX 
PAH-ALK-GCMS-EX 

Diss-Acenaphthene 
Diss-Acenaphthylene 

0.01 ug/L 
0.01 ug/L 

ACRIDINE 
ANTHRACENE 

PAH-ALK-GCMS-EX 
PAH-ALK-GCMS-EX 

Diss-Acridine 
Diss-Anthracene 

0.01 ug/L 
0.01 ug/L 

BENZO(A)ANTHRACENE 
BENZO(A)PYRENE 

PAH-ALK-GCMS-EX 
PAH-ALK-GCMS-EX 

Diss-Benz(a)anthracene 
Diss-Benzo(a)pyrene 

0.01 ug/L 
0.01 ug/L 

BENZO(B&J)FLUORANTHENE 
BENZO(E)PYRENE 

PAH-ALK-GCMS-EX 
PAH-ALK-GCMS-EX 

Diss-Benzo(b&j)fluoranthene 
Diss-Benzo(e)pyrene 

0.01 ug/L 
0.01 ug/L 

BENZO(G,H,I)PERYLENE 
BENZO(K)FLUORANTHENE 

PAH-ALK-GCMS-EX 
PAH-ALK-GCMS-EX 

Diss-Benzo(g,h,i)perylene 
Diss-Benzo(k)fluoranthene 

0.01 ug/L 
0.01 ug/L 

BIPHENYL 
CHRYSENE 

PAH-ALK-GCMS-EX 
PAH-ALK-GCMS-EX 

Diss-Biphenyl 
Diss-Chrysene 

0.01 ug/L 
0.01 ug/L 

DIBENZO(A,H)ANTHRACENE 
DIBENZOTHIOPHENE 

PAH-ALK-GCMS-EX 
PAH-ALK-GCMS-EX 

Diss-Dibenz(a,h)anthracene 
Diss-Dibenzothiophene 

0.01 ug/L 
0.01 ug/L 

FLUORANTHENE 
FLUORENE 

PAH-ALK-GCMS-EX 
PAH-ALK-GCMS-EX 

Diss-Fluoranthene 
Diss-Fluorene 

0.01 ug/L 
0.01 ug/L 
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Parameter Product Synonym LOR  Units  
Long Term 

 
Short Term 

INDENO(1,2,3-CD)PYRENE PAH-ALK-GCMS-EX Diss-Indeno(1,2,3-cd)pyrene 0.01 ug/L   
METHYL ACENAPHTHENE 
METHYL B(A)A/CHRYSENE 

PAH-ALK-GCMS-EX 
PAH-ALK-GCMS-EX 

Diss-C1 Acenaphthenes 
Diss-C1 Benz(a)Anthracenes/Chry 

0.04 ug/L 
0.04 ug/L 

  

METHYL B(B&K)F/B(A)P 
METHYL BIPHENYL 

PAH-ALK-GCMS-EX 
PAH-ALK-GCMS-EX 

Diss-C1 Benzofluoranthenes/Benz 
Diss-C1 Biphenyls 

0.04 ug/L 
0.04 ug/L 

  

METHYL DIBENZOTHIOPHENE 
METHYL FLUORANTHENE/PYRENE 

PAH-ALK-GCMS-EX 
PAH-ALK-GCMS-EX 

Diss-C1 Dibenzothiophenes 
Diss-C1 Fluoranthenes/Pyrenes 

0.04 ug/L 
0.04 ug/L 

  

METHYL FLUORENE PAH-ALK-GCMS-EX Diss-C1 Fluorenes 0.04 ug/L   
METHYL PHENANTHRENE/ANTHRACENEPAH-ALK-GCMS-EX Diss-C1 Phenanthrenes/Anthrace 0.04 ug/L 
1-METHYL-7-(1-METHYLETHYL)PHENANTPAH-ALK-GCMS-EX Diss-Retene 0.01 ug/L 
1-METHYLNAPHTHALENE PAH-ALK-GCMS-EX Diss-1-Methylnaphthalene 0.01 ug/L 
2-METHYLNAPHTHALENE 
NAPHTHALENE 

PAH-ALK-GCMS-EX 
PAH-ALK-GCMS-EX 

Diss-2-Methylnaphthalene 
Diss-Naphthalene 

0.01 ug/L 
0.05 ug/L 

PERYLENE 
PHENANTHRENE 

PAH-ALK-GCMS-EX 
PAH-ALK-GCMS-EX 

Diss-Perylene 
Diss-Phenanthrene 

0.01 ug/L 
0.01 ug/L 

PYRENE 
QUINOLINE 

PAH-ALK-GCMS-EX 
PAH-ALK-GCMS-EX 

Diss-Pyrene 
Diss-Quinoline 

0.01 ug/L 
0.01 ug/L 

C2 SUB'D B(A)A/CHRYSENE 
C2 SUB'D B(B&K)F/B(A)P 

PAH-ALK-GCMS-EX 
PAH-ALK-GCMS-EX 

Diss-C2 Benz(a)Anthracenes/Chr 
Diss-C2 Benzofluoranthenes/Benz 

0.04 ug/L 
0.04 ug/L 

C2 SUB'D BIPHENYL 
C2 SUB'D DIBENZOTHIOPHENE 

PAH-ALK-GCMS-EX 
PAH-ALK-GCMS-EX 

Diss-C2 Biphenyls 
Diss-C2 Dibenzothiophenes 

0.04 ug/L 
0.04 ug/L 

C2 SUB'D FLUORANTHENE/PYRENE 
C2 SUB'D FLUORENE 

PAH-ALK-GCMS-EX 
PAH-ALK-GCMS-EX 

Diss-C2 Fluoranthenes/Pyrenes 
Diss-C2 Fluorenes 

0.04 ug/L 
0.04 ug/L 

C2 SUB'D NAPHTHALENE 
C2 SUB'D PHENANTHRENE/ANTH. 

PAH-ALK-GCMS-EX 
PAH-ALK-GCMS-EX 

Diss-C2 Naphthalenes 
Diss-C2 Phenanthrenes/Anthrace 

0.04 ug/L 
0.04 ug/L 

C3 BENZANTHRACENES/CHRYSENES 
C3 SUB'D DIBENZOTHIOPHENE 

PAH-ALK-GCMS-EX 
PAH-ALK-GCMS-EX 

Diss-C3 Benzanthracenes/Chryse 
Diss-C3 Dibenzothiophenes 

0.04 ug/L 
0.04 ug/L 

C3 SUB'D FLUORANTHENE/PYRENE 
C3 SUB'D FLUORENE 

PAH-ALK-GCMS-EX 
PAH-ALK-GCMS-EX 

Diss-C3 Fluoranthenes/Pyrenes 
Diss-C3 Fluorenes 

0.04 ug/L 
0.04 ug/L 

C3 SUB'D NAPHTHALENE 
C3 SUB'D PHENANTHRENE/ANTH. 

PAH-ALK-GCMS-EX 
PAH-ALK-GCMS-EX 

Diss-C3 Naphthalenes 
Diss-C3 Phenanthrenes/Anthracen 

0.04 ug/L 
0.04 ug/L 

C4 BENZANTHRACENES/CHRYSENES 
C4 SUB'D DIBENZOTHIOPHENE 

PAH-ALK-GCMS-EX 
PAH-ALK-GCMS-EX 

Diss-C4 Benzanthracenes/Chryse 
Diss-C4 Dibenzothiophenes 

0.04 ug/L 
0.04 ug/L 

C4 FLUORANTHENES/PYRENES 
C4 SUB'D NAPHTHALENE 

PAH-ALK-GCMS-EX 
PAH-ALK-GCMS-EX 

Diss-C4 Fluoranthenes/Pyrenes 
Diss-C4 Naphthalenes 

0.04 ug/L 
0.04 ug/L 

C4 SUB'D PHENANTHRENE/ANTH. 
ACENAPHTHYLENE D8 

PAH-ALK-GCMS-EX 
PAH-ALK-GCMS-EX 

Diss-C4 Phenanthrenes/Anthrace 
Diss-Acenaphthylene d8 

0.04 ug/L 
1 % 

BENZO(A)PYRENE D12 PAH-ALK-GCMS-EX Diss-Benzo(a)pyrene d12 1 % 
BENZO(G,H,I)PERYLENE D12 PAH-ALK-GCMS-EX Diss-Benzo(g,h,i)perylene d12 1 % 
NAPHTHALENE D8 PAH-ALK-GCMS-EX Diss-Naphthalene d8 1 % 
PHENANTHRENE D10 PAH-ALK-GCMS-EX Diss-Phenanthrene d10 1 % 
PYRENE D10 PAH-ALK-GCMS-EX Diss-Pyrene d10 1 % 
 

 

 
AESRD  Draft Guideline 



Detailed analyte testing list for sediment quality samples. 
 
 

Parameter Product Synonym LOR    Units 

BENZENE BTX,F1-ED Benzene 0.005 mg/kg 
ETHYLBENZENE BTX,F1-ED Ethylbenzene 0.015 mg/kg 
TOLUENE BTX,F1-ED Toluene 0.05 mg/kg 
ORTHO-XYLENE BTX,F1-ED o-Xylene 0.05 mg/kg 
M+P-XYLENES BTX,F1-ED m+p-Xylene 0.05 mg/kg 
XYLENES (TOTAL) BTX,F1-ED Xylenes 0.1 mg/kg 
TVH BTX,F1-ED F1(C6-C10) 10 mg/kg 
TVH: (C6-C10 / BTEX CORRECTED) BTX,F1-ED F1-BTEX 10 mg/kg 
TVH ETL-TVH,TEH-CCME-ED F1 (C6-C10) 10 mg/kg 
TVH: (C6-C10 / BTEX CORRECTED) ETL-TVH,TEH-CCME-ED F1-BTEX 10 mg/kg 
TEH: (C10-C16) ETL-TVH,TEH-CCME-ED F2 (C10-C16) 30 mg/kg 
F2-NAPHTHALENE ETL-TVH,TEH-CCME-ED F2-Naphth 30 mg/kg 
TEH: (C16-C34) ETL-TVH,TEH-CCME-ED F3 (C16-C34) 30 mg/kg 
F3-PAH ETL-TVH,TEH-CCME-ED F3-PAH 30 mg/kg 
TEH: (C34-C50) ETL-TVH,TEH-CCME-ED F4 (C34-C50) 30 mg/kg 
GRAVIMETRIC HEAVY HYDROCARBONS (SILICA) ETL-TVH,TEH-CCME-ED F4G-SG (GHH-Silica) 500 mg/kg 
TOTAL HYDROCARBONS (C6-C50) ETL-TVH,TEH-CCME-ED Total Hydrocarbons (C6-C50) 30 mg/kg 
CHROM. TO BASELINE AT NC50 ETL-TVH,TEH-CCME-ED Chromatogram to baseline at nC50  
PREP/ANALYSIS DATES F2-4-TMB-ED Prep/Analysis Dates  
CHROM. TO BASELINE AT NC50 F2-4-TMB-ED Chrom. to baseline at nC50  
2-BROMOBENZOTRIFLUORIDE F2-4-TMB-ED 2-Bromobenzotrifluoride 1 
PREP/ANALYSIS DATES F4G-TMB-ED F4G Prep/Analysis Dates  
CACO3 EQUIVALENT C-INORG-ORG-SK CaCO3 Equivalent 0.8 % 
INORGANIC CARBON C-INORG-ORG-SK Inorganic Carbon 0.1 % 
TOTAL ORGANIC CARBON C-INORG-ORG-SK Total Organic Carbon 0.1 % 
TOTAL CARBON BY LECO C-TOT-LECO-SK Total Carbon by Combustion 0.1 % 
TOTAL CARBON BY LECO C-TOT-LECO-SK Total Carbon by Leco 0.1 % 
MERCURY HG-200.2-L-CVAA-ED Mercury (Hg) 0.005 mg/kg 
ALUMINUM MET-200.2-CCMS-ED Aluminum (Al) 50 mg/kg 
ANTIMONY MET-200.2-CCMS-ED Antimony (Sb) 0.1 mg/kg 
ARSENIC MET-200.2-CCMS-ED Arsenic (As) 0.1 mg/kg 
BARIUM MET-200.2-CCMS-ED Barium (Ba) 0.5 mg/kg 
BERYLLIUM MET-200.2-CCMS-ED Beryllium (Be) 0.2 mg/kg 
BISMUTH MET-200.2-CCMS-ED Bismuth (Bi) 0.2 mg/kg 
CADMIUM MET-200.2-CCMS-ED Cadmium (Cd) 0.1 mg/kg 
CALCIUM MET-200.2-CCMS-ED Calcium (Ca) 100 mg/kg 
CHROMIUM MET-200.2-CCMS-ED Chromium (Cr) 0.5 mg/kg 
COBALT MET-200.2-CCMS-ED Cobalt (Co) 0.1 mg/kg 
COPPER MET-200.2-CCMS-ED Copper (Cu) 0.5 mg/kg 
IRON MET-200.2-CCMS-ED Iron (Fe) 50 mg/kg 
LEAD MET-200.2-CCMS-ED Lead (Pb) 0.5 mg/kg 
LITHIUM MET-200.2-CCMS-ED Lithium (Li) 0.5 mg/kg 
MAGNESIUM MET-200.2-CCMS-ED Magnesium (Mg) 20 mg/kg 



Detailed analyte testing list for sediment quality samples. 
 
 

Parameter Product Synonym LOR    Units 

MANGANESE MET-200.2-CCMS-ED Manganese (Mn) 1 mg/kg 
MOLYBDENUM MET-200.2-CCMS-ED Molybdenum (Mo) 0.1 mg/kg 
MERCURY MET-200.2-CCMS-ED Mercury (Hg) 0.005 mg/kg 
METHYL-MERCURY  Methyl-Mercury (MeHg)  
NICKEL MET-200.2-CCMS-ED Nickel (Ni) 0.5 mg/kg 
PHOSPHORUS MET-200.2-CCMS-ED Phosphorus (P) 50 mg/kg 
POTASSIUM MET-200.2-CCMS-ED Potassium (K) 50 mg/kg 
SELENIUM MET-200.2-CCMS-ED Selenium (Se) 0.2 mg/kg 
SILVER MET-200.2-CCMS-ED Silver (Ag) 0.2 mg/kg 
SODIUM MET-200.2-CCMS-ED Sodium (Na) 100 mg/kg 
STRONTIUM MET-200.2-CCMS-ED Strontium (Sr) 1 mg/kg 
THALLIUM MET-200.2-CCMS-ED Thallium (Tl) 0.05 mg/kg 
TIN MET-200.2-CCMS-ED Tin (Sn) 2 mg/kg 
TITANIUM MET-200.2-CCMS-ED Titanium (Ti) 1 mg/kg 
URANIUM MET-200.2-CCMS-ED Uranium (U) 0.05 mg/kg 
VANADIUM MET-200.2-CCMS-ED Vanadium (V) 0.2 mg/kg 
ZINC MET-200.2-CCMS-ED Zinc (Zn) 5 mg/kg 
ACENAPHTHENE PAH-ALK-GCMS-EX Acenaphthene 0.01 mg/kg 
ACENAPHTHYLENE PAH-ALK-GCMS-EX Acenaphthylene 0.01 mg/kg 
ACRIDINE PAH-ALK-GCMS-EX Acridine 0.01 mg/kg 
ANTHRACENE PAH-ALK-GCMS-EX Anthracene 0.01 mg/kg 
BENZO(A)ANTHRACENE PAH-ALK-GCMS-EX Benz(a)anthracene 0.01 mg/kg 
BENZO(A)PYRENE PAH-ALK-GCMS-EX Benzo(a)pyrene 0.01 mg/kg 
BENZO(B&J)FLUORANTHENE PAH-ALK-GCMS-EX Benzo(b&j)fluoranthene 0.01 mg/kg 
BENZO(E)PYRENE PAH-ALK-GCMS-EX Benzo(e)pyrene 0.01 mg/kg 
BENZO(G,H,I)PERYLENE PAH-ALK-GCMS-EX Benzo(g,h,i)perylene 0.01 mg/kg 
BENZO(K)FLUORANTHENE PAH-ALK-GCMS-EX Benzo(k)fluoranthene 0.01 mg/kg 
BIPHENYL PAH-ALK-GCMS-EX Biphenyl 0.01 mg/kg 
CHRYSENE PAH-ALK-GCMS-EX Chrysene 0.01 mg/kg 
DIBENZO(A,H)ANTHRACENE PAH-ALK-GCMS-EX Dibenz(a,h)anthracene 0.01 mg/kg 
DIBENZOTHIOPHENE PAH-ALK-GCMS-EX Dibenzothiophene 0.01 mg/kg 
FLUORANTHENE PAH-ALK-GCMS-EX Fluoranthene 0.01 mg/kg 
FLUORENE PAH-ALK-GCMS-EX Fluorene 0.01 mg/kg 
INDENO(1,2,3-CD)PYRENE PAH-ALK-GCMS-EX Indeno(1,2,3-cd)pyrene 0.01 mg/kg 
METHYL ACENAPHTHENE PAH-ALK-GCMS-EX C1 Acenaphthenes 0.04 mg/kg 
METHYL B(A)A/CHRYSENE PAH-ALK-GCMS-EX C1 Benz(a)Anthracenes/Chrysenes 0.04 mg/kg 
METHYL B(B&K)F/B(A)P PAH-ALK-GCMS-EX C1 Benzofluoranthenes/Benzopyrenes 0.04 mg/kg 
METHYL BIPHENYL PAH-ALK-GCMS-EX C1 Biphenyls 0.04 mg/kg 
METHYL DIBENZOTHIOPHENE PAH-ALK-GCMS-EX C1 Dibenzothiophenes 0.04 mg/kg 
METHYL FLUORANTHENE/PYRENE PAH-ALK-GCMS-EX C1 Fluoranthenes/Pyrenes 0.04 mg/kg 
METHYL FLUORENE PAH-ALK-GCMS-EX C1 Fluorenes 0.04 mg/kg 
METHYL PHENANTHRENE/ANTHRACENE PAH-ALK-GCMS-EX C1 Phenanthrenes/Anthracenes 0.04 mg/kg 
1-METHYL-7-(1-METHYLETHYL)PHENANTHRENE PAH-ALK-GCMS-EX Retene 0.01 mg/kg 
1-METHYLNAPHTHALENE PAH-ALK-GCMS-EX 1-Methylnaphthalene 0.02 mg/kg 
2-METHYLNAPHTHALENE PAH-ALK-GCMS-EX 2-Methylnaphthalene 0.02 mg/kg 
NAPHTHALENE PAH-ALK-GCMS-EX Naphthalene 0.01 mg/kg 
PERYLENE PAH-ALK-GCMS-EX Perylene 0.01 mg/kg 
PHENANTHRENE PAH-ALK-GCMS-EX Phenanthrene 0.01 mg/kg 
PYRENE PAH-ALK-GCMS-EX Pyrene 0.01 mg/kg 
QUINOLINE PAH-ALK-GCMS-EX Quinoline 0.01 mg/kg 
C2 SUB'D B(A)A/CHRYSENE PAH-ALK-GCMS-EX C2 sub'd B(a)A/chrysene 0.04 mg/kg 
C2 SUB'D B(B&K)F/B(A)P PAH-ALK-GCMS-EX C2 Benzofluoranthenes/Benzopyrenes 0.04 mg/kg 
C2 SUB'D BIPHENYL PAH-ALK-GCMS-EX C2 Biphenyls 0.04 mg/kg 
C2 SUB'D DIBENZOTHIOPHENE PAH-ALK-GCMS-EX C2 Dibenzothiophenes 0.04 mg/kg 
C2 SUB'D FLUORANTHENE/PYRENE PAH-ALK-GCMS-EX C2 Fluoranthenes/Pyrenes 0.04 mg/kg 



Detailed analyte testing list for sediment quality samples. 
 
 

Parameter Product Synonym LOR    Units 

C2 SUB'D FLUORENE PAH-ALK-GCMS-EX C2 Fluorenes 0.04 mg/kg 
C2 SUB'D NAPHTHALENE PAH-ALK-GCMS-EX C2 Naphthalenes 0.04 mg/kg 
C2 SUB'D PHENANTHRENE/ANTH. PAH-ALK-GCMS-EX C2 Phenanthrenes/Anthracenes 0.04 mg/kg 
C3 BENZANTHRACENES/CHRYSENES PAH-ALK-GCMS-EX C3 Benzanthracenes/Chrysenes 0.04 mg/kg 
C3 SUB'D DIBENZOTHIOPHENE PAH-ALK-GCMS-EX C3 Dibenzothiophenes 0.04 mg/kg 
C3 SUB'D FLUORANTHENE/PYRENE PAH-ALK-GCMS-EX C3 Fluoranthenes/Pyrenes 0.04 mg/kg 
C3 SUB'D FLUORENE PAH-ALK-GCMS-EX C3 Fluorenes 0.04 mg/kg 
C3 SUB'D NAPHTHALENE PAH-ALK-GCMS-EX C3 Naphthalenes 0.04 mg/kg 
C3 SUB'D PHENANTHRENE/ANTH. PAH-ALK-GCMS-EX C3 Phenanthrenes/Anthracenes 0.04 mg/kg 
C4 BENZANTHRACENES/CHRYSENES PAH-ALK-GCMS-EX C4 Benzanthracenes/Chrysenes 0.04 mg/kg 
C4 SUB'D DIBENZOTHIOPHENE PAH-ALK-GCMS-EX C4 Dibenzothiophenes 0.04 mg/kg 
C4 FLUORANTHENES/PYRENES PAH-ALK-GCMS-EX C4 Fluoranthenes/Pyrenes 0.04 mg/kg 
C4 SUB'D NAPHTHALENE PAH-ALK-GCMS-EX C4 Naphthalenes 0.04 mg/kg 
C4 SUB'D PHENANTHRENE/ANTH. PAH-ALK-GCMS-EX C4 Phenanthrenes/Anthracenes 0.04 mg/kg 
ACENAPHTHYLENE D8 PAH-ALK-GCMS-EX Acenaphthylene d8 1 
BENZO(A)PYRENE D12 PAH-ALK-GCMS-EX Benzo(a)pyrene d12 1 
BENZO(G,H,I)PERYLENE D12 PAH-ALK-GCMS-EX Benzo(g,h,i)perylene d12 1 
NAPHTHALENE D8 PAH-ALK-GCMS-EX Naphthalene d8 1 
PHENANTHRENE D10 PAH-ALK-GCMS-EX Phenanthrene d10 1 
PYRENE D10 PAH-ALK-GCMS-EX Pyrene d10 1 
ACRYLAMIDE  Acrylamide 5 ug/L 
% SAND (2.0MM - 0.05MM) PSA-1-SK % Sand (2.0mm - 0.05mm) 0.1 % 
% SILT (0.05MM - 2UM) PSA-1-SK % Silt (0.05mm - 2um) 0.1 % 
% CLAY (<2UM) PSA-1-SK % Clay (<2um) 0.1 % 
TEXTURAL CLASS PSA-1-SK Texture  
RARE EARTH METALS    
LEAD STABLE ISOTOPE    
BORON STABLE ISOTOPE 
STRONTIUM STABLE ISOTOPE 
RADIUM STABLE ISOTOPE 
MERCURY STABLE ISOTOPE 

To be determined 

NORM                                                                               EPA 903.1                          Ra-226                                                                     1     pCi/g 
NORM                                                                               EPA 904.0                          Ra-228                                                                     5     pCi/g 
NORM                                                                               ASTM D3972                      Th-228                                                                   0.1    pCi/g 
NORM                                                                                                                           Th-230                                                                   0.1    pCi/g 
NORM                                                                                                                           Th-232                                                                   0.1    pCi/g 
NORM                                                                               ASTM D3972                      U-234                                                                     0.1    pCi/g 
NORM                                                                                                                           U-235                                                                     0.1    pCi/g 
NORM                                                                                                                           U-238                                                                     0.1    pCi/g 
NORM                                                                                                                           Ac-228                                                                              pCi/g 
NORM                                                                                                                           Am-241                                                                             pCi/g 
NORM                                                                                                                           Bi-212                                                                               pCi/g 
NORM                                                                                                                           Bi-214                                                                               pCi/g 
NORM                                                                                                                           Co-60                                                                                pCi/g 
NORM                                                                                                                           Cs-137                                                                   0.5    pCi/g 
NORM                                                                                                                           K-40                                                                                  pCi/g 

EPA 901.1 
NORM                                                                                                                           Pa-234m                                                                           pCi/g 
NORM                                                                                                                           Pb-212                                                                              pCi/g 
NORM                                                                                                                           Pb-214                                                                              pCi/g 
NORM                                                                                                                           Th-227                                                                              pCi/g 
NORM                                                                                                                           Th-234                                                                              pCi/g 
NORM                                                                                                                           Tl-208                                                                               pCi/g 
NORM                                                                                                                           U-235                                                                                pCi/g 



  
 Coal Valley Resources Inc. 
 Impact Assessment Plan 
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Company Profile
ALS Group is a wholly owned subsidiary of Campbell 

Brothers Ltd, an Australian based public company that 

began operations in 1863. The company is a diversified 

international analytical laboratory group which first  

established its operations in Queensland, Australia in 

1975. With 128 locations, and more than 6,000 staff 

members operating in 37 countries throughout Australia, 

North America, South America, Africa, Europe, and Asia, 

the company is now one of the largest analytical labora-

tory groups in the world.

ALS provides a broad range of services to four main  

market segments; mining and mineral exploration,  

environmental monitoring, equipment maintenance 

through used lubricant analysis, and commodity analysis 

and certification.

All ALS laboratories operate under formalized quality 

systems, and include dedicated quality control chemists in 

each major laboratory, a dedicated quality control group in 

each region of the world, and technical managers for each 

service area in which the company operates. As a  

professional services organization, ALS is committed to  

the ongoing professional development of all staff members 

through peer interaction, as well as in-house and external 

training programs. ALS operates a global proactive  

occupational health, safety, and environmental compliance 

program that ensures consistent conformity with local 

regulatory requirements throughout the world.

Environmental Division

The Environmental Division of ALS is one of the largest, 

most geographically diverse environmental testing  

companies globally. ALS Environmental has over 50 

locations throughout Asia, Australia, Europe, North America 

and South America to provide clients with analytical and 

technical support for local and international projects. ALS 

provides reliable analytical testing data to assist consulting 

and engineering firms, industry, and governments in  

making informed decisions about their environmental  

projects. A comprehensive range of environmental  

testing and technical support services is complemented  

by a commitment to quality and customer service.  ALS 

Environmental (USA) employs over 250 professional  

laboratory and support personnel to ensure that work is 

managed properly and deadlines are met.
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Laboratory Expectations

Benefits of Using ALS
The depth of technical and management expertise at ALS provides the basis for offices to deliver a consistently high  

level of service. Commitment to good science and personal service is backed by a sound quality program. Each laboratory  

within the ALS network maintains accreditations to satisfy target market demands. To obtain copies of Scopes of  

Accreditation, follow the location links on www.alsglobal.com, refer to the Web sites of accrediting bodies, or contact  

the local ALS laboratory location. When working with ALS, clients can expect:

•	 Rapid turnaround to keep projects on schedule

•	 Project mobilization assistance to cover the scope of services required

•	 Technical resources to solve problems

•	 Experience acquired by working with a wide range of clients and programs

•	 Customized EDD formats with direct database uploads

•	 Interaction with trained professionals and problem solvers

•	 Regular participation in Proficiency Test evaluations provides assurance that the accuracy of results is continuously 

monitored and improved

ALS’ reputation as a leader in environmental chemistry is based on the commitment to keep laboratories at the cutting edge of 

analytical technology, while focusing on a “best value” business practice of employees to increase value of services rendered.



www.alsglobal.com

Environmental
•	 Air, soil, tissue, and water analysis to comply with   

local, provincial, federal, and international regulations

•	 Environmental effects and operational monitoring  

analysis

•	 Drinking water analysis

•	 Waste characterization

•	 Mobile & on-site laboratory services

Agricultural
•	 Water analysis for irrigation, livestock, spray water  

and domestic consumption

•	 Manure and sludge analysis for land application  

and pesticide residue analysis

•	 Soil and biota analysis for fertility management

•	 Soil and planrecommendation software (pcFARM) and 

Regional AgronomisDatabase (R.A.D) software

Biocontaminants in Indoor Air
•	 Fungi/mold identification

•	 Sick building syndrome identification

•	 Toxic metabolite identification (e.g. mycotoxins)

•	 Spore trap analysis

Ultra Trace Chemistry Services
•	 Identification and analysis of Endocrine Disrupting  

Chemicals (EDCs), such as dioxins/furans, polychlorinated 

biphenyls, brominated flame retardants and organochlo-

rine compounds in soil, water, air and biological tissue

•	 Analysis of air toxics

•	 Characterization of complex organic chemicals

Industrial Hygiene Services
•	 Extensive IH testing services available for airborne con-

taminants

•	 Occupational hygiene projecconsultation

•	 Identification of contaminants and toxic substances

Forensic Services
•	 Determination of toxicity effects in livestock, wildlife,  

birds and pets

•	 Poison identification

•	 Determine causes of fish toxicity in industrial effluent

•	 Determination of sources of petroleum spills

Limnology and Bioassay Testing Services
•	 Phytoplankton and zooplankton identifications

•	 Acute toxicity testing using rainbow trout, daphnia  

magna and MicrotoxTM

•	 Blue-green algae and microcystin-LR determination

•	 Analysis performed to various taxonomic levels  

on organisms found from coasto coast

•	 Benthic community assessmen(reference libraries   

provided for benthic invertebrate projects)

Microbiology
•	 Microbiological analyses of food, soil, water, and  

wastewater.

•	 Giardia, Cryptosporidium and Legionella analysis

•	 Specific organisms including human and animal patho-

gens enumerated and identified down to species level

•	 Bacterial Identification (RNA Speciation)

•	 Bacterial enumeration of human or animal pathogens

Mining
•	 Mineral exploration and mine development testing

•	 Baseline environmental effects monitoring

•	 Acid base accounting, humidity cell facilities and testing

•	 Assessment of toxic metal exposure (fish bile, liver and 

tissue analysis)

Laboratory Services
The following summary highlights routine and specialty services provided by ALS that range from identifying unknown 

spilled contaminants, to determining toxicological impacts. Experts in chemistry, microbiology, toxicology, industrial  

hygiene, food safety, industrial processes, quality systems, data management, and information technology are ready  

to help clients solve problems.
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Laboratory Services and Capabilities



Pesticide Residues
•	 Analysis of parencompounds and their metabolites

•	 Analysis of pesticides in accordance with OECD and EPA 

Good Laboratory Practices

•	 Registration of agricultural pesticides in the United 

States (US EPA) and in Canada (Pesticide Managemen 

Regulatory Agency (PMRA))

•	 Studies on soil dissipation, crop residues and water

Pulp and Paper Services
•	 Comprehensive analytical packages

•	 AOX screening

•	 Analysis of dioxins/furans, resin and fatty acids,  

chlorinated phenolics, catechols and guaiacols  

alow concentrations in a variety of sample matrices

•	 Rapid screening methods available for on-site spill  

response and remediation

Oil and Gas Services
•	 Site remediation - upstream and downstream

•	 Drilling waste analysis

•	 Coal bed methane (CBM) and groundwater analysis

•	 Soil vapour analyses

•	 Hydrocarbon fingerprinting

Toxicity Testing
•	 Toxicity Identification Evaluations (T.I.E.) and Toxicity  

Reduction Evaluations (T.R.E.) for industrial processes 

and wastewaters

•	 Exposure assessment

•	 Human health risk and ecological risk assessments

•	 Comprehensive library facilities to provide professional 

interpretations of analytical results

Legal Sample Analysis
•	 Consultations for legal sampling evenplanning

•	 Extensive experience with legal sample handling and 

analysis procedures thaare proven to be defensible in 

court

•	 Knowledgeable and dependable experwitness testimony

Seminars and Training
•	 Clienand industry customized seminars and workshops

•	 Regulation updates

•	 Education on new priority pollutants

Pesticide Registration Audits
•	 Pesticide registration studies in accordance with EPA 

FIFRA Good Laboratory Practice (GLP) Regulations

•	 Provision of field and lab GLP-compliance audits by ALS 

Quality Assurance Uni (QAU)

Personalized Service
•	 Dedicated AccounManagers who are highly trained  

and knowledgeable professionals who have a general 

understanding of the daily needs of clients

•	 Reporformats (electronic and hard copy options)  

customized to fiinformation technology needs

•	 Prompresponse to questions and project planning  

requirements

6
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ALS laboratories are located in five provinces and one territory. From its network of 14 laboratories and two depots, the  

company is able to service heavily populated and urbanized regions where the laboratories are located, as well as regions 

of the country where clients are served by both Canadian and U.S. facilities. Clients need access to data anytime, anywhere. 

To meet this demand, ALS’ value-added services include the use of WebTrieveTM, a web-based interface to laboratory data, 

through which clients can access results, certificates of analysis, and quality control information. In addition, clients can 

view the progress of their samples through the laboratory, from anywhere in the world, by way of an online, encrypted account.

ALS Group is known for its emergency services that are in place on a 24/7-365 standby.

ALS Locations in Canada’s Provinces and Territories

ALS Vancouver 
Vancouver, BC
(604) 253-4188
(800) 668-9878 ALS Thunder Bay 

Thunder Bay, ON
(807) 623-6463
(800) 668-9878ALS Saskatoon 

Saskatoon, SK
(306) 668-8370
(800) 668-9878

ALS Calgary
Calgary, AB
(403) 291-9897
(800) 668-9878

ALS Yellowknife 
Yellowknife, NT
(867) 873-5593

ALS Fort McMurray 
Fort McMurray, AB
(780) 791-1524
(800) 668-9878

North American Centre of Excellence 
Edmonton, AB, (780) 391-2300

ALS Edmonton 
Edmonton, AB
(780) 413-5227
(800) 668-9878

ALS Fort St. John 
Fort St John, BC
(250) 261-5517
(800) 668-9878

ALS Grande Prairie 
Grande Prairie, AB
(780) 539-5196
(800) 668-9878

ALS Winnipeg 
Winnipeg, MB
(204) 255-9720 
(800) 607-7555

ALS Mississauga 
Mississauga, ON
(905) 507-6910

ALS London 
London, ON
(519) 652-6044

ALS Waterloo 
Waterloo, ON
(519) 886-6910
(800) 668-9878

ALS Richmond Hill 
Richmond Hill, ON
(905) 881-9887

ALS Burlington
Burlington, ON
(905) 331-3111
(800) 257-3684



British Columbia
Businesses and governments in British Columbia have access to a full service laboratory in Vancouver specializing in  

measurement of organic, inorganic, microbiological, and physical parameters in air, water, seawater, soils, sediments, and 

solids. The Vancouver laboratory has extensive capabilities for trace metals analysis and offers ultra trace metals analysis 

by High Resolution Inductively Coupled Plasma Mass Spectrometry (HR-ICPMS) for environmental matrices including biota, 

water, and seawater samples. The Fort St. John facility is a microbiological laboratory and service centre for the Vancouver 

and Alberta laboratories.

Alberta
Located in Edmonton is the North American Centre of Excellence (The Centre), along with a full service laboratory. Another 

full service laboratory is located in Calgary, and industry-specific laboratories are located in Grande Prairie and Fort McMurray.

The Centre is a high tech, modern laboratory campus characterized by a group of specialty disciplines that focus on  

solving environnmental problems using complex analytical procedures. Disciplines include forensics chemistry, research 

and method development, environmental and health services, specialty analyses, and pesticide and associated metabolite 

analyses using ISO or GLP protocols. The Centre’s chemists are recognized globally for their innovation in analytical  

technology. Services specific to The Centre include:

•	 Persistent organic pollutant (POP) and endocrine disruptor chemicals (EDC) analysis

•	 Pesticide and herbicide analysis to OECD and EPA GLP standards

The full service laboratory in Edmonton has unique capabilities in:

•	 Ultra trace metals and metals speciation analysis

•	 Industrial hygiene

•	 Air quality and air toxics

The Calgary laboratory services the environmental and oil and gas markets with a broad scope of organic, inorganic, and mi-

crobiological test services. The Fort McMurray lab provides specific analyses for the upstream energy sector and the Grande 

Prairie facility provides specific analyses for the forest products sector, as well as the upstream energy sector.

ABOVE:  
ALS Vancouver

RIGHT:  
ALS Calgary

LEFT:  
ALS Edmonton

BELOW:  
ALS North Ameri-
can Centre of 
Excellence

8
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Saskatchewan
ALS Environmental has a full service agricultural and environmental analytical laboratory in Saskatoon.  

Agricultural services include water, soil and plant analyses. The lab also carries out environmental testing services  

for the oil and gas, drinking water, and wastewater sectors.

Manitoba
Manitoba is serviced by a full service laboratory in Winnipeg that provides analyses of inorganic, organic, and biological  

parameters in water, soil, and air samples. Unique capabilities include bioassays (fish and biota), microbiological,                    

mold/fungi, and asbestos testing.

Ontario
Ontario is serviced by one full service laboratory and three specialty labs. The Waterloo laboratory is one of the premiere 

laboratories with capabilities in trace organics, metals, general chemistry, and microbiology. The Waterloo, London,  

Thunder Bay, and Burlington laboratories are licensed by the Ontario Ministry of the Environment to perform drinking water 

analyses, and support the various regulatory requirements of Central and Eastern Canada. The Burlington lab is an  

environmental laboratory focused on air toxics and dioxins and furans using High Resolution Mass Spectrometry (HRMS). It 

specializes in the analysis of samples from stack and ambient air monitoring. The London laboratory is licensed to  

provide microbiological testing. The Richmond Hill and Mississauga locations are depots that service the Greater Toronto 

Area. Northern Ontario is serviced by a Thunder Bay laboratory, which offers basic drinking water and compliance  

monitoring testing for the pulp and paper, mining, forestry and municipal sectors.

Northwest Territories
The laboratory in Yellowknife offers specific analytical services to the mining and municipal sectors, while operating as a 

service centre for the Northern Region.

ABOVE:  
ALS Saskatoon

RIGHT:  
ALS Waterloo

LEFT:  
ALS Winnipeg

BELOW:  
ALS Thunder Bay



The following table details the routine analytical capabilities at each of the 14 laboratories of ALS. Clients should note that 

samples can be submitted to any ALS laboratory regardless of location of the actual testing facility.
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Environmental
Soils - Inorganics

Acid Volatile Sulfide P
Acidity P P P P
Available Nutrients P
Carbon P P P
Cyanide P P P P
Exchangeable cations P
Major Cations/Anions P P P P P P P
Metals P P P P P P P
• Routine ICP-OES P P P P P
• Trace ICP-MS P P P P P P
• AAS Flame / Furnace
• AAS/AFS Hydride (As, Se, Sb) P
• Mercury (Cold Vapour) P P P P P P P
• Metals Speciation P P

Salinity P P P P P
Simultaneous Extr. Metals P
Sulphur/Nitrogen P P

Soils - Organics
Alkanolamines P P
Alcohols P P P
Chlorophenols P P P P
Chlorophenols/Phenolics P P P P
Dioxins/Furans P P
EOX/EOCL P
Hydrocarbons P P P P P P P
• BTEX/TEH P P P P P P
• Histograms C11-C60 P P P P
• Oil & Grease P P P P P P P
• PHCs-F1-F4G (CCME) P P P P P P P

Glycols P P P P
Non-Target GC/MS P P P
PAH’s P P P P P P
PAH’s - Extended/Alkylated P P
PBDE’s P
PCB’s P P P P P P
PCB’s - Congener P P
Phenols, Total P P

Resins and Fatty Acids (RFAs) P P

Volatile Fatty Acids P

*  ALS Waterloo has service depots in Mississauga and Richmond Hill, serving the Greater Toronto Area.

A List of Services at Each Location
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Environmental
Soils - Organics Continued

VOCs P P P P P
Soils - Physical

Atterberg Limits P P
Bulk Density P P P P
Cation Exchange Capacity P P
pH/EC P P P P P P
Particle Size P P P P
• Hydrometer P P P P P
• Sieve P P P P P

Specific Gravity P P P P
Waste Characterization

Corrosivity P P P
Flash Point P P P P P P
Flammability P P
Organic Halides (AOX) P
Leachate TCLP/CGSB/MLEP P P P P P P
• Metals P P P P P P
• Inorganic (CN, NH4, NO3, etc.) P P P P P
• VOC’s P P P P
• BTEX P P P P P
• PCBs - Total/Aroclors P P P P
• Semi-Volatile Organics P P P P P

Spontaneous Combustion P
Drilling Waste P P P

Toxicological
Fish Bioassay P
Daphnia P
Microtox P P P P
Microystin P

Biological
Benthic Enumeration P
Limnological Examination P
Phytoplankton Enumeration P
Chlorophyll-a in Algae P P
Dioxins/Furans P
Hair - Metals P
Metals P P P P
Mold Identification & Count P
PAHs P P P
PAHs - Alkylated P P
PCB Congeners P



V
an

co
uv

er

Fo
rt

 S
t.

 J
oh

n

T
he

 C
en

tr
e

E
dm

on
to

n

C
al

ga
ry

G
ra

nd
e 

P
ra

ir
ie

Fo
rt

 M
cM

ur
ra

y

S
as

ka
to

on

W
in

ni
pe

g

T
hu

nd
er

 B
ay

W
at

er
lo

o

Lo
nd

on

B
ur

lin
gt

on

Ye
llo

w
kn

if
e

Environmental
Biological Continued

PBDE’s P
Water - Inorganics

Acidity P P P P P
Alkalinity P P P P P P P
BOD/CBOD P P P P P P P P P
Carbon (TOC/DOC/TIC) P P P P P P
Chlorate/Chlorite P
COD P P P P P P P P
Colour P P P P P P P P
Conductivity P P P P P P P P P P
Cyanide P P P P
Major - Cations/Anions P P P P P P P P
Metals P P P P P P P P
• Routine Level P P P P P P P P
• Trace Level (ICP-MS) P P P P P
• Ultra Trace (ICP-MS) P P P
• Speciated Metals P P
• Trace Hg P P P P P

Nutrients (N + P) P P P P P P P P
pH P P P P P P P P P P
Solids (TDS, TSS, etc.) P P P P P P P P P P
Sulfide P P P
Thiocyanate P P
Turbidity P P P P P P P P P

Water - Organics
Chlorophenols/Phenolics P P P P
Dioxins/Furans P P
Glycols P P P P
Haloacetic Acids P P
Hydrocarbons P P P P P
• Histograms C11-C60 P P P P
• BTEX, PHC’s P P P P P P
• BTEX, F1, F2 (CCME) P P P P P P

Naphthenic Acids - FTIR P
Naphthenic Acids - HRMS P
NDMA P
Non-Target GCMS Scans P P P
Nonylphenols P
Oil and Grease - FTIR P P
PAHs P P P P P P
PAHs - Alkylated P P
PBDEs P
PCBs - Total/Aroclor P P P P P P
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Environmental
Water - Organics Continued

PCBs - Congeners P P

Resins and Fatty Acids (RFAs) P P

Tannin & Lignin P P
THMs (Trihalomethanes) P P P P P
Volatile Fatty Acids P
VOCs P P P P P

Microbiological
Coliforms (Total-Fecal) P P P P P P P P P
E. Coli P P P P P P P P
E. Coli 0157:H7 P
E. Coli source identification P
Standard Plate Counts (HPC) P P P P P P P
Giardia & Cryptosporidium P
Legionella P
Microscopic Examination P
Iron Related Bacteria P P
Pseudomonas P P
Staphylococcus aureus P
Sulfur Reducing Bacteria P P

Agricultural
Soil

DTPA Metals P
Fertility (NPKS) P

Tissue/Vegetation
Metals P P P P P
Total Nitrogen/TKN P
Water Soluble Nutrients P

Air - Industrial Hygiene
Ammonia P P
Anions P P P P
Asbestos - Bulk P P P
Asbestos - Fibre Counts P P P
Breathing Air Compressed P
Dioxins/Furans P P
Formaldehyde P
Metals & Mercury P P P
Hydrocarbons/Organics P P P P
Canisters, (TO 14+15) P
Carbotrap Tubes (TO 17) P P P P
Gasbags P P
MM5 Trains P
Passive Monitors P P
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Air - Industrial Hygiene 
Continued

PBDEs P
PUF Cartridges P P
VOST Trains P
Ozone P
PAHs P P P
Particulates (Total) P P
PCBs - Aroclor P P
PCBs - Congener P P
Sample Media Supply P P P
Sampling Consulting P P P
Silica, Quartz P
Solvents P P
Spore Trap P
Total/Fixed Dustfall P P P
TSP Hivol P P P P P
VOCs (including BTEX) P P P P
Welding Fumes P

Pesticides/Herbicides
Canadian Drinking Water Screen P P
Carbamate Screen P P
CCME Pesticides P P
GLP Analysis P
Golf Course Screen P
Individual Pesticides P P
Specialized Screens P P
Organo-Phosphorus Screen P P P
Organochlorine Pesticide Screen P P P
Phenoxy-Neutral Herb Screen P P P
Sterilant Screen P
Sulfonylurea Screen P
Triazine Screen P P

Food
Dioxins/Furans P P
E. Coli in Food P
E. Coli 0157:H7 in Food P
Microbiological P
• Listeria P
• Salmonella P

PAHs P
PBDEs P
PCB - Congeners P P
Staphylococcus aureus in Food P
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Major Instrumentation
Advanced technology
The technology in the laboratory testing industry evolves at a rapid pace.  ALS is determined to keep up with the times and 

remain on the cutting edge with the most advanced equipment and instrumentation.  Below is an inventory summary of 

major instrumentation throughout the ALS network in Canada.   

Instrument Quantity

Metals Testing

ICPMS 15
ICPOES 13
CVAFS / CVAAS 12
HVAFS / HVAAS 2
GFAAS / DFAAS 2
High Resolution ICPMS 1

Non-Metallic Inorganics

AOX Analyzer 1
Auto-Titrator 9
Colourimetric Autoanalyzer 
(Discrete) 6

Colourimetric Autoanalyzer  
(Flow Systems) 30

Ion Chromatograph 13
Combustion Analyzer 11
Automated BOD Analyzer 1

Organics Testing

GCMS - SVOC 30
GCMS - VOC (some with FIDs) 28
GCMS - Air Analysis / IH 8
LC/MS/MS triple quad 8
High Resolution GCMS 6
HPLC-UV/Fluorescence/DAD 4
GC-FID 28
GC-ECD 10
Accelerated Solvent  
Extractors

5

Autotrace Extraction System 1
RapidTrace Extraction System 1
FT-IR 3

Miscellaneous Testing

Microtox Analyzer 8
Riboprinter 1

High Resolution ICPMS



The ALS Quality Management System (QMS) is structured to include the needs of clients, ALS corporate policies, as well  

as accreditation, licensing, and certification requirements. The QMS is detailed in all in-house documentation. Extensive 

training and monitoring at all facilities by quality assurance staff ensures effective implementation. The ALS Quality  

Assurance group operates independently of operations. It is comprised of trained and active assessors who are respected 

professionals. An overview of the elements of the ALS QMS is outlined below.

All systems that contribute to ensuring the quality of analytical results and client services are documented under the  

authority of management to ensure a consistent provision of services. Training in all critical job tasks is provided,  

measured, documented, and monitored.

All analytical methods used at ALS undergo validation prior to their approval for use in the laboratory. The approved methods 

contain criteria for quality control and performance criteria that provides information on each preparation and analytical 

stage of analysis. Data generated are compared to data quality objectives. Sample results are traceable and defensible.

Scheduled internal audits are performed on all quality management system elements. The audit system ensures conformance 

to the QMS and applicable performance criteria. Accreditation, certification, and licensing bodies also perform audits to  

ensure conformity to applicable standards or regulations. In addition, clients may wish to perform audits to verify  

compliance with their project requirements.

Proficiency testing programs are used to monitor testing activities. Results are reported to accreditation bodies when  

applicable, and they are used to measure performance and meet accreditation and licensing requirements.

Accreditations, Recognitions and Licenses
The ALS Environmental Division laboratories in Canada are involved in accreditation programs specific to their specialized 

testing and client needs. Contact any ALS laboratory to receive Scopes of Accreditation or Certificates of Recognition. ALS 

laboratories are affiliated with one or more of the following accreditation providers or programs of recognition:

•	 American Industrial Hygiene Association (AIHA)

•	 BC Ministry of Environment EDQA

•	 BC Provincial Health Officer EWQA

•	 Canadian Association for Laboratory Accreditation Inc. (CALA)

•	 EPA and OECD Good Laboratory Practices (GLP)

•	 Health Canada Good Manufacturing Practices

•	 National Environmental Laboratory Accreditation Program (NELAP)

•	 Ontario Ministry of the Environment Drinking Water License

•	 Standards Council of Canada (SCC)

•	 State of Washington Department of Ecology

16
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Proficiency Testing Programs
ALS Environmental is committed to utilizing proficiency testing programs to ensure the performance of test methods meet 

or exceed industry standards. Examples of the various proficiency testing programs that laboratories have been routinely 

involved with over the past several years include:

•	 Canadian Association for Laboratory Accreditation, Inc. (CALA)

•	 American Industrial Hygiene Association (AIHA)

•	 Canadian Food Inspection Agency (CFIA)

•	 Alberta Water Analysts Committee (AWAC)

•	 Western Canada Microtox Users Committee (WCMUC)

•	 Centre for Disease Control (CDC)

•	 National Water Research Institute (NWRI)

•	 AOAC International

•	 Quebec Centre of Toxicology

•	 North American Proficiency Testing Program (NAPT)

•	 Resource Technology Corperation (RTC)

•	 Ryerson Polytechnic University

•	 Clinical Microbiology Proficiency Testing (CMPT)

•	 Environmental Resources Associates (ERA)

•	 National Research Council (NRC) of Canada

•	 International Atomic Energy Agency Marine Environmental Studies Laboratory (IAEA-MEL)

•	 Wibby Environmental

•	 Analytical Products Group (APG)

•	 Western Enviro-Agricultural Laboratory Association (WEALA)

Quality Commitment
ALS supports and contributes to accreditation programs by volunteering six assessors and lead assessors (CALA and SCC), 

as well as Advisory Panel Members (CALA, AIHA and BC EWQA Steering Committee).

All feedback from clients is documented, tracked, resolved, and used as part of the company’s continuous improvement 

process. Monitoring of improvements provides clients with assurance that ALS has addressed their concerns.

The ALS management team performs scheduled reviews of monitoring activities to ensure the continued suitability of the 

quality management system to meet expectations. The reviews are used to set measurable goals and timelines for future 

performance and growth.

ALS Group invites clients to visit the nearest laboratory for a tour and review of management systems.

17



The ALS Group is committed to performing duties in efficient and ethical ways, at all times meeting and often exceeding 

standards that govern the operations of the company, and complying with the laws of the land.

Compliance
ALS believes that meeting compliance obligations is a responsibility essential to its long-term success. The company is  

committed to adhering to all legislation that relates to the operations of ALS.

All ALS employees are responsible for complying with policies and procedures established to ensure that ALS fulfills requi-

site legislative requirements. Every employee, contractor, or agent of the company is held accountable to conform to the law 

and to act ethically at all times.

Health and Safety
ALS is committed to achieving the highest levels of occupational health and safety performance in all of its laboratories 

through the reduction of risk of workplace injuries and illness. The company has a comprehensive health and safety pro-

gram that protects staff, contractors, visitors, property, and the public. Compliance with health and safety legislation, devel-

opment of safe operating procedures, employee training programs, regular site inspections, and annual audits ensure that 

employees at every level are responsible and accountable for the company’s health and safety performance.

Environment
ALS is committed to minimizing its environmental footprint. To support this goal, each laboratory adheres to relevant  

legislation in their jurisdiction about waste storage and disposal. Environmental samples and laboratory waste is recycled or 

disposed in an environmentally responsible manner. Containers and packaging are recycled wherever possible.

Confidentiality
ALS employees understand the importance of confidentiality and have implemented policies that ensure 

the protection of client information. Employees are required to sign and follow ethics, conflict of 

interest, and confidentiality policies. These agreements are required to ensure that all employees 

are aware of:

•	 Laboratory policy regarding ethics, and the standards of integrity that are expected of them.

•	 The notion that they are free from any undue pressures that might adversely affect the qual-

ity of their work.

Client confidentiality ensures that procedures for sending test results by mail, facsim-

ile, email, or other electronic means meet client requirements. Requests for records 

made by a third party must be accompanied by written consent from the client. All 

employees assure clients that confidentiality is observed at all times when present-

ing records.

System Integrity
•	 Secure, virus-free system, including a firewall to protect data

•	 Backup of all data

•	 Redundancy of major equipment and services

•	 Professionally run and maintained

Corporate Responsibility

18
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ALS Management and Professional Staff
ALS Group employs the most dedicated management and technical staff in the business. A focus on staff retention and 

career development has earned ALS a reputation as the “employer of choice” for laboratory professionals. This loyalty trans-

lates into a technical resource with a very high level of expertise and experience.

ALS is managed within a regional structure with the autonomy to deliver services that meet local needs. Because the major-

ity of staff, including senior management, are chemists, testing requirements of clients are well known. The curriculum vitae 

of key technical professionals are available upon request.

Key positions include:

•	 Managers — responsible for resource management and efficient delivery of services

•	 Technical Specialists — responsible for maintaining the leadership at ALS in the analytical testing market. Technical 

specialists are knowledgeable about emerging technologies and are often consulted by industry and regulatory bodies 

to provide expert assistance on a wide range of unique projects

•	 Account/Project Managers — provide the routine interaction between the laboratory and the client as it relates to the 

analytical project requirements. Each client is assigned an Account/Project Manager that develops an understanding of 

service requirements

•	 Chemists and Technical Staff — highly skilled professionals trained in modern analytical procedures

•	 Support Staff — ensure that services are available to provide clients with timely and secure data delivery

What this means to clients . . . 
The depth of technical and management expertise of ALS Environmental allows the company to deliver a consistently high 

level of service to clients. Our commitment to maintaining the highest level of technical expertise and quality standards  

assures ALS clients of a successful partnership for all their testing requirements. The personal and top-notch service  

delivered by ALS professionals translates to peace of mind and successful partnerships.
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ALS Burlington
5420 Mainway Drive, Unit 5

Burlington, ON L7L 6A4
Phone: +1 905 331 3111

Toll Free: +1 800 257 3684

ALS Calgary
1313 44th Avenue NE
Calgary, AB T2E 6L5

Phone: +1 403 291 9897
Toll Free: +1 800 668-9878

ALS Edmonton
9936 67 Avenue

Edmonton, AB T6E 0P5 

Phone: +1 780 413 5227
Toll Free: +1 800 668 9878

ALS Fort McMurray
Bay 1, 245 MacDonald Cresent

Fort McMurray, AB T9H 4B5
Phone: +1 780 791 1524

Toll Free: +1 800 668 9878

ALS Fort St. John
10345A Dogwood Street
Grandhaven, BC V1J 6W7
Phone: +1 250 261 5517

Toll Free: +1 800 668 9878

ALS Grande Prairie
9505 111 Street

Grande Prairie, AB T8V 5W1
Phone: +1 780 539 5196

Toll Free: +1 800 668 9878

ALS London
309 Exeter Road, Unit 29

London, ON N6L 1C1
Phone: +1 519 652 6044

Toll Free: +1 800 668 9878

ALS Mississauga
5730 Coopers Avenue, Unit 26

Mississauga, ON L4Z 2E9
Phone: +1 905 507 6910

Toll Free: +1 800 668 9878

North American  
Centre of Excellence

5424 97th Street
Edmonton, AB, T6E 5C1
Phone: +1 780 391 2300

ALS Richmond Hill
95 W. Beaver Creek Rd, Unit 1 
Richmond Hill, ON L4B 1H2

Phone: +1 905 881 9887
Toll Free: +1 800 668 9878

ALS Saskatoon
819 58th Street East

Saskatoon, SK S7K 6X5
Phone: +1 306 668 8370

Toll Free: +1 800 668 9878

ALS Thunder Bay
1081 Barton Street

Thunder Bay, ON P7B 5N3
Phone: +1 807 623 6463

Toll Free: +1 800 668 9878

ALS Vancouver
8081 Lougheed Hwy, Suite 100

Burnaby, BC V5A 1W9
Phone: +1 604 253 4188

Toll Free: +1 800 665 0243

ALS Waterloo
60 Northland Road, Unit 1

Waterloo, ON N2V 2B8
Phone +1 519 886 6910

Toll Free: +1 800 668 9878

ALS Winnipeg
1329 Niakwa Road East, Unit 

12
Winnipeg, MB R2J 3T4

Phone: +1 204 255 9720
Toll Free: +1 800 668 9878

ALS Yellowknife
75 Con Road

Yellowknife, NT X1A 2R2
Phone: +1 867 873 5593

North American Environmental Division

www.alsglobal.com

ALS Cincinnati
4388 Glendale-Milford Road

Cincinnati, OH 45242
Toll Free: +1 800 458 1493

Phone: +1 513 733 5336

ALS Everett
8620 Holly Drive, Suite 100
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Date:  2013/11/25     From: Jacklyn Holmes-Smith, B.Sc. 
Laboratory Supervisor 

 
To : Colin Schwindt, B.Sc., R.P.Bio   Elisabeth Henson, B.Sc. 

Environmental Specialist    Ecotoxicology Team Leader  
Hatfield Consultants  

 

 
Re: Toxicity Testing Quote  

Colin, 

A quote is attached for the suite of toxicity tests (water and sediment) which you 
requested, along with the additional analytical work required for the sediment toxicity 
tests.  We follow standard Environment Canada test methods, and are fully accredited 
for all methods listed below. 
 
We require a minimum of 24-hours notice for any acute, chronic and sediment tests that 
are being sent to HydroQual so that we are easily able to accommodate your needs.  
Our standard turnaround time of two weeks from test termination applies to these 
samples.   
 
Since the sediment tests run for two weeks and have extremely long hold times it can be 
as much as two and a half months from sampling before the sediment test reports are 
generated. In most circumstances, with advanced notification, we can negotiate 
reasonable deadlines with you to satisfy your client’s requirements. 
  
Thank you for your interest in HydroQual Laboratories, and if you have any questions 
please don’t hesitate to contact us. 
 
Best Regards, 
 
Jacklyn & Liz 
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Parameter 
Method 

Reference 

Hold 
Time 
(d) 

Minimum Vol. (L) 

Aquatic Toxicity Tests 

Daphnia magna Multiple Treatment Test 
(LC50) 

EPS 1/RM/14 5 1 

Daphnia magna Single Treatment Test  EPS 1/RM/14 5 1 

Rainbow Trout Multiple Treatment Test 
(LC50) 

EPS 1/RM/13 5 40 

Rainbow Trout Single Treatment Test  EPS 1/RM/13 5 20 

 
Sediment Toxicity Tests 

 

Hyalella 14 day Survival Test EPS 1/RM/33 42 2 

Chironomids 10 day Survival & Growth 
Test 

EPS 1/RM/32 42 2 

Analytical Tests 
Ammonia Analysis - na na 

Particle Size Analysis - na na 

Total Organic Matter - na na 

Other Charges/Project Quotations 

Shipping - - - 

Sample Disposal (Aquatic) - - - 

Sample Disposal (Sediment) - - - 

 
Notes: 
 
1. Advanced notice is requested when asking for these types of tests, as the holding times are very short and some 

organisms must be ordered prior to testing. 
2. Testing of effluents should commence as soon as possible after collection, and the sample should be kept cool 

during transport (1-8°C).   Samples must not freeze during transport. 
3. Variations in routine test methodology (e.g. sample manipulation, additional replication or dilution, etc) can be 

incorporated into the study design at additional charge.  Please contact the laboratory for details. 
4. Quoted prices do not include any applicable taxes. 
5. Prices are confidential and valid throughout 2013-2014.   
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Quoted prices include required test replication, reference toxicant analysis and quality 
control testing. Tests are performed in accordance with Environment Canada and/or 
USEPA methods where applicable in order to ensure analytical data meet regulatory 
requirements.    
 
Our laboratory is accredited to an ISO/IEC 17025:2005 standard by the Canadian 
Association for Laboratory Accreditation (CALA) for specific tests listed within our scope 
of accreditation.  
 
Thank you for your interest in HydroQual Laboratories Ltd. Please feel free to contact us 
if you have any questions or require any additional information.    
 
 
Sincerely, 

       
Jacklyn Holmes-Smith, B.Sc.    Liz Henson, B.Sc 
 

http://www.caeal.ca/
http://www.caeal.ca/


Cordillera Consulting – Qualification Report for Benthic 

Invertebrate Analysis 
 

Cordillera Consulting Inc. is a British Columbia based, independent laboratory, specializing in 

the identification of freshwater benthic invertebrates. It is based in Summerland BC. There is a 

staff of 7 employees including two TCP (Taxonomic Certification Program) certified biologists, 

a sorting technician manager and a data entry manager. The entire project is managed and 

performed in a laboratory in Summerland, BC. The president and lead taxonomist, Sue Salter has 

managed this company over the past 14 years with steady growth resulting from serving 

government and private agencies and giving reliable, timely and accurate scientific information 

from approximately 20,000 benthic samples processed from all over Canada. Cordillera 

Consulting Inc. has been involved with Environment Canada and the CABIN program for the 

past nine years. 

 

Experience and Certification 
 

Sue Salter B.Sc. R.P.Bio. has achieved the following certifications from the Society of 

Freshwater Sciences Taxonomic Certification Program: 

 Level 2 Group 1(West) 

 Level 2 Group 2 (West) 

 Level 2 Group 3(West)  

 Level 2 Group 2 (East)  

Nicole Hunziker-Basler M.Sc. has achieved  

 Level 2 Group 1 (West)  

 Level 2 Group 2 (West)  

 

Copies of Certificates are attached. Nicole is working with Craig Logan towards Certification in 

Group 4(Oligochaeta). In the interval our Taxonomic QC for Oligochaetes are being done by 

Craig Logan who is certified in this group. 

 

Sue Salter has attended the 2003, 2005 and 2006 Benthic Biomonitoring Conferences hosted by 

Ian Sharpe and John Richardson at the University of British Columbia as well as the National 

CABIN conference in Vancouver in 2010. Sue Salter is also a member of the Society of Fresh 

Water Science (formerly North American Benthological Society) and has attended 5 of their 

annual meetings (Pittsburgh, Vancouver, Anchorage Salt Lake City and Santa Fe) and has sat in 

on Biomonitoring and Taxonomy Sessions. Having an understanding of the B-IBI and the RCA 

models of biomonitoring and how they have evolved over time has helped to focus on the 

importance of accuracy and consistency in the taxonomic laboratory. 

 

Sue Salter has participated in the taxonomic workshops offered by Xerces Invertebrate 

Conservation Society ( www.xerces.org ) and Society of Freshwater Science (www.benthos.org)  
in  

 Odonata  

 Ephemeroptera 

http://www.xerces.org/
http://www.benthos.org/


 QA/QC  

 Gastropoda 

 Oligochaeta  

 Coleoptera  

 Tipulidae 

 

 

 Cordillera Consulting hosted a taxonomic workshop on the water-mite group. We keep up-to-

date with recent publications in Systematics of the aquatic invertebrate groups and maintain the 

most current taxonomic keys for the various aquatic groups. I maintain an active relationship with 

the taxonomist’s community of the Pacific Northwest and am part of the Freshwater Invertebrate 

Taxonomists (FIT) List Serve. We are also members of SAFIT (Southwestern Association of 

Freshwater Invertebrate Taxonomists). 

 

Experience in Identifying Samples from Western Canada  
 

Cordillera Consulting has been subcontracted by Fraser Environmental Services between 1997 

and 2010 to process all of the BC Ministry of Environment benthic invertebrate samples. These 

have included lotic benthic invertebrate samples from the  

 Okanagan Region 

 Skeena Region 

 East Kootenays 

 West Kootenays 

 Lower Mainland 

 Vancouver Island   

 Caribou 

 Haida Gwaii 

 Stikine, Peace, Ominica 

 Bulkley-Nechako 

 

Most of these samples during the first five years after 1998 had been collected using a Sürber 

sampler, although beginning in the 2002 collecting season there were a number of samples 

collected with RCA (CABIN) protocol (3-minute kick-net). Since 2002 the number of CABIN 

type kick net samples has been steadily growing as the CABIN protocol has become more 

widely used by federal and provincial governments and requested for by EEM assessments. 

Cordillera Consulting has processed approximately 20,000 benthic samples from Canada over 

the last 14 years. 

Cordillera Consulting currently holds the two year contract to process freshwater invertebrate 

CABIN samples for the Ministry of Environment in British Columbia. 

 

In addition to the work performed for the Province of British Columbia through Fraser 

Environmental services, Cordillera Consulting has processed a similar number of benthic 

invertebrate samples from all over British Columbia, Yukon, North West Territories, Nunavut, 

Alberta, Manitoba, Ontario and Newfoundland and Labrador collected to meet impact 



assessment criteria from other Provincial governments (Alberta, Newfoundland Labrador), 

consulting firms and mining companies as well as monitoring projects originating at the 

University level (University of Western Ontario, UBC Okanagan, University of Saskatchewan, 

University of Alberta). These have all been identified to lowest possible level and a growing 

number of clients are requesting CABIN protocol for sample processing.  

 

Cordillera Consulting has processed the samples collected for the CABIN program in Yukon 

(International Polar Year) through a contract for Environment Canada managed by Dr. John 

Bailey in the Yukon Territory. This follows work by Drs. John and Robert Bailey for the 

previous three years in watersheds in the Yukon which has seen almost 600 samples processed 

by Cordillera Consulting. 

 

CABIN type kick-net samples (250) from the Nahanni region were processed through the 

University of Saskatchewan in 2007 and Parks Canada in 2009 and 2010. Samples (>2000) from 

other parts of the Yukon, North West Territories, Nunavut and Northern British Columbia and 

Northern Alberta have been part of the provincial contracts processed through Fraser 

Environmental Services, other government agencies (DFO, MOE Alberta, IAND, Environment 

Canada), consulting firms (Golder and Ass., Stantec (Jacques-Whitford), AMEC(Gartner-Lee), 

EBA, Minnow, AECOM, Hatfield, etc.) meeting provincial and federal impact assessment 

criteria. 

 

Cordillera  Consulting processed samples collected for the MacKenzie Pipeline Project by 

Golder and Associates in 1999. The  Department of Fisheries and Oceans (Laura Rempel) 

collected benthic samples in 2005, 2006 and 2007 in the North West Territories related to the 

pipeline project. The sorted invertebrates were sent to this laboratory for identification and entry 

into the CABIN data base.  

 

Experience in using a Marchant Box Subsampler 
 

The Marchant Box subsampler has been in use by Cordillera Consulting since 2002 when 

Shauna Bennett (Skeena Region) requested its use for the Skeena project during that year. 

Cordillera Consulting has been using the Marchant Box subsampler since 2002. We were 

originally supervised in its use by staff at the Environment Canada Lab in Burlington, Ontario. 

 We have refined the technique of subsampling using this subsampling method over the past 9 

years so that we are able to achieve good distribution of the sample within the box and can 

evaluate samples which may need an alternative treatment (i.e. clumping algae). We keep 

records of subsampling efficiency within our internal laboratory QA/QC procedure to ensure 

accurate subsampling. 
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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”) near Hinton, Alberta.  The Mine produced export quality thermal coal that is beneficiated through a washing and drying process.  No chemicals are used in the process, except for flocculants that settle out the solid material from the water.  Flocculants are commonly used at potable water treatment plants in Canada.  When flocculants come into contact with sediment particles, they bond and become inactive. 
	The pond contained surface and process water, and solids from the washing process.  When the containment pond wall breached, approximately 670,000 cubic meters of water and sediment was released down slope.  The release contained water, clay, silt or mud, shale and coal fines.  As it moved downhill, the water and silt 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 soil were contained within the headwaters of the Apetowun Creek.  Finer particles were carried onward to Plante Creek and the Athabasca River.
	The purpose of this updated Impact Assessment Plan is to respond to the comments made by Alberta Environment and Sustainable Resource Development (ESRD), attached hereto as Appendix A, with respect to the Impact Assessment Plan CVRI submitted on December 13, 2013 in compliance with the following requirements outlined in the EPO, as amended:
	Impact Assessment Plan
	11. An impact assessment plan shall be submitted to the Director on or before December 13, 2013 (the "Impact Assessment Plan").
	12. The Impact Assessment Plan shall be prepared and implemented by qualified environmental professionals.
	13. The Impact Assessment Plan shall include a plan for how the following will be carried out: 
	a. full horizontal and vertical delineation of the adverse impacts to all affected waterbodies and associated terrestrial habitats, including the bed and shore of all waterbodies, 
	b.  the delineation shall consider impacts to: vegetation, soil, aquatic life (fish and fish habitat), 
	c.  identify areas of high impacts from any deposited mine wastewater solids,
	d.  steps that will be taken to prevent further adverse impacts to any of the above identified receptors or habitats from the deposited mine wastewater solids, and
	e.  a schedule of implementation for the Impact Assessment Plan for approval by the Director. 
	This Impact Assessment Plan provides for full horizontal and vertical delineation of the adverse impacts to all affected waterbodies and associated terrestrial habitats, including the bed and shore of all waterbodies.  This Impact Assessment Plan considers effects to: vegetation, soil, wildlife, water quality, and aquatic life (fish and fish habitat).  Areas impacted by deposited sediments have initially been identified and will continue to be identified within this Impact Assessment Plan as the Solids Recovery Plan is implemented.  CVRI has taken steps to prevent further adverse impacts to any of the above identified receptors or habitats from the deposited solids, and a schedule of implementation for approval by the Director has been provided.
	2.0 ASSESSMENT APPROACH
	Following approval by ESRD, this Impact Assessment Plan will be initiated using the data that is currently being collected under the Immediate and Short-Term Sampling and Monitoring Plan and other plans associated with the EPO response.  These programs are adaptive in nature and have been adjusted to accommodate the adaptive nature of this type of incident response.  Inclement weather immediately following the incident and the rapid onset of winter conditions restricted data collection.  In all disciplines, the lack of access to the field created a condition whereby determination of the final extent of effects is difficult at this time.  Initial assessment, impact and mitigation plans are possible for some of the near Obed (near field) impacts, however additional time will be required to complete a full assessment of the impacts to the aquatic environments of both the near field and the broader zone of the Athabasca River.  As data and information are gathered and assessed under spring and summer conditions, this Impact Assessment Plan will be modified and refined as required. 
	The generally accepted methodology for the assessment of the impacts of an activity, event or incident is to first develop and understand the spatial and temporal extent of the expected effect.  Once that has been completed for the agreed upon components, a comprehensive examination of the background conditions is undertaken.  The understanding of the background is necessary to predict the effects of the activity to the pre-incident conditions.  Once background conditions are understood, plans can be developed to avoid further impact, mitigate the severity of the effect or mitigate for the unavoidable effects.  Where appropriate, an assessment of the environmental and human health risks associated with the development of mitigation proposal will be used.  Risk assessments are a valuable tool, using accepted methodology, in the determination of possible outcomes of a variety of plans.  
	The compilation of information regarding background conditions is underway and includes a review of historic information and, where not enough historic information is available, the identification of suitable reference sites.
	In the circumstances surrounding the incident, the event was unpredictable and unexpected.  This is important in that the immediate steps of the incident response, both on the site and in compliance with the EPO, centred around the stabilization of the site.  Simultaneously, the determination of the extent of the impact began.  Organized by discipline and outlined below, this Impact Assessment Plan outlines what was known at the time of the development of this Impact Assessment Plan, what gaps exist in the impact determination and the steps that will be undertaken to determine the severity of the effects.  Assessment activities will include the following: 
	 Gather Baseline/Background Data;
	 Characterization of solids material released;
	 Assessment of the effect(s) of the solids material released;
	 Identification of desired endpoints; and
	 Review and analyze data and revise the Wildlife Mitigation Plan and Remediation Plan.
	3.0 PRE- INCIDENT CONDITIONS
	CVRI is currently in the process of identifying and compiling information regarding the environmental conditions in the area prior to the incident.  The following section provides a general summary of the information gathered to date along with steps to be taken to fill data gaps.  
	3.1 Aquatic Resources

	In 1980, aquatic resources of Apetowun Creek and Plante Creek were assessed to support applications for the development of the Mine (Zallen 1981). Benthic invertebrate monitoring was conducted on Apetowun Creek and Plante Creek as part of the Mine’s environmental monitoring program. This included sampling every two years from 1992 to 2002 and every four years from 2002 to 2010. Fish population monitoring has been conducted on a three-year interval at one location on Apetowun Creek from 2000 to 2009. The Fish and Wildlife Information System (FWMIS) maintained by ESRD also has records of fish presence in these drainages.
	3.1.1 Fish Habitat

	The habitat investigations conducted by Zallen (1981) were summarized based on characteristics found in the upper quarter, the middle half and the lower quarter of the Apetowun Creek and Plante Creek drainage.
	 The upper quarter of the drainage was described as a small, silt laden drainage that meandered through a largely shrub covered riparian area with undercut and silty banks (Zallen 1981). Several beaver dams that were located in the lower part of this section had created large pools and several side channels (Zallen 1981). 
	 The gradient of the middle half of the drainage was higher than in the upper portion and habitat was characterized by boulder and bedrock pool interspersed with riffles (Zallen 1981). This section of the creek flowed through a densely treed canyon (Zallen 1981). 
	 The lower quarter of the drainage was marked by the confluence of Apetowun Creek. The drainage in this area was characterized by braided channels over gravel and cobble substrates bounded by large slumping, sand cliff banks (Zallen 1981). Sandy deposits were evident in the lower portion of Plante Creek (Zallen 1981).
	 Zallen (1981) reported that 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 in excess of 6 m3/sec were recorded in the spring of 1980 and were noted to have caused bank scouring as well as sediment deposition along the margins of the channel. 
	3.1.2 Fish Communities
	3.1.2.1 Zallen (1981) 


	Zallen (1981) conducted fish sampling on Apetowun Creek and Plante Creek in spring and late summer of 1980 at seven locations within the drainage area. Electrofishing was the primary tool used to capture fish but gill nets, seines nets and fyke traps were also used when necessary (Zallen 1981). Zallen (1981) reported that Rainbow Trout (Oncorhynchus mykiss) and Spoonhead Sculpin (Cottus ricei) were found throughout the majority of the drainage while Burbot (Lota lota) were distributed more towards the upper portion of Apetowun Creek and Mountain Whitefish (Prosopium williamsoni) were more prevalent in Plante Creek (Table 1).
	Table 1 Fish capture from Apetowun Creek and Plante Creek (as reported by Zallen 1981)
	Fish Species
	Burbot
	Mountain Whitefish
	Rainbow Trout
	Spoonhead Sculpin
	Total Fish Captures
	Capture numbers
	10
	3
	151
	10
	174
	3.1.2.2 Fisheries Monitoring (2000-2009)

	Prior to the incident, fish population monitoring was completed in streams draining the mine lease 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 (removal method) were obtained from the monitoring section in 2000, 2003, 2006, and 2009 (Pisces 2010). The results of the fisheries monitoring conducted on Apetowun Creek are summarized in Table 2. 
	Table 2 Summary of fish monitoring results for Apetowun Creek
	Year
	Species
	Population Estimate
	Density Estimate (fish/100m2)1
	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
	1Removal Method
	3.1.2.3 Fish and Wildlife Management Information System (FWMIS)

	Table 3 provides a list of fish species present in Apetowun Creek and Plante Creeks according to FWMIS.
	Table 3 FWMIS data on fish presence in Apetowun Creek and Plante Creek
	Fish Species
	Species Present
	Apetowun Creek
	Plante Creek
	Brook Trout (Salvelinus fontinalis)
	Yes
	Yes
	Bull Trout (Salvalinus confluentus)
	No
	Yes
	Burbot (Lota lota)
	Yes
	Yes
	Longnose Dace (Rhinichthys cataractae)
	No
	Yes
	Longnose Sucker (Catostomus catostomus)
	No
	Yes
	Mountain Whitefish (Prosopium williamsoni)
	Yes
	Yes
	Northern Pike (Esox lucius)
	No
	Yes
	Rainbow Trout (Oncorhynchus mykiss)
	Yes
	Yes
	Spoonhead Sculpin (Cottus ricei)
	Yes
	Yes
	3.1.3 Aquatic Organisms

	As part of Mine’s environmental monitoring program, benthic invertebrate sampling was conducted in the fall of 1992, 1994, 1996, 2002, 2006, and 2010. The sampling sites consisted of five synoptic sites and three reference sites. Samples were collected with a Hess cylinder (sampling surface area of 0.1 m2 and a collecting net size of 0.250(m) for the erosional habitat sites. Samples collected from the depositional habitat sites were collected with an Ekman grab sampler (sampling surface of 0.023 m2). Five replicate samples were taken at random at each site as recommended by ESRD (Alberta Environment 1990). 
	Results of early surveys (1994, 1996, and 1998) suggested that effluent was affecting the benthic invertebrate community immediately downstream of settling pond discharge into upper Apetowun Creek (Wolanski 2003). In particular, compared to the control site, high densities of Oligochaeta were measured in 1998 at the site located about 500 metres below settling pond discharge. Also, there was a relative increase in Oligochaeta density measured in 1998 at the next site downstream which was attributed to the occasional release of sewage from the sewage lagoon, as well as the discharge from the settling ponds. Factors considered as potential influences to the benthic macroinvertebrate assemblage below the impoundment included increased concentration of nitrate nitrogen in water and augmentation of stream flow by the addition of warm settling pond effluent. However, results from subsequent monitoring indicated no difference in benthic communities between synoptic sites and control sites (Wolanski 2003, Pisces 2011). Those differences that were present were likely attributable to habitat differences between the sites and not likely indicative of an impact from the mine.
	3.1.4 Ongoing Activities

	Given the high importance of the Athabasca River to recreational fish users as well as a wide variety of industrial and recreational residents (e.g., pulp mills and water withdrawal users), a significant amount of pre-incident aquatic resources data exists for the upper Athabasca River between Hinton and Athabasca. CVRI is currently acquiring and compiling all applicable aquatic resources data collected in the aforementioned section of the Athabasca River as well as other applicable methodology resources that may assist in the study, design, and implementation of field monitoring programs. Sources of existing aquatic resources data include:
	 Pulp mill EEM design and interpretive reports - Pulp mills are, or have been, discharging into the upper Athabasca River in Hinton, Whitecourt and Athabasca for decades and given that these mills are required to conduct EEM studies following very similar design documents used in governing the Mine’s Long-Term Sampling and Monitoring Plan and Impact Assessment Plan, they provide a valuable source of existing data.
	 Regional Inventory Studies – In 1992 the Northern River Basins Study conducted a general fish and riverine habitat inventory of the Athabasca River. This study included several sites between Hinton and Athabasca that provided a “snap-shot” of the aquatic ecosystem following the critical ice cover period.
	 Regional Long-Term Studies – Environment Canada and ESRD continually monitor water and sediment quality and periodically monitor benthic invertebrates at a number of key sites, including Hinton and Whitecourt, as part of the Long-Term River Network (LTRN). These stations provide valuable long-term trends of certain aquatic resources.
	 Additional Localized Studies – A number of smaller scale more localized aquatic studies have been completed in the upper Athabasca River in response to industrial operations, academic studies and government funding. These studies will provide valuable sampling design and impact assessment methodologies tools that may provide insight into the Obed reclamation and remediation plans. .
	3.2 Terrestrial Resources
	3.2.1 Soil & Terrain
	3.2.1.1 Geology



	The area adjacent to Apetowun Creek and Plante Creek is located on a variety of surficial parent material deposits. These include:
	 Till Materials - medium to moderately fine grained, moderately to excessively stony, non-calcareous, slightly acidic to slightly alkaline till classified as the Marlboro till.  This till occurs typically as a veneer over sedimentary deposits and gravels in the plateau areas and as rolling moraine in other areas.  Till thickness ranges from < 0.5 m to 5 m (WSES 1981).  A second till, the Obed till, is also present.  The Obed till is enriched with carbonates and is therefore slightly to moderately calcareous, alkaline, and medium to moderately fine textured (Union 1979).  
	 Till veneer over bedrock – thin till deposits (30-99 cm) overlying weathered sandstone, siltstone or preglacial gravel deposits.
	 Colluvium Materials - are considered a mixture of surficial materials that have moved down slope as a result of gravitational forces and settled. The colluvium material is comprised of a mixture of Marlboro till, gravels, and portions of shallow bedrock (Union 1979) that overlie till deposits or sedimentary deposits (WSES 1981). The thickness of the colluvial deposits range from 0.5 m on the upper slopes to > 3.0 m in the lower slope positions (WSES 1981).  
	 Glaciofluvial sediments – very coarse to moderately coarse textured ice-contact and outwash sediments. These localized deposits are typically 0.3 m - >1.0 m in thickness and occur in hummocky topography, leeward side of drumlins, terrace benches cut by glacial meltwater, and small, deeply incised glacial melt water channels. 
	 Glaciofluvial veneer over till – shallow, moderately coarse to medium textured water-laid veneer ranging from 30-99 cm in thickness overlying till (Obed or Marlboro till). The veneer is more prominent in upper slope positions on localized, hummocky ridged, ridged, or steep single slope landforms.
	 Post glacial water laid sediments – alluvium deposits within and immediately adjacent to small drainage basins (stream channels). The material consists of coarse to very coarse sands (and in some cases silt materials) associated with active floodplains and channels.
	 Postglacial organic deposits – relatively thick organic deposits in nearly level to sloped terrain, peat depths extend to depths >2 m. These deposits usually occur in the valley bottoms adjacent major drain ways and, drainage basins created by the intricate glacial deposits
	 Organic veneer/blanket over till – peat deposits of variable thickness (<2 m) overlying medium to moderately fine textured till deposits.
	3.2.1.2 Soils Overview 

	Apetowun Creek and Plante Creek are located within Soil Correlation Areas (SCA) 14 and 13 (Bock et al. 2006).  Orthic Gray (O.GL) and Brunisolic Gray Luvisols (BR.GL) are commonly found within the area on various slope positions in forested areas, on till, and are considered well to moderately well drained.  Luvisolic soils typically have a relatively thin LFH layer at surface underlain by an eluviated A horizon (Ae) leached of clay and nutrients.  Often a transitional AB or BA horizon is recorded that separates the Ae horizon from the clay enriched (illuviated) Bt horizon.  Typically pedogenic processes do not extend below 50 to 70 cm in depth, within this range unaltered surficial parent materials are recorded.  Brunisolic Gray Luvisols differ from the Orthic Gray soils by having a Bm horizon underlying the Ae horizon, and in some instances a secondary Ae horizon is recorded under the Bm horizon.  Brunisolic Gray Luvisols often occur on slightly coarser parent material and steeper terrain than Orthic Gray Luvisols (CVRI 2009).
	Brunisolic soils typically occur in drier landscapes and on coarser textured parent materials than the Luvisolic soils.  Brunisols typically have a thin duff layer (LF) overlying a thin to non-existent Ae horizon which is underlain by a medium to moderately coarse Bm horizon.  Typically these soils are recorded on steeper terrain and show less profile development then the Luvisols (CVRI 2009).
	Regosols occur sporadically throughout the Apetowun Creek and Plante Creek area and are typically recorded on steep slopes and/or areas with shallow bedrock.  Regosols shows little profile development and do not have a well-defined B horizon.  Regosols contain an LFH or A horizon underlain by either till, colluvium, or bedrock.  Profile development does not extend below 40 to 60 cm (CVRI 2009).
	Gleysolic soils are poorly drained soils that occur in depressional areas at the base of slopes or in drainage swales parallel or perpendicular to sloped terrain.  These soils typically occur on till or colluvium material accumulated at the base of slopes.  Organic soils occur in similar locations to Gleysolic soils; however, they are very poorly drained and contain a surface peat horizon > 40 cm thick.  Gleysolic and Organic soils occur sporadically throughout the Apetowun Creek and Plante Creek area (CVRI 2009).
	3.2.2 Vegetation & Wetlands
	3.2.2.1 Bio-geoclimatic Conditions


	Apetowun Creek and Plante Creek are in the Upper Foothills and Lower Foothills Natural Subregions.  This corresponds to the Berland Uplands and the Obed Uplands ecodistricts.  
	Vegetation in the Upper Foothills is dominated by lodgepole pine stands on mesic sites, with whitespruce and Engelmann spruce at higher elevations bordering the subalpine (Natural Regions Committee 2006).  White spruce stands dominate along river valleys; mixed wood stands occur on the south and westerly facing slopes and in poorly drained areas black spruce, larch, and wetland vegetation are dominant.  Wetlands and poorly drained areas account for approximately 10% of the subregion and occur in valleys and lower slopes where seepage occurs (Natural Regions Committee 2006).
	Vegetation in the Lower Foothills is comprised of diverse forest types and tree species. Aspen, balsam poplar, white birch, lodgepole pine, black spruce, white spruce, balsam fir and tamarack can grow as pure stands or as a mixture on a variety of slopes (Natural Regions Committee 2006). Pure deciduous stands are common at lower elevations; shrubby grasslands occur on drier sites; and poor to rich fens dominated by black spruce, tamarack, shrubs and herbs occur on low, wet sites (Natural Regions Committee 2006). Wetlands are not common on the steep valley sides but in the valley bottoms, wetlands can cover 15 to 40% of this area (Natural Regions Committee 2006).  
	3.2.2.2 Ecosite Mapping

	In order to assess the potential environmental impacts of the incident, an understanding of the pre-disturbance (baseline) conditions is required.  For this purpose, preliminary ecosite phase maps (Beckingham and Archibald 1996) were delineated based on recent pre-disturbance Valtus 0.5 metre color pixel orthophotography, and bare earth 5 metre LiDAR.  Polygons were defined by a combination of terrain features, slope, and aspect visible from the LiDAR hillshade, as well as tree canopy species composition, vegetation vigor, wetland boundaries, and anthropogenic disturbance evident on the orthophoto imagery.  In addition GPS locations and data on dominant tree and shrub species collected during the preliminary field assessment were used to refine the ecosite maps.
	Ten Upper Foothills ecosite phases and fifteen Lower Foothills ecosite phases were mapped.  Figure 1 shows the ecosite phase distribution across the landscape.  Ecosites mapped within the study area are described in Appendix B.
	3.2.3 Wildlife

	Pre-existing wildlife conditions against which potential changes to the wildlife community can be assessed will be described using several sources.  Sources include, but are not limited to:
	 biophysical assessment of Apetowun Creek and Plante Creek (completed in November 2013);
	 wildlife inventory reports and species specific assessments prepared for the Mine;
	 ecosite and habitat mapping to be completed as part of the Vegetation and Wetland Resource Assessment Impact Plan;
	 Fish and Wildlife Management Information System (FWMIS);
	 Key Wildlife and Biodiversity Zones;
	 Registered Fur Management Area returns;
	 annual hunter harvest reports; and
	 provincial mammal, bird and amphibian atlases.
	A species list of known and expected wildlife in the area of effect is being compiled and conservation and risk status of each species will be identified.
	Elements of terrestrial wildlife community composition will be informed by selection of a subset of focal species in the system. The use of focal species will allow inference about the state of the ecological system and provide information about wildlife community response to stressors (i.e., movement obstruction, loss of habitat, habitat modification).  Criteria to select a suite of focal species will be based on wildlife species characteristics and the results of consultations with technical experts and stakeholders.  Selection of focal species will help bridge single-species methods with multi-species recovery objectives.  Focal species may:
	 be those which have been monitored prior to the incident (pre-existing condition);
	 have wide spatial use that embrace the needs of other species (umbrella);
	 be sensitive to perturbations (indicator); or
	 have a strong interaction in their community or an important cultural role (keystone and / or dominant).
	Species logistically impossible to monitor will not be selected to represent wildlife communities nor will species be selected whose likely response to other stimulus may confound interpretation (i.e., lynx / hare).  Selection of focal species will help bridge single-species methods with multi-species recovery objectives.
	Utilizing the ecosite map of pre-incident conditions (Section 3.2.2.2), habitat for each focal species will be mapped in the affected area (including upstream of Main Tailings Pond).  Habitat mapping will utilize the ecosite map to be created for the three Zones of Influence and if applicable, habitat models developed locally by the Foothills Research Institute for resource analysis applications. 
	Potential focal species include:
	 American Beaver - Beavers are a keystone species, an ecological engineer, and have economic and social value. Beaver ponds located on the Obed Mineral Surface Lease and in Apetowun Creek may aid in intercepting sediment that may continue to flow in the watershed.
	 Moose - Moose is an ungulate with relatively large home range. It is dependent on deciduous browse for winter forage but uses a variety of forested and shrub habitats throughout the year.  It is an umbrella species for several habitats, has social and economic value 
	 Short-tailed Weasel (Ermine) - The ermine is a small carnivore whose main prey items are small mammals and rodents.  They also feed on small birds, fish, amphibians, insects, and some vegetation.  Ermine populations are closely tied to small mammal populations and have economic importance.
	 Migrant Shorebirds - Multi-year migration surveys (2009, 2011, 2012, 2013) of the Mine’s Main Tailings Pond has identified this waterbody to be a migration stopover for a diversity of shorebirds.  Shorebirds feed mainly on invertebrates taken from mud and other soft substrates.  Their presence can be indicative of an areas biological productivity and health.  Trends of most shorebirds in Canada appear to be negative (Gratto-Trevor et al. 2011).  Shorebirds are a group of species of interest to bird watchers and have social and economic value. 
	 Ground-dwelling Songbirds (New World Sparrows) - Emberizids or New World Sparrows (i.e., Chipping Sparrow, Lincoln’s Sparrow, White-throated Sparrow, Savannah Sparrow, Dark-eyed Junco). Most sparrow species eat insects in breeding season, seeds at other times.  They glean most food from the surface of the ground or from low vegetation.  Nest sites are usually small shrubs or on the ground usually at the base of a shrub or grass clump.  Their presence indicates a healthy forest floor environment.
	4.0 SOURCE CHARACTERIZATION
	4.1 Water Chemistry

	Within the Mine, containment ponds located throughout the site are used to manage surface water from rainfall and snowmelt events.  Water from several containment ponds is used in coal processing to assist in the separation of the coal from the host rock material.  The waste material and water are then returned to the containment ponds and are 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 EPEA Approval No. 10119-02 and subject to regular monitoring.  
	Further, since the incident, water samples taken from the containment pond and the Main Tailings Pond have been obtained.  This water quality information will be used in conjunction with the pre-incident baseline data to characterize the potential impacts and effects to the water quality within the Apetowun Creek and Plante Creek watersheds.
	To determine potential effects that the source water may have on the environment, a wide range of parameters will be analyzed.  The groups include:
	 Biological;
	 Chlorinated hydrocarbons;
	 Field and general chemistry;
	 Halogenated benzenes;
	 Halogenated hydrocarbons;
	 Inorganics;
	 Metals (total and dissolved);
	 Polycyclic Aromatic Hydrocarbons;
	 Phenols;
	 Petroleum hydrocarbons;
	 Solvents; and
	 Semi-volatile and volatile organic carbons.
	After an intensive initial sampling program in November and December 2013, ESRD agreed that the following parameters were no longer required to be analyzed for:
	 halogenated hydrocarbons;
	 Volatile Organic Compounds; 
	 Solvents; 
	 Cyanide; 
	 hexavalent chromium; and 
	 napthenic acids.
	Additionally, water obtained from Apetowun Creek, Plante Creek and the Athabasca River were tested for acute toxicity using trout in a controlled laboratory environment.
	4.2 Sediment Chemistry

	When the incident occurred, solids contained within the pond were mobilized and transported in the flowing solids/water mixture.  As the release moved downslope, additional materials from the containment structure and other mine surface materials were mobilized.  The release then entered the Main Tailings Pond.  Finally, as this mixture of water and solids entered the natural area, soil was eroded and was mixed into the flow.
	As the flow moved downslope, solids began to be deposited along the banks and within the bed of Apetowun Creek and Plante Creek.  When the flow entered the Athabasca River, more solids were deposited at the Plante Creek delta while a portion entered the Athabasca River.
	To assist in understanding the nature of the solids that entered the Athabasca River, an extensive soil and deposited solids sampling program is required.  Solid samples from the containment pond, the soils around this pond, solids from the Main Tailings Pond and its surrounding soils will be characterized as this is considered the source material for any potential contaminants.
	Within the water courses of the creeks and Athabasca River, sediment will be sampled and analyzed for a wide range of the parameters, which include:
	 Hydrocarbons;
	 Leachable Anions and Nutrients;
	 Leachable Metals;
	 Metals;
	 Organic and inorganic carbons;
	 Particle size;
	 Plant available nutrients;
	 Polycyclic Aromatic Hydrocarbons;
	 Saturated Paste Extractables;
	 Speciated Metals; 
	 Volatile Organic Compounds;
	 Rare earth elements;
	 Lead stable isotope ratios;
	 Boron stable isotope ratios;
	 Strontium stable isotope ratios;
	 Radium stable isotope ratios;
	 Mercury stable isotope ratios;
	 Total mercury concentration;
	 Methyl-mercury concentration; and
	 Naturally Occurring Radioactive Materials (NORM) measurements (radium-226)
	These parameters will assist in characterizing the solids from the Mine site.  
	5.0 AQUATIC RESOURCE ASSESSMENT
	5.1 Study Design Development

	This section outlines the proposed design of a long-term aquatic monitoring program in the vicinity of and in response to the incident.  CVRI has adopted, where applicable, the federal Metal Mining Effluent Regulations (MMER) (Environment Canada 2012) and Environment Canada’s Metal Mine Environmental Effects Monitoring Technical Guidance Document (Environment Canada 2012) to assist with study design, endpoint determination and impact assessment. CVRI also took into consideration the valuable inputs provided by regulators and other governmental bodies in designing the study; however, given the unknowns regarding some of the study areas due to ice conditions, CVRI may further refine the study design once a full understanding of the impacted areas can be determined. CVRI will fully attempt to implement this Impact Assessment Plan as described below and any alterations will be fully documented and presented to ESRD for approval.
	5.1.1 Biological Monitoring Studies

	CVRI will conduct monitoring studies to determine whether any effects on the biological and ecological environments occurred as a result of the incident. To assess potential effects, biological monitoring studies will assess fish population, fish tissue, fish habitat and benthic invertebrate communities, as well as water and sediment quality. It is anticipated that assessment and interpretation of 2014 data and results will assist in determining future monitoring requirements.
	Differences among the various endpoints for fish population, fish tissue, and benthic invertebrate community sampling programs will be designed to support specific endpoints, such as water quality and sediment analysis.  CVRI will utilize established guidelines (e.g., CCME and ESRD sediment and water quality guidelines) for initial screening.  Relevant guidelines for each aquatics component are referenced in the Long-Term Sampling and Monitoring Plan.
	5.2 Site Selection Rationale

	The selection of nearfield sampling locations (i.e., those on or immediately downstream of the Obed site) considered the hydrological network of Apetowun Creek, Plante Creek and the upper Athabasca River, with the intention of ensuring upstream sites (i.e., those unaffected by the spill) were sampled for each watercourse as well as representative affected sites from each creek.  The initial selection of far-field sampling sites (i.e., those on the Athabasca River further downstream of the immediate vicinity of Obed) considered the proximity of local communities (e.g., Whitecourt and Athabasca) as well as ongoing regional monitoring programs (i.e., ESRD Long-Term Regional Network [LTRN] stations and RAMP).  In addition to what is proposed herein, additional upstream sites for each water body are currently being identified and will be added to the monitoring plans.  CVRI will also consider the addition of cross-width sampling or transects during the 2014 investigation period.
	It is important to note that field sampling will not be limited to locations listed in the Long-Term Sampling and Monitoring Plan.  The monitoring of fish, fish habitat and sedimentation will be undertaken throughout Apetowun Creek, Plante Creek and the Athabasca River within the near-field sampling area, at stations to be further defined over 2014 through more detailed mapping and refined identification of appropriate sampling areas, such as those potentially most sensitive to sedimentation effects (i.e., depositional areas and/or potential high-value fish habitats). High-value fish habitat areas will be identified through consultations with ESRD, DFO and local watershed users and will include areas such as spawning habitat and/or important fishing areas. Depositional areas will be defined as below.
	5.2.1 Priori Power Calculations and Sample Size

	Using the 2012 Technical Guidance Document for Metal Mining Environmental Effects Monitoring (Environment Canada 2012) and the Critical Effect Sizes (CES) presented in Table 4, a sample size of five is required to detect a CES of ± 2 SD (of the reference mean) with an α and β set at 0.1. As such CVRI will establish additional reference and impact sites in Apetowun Creek, Plante Creek and the Athabasca River upstream and downstream of the impacted areas as soon as conditions permit. As ice conditions currently prevent the locating and establishment of additional appropriate sites, these sites will be established and sampled in early spring (March/April) prior to spring freshet and again in the fall as described in the Long-Term Sampling and Monitoring Plan.
	5.3 Determining an Effect

	To determine what constitutes an effect to the aquatic environment, CVRI will, where applicable, follow the guidance provided in Environment Canada’s 2012 Metal Mining Environmental Effects Monitoring Technical Guidance document. An “effect” to the fish population or benthic invertebrate community is generally defined as a “statistically significant difference in fish or benthic invertebrate community effect indicators” measured between an exposed (downstream) and a reference (upstream) area.
	Attributing a cause to the Obed incident may prove difficult in certain circumstances given the short and rapid characteristics of the release. CVRI will undertake additional studies or adjust the current study design to maximize the confidence in establishing the linkage between the CVRI incident and an identified effect. This may include such things as increased sampling efforts in both reference and exposure areas or an increase or change in sampling areas.
	Two-tailed T-tests will be conducted to test for differences in benthic community metrics (i.e., density, richness, diversity and evenness) between the impacted (downstream) and reference (upstream) areas of each watercourse. Data for T-tests will be analyzed visually using residual plots to ensure that assumptions of normality and homogeneous variance will be met. If data fails to meet these assumptions, T-tests will be conducted using natural log transformed variables. All tests will be conducted at the alpha=0.1 level of significance, consistent with MMER technical guidance document. 
	5.4 Confirmation of Effect

	Upon confirmation of an effect, CVRI will assess the magnitude and geographic extent of the effect using critical effects size (CES) (Table 4), which is a threshold above which “an effect may be indicative of a higher risk to the environment” (Environment Canada 2012).
	Table 4 Critical effect sizes for metal mining environmental effects monitoring program (Environment Canada 2012)
	Fish Effect Endpoints 
	CES1 
	Benthic Effect Endpoints 
	CES1 
	Weight-at-age2 
	± 25% 
	Density 
	± 2SD 
	Relative fish gonad size 
	± 25% 
	Simpson’s Evenness 
	± 2SD 
	Relative liver size 
	± 25% 
	Taxa Richness 
	± 2SD 
	Condition 
	± 10% 
	Bray-Curtis Index 
	+ 2SD 
	Age2 
	± 25%
	1 Differences in fish population effect endpoints are expressed as percentage (%) of reference mean, while differences in benthic effect endpoints are expressed as multiples of within-reference-area standard deviations (SDs). 
	2 Problems associated with determining the age of some species of fish should be discussed and reviewed before effects on weight-at-age and age are used to choose a path through the EEM program. Refer to Chapter 3 for recommendations on age determination.
	5.5 Benthic Invertebrates

	For several reasons, benthic invertebrate monitoring will be relied on as an important tool used to quantitatively assess impacts to aquatic habitat.  First, benthic invertebrate communities are a good indicator of the overall condition of the aquatic environment when examining exposure and reference areas; second, pre-incident benthic invertebrate community composition data is available for Apetowun Creek and Plante Creek as well as sections of the Athabasca River near Hinton and Whitecourt; and third, benthic data can be used to assess degree of impairment compared to the natural condition.
	In accordance with standard practice, samples will be analyzed to the lowest possible level (LPL). Data analysis is generally completed at the family level.  However, Standard Taxonomic Effort lists compiled by SAFIT (2006) will be used as a guideline for the appropriate level of identification achievable, where the condition and maturity of the organism dictates its use. Investigation is currently ongoing with regards to incorporating benthic tissue sampling.
	5.5.1 Effect and Supporting Endpoints

	In accordance with Environment Canada 2012, a number of biotic indices will be determined, and treated as regulatory endpoints. Additional accepted approaches and endpoints (e.g., EPT index) will also be applied to benthic community data as necessary to more fully describe community structure and function. Effect and supporting endpoints (i.e. those used to assist in data interpretation) utilized for this assessment which will facilitate comparison between each study area include: 
	 Density;
	 Taxa richness;
	 Simpson’s Index of Diversity;
	 Simpsons Index of Evenness;
	 Bray-Curtis Similarity Index; and 
	 Hilsenhoff Biotic Index.
	Total Abundance and Density
	The total number of individual organisms in each sample will be summed. Because kick-net samples do not provide an area-based estimate of invertebrate density, total invertebrate abundance will be measured as the total number of individuals per kick-net sample (i.e., per three-minute sample).
	Richness 
	Taxonomic richness (i.e., the number of different taxa or families) for each station will be calculated by summing the number of taxa present at each station. Using guidance from the Environment Canada 2012, taxa richness will be determined at the family level. Where replicate samples are collected, both average number of taxa per replicate and total taxa across all replicates will be used in comparisons. 
	Simpson’s Diversity Index 
	Simpson’s Diversity index integrates both abundance and taxonomic richness of the community. This is calculated at each station by determining the proportion of individuals of each taxonomic group that contributes to the total. This diversity index can range from 0 to 1, with a value of 1 representing the highest diversity. Simpson’s diversity index is calculated as:
	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.
	Evenness (Simpson’s Evenness Index) 
	The Simpson’s Evenness index takes into consideration the abundance of each taxon in proportion to total abundance and the taxonomic richness at the station. Evenness is calculated: 
	E=1i=1Spi2S
	where: E = evenness;
	pi = the proportion of the ith taxon at the station; and
	S = the number of taxa in the sample.
	Bray-Curtis Dissimilarity Coefficient 
	The Bray-Curtis dissimilarity coefficient is a distance measurement that reaches a maximum value of 1 for two sites that are entirely different and a minimum of 0 for two sites that possess identical descriptors. Bray-Curtis dissimilarity coefficients measure the amount of association between sites and will be calculated to compare the degree of similarity in density of individual taxa between individual stations and the reference median. Dissimilarity coefficients for the reference median and individual stations will be calculated using the statistical program R (R Core Development Team 2012). The Bray-Curtis index is calculated as follows (Environment Canada 2012c): 
	B-C= i=1n|yi1-yi2|i=1n(yi1+yi2)
	where: B-C = Bray-Curtis distance between sites 1 and 2;
	yi1 = count for species i at site 1;
	yi2 = count for species i at site 2; and
	n = total number of species present at the two sites.
	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 between reference and exposed sites into a single number (Environment Canada 2012c). 
	Hilsenhoff Biotic Index 
	The Hilsenhoff Biotic Index (Hilsenhoff 1987) is a measure of the aggregate sensitivity of benthic invertebrates (arthropods, specifically) within a sample to organic pollution. It is an average of pollution-tolerance values for all arthropod taxa within a sample. Tolerance values for individual taxa range from 0 to 10, with 0 being most sensitive and 10 being most tolerant. The index is calculated using as follows:
	where: HBI = Hilsenhoff’s Biotic Index;
	yi = the count of the ith taxon in the sample; 
	Ti = the pollution-tolerance value for that taxon, from 0 to 10(from Hilsenhoff 1987); and
	S = number of individuals in the sample.
	HBI scores can range from 0 to 10, with the following guidance from Hilsenhoff (1988) regarding classification of results:
	 FBI Score
	Water Quality
	Degree of Organic Pollution
	0.00 to 3.75
	Excellent
	Organic pollution unlikely
	3.76 to 4.25
	Very Good
	Possible slight organic pollution
	4.26 to 5.00
	Good
	Some organic pollution probable
	5.01 to 5.75
	Fair
	Fairly substantial pollution likely
	5.76 to 6.50
	Fairly poor
	Substantial pollution likely
	6.51 to 7.25
	Poor
	Very substantial pollution likely
	7.26 to 10.00
	Very poor
	Severe organic pollution likely
	5.6 Fish Communities

	Results from the fish sampling program will be used to compare key parameters measured within the impacted and reference streams to qualitatively assess impacts to fish populations. In addition, fish surveys conducted in Apetowun Creek and Plante Creek will be used to track recovery/recruitment of fish population back to the impacted portions of these watercourses.  While assessment of results may provide an indication of potential impacts, such as a species shift or the absence of an age/size class, additional data regarding the natural variability of population parameters will be collected long-term. 
	5.6.1 Fish Inventory

	As mentioned above, CVRI will develop a detailed fish monitoring program design document (study design phase) using the 2014 open-water season that will include specific study design parameters and appropriate statistical analysis methods. This plan will be subject to approval in 2014 by ESRD prior to the implementation of the Long-Term Sampling and Monitoring Plan.
	Key parameters that will be measured include:
	 Fish presence, distribution, and community composition;
	 Relative abundance and/or density; and
	 Population structure and length/frequency distribution.
	Results from the sampling program will be used to compare the key parameters measured within the impacted and reference sites/reaches to qualitatively assess impacts to fish populations. While assessment results may provide some indication of potential impacts such as a species shift or the absence of an age/size class; additional data regarding the natural variability of population parameters will be collected over the long-term. 
	5.6.1.1 Effect and Supporting Endpoints

	It is anticipated that the fish population study will support non-lethal collection methods. However, certain aspects of the fish program will require lethal sampling in order to determine many of the EEM endpoints presented in Table 5 (Environment Canada 2012). 
	Table 5 Fish survey effect indicators and endpoints for various study designs
	Effect Indicators 
	Lethal Effect and Supporting Endpoints 
	Non-lethal Effect and Supporting Endpoints 
	Survival 
	*Age 
	*Age-frequency distribution 
	Length-frequency distribution 
	*Length-frequency distribution 
	Age-frequency distribution (if possible) 
	Growth 
	*Size-at-age (body weight at age) 
	Length-at-age 
	*Length of YOY (age 0) at end of growth period 
	*Weight of YOY (age 0) at end of growth period 
	Size of the 1+ fish 
	Size at age (if possible) 
	Reproduction 
	*Gonad weight at body weight 
	Gonad weight at length 
	Fecundity (number of eggs/female at body weight, length, and/or age) 
	*Relative abundance of YOY (% composition of YOY) 
	YOY survival 
	Condition 
	*Body weight at length 
	*Liver size at body weight 
	Liver weight at length 
	Egg weight at body weight and/or age (mature females only) 
	*Body weight at length 
	*Fish survey effect endpoints used for determining effects as designated by statistically significant differences between exposure and reference streams. Other supporting endpoints can be used to support analyses.
	5.6.2 Sentinel Species Monitoring

	Environment Canada 2012 recommends carrying out a fish survey that monitors adults of two species of relatively sedentary finfish that have been exposed to an “effluent” release over a long period of time. Given that the nature of the release was short in duration, yet large in magnitude, alteration to the general study design may be required.  Conducting this study concurrently with the fish inventory program, CVRI will consider factors such as: 1) exposure; 2) abundance; 3) relevance to the study area; and 4) sensitivity to the release material in selecting the appropriate fish species. Given the nature of the spill, potential impacts to benthic communities and background data, the likely monitoring species would be scuplins (e.g., spoonhead sculpin). General study design would follow a similar study conducted by Gibbons et al. in 1998 which used spoonhead scuplins as a sentinel monitoring species to assess potential impacts related to the discharge of pulpmill effluent into the Athabasca River near Hinton (upstream of Obed Mine).
	5.7 Fish Habitat

	To assess the potential effects of sedimentation on substrates in high-value fish habitats (e.g., gravels potentially used by salmonids such as mountain whitefish for spawning and egg overwintering), substrates will be sampled using a McNeil corer to assess the extent of fine sediments in these gravels and a quantitative measurement of embeddedness will be conducted.  Resulting data will be compared between upstream and downstream areas, and with published substrate-quality thresholds for habitats of salmonids and other resident species, to assess sedimentation effects on these habitats. Additional potential impacts to fish habitat will be determined through the assessment of benthic invertebrates (fish food) and sediment and water quality (fish habitat).
	5.8 Surface Water Quality
	5.8.1 Water Chemistry Analysis


	The following water quality variables were approved by ESRD and will be measured with values screened to established guidelines from sites in both the near field and far-field areas:
	 conventional variables, including total suspended solids (TSS) and turbidity;
	 major ions;
	 nutrients and biological oxygen demand (BOD);
	 total and dissolved metals;
	 ultra-trace mercury, including total and dissolved fraction and methyl-mercury;
	 total hydrocarbons (CCME 4-fraction, including BTEX); and
	 total parent and alkylated PAHs.
	A detailed list of all variables analysed for in water chemistry samples along with laboratory statements of qualifications is provided in Appendix C and Appendix D.
	5.8.2 Water Toxicity

	To determine if there is evidence that the incident may affect fish, benthic invertebrates, and/or aquatic plants, acute and sublethal toxicity testing will be completed. Toxicity testing data can be used to estimate potential effects and its geographical extent in the exposure area. Such testing from a specific discharge location over time can provide an indication of the degree of variability in quality, as well as determine temporal or seasonal trends. 
	Toxicity of creek water will be assessed in Apetowun Creek, Plante Creek, and in the Athabasca River upstream and downstream of the confluence with Plante Creek.
	Acute toxicity testing assesses the percent survival of test species using short-duration tests at full sample concentration. Using Environmental Canada testing protocols (Biological Test Method series), acute toxicity tests will include Rainbow trout (Oncorhynchus mykiss; 96-hour test; Test Method EPS1/RM/09) and Daphnia magna (48-hour test; (Test Method EPS1/RM/11). Sublethal toxicity tests assess the water quality for a biological endpoint over an extended test duration (3 to 10 days depending on species). Testing is conducted at several water concentrations to measure the level of effect. Testing will include analysis for the following species and test endpoints: 
	 fish early-life-stage development test using rainbow trout (Oncorhynchus mykiss) (Test Method EPS1/RM/28); 
	 invertebrate reproduction and survival test using Ceriodaphnia dubia (Test Method EPS1/RM/21); 
	 plant growth using Lemna minor (Test Method EPS1/RM/37); and 
	 alga growth using Pseudokirchneriella subcapitata (Test Method EPS1/RM/25). 
	Sublethal toxicity tests report LC50, EC25, or IC25 endpoints. The EC25 endpoint, reported by the fish early-life-stage development test, is an estimate of the effective concentration of a test solution that causes 25% of embryos to be non-viable. Algal, macrophyte, and invertebrate tests provide IC25 endpoints, which are estimates of the concentration of test solution that causes 25% inhibition of a quantitative biological function, such as reproduction or growth. The invertebrate test also yields an LC50 endpoint, which is the concentration of test solution which causes mortality in 50% of the test organisms.
	5.9 Sediment Quality

	Sediment samples analyzed for total organic carbon, particle size distribution, PAHs, and metals will be screened against provincial and federal guidelines for the protection for aquatic life including both Interim Sediment Quality Guidelines (ISQG) and Probable Effect Level (PEL) values.
	5.9.1 Sediment Toxicity

	By evaluating the effects of exposure-area sediments on test organisms relative to effects due to control or reference-site sediments, whole sediment toxicity tests provide direct measurement of toxicity where test results are expressed in terms of survival, growth and reproduction in comparison with a reference site (Environment Canada 2012). Effects can also be expressed as the difference (in %) with response in control or reference sediments. CVRI plans to use sediment toxicity to corroborate that changes in benthic invertebrate communities are due to toxicity of sediments and not as a result of other physical or biological factors. Testing will include analysis for the following species and test endpoints:
	 Survival and growth using Hyalella azteca; and 
	 Survival and growth using Chironomid.
	5.10 Periphyton

	Periphyton (benthic algae) represent a complex community of algae and heterotrophic (i.e., nonphotosynthesizing) microbes that are attached to submerged substrata. Periphyton are an important food resource for benthic invertebrates and fish.  Chemical and physical factors such as increased nutrients, temperature, and light attenuation can increase the growth of periphyton.  Uptake of contaminants, such as high concentrations of metals and PCBs, can inhibit growth.  
	Nutrients may affect periphyton community composition and biomass.  Community composition can indicate shifts in the diversity and abundance of various taxa; higher densities and reduced species diversity is common in highly eutrophic environments (Culp et al. 1996).  Shifts in community composition also can provide information on whether nutrient enrichment is occurring. Sensitive genera of diatoms (Bacillariophyceae), cyanobacteria, green algae (Chlorophyceae), and euglenoids (Euglenophyceae) are characteristic of eutrophic environments (Wetzel 2001).  Biomass provides an indication of the total amount of periphyton present in a waterbody and can be measured as ash-free dry weight, determined by drying the sample, or as chlorophyll a, determined by extracting pigments from the algal sample.
	5.10.1 Periphyton Biotic Indices

	The magnitude of eutrophication in study waterbodies will be assessed using several approaches including diatom species indicator analysis (Dufrene and Legendre 1997), and the relative abundance indices (Potapova and Charles 2007). Potapova and Charles (2007) index is primarily based on diatom species differential nutrient preference or utilization in lotic environments. Other indices may be considered during the 2014 study year, such as an index of siltation. Changes in diatoms community calculated as relative abundance (%) under different nutrient conditions, low versus high, will be determined for total phosphorus (TP) and total nitrogen (TN). 
	Total Phosphorus Index
	RP = 10HP/HP+LP
	where: RP = relative abundance (%) of diatoms;
	HP = % high-TP indicators; and
	LP = % low-TP indicators.
	Total Nitrogen Index
	RP = 10HN/HN+LN
	where: RN = relative abundance (%) of diatoms;
	HN = % high-TN indicators; and
	LN = % low-TN indicators.
	The factor of 10 was used to scale the ratio from 0 to 10, a range typically used for water quality indices.
	6.0 TERRESTRIAL RESOURCES ASSESSMENT
	6.1 Soil and Terrain

	Field surveys were conducted between November 6-14, 2013, which documented physical damage to the terrain and soils in the impacted area.  Evidence of sediment and mud deposits was documented as isolated pockets along the zone of impact.  Deposit thicknesses ranged from less than 1 cm near the point of incident to areas in excess of 50 cm.
	Information obtained from this preliminary assessment was utilized to identify the extent of disturbance to terrestrial resources (the “Disturbance Footprint”).  The Disturbance Footprint was then categorized into three zones of influence (Figure 2):  
	 Zone 1 is directly below the incident site and extends approximately 5 km downstream.  Within this Zone solids were deposited, vegetation including trees was removed from some locations and erosion of the bed and shores of Apetowun Creek occurred in some locations. 
	 Zone 2 begins approximately 5 km downstream of the incident site and displays an area of effect where vegetation is largely intact.  The influence of erosion is limited to several small areas of bank erosion and solids are found deposited in isolated pockets or in a thin layer where the water overtopped the banks.  
	 Zone 3 includes the confluence of the Apetowun Creek and Plante Creek and the confluence of the Plante Creek and Athabasca River.  Within this zone solid deposits of highly variable thickness were primarily deposited near the confluence of the creeks and at the confluence with the Athabasca River.  There is little visible evidence of vegetation effects. 
	These zones will be used to facilitate planning, assessment, and monitoring programs that better reflect the character of the disturbance.  
	6.1.1 Potential Impacts

	The extent of soil impacts will depend on a number of factors, including (but not limited to):
	 the extent and degree of physical damage to soils along Apetowun Creek;
	 erosion of surface material caused by water flow and potential to increase post-disturbance soil erosion; and
	 the amount of mud and sediments deposited on surface of the soils within the disturbed area.
	The incident had the potential to have caused physical and chemical changes that could have directly or indirectly impacted soils.  These changes can include:
	 physical removal of surface organic and mineral material by flowing water;
	 accelerated soil erosion due to removing vegetation and duff layers;
	 sedimentation on top of soils;
	 contamination of soils by waste water and solids; and
	 soil disturbance caused by sediments removal.
	Potential changes in soils following disturbances can be used to assess the extent and nature of impacts.  To achieve this goal, environmental information gathered from literature, aerial imagery, LiDAR data and field surveys data will be used. 
	For the purposes of this Impact Assessment Plan, soil quality will be the main environmental indicator.  The analysis of soil quality is used for determining impacts to soil properties critical for soil’s role as growing media.  Changes that may occur in physical, chemical and biological soil properties and soil volume due to soil profile disturbance or sedimentation will be assessed.  
	Soil quality assessment will include the following steps:
	 full vertical and horizontal delineation of impacted soils;
	 soil resources inventory within the disturbed areas;
	 disturbed soils and sediments reclamation suitability assessment;
	 assessment of nutrient regime of disturbed soils; and
	 assessment of erosion potential of disturbed soils.
	6.1.2 Field Survey

	This preliminary investigation, has provided useful baseline information and data on the existing conditions within the affected areas.  CVRI is currently undertaking a Solids Recovery Plan that is designed to minimize additional disturbance in a program of sediment removal.  In order to completely understand the entire effects of the incident, both related to the October 31, 2013 incident and subsequent sediment removal works, a detailed field survey will be undertaken in early 2014.  If during the survey additional disturbance is identified beyond what was identified during the preliminary survey, the survey area will be expanded.  In Zones 2 and 3, the target survey intensity will be a SiL1,which is defined as a survey with one site inspection per 1-5 ha of area (MSWG 1981).  In Zone 1, which has experienced a higher level of disturbance, a more intense systematic survey based on a 100 m grid (or more intense based on soils and disturbance complexity) will be utilized.  Location of inspection points will be refined after the spring thaw when the total area of disturbance can be confirmed.  Spatial distribution of inspection sites will vary according to access, terrain, and observed complexity of soil patterns.  Soil inspection sites will be selected to adequately represent local soil-terrain patterns and soil disturbance.
	At each inspection site, the soil profile will be investigated to a depth of approximately 100 cm or to bedrock contact for upland soils.  Organic soils will be investigated to mineral contact or a maximum depth of 220 cm.  A spade and 5 cm Dutch auger will be used to obtain soil samples to the appropriate depths.  Soil characteristics will be observed and recorded following accepted guidelines and classification systems (ECSS 1983 and 1987, SCWG 1998).  In addition, detailed site information will also be collected to assist in soil and terrain classification relationships.
	At each inspection location, the following characteristics will be recorded: 
	 date of observation and observer;
	 degree of disturbance;
	 general vegetation identification and ecosite phase calls (if possible);
	 surficial (parent) material;
	 landform type, slope gradient, slope position and aspect;
	 soil drainage, moisture regime and nutrient regime;
	 surface stoniness; and
	 depth to apparent water table.
	Morphological data will be collected at each inspection point and will include a more comprehensive description of horizon colour, soil structure, mottles and coarse fragments.  Samples of soil horizons or layers as well as sediment layer(s) will be collected at select soil inspection sites that represent common soils in the area with different degrees of disturbance.  Samples will be analyzed for parameters required to determine suitability for reclamation.  Metal and hydrocarbon analysis will not be undertaken unless concerns related to these parameters are identified during review of the previous analytical results.
	The location of each inspection will be determined using GPS.  Coordinates will be presented in Universal Transverse Mercator (UTM) referenced to the North American Datum (NAD) 1983 Zone 11 North.
	6.1.3 Laboratory Methods

	Soil samples will be stored in coolers and delivered to an approved laboratory within appropriate delivery times.  Methods used will be cross-referenced with acceptable analytical methods outlined in the Quality Criteria Relative to Disturbance and Reclamation (SQCWG 1987).  Various root zone horizons will also be analyzed for total organic carbon and total nitrogen to address possible impact to nutrient regime of disturbed soils.
	6.1.4 Impact Prediction

	All data will be entered into a database designed for baseline soil surveys.  The database will be used to filter and query the soil data to establish trends and patterns with respect to soil quality and reclamation suitability.  This will be used as a tool to assist in determining changes in parameters defining soil quality over the disturbed landscape.  The soil inspection data will be supplemented by LiDAR data and satellite imagery, to be collected after the snow melt.  
	6.2 Vegetation and Wetlands

	During the preliminary field surveys, dominant vegetation, sedimentation depth and damage to timber and shrubs was noted along the flooded areas.  Physical damage in the form of tree slumping (uprooted or bent over large white and black spruce), bent over or uprooted shrubs (up to 5m tall) and uprooted small shrubs, grasses and forbs were observed in Zone 1 and 2 during the preliminary field surveys.  Sediment and mud deposits on terrestrial vegetation communities were found as pockets of mud and sediment deposits in low lying areas and where flood water overtopped the existing flood channel banks along the zone of impact.    
	Major tree species in the disturbance boundary included pine, white spruce, black spruce, balsam fir and some tamarack, aspen and balsam poplar.
	6.2.1 Potential Impacts

	The extent of ecosystem impacts will depend on a number of factors, including (but not limited to):
	 the extent and degree of physical damage to vegetation resources along Apetowun Creek;
	 erosion of and deposition of surface material including organics; and
	 the depth and spatial extent of mud, sediments and mineral soil deposited on vegetation and organic soils within the riparian zone and surrounding vegetation communities within Apetowun Creek and Plante Creek.
	Physical impacts to vegetation resources resulting from the incident at the Mine can alter vegetation community composition and survival within the impacted area.  These changes can be direct, through uprooting and subsequent removal of trees, shrubs and forbs, removal of growth substrate through accelerated erosion, or changes in the growth environment resulting from excessive deposition of solid material.  Such changes can lead to the alteration of or complete loss of plant communities.  Accelerated erosion removes and transports sediment and soil including the removal or mineral or organic soil layers. 
	Changes to vegetation species composition and vigor following disturbances can be used to assess the extent and nature of impact.  To achieve this goal, environmental information gathered from existing literature and digital imagery are used to map existing (baseline) vegetation communities (ecosite phases) and wetlands.  The preliminary ecosite map created using data collected in initial vegetation assessments, together with data that will be collected during the growing season in spring 2014, will be used to further assess impacts from the disturbance and will be used to identify areas of high impact from the deposited sediment.  Impacts to vegetation resources will be characterized in the form of environmental indicators.  The disturbance information can then be compared to mapped baseline information, and used to further refine and formulate mitigation and monitoring plans.  For the purposes of this Impact Assessment Plan, four environmental indicators have been selected (Table 6).  
	Table 6 Indicator and Rationale for Selection
	Indicator
	Rationale for Inclusion
	Vegetation Communities
	Vegetation communities are used for determining potential impacts to wildlife habitat, and other ecosystem components.  Also important for determining conservation and revegetation goals following Project closure.
	Wetlands
	Wetlands are highly valued and beneficial by virtue of their diverse functions including water filtration; flood attenuation; influencing wildlife diversity, and habitat; moderating climates; storing nutrients and carbon; providing recreational and educational opportunities; and they are a source for subsistence and medicinal vegetation.
	Old Growth Forests
	Old growth forests have a complex structure which provides a large variety of habitat types for use by species with specialized requirements.  These forests have the highest diversity of species, relative to other age classes, with representation of many rare species having their greatest abundance in old-growth.  Vegetation species that require a long time for colonization and growth, such as lichens, are often only found to any notable degree in old-growth forest stands.  Accumulation of large decaying wood, characteristic of old-growth stands supports unique groups of wood-decomposing species, as well as shelter and food for many other species.  
	Rare Plants and Rare and Special Plant Communities
	Rare plants and plant communities are found in low abundance, have restricted range due to habitat specificity, or are of conservation concern due to abundance and distribution trends or other threats.  These elements are usually impacted the most by environmental disturbances, and monitoring any changes in their distribution and abundance may be a good indicator of the extent and intensity of disturbance.
	6.2.2 Impact Prediction Assessment

	Detailed vegetation surveys will be conducted during spring 2014 to collect information on vegetation resources including soil and terrain features and plant species health (plant vigor).  The study area utilized for the assessment will consist of the disturbance footprint as well as all areas that may have been directly or indirectly impacted by the incident (Figure 2).  
	Survey plots rather than transects will be used to delineate impacts to vegetation resources.  This will allow for the capture of different vegetation strata at each site.  Survey plots inside the impacted area (the "Footprint") will be compared to reference plots located either within the Apetowun Creek and Plante Creek watersheds or in a nearby watershed with similar vegetation and terrain features.  One reference plot for each affected plant community will be established. 
	Within the impacted area, survey plots will be set up at varying intensities according to the zones of impact as follows:
	 Zone 1, 1 survey plot every 200 m 
	 Zone 2, 1 survey plot every 500 m
	 Zone 3, 1 survey plot every 1000 m
	Within each zone, vegetation communities that are found to be heavily impacted will be targeted for assessment. The location of each survey plot will be determined based on preliminary ecosite mapping.  The total area of each survey plot will be 400 m2.  Survey plots will be set up to avoid edge effects, transition zones and variations in topography.  In plots where polygons are large enough to avoid the above effects, 20 m by 20 m plots will be surveyed. In narrower polygons, the plot shape will be adjusted to ensure that the sampled community/stand will be homogenous with respect to vegetation and other site characteristics.  All plots will be orientated parallel to the contour of the land with one edge starting at the creek shore.  Because the study area primarily runs along Apetowun Creek and Plante Creek, it is expected that most of the survey plots will be narrow, 400 m2 polygons running the length of the creeks. 
	A nested plot design will be used to collect tree, shrub and herbaceous plant species information from each site (Figure 3).  In areas where macrophytes are present within the creek bed, three (3) random 1m2 plots will be used to collect macrophyte composition, percent cover and vigor. The 3 random plots will be located along the length of the terrestrial plot.  Where the creek may be too deep, a rake will be used to quantify the composition and abundance of each submerged and/or floating species within three 1 m by 1 m plots.  Table 7 shows the information that will be collected from each main plot and subplot.  
	Tree information will be collected from the 20 m by 20 m main plot. Tree height and diameter at breast height (1.4 m) will be assessed from ten representative trees within each 20 m by 20 m tree plot. Within the main plot, shrub cover and height will be collected from four 4 m by 4 m subplots located in each corner of the main plot.  Shrubs in a 4 m by 4 m subplot will be identified to species and percent cover and vigour recorded.  The average height of each shrub species will be recorded. While all shrubs in each subplot will be assessed, only shrub species with > 1% cover in the subplot will be assessed for vigor. 
	Herbaceous (forb, graminoid, bryophyte and ground lichens) composition and percent cover will be collected from six 1 m by 1 m subplots placed in each main plot.  Four of the six subplots will be placed to run perpendicular to the creek shore.  All vascular species within each 1 m by 1 m subplot will be identified to species, and species with cover greater than 1 percent will also be assessed for vigour. The use of six 1 m2 subplots and four shrub subplots within each main plot will ensure that more habitat heterogeneity is captured. 
	Epiphytic lichens will be documented qualitatively, based on the amount of cover on woody plant species within the 20 m by 20 m main plot.
	Vigor of all vascular species (trees, shrubs and herbaceous species) will be recorded using a four-point scale: 
	1. Healthy (0-10% leaves dead); 
	2. Light to moderate decline (11-50% leaves dead); 
	3. Severe decline (>50% leaves dead); and 
	4. Dead (100% leaves dead).
	All vascular and non-vascular plant species not identified in the field will be collected for later identification.  Vascular plant species will be collected following ANPC guidelines.  The ANPC (2006) guidelines state that 1 sample of vascular plants can only be collected where there are at least 50 or more individuals in a population or within a localized area. 
	Table 7 Data to be Collected from each Main Plot and Subplot
	Plot size
	Data Collected
	General Site Data
	Plot #; GPS Coordinates; Surveyor
	Natural Subregion
	Surface shape and expression
	Moisture regime
	Nutrient regime
	Aspect
	Slope, slope position, and slope length
	Ecosite Phase
	Plant community Type
	General observations/Notes
	Total species canopy cover
	20 m by 20 m
	Tree species Height
	Average age (tree cores)
	Diameter at Breast Height (DBH)
	Qualitative estimation of epiphytic lichens
	 4 m by 4 m plots
	Shrub species name
	Shrub species cover
	Average shrub species height
	Shrub species vigor
	1 m by 1m plots
	Forb species cover
	Forb species vigor 
	Graminoid species cover
	Graminoid species vigor
	Bryophyte species cover
	Ground lichen species cover
	6.3 Wildlife

	The preliminary investigation aided in the identification of areas of high impact to wildlife due to vegetation removal and sediment deposition.  CVRI has taken steps to prevent further adverse impacts to wildlife resources through the development of a Solids Recovery Plan and Waste Management Plan (MEMS 2013).  
	6.3.1 Potential Impacts

	Impacts on wildlife 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:
	 loss of habitat through scour of the Spillway Channel banks and Apetowun Creek floodplain;
	 modification of habitat through deposition on the mudflats of the Main Tailings Pond;
	 deposition under Spruce-Pine/Bilberry forests adjacent the Spillway Channel, and in Spruce/horsetail habitats associated with Apetowun Creek; and
	 potential barriers to animal movement by creation of scour channels and timber repositioning for erosion control and access management.
	6.3.2 Impact Assessment

	Materials used to assess impacts on wildlife include:
	 description of pre-existing conditions;
	 the Biophysical Assessment completed after the incident;
	 ongoing remote camera monitoring data and future wildlife surveys;
	 mitigation measures undertaken prior to spring 2014;
	 mitigation activities and outcomes,
	 identification of hazards, 
	 suggested follow-up mitigation; and
	 habitat mapping of the affected area. 
	The likely impacts for each focal species will be identified, and predictions made regarding outcomes (i.e., areas of deposition may smother vegetation required by ground nesting birds thereby reducing bird diversity in areas of high impact).  Population metrics appropriate to the focal species being assessed will be used to test impact predictions. 
	Potential focal species, monitoring measures and preliminary impact predictions are as follows:
	 American Beaver - The number of active beaver colonies determined by fall food cache (colony) counts. Dams, lodges and food caches will be mapped. Beaver activity will be surveyed each spring and fall.  The number and status of dams, and lodges and winter food caches will be recorded and mapped.  The status of dams and lodges (repaired or active / under construction / not repaired, not active) will be recorded on each visit.  It is expected that, over time beavers will return on their own to occupy ponds where dams have been broken by the incident and the number of active colonies should be similar to those prior to the release.
	 Moose - Moose abundance will be recorded by use of pellet / browse counts of permanent transects in affected and non affected areas.  Pellet-group counts are a measure of over winter use.  Linear transects will be used with circular plots spaced at regular intervals along the transect.  Plots will be counted and cleared of pellet-groups every year. Relative abundance will be measured by pellet-groups per square meter (pg / m²).  Browse use will be measured at intervals along the same transect established for pellet-group counts.  Browse will be measured as % use of current annual growth (CAG) and % use of previous year growth (hedging).  Moose abundance will be monitored annually until time trend analysis indicates no further change in trend due to the incident.  Moose are dependent on tall shrub and deciduous sapling cover to provide food in winter.  It is expected that deciduous trees and shrubs in the riparian areas should recover relatively quickly from damage caused by the incident and the use of riparian areas by moose be similar to pre-existing condition.  The removal of log piles and careful placement of erosion control structures will prevent any movement obstruction.
	 Short-tailed Weasel (Ermine) - Relative abundance of ermine will be measured by snow tracking methods (tracks per km-day).  Permanent transects (minimum length 1 km) will be placed in affected and non affected areas.  Track counts will begin within a few days of snowfall; tracks of all species intersecting the transects will be identified and recorded at 100 m intervals.  Tracks counts will be repeated during the winter.  Ermine abundance will be monitored annually until time trend analysis indicates no further change in trend due to the incident.  It is expected that small mammal populations in the riparian area should recover relatively quickly and that ermine use of the disturbed area be similar to pre-existing conditions.
	 Migrant Shorebirds - Total number of shorebird migrants during fall migration (mid- June through to mid September) and species richness.  Fourteen species of shorebirds have been recorded on OMM’s Main Tailings Pond; 11 of these are migrants and three species breed on OMM.  Shorebird use of the Main Tailings Pond will be monitored annually until analysis indicates no change in trend due to the incident.  Removal of debris on the Main Tailings Ponds mudflats and establishing water flow similar to pre-existing conditions will create conditions favourable for use by migrating shorebirds.
	 Ground-dwelling Songbirds (New World Sparrows) - Abundance measured by pairs / km².  A breeding bird survey using the point count technique will be conducted in June and early July using permanent plots located in affected and non-affected areas.  The number of birds heard or seen within a fixed radius plot will be recorded in three time intervals (0-3, 3-5, and 5-10 minutes) and used to generate an index of abundance for each species.  Plots will be visited multiple times during the breeding season.  The response of the emberizids will be monitored annually until trends in abundance over time analysis indicates no change in trend due to the incident.  With mitigation (removal of sediment, seeding and / or planting heavily impacted areas) it is expected that sparrow abundance and species diversity should return to pre-existing conditions.
	7.0 DATA MANAGEMENT AND REPORTING
	7.1 EPO Required Reporting

	In accordance with the EPO, as amended, CVRI will submit a report on all visual observations and all data recorded and collected to date by May 16, 2014. Although the EPO, as amended, states that these will be “final” visual observations and data recorded/collected, it must be clarified that the report information in this report will not be final. Due to the requests to analyze long-term or chronic impacts, additional information collected over a number of years may be required to meet this request. 
	7.2 Data Analysis and Reporting

	Raw data received from the laboratories and subsequent data analysis is being managed and stored on behalf of CVRI as part of the incident response project.  Release of the data to the various regulators, interest groups and public at large has, to this point, been on an as requested or as available basis.  
	CVRI is proposing to report data to ESRD on a quarterly basis, beginning at the end of March 2014 and continuing quarterly thereafter, as long as there exists new data to release.  There are numerous other requirements for data, analysis and progress updates within the EPO that will be complied with as required.  
	8.0 SCHEDULE OF ACTIVITIES
	The schedule of activities to be undertaken in order to implement and complete the Long-Term Sampling and Monitoring plan is provided in Table 8.
	Table 8 Schedule of Activities
	Task
	Date
	Water Quality and Fisheries
	1 Implementation of Short-Term Sampling and Monitoring Plan
	Current to Dec. 2014
	2 Sediment Deposition Probability Mapping
	Ongoing 2014
	3 Create discharge curve for APC/PLC
	March 2014
	4 Review of Data Sonde Placement & Recommend Adjustments
	March – April 2014
	5 Source Laboratory for Isotope and Rare Earth Analysis
	March 2014
	6 Determination of In-Situ Variability in Benthic Data
	Spring/Fall 2014
	7 Develop Recommendations for Benthic Tissue Sampling
	Spring/Fall 2014
	8 Establish Reference Sites for Fish Habitat
	Spring 2014
	9 Develop Fish Monitoring Program Design Document
	April 2014
	10 Implementation of Long-Term Sampling and Monitoring Plan
	January 2015
	Soil & Terrain
	1 Field Survey
	June-July 2014
	2 Assessment and Reporting
	September 2014
	3 Long term sampling and monitoring plan development
	Fall 2014
	Vegetation, Wetlands & Riparian Areas
	1 Field Assessment & Ground Truthing of Ecosite Map
	Spring 2014
	2 Impact Assessment Reporting & Development of Recommendations for Mitigation
	September 2014
	3 Finalization of Long-Term Monitoring and Mitigation Plan
	Summer 2014
	Terrestrial Wildlife
	1 Monitor Initial Wildlife Response by Use of Trail Cameras
	Ongoing
	2 Compile Species List of Known and Likely to Occur Species
	January 2014
	3 Select Wildlife Focal Species (i.e., VECs)
	Spring 2014
	4 Continue Initial Assessment and Monitoring Activities 
	Spring-Fall 2014
	5 Continue Assessment and Initiate Monitoring (post winter 2014 mitigation)
	Spring-Fall 2014
	6 Develop Long Term Monitoring Schedule
	Spring 2014
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	App A1 ESRD Comments.pdf
	Obed Mine
	Impact Assessment Plan, Long Term Monitoring Plan, and Wildlife Mitigation Plan
	Regulatory Feedback
	Please note: the comments below are presented as received; they were not edited or sorted therefore there may be some duplication in the issues and concerns raised.
	ESRD Comments
	1.  P1 – If the intent is to compare data collected through this monitoring work to data collected by ESRD, there needs to be assurance that the methods used by the consultants and chosen labs are comparable to those used by ESRD.  This should involve some simultaneous sampling at the same location to ensure consistent results are being achieved.
	2. P2 – needs to be recognized that near real-time datasondes will be limited to primarily physical characteristics (turbidity, DO, pH, etc.).  Rapid changes in “water quality” is somewhat misleading.  
	3. P4-5 - Due to high natural variability in many of the parameters proposed to be sampled (especially biological components), consideration should be given to having more than a single upstream location for each stream (Apetowun, Plante and Athabasca) to account for this variability.  As well, spatial variability exists across the width of larger rivers like the Athabasca, not just lengthwise.  Consideration to including some cross width sampling or transects should also be given.
	4. P6 – sampling frequency for water quality needs to be reconsidered.  During the spring freshet, when sediments will be remobilized into the system, sampling frequency needs to be increased, potentially to daily and then tapered off as the sediment plume passes.  In addition to water quality sampling, discharge measurements should also be collected in the Apetowun and Plante creek sample locations to determine loadings of sediment and parameters of concern to the receiving environment (Athabasca River).
	5. P7 – in situ measurements must also include turbidity.
	6. P7 – ultra-trace mercury collection method.  This needs to be included in the long-term plan.  Stating that it will be triple rinsed is not sufficient for a parameter such as ultra-trace mercury which is collected (at least by ESRD staff) using very stringent field protocols.
	7. P8 – it is not sufficient to say that samples will be collected according to EC protocols or ALS protocols without including a reference to those protocols.  Either these protocols must be inserted into the body of the text or included as appendices and referenced in the text.  This is an issue throughout the document.
	8. P8 – The Athabasca upstream datasonde site needs to be equipped with telemetry for near real-time reporting to ensure that natural changes in turbidity are observed and comparable to what may be remobilized sediment in the downstream sections.
	9. P9 – more details are needed on what constitutes “high values of turbidity”.  Needs to explicitly state at what value a decision would be made to implement additional sondes at locations further downstream.  Are these sondes going to be near-real time?
	10. P9 – there is a major flaw in the thinking on the potential fish effects.  No, there were no significant acute effects at the time of the spill, and no, the concentrations of parameters of concern were not elevated for a significant period, however they were present and they were highly associated with sediments.  The long-term potential for chronic effects does exist as parameters of concern are taken up through periphyton and benthic invertebrates and then consumed by fish.  The chronic long-term impact is where the real potential issue lies and needs to be assessed.  Utilizing methods such as SPMDs (semi permeable membrane devices) and other non-destructive methods will provide a better idea of the potential long-term impact to the biological components in the Athabasca River.
	11. P10 – it should be noted that comparing benthic invertebrate samples from depositional areas is not comparable to samples collected from erosional areas.
	12. P10 – unclear as to what taxonomic level biological samples are being analyzed to.  This should be to the lowest level possible (genus or species).
	13. P10 – need to consider analyzing for body burdens of parameters of concern.  Again, the long-term effects are not going to be acute toxicity, but rather chronic impacts to the biological communities, especially periphyton and macroinvertebrates which live predominantly on/in the substrate.
	14. Overall – unclear as to how all of this information will be compiled, assessed and reported out.  For example, for the benthic invertebrates will there be assessment of changes in species composition spatially and temporally?  Will they look at diversity indices?  How will it be related to periphyton and water quality?
	15. Overall – needs to be re-read to catch spelling errors and grammar errors (e.g. affect vs. effect).  Diminishes the content of the rest of the plan.
	Overall comment: this is not a plan, let alone the three separate plans that were required by the Order and which have very different functions, are normally reviewed by different experts (with some overlap) and should stand alone, not be mixed in to an appendix along with a bunch of SOPs and consultant qualification pages. This is a patchwork mess still, not three cohesive documents as per the Order or even a single cohesive document). This is a “plan for a plan”. It is also too high level still and makes little use of all the data that’s been gathered so far. Also – notable absence of photos?
	Pages 3-4: biological components will definitely need multiple reference sites, especially for benthic invertebrate sampling. 
	Page 6-7: what are the plans for a possible midwinter thaw? As well, the early freshet is the most important time for contaminant mobilization and twice a week sampling is grossly underestimating what will be needed to follow it properly.  Sampling can and should be adaptive and can be reduced as stability is achieved.  Sondes can only cover a few parameters. 
	Pages 9-10: The lack of acute toxic effects on pampered lab fingerlings (and there was one sample where some of the fish died, so I think the suspended material may very well be on the boundary for acute effects) does not eliminate the possibility of all direct effects on fish, nor does it address the possibility of tissue contamination.   Acute toxicity testing results don’t cover chronic exposures nor sublethal effects.   I’d like to see some chronic toxicity testing done as well as tissue assays. This was an immense loading of material into a fishery. ESRD does *not* consider this material to be chemically inert or innocuous.  There is a public health issue that MUST be addressed with respect to fish tissue concentrations as well as the ecological considerations for non-human pisicvores. As the main uptake route into the fish is likely to be from the benthic food web, not via gill uptake, long-term monitoring should (must?) include fish and benthic invertebrate tissue sampling and analysis for contaminants, particularly PAHs.  In addition, the sheer size of the area influenced by the plume is so great and the disruptions to the normal conditions of the creek and river will be long-term. Even slight changes to substrate composition, periphyton cover, benthic invertebrate communities and fish survival will be magnified into significant ecological effects by the sheer size and duration of the disturbance. The studies for these will need to be more detailed, have greater power and be wider in scope than would be needed for an impact into a small stream.
	Text (map & p 10) 
	I am not clear on some details of the study design - if samples of erosional and depositional habitats will be taken at each site and if the two datasets will be analysed separately?  I would recommend they are treated separately - they are distinct habitats, likely with different benthic assemblages and the two datasets will be helpful to establish conditions and potential effects.   How will the datasets be analysed (eg, include ANOVA and multivariate ordination/other)?  This is helpful to know so that it is reasonable and not overly simplistic or not including lower taxonomic level.  Also, how will substrate characteristics be used for interpretation of the zoobenthos data?  Other factors to consider, if/how will WQ and toxicity data be used in evaluation?  
	So will there be 5 Neill samples AND 5 Ekman samples at each site?  Note that it may be a challenge to find depositional areas in the mainstem, especially pre-freshet; will sediment mapping (underway?) be used to select the sites?   It may also be a challenge find depositional areas of sufficient depth to use an Ekman grab at all sites - if so, is there a contingency for this?   
	Having more than one (u/s) reference site provides a better measure of spatial (inter-site) variability and representation of u/s conditions.  For example, relying on 1 site can be problematic if the habitat conditions are unusual for the overall mainstem; also, one would also expect to see changes in zoobenthos due to longitudinal change in the river.  I am not familiar with all the other sites or how they relate to other data and decisions you have had to make.  But one observation - should there be another site between D2 and EF1?  Seems like a long gap and relatively close to the discharge? 
	Appendix 2
	Details on methods including reference to various programs like federal EEM, RAMP are included here, but it is not always clear what will be collected for this study!  Generally I get the sense from info on Neill sampling that it is similar to ours, but to be sure, we should generally ask that contractors follow our field protocols, unless we feel something else is warranted.  For Neill and Ekman sampling see p 78+ http://environment.gov.ab.ca/info/library/7805.pdf
	As indicated above, substrate composition is imp to interpretation of zoobenthos assemblages; at minimum they should record particle composition and organic content.  Photos of depositional/erosional substrate at each site would also be helpful - these could be used for other components of the study including epilithic cover.  GPS will be helpful to re-visit sites later in 2014 - when will these samples will be taken and why? 
	- I forgot to mention the historical method used at LTRN or recently in JOSM by us is normally the Neill cylinder, 5 samples per site, thus more focussed on erosional habitat.
	Fisheries Review Comments of Obed Mine Impact Assessment, Long Term Sampling and Monitoring Plan, Water Quality and Aquatic Resources.
	As prepared by Hatfield Consultants.
	3.0 Sampling Locations:
	Re: final monitoring design for fish/habitat/sedimentation defined over winter 2013-2014 through detailed mapping and ID of sampling areas (most sensitive = depositional areas/potential high value fish habitats).  Can the company give a status update of this work, estimate completion date, and submit final plans to be reviewed (allowing sufficient time for review/amendments/timely implementation). Can the company define how “high value fish habitats” are determined. Are these species/seasonal dependant. Does this take into account substrate measurements, historic fish data, flow measurements etc.
	3.3 Sampling Frequency:
	Note that pre-freshet sampling window will be short lived and sampling must be conducted prior to high flows associated with freshet conditions.  This is of particular importance for benthic invert sampling.
	4.1 ID of Far Field Sampling Sites:
	-As above please elaborate on potential high value areas for fish.
	-Can the company provide timelines for completion of Sediment Deposition Probability Map.  Fisheries Management requests to review this map when completed, including areas designated as “potential high value areas”. Suggestion to expand geographic range of this mapping to Ft. Assiniboine/Vega Ferry area as this appears to be a more complete range of contaminant depositions (based on Environment data on external website showing many parameters above natural levels all the way down to this area.
	4.4 Fish and Fish Habitat in the Athabasca River 
	-“lack of acute toxicity… direct contaminant related effects to fish are not anticipated” Fisheries management disagrees with this statement.  Though acute toxicity may not have been observed chronic toxicity exposure is a concern for fish. Elevated levels of many deleterious substances were observed in initial measurements, although these appeared to drop out of the water column it is highly likely that these have been deposited in a manner that will allow leeching of contaminants into the system. Further to the above, the deposited contaminants will likely impact benthic invertebrate communities, perhaps not direct mortalities, but certainly some substances could be taken in by these invertebrates. This provides a great deal of uncertainty regarding bio-accumulation of contaminants into fish tissue, and since this is uncertain the risk must be managed. It is likely that fish feeding on invertebrates will be first impacted by bio-accumulation issues, and later into predatory fishes. Fisheries management recommends that fish tissue toxicity samples are taken as per standards outlined by Alberta Health. This will require collection of fish tissue (as per methods outlined by AB Health) of a variety of species(initially invertebrate feeding fish; e.g. long-nose  suckers, mountain whitefish, sculpins, cyprinids)  from numerous locations on the river. 
	-High priority fish habitat; Can the company clarify if this is the same as the above “potential high value areas” and as above noted; define the terms explicitly.
	-There is no mention of actual fish sampling in the river, is this an oversight? Fish data must be collected in the Athabasca River to attempt to monitor impacts/ future recovery. Boat electrofishing should be utilized (I.e relative abundance studies) for all near and far field sites within the Athabasca River.  This could likely be combined to obtain toxicity samples mentioned above.
	-Details of fish habitat monitoring plan for Athabasca River developed over winter with potential implementation in March 2014. This should be included in this long term plan as it is now February 2014, and this does not allow sufficient time for review/discussion/amendments/ implementation of plans prior to freshet conditions.
	-Sediment effects assessments should include a variety of habitat features/areas not just be defined to these high priority fish habitats/potential high value fish habitats. All habitat components should be sampled. Random sampling stratified by habitat type (pool, riffle, run, back waters, eddies, etc) in a manner that ensures sampling design is comprehensive and robust. Must include species other than salmonids including but not limited to: burbot, cyprinids, pygmy whitefish (technically a salmonid but different use of habitat), and longnose suckers. 
	-The use of a McNeil Corer to assess extent of fine sediments in gravels, will this include a measure of embeddedness as emeddedness measurements were stated under 2.0 Program Objectives, point 4.
	4.5 Benthic Invertebrate Sampling:
	-Where is the compilation of historic benthic studies for comparison (and of fish data for that matter). This should have been completed prior to planning current/future studies as insights from historic data would likely aid in this planning. This is a mandatory component of the Wildlife Mitigation Plan as outlined in point 24, pg 2 of Obed Mine Impact Assessment Plan where it states wildlife mitigation plan shall address both terrestrial and aquatic species (#23), shall describe the condition of aquatic and terrestrial communities prior to the release using all available data (#24). This data is outlined in the Pisces plan for the Apetowun and Plante Creeks however appears to be absent for the Athabasca River.
	Overall the plan developed by Hatfield Consultants regarding Impact Assessment and Long Term Sampling and Monitoring of Water Quality and Aquatic Resources for the Athabasca River lacks specific actions/details/locations/historic data compilations that should have been included in this document.  Any reference to sampling of fishes is also shockingly absent from this plan. This plan references that many of these actions and details are underway and that they will be implemented prior to freshet conditions, however considering that we are now in February and these plans/designs have not be submitted has raised concerns of the overall timelines for review, discussion, amendment, and implementation of the sampling program.  
	Fisheries Review Comments of Obed Mountain Mine – Aquatic Resources – Apetowun and Plante Creeks – Approach to Impact Assessment, Mitigation, Remediation, and Monitoring. 
	As Prepared by: Pisces Environmental Consulting Services Ltd.
	2.0 Summary of Existing Information:
	- A couple of reports are referenced here (Zallen 1981, and in Section 2.3 Wolanski 2003) however they do not appear in 6.0 Literature Cited. Fisheries also requests a copy of Wolanksi 2003.
	3.3 Channel Impacts:
	-Instream work has potential to impact aquatic resources; detailed fisheries protection plans will be established.  Can the company elaborate on some of the mitigation that would be in place for these works, the solids recovery plan listed general best management practices, is it to be assumed these will be in place for work detailed in this plan?
	4.1 Future Impact Assessment and Monitoring – General Approach:
	- Assessments and Monitoring to occur in 2014 and plan to continue in 2015 and beyond if 2014 results dictate this.  Monitoring beyond 2015 should be anticipated as stated in the plan monitoring refers to repeated observations or measurements using standard methods over time in an attempt to detect trends.  Monitoring is suggested to continue until targeted endpoint(s) are achieved. These endpoints must be defined, in greater detail than 4.3 where endpoint is considered a condition similar to what existed prior to the release of mine water. While this is a desirable endpoint this must have associated measurable targets to assess success/effectiveness. This applies to habitat, (substrate composition, embededness, percent fines, channel characteristics) fish populations, (species richness, population’s relative abundances, recruitment) and benthic invertebrate communities (abundance, richness)
	-Baseline fisheries data is limited: this may be limited data, however it is still useful for comparisons as it gives some insight to what fish populations looked like prior to mining. While it is recognized as being somewhat limited it should not be discounted completely.
	-Regarding suggested reference streams (Upper Apetowun, Upper Plante, and Gorge Creek) these are sites that should be monitored as reference streams however some caution must be used when analysing this data, especially in regards to fish populations. Impacts to fish populations in the affected portions of the streams are likely although somewhat uncertain, by this logic it is probable that fish in the impacted sections of Apetowun/Plante have been displaced and could impact these connected reaches (upper Apetowun/Plante). In light of this possibility it would be wise to include another reference stream in an unaffected drainage, perhaps Canyon/Baseline Creeks would be potential options to include.
	-Benthic invertebrate monitoring is considered the primary tool used to assess impact to aquatic resources. FMB agrees that this is an integral component to monitor, however this data should be sampled prior to freshet conditions (spring) as well as post-freshet (fall) conditions as the plan calls for. Benthic invertebrates are able to quickly recolonize aquatic environments and only assessing in the fall may overlook impacts to the invert community as a result of the spill.
	4.1.1 Fish Habitat:
	-Currently planned for 4 sites within impacted drainage which may be increased if necessary. Can the company clarify what conditions would cause increase in sample sites? No mention of Reach 4 (Erosion Gully) habitat assessment, can the company provide rationale for exclusion of this area.
	-A minimum of 3 habitat monitoring sections will also be established on reference streams; however total number and location of reference monitoring sections will be determined based on results from 2014. Can the company clarify that there will be a habitat monitoring section on each reference stream (as opposed to 3 on one stream)  and that this will be conducted in 2014; and elaborate on the conditions that would cause the number and location of monitoring sites to change in the future? 
	-Any habitat enhancement/offset must be reviewed by ESRD Fisheries Management Branch and DFO prior to construction/implementation.
	4.1.2 Fish Population Assessment and Monitoring:
	-Seasonal electrofishing component is detailed, however not ideal from ESRD FMB perspective. Suggestion to avoid Spring e-fish assessment in order to minimize impacts of spawning rainbow trout (it is likely these fish will be gravid and should not have increased stress to aid in recovery). Electrofishing in spring time also has a logistical difficulty in that the pre-freshet conditions window is very short in these high gradient small streams. Population estimates can be conducted as detailed in the plan, ensuring appropriate recovery periods in between runs as per Peterson 2004; (Transactions of American Fisheries Society, 133:262-275) where the author notes minimum of 24 hour recovery period (maximum of 72 hours).  Can the company give an estimate of the proposed time for these population estimates? The most critical fish population data to collect is a single pass electrofishing run in late August-Mid September with fish relative abundance expressed as Catch per Unit Area (CPUA) thus requiring recording of, among others, fish caught, seconds, mean wetted width and distance electrofished in a minimum of 300m stream reach following “Alberta Fisheries Management Division Electrofishing Policy Respecting Injuries to Fish”. It is vital to conduct fish sampling in this Late August to September window as this is the period where all fish species and size classes have likelihood of occurrence while minimizing risk to any spawning fish, also logistically the water conditions in small streams are usually ideal at this time.
	-Please note above comment regarding reference streams, re:  inclusion of another site, removed from any impacts of the spill.
	-Monitoring: Population estimates can continue annually. Must do late August-September single pass work annually to monitor recovery.
	-As above any sort of habitat enhancement/offsets planned must be thoroughly discussed and reviewed with regulators (ESRD/DFO).
	4.1.3. Lower Trophic Assessment and Monitoring
	-Benthic invert and substrate sampling should be conducted in Spring as well as Fall. Discussed in greater detail above under 4.1 comments.
	-Regarding #3 under 4.1.3. Use of existing data and sample results to: develop model of natural variation, determine appropriate sample size, Id data gaps. The data to do this is referenced under section 2, seems that this should be completed already, is this underway? Can the company provide timeline for completion?
	4.3 Endpoints
	-Please see above (4.1) for detailed comments.
	-Can the company estimate a timeline for establishing these endpoints?
	5.0 Implementation Schedule:
	-Prelim Impact Assessment – Habitat (Spring-Fall 2014), Populations (Spring-Fall 2015)-Why are there no plans for fish sampling assessment in 2014? Hope this is a typo? Please clarify.
	-Benthic and Invertebrates and Sediment Quality-Fall 2014- Please see above for rationale for request to include Spring sampling of these parameters.
	-Monitoring- conduct annually until endpoint (note comments on endpoints above).  Fish population monitoring states Fall 2015-2018 and earlier notes population estimates done in summer will continue. Please clarify. This appears to suggest that monitoring is anticipated for 4 years, however this should be a minimum of 5 years dependant of effectiveness of recovery and durability of remedial works(s).
	Appendix B.1 Fisheries Monitoring:
	-Electrofishing effort must be recorded (includes but not limited to : seconds, wetted width, distance).
	-All fish are to be measured for fork length at minimum (reference to subsampling if >30 should not apply for fork length measurements).
	-Document references using catch per unit effort (fish/min), while this can be recorded please adhere to above point and record effort (I.e. Distance/Width) to compute CPUA.
	Alberta Health with input from Alberta Health Services and Health Canada has undertaken a review of Long Term Sampling & Monitoring Plan submitted by Coal Valley Resources Inc regarding the Obed Mine Spill of November 2013.
	Our comments are as follows:
	 This plan appears to only speak to monitoring and sampling plans between the mine site and the Town of Athabasca. As Coal Valley Resources Inc. is aware, there have been significant health and environmental impacts expressed along the full length of the Athabasca River to the communities of Fort McMurray and Fort Chipewyan and into the Northwest Territories. Similar monitoring practices to what is proposed in this plan between the releaser site and the Town of Athabasca are required to occur along the full length of the Athabasca River system downstream from the mine site. 
	 This plan appears to only focus on sampling in the 2014 year. There needs to be clarity around the likelihood of sampling into 2015-2016, and how and when those monitoring plans will be determined. 
	 This submission does not allow for an evaluation or improved understanding of the human health impact. Coal Valley Resource Inc. must undertake a human health risk assessment, that is acceptable to Alberta Health, and provide this information under separate cover. This should include, but not be limited to the following factors:
	- Evaluate and describe the potential routes of exposure for users along this river system. This evaluation shall identify the likelihood of exposure, location of how and where those exposures may occur (including a sediment deposition sites) and clearly identify the need for which routes need to have further evaluation and associated monitoring programs. Routes of exposure include, but are not limited to, water use (community, individual and farming situations), contact with sediment by recreational users, or consumption of fish and wildlife that may have taken up chemicals (e.g. metals, PAHs, etc.) from the sediment or water. 
	- Short and long term water impacts, as the Athabasca River system is considered to be a source of drinking water for many types of users (i.e. private individuals, community drinking water plants, and industrial work camps.)
	- Initiate a potable drinking water program and exposure assessment where Coal Valley Resources Inc. evaluates the raw water going into the plant and after drinking water treatment. The concern is to have an understanding of if metals, PAHs or flocculant breakdown products may be entering into the potable water treatment plant from sediment movement during freshet and spring run-off and how effectively the drinking water treatment is at removing these contaminants. This will assist in understanding the concerns of First Nations and communities that use this River system as their drinking water source.
	- Evaluations of the likelihood of all chemical contaminants contained within the sediment to mobilize and or breakdown from the sediment deposits into the water column and enter into the food web (i.e fish, large wildlife). For example, methylmercury and alkylation of PAHs. 
	 Water and sediment sampling locations:
	- Specifically, additional information is needed as to where the various water and sediment samples are being collected along the creek or river system (i.e along the shore, midstream).
	- Confirmation that the sampling sites proposed in this plan are the same location as those used in the short and intermediate monitoring plan. 
	- Need for a larger network of sampling sites along the River system as a whole.
	 Flocculant and Acrylamide
	- Additional information is required about the use of the flocculant at the mining site, including but not limited to the amount of flocculant used, and if the breakdown product detectable at the mine site;
	- Inclusion of a detailed evaluation of the breakdown of this flocculant and the likelihood of its transport or mobilization in the water column and uptake into potable drinking water sources. Alberta Health is in support of the comments submitted via Alberta Environment & Sustainable Resource Development from the University of Alberta.
	- As completed in the short term monitoring plan, the use of an appropriate laboratory facility that can detect acrylamide levels that are relevant to human health (see previously submitted comments related to acrylamide) is important.
	 Fish and wildlife health & tissue sampling.
	- There are no proposed measures of individual fish or animal health, and or the likelihood of fish or animal populations, to uptake chemicals related to this spill. In part, understanding of the likelihood of this to occur can be addressed via a human health risk assessment, however additional information about proposed tissue sampling processes and evaluation are required in this plan. 
	 Lab analysis
	- Need to ensure that detection limits and sample analysis techniques utilized are those suitable and relevant to human health impact evaluation. Comments related to these concerns have been previously submitted, specifically; mercury, selenium, arsenic, acrylamide and PAHs. This applies to not only water sampling activities but fish tissue sampling.
	 Data analysis & progressive evaluation
	- This plan does not address how data will be analyzed and evaluated as the data becomes available. Initial sampling results should guide the development of this plan and evaluation points should be determined throughout the proposed timeline to determine if additional sampling is needed or could decrease. 
	Other Comments
	 Communication - There is a need to have a comprehensive risk communication plan, associated with this monitoring plan, which considers the views and concerns of the users of this river. A detailed human health risk assessment will also be informative to the communication plans by being able to verify, and eventually validate the likelihood of a health risk being present.   While specific detail is not necessary in this plan, there needs to an understanding by Alberta Health, Alberta Health Services and Health Canada as to how monitoring plans, and how results are going to be communicated to the regulators, users of the Athabasca River, communities and First Nations groups. 
	- Specifically related to freshet and spring runoff conditions, large users of the River system need to be aware of where they can find information about turbidity and data sondes. 
	 The entire program should be integrated into existing regional monitoring that is occurring under the Joint Oil Sands Initiative and other others. This will allow for comparison before, during and after the event.
	DFO Comments: Long-term Monitoring and Sampling Report
	Section 4, Table 1, Page 6: “Final Impact Assessment Report (incorporating all to-date results)”.
	 Seems preliminary to have a final “impact” assessment considering the time of year the event occurred and the statement on page 4 that notes: …winter conditions restricted data collection therefore making it impossible to predict the final extent of effects at this time”. Perhaps we are not clear on the context of the Final Impact Assessment report. Clarify.
	Hatfield Report
	Section 2.0, page 2: “Provide continuous water quality information for lower Plante Creek and multiple locations in the downstream Athabasca, using multi-probe sondes recording data every 15 minutes, to ensure any rapid changes in water quality…”. Table 1, page 3 list Apetowun Creek sample sites.
	 Apetowun Creek is not referenced with respect to the water quality monitoring described on page 2, but is listed as a site that will be the subject of monitoring as per Table 1. Will the sampling on Apetowun be different than the sampling on Plante Creek and the Athabasca River? If so, explain why. Not clear on the Pisces involvement, see next comment.
	 This is all confusing. In the introduction, Section 1.0, page 1, it states that: “the focus of this [Hatfield] document is on impact assessment and monitoring related to: water quality and sediment in Apetowun Creek, Plante Creek and the Athabasca River… The next paragraph references: “[Pisces Environmental Consultants] plan for the Impact Assessment and Long-Term Sampling and Monitoring of benthics, fish and fish habitat”. Not clear why the footnotes on Table 1 indicate Pisces is monitoring water quality on Apetowun Creek.
	Section 3.0, page 4:”It is important to note that field sampling will not necessarily be limited to specific locations listed in Table 1 and described below”.
	 What is the process for notifying regulators of the changes/additions/deletions in sample locations?
	 Can DFO obtain this information?
	Section 4.2.4, page 8: “The purpose of this sonde network is to provide continuous , near-real time data that describe any water quality that occur either naturally or as a result of remobilization of spill-related solids…”
	 Expand on how this monitoring differentiates between natural influences on water quality and those that are a result of the remobilization of spill related solids.
	Section 4.4, page 9/10: To assess the potential adverse effects of sedimentation on substrates in high-priority fish habitats (e.g., gravels potentially used by salmonids like mountain whitefish for spawning and egg overwintering), substrates will be sampled…
	 Were these high priority sites identified prior to the Obed incident?
	 How does CVRI know that they are targeting a gravel area (for example) that is impacted by sedimentation? It is possible that an area that was once a gravel zone could be completely covered by sediment, and difficult to find or identify. Will this just be passed off and assessed as an area that is composed of sand/silt/clay? Where is the baseline? How will surveyors know if the area was once a valued or high priority site that is now covered in fine material?
	Pisces Report
	Section 4.1, page 11: “Monitoring would be conducted on an ongoing basis until targeted endpoint(s) have been achieved”.
	 What defines a “targeted endpoint(s)”? 
	Section 4.1.3, Page 14: Reference Condition Approach for invertebrate sampling.
	 Is there additional information regarding the historical data sets available and the number and location of sampling sites used with regard to benthic invertebrate assessments?
	The Reference section is missing the Zallen, 1981 and Wollanski, 2003 titles.
	 These titles will be useful documents, please provide.
	 
	AANDC PROPONENT RESPONSE DOCUMENT
	 
	AANDC Comment #1
	2.1.1 Additional aquatic resources - CVRI stated that it will conduct depositional-zone sediment sampling in the early spring prior to spring freshet and in the fall. Summer sampling of the depositional zones is also recommended. 
	 
	AANDC Comment #2
	Question 10: Rationale is not provided as to why conditions would prevent the sampling of suspended sediment and bed sediment through ice in winter. Should ice conditions be safe, sampling of suspended sediment and bed sediment should be practical and is recommended. AANDC notes that winter conditions may affect the ability to collect a full suspended sediment samples (i.e. low turbidity waters). AANDC recommends that the sediment sampling regime include: number of subsamples at each site, QA/QC, control sites (if any), composite versus grab sampling, etc.
	 
	RESPONSE: Sampling of sediment samples through ice in winter is not recommended partly because of safety concerns but mostly because substrate morphology and the location of appropriate depositional zone for sampling of sediment quality are not known. Because winter low flows are expected to remain relatively constant until freshet, deposited sediments are also likely to remain in place. The long-term monitoring plan proposed identification and sampling of sediments and benthos from these depositional zones in spring after ice-out but before freshet, consistent with recommendations made by other reviewers of the immediate-term plan and discussed earlier in this response document.
	 
	AANDC RESPONSE:  AANDC appreciates that sampling should only be conducted should conditions permit the safe collection of samples. However, AANDC would like to note that deposited sediments may not remain in place until after ice-off. In large high-latitude rivers where ice cover forms in autumn and flows persist under ice during winter months, the dynamics of river flow under ice is profoundly influenced by the ice cover. In those northern-hemisphere rivers where the direction of flow is northward (i.e. pole-ward), as is the case with the Mackenzie River and many of its tributaries, the autumn formation of ice begins first in downstream reaches and progresses southward toward upstream reaches; this causes the effects known as backwater, under-ice scouring and ice jams to commonly occur in such rivers during ice formation and/or break up (EC). Both the Mackenzie and Slave Rivers and significant portions of their Peace and Athabasca tributaries are north-flowing. As ice formation progresses upstream each fall from the northern reaches of the river system, backwater effects and under-ice scouring progress upstream as well. Spring freshet progresses downstream from southern river reaches, so backwater effects and associated under-ice scouring begin again in spring before break up (Milburn and Krishnappan, 2002; Moore et al., 2013); and ice jams tend to occur in some locations during spring break up with associated heavy scouring and sediment transport. *References are provided below*
	 
	AANDC Comment #3
	11. CVRI does not address the lack of fish monitoring.
	 
	AANDC Comment #4
	13. CVRI has not responded to requests for sampling on the Slave River.
	 
	 
	APPENDIX 3 HATFIELD REPORT 
	 
	AANDC Comment #5
	General - A total of only three sediment samples were collected from Nov 5th to 15th. No sediment toxicity testing was completed on the OBED mine pond sediment sample. Full explanation required as to why this was not conducted should be provided.
	 
	AANDC Comment #6
	Pages 9 & 11 - FYI COMMENT: the TSS values at Plante Creek downstream (PLC-DS) were still above background on Nov 15 (Table 3) 53 (downstream) vs 3 mg/L (upstream)
	 
	AANDC Comment #7
	Missing information - Not clear as to how many water samples were analyzed for PAHs - could not find the n (number of samples) in table 5 or page 14. Please identify.
	 
	AANDC Comment #8
	Section 3.2 Sediment Quality
	It states that the sediment quality and toxicity test results will not be released until May 14,2014. It would be worthwhile to get these results sooner as this may influence the winter and spring sampling approaches.
	 
	AANDC Comment #9
	3.2.2 Fate of Sediment Load in the Athabasca River - last paragraph
	Hatfield has stated that based on the estimate of the amount of sediment and its expected mobility, sediment will not be transported along the length of the Athabasca River. This conclusion needs to be confirmed as it seems to contradict statements made in the earlier paragraphs. 
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	General Comments
	Benthic Invertebrates
	Vegetation and Wetland Resources
	Fish Health (Aquatic Resources)
	Terrestrial and Wildlife

	The proponents propose to conduct a qualitative assessment of impacts on fish (section 4.1.2 of attachment 2).  This is simply unacceptable and leaves the assessment open to subjective interpretation as to what constitutes an equivalent condition.  We do acknowledge that thought has been put into how benthic invertebrate communities will be evaluated (section 4.1.3 of attachment 2), but little text is devoted to actual data analysis and what will happen if prolonged monitoring after impact assessment fails to demonstrate that the site is returning to an equivalent condition.  In total, the sum of these deficiencies will significantly increase uncertainties ultimately affecting the decision of whether the EPO has been satisfactorily concluded.  By stating these terms more accurately at the outset, it will be easier to identify issues and take action to rectify/remediate.
	The entire program needs to integrate with existing regional monitoring programs (JOSM, RAMP, COSIA, PADEMP, SWEEP) to obtain as much data as possible before, during and after the event.  This should be a formal task built into the awarded contract.  While it is mentioned in the preamble (page 5) and in section 1.0 of attachment 1, there needs to be more detail about the types of data to be collected, who will be the custodian of this data, and whether it will be done systematically or on an ad hoc basis.
	Ideally, the designs of a wildlife-monitoring program should be modeled on the recently released (2012) metal mining EEM.  This EEM uses a multimetric approach with diversity, evenness and similarity as endpoints. The multimetric approach would most likely generate data that could be compared to existing data from the site and the region that was generated under existing EEM programs.
	The statistical sensitivity or power desired for each variable or environmental indicator will likely depend on whether or not there is an understanding of implications or importance of a certain amount of change in the indicator. For example, this could include guideline concentration values for water quality that must be met, threshold values for chronic toxicity of sediment metals or PAH, or some environmental threshold associated with a variable that is well understood, like percent loss in a particular form of fish habitat.
	The proponents either provide no information on how benthic invertebrate data will be analyzed (section 4.5 of attachment 1) or propose a reference condition, pass-fail approach (section 4.1.3 of attachment 2).  The reference condition approach requires large numbers of sites to be sampled (>10 as recommended by the metal mining EEM program 2012- Environment Canada) to understand regional variation in assemblages.  More detail needs to be provided with literature references about some of the challenges associated with this approach.  
	As described above for the Power Analysis and also discussed in the review of the Short-term Monitoring Plan, the LTRN approach to benthic invertebrate sampling should be adopted, to avoid the higher variation that results from the RAMP-based design involves randomizing replicate sampling sites along full reaches of creeks and rivers.  If this approach is still pursued, then the increased variance of the various invertebrate indicators represented in the RAMP dataset should be used to estimate the number of samples necessary, via Power Analysis, to properly account for the higher variance.
	In terms of benthic invertebrates, it is not clear whether a reference condition approach (RCA) will be used for the Athabasca or, instead, the standard suite of indicators will be assessed (e.g., diversity, taxonomic richness, absolute and proportional abundance, EPT, ETO, EPT: chironomids, etc).  Because this is a post-impact assessment, problems may arise in finding appropriate reference sites against which to compare impacted mainstem Athabasca River sites.  In addition to other possible metrics for assessing changes in ecosystem function, based on changes in benthic invertebrate communities, it is recommended that suggest that Hilsenhoff’s Modified Biotic Index (MBI) also be used to track impacts, change, and recovery of benthic invertebrate communities in riffle zones (Hilsenhoff 1988, 1998; Mandaville, 2002). MBI scores correlate well with biochemical oxygen demand (5-day; BOD), the lowest recorded concentration of dissolved oxygen (DO), total concentration of chlorides, lowest maximum temperature, total suspended solids, total nitrogen concentration (TN), as well as total phosphorus concentration (TP) and total alkalinity (Hilsenhoff, 1977). Because MBI scores correlate to qualitative degrees of organic enrichment, they are generally indicative of effects of organic waste, enrichment, or eutrophication, and the changes in benthic invertebrate communities that result from them. 
	Selection of reference sites for RCA should be limited to creeks in basins that are as similar as possible to Apetowan and Plante Creeks, in terms of the intensities and types of industrial disturbance.  Also, it is not clear that the RCA technique has sufficient sensitivity to assess or quantify a longitudinal gradient of impacts on a single stream, as opposed to inter-stream comparisons. This should be clarified, because an alternative design could instead include a couple of reference streams on which a longitudinal series of sites are assessed and monitored, from upper to lower in the catchment, with comparisons of the various impacted sites in Apetowan and Plante Creeks to the comparable reference sites in the reference systems, based on sub-basin locations.  Otherwise, the interaction between natural longitudinal gradients in substrate type and benthic communities and disturbance gradients along Apetowan and Plante Creeks may confound or complicate interpretation of RCA results.  Also, the RCA approach typically involves a large number of reference sites from which confidence limits are developed in “eigen-space”, against which a potentially impacted site is compared.  Will the selection and use of a limited number of reference sites satisfy the requirements of the RCA approach?
	It should be noted that many of the contaminants of interest are unlikely to be detected in water even though they may pose considerable risk because of hotspots of sediment contamination.  This includes methyl mercury.  Some measure of concentrations of selenium, metals and PAHs in the lower food web before and after the freshet must be completed.  Non-mobile, large-bodied benthic invertebrates or periphyton could be an option for this purpose, since some of the smaller sites likely cannot have fish repeatedly sampled without affecting populations. 
	The proposal for periphyton sampling at far-field sites (section 4.6 of attachment 1) is given without any rationale for this endpoint or indication of how data will be analysed.  Is simple abundance (chl a and biovolume) the endpoint, indicating food for invertebrates?  Or will the relative proportion of tolerant taxa or some other community descriptor be used?  Guidance can be found in Stevenson and Pan (1999).  If periphyton are to be used as an indicator of disturbance and recovery at far-field sites, they must also be used at the near-field sites and the data need to be analysed as a single package.
	An application of an index of siltation also may be of value for assessing impacts of the tailings spill on benthic algal communities, given the large release of sediments that resulted and the detailed sediment monitoring program being pursued under this program that will presumably provide useful and complementary information on sediment fluxes and deposition.  Motile algal species that are well adapted to streambed instability can be considered to be silt tolerant, and the relative total combined abundance of Nitzschia and Navicula spp. has been used as an index of siltation, where higher combined relative abundance is interpreted as indicative of higher siltation at a particular site (Kutka and Richards, 1996). Such an index may provide more insight into the algal community changes related to physical changes in sediment type that will have occurred because of this accident, and provide another measure by which to track recovery.
	A significant aspect of the proposal is the generalized definition of the trout species Oncorhynchus mykiss as “rainbow trout” using Zallen’s 1981 nomenclature as a guide. This is inappropriate given the management status given to Athabasca rainbow trout strain within the province. The Government of Alberta recognizes the rainbow trout in the Athabasca drainage as a unique strain (Alberta Ministry of Environment, 1994) and the General Status of Alberta Wild species 2005 assessment the native stocks of rainbow trout in the Athabasca River are identified as “may be at risk”.  A recently completed full report on the status of the Athabasca rainbow trout (Rasmussen and Taylor, 2009) confirms this designation and provides an excellent resource.  Therefore, it is imperative that more indicators of fish population that distinguish between rainbow trout and Athabasca rainbow trout be implemented to satisfy the terms of the EPO.
	Given the limited populations of Athabasca rainbow trout that one is likely to encounter, destructive sampling should be minimized to prevent impact on the population.  Athabasca rainbow trout grow slower and spawn much later (June-July) than other rainbow trout strains and spawn in finer grained areas (depositional zones) and therefore the larvae are likely more susceptible to sedimentation from increased TDS.  In addition, given that age of maturity is 3-4 years, a longer period of assessment to ensure spawning success should be part of the plans for the monitoring. The current plans call for assessment until 2018 which, assuming a poor year class this upcoming year because of failed spawning or recruitment success, will not allow for one spawning cycle to be completed. Loss of habitat for spawning as a result of this event along with continued sedimentation from downstream migration of sediments until the banks and riparian areas are stabilized are serious risks to the trout population, within Apetowun and Plante creeks especially. 
	Given the issues listed above it is suggested that the wildlife monitoring plan include plans for monitor spawning success through the presence of redd’s and/or presence of fry in the creeks from the mine site to the Plante Creek rivermouth.  It is likely that in-migration of individuals from other less impacted sites downstream will form the entirety of the recruitment and population in the first years.  Population recruitment success in this species is severely affected by higher water temperatures (and loss of riparian tree cover in the upper reach of Apetowan Creek will likely significantly increase stream temperature) and silt/sediment. Therefore, it is important to monitor age class distribution and recruitment/spawning to ensure a healthy sustaining population returns to the creek.  Simply counts of larger individuals will not provide an adequate measure of fish population health.
	A significant deficiency noted for the report is that there are no proposed measures of individual fish health – including growth, reproduction and survival – in sections 4.4 of attachment 1 and 4.1.2 of attachment 2.  These endpoints can be much more sensitive indicators of long-term population performance than simple abundances.  Spoonhead sculpin would be the ideal choice of monitoring species because they meet many of the criteria for appropriate sentinels for an incident of this nature where sediment contamination is likely.  They are benthic, non-mobile and abundant and are present in both Apetowan and Plante Creeks, as well as the Athabasca River.  Prior studies conducted upstream in the Athabasca (Gibbons et al. 1998) would provide additional regional sites for comparison of endpoints such as condition, fecundity, size at age and energy storage.  Lethal sampling would also provide tissues for contaminant (selenium, methyl mercury) analyses and possible biomarkers such as liver enzymes, oxidative stress, and histopathology.  Recognizing that depletion of local fish populations in small systems is a concern, a small but statistically relevant number of lethal samples should conducted in the fall at synoptic and reference sites would be the minimum effort needed to provide information about the nature of the impact.  The fall sample is also the recommended time for sampling sculpin species (Environment Canada 2012).  This detailed lethal sample would also complement the non-lethal sampling proposed using rainbow trout and burbot.
	The proponents suggest that all reference sites will be sampled in erosional habitats (Section B3, page 152 of 196).  Yet the greatest effects downstream of the release are likely to be in depositional zones.  In order to directly compare community structure in reference and exposed areas, samples must be collected in both depositional and erosional habitats in both areas.
	For monitoring fisheries and fish habitat, there is a discrepancy between text describing summer population monitoring in s. 4.1.2 and s. 5.0 Implementation Schedule, in which fish population monitoring will occur annually during the fall.  
	When sampling depositional sediments and assessing the physical changes in sediment loads in substrates in high-priority fish habitat, it is imperative to collect in situ pore-water samples in addition to solid sediments, for use in both acute toxicity tests and for chemical analyses, independent of the assessment of physical changes associated with substrate-quality thresholds for fish habitat use.  As described in the review of the short-term monitoring plan, and the impact assessment and long-term monitoring plans, pore-water hardness should be determined to enable characterization of the likely chronic toxicity of the sediment metals mixture, according to the USEPA’s standard equilibrium partitioning techniques.  Their other similar technique for characterizing the chronic toxicity of sediment PAH mixtures should also be applied, which will necessitate determination of sediment carbon content, in addition to PAH concentrations.
	More detailed, specific assessments of the potential for mobilization of contaminants in sediments as the result of redox reactions should be pursued as well.  For example, in the Introduction, it was stated that, “When flocculants come into contact with sediment particles, they bond and become inactive.”  That may be the case, but without identifying the chemical nature of the flocculent or clearly identifying the authority for that statement, it remains undetermined whether or not that is actually the case.  No doubt flocculants are designed to scrub particulates from the water column, but it is likely just a presumption that they remain bound in sediments and are not subject to reactions or processes that can remobilize them, potentially in a different form with different toxicity.  Whether it is chemicals bound to particulates, or simply sediments with high concentrations of metals and PAHs normally associated with coal tailings, mobilization may occur either chemically, resulting in increases in pore-water concentrations and toxicity, or conceivably by incorporation into the foodweb via benthic microbes and invertebrates.
	It is not clear what approach will be used to assess impacts or changes in the Athabasca River caused by the release event. Clearly describing the indicators to be relied upon will also clarify for ESRD exactly what the proponent is planning on incorporating into their long-term monitoring, impact assessment, and mitigation plans. For example, the benthic algal communities in the Upper Athabasca River are probably much more sensitive to nutrient inputs than communities in the Lower Athabasca River (Bowman et al, 2005;2007; Chambers et al   2000; 2006; Culp et al, 2000a,b; Scrimgoer and Chambers, 2000) .For this reason, any assessment of impacts of community changes in the Athabasca River should consider the local dynamics and sensitivity to nutrient inputs, rather than simply involve comparisons to standard water quality guidelines for nutrient water concentrations. Generally, riverine diatoms may be less reliable as indicators of change because of their short life cycles and rapid population changes in response to complex interactions involving a host of chemical, physical, and biological factors, including of hydrodynamics, light, nutrients, and invertebrate grazing (Chessman et al 1999).  While algal community changes are often associated with changes in water quality, geochemistry, current velocity, physical disturbance with changes in flow, and local conditions or microhabitat differences associated with such things as canopy cover or shading also can be important (Kutka and Richards, 1996).
	Notwithstanding general problems with using riverine algae as indicators of change, in addition to the standard diversity and richness indices often used, an index of diatom nutrient preference based on known nutrient preference ranges for riverine diatom species is also available (Potopova and Charles, 2007). This index is based on an indicator species analysis that identified species associated with the most nutrient-rich and nutrient poor sites included in a number of regional U.S.G.S. National Water Quality Assessment datasets, thereby creating a list of diatom indicator species based on their preference for low or high nitrogen and phosphorus concentrations (Defrene and Legendre, 1997). This index may be used to indicate significant shifts in algal communities likely occurring in response to changes in upstream nutrient inputs, and in an assessment of recovery trajectories.
	The terrestrial plan involves examinations of a number of key focal species as indicators of the health and the plan proposes to use population estimates to examine each of these species to determine if specific habitats that were impacted.  The include beaver, moose, ermine, ground dwelling and migrant shorebirds. The specific choices of the sentinel species are appropriate for assessment.  
	The terrestrial plan will use a variety of datasets to examine short and long term impact on population estimates.  Some of these estimates (e.g. migrant shorebirds) should be easy to obtain and the methods described are likely sufficient given that these bird use the main tailing ponds as habitat. For moose, given the rather small spatial disturbance relative to moose home ranges and the presence of active hunting in the region, this is likely not to be a fruitful indicator of health or effect. For ground dwelling birds (sparrows), the proposal to monitor species abundance and diversity is a good indicator for the area but the proposed MAPS program including control sites to determine spatial variability should be implemented at the outset rather than waiting for the surveys to return a result that can only qualitatively be assessed.
	For beaver and ermine, given their location as semi-aquatic animals and their diets that will include plants and animals (respectively) from the affected area, monitoring should be expanded from simple abundance and re-establishment of populations to also include some indicators of animal health as well, with an understanding that a non-destructive indicator (e.g. blood sample) rather than destructive sampling is desirable for a small population. Given that these species are hunted or trapped in the local area by First Nations, partnerships with these groups is encouraged. The local FN may be willing to also provide tissue samples from local area animals which could be available for comparative control purposes to ensure that health is re-established in addition to population.
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	Impact assessment plan resulator response Feb5.pdf
	Overall Evaluation
	With Hatfield and Pisces both involved in various aspects of the project to deliver the results, it would have been preferable to have them agree to common terminologies for the sites so that a direct comparison of the plans can be accomplished.  For example, the use of the separations into “Zones” by Hatfield and “Reaches” by Pisces provides some confusion.
	The impact assessment plan appears to have been primarily defined in relation to a delineation of the zone of impact and mitigation of further impact through the near term, while remediation strategies are being developed. The proposed plan for continued monitoring of impacts on water quality, aquatic animals, vegetation and terrestrial species includes many generalities that in many cases do not reveal what is planned, what will be measured, how data will be analyzed and assessed, or what indices of environmental condition will be used to assess whether or not impacts of the Obed release persist.
	The EPO states that the aquatic and terrestrial communities must be restored to an equivalent condition as existed prior to the release.  There are really only two ways to determine the equivalent condition: 1) historical, pre-release data, and 2) estimation based on a single reference site (i.e. upstream) or multiple regional reference sites (Mackey et al. 2012).  While there are several useful components of the plan, a key element that is missing throughout much of the document is criteria by which the system will be considered to have returned to an equivalent condition.  Will the definition of an effect from the metal mining EEM program be used? ‘‘A statistical difference between data collected in an exposure area and in a reference area or sampling areas within an exposure area where there are gradually decreasing effluent concentrations at increasing distances from the effluent discharge’’ (Environment Canada 2012).  In this case, Apetowan Creek must be considered the “effluent”.  If statistical approaches are to be used, then more detail on sample sizes and proposed comparisons are needed because of the many complications related to experimental design and subsequent statistical analyses (e.g. Munkittrick et al. 2010).  Other approaches that do not rely on statistical hypothesis-testing can be used (e.g. <25% deviation from the reference site in a particular endpoint), but importantly without clear a priori criteria it will be difficult to know when the job is done and monitoring can be reduced or cease altogether.  
	It is not clear what approach will be used to assess environmental changes in the Athabasca River caused by the release event. Clearly describing the indicators to be relied upon will also clarify for ESRD exactly what the proponent is planning on incorporating into their long-term monitoring, impact assessment, and mitigation plans. For example, the benthic algal communities in the Upper Athabasca River are probably much more sensitive to nutrient inputs than communities in the Lower Athabasca River. (Bowman et al. 2005, 2007, Chambers et al. 2000, Chambers et al. 2006, Culp et al. 2000a, Culp et al. 2000b, Scrimgeour and Chambers 2000)  For this reason, any assessment of impacts of community changes in the Athabasca River should consider the natural longitudinal changes associated with the River Continuum Concept (Robinson et al. 1995, Vannote et al. 1980), including local dynamics and sensitivity to such things as nutrient inputs, rather than simply involve comparisons to standard water quality guidelines for nutrient water concentrations. 
	Obviously, water quality levels exceeding regulatory thresholds should be considered as violations and significant impacts, but the program does not specify the methods for evaluating excedences of ecological thresholds. Further, the spill could also cause a chronic increase in water contaminant levels above the baseline (upstream) concentrations but below clear ecological thresholds. In such a scenario, the long-term monitoring program as described will likely not identify this problem, and the will likely not capture persisting impacts because it will be focused on assessing violations with respect to the regulatory guidelines or ecological standards. It is important that the long-term monitoring programs be capable of detecting important water quality changes even if they are below ecological/regulatory standards. The program should clearly identify the regulatory and ecological standards to be applied or considered, base the monitoring program on them, then design specify methods of assessment and evaluation of data with respect to both the standards and pre-release baseline data, where available.
	Sediment load in the creek should be assessed before the first freshet and throughout the summer at multiple sites, to determine sediment mobilization and redisposition down the creek. The rate of transfer will allow an estimation of removal time for assessing the long-term impact and inform how long the continuing monitoring should last.  This will allow assessment of the impacts on the stream and the effects of the freshet on sediment transfer down the river. It is important to perform an approximate mass balance calculations to determine the distribution for sediment (at least) for the specific reaches of the Athabasca River, to define the zone of impact better than simply by relying on TSS concentrations or the arbitrary location of the plume on November 5, 2013 for selection of far-field monitoring sites.  Such a mass-balance assessment will aid greatly in determining where and when sediments and other co-contaminants were deposited along the reaches of the Apetowan Creek and into the Athabasca River, and therefore also assist in monitoring site selection.
	Power Analysis should be employed to determine what the appropriate number of samples to be taken, given the risk of having insufficient statistical power to detect meaningful changes in such environmental variables.  This was also recommended in the response to the short-term monitoring response plan. 
	Lack of indicators for the impact of the spill
	The first priority in determining the impacts of the Obed tailings release should be the identification and characterization of specific indicators of Obed coal and associated contaminants, which is not addressed in the proposed impact assessment. 
	There is no hypothesis about the expected contaminants that were present in the water containment and other ponds in Obed mine, nor systematic evaluation of possible contaminants that can be mobilized from the solids that were released by the spill. Without these specific criteria, it would be impossible to clearly establish links between water quality guideline violations or changes in ecosystem health or function, if they occur, and the spill. 
	In identifying key water quality parameters and their association with the spill, a comprehensive water quality characterization of the effluents from the water containment and other ponds in the Obed mine should be a critical part of the Impact Assessment Plan. 
	The first step in the Impact Assessment evaluation should therefore be an assessment of the water and sediment chemistry and quality of the various sources within the Obed mine (e.g., main tailing pond). If these data are already available they shall be included in the plan and a summary of existing results should be provided. In addition to the full list outlined in the program, the mine sediments should be assessed for potential isotopic fingerprints that will allow their identification in downstream water sources. These should include the parameters included under the short-term monitoring plan.  
	Several studies have shown that “tagging” the effluent waters provides a sensitive monitoring tool to delineate their flow and impacts in a watershed. For example, Vengosh et al. (2013) have shown that variations in strontium, carbon, and sulfur isotopes in effluents from mountaintop mining in West Virginia can be detected and quantified in the downstream watershed; the combined isotopes approach provides a precise and sensitive monitoring tool for evaluation of the relative contribution of the effluents to downstream waters and sediments, in spite of the large dilution (Vengosh et al., 2013). A similar mass-balance approach should be applied also for the Obed spill, based on geochemical and isotopic characterization of the Obed mine waters and sediments.
	Mobilization of contaminants from the spilled coal solids also may pose long-term risks to the environment. In order to evaluate the potential risk associated with such processes, impact potential of representative coal samples from the Obed mine could be assessed through leaching experiments (water extraction, cation-exchange extraction, and acid extraction). For example, Ruhl et al. (2009; 2010) have shown that the transport of coal ash materials from the 2008 coal ash spill in Kingston, Tennessee, resulted in leaching of contaminants (arsenic, selenium, boron, strontium) to areas of sediment deposition downstream from the spill site. In order to characterize the contaminant leaching potential, systematic leaching experiments of the spilled coal ash materials were conducted. A similar approach could be included in the Impact Assessment stage of the reponse to the Obed release, whereby contaminant leaching potential of sediments released from the Obed mine site are determined. The Obed coal leachates also should be characterized for both the geochemical and isotopic fingerprints that are outlined above. This is not a requirement by ESRD but a suggestion that may improve understanding of the impacts of the spill.
	As described in the review of the short-term monitoring plan, the LTRN approach to benthic invertebrate sampling should be adopted, to avoid the higher variation that results from the RAMP-based design that involves randomizing replicate sampling sites along full reaches of creeks and rivers.  If this approach is still pursued, then the increased variance of the various invertebrate indicators represented in the RAMP dataset should be used to estimate the number of samples necessary, through Power Analysis, to properly account for the higher variance.
	The proponents propose a reference condition, pass-fail approach to evaluating benthic invertebrate data.  The reference condition approach requires large numbers of sites to be sampled to understand regional variation in assemblages, from which confidence limits are developed in “eigen-space” against which a potentially impacted site is compared.  More detail needs to be provided with literature references about some of the challenges associated with this approach, including whether the selection and use of a limited number of reference sites satisfies the requirements of the RCA approach.  Furthermore, a multivariate approach to the benthic invertebrate data is proposed in the plan.  This runs counter to the metal mining EEM that uses a multi-metric approach with diversity, evenness and similarity as endpoints, rather than multivariate representations of community structure.  While there are strengths and weaknesses of both approaches that are hotly contested in the primary literature, the multi-metric approach would most likely generate data that could be compared to existing data from the site and the region that was generated under existing EEM programs.
	Methodology for Evaluation of the Spill
	The proposed Impact Assessment plan does not specify the criteria for detection of impacts or “contamination”. Obviously, water quality levels exceeding ecological and water quality thresholds should be considered as violations and impacts, but the program does not specify the methods for evaluating excedences of ecological thresholds and guideline values. Further, the spill could also cause a chronic increase in water contaminant levels above the baseline (upstream) concentrations but below clear ecological thresholds. In such a scenario, the Impact Assessment program as described will likely not identify this problem, and will likely not capture persisting impacts because it will be focused on assessing violations with respect to the regulatory guidelines or ecological standards. It is important that the Impact Assessment and Long-term Monitoring programs be capable to detect important water quality changes even if they are below ecological/drinking water standards. The program must specify methods of assessment and evaluation of the water quality data with respect to both acceptable standards as well as baseline data.
	In addition to insufficient a priori assessment in selection of indicators or variables to be assessed and monitored, the sampling network proposed in the Impact Assessment plan is not sufficient. Once the critical water quality parameters required for determining the impact of the Obed spill are identified and assessed, monitoring site numbers and locations should then be determined based on detailed assessment of data generated by the shot-term monitoring program, to enable identification and quantification of downstream impacts of the release, in Apetowan Creek, Plante Creek, and Athabasca River. 
	In summary, a significantly larger sampling network, the design of which is informed by a detailed assessment of preliminary data already collected, is required to provide an adequate evaluation of water quality in the watershed.
	As mentioned above and in our Short-Term Monitoring plan review, pore-water hardness should be determined to enable characterization of the likely chronic toxicity of the sediment metals mixture, according to the USEPA’s standard equilibrium partitioning techniques.  The other similar USEPA technique for characterizing the chronic toxicity of sediment PAH mixtures should also be applied, which will necessitate determination of sediment carbon content, in addition to PAH concentrations.
	Specific Comments
	2. Adequate sampling sites
	3. Identification of “hot spots” areas
	4. The impact of freshet flow
	5. Filtration and preservation water samples on sites
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	8. Water Quality
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	12. Fish populations
	13. Fish health

	Ultimately, the number of samples required will depend on the variable of interest and whether there is either a guideline target or trigger value, or a known ecological threshold associated with it.  For example, if the mean concentration of some contaminant is 20% below guideline values, then sufficient sample replicates must be taken to ensure the ability to detect changes in mean concentrations of approximately 20%.  One might argue that taking a large enough number of replicate samples at each sampling/monitoring site to ensure statistical power is not realistic. However, doing so protects the interests of both Coal Valley and the public interest, by avoiding both false positive and false negative results.  Insufficient sampling can lead to identification of a significant change where one has not actually happened (false positive), which could result in significant regulatory action or penalties where it is unnecessary.  On the other hand, where insufficient sampling results in a lack of evidence of change (false negative), it is likely that the regulatory response will cease, despite that a significant change has occurred and has simply not been detected because of insufficient sampling.
	The number of replicate samples to be taken to adequately characterize the state and changes in every parameter in the impact assessment, monitoring, and mitigation plans should be determined using this technique.
	The proponents suggest that all reference sites will be sampled in erosional habitats (Section B3, page 152 of 196).  Yet the greatest effects downstream of the release are likely to be in depositional zones.  In order to directly compare community structure in reference and exposed areas, samples must be collected in both depositional and erosional habitats in both areas.
	Following from the above, many of the contaminants of interest are unlikely to be detected in water even though they may pose considerable risk because of hotspots of sediment contamination.  This includes methyl mercury.  Some measure of concentrations of metals and PAHs in the lower food web before and after the freshet must be completed.  Non-mobile, large-bodied benthic invertebrates or periphyton would be an option for this purpose, since some of the smaller sites likely cannot have fish repeatedly sampled without affecting populations.  
	The freshet will be the key moment when the true nature of impact is revealed as fine sediments deposited during low flow conditions are mobilized in high flows.  Sampling must occur at high frequency during this period – at a level approaching that conducted for water immediately after the release event.  A single sample for invertebrates and fish in the spring and fall may be insufficient to document the potentially dramatic changes that occur during the freshet.
	The sampling procedure states that water samples will not be filtered and preserved in the field; rather filtration and preservation are planned to take place only after 24 hours at the lab. This approach is not acceptable and could cause changes in the water chemistry. For example, turbidity-rich river sediments can be modified due to reactions within the bottles, particularly for trace elements that could be sensitive to the high contents of solids and changes in redox condition within the bottle. Thus, filtration and preservation of the water samples should be conducted at the field on sites.
	The Impact Assessment Program includes bulk (total) chemical analyses of river sediments. In addition to the bulk analyses ESRD recommends that CVRI conduct sequential leaching experiments in order to evaluate whether specific contaminants are highly mobile and pose higher risks to the ambient environment and water resources. The sequential leaching experiments of the sediments should be first conducted with coal solids collected at the Obed mine for establishing the key contaminants that are highly mobilized. A comparison of the leachate compositions of the downstream river/stream sediments to the leachate configuration of the coal materials would provide the ability to assess the net effect of the spilled coal solids in the downstream watersheds. 
	The Impact Assessment Plan contains a long list of chemical parameters but does not include Naturally Occurring Radioactive Materials (NORM). Several studies have detected elevated NORM in coal and coal ash in the form of radium isotopes (radium-226 and radium-228). The distribution of the coal solids along the spill could lead to the increase in NORM in the stream sediments in the downstream watershed, particularly in areas of sediments deposition. Radium-226 and radium 228 measurements should be included in the Impact Assessment program.
	With respect to field Methods that are based on RAMP SOPs for Water Quality (WQ), the same comments as provided in response to the short-term plan re: transect across river, clean sampling for Hg, etc, apply.
	How many replicates of water quality samples will be taken at each site?  They appear to be grab samples; how will variations in water quality both laterally across river and through the water column be accounted for or considered?  Will efforts be taken to calibrate results of grab samples to an integrated quantification of full-stream water quality?
	Selection of reference sites for RCA should be limited to creeks in basins that are as similar as possible to Apetowan and Plante Creeks, in terms of the intensities and types of industrial disturbance.  Also, it is not clear that the RCA technique has sufficient sensitivity to assess or quantify a longitudinal gradient of impacts on a single stream, as opposed to inter-stream comparisons. This should be clarified, because a possible alternative design could instead include a couple of reference streams on which a longitudinal series of sites are assessed and monitored, from upper to lower in the catchment, with comparisons of the various impacted sites in Apetowan and Plante Creeks to the comparable reference sites in the reference systems, based on sub-basin locations.  Otherwise, the interaction between natural longitudinal gradients in substrate type and benthic communities and disturbance gradients along Apetowun and Plante Creeks may confound or complicate interpretation of RCA results.  
	In terms of benthic invertebrates, it is not clear whether a reference condition approach (RCA) will be used for the Athabasca, or instead the standard suite of indicators will be assessed (e.g., diversity, taxonomic richness, absolute and proportional abundance, EPT, ETO, EPT:chironomids, etc).  Because it’s a post-impact assessment, problems may arise in finding appropriate reference sites against which to compare impacted mainstem Athabasca River sites.
	The Hilsenhoff’s Modified Biotic Index (MBI) should also be used to track impacts, change, and recovery of benthic invertebrate communities in riffle zones.(Hilsenhoff 1988, 1998, Mandaville 2002) MBI scores correlate well with biochemical oxygen demand (5-day; BOD), the lowest recorded concentration of dissolved oxygen (DO), total concentration of chlorides, lowest maximum temperature, total suspended solids, total nitrogen concentration (TN), as well as total phosphorus concentration (TP) and total alkalinity.{Hilsenhoff, 1977 #94} Because MBI scores correlate to qualitative degrees of organic enrichment, they are generally indicative of effects of organic waste, enrichment, or eutrophication, and the changes in benthic invertebrate communities that result from them.
	Given the high variance with benthic invertebrate sampling (as described above in the discussion of power analysis), it is confusing why and how many replicate samples will be taken to determine effect.  The SOP in appendix 2 states “several” samples are necessary to perform invertebrate analysis and these together count as a single response.  However, in the body of the monitoring plans, the proponent describes a single sample or a representative sample that encompasses “several” samples from each reach/zone.  This low replication of samples will result in a very low statistical power to delineate if any effects persist.  Given that benthic invertebrates have been identified as be the primary indicator of the environmental health by the proponent, upon which recovery and remediation success will be based, it is important that the proper ecological endpoints be identified for the variety of indicators based on benthic invertebrate community structure and changes, and the appropriate number of replicate samples be taken to provide sufficient statistical power (i.e., prevent Types I and II error).
	Following from the above discussions of contaminant mobilization, many of the contaminants of interest are unlikely to be detected in water even though they may pose considerable risk because of hotspots of sediment contamination.  This includes methyl mercury.  Some measure of concentrations of metals and PAHs in the lower food web should be monitored as part of the long-term monitoring plan.  Non-mobile, large-bodied benthic invertebrates or periphyton would be an option for this purpose, since some of the smaller sites likely cannot have fish repeatedly sampled without affecting populations.
	Notwithstanding general problems with using riverine algae as indicators of change, in addition to the standard diversity and richness indices often used, an index of diatom nutrient preference based on known nutrient preference ranges for riverine diatom species is also available (Potopova et al., 2007). This index is based on an indicator species analysis that identified species associated with the most nutrient-rich and nutrient poor sites included in a number of regional U.S.G.S. National Water Quality Assessment datasets, thereby creating a list of diatom indicator species based on their preference for low or high nitrogen and phosphorus concentrations (Defrene et al., 1997). This index may be used to indicate significant shifts in algal communities that are most likely have been in response to changes in upstream nutrient inputs, and in an assessment of recovery trajectories, especially given that the communities in the upper Athabasca River have been demonstrated to be very sensitive to changes in nutrient inputs.
	In similar fashion, application of an index of siltation also may be of value for assessing impacts of the tailings spill on benthic algal communities, given the large release of sediments that resulted and the detailed sediment monitoring program being pursued under this program that will presumably provide useful and complementary information on sediment fluxes and deposition.  Motile algal species that are well adapted to streambed instability can be considered to be silt tolerant, and the relative total combined abundance of Nitzschia and Navicula spp. has been used as an index of siltation, where higher combined relative abundance is interpreted as indicative of higher siltation at a particular site (Kutka et al., 1996). Such an index may provide more insight into the algal community changes related to physical changes in sediment quantities and quality that will have occurred because of this accident, and provide another measure by which to track recovery.
	Table 2.2. Why does the ratio of estimated fish population to density for rainbow trout in Apetowan Creek change from 3.33 in 2000, to 5.13 in 2003, to 5.77 in 2006, to 6.59 in 2009?  Should the ratio not remain approximately the same, or did the area of habitat vary interannually in a way that resulted in the differences in the ratios during that period? 
	For monitoring fisheries and fish habitat, there’s a discrepancy between text describing summer population monitoring in s. 4.1.2 and s. 5.0 Implementation Schedule, in which fish population monitoring will occur annually during the fall.  Should also consider collecting fish larvae to assess whether mutations or other negative impacts are occurring as the result of increased sediment loads from settling ponds, and potential increases in porewater toxicity.
	There are no proposed measures of individual fish health – including growth, reproduction and survival – in sections 4.4 of attachment 1 and 4.1.2 of attachment 2.  These endpoints can be much more sensitive indicators of long-term population performance than abundances.  Spoonhead sculpin would be the ideal choice of monitoring species because they meet many of the criteria for appropriate sentinels for an incident of this nature where sediment contamination is likely.  They are benthic, non-mobile and abundant and are present in both Apetowan and Plante Creeks, as well as the Athabasca River.  Prior studies conducted upstream in the Athabasca (Gibbons et al. 1998) would provide additional regional sites for comparison of endpoints such as condition, fecundity, size at age and energy storage.  Lethal sampling would also provide tissues for contaminant analyses and possible biomarkers such as liver enzymes, oxidative stress, and histopathology.  Recognizing that depletion of local fish populations in small systems is a concern, a single lethal sample conducted in the fall at synoptic and reference sites would be the minimum effort needed to provide information about the nature of the impact.  This fall sample is also the recommended time for sampling sculpin species (Environment Canada 2012).  This detailed lethal sample would also complement the non-lethal sampling proposed using rainbow trout and burbot.
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	General Comments
	The EPO states that the aquatic and terrestrial communities must be restored to an equivalent condition as existed prior to the release.  There are really only two ways to determine the equivalent condition: 
	1. historical, pre-release data; and 
	2. estimation based on a single reference site (i.e. upstream) or multiple regional reference sites (Mackey et al. 2012).  
	While there are several useful components of the plan, a key element that is missing throughout much of the document is criteria by which the system will be considered to have returned to an equivalent condition. ESRD suggests using the definition of an effect from the metal mining EEM program. ‘‘A statistical difference between data collected in an exposure area and in a reference area or sampling areas within an exposure area where there are gradually decreasing effluent concentrations at increasing distances from the effluent discharge’’ (Environment Canada 2012).  In this case, Apetowan Creek must be considered the “effluent”.  If statistical approaches are to be used, then more detail on sample sizes and proposed comparisons are needed because of the many complications related to experimental design and subsequent statistical analyses (e.g. Munkittrick et al. 2010).  Other approaches that do not rely on statistical hypothesis-testing can be used (e.g. <25% deviation from the reference site in a particular endpoint), but importantly without clear a priori criteria it will be difficult to know when the job is done and monitoring can be reduced or cease altogether.  
	For example, it is not clear what approach will be used to assess environmental changes in the Athabasca River caused by the release event. 
	 CVRI shall clearly describing the indicators to be relied upon will also clarify for AESRD exactly what the proponent is planning on incorporating into their long-term monitoring, impact assessment, and mitigation plans. 
	For example, the benthic algal communities in the Upper Athabasca River are probably much more sensitive to nutrient inputs than communities in the Lower Athabasca River. (Bowman et al. 2005, 2007, Chambers et al. 2000, Chambers et al. 2006, Culp et al. 2000a, Culp et al. 2000b, Scrimgeour and Chambers 2000)  For this reason, any assessment of impacts of community changes in the Athabasca River should consider the natural longitudinal changes associated with the River Continuum Concept (Robinson et al. 1995, Vannote et al. 1980), including local dynamics and sensitivity to such things as nutrient inputs, rather than simply involve comparisons to standard water quality guidelines for nutrient water concentrations. 
	Obviously, water quality levels exceeding regulatory thresholds should be considered as violations and significant impacts; however, the spill could also cause a chronic increase in water contaminant levels above the baseline (upstream) concentrations but below clear ecological thresholds. In such a scenario, the long-term monitoring program as described will likely not identify this problem, and will likely not capture persisting impacts because it will be focused on assessing acute or short-term violations with respect to the regulatory guidelines or ecological standards. 
	 It is important that the Long-term Monitoring program be designed to detect the impact of this event on the impacted terrestrial and aquatic ecosystems even if they are below ecological/regulatory standards. 
	To accomplish this important task, the program should clearly identify a priori the regulatory and ecological standards to be applied or considered, base the monitoring program on them, then design specific methods of assessment and evaluation of data with respect to both the standards and pre-release baseline data, where available.
	Importantly, there is no discussion as to what will be done if impacts or exceedances are found and how to distinguish whether these are associated with the Obed release or instead with the natural variability of the sites. This speaks to the need for proper study design and selection of control sites that will result in proper interpretation and subsequent monitoring and assessment planning. During the program design stage, there needs to be a clear description of what endpoints or variations in environmental condition will trigger a change in the monitoring focus or intensity.
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	Monitoring Plan Design
	Indicators to Be Assessed
	As submitted, the plan does not describe all of the indicators or indices that will be relied upon for assessment and tracking of environmental change, especially in relation to water and sediment quality, and benthic invertebrate and algal communities.  
	 This shall be done in detail, because it will – at least in some cases – determine whether or not there are specific additions or changes in sampling techniques that will needed, as described in more detail below.  
	A critical part of this must include a detailed and in-depth assessment of existing data from other monitoring programs, and derived from the short-term monitoring program associated with this accident.
	The entire program needs to integrate with existing regional monitoring programs (JOSM, RAMP, COSIA, PADEMP, SWEEP) to obtain as much data as possible before, during and after the event.  While it is mentioned in the preamble (page 5) and in section 1.0 of attachment 1, there needs to be more detail about the types of data to be collected, who will be the custodian of this data, and whether it will be done systematically or on an ad hoc basis. 
	 A schedule of when and in what format this data will be turned over to ESRD also needs to be included.
	Sample Numbers
	For statistical validity, ESRD recommends that a Power Analysis be employed to determine what the appropriate number of samples taken for each indicator or parameter of interest, given the risk of having insufficient statistical power to detect meaningful changes in such environmental variables.  This is explained in detail, below, to ensure that both the intent and importance of this recommendation is clearly understood.  
	The importance of Power Analysis can be illustrated, by considering the mean abundance of Ephemeroptera, Plecotera, and Tricoptera taxa (EPT – mayflies, stoneflies, and caddisflies - a common indicator of benthic invertebrate community structure and ecosystem health) in the Athabasca River upstream of the Plante Creek: 6799 ± 3880 individuals per m2, based on 5 samples (ESRD Long-Term River Network monitoring dataset, Old Entrance site).  The coefficient of variation for this metric at this site (i.e., St Dev / Mean) is 57%.  Taking five replicate samples provides an 88% probability of detecting a real difference of 114% in mean EPT densities, either between sites or over time (i.e., 2 units of standard deviation; P≤0.05).  However, there is only a 55% chance of detecting a 57% difference in EPT density with five (5) samples (P≤0.10).  In other words, if the mean density of EPT declined by 57% immediately downstream of Plante Creek because of the influx of sediments, based on the LTRN sampling design there will be little more than a 50-50 chance of detecting that change at a (P≤0.10) level, respectively.
	The statistical sensitivity or power desired for each variable or environmental indicator will likely depend on whether or not there is an understanding of implications or importance of a certain amount of change in the indicator. For example, this could include guideline concentration values for water quality that must be met, threshold values for chronic toxicity of sediment metals or PAH, or some environmental threshold associated with a variable that is well understood, like percent loss in a particular form of fish habitat.
	Power Analysis in Detail
	Eq. 1     /
	where:
	/ = number of independent samples
	/= Z-score for /, the Type I error rate
	/= Z-score for /, the Type II error rate
	/= population variance (/, where /= variance in distributions for unpaired, independent samples)
	/= significant difference between sample means, / to be detected
	If /is characterized in terms of /, where /=/ (i.e., the difference between sample means is the equivalent of one unit of standard deviation), then:
	Eq. 2    /
	Therefore, for example, if the desire is to be able to have an 80% probability of detecting a real difference between means of one standard deviation, at a 5% Type I error rate, then:
	/
	/
	Solving Eq. 2 for n, the number of samples is 12.5 (rounded to 13). However, because / is not actually known, in approximating n a further adjustment must be made to convert Z-values to t-values, which is referred to as the Required Factor (RF):
	/
	where: /= 2(n-1) for independent samples
	Adjusting n calculated according to Eq. 2 by RF (1.08, based on n = 13) results in a final estimate of the number of 14 samples needed to satisfy the criteria of sensitivity described above.  
	 This approach applies to all aspects of the various monitoring, impact assessment, and mitigation plans.  
	 Further, the required number of samples for any parameter will vary according to the sensitivity desired in designing a monitoring program.  If the desire is to be able to detect significant differences as a percent change from some reference condition, the number of samples will increase with the variance of the data representing the reference condition.
	What this means is that the statistical power of the proposed sampling designs (e.g., 3 replicate samples) is quite low.  Specifically, taking 3 replicate samples will provide a 55% chance of detecting a significant change in the mean value of some parameter by one unit of standard deviation (temporally or spatially), at a (P≤0.15) level.  Taking 5 replicate samples provides the same chance of detecting that same change, but at a (P≤0.10) level.  However, increasing the detection goal with respect to the difference in mean values will also reduce the required number of samples.  
	 ESRD leaves the final decision about how many replicate samples need to be collected up to CVRI; however, ESRD recommended that a general goal of an 80% probability of detecting a real difference between means of 2 units of standard deviation be adopted. This means that at a (P<0.05) level, and according to Eq. 1, above the required number of replicate samples is 4.  
	Ultimately, the number of samples required will depend on the variable of interest and whether there is either a guideline target or trigger value, or a known ecological threshold associated with it.  For example, if the mean concentration of some contaminant is 20% below guideline values, then sufficient sample replicates must be taken to ensure the ability to detect changes in mean concentrations of approximately 20%.  
	One might argue that taking a large enough number of replicate samples at each sampling/monitoring site to ensure statistical power is not realistic. However, doing so protects the interests of both Coal Valley and the public interest, by avoiding both false positive and false negative results.  Insufficient sampling can lead to identification of a significant change where one has not actually happened (false positive), which could result in significant regulatory action or penalties where it is unnecessary.  On the other hand, where insufficient sampling results in a lack of evidence of change (false negative), it is likely that the regulatory response will cease, despite that a significant change has occurred and has simply not been detected because of insufficient sampling.
	 The number of replicate samples to be taken to adequately characterize the state and changes in every parameter in the impact assessment, monitoring, and mitigation plans should be determined using this technique.
	Number and Location of Monitoring Sites
	CVRI proposes that all reference sites will be sampled in erosional habitats (e.g., Section B3, page 152 of 196).  However, the greatest effects downstream of the release are likely to be in depositional zones, because of sediment accumulation and potential contaminant mobilization in and from those sediments.  In order to directly compare community structure in reference and exposed areas, samples must be collected in both depositional and erosional habitats in both areas.
	At least one reference site lies downstream of a major road crossing, which likely makes this a poor control site selection.  
	 Every effort shall be made by CVRI to locate suitable reference sites located upstream of roads and bridge crossings, and multiple control sites should be used to determine natural levels of variation.
	Near-field
	The proposed monitoring program is based on high frequency sampling of 13 sampling sites (9 near-field and 4 far-field) for a large spectrum of water quality parameters. While this approach can provide some information of violations of water quality guidelines with respect to drinking water or ecological thresholds, it will not be sufficient to properly tract continuing impacts of, or recovery, from the spill. The specific issues are outlined below.
	The long-term monitoring plan includes only 2 downstream sites at the Apetowan Creek, one downstream at Plante Creek, and 3 in the Athabasca River. This infrequent distribution of monitoring along ~31 km of flow cannot reveal the full near-field effect of the spill. 
	 A much higher number of sampling sites is required and shall include sites located along the full length of the Athabasca River. 
	Rather than sampling only 6 downstream sites at a high frequency (the other sites represent upstream samples), it may be more effective to establish a much larger sampling network. Given that the coal solids will re-distributed and re-deposited with spring flows further downstream, the ability to identify the spatial distribution of sediments and changes in water quality in the affected watershed is critical. 
	Far-field
	It is not clear why the assessment and monitoring focus in the Athabasca River (far-field) is limited to sites chosen in relation to the sediment plume’s location on November 5, 2013 (i.e., downstream of the plume, and in the upper, middle and lower sections of the plume, all chosen from within an approximately 100 km stretch of the river). The monitoring plan should involve a longitudinal design, based on the patterns and rates of sediment deposition and accumulation that resulted from the plume as it proceeded downstream in the river, and covering a more substantial length of the river.  Mainstem river sedimentation between Plante Creek and the Lower Athabasca will vary in rate and sediment particle size, with larger particles settling out immediately downstream of Planted Creek, and progressively smaller particle size along the length of the river. Sites upstream and downstream of the described section should be included in assessment and monitoring programs, to adequately assess impacts along the full length of the river.
	For this reason, it is strongly suggested that CVRI perform approximate mass balance calculations to determine the distribution for sediment (at least) for the specific reaches of the Athabasca River, to define the zone of impact better than simply by relying on TSS concentrations or the arbitrary location of the plume on November 5th for selection of far-field monitoring sites.  Such a mass-balance assessment will aid greatly in determining where and when sediments and other co-contaminants were deposited along the reaches of the Apetowan Creek and into the Athabasca River, and therefore also assist in monitoring site selection.
	While it is important to monitor the quality of surface water, more detailed, specific assessments of the potential for mobilization of contaminants in creek and river sediments as the result of redox reactions and biogeochemical processes is critical for understanding long-term effects.  For example, in the Introduction to the plans provided, it was stated that, “When flocculants come into contact with sediment particles, they bond and become inactive.”  That may be the case, but without identifying the chemical nature of the flocculent or clearly identifying the authority for that statement, it remains undetermined whether or not that is actually the case.  No doubt flocculants are designed to scrub particulates from the water column, but it is not clear whether or not it is merely a presumption that they remain bound in sediments are not subject to reactions or processes that can remobilize them, potentially in a different form with different toxicity.
	Whether it involves chemicals such as flocculants that are bound to particulates, or simply sediments with high concentrations of metals and PAHs normally associated with coal tailings, mobilization may occur either chemically, resulting in increases in pore-water concentrations and toxicity, or conceivably via incorporating into the foodweb via benthic microbes and invertebrates. As in the review of the short-term monitoring plan, assessing the equilibrium partitioning of metals mixtures in sediments and their chronic toxicity to benthic invertebrates demands determining sediment pore-water hardness, coincidentally with sediment metals concentrations, water and carbon content, etc. 
	Several studies have shown that accumulation of coal and coal ash materials in river bottom sediments can lead to mobilization of contaminants from the solids to the ambient pore water (e.g., Ruhl et al., 2010). In addition, elevated arsenic concentrations have been found in numerous lakes and rivers located downstream from coal ash ponds (Ruhl et al., 2012). The changes of redox potential in the river sediments can trigger the mobilization of some redox sensitive elements such as iron, manganese, barium, and arsenic to the pore water. 
	In addition, microbial sulfate reduction in anoxic sediments can result in the transformation of inorganic mercury to toxic organic methylmercury, that is then available for incorporation into food-chains.  For example, up to 2% of the total mercury in sediments containing coal ash was present as methylmercury after the Kingstone coal mine spill in TN. Mercury isotope composition and sediment geochemical data suggested that elevated methylmercury concentrations occurred in regions where native sediments were mixed with coal ash. The spilled coal ash may have provided substrates (such as sulfate) that stimulated biomethylation of mercury. The production of methylmercury in these areas is a concern because this neurotoxic organomercury compound can be highly bioaccumulative (Deonarine et al., 2013).
	Thus monitoring possible accumulation of contaminants in pore water is critical to assess the impact of the Obed spill on the water quality in the affected watershed. The addition of core and pore-water sampling of the river sediments to the Long-Term Monitoring and/or the Impact Assessment Plan will provide an opportunity to evaluate the impacts of the Obed release on pore water quality at different depths and perhaps identify pore water quality in sediments deposited prior to the spill.  
	 Pore water sampling shall be included in the long-term monitoring program. 
	 In addition, pore water hardness shall be included in the suite of analyses of sediment pore water.
	The Impact Assessment Plan contains a long list of chemical parameters but does not include Naturally Occurring Radioactive Materials (NORM). Several studies have detected elevated NORM in coal and coal ash in the form of radium isotopes (radium-226 and radium-228). The distribution of the coal solids along the spill could lead to the increase in NORM in the stream sediments in the downstream watershed, particularly in areas of sediments deposition.  
	 Radium-226 and radium 228 measurements shall be included in the long-term monitoring program.
	Specific Technical Comments / Questions
	Water Quality
	Algal community indicators
	Benthic invertebrate community change
	Changes in fish health and populations

	With Hatfield and Pisces both involved in various aspects of the project to deliver the results, it would have been preferable to have them agree to common terminologies for the sites so that a direct comparison of the plans can be accomplished.  For example, the use of the separations into “Zones” by Hatfield and “Reaches” by Pisces caused some confusion.  In addition, the proponents propose to conduct a qualitative assessment of impacts on fish (section 4.1.2 of attachment 2).  This is simply unacceptable and leaves the assessment open to subjective interpretation.  While some thought has been put into how benthic invertebrate communities will be evaluated (section 4.1.3 of attachment 2), little text is devoted to actual data analysis.  All of these deficiencies significantly increase uncertainties that will affect the ultimate decision of whether the EPO has been satisfactorily addressed.
	With respect to field methods that are based on RAMP SOPs for Water Quality (WQ), the same comments as provided in response to the short-term plan apply to the long-term monitoring program.
	Filtration and preservation of water samples on sites
	The sampling procedure states that water samples will not be filtered and preserved in the field; rather filtration and preservation are planned to take place only after 24 hours at the lab. This approach is not acceptable and could cause changes in the water chemistry. For example, turbidity-rich river sediments can be modified due to reactions within the bottles, particularly for trace elements that could be sensitive to the high contents of solids and changes in redox condition within the bottle.  
	 Thus, filtration and preservation of the water samples should be conducted in the field, on site.
	Specific Comments / Questions
	 CVRI shall clarify how many replicates of water quality samples will be taken at each site and the rational for the determination of this number
	 All water samples appear to be grab samples; how will variations in water quality both laterally across river and through the water column be accounted for or considered?  
	 Clean sampling and sample handling techniques (i.e., clean-hands, dirty-handy) must be employed for Hg sampling
	 Near real-time data sondes as identified in the Short-term monitoring plan shall continue to be deployed under the Long-term Monitoring plan until ESRD grants permission for those sondes to be removed
	Generally, riverine diatoms may be less reliable as indicators of change because of their short life cycles and rapid population changes in response to complex interactions involving a host of chemical, physical, and biological factors, including hydrodynamics, light, nutrients, and invertebrate grazing (Chessman et al. 1999).  While algal community changes are often associated with changes in water quality, geochemistry, current velocity, physical disturbance with changes in flow, and local conditions or microhabitat differences associated with such things as canopy cover or shading also can be important (Kutka and Richards 1996). 
	Notwithstanding general problems with using riverine algae as indicators of change, in addition to the standard diversity and richness indices often used, an index of diatom nutrient preference based on known nutrient preference ranges for riverine diatom species is also available (Potopova and Charles 2007). This index is based on an indicator species analysis that identified species associated with the most nutrient-rich and nutrient poor sites included in a number of regional U.S.G.S. National Water Quality Assessment datasets, thereby creating a list of diatom indicator species based on their preference for low or high nitrogen and phosphorus concentrations (Defrene and Legendre 1997). This index may be used to indicate significant shifts in algal communities that are most likely have been in response to changes in upstream nutrient inputs, and in an assessment of recovery trajectories.
	In similar fashion, application of an index of siltation also may be of value for assessing impacts of the tailings spill on benthic algal communities, given the large release of sediments that resulted and the detailed sediment monitoring program being pursued under this program that will presumably provide useful and complementary information on sediment fluxes and deposition.  Motile algal species that are well adapted to streambed instability can be considered to be silt tolerant, and the relative total combined abundance of Nitzschia and Navicula spp. has been used as an index of siltation, where higher combined relative abundance is interpreted as indicative of higher siltation at a particular site (Kutka and Richards 1996). Such an index may provide more insight into the algal community changes related to physical changes in sediment type that will have occurred because of this accident, and provide another measure by which to track recovery.
	Specific Comments / Questions
	 The proposal for periphyton sampling at far-field sites (section 4.6 of attachment 1) is given without any rationale for this endpoint or indication of how data will be analysed.  Is simple abundance (chl a and biovolume) the endpoint, indicating food for invertebrates?  Or will the relative proportion of tolerant taxa or some other community descriptor be used?  Guidance can be found in Stevenson and Pan (1999).  If periphyton is to be used as an indicator of disturbance and recovery at far-field sites, they must also be used at the near-field sites and the data need to be analysed as a single package.
	 As described in the review of the short-term monitoring plan, the LTRN approach to benthic invertebrate sampling shall be adopted, to avoid the higher variation that results from the RAMP-based design that involves randomizing replicate sampling sites along full reaches of creeks and rivers.  
	 The proponents propose a reference condition, pass-fail approach to evaluating benthic invertebrate data.  The reference condition approach requires large numbers of sites to be sampled to understand regional variation in assemblages, from which confidence limits are developed in “eigen-space” against which a potentially impacted site is compared.  
	 More detail needs to be provided with literature references about some of the challenges associated with this approach, including whether the selection and use of a limited number of reference sites satisfies the requirements of the RCA approach.  Furthermore, a multivariate approach to the benthic invertebrate data is proposed in the plan.  This runs counter to the metal mining EEM that uses a multi-metric approach with diversity, evenness and similarity as endpoints, rather than multivariate representations of community structure.  While there are strengths and weaknesses of both approaches that are hotly contested in the primary literature, the multi-metric approach would most likely generate data that could be compared to existing data from the site and the region that was generated under existing EEM programs.
	Specific Comments / Questions
	1. Selection of reference sites for RCA should be limited to creeks in basins that are as similar as possible to Apetowan and Plante Creeks, in terms of the intensities and types of industrial disturbance.  Also, it is not clear that the RCA technique has sufficient sensitivity to assess or quantify a longitudinal gradient of impacts on a single stream, as opposed to inter-stream comparisons. This should be clarified, because a possible alternative design could instead include a couple of reference streams on which a longitudinal series of sites are assessed and monitored, from upper to lower in the catchment, with comparisons of the various impacted sites in Apetowan and Plante Creeks to the comparable reference sites in the reference systems, based on sub-basin locations.  Otherwise, the interaction between natural longitudinal gradients in substrate type and benthic communities and disturbance gradients along Apetowan and Plante Creeks may confound or complicate interpretation of RCA results.  
	2. In terms of benthic invertebrates, it is not clear whether a reference condition approach (RCA) will be used for the Athabasca, or instead the standard suite of indicators will be assessed (e.g., diversity, taxonomic richness, absolute and proportional abundance, EPT, ETO, EPT:chironomids, etc.).  Because it is a post-impact assessment, problems may arise in finding appropriate reference sites against which to compare impacted mainstem Athabasca River sites.
	3. The Hilsenhoff’s Modified Biotic Index (MBI) should also be used to track impacts, change, and recovery of benthic invertebrate communities in riffle zones.(Hilsenhoff 1988, 1998, Mandaville 2002) MBI scores correlate well with biochemical oxygen demand (5-day; BOD), the lowest recorded concentration of dissolved oxygen (DO), total concentration of chlorides, lowest maximum temperature, total suspended solids, total nitrogen concentration (TN), as well as total phosphorus concentration (TP) and total alkalinity. (Hilsenhoff, 1977 #94) Because MBI scores correlate to qualitative degrees of organic enrichment, they are generally indicative of effects of organic waste, enrichment, or eutrophication, and the changes in benthic invertebrate communities that result from them.
	4. Given the high variance with benthic invertebrate sampling (as described above in the discussion of Power Analysis), it is hard to tell why and how many replicate samples will be taken to determine effect.  The SOP in appendix 2 states “several” samples are necessary to perform invertebrate analysis and these together count as a single response.  However, in the body of the monitoring plans, the proponent describes a single sample or a representative sample that encompasses “several” samples from each reach/zone.  This low replication of samples will result in a very low statistical power to delineate whether any effects persist.  Given that benthic invertebrates have been identified as the primary indicator of environmental health by the proponent, upon which recovery and remediation success will be based, it is important that the proper ecological endpoints be identified for the variety of indicators based on benthic invertebrate community structure and changes, and the appropriate number of replicate samples be taken to provide sufficient statistical power (i.e., prevent Types I and II error).
	5. Following from the above discussions of contaminant mobilization, many of the contaminants of interest are unlikely to be detected in water even though they may pose considerable risk because of hotspots of sediment contamination.  This includes methyl mercury.  Some measure of concentrations of metals and PAHs in the lower food web should be monitored as part of the long-term monitoring plan.  Non-mobile, large-bodied benthic invertebrates or periphyton would be an option for this purpose, since some of the smaller sites likely cannot have fish repeatedly sampled without affecting populations.
	There are no proposed measures of individual fish health – including growth, reproduction and survival – in sections 4.4 of attachment 1 and 4.1.2 of attachment 2.  These endpoints can be much more sensitive indicators of long-term population performance than abundances.  Spoonhead sculpin would be the ideal choice of monitoring species because they meet many of the criteria for appropriate sentinels for an incident of this nature where sediment contamination is likely.  They are benthic, non-mobile and abundant and are present in both Apetowan and Plante Creeks, as well as the Athabasca River.  Prior studies conducted upstream in the Athabasca (Gibbons et al. 1998) would provide additional regional sites for comparison of endpoints such as condition, fecundity, size at age and energy storage.
	Lethal sampling would also provide tissues for contaminant analyses and possible biomarkers such as liver enzymes, oxidative stress, and histopathology.  Recognizing that depletion of local fish populations in small systems is a concern, a single lethal sample conducted in the fall at synoptic and reference sites would be the minimum effort needed to provide information about the nature of the impact.  This fall sample is also the recommended time for sampling sculpin species (Environment Canada 2012).  This detailed lethal sample would also complement the non-lethal sampling proposed using rainbow trout and burbot.
	Specific Comments / Questions
	1. Table 2.2. Why does the ratio of estimated fish population to density for rainbow trout in Apetowan Creek change from 3.33 in 2000, to 5.13 in 2003, to 5.77 in 2006, to 6.59 in 2009?  Should the ratio not remain approximately the same, or did the area of habitat vary inter-annually in a way that resulted in the differences in the ratios during that period? 
	2. For monitoring fisheries and fish habitat, there is a discrepancy in the text describing summer population monitoring in s. 4.1.2 and s. 5.0 Implementation Schedule, in which fish population monitoring will occur annually during the fall.  Consideration should also be given to collecting fish larvae to assess whether mutations or other negative impacts are occurring as the result of increased sediment loads from settling ponds, and potential increases in porewater toxicity.
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