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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 metres 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.
1.1

Environmental Protection Order Requirements

On November 19, 2013 Alberta Environment and Sustainable Resource Development (ESRD) issued
Environmental Protection Order (EPO) No. EP0-2013/34-CR to Coal Valley Resources Inc. (CVRI) and
Sherritt International Corporation. The EPO had numerous sequential and linked reporting and plan
development requirements. The sections of the EPO applicable to the Wildlife Mitigation Plan are
reproduced below:
22. A wildlife mitigation plan shall be submitted to the Director on or before December 13, 2013 (the
"Wildlife Mitigation Plan").
23. The Wildlife Mitigation Plan shall be prepared and implemented by a qualified professional, and
shall address both terrestrial and aquatic species.
24. The Wildlife Mitigation Plan shall describe the condition of the aquatic and terrestrial
communities prior to the release using all available data.
25. The Wildlife Management Plan shall also include the following actions to restore the aquatic and
terrestrial communities to an equivalent condition as existed prior to the release:
a. for fish and other aquatic organisms:
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i.

recovery of fish habitat, including substrate composition, channel configuration
(including width, depth, sinuosity, gradient, maximum pool depth) and large woody
debris,

ii.

recovery of fish communities, including the elements of community composition,
density, length/frequency distribution, recruitment of endemic species, and
contaminant tissue burdens, and

iii.

recovery of other aquatic organisms, including elements of community composition
and identification of invertebrate species to the highest level possible.

b. for terrestrial species:
i.

recovery of riparian habitat, including native plant species and successional trajectory,
and

ii.

recovery of terrestrial species, including the elements of community composition,
recruitment of all endemic species, and contaminant tissue burdens.

c. a schedule of implementation for the Wildlife Mitigation Plan for approval by the Director.
26. The Parties shall implement the Wildlife Mitigation Plan in accordance with the schedule of
implementation as approved by the Director.
The Wildlife Mitigation Plan was originally submitted on December 13, 2013 as required by the EPO.
This document provides an updated version of the Wildlife Mitigation Plan in response to comments
(Appendix A Concordance Table) received from ESRD on February 10, 2014.
There are significant interactions between previously submitted requirements of the EPO and the
Wildlife Mitigation Plan. The following monitoring and mitigation plans have been submitted, and
as approved by ESRD, implemented:
•

“Immediate and Short-Term Sampling and Monitoring Plan” final revisions submitted on
February 14, 2014,

•

“Solids Recovery Plan” final revisions submitted on February 14, 2014,

•

“Waste Management Plan” final revisions submitted on February 14, 2014,

•

“Mine Wastewater Management Plan” submitted to ESRD on November 29, 2013. CVRI is
currently reviewing comments provided by ESRD. This plan will be implemented once
approved by ESRD.
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1.2

Approach

Following approval by ESRD, this Wildlife Mitigation Plan will use 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 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. The lack of access to the field created a
condition such that determination of the final extent of effects remains 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
and terrestrial environments. As data and information are gathered and assessed under spring and
summer conditions, this Wildlife Mitigation Plan will be modified as required.
1.3

Objectives

CVRI is currently undertaking activities to monitor and assess the impact of the incident on aquatic
and terrestrial resources. These activities will be guided by the following plans, as approved and
implemented:
•

Immediate and Short-Term Sampling and Monitoring Plan (currently underway);

•

Long-Term Sampling and Monitoring Plan (currently under review); and

•

Impact Assessment Plan (currently under review).

Remedial activities undertaken to date have focused on minimizing the potential for any further
impact to the environment due to the incident. Once additional monitoring data has been collected
and there is a better understanding of the impacts, CVRI will submit a Remediation Plan in
accordance with the following requirements of the EPO:
27. A detailed remediation plan shall be submitted to the Director on or before May 16, 2014 (the
"Remediation Plan").
28. The Remediation Plan shall have as its objective the restoration of all impacted aquatic, riparian
and terrestrial habitats to an equivalent capability and condition as existed prior to the release of
mine wastewater.
29. The Remediation Plan shall contain sub-plans to address remediation and restoration of the
following impacted areas from the release:
a. waterbodies/aquatic environment of Apetowun Creek, Plante Creek, the Athabasca River and
any other affected waterbodies,
b. riparian and fisheries habitat of Apetowun Creek and Plante Creek,

Page 3

Coal Valley Resources Inc.
Wildlife Mitigation Plan
March 7, 2014

c. riparian and fisheries habitat of the portions of the Athabasca River that have been directly
impacted by the release of mine wastewater, and
d. all impacted terrestrial habitats, including any wetlands, along or adjacent to Apetowun
Creek and Plante Creek. (collectively, these will be hereinafter referred to as the "SubPlans").
30. The Remediation Plan, including the Sub-Plans, shall be prepared and implemented by
appropriate environmental professionals.
31. The Remediation Plan, including each Sub-Plan, shall each include the following general
requirements:
a. a description of how the plan will meet the objective of remediation and restoration of the
affected habitats to an equivalent capability and condition as existed prior to the release of
mine wastewater,
b. An assessment of the capability and condition of each habitat that existed prior to the release
of mine wastewater using all available data,
c. A list of the methodology, including the sampling, analytical and monitoring methods that
will be applied during the remedial work, and the proposed standards that will be applied,
d. details of toxicity testing for any deposited sediments to assess potential or actual impacts on
fish, aquatic organisms, amphibians, terrestrial species, soils and vegetation,
e. the methods, materials and equipment that will be used during the active phase of the
remedial work, including plans for erosion and sediment control to ensure that no further
damage is done during the implementation of the remedial work, and
f. the plan for conducting long-term monitoring of the success of the implementation of the plan
(to all impacted soils, waterbodies, aquatic organisms and terrestrial species), including
timelines,
g. plans for evaluating the data collected from monitoring of the remedial work, and steps that
will be taken to conduct additional remedial work where required following updated impact
assessments, and
h. a schedule of implementation for the Remediation Plan and the Sub-Plans for approval by the
Director.
Since monitoring and the assessment of impacts is ongoing, the information presented herein will
focus on providing an overview of pre-incident conditions as currently understood along with
mitigation activities currently planned or underway.
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2.0 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 summary
of information compiled to date. CVRI will continue to review historic documentation and will
provide additional information on pre-incident environmental conditions in subsequent submissions.
2.1

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.
2.1.1

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.
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2.1.2

Fish Communities

2.1.2.1 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

2.1.2.2 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
Species

Population
Estimate

Density Estimate
(fish/100m2)1

CPUE (first run)
(fish/min)

Rainbow trout

17

5.1

0.22

Burbot

4

1.2

0.075

Rainbow Trout

27

5.26

0.71

Burbot

0

0

0

Rainbow Trout

35

6.06

0.48

Burbot

61

10.57

0.53

Rainbow Trout

18

2.73

0.44

Burbot

73

18.7

0.46

Year
2000

2003

2006

2009

Removal Method

1

2.1.2.3 Fish and Wildlife Management Information System (FWMIS)

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

FWMIS data on fish presence in Apetowun Creek and Plante Creek
Species Present

Fish Species

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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2.1.3

Aquatic Organisms

As part of the 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
Alberta Environment (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.
2.1.4

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-release aquatic resources data exists for the upper Athabasca River between Hinton
and Athabasca. CVRI is currently acquiring and compiling all applicable aquatic resources data
collect 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 CVRI'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
plans.

2.2

Terrestrial Resources

2.2.1

Vegetation & Wetlands

2.2.1.1

Bio-geoclimatic Conditions

Apetowun Creek and Plante Creek are located 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).
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2.2.1.2

Ecosite Mapping

In order to assess the potential environmental impacts of the release, an understanding of the predisturbance (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.
2.2.2

Wildlife

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

biophysical assessment of Apetowun 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 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 inferences about the state of the
ecological system to be made and will 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:
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•

be those which have been monitored prior to the wastewater release (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 2.2.1.2), habitat for each focal species can
be mapped in the affected area (including upstream of the Main Tailings Pond). Habitat mapping
will utilize the ecosite map 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 Main
Tailings Pond has identified this area 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.
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•

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.

3.0

RESOURCE MITIGATION

3.1

Fish & Aquatic Organism Mitigation

The upper portion of Apetowun Creek was impacted by the high flows associated with the release.
Given these conditions, it was determined that there could be risk of further degradation to the
aquatic environment if preliminary remediation was not initiated prior to spring when flows and
surface runoff will be increased. Conducting the remedial work during the winter will allow for
heavy equipment to access locations under frozen conditions, which would minimize environmental
disturbance. As such, a preliminary remediation plan was developed with the following key
objectives:
•

re-establish impacted sections of channel; and

•

limit additional introduction and/or mobilization of solids into receiving waterbodies.

The Solids Recovery Plan proposed remedial actions focuses on improving stability, controlling
erosion, improving channel definition and re-establishing the natural channel alignment. Table 4
provides a summary of actions. Detailed action plans were developed based on the advice of
professional hydrologists and engineers to ensure that the channel and streambanks would be stable
in the long term, and provided as per Conditions 29 to 32 of the EPO (ESRD 2013) which also directly
address Condition 25 of the EPO.
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Table 4
Reference #

Recommended Remedial Actions for Channel Impacts in Reaches 3 and 4
Location

1

Lower ~200 m of Reach 3

2

Lower ~50 m of Reach 3

3
4

Lower ~500 m of Reach 3
Upper ~750 m of Reach 3
Lower ~1.5 km of Reach 3
Lower ~400 m of Reach 4

Remedial Action
• Excavate major sediment deposits and debris from the
natural channel.
• Remove blockages in the channel (log jams, sediment and
other debris) that was deposited by the release event.
• Re-establish flows back to the natural channel.
• Reconstruct eroded and washed-out banks.
• Re-establish the pre-disturbance alignment of the creek .
• Stabilize and/or re-contour banks to minimize potential
slumping.

Reference numbers correspond to Figure 2.

A description of the various strategies that are currently being employed to recover solids and
prevent further mobilization of sediments is provided in the Solids Recovery Plan.
Further remediation should be postponed until the detailed impact assessment of the habitat is
completed during the open water season in 2014. The overall objective of proposed restoration
actions is to restore aquatic resources communities in Apetowun Creek and Plante Creek to a
condition that is similar to what existed prior to the incident.
3.2

Terrestrial Wildlife Mitigation

Activities to mitigate potential impacts to terrestrial wildlife resources to date have been addressed
through the Solids Recovery Plan. The Solids Recovery Plan is intended to remove excess sediment
material within the potential flooding areas of Apetowun Creek which will enable the restoration of
wildlife habitat.
A sub-plan will be prepared as part of the Remediation Plan for terrestrial habitats along or adjacent
to Apetowun Creek and Plante Creek (including wetlands) as per compliance with the EPO. This
plan builds on the completed Biophysical Assessment of Apetowun Creek and Plante Creek and will
be integrated with other action plans developed for assessment, mitigation, and monitoring. Upon
completion of the Impact Assessment Plan, mitigation plans to restore wildlife communities to prerelease conditions can be developed. Assessment of wildlife conditions would take into account
elements of community composition, recruitment of all endemic species, and contaminant tissue
burdens.
Plans to restore wildlife communities to pre-existing conditions will focus on the reclamation of
impacted vegetation, removal of any remaining barriers that may interfere with wildlife movement
and predator detection, and closure of new access created for mitigation purposes. The impact
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assessment will not be completed until after the 2014 spring thaw at which time specific mitigation for
certain focal species can be identified.
4.0

SCHEDULE OF ACTIVITIES

The schedule of activities to be undertaken in order to implement and complete the Wildlife
Mitigation Plan and Remediation Plan is provided in Table 5.

Table 5

Schedule of Activities

Task

Date

Aquatic Resources
1 Compile Information on Pre-Incident Aquatic Conditions
2. Undertake Immediate and Short-Term Sampling and Monitoring Plan
3. Develop Restoration Plans based on information available to date
4. Complete Final Impact Assessment Report
5. Initiate the Long-Term Sampling and Monitoring Plan
6. Review and Analyze Data Collected

Ongoing
Current to Dec. 2014
May 2014
(as required in the EPO)
May 2014
(as required in the EPO)
January 2015
Periodic

7. Identify Additional Restoration Requirements

January 2015

Terrestrial Resources
1. Implement the Solids Recovery Plan

In Progress

2. Compile Information on Pre-Incident Wildlife Usage

Ongoing

3. Monitor Wildlife Use of the Area

Ongoing

4. Compile Terrestrial Wildlife Habitat Map

In Progress

5. Develop Restoration Plans based on information available to date
6. Complete Final Impact Assessment Report

May 2014
(as required in the EPO)
May 2014
(as required in the EPO)

7. Initiate the Long-Term Sampling and Monitoring Plan

Summer 2015

8. Identify Additional Restoration Requirements

January 2015

9. Develop Plans for additional mitigation as required based on monitoring
information

As Required
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APPENDIX A: ESRD Comments and Concordance Table

February-10-14
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.

2.
3.

4.

5.
6.
7.

8.
9.

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.
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.
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.
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).
P7 – in situ measurements must also include turbidity.
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.
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.
P8 – The Athabasca upstream datasonde site needs to be equipped with telemetry for near realtime reporting to ensure that natural changes in turbidity are observed and comparable to what
may be remobilized sediment in the downstream sections.
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?
1
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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 longterm 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
2
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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.
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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
4
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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
5
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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
6
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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.
7
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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.
8
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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.
9
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•

•

•

•

•

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
10
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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.
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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 highpriority 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
12
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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 Com m ent #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 Com m ent #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. poleward), 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 Com m ent #3
11. CVRI does not address the lack of fish monitoring.

AANDC Com m ent #4
13. CVRI has not responded to requests for sampling on the Slave River.
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APPENDIX 3 HATFIELD REPORT

AANDC Com m ent #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 Com m ent #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 Com m ent #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 Com m ent #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 Com m ent #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, largebodied 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 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.
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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, largebodied 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. Radium226 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 tvalues, 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

8|Page

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.
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Comment

Where Addressed
Impact Assessment Plan, Long Term Monitoring Plan, and Wildlife Mitigation Plan Regulatory Feedback
Methodologies and sampling locations are outlined in the

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
Long‐Term Sampling and Monitoring Plan which builds
used by the consultants and chosen labs are comparable to those used by ESRD. This should involve some simultaneous sampling at the same location
upon the approved Short‐Term Sampling and Monitoring
to ensure consistent results are being achieved.

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

List of physical characteristics included.

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

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
Long‐Term Sampling and Monitoring Plan: Site Selection.
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.

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,
Long‐Term Sampling and Monitoring Plan: Sampling
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 Frequency and Continuous Monitoring Network.
parameters of concern to the receiving environment (Athabasca River).

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.

Ultra‐trace mercury samples will be collected using the “clean‐hands, dirty‐hands”
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
Long‐Term Sampling and Monitoring Plan: Field Methods.
parameter such as ultra‐trace mercury which is collected (at least by ESRD staff) using very stringent field protocols.
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
Long‐Term Sampling and Monitoring Plan
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.

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?
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.

General updates/improvements to the plans have been made to highlight how collected
information may be compiled, assessed, and reported.
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
The plans have been reorganized into three separate plans Further refinements to the plans have been made to address comments provided since the incident
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 as per the EPO.
and since the original plans were submitted in December.
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?
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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 Sampling and Monitoirng Plan.
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.

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 General updates/improvements to the plans have been
the two datasets will be helpful to establish conditions and potential effects. How will the datasets be analysed (eg, include ANOVA and multivariate made to highlight how collected information may be
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
compiled, assessed, and reported.
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?

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. sectional variation sampling during the 2014 study design/investigation period prior to the

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

In order to ensure that methodologies utilized by CVRI are aligned with what has been
Methodologies and sampling locations are outlined in the
followed by ESRD, CVRI requests that ESRD provide the sampling methodology utilized
Long‐Term Sampling and Monitoring Plan which builds
for their monitoring activities. It should be noted that the website referenced in the
upon the approved Short‐Term Sampling and Monitoring
comment provided Aquatic Ecosystems Field Sampling Protocols (March 2006), which
Plan.
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

Additional sites for each water body is currently under consideration as is the addition of cross‐
implementation of the Long‐Term Sampling and Monitoring Plan.

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
Noted and taken into consideration.
on erosional habitat.
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
Long‐Term Sampling and Monitoring Plan
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.

Long‐Term Sampling and Monitoring Plan: Sampling
Locations.
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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.
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.

Comment

Where Addressed

How Addressed

3.3 Sampling Frequency:
The approved Immediate and Short‐Term Sampling and Monitoring Plan will be in place throughout
Note that pre‐freshet sampling window will be short lived and sampling must be conducted prior to high flows associated with freshet conditions. This Immediate and Short‐Term Sampling and Monitoring Plan
the winter and freshet.
is of particular importance for benthic invert sampling.
4.1 ID of Far Field Sampling Sites:
‐As above (1a) please elaborate on potential high value areas for fish.
Long‐Term Sampling and Monitoring Plan: Sampling
‐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.
Locations.
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.

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
Long‐Term Sampling and Monitoring Pan: Fish Habitat
included in this long term plan as it is now February 2014, and this does not allow sufficient time for review/discussion/amendments/ implementation
Sampling
of plans prior to freshet conditions.

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 Long‐Term Sampling and Monitoring Plan: Fish Habitat
a manner that ensures sampling design is comprehensive and robust. Must include species other than salmonids including but not limited to: burbot, Sampling
cyprinids, pygmy whitefish (technically a salmonid but different use of habitat), and longnose suckers.

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

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
Impact Assessment Plan and Wildlife Mitigation Plan.
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
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?

Measurement of embeddedness will be undertaken

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.

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.
Long‐Term Sampling and Monitoring Plan: References.

References have been added. A copy of Wolanski 2003 can be provided to ESRD upon request.

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
Long‐Term Sampling and Monitoring Plan: Sampling
affected portions of the streams are likely although somewhat uncertain, by this logic it is probable that fish in the impacted sections of
Locations.
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.

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
Long‐Term Sampling and Monitoring Plan
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?

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.
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Benthic communities and periphyton will be sampled in spring and fall.

Comment

How Addressed

Where 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

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

Long‐Term Sampling and Monitoring Plan and Impact
Assessment Plan

Can the company estimate a timeline for establishing these endpoints?

Long‐Term Sampling and Monitoring Plan and Impact
Assessment Plan

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

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.

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.
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.

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

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 Long‐Term Sampling and Monitoring Plan: Sampling
when those monitoring plans will be determined.
Duration
• 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
Impact Assessment Plan
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)

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

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

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

Comment

Where Addressed

How Addressed
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.

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.

Need for a larger network of sampling sites along the River system as a whole

Long‐Term Sampling and Monitoring Plan: Site Selection. sectional variation sampling during the 2014 study design/investigation period prior to the

Additional sites for each water body is currently under consideration as is the addition of cross‐
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 Immediate and Short Term Sampling and Monitoring Plan Previously submitted to ESRD
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
Immediate and Short Term Sampling and Monitoring Plan Previously submitted to ESRD
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
Immediate and Short Term Sampling and Monitoring Plan Analysis will be undertaken as outlined in the approved short term plan
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
Long‐Term Sampling and Monitoring Plan: Fish Sampling
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.

Fish tissue sampling will be undertaken but the study design will be developed based on information
gathered in 2014

Lab analysis
Methodology utilized is consistent with the approved Immediate and Short‐Term Sampling and
‐ Need to ensure that detection limits and sample analysis techniques utilized are those suitable and relevant to human health impact evaluation.
Long‐Term Sampling and Monitoring Plan: Methodology.
Monitoring Plan
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
CVRI will report in accordance with the EPO.
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.

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

A direct comparison cannot be completed as the JOSM region is much further
downstream. Feasibility of regional program integration is under review.
As required in the EPO, CVRI will submit a Final Impact Assessment Report by May 16,
2014 based on the information collected to date.

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.

6 of 23

Where Addressed

How Addressed

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.

Comment
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
Long‐Term Sampling and Monitoring Plan: Sampling
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 Locations.
fine material?

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 Long‐Term Sampling and Monitoring Plan: Sampling
in the fall. Summer sampling of the depositional zones is also recommended.
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.

Immediate and Short Term Sampling and Monitoring Plan
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*

11. CVRI does not address the lack of fish monitoring.

Long‐Term Sampling and Monitoring Plan: Fish Sampling.

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.

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

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

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.

Impact Assessment Plan

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)
Noted and taken into consideration.
vs 3 mg/L (upstream)
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Plans for source characterization included.

Comment
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.
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.

Where Addressed

How Addressed

Long‐Term Sampling and Monitoring Plan: Sampling
Frequency.

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

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.
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Comment

Where Addressed
Wildlife Plan Requlatory Response

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 Long‐Term Sampling and Monitoring Plan: Fish Habitat
the assessment open to subjective interpretation as to what constitutes an equivalent condition. We do acknowledge that thought has been put into
Sampling and Fish Sampling.
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
Impact Assessment Plan Section: Fish Sampling.
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
Impact Assessment Plan and Wildlife Mitigation Plan
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

Long‐Term Sampling and Monitoring Plan

How Addressed

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.

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.
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
Long‐Term Sampling and Monitoring Plan
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 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
Impact Assessment Plan
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

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
Long‐Term Sampling and Monitoring Plan
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
Impact Assessment Plan
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.

9 of 23

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.

Plans now reference EEM 2012 Technical Guideance Document

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‐ Impact Assessment Plan
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

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 Long‐Term Sampling and Monitoring Plan: Benthic
lower food web before and after the freshet must be completed. Non‐mobile, large‐bodied benthic invertebrates or periphyton could be an option for Invertebrate Sampling and Periphyton Sampling
this purpose, since some of the smaller sites likely cannot have fish repeatedly sampled without affecting populations.

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
Long‐Term Sampling and Monitoring Plan: Periphyton
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
Sampling
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

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

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
Long‐Term Sampling and Monitoring Plan: Fish Sampling
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

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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Comment

Where Addressed

How Addressed

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)
A sculpin sentinel fish study is currently proposed. CVRI will also develop a fish monitoring program
would provide additional regional sites for comparison of endpoints such as condition, fecundity, size at age and energy storage. Lethal sampling
Long‐Term Sampling and Monitoring Plan: Fish Sampling.
design document (study design phase) in 2014.
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

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
Long‐Term Sampling and Monitoring Plan: Pore Water
monitoring plan, and the impact assessment and long‐term monitoring plans, pore‐water hardness should be determined to enable characterization of
Sampling
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.

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
Impact Assessment Plan
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.

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
Long‐Term Sampling and Monitoring Plan and Impact
and sensitivity to nutrient inputs, rather than simply involve comparisons to standard water quality guidelines for nutrient water concentrations.
Assessment Plan
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).

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
Impact Assessment Plan
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.

Plans for assessment of impacts on periphyton included.
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Comment

How Addressed

Where Addressed

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
Impact Assessment Plan
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

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.
Impact Assessment Plan
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.

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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Comment

Where Addressed
Impact Assessment Plan Regulator Response

How Addressed
"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.

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.

General updates/improvements to the documents have
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 been made to highlight how collected information may be
compiled, assessed, and reported. For fish and fish habitat
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, sampling, further details will be provided in the fish
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 monitoring program design document (study design
persist.
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
Impact Assessment Plan
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.

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.

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.

Long‐Term Sampling and Monitoring Plan and Impact
Assessment Plan

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
Impact Assessment Plan
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

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

Long‐Term Sampling and Monitoring Plan
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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.

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
Impact Assessment Plan
coal and associated contaminants, which is not addressed in the proposed impact assessment.

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
Impact Assessment Plan
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

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
Impact Assessment Plan
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.

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

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.
Long‐Term Sampling and Monitoring Plan

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
Impact Assessment Plan
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

14 of 23

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.

Plans now reference EEM 2012 Technical Guideance Document

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
Noted
required to provide an adequate evaluation of water quality in the watershed.

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
Long‐Term Sampling and Monitoring Plan: Pore Water
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
Sampling
carbon content, in addition to PAH concentrations.

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 Long‐Term Sampling and Monitoring Plan: Sampling
event. A single sample for invertebrates and fish in the spring and fall may be insufficient to document the potentially dramatic changes that occur
Frequency and Continuous Monitoring Network.
during the freshet.

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
Long‐Term Sampling and Monitoring Plan: Field Methods.
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.

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

How Addressed

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

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.

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.

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
Impact Assessment Plan
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.

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).
Impact Assessment Plan
Because it’s a post‐impact assessment, problems may arise in finding appropriate reference sites against which to compare impacted mainstem
Athabasca River sites.

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
Impact Assessment Plan
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

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
Long‐Term Sampling and Monitoring Plan
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).

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.

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

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

16 of 23

Comment

Where Addressed

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
Long‐Term Sampling and Monitoring Plan and Impact
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
Assessment Plan
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.

How Addressed

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, Noted
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.

Not Applicable

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

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
A sculpin sentinel fish study is presently proposed. Further details will be provided in the fish
Athabasca River. Prior studies conducted upstream in the Athabasca (Gibbons et al. 1998) would provide additional regional sites for comparison of
Long‐Term Sampling and Monitoring Plan: Fish Sampling. monitoring program design document (study design phase) that is currently being developed with
endpoints such as condition, fecundity, size at age and energy storage. Lethal sampling would also provide tissues for contaminant analyses and
information gathered in 2014.
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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Comment

Where Addressed
Long Term Plan Regulatory Response

How Addressed

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
Impact Assessment Plan
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.
Long‐Term Sampling and Monitoring Plan and Impact
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
Assessment Plan
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
Impact Assessment Plan
ecosystems even if they are below ecological/regulatory standards.

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

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.

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

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

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

Long‐Term Sampling and Monitoring Plan and Impact
Assessment Plan

Indicators to be assessed have been clarified

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

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
Long‐Term Sampling and Monitoring Plan
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.

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.

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
Long‐Term Sampling and Monitoring Plan
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.

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.

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.
Long‐Term Sampling and Monitoring Plan
• 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.

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.

• 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.
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Comment

Where Addressed

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.

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.

How Addressed

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.

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

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
Long‐Term Sampling and Monitoring Plan: Sampling
a much larger sampling network. Given that the coal solids will re‐distributed and re‐deposited with spring flows further downstream, the ability to
Locations.
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 Long‐Term Sampling and Monitoring Plan
the river.

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.

Additional far‐field monitoring sites have been added.

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.

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
Long‐Term Sampling and Monitoring Plan: Pore Water
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.
Sampling
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.
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Pore water will be sampled at each of the near‐field sampling locations.

Comment

Where Addressed

How Addressed

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.

Long‐Term Sampling and Monitoring Plan: Pore Water

In addition, microbial sulfate reduction in anoxic sediments can result in the transformation of inorganic mercury to toxic organic methylmercury, that
Sampling
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).

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 Long‐Term Sampling and Monitoring Plan: Pore Water
quality in sediments deposited prior to the spill.
Sampling
• 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.

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.

Plans for source characterization included.

Impact Assessment Plan

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.

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

Impact Assessment Plan Section: Fish Sampling.
Evaluation of benthic communities included in the impact assessment plan.

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
Long‐Term Sampling and Monitoring Plan: Field Methods.
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.

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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Comment

Where Addressed

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).
Long‐Term Sampling and Monitoring Plan and Impact
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
Assessment Plan
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.

How Addressed

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, Noted
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.
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.

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.
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

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”
Impact Assessment Plan
against which a potentially impacted site is compared.

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,
Impact Assessment Plan
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.

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
Impact Assessment Plan
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.

Plans now reference EEM 2012 Technical Guideance Document
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Comment

How Addressed

Where 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.).
Impact Assessment Plan
Because it is a post‐impact assessment, problems may arise in finding appropriate reference sites against which to compare impacted mainstem
Athabasca River sites.

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
Impact Assessment Plan
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.

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
Long‐Term Sampling and Monitoring Plan
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).

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

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.

Not Applicable

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

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.
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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APPENDIX B: Ecosite Descriptions

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.

1

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.

2

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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