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Laboratory results for all locations are provided in Appendix B (Tables B1 to B4). A summary of BCAWQG-FST 

water quality exceedances listed by monitoring location and month are listed in Tables 7, 9, 11 and 13. 

Appendix Table 14 presents a summary of minimum, maximum and mean values for measurements at discharge 

and downstream locations in 2023. 

5.2 Quality Control and Quality Assurance Program 

5.2.1 Overview of QA/QC Program 

The Quality Control and Quality Assurance (QA/QC) program is based first and foremost on experienced field staff 

familiar with the water quality monitoring program adhering to the British Columbia Field Sampling Manual, Part A 

and Part E (BC MoE, 2013) for sample collection procedures and QA/QC practises. New sample containers were 

acquired from the laboratory prior to the sampling event and all handling of the containers, sampling devices and 

equipment during sample collection was completed wearing new nitrile gloves to minimize potential for 

contamination of the samples. A new disposable syringe and 0.45 µm filter are used for each sample being 

submitted for dissolved metals, as per field sampling procedures (BC MoE, 2013). A peristaltic pump and 0.45 µm 

high capacity inline filter is used when the water is too turbid for the manual syringe filtering, All samples were stored 

in a cooler filled with ice packs at a temperature between approximately 4°C and 8°C. 

The program incorporates the use of a Travel Blank (TB), Field Blank (FB) and replicate sample to test for potential 

contamination during sample collection, handling, or laboratory preparation, and to evaluate the precision of 

laboratory analysis. Travel Blanks were prepared by the laboratory and Field Blanks were prepared in the field at 

sample collection sites by field staff using the same source water as was used for the Travel Blank. 

5.2.2 Laboratory QA/QC 

Analytical results were received from ALS Laboratories (ALS). The lab implements a detailed QC program into the 

sample analysis which includes a series of checks and evaluations for consistency in the sample analysis. The QC 

program includes method blanks, certified reference materials, laboratory control samples and duplicates. The QC 

Lot reported on Assay Certificates consistently met internal ALS Data Quality Objectives throughout the year. 

5.2.3 Tetra Tech QA/QC 

The analytical results of the QA samples (TB, FB, and replicate samples) were reviewed by Tetra Tech, and if 

potential contamination or concerns with analytical results were identified, they were discussed with the laboratory 

and/or the field sampler representatives, with reanalysis of samples completed for verification if necessary. 

Appendix Table 5 provides the results of the field and travel blanks (Table 5a) and replicate samples (Table 5b) in 

the QA program. 

5.2.3.1 Blank Samples 

Travel Blanks were prepared by the laboratory and Field Blanks were prepared in the field at sample collection sites 

by field staff using the same sourced water. If the source distilled water was contaminated, similar elemental 

anomalies would be expected in both the TB and the FB. Blank samples were considered to ‘fail’ where any 

measured value was in concentrations above the reported detection limits for that parameter. Elemental 

concentrations measured above detection limit can be attributed to field contamination or calibration of analytical 

instrumentation. During 2023, TB and FB data showed minimal occurrences of any significant concentrations of 

values above the detection limit. As a result, no reruns were required by the lab during 2023. 
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Elemental concentrations measuring above the analytical detection limits in TB and FB samples occurred once (1) 

during the 2023 monitoring period, as detailed in the attached Table 5a. The above detection limit value occurred 

for ammonia in the February 20, 2023 sample event.  

The pH for the TB and FB samples ranged from 5.15 to 5.42, with an average pH value of 5.23 from the 2023 

sampling events. This pH range is typical for distilled water used for the TB and FB samples. 

5.2.3.2 Replicate Samples 

Replicate samples were evaluated using Relative Percent Difference (RPD). When an RPD value is less than 30% 

it is considered an acceptable threshold for variation of surface waters. 

Field replicate samples with differences of elemental concentrations above the acceptable threshold of RPD > 30% 

had occurrences for a variable number of parameters measured during all nine sampling events in 2023, including: 

January 30 (7 occurrences), February 20 (1), March 29 (3), April 28 (2), May 19 (8), June 28 (43), July 17 (1), 

August 30 (2) and September 28 (2). Discrepancies are attributed to sediment disturbance during the collection of 

the first sample. The field staff were informed of these issues and were reminded of the importance of QC 

procedures during replicate sampling. 

5.2.3.3 Total vs Dissolved Concentrations 

Tetra Tech also reviewed the data for more general anomalies and inconsistencies. The total and dissolved 

concentrations for the full suite of elements were continued to be compared since there are frequent occurrences 

of dissolved concentrations exceeding total concentrations. The results were screened for analytical error, then 

assessed for expected natural variability of surface waters. Most instances were due to measurements at or near 

the analytical detection limit and could be explained by being within an acceptable range of error up to five times 

the lower detection limit for the respective element. In this case of reporting within five times of detection limit, the 

total concentrations are considered equal to the dissolved concentrations. 

Dissolved concentrations exceeding total concentrations in samples were calculated within the acceptable threshold 

of an RPD < 30%, with exception of the following occurrences in the May 19, 2023 (cadmium, cobalt, copper, nickel, 

zinc) and June 28, 2023 (barium, copper) sample events. 

5.3 River Road Water Quality Monitoring 

Dry, freezing and/or low or no flow conditions prevented consistent sampling at the River Road monitoring locations 

in 2023. In situ measurements were not collected from each station consistently every month due to dry or frozen 

conditions. Field observations were documented each month and results for each monthly sampling event were 

plotted on time series charts for trend and qualitative correlation analysis.  

Sufficient flowing water permitted samples to be collected during 2023 from the following stations, with the sampled 

months listed in parentheses: 

▪ LBRR-DD (March); 

▪ RR8 (no samples); 

▪ RR9 (March, September); 

▪ LBRR-EDP (March, April, September); 
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▪ LBRR-UC (no samples); and 

▪ LBRR-LC (March). 

A summary of water quality exceedances at River Road relative to BCAWQG-FST listed by monitoring location and 

month are listed in Table 7, and the screening results based on the laboratory data are tabulated in Appendix B, 

Table B1. 

5.3.1 In Situ Measurements and Field Observations 

Values for pH, conductivity, hardness, alkalinity, water temperature, estimated flow and turbidity measured at the 

River Road monitoring locations are included in Table 6. At River Road during 2023, the range in water temperatures 

was -0.20 °C to 17.3 °C. Measurements of pH ranged between 7.76 to 8.34, alkalinity ranged between 40 to 800 

ppm, hardness ranged between 240 to 800 ppm and conductivity between 21.3 to 3890 µS/cm.  

Flows within the River Road ditch are ephemeral. During 2023, flow at RR was most commonly observed at LBRR-

12+920 during the March through September 2023 sampling events, then only at the following downstream 

locations in March and September. Flow was noted at LBRR-DD, LBRR-LC, LBRR-12+920, RR9 and LBRR-EDP 

on March 29, 2023 and at LBRR-12+920, RR9 and LBRR-EDP on September 28, 2023. No flow was noted at RR8, 

LBRR-UC, LBRR-12+600, LBRR-12+700 and LBRR-12+810 throughout the year. Dry or frozen conditions 

prevailed for the remainder of 2023. 

In the River Road catchment, considering all sampling conditions, TSS measurement ranged from a low of 9.1 mg/L 

(March; LBRR-LC) to a high of 1,680 mg/L (March; LBRR-EDP). For all stations, the combined average TSS was 

560 mg/L, and each sample location showed variable TSS that too minimal of sampling events to recognize 

seasonal trends. The March, April and September TSS values measured from the LBRR-EDP location are elevated 

relative to the other locations sampled through the year. The source of TSS is primarily attributed to River Road 

run-off, scouring of sediment deposited within the River Road ditch and washing from the cut-slopes. 

5.3.2 Freshwater Short-Term Maximum Exceedances 

The summary of exceedances is presented in Table 7 and summarized below. The complete data results from the 

samples are summarized in Appendix B, Table B1. 

Of the total seven (7) samples collected from River Road during 2023, fourteen (14) occurrences of elevated total 

metal concentrations above the BCAWQG-FST were measured, for total iron (6), total arsenic (3), total zinc (1), 

dissolved aluminum (2) and chlorite (2). Neutral to alkaline laboratory pH values were measured with pH ranging 

between 7.88 to 8.19. 

At the three RR discharge locations, there was one exceedance measured at LBRR-DD (total iron, March) and 

three exceedances measured at RR9 (total iron, March, September; chloride, September). No sampling occurred 

at the RR8 discharge location. Non-discharge locations along River Road measured BCAWQG-FST exceedances 

at LBRR-EDP in total iron (3), total arsenic (3), total zinc (1), dissolved aluminum (2) and chloride (1) (March, April, 

September). No exceedance was measured at LBRR-LC in the one sampling event in March 2023. The 

exceedances are attributed to washing, or flushing, of sediment and secondary mineral precipitate during freshet 

(or precipitation following a dry period), as water contacted accumulated sediment within the ditch in addition to the 

exposed shale, colluvium, and overburden cut-banks. 
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5.3.3 Trend Monitoring and Details of 2023 Sample Results 

Data results from 2017 to 2023 at River Road monitoring stations have been compiled and plotted for trend analysis. 

Please refer to Figures 6 to 17 for time series charts. Time series charts include pH and alkalinity, acidity, TSS and 

TDS, sulphate, total and dissolved aluminum, total and dissolved iron, total arsenic, dissolved cadmium, total cobalt, 

dissolved copper, and total zinc. 

Monthly water quality monitoring measures instantaneous ambient conditions at the time of sampling and as 

discussed in Section 3.1 the measurements are highly susceptible to temporal climate conditions due to the small 

catchment and short residence time of water within the River Road ditch. Event data characterizes the influences 

of seasonal conditions at the site. 

Water quality sampling has been inconsistent at the River Road locations since 2017 due to frequent low flow or 

frozen conditions. There is minimal data available from mid-2018 to the end of 2019, and variable amounts of data 

in 2017, 2020 to 2023 from different stations and times. The available data makes it challenging to discern seasonal 

trends at River Road. Additional data collection and ongoing time series trend analysis is needed to support 

interpretation of trends. 

The measured pH values collected at River Road have remained within an acceptable BCAWQG-FST range 

(pH 6.5 to 9.0) during 2023 sampling events that show more consistency in 2020-23 relative to more variability in 

pH during 2017 and 2018 when pH values varied below and above the acceptable BCAWQG-FST. During 2023, 

alkalinity and pH remain relatively consistent whereas acidity is more variable and shows an overall increase 

between March and September although no data was collected in-between to determine a seasonal trend. The 

collection of acidity data is limited to primarily 2020-23 and will continue to be monitored. 

During 2023, TDS and TSS values at River Road sample locations generally remain within range of measurements 

in 2017 through 2022. During 2023, sulphate concentrations measured within range of values collected from 2017 

to 2022, which continue to straddle the BCAWQG-FLT guideline value of 429 mg/L (guideline variable based on 

hardness). Insufficient data was collected in 2023 to show conclusive trends. 

During 2023, total and dissolved aluminum shows an overall consistent trend when samples were collected from 

March to September and remains within range of measurements in 2017 to 2022. 

During 2023, total iron varies in concentration that measures below and above the BCAWQG-FST guideline and 

within range of measurements since 2017. Total iron measured at LBRR-EDP and RR9 are relatively consistent 

and elevated above the BCAWQG-FST guideline during 2023. The one sample collected from LBRR-DD in March 

2023 was elevated above the BCAWQG-FST. During 2023, dissolved iron remains below the BCAWQG-FST 

guideline.  

Metal concentrations for a number of elements, including total aluminum, total iron, total arsenic, total cobalt, total 

and dissolved copper, and total zinc show a trend from a higher value at freshet, coincident with elevated TSS 

values) in the spring that gradually decreases through summer and autumn to October. In 2023, metals generally 

measure within range of concentrations since 2017. 

5.4 SBIAR Water Quality Monitoring 

The South Bank Initial Access Road (SBIAR) shale slope was initially exposed in 2015 as part of road construction 

works on the south bank between RSEM R6 and Area A. The total area of the shale slope is approximately 

14,000 m2, between both the East and West slopes. 
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At SBIAR, sufficient flowing water permitted samples to be collected during 2023 from: 

▪ RBSBIAR-US (September); 

▪ RBSBIAR-DS (March to September); 

▪ RBSBIAR-EUS (May to July); and 

▪ RBSBIAR-EDS (March). 

In situ measurements were collected in the same months when sampling was possible, in addition to low flow 

conditions at RBSBIAR-EUS (March, April, August and September) and RBSBIAR-DS (October) that allowed only 

situ measurements when sample collection was not possible. Field observations were documented each month 

and results for each monthly sampling event were plotted on a quarterly basis on time series charts for trend and 

qualitative correlation analysis.  

A summary of BCAWQG-FST water quality exceedances at SBIAR listed by monitoring location and month are 

listed in Table 9. The complete set of screening results based on the laboratory data are tabulated in Appendix B, 

Table B2. 

5.4.1 In Situ Measurements and Field Observations 

Values for water temperature, pH, total alkalinity, and electrical conductivity measured at the SBIAR monitoring 

locations are included in Table 8. At the SBIAR locations during 2023, the range in water temperatures was -0.1 °C 

to 21.3 °C. Measurements of pH ranged between 7.00 to 9.31, alkalinity ranged between 40 and 450 ppm, hardness 

ranged between 180 to 800 ppm and conductivity between 575 to 1,347 µS/cm.  

Flows in the SBIAR ditch system can vary between increases from the upstream to downstream locations, with 

flows of approximately 0.0005 L/s to 2.5 L/s. During the August 2023 sampling event, the ditch upstream from 

RBSBIAR-EUS was noted to be filled in. 

5.4.2 Freshwater Short-Term Maximum Exceedances 

Concentrations of total and dissolved iron, dissolved aluminum, total arsenic, total zinc, total cobalt, and dissolved 

cadmium were measured as exceedances to the BCAWQG-FST at various locations in the SBIAR catchment during 

2023 (Appendix Table 9). Concentrations typically increase at downstream locations due to the influence of 

sediment washing in the ditchline and influence of SBIAR cut-slope. 

In 2023, at the upstream SBIAR locations, one (1) exceedance was measured at RBSBIAR-US in one sampling 

event (September 2023) and one (1) exceedance was measured at RBSBIAR-EUS June 2023. 

In 2023, at the downstream SBIAR locations, total iron (2), dissolved iron (1), dissolved aluminum (2), total arsenic 

(2), total zinc (1), total cobalt (1), dissolved cadmium (1) were measured at RBSBIAR-DS in six sampling events 

(March, April, June to September 2023), and total iron (1), total arsenic (1), total zinc (1) were measured at 

RBSBIAR-EDS in one sampling event (March 2023). 

It is noted that the water flowing from the downstream locations do not have a direct downstream receptor; the 

water from the east ditch passes under the road via culvert to the downstream location in the west ditch where all 

water flows into a limestone armored spillway into a ditch which conveys to the RSEM R6 pond. Details of water 

flow and the intensive water quality monitoring program in RSEM R6 is referenced in Section 3.2 above. 
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5.4.3 Trend Monitoring and Details of 2023 Sample Results 

Monthly water quality monitoring measures instantaneous ambient conditions at the time of sampling and, as 

discussed in Section 4, the measurements are highly susceptible to temporal climate conditions due to the small 

catchment and short residence time of water in the SBIAR ditch. Recurring trends at SBIAR over the monitoring 

periods sine 2017 may be preliminary indications of long-term trends and are discussed below and summarized in 

the attached Figures 18 to 31. In 2018 and 2019 a trend was observed for total metals showing a potential 

progressive increase in concentrations was occurring, although this appears to have been short-term and temporary 

and has not been observed in the subsequent monitoring years from 2020 to 2023. 

Alkalinity and pH values indicate that waters have remained alkaline from 2017 through 2023. Alkalinity is more 

variable than pH values. In 2020 and 2021, an overall increase in alkalinity is observed to occur between freshet in 

the spring towards the fall and winter month, which is observed in 2023 at RBSBIAR-DS but lack of significant data 

does not show this trend at other SBIAR locations. Acidity measured during 2023 remains within range to below range 

of values collected since 2018. 

Typically, the SBIAR ditches measure variable TSS and TDS values attributable to the relatively small catchment 

and short residence time of waters that are subsequently sensitive to flux in surface water inputs from precipitation. 

In 2023, TDS values were elevated at RBSBIAR-DS in March, otherwise TDS values have remained relatively 

constant at the SBIAR locations and within range of previous sampling years since 2017. 

During 2023, sulphate measures within range of values collected since 2017 with exception to one spike in sulphate 

at RBSBIAR-DS in March 2023. Sulphate values show more variability in 2020 than in previous (2017 to 2019) and 

following (2021 to 2023). The RBSBIAR-DS location shows a decreasing trend from March to September 2023, 

then consistent with sulphate values at all sample locations. A seasonal trend in the SBIAR ditches is observed 

whereby sulphate concentration peaks in spring/early summer followed by an overall decrease. 

Ammonia (NH4 as N) is subject to a temperature and pH-dependent BCAWQG-FST and BCAWQG-FLT guideline. 

Although no exceedances are measured to the BCAWQG-FST, it is observed that ammonia values have commonly 

measured higher in the downstream SBIAR ditches (RBSBIAR-DS/-EDS) than the upstream ditches from 2017 to 

2022. In 2023, ammonia values show more variability, but minimal sample collection does not offer further trend 

analysis in 2023. 

During 2023, total and dissolved aluminum measure within range of values collected since 2017. In 2023, the 

RBSBIAR-DS location was elevated in total aluminum in March (in addition to RBSBIAR-EDS) and September, relative 

to lower values during the summer. The BCAWQG-FST guideline relevant prior to August 2023 for dissolved aluminum 

measures three exceedances above the guideline, two (2) at RBSBIAR-DS and one (1) at RBSBIAR-EUS. For the 

BCAWQG-FLT guideline relevant after August 2023 for total aluminum, there were not enough samples and data 

collected to provide a long-term average, although the discrete September 2023 samples collected from RBSBIAR-

DS and RBSBIAR-US both measured above the calculated (hardness, pH and DOC-dependent) BCAWQG-FLT 

guideline. 

In 2023, total iron measures within range of values collected since 2017 and shows a similar spike in concentration in 

March and September at RBSBIAR-DS, RBSBIAR-EDS and RBSBIAR-EUS, relative to lower values during the 

summer months. In 2023, dissolved iron measures within range of values collected since 2017 with exception to a 

spike in dissolved iron in March 2023 at RBSBIAR-DS that is a higher value than measured since 2017. 

Total iron shows a more variable trend below and above the BCAWQG-FST guideline, whereas dissolved iron 

commonly remains below detection limit and the BCAWQG-FST guideline. The measured dissolved iron in March 

2023 at RBSBIAR-DS is an exception and exceeded the BCAWQG-FST guideline. 
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During 2023, the concentrations of metals, such as arsenic, cobalt, copper, and zinc measure within range of values 

in previous years from 2018 to 2022, although follow a similar trend of elevated concentration in March and 

September 2023, and lower values during the summer months. In 2023, dissolved cadmium shows a decreasing 

trend from March to September. 

The downstream / upstream ratio of total zinc measured in both the RBSIBAR west ditch and RBSBIAR east ditch 

is shown in Figure 30a and 30b. In the years of 2018, 2019 and 2020, an annual increasing trend was observed 

but this does not appear to have continued since in the years of 2021, 2022 and 2023. Minimal samples were 

collected from both upstream and downstream locations in either ditch in 2023 for further trend analysis. In 

September 2023, one ratio of total zinc values in the west ditch measures below or within range of former years 

and does not indicate further increasing trend. 

Monthly sampling in the SBIAR catchment occurred from 2017 to 2023 and will need to continue to be monitored 

going forward into 2024 for effective observations of trends. 

5.5 L2 Powerhouse 

Water quality sampling commenced at two locations within the BC Hydro L2 Powerhouse area at L2-US and L2-

DS in October 2020, and continued sampling until March 2023, then were discontinued. 

The L2-US location was sampled in each of the months of January, February and March 2023. The L2 Powerhouse 

L2-DS location was not sampled in 2023 due to frozen or dry conditions prior to the discontinuation of the L2 

Powerhouse sample locations in March. In situ measurements were collected in each month where a sample for 

lab testing was collected. 

A summary of in situ measurements are provided in Table 10 and water quality BCAWQG-FST exceedances 

measured at the L2 Powerhouse location are listed in Table 11. Screened lab data results are tabulated in 

Appendix B, Table B3. 

Water from the L2 Powerhouse area is conveyed to AFDE RSEM R6 pond as needed or to the water treatment 

facility that discharges to the sediment pond. Water from the AFDE RSEM R6 pond is monitored prior to discharge. 

5.5.1 Field Observations and In Situ Measurements 

In situ measurements collected from January to March 2023 at L2-US recorded a range of pH 7.74 to 8.55 with 

mean pH value of 8.24, electrical conductivity 350 to 610 µs/cm, hardness 250 to 450 ppm, alkalinity 80 ppm, water 

temperature 5.8 and 7.2 °C, and flow 2.0 to 5.0 L/s, with turbidity ranging between clear to slightly turbid. 

No in situ measurements were collected from the L2-DS location in 2023. 

5.5.2 Freshwater Short-Term Maximum Exceedance 

In the three sampling events during 2023 at the L2-US location, there was one BCAWQG-FST exceedance 

measured for total iron (1).  

No water quality samples were collected from the L2-DS location in 2023. 
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5.5.3 Trend Monitoring and Details of 2023 Sample Results 

Trend charts for the L2 Powerhouse sample stations include sampling and further trends in 2023 at the L2-US 

location, since the L2-DS location was not sampled. From 2020 to 2023, the pH values measured at L2-US are 

consistently neutral to alkaline. Total alkalinity values are highly variable from 2020 to 2023; at L2-US, alkalinity 

shows a decreasing trend since August 2022 to March 2023, although is within range of alkalinity values since 

2020. Acidity values measured at the L2 Powerhouse have been commonly at or below detection limit; at L2-US, 

acidity shows a decreasing trend from January to March 2023 at values within range of acidity values since 2020. 

Trend monitoring is discussed below and summarized in the attached Figures 31 to 44. 

Sulphate and TDS values at L2-US and L2-DS show an overall decreasing trend since May 2022 that continues to 

March 2023 at L2-US. TSS values measured from January to March 2023 at L2-DS indicate a decreasing trend 

that remains within range of measurements collected since 2020. 

Metal concentrations at L2-US from January to March 2023 show a decreasing trend for total aluminum, total iron, 

total arsenic, dissolved cadmium, and total zinc. The one (1) exceedance measured at the L2-US location in 2023 

is for total iron in March prior to a sharp decreasing trend. Dissolved aluminum is measured below the BCAWQG-

FST and shows an overall consistent trend from 2020 to 2023. Dissolved iron measures below detection limit in 

2023 which is a continued trend from 2020.  

Total and dissolved selenium do not have a BCAWQG-FST guideline for reporting requirements, although it is noted 

that both total and dissolved selenium show a decreasing trend at L2-US from above the FLT guideline in June 

through November 2022 to below the FLT guideline in December 2022 and continued decrease from January to 

March 2023. 

5.6 BC Hydro Left Bank Debris Boom 

Water quality sampling commenced at the BC Hydro LBDB area in October 2020 and continued sampling through 

the 2023 monitoring period. The most consistently sampled location is LB Pond. Limited surface flow is observed 

in this area, and the only time that the sample stations in the LBDB area can be sampled, except for the LB Pond 

location, is immediately following a significant rainfall event. Sample staff are instructed to sample these locations 

outside of regular monitoring events, if possible, when high rainfall is observed. 

The LB Pond was sampled five times from March through September 2023. No other sample locations were 

sampled in 2023 due to dry or frozen conditions. The sample locations are shown on Figure 3. 

A summary of water quality exceedances at LBDB relative to BCAWQG-FST listed by monitoring location and 

month are listed in Table 13, and the screening results based on the laboratory data are tabulated in Appendix B, 

Table B4. 

5.6.1 Field Observations and In Situ Measurements 

In 2023, six (6) in situ measurements were collected from LB Pond during each of the April to September sampling 

events. 

In 2023, a range of in situ measurements were collected from LB Pond for pH (7.10 to 9.32), electrical conductivity 

(2.48 to 3800 µs/cm), hardness (120 to 800 ppm), alkalinity (80 to 800 ppm), water temperature (7.3 to 23.1 °C) 

and no flow. 
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In 2023, no in situ measurements were collected from the upstream (LBDB-WUS and LBDB-EUS) or downstream 

(LBDB-WDS and LBDB-EDS) Armor ditches or the laydown drainage (LBDB-LD-MS and LBDB-LD-DS) locations 

due to dry or frozen conditions. 

5.6.2 Freshwater Short-Term Maximum Exceedances 

In 2023, BCAWQG-FST exceedances were not measured at the LB Pond location during the April, June, July, and 

August sampling events; four (4) exceedances were measured in the September sampling event for total and 

dissolved iron, dissolved aluminum, and total manganese. LB Pond is not a discharge station. Water is not 

commonly observed to discharge from the LB Pond, but if it does it passes through a limestone lined water 

management ditch system to the downstream monitoring station. 

Water flow from the Armor Ditch sample locations are considered discharge locations but no samples or data was 

collected here in 2023 due to dry or frozen conditions. 

5.6.3 Trend Monitoring and Details of 2023 Sample Results 

Sampling at BC Hydro’s LBDB area has primarily been limited to sampling at the LB Pond location, therefore 

comment on trend observations are limited to this location. Trend monitoring will continue in 2024 with the 

availability of further monthly sampling data. Trend charts are provided in Figures 46 to 57. 

At LB Pond, pH values have remained neutral to alkaline with pH values at or above 7.0. Total alkalinity values 

consistently increase through the year from March to September 2023, which is a similar trend observed to occur 

in the previous years since 2020. Acidity values measure within a consistent range from 2020 to 2023. Sulphate 

values show a gradual increasing trend from March to autumn months in both 2022 and 2023, that measures above 

the BCAWQG-FLT guideline for the five months of sampling in 2023. This differs from a more consistent trend for 

sulphate values above the BCAWQG-FLT during the 2021 monitoring period. TDS values follow a similar trend to 

sulphate with a relatively consistent trend in 2021 followed by an increasing seasonal trend in 2022 and 2023. TSS 

values measure relatively consistent values in 2023, and more variable trends during 2021 and 2022. 

Dissolved aluminum measured at LB Pond remains below the short-term BCAWQG-FST guideline in 2023 except 

in the September 2023 under the BC Ministry guidelines (2021), which changed to long-term BCAWQG-FST 

guideline in August 2023. 

Total and dissolved iron concentrations follow similar trends in 2023 relative to previous years. At LB Pond, total 

iron exceeds the BCAWQG-FST guideline in September 2023, and dissolved iron exceeds the BCAWQG-FST in 

September 2023. 

Total arsenic, dissolved cadmium, total cobalt, dissolved copper, and total and dissolved zinc do not measure 

BCAWQG exceedances during 2023, and commonly show a decreasing trend during 2023. 

6.0 CONCLUSIONS AND RECOMMENDATIONS 

A water quality monitoring program was implemented on behalf of BC Hydro to monitor the water quality at PAG 

exposure locations from River Road at Blind Corner, South Bank Initial Access Road, BC Hydro Left Bank Debris 

Boom, and L2 Powerhouse. Upstream, midstream, and downstream and discharge monitoring locations were 

established to characterize water quality and to maintain a continuous monitoring record commensurate with 

previous sampling completed in 2016 by Lorax on behalf of PRHP (where applicable). The water quality program 
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is conducted in accordance with the CEMP Rev. 12, Appendix E (Rev. 6.1) Acid Rock Drainage and Metal Leachate 

Management Plan, Section 5.2.1.7 (BC Hydro, 2023). 

The program has incorporated monthly in situ water quality measurements and observations with laboratory 

analysis outside of frozen or dry conditions. Field observations were recorded from all areas monthly regardless of 

weather conditions or ability to collect in situ measurements or take samples for lab testing. 

Water chemistry is monitored to identify influence of ARD/ML processes on water quality at River Road from 

construction related exposed PAG shale at Blind Corner, shale exposed in the east and west ditches within SBIAR, 

and construction PAG shale exposures at the BC Hydro LBDB and L2 Powerhouse areas.  

The sampled locations are generally ephemeral. Residence time for water is low in the investigated area ditches 

due to their small catchment size. The flows in ditches are susceptible to seasonal change and flow rate is highly 

influenced by local precipitation events, thus the classification of flow in ditches can assist to interpret the source 

and subsequent chemical fluctuations in water sampled. For example, flows in ditches can be attributed to shallow 

or regional groundwater, spring freshet or surface run-off, dependent on the season and amount of precipitation 

recorded before and during the sampling event. Monthly water quality monitoring measures instantaneous water 

quality and may not be reflective of long-term baseline conditions.  

The water quality program is achieving the purpose of evaluating water quality from dam site areas where 

construction related PAG exposures and PAG contact surface water is identified. The results of the program 

demonstrate that ARD/ML processes are occurring, however the management and mitigation measures 

implemented are working and that water quality remains primarily neutral to alkaline with metal concentrations 

dominantly below the established water quality criteria. The water quality monitoring program provides a framework 

for identifying water quality concerns from the exposed rock cuts in a timely manner and implementing the required 

mitigation measures. 

6.1 River Road Water Quality Monitoring 

Water quality laboratory data was collected from four locations (LBRR-DD, LBRR-EDP, LBRR-LC and RR9) and in 

situ measurements were collected at five of a total eleven water sample locations along the River Road catchment 

in 2023. No water quality samples or in situ measurements were collected from RR8 or LBRR-UC in 2023. The 

LBRR-12+500 location was discontinued and not sampled in 2023. 

In situ field measurements of pH within the River Road ditch indicated a neutral to alkaline pH throughout the 2023 

sampling year. In 2018 and 2019, acidic waters were collected in the upper portions of the ditch underlying the 

exposed shale cut-bank. However, in these instances the pH values progressively returned to circumneutral levels 

at the discharge location in part due to contact with limestone rip-rap in the ditch, and potential alkalinity input from 

groundwater or outflow from the upper cut-off ditch. The observation of consistent neutral to alkaline pH drainage 

conditions at all locations in River Road area in 2023 are indicative of changes in the exposed PAG slope over time. 

Visual observations show that the slope has weathered and developed a partial clay capping surface which may be 

limiting ARD/ML reactions, and sections of the exposed PAG slope have been observed to have naturally 

revegetated in localized areas. 

Exceedances of total iron, total arsenic, total zinc, dissolved aluminum and chloride were noted in sampling events 

in March, April and September 2023. The exceedances are primarily attributed to washing, or flushing, of sediment 

and secondary mineral precipitate during freshet (or precipitation following a dry period), as water contacted 

accumulated sediment within the ditch in addition to the exposed shale, colluvium, and overburden cut-banks. It is 

anticipated that sediment in the ditch will continue to accumulate a small amount of secondary mineral formed by 

up-gradient ARD/ML processes. These minerals commonly contain an elevated concentration of metals related to 
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ML and mineral precipitation from acid neutralizing reactions. Sediment is also introduced into the ditch from the 

roadway. 

Review, in previous years, of the Peace River monitoring data from Ecofish show that there are seasonal 

fluctuations in total metals concentrations and concentrations are highest during initial freshet in the Peace River. 

Additionally, Ecofish has reported that there were natural exceedances in the Peace River of the BCWQG for the 

protection of aquatic life, including total iron at upstream Peace River location, and these natural exceedances 

occurred predominantly during the freshet period (April to June) and observed at all sample sites (Ecofish, 2022). 

Exceedances were most often associated with elevated concentrations of suspended solids in the Peace River 

(Ecofish, 2022). During the sampling events in 2023, the highest turbidity measured in the Peace River was for the 

May 19, 2023 sample event, which does not appear to correlate with significantly higher TSS or BCAWQG-FST 

exceedances in May 2023 for the water quality monitoring. 

ARD/ML management and mitigation along River Road adjacent to the PAG slopes includes a cut-off ditch above 

the slope, which diverts surface flows into limestone rip-rap lined “Chimney ditches” which then feed into the River 

Road ditch below the slope. The River Road ditch adjacent to the PAG slope includes a bentonite liner and limestone 

rip-rap to provide neutralization potential and mitigate against acidic drainage. 

Chemical efficiency of the limestone to buffer acidic water is decreased when coated in precipitate. The formation 

of mineral scale can concentrate metals from solution as a result of the aqueous acid-base reactions. The mineral 

scale and sludge are susceptible to scouring and being washed during heavier rain events which has potential to 

reduce overall water quality conveyed down-gradient. The limestone rip-rap in the River Road ditch was replaced 

in July 2021, due to the accumulation of mineral scale onto the limestone, and sample events in July and August 

2021 was limited due to dry or frozen conditions. Visual inspection of the limestone during 2022 and 2023 showed 

minimal precipitate formation in the surfaces, although some limestone rip-rap was obscured due to road sediment 

entering the ditches. The analytical results from 2023, combined with visual inspection, support that the limestone 

is effective in the maintenance of neutral alkaline drainage conditions and managing metal concentrations. The 

effectiveness and impact of the limestone rip-rap will continue to be monitored in future sampling events and 

analyzed for trend analysis over time.  

The seasonal flows in ditches are important to consider when interpreting fluctuations and exceedances in 

parameters measured in water quality guidelines. The source of TSS is primarily from River Road run-off, scouring 

of sediment deposited within the River Road ditch and washing from the cut-slopes. Seasonally, elevated TSS 

levels have been noted to occur during spring melt and freshet season, typically April, when water flow can wash 

elevated precipitates from rock. The March 2023 sampling event represents both a warming event with melting and 

early spring freshet conditions.  

There is limited data available at River Road in 2023. In March 2023, TSS measurements at LBRR-EDP and RR9 

measure higher than the LBRR-DD and LBRR-LC locations. Total iron, total arsenic, total cobalt and total zinc are 

also elevated at LBRR-EDP and RR9 in March 2023. 

The discharge locations to the Peace River of LBRR-DD and RR9 measure discharge flow and BCAWQG-FST 

exceedances in 2023. An estimated flow of 1 L/s at LBRR-DD measured one exceedance in total iron in March 

2023. At RR9, an estimated flow of 1 L/s measured one exceedance in total iron in March, and an estimated flow 

of 0.075 L/s measured two exceedances in total iron and chloride in September 2023. No flow or samples were 

collected from the RR8 discharge location in 2023. 

The measured lab pH of 8.19 (LBRR-DD), pH of 7.88 to 8.11 (LBRR-EDP) and pH of 7.92 and 8.05 at RR9 are 

within the acceptable range for BCAWQG-FST and indicate neutral to alkaline conditions. Low pH water has 

capacity to dissolve metals more readily than neutral, or alkaline, water. 
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The purpose of the diversion pipe is to address erosion and sediment control by transport of run-off water into an 

elongated ditchline to reduce flow velocities and to promote settlement of suspended sediment prior to discharge 

at RR8 and RR9. Inlets to culverts RR9 and RR8 are slightly elevated from the ditch base which will allow water to 

pond within the ditch and infiltrate or discharge via the culverts only if water levels reach sufficient height. In previous 

years it was noted that the diversion pipe was successfully reducing the amount of direct high TSS discharge into 

the Peace River by allowing the water to be collected and slowly infiltrate into the River Road ditch. 

The estimated 1 L/s flow discharge rate from RR9 in March 2023 measured one BCAWQG-FST exceedance in 

total iron, which is interpreted to be related to freshet and the subsequent increase in turbidity and TSS, as shown 

in the EcoFish data. Exceedances are often associated with elevated concentrations of suspended solids in the 

Peace River. 

The lower chimney (water quality monitored at LBRR-LC) drains into the River Road ditch down-gradient of 

LBRR 12+500 and up-gradient of LBRR-RR9. The LBRR-LC location was measured once in 2023 during March 

with no BCAWQG-FST exceedances. The upper chimney LBRR-UC location was not sampled in 2023. Since there 

is minimal data available for 2023, there is no to minimal indication that sediment accumulation is occurring on the 

limestone of the lower chimney ditch. 

Recommendations for River Road 

The River Road sampling stations demonstrate consistent neutral to alkaline drainage conditions in 2023. Additional 

slope mitigation is not required, however, disturbance of the shale slope is to be avoided as it may re-initiate 

ARD/ML processes if fresh surfaces are exposed. If erosion or scouring of the shale slope and fresh surface 

exposures are noted, additional short-term in situ monitoring in the River Road ditch should be evaluated to quantify 

the effect of fresh shale exposure on water quality, and if required additional mitigation should be considered. 

The sediment source for elevated TSS is mainly attributed to scouring of accumulated sediment within the ditch 

from road grading and run-off from previous events, which includes washing, or flushing, of the exposed shale, 

colluvium, and overburden cut-banks. Continued management of the drainage system is required to reduce the 

amount of sediment infilling to the ditch from road grading operations as this sediment encases the limestone which 

reduces chemical efficiency for ARD mitigation and prematurely fills the cistern, which limits its performance to 

supress TSS.  

The limestone rip-rap lining was last replaced in July 2021 and continues to be monitored to assess needs for 

maintenance, cleaning, descaling and/or removal and replacement of new limestone. With increased use of River 

Road, sediment and erosion control measures will be needed to address the management of sediment load coming 

from the road into the ditch, until such time that River Road is paved. The limestone is monitored for accumulation 

of precipitates and sediment and refreshed either by cleaning or replacement as needed, which was not determined 

to be required during 2022 or 2023.  

During the sampling events in 2023, discharge from River Road to the Peace River was noted during March and 

September, with BCAWQG-FST exceedances measured at RR9 in March and September, and LBRR-DD in March 

2023. No discharge at RR8 was observed from 2020 to 2023. It is recommended that in situ water quality 

measurements are collected from any discharge observed from culvert RR8 and/or RR9 during high flow events 

even if outside of regular sampling events. 

As per CEMP Appendix E Section 5.2.1.7, it is recommended that water quality monitoring is continued on a monthly 

basis within the River Road catchment at the downstream stations. Continuous monthly monitoring will evaluate the 

effectiveness of ARD/ML mitigation strategies. There may be opportunities to reduce in situ sampling analysis at 
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the upstream locations given the consistency of in situ measurements over time. The sampling locations and 

frequency of monitoring will be reviewed with BC Hydro for the 2024 sampling year. 

6.2 SBIAR Water Quality Monitoring 

Water quality data was collected from four established sampling locations in 2023 that measure water directly from 

within the SBIAR ditch locations. The ditch samples provide long-term characterization of SBIAR water 

management and water quality originating from the SBIAR PAG slope at the upstream and downstream location in 

the east and west ditches. In May 2023, changes were made with respect to water conveyance in Area 21 

up-gradient of SBIAR western slope. The corrugated pipes which were used to divert surface flow from Area 21 

down the shale slope and along the ditch, to avoid creating PAG contact water were removed. There is no evidence 

that this had any effect on the overall water quality of the SBIAR monitoring locations. 

Water flowing through the SBIAR ditch has no direct downstream receptor, and all water in the east and west ditches 

is conveyed directly to the PRHP RSEM R6 pond which is an approved PAG contact water management facility. 

Downstream water quality is monitored by PRHP within the PRHP RSEM R6 pond for management prior to 

discharge into the Peace River. 

Evidence of active ARD/ML processes are observed on the shale slopes in SBIAR through observation of secondary 

iron hydroxide mineral formation. Alkalinity and pH indicate that the waters in SBIAR ditches have consistently 

remained alkaline during the monitoring periods from 2017 through 2023. 

During the 2023 sampling period, sulphate values remained below the BCAWQG-FLT long-term guidelines at 

SBIAR sample locations, with exception to the two measurements in March 2023. From 2017 to 2019, the upstream 

location in both east and west ditches showed relatively low and consistent sulphate values. In July 2020, sulphate 

values at the RBSBIAR-US location sharply increased then remained at an elevated level through 2021 and 2022. 

In 2022, sulphate values remained below BCAWQG-FLT, which continued within a similar range of values during 

2023 except for the RBSBIAR-DS and RBSBIAR-EDS locations in March 2023.  

Screening of analytical data during 2023 for the downstream ditch locations resulted in BCAWQG-FST guideline 

exceedances at RBSBIAR-DS for total iron (2), dissolved iron (1), dissolved aluminum (2), total arsenic (2), total 

zinc (1), total cobalt (1) and dissolved cadmium (1) in three of six total samples analyzed in 2023. Exceedances at 

RBSBIAR-EDS were measured for total iron (1), total arsenic (1) and total zinc (1) in the one sample analyzed in 

2023 (March). 

Recommendations for SBIAR Water Quality Monitoring 

The collection of one up-gradient and one down-gradient water sample from both the western and eastern SBIAR 

ditch is suggested to continue through 2024 for comparative purposes. 

Changes to the vicinity of RBSBIAR-US have resulted in lower flows due to sediment and construction activities in 

2023, therefore minimal samples were possible. Continued observations are required in 2024. 

Downstream water is collected within the PRHP RSEM R6 pond for management prior to discharge into the Peace 

River. As per CEMP Appendix E, Section 5.2.1.7, since there is low to moderate risk of negative downstream effects 

on water quality, monitoring of water quality within SBIAR is recommended to be continued on a monthly basis in 

2024. It is recommended that BC Hydro implement a long-term solution for the Site C operations phase for the 

exposed shale slope due to potential for ongoing ARD/ML processes. 
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6.3 L2 Powerhouse Water Quality Monitoring 

Water conveyed to AFDE RSEM R6 pond from the L2 Powerhouse area is non-PAG contact. Water that is acidic 

or elevated in metals from the L2 Powerhouse area is pumped to the water treatment facility which discharges 

treated water to the RSEM R6 pond. Water is monitored by PRHP prior to discharge from the RSEM R6 pond.  

During 2023, ongoing construction of the Powerhouse adjacent to the L2 slope included concrete works which may 

have mixed with drainage at the base of the L2 slope. Water quality sampling did not occur at L2-DS in 2023 and 

continued for January through March 2023 at L2-US before discontinuation of the sample location. Construction in 

2023 extended to cover the locations of the L2 water quality sampling sites and sampling of the sites was terminated 

in April 2023. 

One BCAWQG-FST exceedance was observed at L2-US in January, and none in February or March 2023. Due to 

the complex construction activities and water management that diverts water around the site, the sample stations 

may be influenced by factors outside of the shale excavations. 

Recommendations for L2 Powerhouse Water Quality Monitoring 

It may be important to continue to evaluate the potential for changing flow patterns and modification needed in 

relation to construction changes. 

There are no current recommendations to reestablish sampling locations or continue sampling at L2 Powerhouse 

for the 2024 monitoring period. 

6.4 BC Hydro Left Bank Debris Boom Monitoring 

Sampling at BC Hydro’s LBDB area commenced in 2020 and initially included sampling at LB Pond and a Peace 

River side channel location, which is now flooded. Additional sample locations were added in July 2021 following a 

review of the area to monitor construction contact water. The added monitoring locations are located in the armor 

ditches at the toe of the exposed construction PAG faces and laydown drainages downstream of the LB Pond. All 

locations were monitored in 2023 and sampled monthly outside of dry or frozen conditions.  

Water management structures and ditch linings were amended in 2021 to improve flow management, prevent 

erosion and provide acid buffering capacity with limestone lining of ditches. These were proactive measures to 

manage signs of erosion and initial signs of ARD/ML generation on the exposed shale slopes. Mitigation and 

management controls were implemented in the LBDB area as discussed in Section 3.4. The exposed PAG slopes 

are temporary and PAG exposures are planned to be fully inundated by the reservoir filling when further flooding of 

the Peace River occurs, forecasted in the August of 2024. 

The LB Pond station is the only station that has had consistent sample collection monthly during 2023. The other 

sampling stations are generally dry except after heavy rainfall events. No sampling of the armor ditches and laydown 

drainage occurred in 2023 due to dry or frozen conditions. 

At LB Pond, in six sampling events between April to September 2023 there were BCAWQG-FST exceedances 

measured for total iron (1), dissolved iron (1), dissolved aluminum (1) and total manganese (1) in the month of 

September 2023. No BCAWQG-FST exceedances were measured in the months of April to August 2023 at LB 

Pond. Water is not commonly observed to discharge from the LB Pond, but if it does it passes through a limestone 

lined water management ditch system. 
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The LBDB ditches are designed to drain to sufficiently sized sumps to retain water from the ditches should there be 

increased water inputs such as rainfall events, which did not occur in 2023. Field samplers confirmed that there 

was no direct discharge to the Peace River in 2023, and that the sampled ditches were dry or frozen in 2023. 

Recommendations for LBDB Water Quality Monitoring 

BC Hydro should continue to monitor water quality on a monthly frequency to monitor future construction related 

activities in and around the catchment area. The exposed PAG slopes should continue to be monitored for evidence 

of ARD/ML processes including precipitate formation and oxidation staining until it is inundated by the reservoir.  

LB Pond is the only location within the area that has been consistently available for sampling. Limited surface flow 

is observed in this area, and the only time that the sample stations in the LBDB area can be sampled, except for 

the LB Pond location, is immediately following significant precipitation. Field sampling staff are instructed to sample 

these locations outside of regular monitoring events, if possible, when high rainfall is observed. 

7.0 CLOSURE 

We trust this document meets your present requirements. If you have any questions or comments, please contact 

the undersigned.  

 

Respectfully submitted,   

Tetra Tech Canada Inc.    

 
 
 
 
 
 
 

FILE: 704-ENG.VMIN03021-06 
FILE: 704-ENG.VMIN03021-06 
FILE: 704-ENG.VMIN03021-06 

  
 

FILE: 704-ENG.VMIN03021-06 
FILE: 704-ENG.VMIN03021-06 
FILE: 704-ENG.VMIN03021-06 
FILE: 704-ENG.VMIN03021-06 
FILE: 704-ENG.VMIN03021-06 
FILE: 704-ENG.VMIN03021-06 
FILE: 704-ENG.VMIN03021-06 
FILE: 704-ENG.VMIN03021-06 

Prepared by: 
Erica Massey, M.Sc., P.Geo. 
Geoscientist 
Mining Practice  
Direct Line: 250.862.4832 
erica.massey@tetratech.com 
 

 Reviewed by: 
Lara Reggin, P.Geo. 
Principal Consultant 
Mining Practice 
Direct Line: 604.608.8631 
lara.reggin@tetratech.com 
 

 
/bi 
  



WATER QUALITY MONITORING 2023 ANNUAL REPORT 

FILE: 704-ENG.VMIN03021-06 | MARCH 27, 2024 | ISSUED FOR USE 

 

 

 28 

 
 
RPT-Annual_WQ_Report_2023_IFU.docx 

REFERENCES 

Bai, Z., Dong, Y., Wang, Z and Zhu, T. (2006). Emission of ammonia from indoor concrete wall and assessment 

of human exposure. Environment International. 32(3):303-11. DOI: 10.1016/j.envint.2005.06.002. 

BC Hydro (2023). Construction Environmental Management Plan, Site C Clean Energy Project, Section 5.2.1.7 

Revision 5.0 (February 19, 2019), Revision 5.1 (April 19, 2019), Revision 6.0 (July 15, 2019), and 

Revision 6.1 (December 12, 2019), Revision 7 (September 4, 2020), Revision 8 (June 21, 2021), 

Revision 10 (March 9, 2022). Revision 11 (October 10, 2022), Revision 12 (October 23, 2023), Appendix 

E (Rev.6.1). 

BC Hydro (2022). Site C Meteorological and Air Quality Stations. Retrieved: https://envistaweb.env.gov.bc.ca 

BC Ministry of Energy and Mines (1998). Policy for Metal Leaching and Acid Rock Drainage at Mine sites in 

British Columbia. July 1998. 

BC Ministry of Environment, BC MoE (2013). B.C. Field Sampling Manual: 2013 – For Continuous Monitoring and 

the Collection of Air, Air-Emission, Water, Wastewater, Soil, Sediment and Biological Samples. 

BC Ministry of Environment, BC MoE (2013). B.C. Field Sampling Manual, Part E Water and Wastewater 

Sampling. Accessed: https://www2.gov.bc.ca/gov/content/environment/research-monitoring-

reporting/monitoring/laboratory-standards-quality-assurance/bc-field-sampling-manual 

BC Ministry of Environment, BC MoE (2021) BC Approved Water Quality Guidelines: Aquatic Life, Wildlife & 

Agriculture Summary Report. Water Protection & Sustainability Branch. Clark, M.J.R., editor (2003) British 

Columbia Field Sampling Manual. Water, Air and Climate Change Branch, Ministry of Water, Land and Air 

Protection, Victoria, BC, Canada. 312pp. 

BC Ministry of Environment, BC MoE (2023) BC Approved Water Quality Guidelines: Aquatic Life, Wildlife & 

Agriculture Summary Report. Water Protection & Sustainability Branch. Clark, M.J.R., editor (2003) British 

Columbia Field Sampling Manual. Water, Air and Climate Change Branch, Ministry of Water, Land and Air 

Protection, Victoria, BC, Canada. 312pp. 

BC Biotic Ligand Model software provided by the BC Ministry of Environment and Climate Change Strategy Water 

Protection & Sustainability Branch (BC MoE). 

Ecofish Research Ltd. (2022). PAG Contact RSEM Pond Monitoring: Peace River Surface Water Quality and 

Pond Toxicity 2021 Annual Report. March 10, 2022. 

EcoFish Research Ltd. (2023a). PAG Contact RSEM Pond Monitoring: Peace River Surface Water Quality and 

Pond Toxicity 2022 Annual Report. 

EcoFish Research Ltd. (2024a). PAG Contact RSEM Pond Monitoring: Peace River Surface Water Quality and 

Pond Toxicity 2023 Annual Report. 

EcoFish (2024b) PAM 2023 Data for Tetra Tech. Reviewed January 30, 2024. 

Hemmera Envirochem Inc. and BGC Engineering Inc. (2012) Environmental Impact Statement, Site C Clean 

Energy Project, Volume 2, Appendix F, Groundwater Regime Technical Data Report, document number 

06-105, December 2012. 

Klohn Crippen Berger Ltd. and SNC-Lavalin Inc. (2015) Site C Clean Energy Project: Implementation design 

geochemical characterization status at the end of 2014. 

Lorax Environmental Services (2024). Site C Clean Energy Project Acid Rock Drainage and Metal Leachate 

Management 2023 Annual Report. 

Price, W.A. 2009. MEND Report 1.20.1: Prediction Manual for Drainage Chemistry from Sulphidic Geologic 

Materials.  

Tetra Tech (2018) Site C Clean Energy Project Water Quality Monitoring for River Road, South Bank Initial 

Access Road and L3 Creek 2017 Annual Report. IFU March 15, 2018. 



 WATER QUALITY MONITORING 2023 ANNUAL REPORT 

 FILE: 704-ENG.VMIN03021-06 | MARCH 27, 2024 | ISSUED FOR USE 

 

 

 29 

 
 
RPT-Annual_WQ_Report_2023_IFU.docx 

Tetra Tech (2019) Site C Clean Energy Project Water Quality Monitoring for River Road, South Bank Initial 

Access Road, and L3 Creek 2018 Annual Report. IFU March 15, 2019. 

Tetra Tech (2020) Site C Clean Energy Project Water Quality Monitoring for River Road, South Bank Initial 

Access Road, and L3 Creek 2019 Annual Report. IFU March 31, 2020. 

Tetra Tech (2021) Site C Clean Energy Project Water Quality Monitoring for River Road, South Bank Initial 

Access Road, L3 Creek, Left Bank Debris Boom and L2 Powerhouse 2020 Annual Report. IFU March 4, 

2021. 

Tetra Tech (2022) Site C Clean Energy Project Water Quality Monitoring for River Road, South Bank Initial 

Access Road, L3 Creek, BC Hydro Left Bank Debris Boom and L2 Powerhouse 2021 Annual Report. IFU 

March 30, 2022. 

Tetra Tech (2023) Site C Clean Energy Project Water Quality Monitoring for River Road, South Bank Initial 

Access Road, BC Hydro Left Bank Debris Boom and L2 Powerhouse 2022 Annual Report. IFU March 28, 

2023.



 WATER QUALITY MONITORING 2023 ANNUAL REPORT 

 FILE: 704-ENG.VMIN03021-06 | MARCH 27, 2024 | ISSUED FOR USE 

 

  
 
 
RPT-Annual_WQ_Report_2023_IFU.docx 

FIGURES 
 

Figure 1 River Road Monitoring Locations (LB) 

Figure 2 SBIAR and L2 Powerhouse Monitoring Locations (RB) 

Figure 3 LBDB Monitoring Locations (LB) 

Figure 4 BC Hydro – Site C Meteorological and Air Quality Stations 

Figure 5 Turbidity and TSS Measured in the Peace River 

RIVER ROAD (Fig 6-17) 

Figure 6 pH at RR Locations 

Figure 7 Total Alkalinity at RR Locations 

Figure 8 Acidity at RR Locations 

Figure 9 Sulphate at RR Locations 

Figure 10 a) TDS and b) TSS at RR Locations 

Figure 11 a) Total and b) Dissolved Aluminum at RR Locations 

Figure 12 b) Total and b) Dissolved Iron at RR Locations 

Figure 13 Total Arsenic at RR Locations 

Figure 14 Dissolved Cadmium at RR Locations 

Figure 15 Total Cobalt at RR Locations 

Figure 16 Dissolved Copper at RR Locations 

Figure 17 a) Total and b) Dissolved Zinc at RR Locations 

RBSBIAR (Fig 18-31) 

Figure 18 pH at RBSBIAR Locations 

Figure 19 Total Alkalinity at RBSBIAR Locations 

Figure 20 Acidity at RBSBIAR Locations 

Figure 21 Sulphate at RBSBIAR Locations 

Figure 22 a) TDS and b) TSS at RBSBIAR Locations 

Figure 23 a) Total and b) Dissolved Aluminum at RBSBIAR Locations 

Figure 24 a) Total and b) Dissolved Iron at RBSBIAR Locations 

Figure 25 Total Arsenic at RBSBIAR Locations 

Figure 26 Dissolved Cadmium at RBSBIAR Locations 

Figure 27 Total Cobalt at RBSBIAR Locations 

Figure 28 Dissolved Copper at RBSBIAR Locations 

Figure 29 a) Total and b) Dissolved Zinc at RBSBIAR Locations 

Figure 30 a) RBSBIAR West Ditch and b) RBSBIAR East Ditch Upstream vs. Downstream Total Zinc 

Figure 31 Ammonia at RBSBIAR Locations 

  



 WATER QUALITY MONITORING 2023 ANNUAL REPORT 

 FILE: 704-ENG.VMIN03021-06 | MARCH 27, 2024 | ISSUED FOR USE 

 

 

  
 
 
RPT-Annual_WQ_Report_2023_IFU.docx 

L2 Powerhouse (Fig 32-45) 

Figure 32 pH at L2 Powerhouse Locations 

Figure 33 Total Alkalinity at L2 Powerhouse Locations 

Figure 34 Acidity at L2 Powerhouse Locations 

Figure 35 Sulphate at L2 Powerhouse Locations 

Figure 36 a) TDS and b) TSS at L2 Powerhouse Locations 

Figure 37 a) Total and b) Dissolved Aluminum at L2 Powerhouse Locations 

Figure 38 a) Total and b) Dissolved Iron at L2 Powerhouse Locations 

Figure 39 Total Arsenic at L2 Powerhouse Locations 

Figure 40 Dissolved Cadmium at L2 Powerhouse Locations 

Figure 41 Total Cobalt at L2 Powerhouse Locations 

Figure 42 Dissolved Copper at L2 Powerhouse Locations 

Figure 43 a) Total and b) Dissolved Zinc at L2 Powerhouse Locations 

Figure 44 a) Total and b) Dissolved Selenium at L2 Powerhouse Locations 

Figure 45 Ammonia at L2 Powerhouse Locations 

BC Hydro Left Bank Debris Boom (Fig 46-57) 

Figure 46 pH at LBDB Locations 

Figure 47 Total Alkalinity at LBDB Locations 

Figure 48 Acidity at LBDB Locations 

Figure 49 Sulphate at LBDB Locations 

Figure 50 a) TDS and b) TSS at LBDB Locations 

Figure 51 a) Total and b) Dissolved Aluminum at LBDB Locations 

Figure 52 a) Total and b) Dissolved Iron at LBDB Locations 

Figure 53 Total Arsenic at LBDB Locations 

Figure 54 Dissolved Cadmium at LBDB Locations 

Figure 55 Total Cobalt at LBDB Locations 

Figure 56 Dissolved Copper at LBDB Locations 

Figure 57 a) Total and b) Dissolved Zinc at LBDB Locations 

 



G:
\EN

GI
NE

ER
IN

G\
VM

IN
\V

MI
N0

30
21

-06
\M

ap
s\A

nn
ua

lR
ep

ort
_2

02
3\V

MI
N0

30
21

-06
_F

ig0
1_

Wa
ter

Sa
mp

les
LB

RR
.m

xd
 m

od
ifie

d 1
/31

/20
24

 by
 St

ep
ha

nie
.Le

us
ink

OFFICE

PROJECT NO.DATE

FILE NO.

PROJECTION

DWN

DATUM

CKD REVAPVD

CLIENT

Figure 1

ISSUED FOR USE

!

!

!

E

E

E

E

E

E

E

E

E

E

E

Riv
er

Ro
ad

L3 Creek

North Bank Road

"

Upper Cut-off Ditch

"Lower Chimney Ditch

Howe Pit
Bedrock

"

Upper Chimney Ditch

Blind
Corner

Outcrop

Peace River Side Channel

Peace River

"

River Road Ditch
Diversion Pipe

RR-10

RR-12

RR-11

RR-9

RR-8

LBRR-DD

LBRR-LC

LBRR-UC

LBRR-EDP

LBRR-RR9

LBRR-RR8

LBRR-12+920

LBRR-12+810

LBRR-12+700

LBRR-12+600

LBRR-12+500

632200

632200

632300

632300

632400

632400

632500

632500

632600

632600

632700

632700

632800

632800

632900

632900

633000

633000

633100

633100

633200

63320062
29

60
0

62
29

60
0

62
29

70
0

62
29

70
0

62
29

80
0

62
29

80
0

62
29

90
0

62
29

90
0

62
30

00
0

62
30

00
0

62
30

10
0

62
30

10
0

62
30

20
0

62
30

20
0

62
30

30
0

62
30

30
0

62
30

40
0

62
30

40
0©

SITE C WATER QUALITY MONITORING
2023 ANNUAL REPORT

Left Bank - River Road

NAD83UTM Zone 10

Tt-VANC SL

ENG.VMIN03021-06January 31, 2024

LEGEND
E Water Sample (Insitu Testing Only)

E
Water Sample (Insitu Testing & External Lab
Testing)

! Discharge Location
Culvert
Ditch
Ditch Diversion
Howe Pit
Blind Corner Outcrop
Site C Project Boundary

NOTES
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Imagery provided by Google; Maxar (May 2023).
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SITE C WATER QUALITY MONITORING
2023 ANNUAL REPORT
Site C Meteorological

and Air Quality Stations
NAD83UTM Zone 10

Tt-VANC SL

ENG.VMIN03021-06January 30, 2024

LEGEND
Station Type

##* Meteorological Only - used for Temperature and
Precipitation data

#* Meteorological Only
") Air Quality Only
!( Meteorological and Air Quality
!( Environment Canada Meteorological Station

Base Features
!. City/District Municipality

Highway
Main Road
Local Road
Resource/Recreational Road
Railway
Residential Area
Contour (100 m)
Watercourse
Waterbody

Ä Ä

Ä Ä
Ä Ä Wetland

Wooded Area

NOTES
Station locations provided by BC Hydro and RWDI (September 2017).
Base data source: CanVec 1:250,000.

5 0 52.5

Kilometres

YL 0

Scale: 1:250,000

STATUS

EM

VMIN03021-06_Fig04_BCH_ClimateStations.mxd

Station 
Number Station Name Easting (m) Northing (m)

1 Attachie Flat Upper Terrace 597998 6232920
3 Attachie Plateau 595065 6233032
4 Bear Flat 610671 6238140
6 Farrell Creek 580787 6220239
7B Site C North Camp 630127 6230625
7C Site C North Camp/PRHP 630211 6230677
8 Old Fort 634890 6230532
9 85th Avenue 633033 6233949
10 Tea Creek 626800 6234314
11 Taylor 639207 6226964
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Fig 5_Turbidity TSS Peace River_2023.docx 

 
Figure 5:  Turbidity and TSS Measured in the Peace River 

 

 
 

*Average turbidity and TSS across the Peace River include both left bank and right bank. 
  

EcoFish Disclaimer: TSS:turbidity relationship used was the same all year. Note, these relationships are specific to 

a particular make/model of sensor. Please exercise caution if relationship applied to any data collected. 
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Fig 6-17_Trend_RR_2023.docx 

Figure 6:  pH at River Road Locations 

 

 
 
 
 

Figure 7:  Total Alkalinity at River Road Locations 
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Fig 6-17_Trend_RR_2023.docx 

Figure 8:  Acidity at River Road Locations 

 

 
 
 
 

Figure 9:  Sulphate at River Road Locations 

 

 
 
 
 
 
 
 
 
 



 WATER QUALITY MONITORING 2023 ANNUAL REPORT 

 FILE: 704-ENG.VMIN03021-06 | MARCH 2024 | ISSUED FOR USE 

 

 

  
 
 
Fig 6-17_Trend_RR_2023.docx 

Figure 10a:  Total Dissolved Solids (TDS) at River Road Locations 

 

 
 
 
 

Figure 10b:  Total Suspended Solids (TSS) at River Road Locations 
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Figure 11a:  Total Aluminum at River Road Locations 

 

 
 
 
 

Figure 11b:  Dissolved Aluminum at River Road Locations 
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Figure 12a:  Total Iron at River Road Locations 

 

 
 
 
 

Figure 12b:  Dissolved Iron at River Road Locations 
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Figure 13:  Total Arsenic at River Road Locations 

 

 
 
 
 

Figure 14:  Dissolved Cadmium at River Road Locations 
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PHOTOGRAPHS 
 

Photo 1 River Road LBRR-UC location, September 28, 2023. 

Photo 2 River Road LBRR-LC location, May 19, 2023. 

Photo 3 River Road LBRR-920 location, May 19, 2023. 

Photo 4 River Road LBRR-DD location, discharge area, May 19, 2023. 

Photo 5 River Road LBRR-EDP location looking upstream, May 19, 2023. 

Photo 6 River Road LBRR-EDP location looking downstream, May 19, 2023. 

Photo 7 River Road RR8 inlet location, May 19, 2023. 

Photo 8 River Road RR8 outlet location, May 19, 2023. 

Photo 9 RBSBIAR-US upstream west ditch, looking upstream, September 28, 2023. 

Photo 10 RBSBIAR-US upstream west ditch, looking downstream, September 28, 2023. 

Photo 11 RBSBIAR-DS downstream west ditch looking upstream, September 28, 2023. 

Photo 12 RBSBIAR-DS downstream west ditch looking downstream, September 28, 2023. 

Photo 13 RBSBIAR-EUS upstream east ditch, looking upstream, September 28, 2023. 

Photo 14 RBSBIAR-EUS upstream east ditch, looking downstream, September 28, 2023. 

Photo 15 RBSBIAR-EDS downstream east ditch, September 28, 2023. 

Photo 16 RBSBIAR-EDS downstream east ditch, looking upstream, September 28, 2023. 

Photo 17 L2-US location, March 29, 2023. 

Photo 18 L2-DS location, March 29, 2023. 

Photo 19 L2-US and L2-DS location, March 29, 2023. 

Photo 20 LB Pond location, September 28, 2023. 

Photo 21 LBDB-EUS location, looking upstream, September 28, 2023. 

Photo 22 LBDB-EUS location, looking downstream, September 28, 2023. 

Photo 23 LBDB-EDS location, looking upstream, September 28, 2023. 

Photo 24 LBDB-EDS location, looking downstream, September 28, 2023. 

Photo 25 LBDB-LD-US location, May 19, 2023. 

Photo 26 LBDB-LD-MS location, May 19, 2023. 

Photo 27 LBDB-LD-DS location, September 28, 2023. 

Photo 28 LBDB-WDS and LBDB-EDS location, looking downstream, May 19, 2023. 

Photo 29 LBDB-WUS location, looking downstream, September 28, 2023. 

Photo 30 LBDB-WDS location, looking upstream, September 28, 2023. 
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APPENDIX A 
 

TETRA TECH’S LIMITATIONS ON THE USE OF THIS DOCUMENT 
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APPENDIX B 
 

SURFACE WATER ANALYTICAL LABORATORY RESULT TABLES 

B1 – 2023 Surface Water Laboratory Analytical Results from River Road Monitoring Locations Evaluated against 
the BCAWQG-FST Guidelines 

B2 – 2023 Surface Water Laboratory Analytical Results from SBIAR Monitoring Locations Evaluated against the 
BCAWQG-FST Guidelines 

B3 – 2023 Surface Water Laboratory Analytical Results from L2 Powerhouse Monitoring Locations Evaluated 
against the BCAWQG-FST Guidelines 

B4 – 2023 Surface Water Laboratory Analytical Results from Left Bank Debris Boom Monitoring Locations 
Evaluated against the BCAWQG-FST Guidelines 

 

 




