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READER'S NOTE 

Background 

The Elk Valley (Qukin ʔamaʔkis) is located in the southeast corner of British Columbia (BC), 
Canada. “Ktunaxa people have occupied Qukin ʔamaʔkis for over 10,000 years. The value and 
significance of ʔa·kxamis ̓qapi qapsin (All Living Things) to the Ktunaxa Nation and in Qukin 
ʔamaʔkis must not be understated” (text provided by the Ktunaxa Nation Council [KNC]). 

The Elk Valley contains the main stem of the Elk River, and one of the tributaries to the Elk River 
is Grave Creek. Grave Creek has tributaries of its own, including Harmer Creek. Harmer and 
Grave Creeks are upstream of a waterfall on Grave Creek, and they are home to isolated, 
genetically pure Westslope Cutthroat Trout (WCT; Oncorhynchus clarkii lewisi). This fish species 

the Harmer and Grave Creek Watersheds
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is iconic, highly valued in the area and of special concern under federal and provincial legislation 
and policy.  

In the Grave Creek watershed1, the disturbance from logging, roads and other development is 
limited. The mine property belonging to Teck Coal Limited’s Elkview Operations includes an area 
in the southwest of the Harmer Creek subwatershed. These operations influence Harmer Creek 
through its tributary Dry Creek, and they influence Grave Creek below its confluence with 
Harmer Creek (Harmer Creek Evaluation of Cause, 2022)2. Westslope Cutthroat Trout 
populations in both Harmer and Grave Creeks are part of Teck Coal’s monitoring program. 

The Evaluation of Cause Process 

The Process Was Initiated  

Teck Coal undertakes aquatic monitoring programs in the Elk Valley, including fish population 
monitoring. Using data collected as part of Teck Coal’s monitoring program, Cope & Cope 
(2020) reported low abundance of juvenile WCT in 2019, which appeared to be due to 
recruitment failure in Harmer Creek. Teck Coal initiated an Evaluation of Cause — a process to 
evaluate and report on what may have contributed to the apparent recruitment failure. Data 
were analyzed from annual monitoring programs in the Harmer and Grave Creek population 
areas3 from 2017 to 2021 (Thorley et al. 2022; Chapter 4, Evaluation of Cause), and several 
patterns related to recruitment4 were identified:  

 

1   

2  

 

3  

 

4   Recruitment refers to the addition of new individuals to a population through reproduction.

“Harmer Creek population area” includes Harmer Creek and its tributaries (including Dry Creek) from Harmer Sedimentation Pond and upstream.

Grave Creek population area” includes Grave Creek upstream of the waterfall at river kilometer (rkm) 2.1 and Harmer Creek below Harmer Sedimentation Pond. 

prepared for Teck Coal Limited.

Harmer Creek Evaluation of Cause Team. (2023). Evaluation of Cause – Reduced Recruitment in the Harmer Creek Westslope Cutthroat Trout Population. Report 

Including Grave and Harmer Creeks and their tributaries.
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impact recruitment in the Harmer Creek WCT population. This was an iterative process driven
such as identifying potential stressors, natural and anthropogenic, which had the potential to 
discussions about the overarching question that would be evaluated and about technical issues, 
representatives of the KNC and various agencies (the participants). These meetings included 
During the Evaluation of Cause process, the Team had regularly scheduled meetings with 

Evaluation of Cause report (Harmer Creek Evaluation of Cause Team, 2023).
potential to impact the WCT population. Further details about the Team are provided in the 
established. It was composed of Subject Matter Experts (SMEs) who evaluated stressors with the 
When the Evaluation of Cause was initiated, an Evaluation of Cause Team (the Team) was 

How the Evaluation of Cause Was Approached

Failure, these are referenced as appropriate.
2019 recruitment patterns that correlate with individual years, such as the 2018 Recruitment 
as Reduced Recruitment in this report. To the extent that there are specific nuances within 2017- 
The recruitment patterns from 2017, 2018 and 2019 in Harmer Creek are collectively referred to 

  Grave Creek populations.
• Recruitment was Above Replacement8 for the 2020 spawn year in both the Harmer and

  spawn year was significant enough to constitute Recruitment Failure7.
• The magnitude of Reduced Recruitment in the Harmer Creek population in the 2018

  Harmer Creek population and in the 2018 spawn year in the Grave Creek population.
• Reduced Recruitment5 occurred during the 2017, 2018 and 2019 spawn years6 in the

population replacement (See Chapter 4, Evaluation of Cause, Harmer Creek Evaluation of Cause Team 2023).

For the purposes of the Evaluation of Cause, Above Replacement is defined as a probability of > 50% that annual recruitment is >100% of that required for 

population replacement (See Chapter 4, Evaluation of Cause, Harmer Creek Evaluation of Cause Team 2023).

For the purposes of the Evaluation of Cause, Recruitment Failure is defined as a probability of > 50% that annual recruitment is <10% of that required for 

The spawn year is the year a fish egg was deposited, and fry emerged.

population replacement (See Chapter 4, Evaluation of Cause, Harmer Creek Evaluation of Cause Team 2023).

For the purposes of the Evaluation of Cause, Reduced Recruitment is defined as a probability of > 50% that annual recruitment is <100% of that required for 



 
 
 
 

 
 
Azimuth Consulting Group, Branton Environmental Consulting,  
Teck Coal Limited – Page 4 of 23 Ref: 680570 
November 16, 2022 
 

  

largely by the Team’s evolving understanding of key parameters of the WCT population, such as 
abundance, density, size, condition and patterns of recruitment over time. Once the approach 
was finalized and the data were compiled, SMEs presented methods and draft results for 
informal input from participants. Subject Matter Experts then revised their work to address 
feedback and, subsequently, participants reviewed and commented on the reports. Finally, 
results of the analysis of the population monitoring data and potential stressor assessments 
were integrated to determine the relative contribution of each potential stressor to the Reduced 
Recruitment in the Harmer Creek population. 

The Overarching Question the Team Investigated  

The Team investigated the overarching question identified for the Evaluation of Cause, which 
was:  

What potential stressors can explain changes in the Harmer Creek Westslope 
Cutthroat Trout population over time, specifically with respect to Reduced 
Recruitment? 

The Team developed a systematic and objective approach to investigate the potential stressors 
that could have contributed to the Reduced Recruitment in the Harmer Creek population. This 
approach is illustrated in the figure that follows the list of deliverables, below. The approach 
included evaluating patterns and trends, over time, in data from fish monitoring and potential 
stressors within the Harmer Creek population area and comparing them with patterns and 
trends in the nearby Grave Creek population area, which was used as a reference. The SMEs 
used currently available data to investigate causal effect pathways for the stressors and to 
determine if the stressors were present at a magnitude and for a duration sufficient to have 
adversely impacted the WCT. The results of this investigation are provided in two types of 
deliverables: 

1. Individual Subject Matter Expert reports (such as the one that follows this Note). 
Potential stressors were evaluated by SMEs and their co-authors using the available data. 
These evaluations were documented in a series of reports that describe spatial and 
temporal patterns associated with the potential stressors, and they focus on the period 
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of Reduced Recruitment, including the Recruitment Failure of the 2018 spawn year where 
appropriate. The reports describe if and to what extent potential stressors may explain 
the Reduced Recruitment.  

The full list of Subject Matter Expert reports follows at the end of this Reader's Note. 

2. The Evaluation of Cause report. The SME reports provided the foundation for the 
Evaluation of Cause report, which was prepared by a subset of the Team and included 
input from SMEs.  

The Evaluation of Cause report:  

a. Provides readers with context for the SME reports and describes Harmer and Grave 
Creeks, the Grave Creek watershed, the history of development in the area and the 
natural history of WCT in these creeks. 

b. Presents fish monitoring data, which characterize the Harmer Creek and Grave Creek 
populations over time.  

c. Uses an integrated approach to assess the role of each potential stressor in contributing 
to Reduced Recruitment in the Harmer Creek population area. 
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Conceptual approach to the Evaluation of Cause for the Reduced Recruitment in the 
Harmer Creek Westslope Cutthroat Trout population. 

 

Participation, Engagement, & Transparency  
To support transparency, the Team engaged frequently with participants throughout the 
Evaluation of Cause process. Participants in the Evaluation of Cause process, through various 
committees, included:  

• Ktunaxa Nation Council; 

• BC Ministry of Forests; 

• BC Ministry of Land, Water and Resource Stewardship;  

• BC Ministry Environment & Climate Change Strategy; 

• Ministry of Energy, Mines and Low Carbon Innovation; and  

• Environmental Assessment Office. 
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1 Introduction 
Teck Coal undertakes aquatic monitoring programs in the Elk Valley, including fish population monitoring. 
Using data collected from 2017 to 2019 in Harmer and Grave Creeks, Cope & Cope (2020) reported low 
abundance of juvenile Westslope Cutthroat Trout (WCT; Oncorhynchus clarkii lewisi), which indicated 
apparent recruitment failure in Harmer Creek. Teck Coal initiated an Evaluation of Cause — a process to 
evaluate and report on what may have contributed to the apparent recruitment failure. Data were 
analyzed from annual monitoring programs in the Harmer and Grave Creek population areas9 from 2017 
to 2021 (Thorley et al. 2022; Chapter 4, Evaluation of Cause), and several patterns related to 
recruitment10 were identified:  

• Reduced Recruitment11 occurred during the 2017, 2018, and 2019 spawn years12 in the Harmer 
Creek population and in the 2018 spawn year in the Grave Creek population.  

• The magnitude of Reduced Recruitment in the Harmer Creek population in the 2018 spawn year was 
significant enough to constitute Recruitment Failure13. 

• Recruitment was Above Replacement14 for the 2020 spawn year in both the Harmer and Grave Creek 
populations. 

The recruitment patterns from 2017, 2018, and 2019 in Harmer Creek are collectively referred to as 
Reduced Recruitment in this report. To the extent that there are specific nuances within 2017 to 2019 
recruitment patterns that correlate with individual years, such as the 2018 Recruitment Failure, these are 
referenced as appropriate.  

The Evaluation of Cause Project Team investigated one overarching question:  

What potential stressors can explain changes in the Harmer Creek Westslope Cutthroat Trout 
population over time, specifically with respect to patterns of Reduced Recruitment?  

 

 

 
   
   

 
   
  

 
  

      of Cause Team, 2023).
      recruitment is >100% of that required for population replacement (See Chapter 4 Evaluation of Cause, Harmer Creek Evaluation     
14 For the purposes of the Evaluation of Cause, recruitment Above Replacement is defined as a probability of >50% that annual  
      2023).
      <10% of that required for population replacement (See Chapter 4 Evaluation of Cause, Harmer Creek Evaluation of Cause Team,   
13 For the purposes of the Evaluation of Cause, Recruitment Failure is defined as a probability of >50% that annual recruitment is  

12 The spawn year is the year a fish egg was deposited and fry emerged.
      Team, 2023).
      was <100% of that required for population replacement (See Chapter 4, Evaluation of Cause, Harmer Creek Evaluation of Cause
11 For the purposes of the Evaluation of Cause, Reduced Recruitment is defined as a probability of >50% that annual recruitment

10 Recruitment refers to the addition of new individuals to a population through reproduction.
  Pond and upstream.
  Pond. “Harmer Creek population area” includes Harmer Creek and its tributaries (including Dry Creek) from Harmer Sedimentation

9 “Grave Creek population area” includes Grave Creek upstream of the waterfall and Harmer Creek below Harmer Sedimentation
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15  The Evaluation of Cause process was initiated early in 2021 with currently available data. Although the process continued through 

mid-2022, data collected in 2021 were not included in the Evaluation of Cause because most stressor reports were already 
complete. Exceptions were made for the 2021 fish monitoring data and (1) selenium data because the selenium report was not 
complete and substantive new datasets were available, and (2) water temperature data for 2021 in the temperature report because 
a new sampling location was added in upper Grave Creek that contributed to our understanding of the Grave Creek population 
area.   

  and Grave Creeks.
• An evaluation of the potential for groundwater to act as a separate stressor on WCT habitat in Harmer

  Grave Creek watersheds; and
• A conceptual site model (CSM) for groundwater-surface water interactions in the Harmer and

• A characterization of the physical and chemical hydrogeology based on available data;

dominant tributary of Grave Creek and Dry Creek is a tributary of Harmer Creek. This letter presents:
chemistry or levels could have been stressors to WCT in Harmer and Grave Creeks. Harmer Creek is the 
spawning years 2018 and 2019. Specifically, this assessment is evaluating whether inferred groundwater 
recruitment failures in the population of Westslope Cutthroat Trout (WCT) in Harmer and Grave Creeks in 
addressing the potential for hydrogeological stressors in relation to the Evaluation of Cause (EoC) of the 
At the request of Teck Coal Limited (Teck Coal), SNC-Lavalin Inc. (SNC-Lavalin) has prepared this letter 

1.1 Scope of Work

information, see the preceding Reader's Note.
Cutthroat Trout Evaluation of Cause (Harmer Creek Evaluation of Cause Team, 2023). For more 
This document is one of a series of SME reports that support the integrated Harmer Creek Westslope 

observed in the Harmer Creek population area.
conclusions about the relative contribution of each potential stressor to the Reduced Recruitment 
Recruitment. Together, these analyses were used in the Evaluation of Cause report to support 
sufficient magnitude and duration to have an adverse effect on WCT during the period of Reduced 
by which the potential stressors could impact WCT and determined if the stressors were present at a 
each stressor trended relative to the fish population parameters. The Team then identified mechanisms
including the 2018 Recruitment Failure of the 2018 spawn year where appropriate, and (4) evaluate how 
population areas, (3) identify any changes in Harmer Creek during the period of Reduced Recruitment, 
in each stressor for the Harmer and Grave Creek populations, (2) compare the trends between the two 
The approach for analyzing potential stressors for the Evaluation of Cause was to (1) characterize trends 

The Grave Creek population area was used as a reference area for this evaluation.
2021 (reported in Thorley et al., 2022 and Chapter 4, Harmer Creek Evaluation of Cause Team, 2023). 
evaluated the trends in WCT population parameters based on monitoring data collected from 2017 to 
condition, and recruitment, and in the potential stressors15 that could impact these parameters. They 
To investigate this question, the Team evaluated trends in WCT population parameters, including size, 
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In addition to these data, flow and load accretion studies were conducted on Harmer Creek by 
SNC-Lavalin (SNC-Lavalin, 2020a), Lorax Environmental (Lorax, 2019), SRK Consulting Inc. (SRK, 
2019), and Golder (2021b). Complimented by the generalized conceptual understanding of groundwater 
systems in tributaries as outlined in the 2020 Regional Groundwater Monitoring Program Update 
(SNC-Lavalin, 2020b), these flow and load accretion studies informed much of what is presented in this 
assessment due to the limited amount of groundwater data available. The SRK study was conducted 
during low flow conditions (October 2018), the Lorax study was conducted during low flow conditions 
(October 2019), the SNC-Lavalin studies were conducted during both high (May 2020) and low 
(October 2020) flow conditions, and the Golder studies were conducted during both high (July 2020 and 
June 2021) and low (October 2019) flow conditions.  

In addition to the flow and load accretion studies, Golder (Golder, 2015) conducted numerical modeling 
for the Baldy Ridge Extension project environmental assessment, relevant results of which are also 
presented in this report.  

3 Site Setting and Geology 
The Harmer Creek, Grave Creek, and Dry Creek watersheds are located east of Teck Coal’s Elkview 
Operation (EVO). EVO Dry Creek Spoils are present in the EVO Dry Creek catchment which is within the 
upper region of the Harmer Creek watershed. Drawing 1 shows Harmer Creek and its watershed, Grave 
Creek, and Dry Creek and the monitoring locations used for this study. Dry Creek drains into Harmer 
Creek approximately 2.7 km from the Harmer Creek headwaters, and Harmer Creek drains into Grave 
Creek, which ultimately drains into the Elk River. The valleys that the creeks are situated in are relatively 
deeply incised and surficial deposits are limited in the valley bottom as shown in Drawing 1. 

Monitoring wells EV_GV3gw, EV_GV3gwS, and EV_MW_GV4A/B provide lithology information for the 
Grave Creek valley bottom, downgradient of the confluence between Harmer and Grave creeks. Based 
on these boreholes, the lithology in this area is as follows:  

• A mixture of sandy gravel/gravelly sand, sand, gravel, and silty gravel throughout the boreholes to 
maximum depth of 24.4 metres below ground surface (mbgs) at EV_GV3gw; and 

• Sandstone bedrock was encountered at 13.4 mbgs at EV_MW_GV4A and was greater than 
24.2 mbgs (EV_GV3gw), 12.2 mbgs (EV_GV3gwS), and 6.1 mbgs (EV_MW_GV4B) in the other 
boreholes.  

In the area of the Dry Creek Sedimentation Pond, the lithology is based on monitoring wells 
EV_MW_DC1, EV_MW_DC2, EV_MW_DC3, EV_MW_DC4, EV_MW_DC5, EV_MW_DC6, and 
EV_MW_DC7, and pumping well EV_PW_DC1 and consists of the following:  

• Fill to depths ranging from 1.52 mbgs to 6.10 mbgs;  

• The fill is either directly overlying limestone bedrock or overlying silt and gravel/silty gravel which is 
overlying silty clay and sandy/silty gravel, all of which is inferred to be till; and 

• Limestone bedrock at depths ranging from 5.33 mbgs (EV_MW_DC5 and EV_MW_DC6) to 31.09 mbgs 
(EV_MW_DC1 and EV_MW_DC2).  
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4 Physical Hydrogeology 
A hydrograph showing groundwater elevations at EV_MW_GV4A/B, EV_GV3gw/gws, surface water 
levels at EV_HC1 and EV_DC1, and precipitation at Sparwood is presented as Figure 1. No water was 
withdrawn from Harmer or Grave Creeks during the time for which data has been assessed for this study. 
Groundwater elevations at monitoring well EV_GV3gw fluctuate seasonally, increasing with the spring 
freshet; elevations and fluctuations during the period of interest are like previous years. There are 
insufficient data to comment on the other wells.  

Vertical hydraulic gradients in 2020 were downward at both EV_GV3gwS/EV-GV3gw (0.18 m/m and 
0.18 m/m) and EV_GV4A/B (0.05 m/m and 0.14 m/m) in Q3 and Q4, respectively. Data are only available 
for EV_GV3gwS and EV_GV4A/B for Q3 and Q4 2020.  

Near Dry Creek Sedimentation Pond, the vertical hydraulic gradient between wells EV_MW_DC5 and 
EV_MW_DC6 was slightly upward (0.06 m/m) in March 2021; these wells are installed in the shallow fill 
and deeper limestone, respectively. This is an approximation as these wells are not immediately adjacent 
to each other; they are roughly 13 m apart. At wells EV_MW_DC7, EV_PW_DC1, EV_MW_DC1, and 
EV_MW_DC2, the vertical hydraulic gradient was slightly upward (0.01 m/m) between the shallow well 
(EV_MW_DC7) and intermediate well (EV_PW_DC1), and downward (0.02 m/m to 0.24 m/m) between 
the intermediate wells (EV_PW_DC1 and EV_MW_DC1) and the deep well (EV_MW_DC2).  

Horizontal groundwater flow direction in the vicinity of the pond is generally inferred to be to the north 
(i.e., down-valley flow) and east from the upland area to the west (Drawing 2); however, there is some 
localized flow to the northeast upgradient of the pond (see more detailed information in Golder, 2021b). 
Most groundwater flow is interpreted to be in the shallow overburden; however, some groundwater is 
interpreted to occur in the bedrock (Golder, 2021b). Horizontal hydraulic conductivities were calculated for 
the Dry Creek wells based on slug tests and constant rate pumping tests; results are summarized in 
Table B (Golder, 2021a; Golder, 2021b). Horizontal groundwater flow velocity was estimated using the 
following equation:  

V = Ki/n 

Where:  

V = horizontal seepage velocity (m/s); 

K = horizontal hydraulic conductivity (m/s);  

i = horizontal hydraulic gradient (m/m); and 

n = effective porosity (0.1 used for bedrock and 0.3 used for overburden; Freeze and Cherry, 1979). 

Horizontal hydraulic gradients were calculated using March 2021 groundwater elevations in Golder 
(2021b); the average horizontal hydraulic gradient in bedrock was 0.041 m/m and 0.35 m/m in the 
overburden. Using these gradients, along with the geomean of the horizontal hydraulic conductivities 
provided in Golder (2021b), the horizontal groundwater flow velocity in the bulk bedrock mass is 
estimated to be 8.2 m/year. In the overburden, the horizontal groundwater flow velocity was estimated to 
be 731 m/year. Additional details regarding the groundwater flow regime around Dry Creek Sedimentation 
Pond is provided in Golder (2021b).  
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Dissolved selenium to sulphate (as S) ratios at EV_DC1 are indicative of water quality that is influenced 
by mining (Figure 6), which is expected given that the Dry Creek Sedimentation Pond is located 
downstream of waste rock (Drawing 1). At EV_HC1, the ratios are indicative of a mixture of water that is 
influenced by mining, originating from Dry Creek Sedimentation Pond, and natural waters originating from 
the creeks that flow into Harmer Creek as it flows north.  

Concentrations of dissolved selenium and nitrate-nitrogen in groundwater at EV_GV3gw are lower than at 
EV_HC1, while sulphate is similar (Figures 2, 3, and 4). Concentrations of OC at EV_GV3gw exhibited 
little variation compared to Harmer Creek. Concentration ranges and fluctuations were similar in the 
period of interest (i.e., April 1, 2018 to October 31, 2020) compared to previous years. A shallow well 
EV_GV3gwS (screened 7.7 mbgs to 9.2 mbgs) was installed in August 2020 to complement EV_GV3gw, 
as well as a nested well pair (EV_GV4A/B) upstream along Grave Creek to obtain a better understanding 
of groundwater-surface interaction upgradient of the confluence with Harmer Creek. Concentrations of 
sulphate and nitrate in samples from wells EV_GV3gwS and EV_GV4A/B are lower than at EV_GV3gw; 
dissolved selenium concentrations are generally similar except at EV_GV4A, although one of the samples 
was slightly higher. Groundwater samples from monitoring wells EV_MW_GV4A/B, and EV_GV3gw/gwS 
have dissolved selenium to sulphate (as S) ratios, which is indicative of natural non-contact water, 
(Figure 5).  

Monitoring wells EV_MW_DC2, EV_MW_DC3, EV_MW_DC4, EV_MW_DC5, EV_MW_DC6, 
EV_MW_DC7, and production well EV_PW_DC1 are near the Dry Creek spoil and the dissolved 
selenium to sulphate ratios are indicative of the influence in mine contact water, based on March 2021 
results (Figure 5). Monitoring well EV_MW_DC1 is also located near Dry Creek Sedimentation Pond; 
however, ratios at this well did not clearly indicate influence from waste spoils. The lowest selenium and 
sulphate concentrations were in a shallow overburden well (EV_MW_DC1) north of the pond. The highest 
selenium and sulphate concentrations were in wells EV_MW_DC5 and EV_MW_DC6 south of the pond; 
EV_MW_DC5 is a shallow overburden well and EV_MW_DC6 is a deeper bedrock well. The overburden 
wells generally had higher concentrations of selenium and sulphate. Results from sampling in May 2021 
are presented by Golder (2021b) and indicate lower OC concentrations compared to the March 2021 
results (Attachment F).  

Due to monitoring wells, except for EV_GVgw, being installed in 2021 there is limited groundwater 
chemistry data available; therefore, potential changes in chemistry due to seasonality or other factors 
(e.g., mine water management) are not yet known.  

Concentrations of OC, especially sulphate and selenium, in the interstices of the creek substrate in this 
gaining reach are of interest for overwintering WCT. There are no measurements of water quality in the 
interstices of the creek substrate and there are not enough data to calculate the concentrations of 
sulphate and selenium; however, Table C summarizes the groundwater concentrations of sulphate and 
selenium from March 12, 2021, at the wells near Dry Creek which are located 100 m upstream of the 
confluence.  

To provide context for the groundwater concentrations of nitrate, sulphate, and selenium, results are 
compared to the British Columbia Water Quality Guidelines for Freshwater Aquatic Life (BCWQG FAL; 
ENV 2021) and the calculated Level 1 and Level 2 benchmarks for the protection of aquatic life in the Elk 
Valley (Teck 2014). Table C also includes nitrate concentrations as some results exceeded the BCWQG 
FAL. Cadmium is not included in Table C as all results were below both the BCWQG and the Level 1 and 
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All selenium results were above the BCWQG FAL long-term chronic WQG, and all wells except 
EV_MW_DC1 had selenium concentrations above the Level 1 reproductive benchmark of 70 mg/L. Some 
results approached the Level 2 benchmark of 187 mg/L. For comparison, selenium concentrations in 
surface water in Dry Creek Sedimentation Pond ranged between 79.4 and 224 µg/L, with a median of 
168 µg/L for the period of April 1, 2018, to October 31, 2020.  

As shown in Table B, the shallower wells generally had higher concentrations of nitrate, sulphate, and 
selenium. Teck will continue to monitor the Dry Creek wells quarterly for at least one year and is 
conducting additional investigations to better understand the groundwater flow regime around the Dry 
Creek Sedimentation Pond. Warner and de Bruyn (2022) provide additional details on the concentrations 
of nitrate, sulphate, and selenium in surface water.    

6 Conceptual Site Model 
A hydrogeological CSM is a written or pictorial representation of the physical and chemical 
hydrogeological parameters and processes in a system or site. In this assessment, a hydrogeological 
CSM is being presented to illustrate the groundwater-surface water interactions in the Harmer and Grave 
Creek watersheds.  

Drawing 3 presents a block diagram illustrating the key features of the CSM for groundwater-surface 
water interactions in the Harmer Creek and Grave Creek watersheds. Groundwater data in the Harmer 
Creek watershed is limited to one round of sampling and monitoring at the wells installed in Q1 2021 near 
Dry Creek Sedimentation Pond. Therefore, the CSM is based largely on the flow and load accretion 
studies (Lorax, 2019; SNC-Lavalin, 2020a; SRK, 2019; Golder, 2021b). The Lorax study monitoring 
stations and reaches investigated in the 2020 SNC-Lavalin study are shown on Drawing 1. Relevant 
tables, figures, and drawings from each of the studies are included as Attachments C (Lorax), D 
(SNC-Lavalin), E (SRK), and F (Golder).   

Groundwater flow is interpreted to generally follow topography from the Harmer Creek valley bottom 
towards the Grave Creek valley bottom then into the Elk River valley bottom. The surficial aquifers are 
limited in extent; and therefore, a separate groundwater flow system is not expected (Golder, 2015). The 
lithology encountered at the Dry Creek wells was fill at ground surface to a maximum depth of 6.10 mbgs, 
overlying silty/clayey gravel and silty clay, overlying limestone which was encountered at depths ranging 
from 5.33 mbgs (EV_MW_DC5) to 31.09 mbgs (EV_MW_DC2). These results confirm the aquifers are of 
limited lateral extent with a relatively thick vertical extent (up to a maximum thickness of 12 m at wells 
EV_MW_DC1 and EV_MW_DC2 and 11 m at EV_PW_DC1; Attachment A). The unconsolidated 
lithologies, i.e., till, silty gravel, and silty clay identified suggest relatively low permeability which would 
inhibit groundwater flow. Attachment C is a schematic from the 2019 Lorax flow accretion study illustrating 
the field survey measurements. In this study, two losing reaches and one gaining reach were identified 
along Harmer Creek. One losing reach was near the confluence with Balzy Creek and one was just 
upstream of the inlet to the Harmer Creek Sedimentation Pond; the gaining reach is near the confluence 
of Dry and Harmer Creeks (Drawing 1). The losing reach near Balzy Creek is associated with alluvial 
deposits and a widening of the Harmer Creek channel; the flow decreased 33 L/s (-22%) in this location. 
Near the Harmer Creek Sedimentation Pond inlet, the flow reduction was 63 L/s (-30%) and is likely a 
result of the extensive beaver dam complex located just upstream of the Harmer Creek Sedimentation 
Pond inlet, which is classified as an alluvial deposit. The stream flow lost to the underlying aquifer is re-
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introduced to the stream near EV_HC1. In this study, it was also found that selenium and nitrate behave 
conservatively in Harmer Creek, (i.e., there is no evidence for attenuation of these parameters but also no 
increases from groundwater). Figures 5 and 6 show dissolved selenium to sulphate (as S) ratios for the 
Lorax study; Harmer Creek upstream of Dry Creek plotted as natural non-contact water, Dry Creek 
plotted as being mine influenced, and locations along Harmer Creek plotted as a mixture between these 
two sources.  

The gaining reach identified by Lorax (2019) was between stations “Harmer u/s Dry” just upstream of the 
confluence of Dry Creek and Harmer Creek, and “Harmer d/s Dry” approximately 200 m downstream of the 
confluence (Drawing 1). In this reach, 35 L/s of flow was not accounted for and is interpreted to be the result 
of groundwater influx into the creek. Golder (2021) identified the same gaining reach (Attachment F).   

The 2020 flow and load accretion studies conducted in May and August 2020 (SNC-Lavalin, 2020a) 
found Harmer Creek was stable from approximately 600 m upstream of Harmer Creek Sedimentation 
Pond to 2,200 m downstream of the pond, at which point there is a 1,000 m gaining reach, after which 
point the creek is stable again until it discharges to the Elk River. Relevant tables, and figures and 
drawings from this study, are included as Attachment D. Flows from Grave Creek were consistently stable 
from its confluence with Harmer Creek to the mouth of the Elk River.  

The 2018 SRK study indicated that flows arriving from Harmer Creek and Dry Creek and downstream of 
the Grave/Harmer confluence were all comparable relative to the catchment size. Sulphate, nitrate, and 
selenium loading was derived mainly from Dry Creek and the loads persisted downstream to Grave Creek 
at the confluence with the Elk River. These results are generally in agreement with the findings of the 
Lorax and SNC-Lavalin studies. 

6.1 CSM Summary 
Mine-related constituents are present in the water quality samples collected from the wells installed near 
the Dry Creek Sedimentation Pond, a slight upward vertical gradient was present in March 2021 between 
the intermediate and shallow wells EV_MW_DC7/EV_PW_DC1, and a gaining reach was identified near 
the confluence of Dry and Harmer creeks. Some groundwater transport of selenium and other OC into 
Harmer Creek near Dry Creek appears to be occurring, but the flow accretion studies do not suggest this 
is increasing the concentration of selenium or other OC in Harmer Creek. The source of elevated 
selenium in the groundwater near Dry Creek and the potential for groundwater input to Harmer Creek is 
under investigation by Teck.   

7 Conclusion  
Studies conducted on flow and loading in Harmer and Grave Creeks in 2019 and 2020 (Lorax, 2019; 
SNC-Lavalin, 2020a) indicate that water quality and flow volumes in these creeks have limited influence 
from the groundwater; and as such, the groundwater is not believed to be a stressor to the WCT. Losing 
and gaining reaches were identified in Harmer Creek. The flow lost in the losing reaches is re-introduced 
to the creek downstream, prior to the confluence with Grave Creek. The gaining reach starts just 
upstream of the confluence of Dry Creek and Harmer Creek and goes until approximately 200 m 
downstream of the confluence of Dry and Harmer Creeks. At present, no additional groundwater related 
work is recommended specific to this assessment since groundwater quality and levels in the wells near 
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9 Notice to Reader 
This report has been prepared and the work referred to in this report has been undertaken by 
SNC-Lavalin Inc. (SNC-Lavalin) for the exclusive use of Teck Coal Limited, who has been party to the 
development of the scope of work and understands its limitations. The methodology, findings, 
conclusions, and recommendations in this report are based solely upon the scope of work and subject to 
the time and budgetary considerations described in the proposal and/or contract pursuant to which this 
report was issued. Any use, reliance on, or decision made by a third party based on this report is the sole 
responsibility of such third party. SNC-Lavalin accepts no liability or responsibility for any damages that 
may be suffered or incurred by any third party as a result of the use of, reliance on, or any decision made 
based on this report. 

The findings, conclusions, and recommendations in this report (i) have been developed in a manner 
consistent with the level of skill normally exercised by professionals currently practicing under similar 
conditions in the area, and (ii) reflect SNC-Lavalin’s best judgment based on information available at the 
time of preparation of this report. No other warranties, either expressed or implied, are made as to the 
professional services provided under the terms of our original contract and included in this report. The 
findings and conclusions contained in this report are valid only as of the date of this report and may be 
based, in part, upon information provided by others. If any of the information is inaccurate, new 
information is discovered, site conditions change, or standards are amended, modifications to this report 
may be necessary. The results of this assessment should in no way be construed as a warranty that the 
subject site is free from any and all environmental impact. 

Any soil and rock descriptions in this report and associated logs have been made with the intent of 
providing general information on the subsurface conditions of the site. This information should not be 
used as geotechnical data for any purpose unless specifically addressed in the text of this report. 
Groundwater conditions described in this report refer only to those observed at the location and time of 
observation noted in the report. 

This report must be read as a whole, as sections taken out of context may be misleading. If discrepancies 
occur between the preliminary (draft) and final version of this report, it is the final version that takes 
precedence. Nothing in this report is intended to constitute or provide a legal opinion. 

The contents of this report are confidential and proprietary. Other than by Branton Environmental, copying 
or distribution of this report or use of or reliance on the information contained herein, in whole or in part, is 
not permitted without the express written permission of Branton Environmental and SNC-Lavalin. 

  



Azimuth Consulting Group, Branton Environmental Consulting, 
Teck Coal Limited – Page 23 of 23 Ref: 680570 
November 16, 2022 

Engineering Services 

10 Closure 
We trust this letter meets your current requirements and greatly appreciate the opportunity to assist 
Teck Coal with this project. If you have any questions, please contact Emma Canham or Sheila Duchek. 

Prepared By: Reviewed By: 

Emma Canham, MSc, P.Geo. 
Project Hydrogeologist 

Environment Practice  
Engineering Services Canada 

Sheila Duchek, MSc, P.Geo. 
Service Manager, Hydrogeology and Earth Sciences 

Environment Practice  
Engineering Services Canada 
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Figure 29. Schematic of Load Balance in Harmer Creek/Grave Creek.  
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