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3-1 

3. Surface Water Quality Monitoring 
3.1 Purpose and Objectives 

The purpose of the surface water quality monitoring program is to meet PRHP’s water 
quality monitoring requirements for PAG-contact water, which are stated in the BC Hydro 
and PRHP ARD/ML Management Plans. The specific objectives of the program are: 

• To verify water quality predictions; 

• To assess water quality within the construction site, including RSEM ponds and 
upgradient areas that affect them; 

• To guide water management and verify the effectiveness of sediment pond 
operation; and 

• To analyze water quality in PAG-containing RSEM sediment ponds that discharge 
to the Peace River, so as to assess compliance with end-of-pipe discharge limits. 

3.2 Monitoring Program and Results 

The PAG-contact water monitoring and compliance requirements are set out in Sections 
7.2, 7.3 and 7.4.2 of the BC Hydro ARD/ML Management Plan. Requirements for NPAG 
contact water are set out in CEMP Section 4.14 Surface Water Quality Management. This 
report addresses the surface water quality monitoring and reporting requirements noted in 
Section 7.2.2 (RSEM end of pipe water quality), 7.3.2 (PAG containing RSEM material 
and contact water monitoring), and 7.4.2 (Exceedance Response Plan). 

Other requirements are addressed separately. These include requirements related to toxicity 
(Sections 7.2.1 and 7.3.1 of the BC Hydro ARD/ML Management Plan), Peace River water 
quality downstream of each RSEM (7.2.3), and Peace River water quality monitoring 
(7.3.4). These requirements are addressed in other documents.  

The aspects of the monitoring program that are addressed in this report are: 

Continuous monitoring of discharge flow from each RSEM sediment control pond 
discharge pipe (Section 1.6); 

Continuous monitoring (15 minute intervals) of pH, turbidity and electrical conductivity 
using in situ sonde measurements of PAG-contact RSEM sediment control pond water 
quality, when discharging (Section 3.2.3.4); 

Daily field measurements and analytical water quality samples collected end of pipe from 
each PAG containing RSEM sediment control pond (Section 3.2.2 through Section 3.2.3); 
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3.2.3 Right Bank 

Water quality monitoring performed on the Right Bank in 2024 included several stations 
in Area 30, Area A, RSEM Area R6 catchment, and the Water Treatment Facilities.   

The 2024 station locations and monitoring frequencies are listed in Table 3-6 and  
Table 3-7, respectively. Monitoring locations are shown in Figure 3-1. Sampling and 
general water management within the catchment areas was conducted as follows: 

• Area 30 / Septimus Hill – samples were obtained from the sediment pond and 
sediment pond outlet and from the receiving Septimus Beaver Pond. 

• Area A – samples represent ponded groundwater intercepted in the eastern zones 
of Area A at the North Ditch. Ponded groundwater was discharged to the Peace 
River side channel.  

• Water Treatment Facilities – samples were collected from the pre-treatment pond 
and plant discharge. Treated effluent from the MWTF/WTP Sludge Pond was 
discharged to the RSEM Area R6 West sediment control pond. 

• RSEM Area R6 – samples of sediment control pond inflows were taken at the 
RSEM-R6-EP-US-SD. Samples were obtained daily from the RSEM R6 West 
sediment control pond EOP station (RSEM-R6W-EOP) when the pond was 
discharging.  

Table 3-6: 
Water Quality Monitoring Stations in 2024 (Right Bank) 

Station ID Easting Northing Description 
AREA 30 / SEPTIMUS BEAVER POND 
AREA-30-SP 631049 6225811 Area 30 sediment control pond, in-pond 
AREA-30-EOP 630980 6225761 Area 30 sediment control pond, end of pipe 

SEPTIMUS-
BEAVER-POND 

630916 6225818 Septimus Beaver Pond sample location 1 
630668 6225628 Septimus Beaver Pond sample location 4 
630737 6225465 Septimus Beaver Pond sample location 6 
631020 6225610 Septimus Beaver Pond sample location 8 

AREA A 
AREA-A-N-DITCH  631200 6228345 Ditch along the northern edge of Area A 
WATER TREATMENT FACILITIES 
MWTF-PAG-POND 629883 6229012 Collection pond for possible ARD influenced water  
MWTF-SLP-R6 629986 6229132 WTP sludge pond final treated effluent 
RSEM AREA R6 
RSEM R6E SEDIMENT CONTROL POND 
RSEM-R6-EP-US-SD 630423 6228930 Ditch along SBIAR Road upstream of culvert 
RSEM-R6E-SP 630250 6229153 RSEM R6 East sediment control pond, in-pond 
RSEM R6W SEDIMENT CONTROL POND 
RSEM-R6W-SP 630240 6229161 RSEM R6 West sediment control pond, in-pond 
RSEM-R6W-EOP 630273 6229219 RSEM R6 West pond, end of pipe 
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Analytical water quality data and field pH measurements for RSEM R6 East pond stations 
are summarized in Table 3-12 and trends in water quality are illustrated in Figure 3-12 
through Figure 3-21. The 2024 monitoring data indicate the RSEM R6 East sediment 
control pond water was circum-neutral to slightly alkaline, with sulphate concentrations up 
to 172 mg/L. The RSEM R6 East sediment control pond did not discharge in 2024.  

RSEM Area R6 West Catchment 

Results for RSEM R6 West sediment control pond stations are summarized in Table 3-12 
and water quality trends are illustrated in Figure 3-22 through Figure 3-31. The 2024 
monitoring data indicate that the RSEM R6 West sediment control pond water and EOP 
discharges were circum-neutral to slightly alkaline, with sulphate concentrations up to  
70 mg/L. All EOP analytical samples and in situ field measurements met RSEM EOP limits 
in 2024. 
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Table 3-12: 
RSEM R6 East and West Pond 2024 Annual Water Quality Summary 

Parameter Field 
pH 

Lab 
Conductivity 

Field 
Conductivity TSS Sulphate D-Al T-As D-Cd T-Co T-Cu T-Fe T-Mn T-Zn 

Units - µS/cm µS/cm mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 

RSEM EOP Limit1 6.0-9.0 - - WQG - 0.46 0.05 0.00186 0.55 0.0163 
10.3 (July-

March), 20.9 
(April-June) 

8.29 0.251 

RSEM-R6E-EP-
US-SD (n=2 lab, 

18 field) 

Max 8.4 1,540 4,200 1,390 885 6.96 0.0235 0.0180 0.291 0.281 56.9 3.46 2.88 

Min 3.6 620 557 703 249 0.114 0.0234 0.000318 0.0836 0.144 51.1 1.03 1.01 

Median 8.2 1,080 980 1,047 567 3.54 0.0235 0.00916 0.187 0.213 54.0 2.25 1.95 

RSEM-R6E-SP 
(n=16 lab, 56 

field) 

Max 8.9 964 1,290 18 172 0.0385 0.00088 0.000025 0.00249 0.0224 1.14 0.215 0.0498 

Min 7.5 100 95 <0.99 18 0.0033 0.00033 <0.00001 <0.0002 0.00077 0.022 0.0034 <0.005 

Median 8.2 503 558 2.4 79 0.0105 0.00047 0.000012 0.00043 0.00217 0.218 0.0382 0.0067 

RSEM-R6W-SP 
(n=1 lab, 1 field) Value 8.5 60 64 3.7 4.5 0.0148 0.00031 <0.00001 <0.0002 0.00342 0.158 0.0132 0.0314 

RSEM-R6W-EOP 
(n=77 lab, 111 

field) 

Max 8.5 425 4,020 21 70 0.156 0.00167 0.000020 0.00067 0.0125 0.870 0.0321 0.0213 

Min 7.4 221 230 <1.5 23 0.0132 0.00079 <0.00001 <0.0002 0.00090 0.049 0.0017 <0.005 

Median 8.0 313 368 5.5 29 0.0672 0.00101 0.000010 0.00020 0.00135 0.095 0.0068 0.0059 

Notes: TSS = Total suspended solids. 
WQG = BC water quality guideline for aquatic life.  The BC WQG for TSS is used as the discharge limit for PAG-containing RSEM pond EOP limits, per the CEMP, Appendix E Rev. 5.2, Section 7, 
Table 2, page 23. TSS guideline is dependent on background TSS readings in Peace River.  
1RSEM EOP Limit only applies to RSEM sediment control pond discharge (-EOP samples). Revised RSEM EOP Limits (Revision 10.1, dated April 6, 2022) are shown in the table. 
Water quality for station RSEM-R6W-EOP is screened against RSEM EOP limits. Gold italics indicate the result is elevated relative to the revised RSEM EOP Limit (Revision 10.1, dated April 6, 2022).  
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Figure 3-12: Time series profile for field pH in RSEM-R6 East compared to RSEM 
EOP Limits in 2024. EOP – End of Pipe; SP – Sediment Pond. 

 

 

Figure 3-13: Time series profile for total suspended solids (TSS) in RSEM-R6 East 
compared to RSEM EOP Limits in 2024. TSS is plotted on a 
logarithmic scale. EOP – End of Pipe; SP – Sediment Pond. 
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Figure 3-14: Concentrations of dissolved aluminum (Al) for RSEM-R6 East 
compared to RSEM EOP Limits in 2024. D-Al is plotted on a 
logarithmic scale. EOP – End of Pipe; SP – Sediment Pond; D – 
Dissolved Concentrations. 

 

 

Figure 3-15: Concentrations of total arsenic (As) for RSEM-R6 East compared to 
RSEM EOP Limits in 2024. T-As is plotted on a logarithmic scale. EOP 
– End of Pipe; SP – Sediment Pond; T – Total Concentrations. 
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Figure 3-16: Concentrations of dissolved cadmium (Cd) for RSEM-R6 East 
compared to RSEM EOP Limits in 2024. D-Cd is plotted on a 
logarithmic scale. EOP – End of Pipe; SP – Sediment Pond; D – 
Dissolved Concentrations.  

 

 

Figure 3-17: Concentrations of total cobalt (Co) for RSEM-R6 East compared to 

RSEM EOP Limits in 2024. T-Co is plotted on a logarithmic scale. EOP 

– End of Pipe; SP – Sediment Pond; T – Total Concentrations. 
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Figure 3-18: Concentrations of total copper (Cu) for RSEM-R6 East compared to 
RSEM EOP Limits in 2024. T-Cu is plotted on a logarithmic scale. EOP 
– End of Pipe; SP – Sediment Pond; T – Total Concentrations. 

 

 

Figure 3-19: Concentrations of total iron (Fe) for RSEM-R6 East compared to 
RSEM EOP Limits in 2024. T-Fe is plotted on a logarithmic scale. EOP 
– End of Pipe; SP – Sediment Pond; T – Total Concentrations. 
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Figure 3-20: Concentrations of total manganese (Mn) for RSEM-R6 East compared 
to RSEM EOP Limits in 2024. T-Mn is plotted on a logarithmic scale. 
EOP – End of Pipe; SP – Sediment Pond; T – Total Concentrations. 

 

 

Figure 3-21: Concentrations of total zinc (Zn) for RSEM-R6 East compared to 
RSEM EOP Limits in 2024. T-Zn is plotted on a logarithmic scale. EOP 
– End of Pipe; SP – Sediment Pond; T – Total Concentrations. 
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Figure 3-22: Time series profile for field pH in RSEM-R6 West compared to RSEM 
EOP Limits in 2024. EOP – End of Pipe; SP – Sediment Pond. 

 

 

Figure 3-23: Time series profile for total suspended solids (TSS) in RSEM-R6 West 
compared to RSEM EOP Limits in 2024. TSS is plotted on a 
logarithmic scale. EOP – End of Pipe; SP – Sediment Pond. 
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Figure 3-24: Concentrations of dissolved aluminum (Al) for RSEM-R6 West 
compared to RSEM EOP Limits in 2024. D-Al is plotted on a 
logarithmic scale. EOP – End of Pipe; SP – Sediment Pond; D – 
Dissolved Concentrations. 

 

 

Figure 3-25: Concentrations of total arsenic (As) for RSEM-R6 West compared to 
RSEM EOP Limits in 2024. T-As is plotted on a logarithmic scale. EOP 
– End of Pipe; SP – Sediment Pond; T – Total Concentrations. 
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Figure 3-26: Concentrations of dissolved cadmium (Cd) for RSEM-R6 West 
compared to RSEM EOP Limits in 2024. D-Cd is plotted on a 
logarithmic scale. EOP – End of Pipe; SP – Sediment Pond; D – 
Dissolved Concentrations.  

 

 

Figure 3-27: Concentrations of total cobalt (Co) for RSEM-R6 West compared to 

RSEM EOP Limits in 2024. T-Co is plotted on a logarithmic scale. EOP 

– End of Pipe; SP – Sediment Pond; T – Total Concentrations. 
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Figure 3-28: Concentrations of total copper (Cu) for RSEM-R6 West compared to 
RSEM EOP Limits in 2024. T-Cu is plotted on a logarithmic scale. EOP 
– End of Pipe; SP – Sediment Pond; T – Total Concentrations. 

 

 

Figure 3-29: Concentrations of total iron (Fe) for RSEM-R6 West compared to 
RSEM EOP Limits in 2024. T-Fe is plotted on a logarithmic scale. EOP 
– End of Pipe; SP – Sediment Pond; T – Total Concentrations. 

 

RSEM-R6W - T-Cu

01-Jan-24 01-Feb-24 01-Mar-24 01-Apr-24 01-May-24





SURFACE WATER QUALITY MONITORING  
ACID ROCK DRAINAGE AND METAL LEACHATE MANAGEMENT 2024 FINAL REPORT 3-34 

March 2025  A416-7  LORAX 

3.2.4 Quality Assurance and Quality Control 

A quality assurance / quality control (QA/QC) program has been developed and 
implemented for ARD/ML-related surface water quality monitoring for PRHP’s Main 
Civil Works contract. It is intended to validate monitoring data and to identify potential 
deficiencies of the monitoring program.  

QA/QC practices are conducted at various stages of sample collection through to analytical 
testing. Validated-clean sample bottles and preservatives are received from the analytical 
laboratory, and are stored in a controlled, clean environment prior to use. Calibration of 
field equipment (i.e., hand-held and continuous data loggers) is regularly conducted using 
fresh calibration standards to ensure accurate in situ field readings.  

Collection of field quality control (QC) samples including field blanks allows for 
evaluation of potential contamination from the sample collection method, handling, 
filtration, preservation and exposure to the environment. Additionally, field duplicates are 
collected as independent samples to characterize environmental variability and the 
precision of the entire sampling and analytical process. The field QA/QC program is 
described in Appendix 3-E and indicates that the general industry practice for field QC 
samples (e.g., field blanks and duplicates) is that they constitute 10% of the samples 
collected (i.e., one field QC sample per ten monitoring samples). However, the actual field 
QC frequency may vary due to the quantity of monitoring samples included with each 
sampling event or other considerations (BC ENV, 2013). 

For 2024, a total of 30 QC samples were obtained (15 blanks and 15 duplicates) and 193 
monitoring samples were collected as part of the PRHP ARD water quality monitoring 
program. QC samples therefore represented approximately 16% of the monitoring samples 
collected, indicating that the 2024 field QC program was implemented consistent to the 
general industry practice.  

During 2024, water quality samples were submitted to the BV depot in Fort St. John and 
were tested at the BV laboratories in Burnaby and Calgary. Both lab locations are listed as 
qualified laboratories under the British Columbia Environmental Data Quality Assurance 
Regulation (EDQA). The BV labs use test methods accredited to the ISO 17025 standard 
for testing and calibration laboratories by the Standards Council of Canada (SCC). The 
Scope of Accreditation for the Burnaby and Calgary laboratories are included in Appendix 
3-F and Appendix 3-G.  

Once samples are submitted to BV laboratories, internal laboratory QC procedures are 
performed, which include analysis of method blanks, blank spikes, matrix spikes, reference 
standards and method duplicates at a minimum frequency for each analytical batch  
(i.e.,1 in 20 samples; Appendix 2-A). Results from these QC samples are not discussed in 
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this report; however, the data quality objectives for laboratory QC samples outlined in 
Appendix 2-A need to be met by the analytical laboratory before a final report is issued. 

Laboratory reporting involves screening of water quality data against RSEM EOP limits 
and discharge exceedances to flag results where applicable. This approach has been useful 
to ensure rapid detection of potential exceedances in site or discharged water, and to trigger 
root cause investigation and regulatory notification processes. 

A secondary data import screening system is applied on a weekly basis when laboratory 
data are transferred by Lorax into an EQWIN database. The following QC flags are 
included in the data transfer files, which are imported into the EQWIN database:  

• Dissolved metals measurably higher than totals; 

• Nitrite higher than nitrate;  

• Calculated charge balance greater than 10%; 

• Hold time exceedances; and  

• Raised detection limits. 

The occurrence of any of these flags prompts further action for closer review of the results 
or reanalysis of the samples. The EQWIN database is updated with all laboratory revisions 
to previously reported data, if data revisions are issued by BV. 

As an additional quality control evaluation for field parameters, in situ field measurements 
collected by hand-held instrumentation and continuous in-pond data loggers are compared 
to corresponding laboratory analytical data on a weekly and quarterly basis.  

The following sections include an evaluation of sample receipt temperatures, detection 
limits and hold time exceedances, and results for field blanks, field duplicates, total versus 
dissolved metals, in situ field measurements and in situ continuous in-pond measurements.  

3.2.4.1 Sample Receipt Temperature Monitoring 

Sample temperature is one of the factors which influence the stability of parameters to be 
tested, particularly for parameters for which chemical preservation is not possible. 
Therefore, environmental staff collect and store samples in coolers with icepacks and 
submit samples to the BV service depot in Fort St. John on the same day they are collected. 
The BV depot is open during regular business hours (Monday to Friday) and also offers a 
24-hour secure drop-off service. The depot is an extension of the respective laboratories 
and assume custody of the samples upon receipt. After-hour sample submissions are 
processed (i.e., received) on the next business day. Sample temperature is measured upon 
receipt and the BV depot ensures received samples are stored in accordance with the 
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temperature requirements set out by BC ENV (2013, 2020). For parameters included in the 
ARD water quality monitoring program, the optimal sample temperature range during 
shipping and upon receipt is between 0 to 10 °C, with the exception of total and dissolved 
metals which do not have a specified temperature requirement (BC ENV; 2013, 2020). 

Review of the sample submission records indicate samples were appropriately packaged 
for submission to the laboratory and that icepacks were used for cooling in all submissions. 
Throughout 2024, 113 sample submissions were made to the BV service depot. Of these 
submissions, 104 (92%) met the sample temperature requirements and 9 (8%) were 
received with package(s) showing sample temperatures outside the optimal range. For the 
majority of instances where sample receipt temperatures were >10°C, temperatures were 
comparable to or lower than the temperature recorded during sample collection, and 
additionally, samples were received at the BV depot on the same day as sample collection.  

Overall, the records indicate appropriate sample shipment protocols were followed, and 
therefore sample integrity is not considered to have been compromised between sample 
collection and receipt by the laboratory. 

3.2.4.2 Detection Limit Screening 

For this QC evaluation, the detection limits for reported results are compared to the 
standard detection limits issued by the BV lab. Detection limits are increased, for example, 
when a sample is diluted prior to analysis to eliminate interferences or to reduce a 
parameter concentration to within the instrument working range. The QA/QC evaluation 
included (1) an assessment of the frequency for raised detection limits in 2024 samples; 
and (2) screening to determine which parameters are most influenced by this occurrence.  

Parameters exhibiting changes in detection limits are summarized in Table 3-13. Detection 
limits were most frequently increased for sulphate (9.8% of samples). Reported 
concentrations of sulphate were above detection limit values in all samples. Detection 
limits were raised in less than 5% of samples for all other water quality parameters. For the 
2024 period, there were no parameters for which a non-detect result with a raised detection 
limit exceeded the RSEM EOP discharge limits. Changes in detection limits were overall 
not found to influence the analysis of non-detect results.  

  



SURFACE WATER QUALITY MONITORING  
ACID ROCK DRAINAGE AND METAL LEACHATE MANAGEMENT 2024 FINAL REPORT 3-37 

March 2025  A416-7  LORAX 

Table 3-13: 
Number and Percentage of Samples Showing Raised Detection Limits per 

Parameter in 2024 

Parameter or 
Grouping of 
Parameters 

Number of Samples with 
Raised Detection 
Limits/Parameter 

Total Number of 
Samples/ 

Parameter 

% Samples with Raised 
Detection Limits 

TSS 7 221 3.2% 
Bromide 4 183 2.2% 
Sulphate 18 183 9.8% 
DOC 4 183 2.2% 
TOC 4 183 2.2% 
Ammonia 1 183 0.55% 
Nitrite/Nitrate 5 183 2.7% 
Nitrate 5 183 2.7% 
Dissolved Metals* 7 183 3.8% 
Total Metals* 8 183 4.4% 

Notes: * Median counts are presented for the total and dissolved metals suite.  

3.2.4.3 Hold Time Exceedances 

PRHP makes every effort to have samples delivered to BV within recommended hold 
times, and in 2024 all samples met this criterion with one exception. Once delivered to the 
BV service depot, samples enter a queue for processing and analysis, and are sometimes 
analyzed outside of recommended hold times (e.g., usually by one to four days). For 2024, 
the parameters most commonly analyzed by the laboratory outside the recommended hold 
times were TDS (18 samples), TSS (25 samples), turbidity (9 samples), nitrite  
(18 samples), nitrate (12 samples), nitrite-nitrate (18 samples), and orthophosphate  
(7 samples). Analysis of these parameters exceeded the respective hold times by an average 
of 1 to 4 days, which does not mean that the sample is compromised, but may increase the 
uncertainty of sample results.  

Field measurement of pH is required within 15 minutes of sample collection (BC ENV, 
2020). Analytical laboratory measurements of pH do not meet this requirement due to 
shipping constraints; therefore, analytical measurements are used for reference only. Field 
pH measurements are considered to best represent pH of the water at the time of sampling. 
Comparison of analytical and field pH measurements indicates analytical measurements 
are often biased low relative to the field values. It is speculated this may be due to carbon 
dioxide dissolution during transport and handing at the lab, which would reduce pH 
measured at the laboratory relative to the corresponding field measurement. 
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3.2.4.4 Field Blanks 

A total of 15 field blanks were collected as part of the 2024 surface water quality 
monitoring program (Appendix 3-D). These data indicate good overall contamination 
control, with the majority of parameter values (>98%, not including pH, which is always 
detectable) in blank samples falling below the laboratory reported detection limit (RDL). 
In total, three parameter values out of the 1,380 measured (i.e., 0.22%) were greater than 
the data quality objective (DQO) of 2-times the RDL. Parameters which showed 
concentrations above the DQO include bicarbonate and dissolved and total Hg. This 
anomaly may result from contributions associated with sampling supplies (e.g., deionized 
water used for blanks, laboratory bottles, preservation reagents, gloves), the sampling 
procedure, sources from transportation and storage, or from sources at the laboratory. In 
general, these measurements do not alter the interpretation of environmental monitoring 
data and suggest good control of potential contamination sources to the water samples. 

3.2.4.5 Field Duplicates 

A total of 15 field duplicates were collected as part of the 2024 surface water quality 
sampling program (Appendix 3-C). Water quality results were generally similar between 
the majority of field duplicates. Table 3-14 shows the number of duplicates containing 
parameters with relative percent difference (RPD) values greater than the acceptability 
criteria of 20% and 50% (calculated only if the reported parameter value was greater than 
five-times the RDL in at least one of the sample duplicates). Approximately 2% of analyte 
pairs showed RPDs greater than 20%. Importantly, large variability is infrequent with less 
than 0.1% duplicate pairs exceeding the 50% RPD objective. 

Parameters which showed multiple instances of RPDs greater than 20% include ammonia, 
and total Al, Fe, Mg, Mn and Na. No duplicate pairs showed RPD values greater than 50% 
for parameters for which RSEM EOP discharge limits are approved (pH; TSS; dissolved 
Al and Cd; total As, Co, Cu, Fe, Mn and Zn), (Table 3-14 and Table 3-15).  

Discrepancies between monitoring and duplicate samples overall reflect sample variability 
over the course of the monitoring program and likely reflect the non-homogeneous 
distribution of TSS. Variability may also be introduced by contamination (as previously 
noted in field blanks) and imprecision in laboratory measurements. The RPD results 
indicate that the monitoring data generally met the field duplicate precision objectives for 
all parameters, and any measured variability is not expected to alter the interpretation of 
the water quality results. 
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Table 3-14: 
Comparison of 2024 Duplicate RPDs Greater than DQO by Parameter 

Parameter RPDs >20% RPDs >50% 
Turbidity 1 - 

TSS 1 - 
T-Hardness 1 - 

N-NH3 5 1 
N-NO3 1 - 

N-NO2_NO3 1 - 
D-Al 1 - 
D-Cu 1 - 
T-Al 3 - 
T-Ca 1 - 
T-Fe 4 - 
T-K 1 - 

T-Mg 2 - 
T-Mn 2 - 
T-Na 2 - 
T-S 1 - 
T-U 1 - 

Notes: RPD- Relative Percent Difference 

Table 3-15: 
Summary of Field Duplicate RPDs Greater than 50% 

Station  
Code 

Collection 
Date 

Lab ID 
(Sample) 

Lab ID 
(Duplicate) Parameter Units 

Concentration 
RPD % 

RDL Sample Duplicate 

RSEM-
R6W-SP 24-Mar-24 CLG644 CLG645 N-NH3 mg/L 0.015 0.027 0.138 135 

Notes: RDL- Reported Detection Limit; RPD- Relative Percent Difference 

3.2.4.6 Total versus Dissolved Metals 

Dissolved and total metal pairs are evaluated for possible contamination that may occur 
during the filtration process. Samples for total metals analysis are field-acidified and 
undergo acid digestion at the lab, while dissolved metal samples are lab-filtered prior to 
acidification. By definition, total metals analysis account for all dissolved and particulate-
bound metals present in a sample; therefore, a dissolved metal concentration should not 
exceed the corresponding total metal concentration. In practice, due to measurement error, 
dissolved metal concentrations are occasionally reported as higher than total metal 
concentrations; therefore, the field duplicate DQOs of 120% and 150% are applied to flag 
outlier and suspect data points, respectively. 
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Out of 5,425 total and dissolved parameter pairs compared in the 2024 dataset,  
four dissolved metal values (for Cu, K, Se, and Sr), representing <0.1% of the paired 
measurements, were more that 120% greater than the corresponding total metal 
concentrations. There were no samples with dissolved parameter values greater than 150% 
of the total metal concentration. Instances of dissolved concentrations exceeding total 
values were indeed rare and did not influence the interpretation of results.  

3.2.4.7 In Situ Field Measurements 

In situ field measurements are typically collected with hand-held probes at the same 
location and time during which an analytical sample is collected (Appendix-3-B). These 
measurements are valuable for capturing the general chemistry of site water without 
potential artifacts that can be introduced during collection and transport of samples to the 
lab (e.g. CO2 dissolution in the case of pH). In 2019, it was confirmed that in situ field pH 
values at EOP would be used to evaluate pH compliance with the RSEM EOP limit in order 
to meet the 15-minute hold time for analytical pH measurements. 

Comparison of in situ field data to laboratory analytical results collected during the same 
time period serves as an independent check of field measurements. An in situ field value 
that is measurably different than the analytical value may be indicative of variability due 
to specific environmental conditions that occur during the in situ field measurement, 
technical error with the hand-held logger, or potentially chemical changes that occur 
following sample collection.  

With the exception of pH, in situ field data are generally consistent with corresponding 
analytical measurements. In Table 3-16, a positive median difference suggests that field 
measurements tended to be biased higher than analytical results, while a negative median 
difference suggests field measurements tended to be biased lower. The results indicate that 
pH and conductivity mostly showed a positive bias for field measurements relative to 
analytical results. By comparison, turbidity values show that field measurements tended to 
be biased lower relative to analytical results across RSEM locations (Figure 3-32).  

In 2024, in situ field pH measurements at the sediment ponds were elevated by 0.75 to  
1.6 units above analytical pH measurements (Table 3-16). This is consistent with the 
increased dissolution of CO2 and a subsequent decrease in sample pH observed in 
laboratory samples (relative to field pH) as a result of exposure to aerated conditions in a 
sample bottle prior to taking an analytical reading in the lab. This finding shows that in situ 
field measurements are particularly meaningful for evaluating pH compliance in alkaline 
waters, as an analytical laboratory reading taken hours or days following sample collection 
might not capture an exceedance event.  
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Median in situ field conductivity and turbidity values show a relative percent difference of 
up to 17% and 19% relative to their respective analytical measurements in the RSEM 
ponds. Turbidity measurements are generally more prone to variability. Differences 
between in situ field measurements and analytical test results may be attributed to 
variability in suspended solid characteristics within the sample and differences in the 
analytical instrumentation used for testing. Overall, field and lab turbidity values are 
generally comparable indicating that the field turbidity measurements are suitable for 
informing TSS management decisions. 

Table 3-16: 
Comparison of 2024 Field and Analytical Measurements for pH, Conductivity and 

Turbidity 

Station ID Annual Median  
Difference* 

Annual Median Relative Percent 
Difference** 

pH s.u. 
RSEM-R6W-SP/EOP 0.75 10% 
RSEM-R6E-SP 1.0 14% 
RSEM-L6-SP 1.6 20% 
Conductivity µS/cm 
RSEM-R6W-SP/EOP 65 17% 
RSEM-R6E-SP 89 12% 
RSEM-L6-SP -5.0 8% 
Turbidity NTU 
RSEM-R6W-SP/EOP -0.017 17% 
RSEM-R6E-SP -0.083 19% 
RSEM-L6-SP 0.37 11% 

Notes: 
* Median difference between corresponding in situ field measurements (results reported by PRHP staff from hand-held data loggers) 
and analytical measurements. Difference was calculated by subtracting the analytical value from the in situ field value.  
**Median absolute relative percent difference between corresponding in situ field and analytical measurements. Relative difference was 
calculated by dividing the difference between corresponding in situ field and analytical measurements, by the average of the 
corresponding in situ field and analytical measurements.  
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Figure 3-32: In situ field versus analytical measurements for pH, electrical 
conductivity and turbidity for 2024. (Note individual samples with 
measurements outside the typical range are not shown in the figure 
above.) 
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3.2.4.8 In Situ Sonde Measurements  

In situ continuous sonde measurements for pH, conductivity and turbidity are monitored 
using a fixed in-pond sonde probe which regularly logs a data point every 15 minutes 
(Appendix 3-A). In comparison to in situ field measurements which are typically collected 
at the same location and time as an analytical end-of-pipe sample is collected, in situ sonde 
measurements are taken at a fixed point located approximately 5 to 10 metres from the 
discharge pipe inlet at a depth of approximately 0.3 m. The static deployment of the sonde 
can result in disagreement of water quality measurements compared to the end of pipe 
location due to spatial differences and potential temporal lags between the time that the 
sonde encounters a water plume to the time the clarified surface layer discharges through 
the end of pipe location. 

As an independent check of sonde readings, sonde pH measurements are compared to field 
pH measurements that most closely correspond to the time period of collection. Field pH 
measurements rather than analytical pH measurements are used for comparison as they 
more accurately describe end of pipe water quality at the time of sampling (as described in 
the previous section). Sonde conductivity and turbidity measurements are compared to 
analytical results using the sonde readings that most closely correspond to the sample 
collection time recorded for an analytical sample.  

In situ sonde and field pH results show reasonable agreement for the R6E pond, and greater 
variability for the R6W pond (Table 3-17). There is inconsistent bias in sonde readings 
relative to field measurements for the two ponds (Figure 3-33). Divergence in 
measurements can be attributed to heterogeneity in water quality within the pond as 
represented by the sonde results compared to the end of pipe where field measurements are 
collected.   

Sonde and analytical conductivity results diverged from a 1:1 relationship in both R6 
ponds, showing median RPDs as high as 55% (Table 3-17). At the R6W pond, poor 
agreement in conductivity measurements was observed during the end of February and mid 
to end of March (Figure 3-33). Variability in some results may be attributed to biases in 
the sonde calibration and/or sonde deployment issues.  

Sonde turbidity measurements in 2024 show a median relative percent difference ranging 
between 28% to 161% (Table 3-17). Sonde readings show a positive bias relative to 
analytical measurements, with measurements variably diverging from the 1:1 relationship 
(Figure 3-33). Elevated sonde turbidity readings may be associated with the sonde location, 
with sensors at approximately 0.3 m depth in the pond water column, upstream of the inlet 
to the discharge pipe. Only the surface layer of the pond passively spills into the discharge 
pipe, it is likely the surface layer has lower turbidity than deeper layers due to particle 
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settling. The sonde probe is located within the interior of the pond and is more likely to 
detect sediment plumes which may extend to the sonde, but not to the discharge pipe intake. 
These findings suggest that sonde turbidity measurements are not a reliable indicator of 
turbidity in the pond discharge. 

Table 3-17: 
Comparison of 2024 In Situ Continuous and Analytical Measurements for pH, 

Conductivity and Turbidity 

Station ID Annual Median  
Difference* 

Annual Median Relative 
Percent Difference** 

pH s.u. 
RSEM-R6W-SP/EOP -0.02 2.9% 
RSEM-R6E-SP 0.08 1.7% 
Conductivity µS/cm 
RSEM-R6W-SP/EOP -40 15% 
RSEM-R6E-SP -274 55% 
Turbidity NTU 
RSEM-R6W-SP/EOP 0.84 28% 
RSEM-R6E-SP 19 161% 

Notes: 
*Median difference between corresponding in situ continuous measurements and in situ field (pH) or analytical (conductivity and 
turbidity) measurements. Difference was calculated by subtracting the in situ field (pH) or analytical (conductivity and turbidity) 
measurements from the in situ continuous value.  
**Median absolute relative percent difference between corresponding in situ continuous in situ field (pH) or analytical (conductivity and 
turbidity) measurements. Relative difference was calculated by dividing the difference between corresponding in situ continuous and in 
situ field (pH) or analytical (conductivity and turbidity) measurements, by the average of the corresponding in situ continuous and in 
situ field (pH) or analytical (conductivity and turbidity) measurements.   
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Figure 3-33: In situ sonde versus field measurements for pH, and sonde versus 
analytical measurements for electrical conductivity and turbidity for 
2024. (Note individual samples with measurements outside the typical 
range are not shown in the figure above.)
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3.2.4.9 Conclusions 

Overall, the QA/QC results for the 2024 sampling program provide confidence in the water 
quality data for analytical and field (hand-held and continuous) measurements. Minor 
issues associated with sample representativeness are noted but are not expected to 
measurably alter the interpretation of sampling data with some exceptions. Field 
measurements were generally in agreement with corresponding analytical results, with a 
few exceptions. Conversely, measurements from in situ sondes were found to diverge from 
corresponding analytical end of pipe measurements, likely due to the spatial difference 
from where the analytical sample is collected and the sonde deployment. Therefore, EOP 
field turbidity measurements rather than in situ sonde readings are appropriate for use in 
the field evaluation of EOP TSS concentrations. 



4. Key Findings
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4. Key Findings
The purpose of this section is to provide additional information that is required by the BC 
Hydro ARD/ML Management Plan or has been specifically requested by BC Hydro. It 
includes, a summary of mitigation measures that were employed in 2024, a ML/ARD risk 
evaluation, a summary of exceedances of project-specific discharge limits that occurred in 
2024, and an estimation of metal loads discharged to the Peace River. 

4.1 Mitigation 

Given the onset of ARD/ML in exposed PAG material on both the Left Bank and Right 
Bank, mitigation has been implemented to minimize effects on surface water and 
groundwater quality. Potential environmental effects from ARD/ML are mitigated 
primarily through three strategies. The first strategy is to minimize generation of ARD/ML 
by covering weathered PAG material with unweathered PAG or NPAG material and 
ultimately flooding and permanently saturating the PAG bedrock. The second strategy that 
is employed is to minimize the volume of PAG-contact water that is generated, by diverting 
runoff upgradient of areas that contain PAG material and collecting water that contacts 
PAG material. The third strategy is to treat the residual volume of water for which contact 
with PAG material is unavoidable. These key mitigation measures are discussed in more 
detail below. 

4.1.1 Material Management 

The timely excavation or cover of weathered material is a key mitigation strategy where 
PAG material has been exposed or deposited. Placement of the final NPAG cover on 
exposed PAG material to minimize potential ARD/ML was conducted at RSEM Area R5B, 
Earthfill Dam, RSEM Area R5A and RSEM Area L5 prior to 2024. In November 2024 the 
reservoir was filled and the PAG material in the PAG-containing RSEM areas was flooded, 
which completed the long-term PAG cover management strategy at the site. 

4.1.2 Water Management 

This section summarizes water movements that are undertaken to segregate potentially 
ARD/ML influenced PAG contact water from other contact waters (i.e., NPAG contact 
water and PAG contact water that is not ARD/ML influenced) within PAG containing 
construction areas. Transfers within and between Project area catchments are conducted to 
improve water management efficiency and to ensure contact waters are routed through an 
appropriate treatment facility prior to discharge. This is achieved with a network of sumps, 
ponds, baker tanks, ditches and pipelines, and active water management (i.e., pumps, hoses 
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and water trucks). Water quality monitoring data are used to identify potentially ARD/ML 
influenced water that requires treatment using the WTP. RSEM sediment control ponds are 
used to treat suspended sediments (i.e., TSS).  

The general water management objectives are to: 

• Segregate ARD/ML influenced and other water that must be treated by the WTP;

• Maximize storage capacity for surges of ARD/ML influenced PAG contact water
associated with heavy runoff from rainfall or snowmelt; and,

• Minimize the number of treatment facilities (i.e., sediment control ponds) that
require daily management.

A summary of water transfers in 2024 to PAG containing RSEM sediment control ponds, 
and to the WTP Pre-Treatment Pond, from Left Bank and Right Bank catchment areas, is 
provided in Table 4-1. The source areas and destinations of relocated waters are also shown 
in Figure 4-1. Notable details regarding water transfers are summarized below: 

• The water management approach was to direct contact water to the appropriate
facility for discharge. From January 1 to April 22 contact water managed by PRHP
was directed to the Pre-Treatment Pond, through the WTP to the RSEM R6
Sediment Control Ponds which, in turn, discharge to Peace River.

• The LBEX-B2 pipeline to RSEM L6 pond was decommissioned early Janaury
2024, and operation of the RSEM L6 area was susequently transferred to BC Hydro.

• Flows from the RBDT were the dominant input to the Pre-Treatment Pond in 2024.

• The RSEM R6 East Pond was dewatered to the WTP in March 2024.

Table 4-1: 
Summary of Contact Water Transfer to PAG Containing RSEM Sediment Control 

Ponds and the WTP Pre-Treatment Pond January 1 to April 22, 2024. 

Receiving Facility Type of Water and Source Area 

RSEM R6 East Sediment Control Pond Runoff from SBIAR Ditch 

RSEM R6 West Sediment Control Pond WTP Sludge Pond (Cell 3) discharge 

WTP Pre-Treatment Pond RBDT dewatering, RSEM R6 East Pond 
Notes: 
RBDT=Right Bank Drainage Tunnel. 
PAG-contact is defined as contact water with a possible ARD influence. 
Non-contact is defined as runoff, construction water and groundwater that are not ARD influenced. 



7



KEY FINDINGS  
ACID ROCK DRAINAGE AND METAL LEACHATE MANAGEMENT 2024 FINAL REPORT 4-4

March 2025  A416-7 LORAX 

4.1.3 Water Treatment 

PRHP operated the WTP until April 19, 2024, when control of the treatment plant was 
returned to BC Hydro. Water treatment was implemented for contact waters from PAG 
containing excavations and RSEM deposition areas. Treatment was used to mitigate 
contact waters influenced by ARD (i.e., low pH and dissolved metals), cement products 
such as shotcrete (i.e., elevated pH) and suspended sediments (i.e., TSS). Different systems 
were used for each type of influence. Cement-influenced alkaline contact waters were 
generally treated within the source area using carbon dioxide to reduce pH to a circum-
neutral level. Waters possibly influenced by ARD were directed to the WTP, and 
suspended sediments were removed by the RSEM sediment control ponds. This section 
describes the WTP that is used to treat ARD influenced PAG contact waters. 

The mobile water treatment facility (MWTF) was commissioned by PRHP in 2018 Q3 with 
the pre-treatment and metal precipitation facilities located at the west end of the Approach 
Channel and RSEM Area R5B. In late April 2020 the MWTF was relocated to 
RSEM Area R6 in advance of the transition to Phase 2 of the Project. The MWTF was 
operated by Ensero Solutions from 2018 Q3 through July 7th, 2022. During 2022 Q2, PRHP 
constructed and commissioned a self-operated WTP metal precipitation facility that 
replaced the MWTF on July 8th, 2022, when the PRHP self-operated WTP commenced 
operations (Lorax, 2022) and continued until April 22, 2024, when operation of the WTP 
was transferred to BC Hydro.  

The overall treatment system shown in Figure 4-2 consists of three facilities: an influent 
storage pond, the metal precipitation facility, and a sludge settling pond, and is designed 
for continuous treatment of influent flows that range between approximately 3 to 10 L/s. 
The “WTP” acronym generally refers to the overall treatment system; however, for the 
following discussion and the figures used in this report, WTP is defined as the intermediate 
facility where the metal precipitation reagents are mixed with the water being treated.  

ARD influenced PAG-contact water is directed by pumping or trucking to the Pre-
Treatment Pond for storage and from which water is withdrawn for treatment. Inside the 
WTP, the treatment process adds a lime slurry to the influent to increase pH into the target 
range of 9.8 – 10.2, which precipitates dissolved metals as insoluble metal hydroxides. A 
flocculant is added to facilitate the coagulation and settling of the freshly precipitated 
solids. Klearwater Hydrofloc 403 is normally used and HaloSource Haloklear BHR-P50 is 
used when TSS is elevated in WTP influent. The resulting slurry mixture is transferred 
from the WTP to the Sludge Pond for polishing (i.e., settling solids) and final pH 
adjustment.  
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The Sludge Pond is comprised of three cells (Cells 1, 2 and 3) and the gelatinous lime 
sludge produced by the treatment process primarily accumulates in Cell 1. The clarified 
water is adjusted to circum-neutral pH by sparging carbon dioxide into the final cell (Cell 
3) of the sludge pond from where treated water passively discharges to the RSEM R6 West
sediment control pond along a lined channel. A portion of the discharge channel passes
under a road crossing through a zinc plated corrugated steel culvert. Sludge is periodically
removed from the Sludge Pond by vacuum truck and is dewatered in RSEM Area R5A for
long-term storage in the stockpile.

In 2024 water from the RBDT was directed to the WTP Pre-Treatment Pond (AK Pond) 
and passed through the WTP untreated except for the addition of flocculant prior to the 
sludge pond. The WTP was operated March 18 to April 6. The configuration of the WTP 
system components are illustrated in Figure 4-2. 

The Sludge Pond was not dredged prior to April 22, 2024, due to the minimal accumulation 
of lime sludge in Cell 1. Discharge from the Sludge Pond at station MWTF-SLP-R6 was 
consistently observed from January 1 to April 22, 2024, and were primarily due to the 
RBDT outflows following flooding of the RBCD (Powerhouse) early November 2023. The 
RBCD (Powerhouse) and RBDT waters were speculated to be Peace River infiltration 
waters and met RSEM EOP limits. Therefore, after November 7, 2023, and through to 
April 22, 2024, the RBDT waters were directed to the Pre-Treatment Pond and were 
pumped at approximately 10 L/s through the WTP untreated (except for the addition of 
flocculant and final pH adjustment in Cell 3) and discharged at station MWTF- SLP-R6 to 
the RSEM R6 West sediment control pond.  

Due to the inputs of RBDT waters to the WTP, and the mode of WTP operation January 1 
to April 22, 2024, the water quality at station MWTF- SLP-R6 generally did not represent 
treated WTP effluent because the lime addition process was generally inactive, except 
March 18 to April 6 when the WTP was operated. 

The WTP influent and effluent concentrations, and removal of parameters with RSEM EOP 
limits are summarized in Table 4-2. A total of three samples pairs were collected that 
represent operation of the WTP. (March 20 and 31, and April 4). Results from the effluent 
station MWTF-SLP-R6 are compared to the corresponding samples of Pre-Treatment Pond 
(AK Pond) water quality in Table 4-2. Limited reduction of target metals is expected at the 
relatively low metal concentrations observed in the influent and this is demonstrated by the 
results summarized in Table 4-2. For metal parameters detected in the influent (Al, As, Cu, 
Fe and Mn) the concentration reduction ranged from 9% to 81%, indicating that partial 
removal occurred at the low influent concentrations, as expected, and that the WTP 
process, when activated, was effective for treating target metals. 
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Table 4-2: 
WTP Metal Removal Efficiency for Key Parameters When the WTP was Operated 

(March 18 to April 6) 

Parameter Units 
Median Influent 
(Pre-Treatment 

Pond; n=3) 

Median Effluent 
(MWTF-SLP-

R6; n=3) 
% Removal RSEM EOP 

Discharge Limit 

pH-lab pH 8.9 7.53 - 1 6.0 – 9.0 

TSS mg/L 12.8 9.1 28.9% BC Water Quality 
Guidelines 

T-Al mg/L 1.34 0.31 76.9% - 
D-Al mg/L 0.23 0.0907 60.6% 0.46 
T-As mg/L 0.00135 0.00106 21.5% 0.05 
D-As mg/L 0.00107 0.0008 25.2% - 
T-Cd mg/L 0.000018 < 0.00001 44.4% - 
D-Cd mg/L < 0.00001 < 0.00001 - 2 0.00186 
T-Co mg/L 0.00096 0.00021 78.1% 0.55 
D-Co mg/L < 0.0002 < 0.0002 - 2 - 
T-Cu mg/L 0.00195 0.0012 38.5% 0.0163 
D-Cu mg/L 0.00086 0.00076 11.6% - 

T-Fe mg/L 0.79 0.164 79.2% 20.9 (April – June) 
10.3 (July – March) 

D-Fe mg/L < 0.005 < 0.005 - 2 - 
T-Mn mg/L 0.0344 0.0065 81.1% 8.29 
D-Mn mg/L < 0.001 0.0015 - 2 - 
T-Zn mg/L 0.0055 < 0.005 9.1% 0.251 
D-Zn mg/L < 0.005 < 0.005 - 2 - 

Notes: 
Non-detect results were assigned the detection limit value for statistical calculations (0.00001, 0.0002, 0.005, 0.001 and 0.005 mg/L for 
D-Cd, D-Co, D-Fe, D-Mn and D-Zn, respectively). 
1 Percent reduction is not calculated for pH. 
2 The influent median values for D-Cd, D-Co, D-Fe, D-Mn and D-Zn are non-detect results, therefore percent removal was not calculated 
for these parameters. 

4.2 ML/ARD Risk Levels 

The ARD risk assigned to project facilities is presented in this section. Annual reports 
through the previous stages of the project presented a risk matrix developed using the 
annual monitoring data to plan strategic implementation of water management and 
treatment, recognizing that implementing more robust water management, or procurement, 
construction and commissioning of a water treatment facility requires some lead time. The 
risk assignments in this 2024 report are intended to identify areas where the final design 
configurations have been achieved by PRHP and additional ARD management planning 
for the final stages of Project construction that may be considered by others.  
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4.2.1 Left Bank 

On the Left Bank, the final design configurations of RSEM Area L5 and L5 Extension 
were achieved by PRHP prior to 2024 and the final configuration of L5 Garbage Creek was 
completed by BC Hydro in 2024. The implementation of the planned water cover by 
flooding of the reservoir in 2024 has reduced the risk of ARD/ML from these facilities by 
permanently saturating the PAG material placed there. The primary ARD/ML mitigation 
mechanism associated with flooding relates to the reduced availability of dissolved oxygen 
in the pores of flooded wastes, which promotes the chemical stability of sulfide minerals. 

Control of RSEM Area L6 was relinquished by PRHP to BC Hydro in 2024 with a cover 
of NPAG material over the RSEM area and the sediment pond still in operation.  RSEM 
Area L6 will not be flooded by the reservoir and ARD/ML risk is managed through the 
compaction and covering of the RSEM area with NPAG material to limit water and oxygen 
ingress. 

4.2.2 Right Bank and Earthfill Dam 

Areas of PAG placement and excavation on the Right Bank and Earthfill Dam were no 
longer under control of PRHP in 2024. The implementation of a water cover by flooding 
the reservoir in 2024 has reduced the risk of ARD/ML from RSEM Area R5A, Approach 
Channel, RSEM Area R5B and Zone 8 of the Earthfill Dam by permanently saturating the 
PAG material placed there. 

The temporary PAG stockpiles present within the R6 catchment at Area 20/21, Batch Plant, 
and Area 23 were relocated by BC Hydro in 2024 and no longer present an ARD/ML risk 
in this area.  

4.3 Water Quality Exceedances 

These were no exceedances of discharge limits from RSEM sediment pond end-of-pipe in 
2024. 

4.4 Metal Loads 

Calculation of metal loading to the Peace River on a weekly basis is a requirement of 
section 7.3.2 of Appendix E of the CEMP. Daily loads for each RSEM sediment pond from 
which water was discharged were calculated by applying the concentration measured in 
the daily EOP grab sample to the total volume of water discharged on that day, as recorded 
by the pond’s flow meter.   Daily loading estimates were then summed for each month to 
obtain the monthly load discharged to the Peace River, providing an estimate of the total 
load discharged from the Project site.  
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The only sediment pond which discharged water from January through April 2024 was 
RSEM-R6W. There was no discharge from other sediment ponds. The metal loads 
discharged from the Right Bank are summarized, followed by a summary of the metal loads 
discharged from Site C in 2024 in relation to the metal loads carried by the Peace River. 

4.4.1 Right Bank 

The discharge from the RSEM-R6W sediment pond are summarized in Table 4-3 below. 
There was no discharge from any other sediment pond. 

Table 4-3: 
Monthly Total Metal Load Discharged from  

RSEM-R6W Sediment Control Pond – January through April 2024 

Parameter 
Estimated Load Discharged to Peace River (kg) 

January February March April Total 
TSS 174 226 406 116 769 
Cl 761 540 638 217 1420 
F 4.00 3.33 4.07 1.39 8.95 
D-SO4 1010 1030 1460 481 3010 
N-NH3 3.03 2.54 13.9 1.30 17.9 
N-NO2 0.549 0.956 0.874 0.352 2.21 
N-NO3 8.43 5.51 5.52 1.49 12.8 
T-Sb 0.0235 0.0190 0.0206 0.00787 0.0484 
T-As 0.0482 0.0353 0.0341 0.0149 0.0860 
T-Cd 0.000359 0.000440 0.000632 0.000169 0.00127 
T-Co 0.00691 0.00833 0.0138 0.00352 0.0260 
T-Cu 0.0556 0.0464 0.0894 0.0207 0.159 
T-Fe 3.06 4.83 10.7 3.24 19.3 
T-Pb 0.00700 0.00796 0.00921 0.00315 0.0207 
T-Mn 0.228 0.231 0.574 0.135 0.961 
T-Mo 0.365 0.257 0.259 0.120 0.646 
T-Se 0.0203 0.0186 0.0189 0.00749 0.0457 
T-Ag 0.000686 0.000756 0.000753 0.000315 0.00185 
T-Zn 0.280 0.206 0.324 0.0908 0.629 
D-Al 3.23 2.19 1.26 0.884 4.47 
D-Cd 0.000356 0.000380 0.000457 0.000157 0.00101 
D-Co 0.00686 0.00771 0.00992 0.00315 0.0211 
D-Cu 0.0356 0.0291 0.0578 0.00944 0.0976 
D-Fe 0.171 0.189 0.207 0.0787 0.482 
D-Zn 0.214 0.193 0.252 0.0787 0.539 
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4.4.2 Comparison with Metal Loads Carried in Peace River 

To provide context for RSEM pond loading, average monthly metal loads for Cd, Cu, and 
Zn in the Peace River were calculated using available information on Peace River flows 
and water quality at station PR-2.81 (formerly PR-3.88) to provide benchmarks to which 
metal loading from Site C (above) can be compared.  The dissolved, rather than total, metal 
fraction measured at PR-2.81 was used in the calculation to minimize the potential 
influence of high turbidity water on the metal loading values.  These loads are presented in 
Table 4-4 below. Flow data is available from January through April with a total of 26 
samples available in the dataset for these months. 

Table 4-4: 
Estimated Mean Monthly Load (kg) in Peace River (station PR-2.81) for 

Dissolved Cd, Cu and Zn 
Parameter JAN FEB MAR APR 

n=3 n=2 n=7 n=14 
D-Cd 43.8 43.0 62.7 595 
D-Cu 2,510 2,660 3,200 14,500 
D-Zn 6,720 8,070 8,880 46,900 

Notes: n = the number of water quality samples for a given month, data range is from April 2007 to December 2023.  Values reported 
as less than the detection limit were set equal to the detection limit value for loading calculations. 

The analysis is considered adequate to provide approximate ‘order-of-magnitude’ 
estimates of metal loads carried in the Peace River in the vicinity of the Site C Clean Energy 
Project, for the purpose of providing some preliminary context for the metal loads 
discharged from RSEM area sediment ponds. Overall, the metal load contributed from the 
RSEM-R6W sediment pond in 2024 was very minor relative to the metal loads carried by 
the Peace River. 

A comparison of the estimated total annual load of Cd, Cu and Zn discharged from Site C 
is compared with the estimated annual load of Cd, Cu and Zn carried by the Peace River at 
Station PR-2.81 is included Table 4-5 below. 

Table 4-5: 
Estimated 2024 Annual Load Discharged from Site C and Carried by Peace River 

(station PR-2.81) for Dissolved Cd, Cu and Zn 

Parameter 

Estimated Annual Load 
Discharged from Site C 

(From All Sediment Control 
Ponds) in 2024 (kg) 

Estimated Annual 
Load Carried by 

Peace River in 2023 
(kg) 

Estimated Annual Load Discharged 
from Site C as Proportion of  

Annual Load Carried in Peace River 
(%) 

D-Cd 0.00101 745 0.000136% 
D-Cu 0.0976 22,870 0.000427% 
D-Zn 0.539` 70,570 0.000764% 
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5. Summary 
The ARD/ML mitigation measures employed at site have been effective in limiting the 
frequency of non-compliant discharges to the Peace River. Observations from the 2024 
monitoring program are summarized in this section. 

5.1 Geochemical Monitoring 

Bedrock that is exposed or excavated as part of the Main Civil Works Contract is expected 
to be PAG, with most units expected to become acidic within one year of disturbance if not 
mitigated. However, the combined ARD/ML mitigation measures that include material 
placement, water management and water treatment has maintained the water quality of 
water released from the RSEM Area sediment ponds to the Peace River within discharge 
limits. Due to the completion of RSEM Areas in 2023 and limited bedrock disturbance by 
PRHP in 2024, no ARD/ML monitoring was completed in 2024.  

Sampling and testing of accumulated sediment from sediment control ponds and sumps 
was conducted to guide the appropriate disposal of these materials. No contamination was 
identified in sediment samples collected in 2024 from the sediment ponds in Area 11, Area 
13, Area 25 and the Phase 3 Crusher settling pond. 

5.2 Surface Water Quality Monitoring 

The results of surface water quality monitoring have been used to better understand and 
predict the timing, magnitude and duration of ARD/ML on surface water runoff from the 
construction site, to measure the effectiveness of mitigation measures, and to verify 
compliance with RSEM EOP discharge limits and BC WQG. The surface water quality 
monitoring program is supported by robust QA/QC procedures and includes an intensive 
sampling and analysis from a dynamic set of stations across the site, as well as from RSEM 
Area L6 and R6 sediment ponds and end of pipe discharges. 

Discharge monitoring confirmed EOP discharge limits were not exceeded in 2024. Water 
quality monitoring in the Area 30 sediment pond and the Septimus beaver pond confirmed 
the protection of water quality in this area. 

The surface water quality monitoring program has generally been effective. Overall, the 
QA/QC procedures are well implemented and provide confidence in the monitoring data. 
The high frequency sampling and laboratory analyses are reliable to allow trends in the 
RSEM area sediment ponds, and within upgradient catchments, to be identified, and the 
magnitude and duration of potential effects from ARD/ML to be verified. 
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5.3 Mitigation 

Mitigation measures that are implemented onsite to minimize the exceedance of EOP 
discharge limits due to ARD/ML include:  

• Material management by excavating weathered bedrock and covering weathered 
rock in RSEM and Earthfill Dam PAG deposition areas until the final water cover 
is established,  

• Water management to contain or transfer water that may be influenced by 
ARD/ML, and 

• Water treatment to adjust pH and remove total and dissolved metals. 

Material management is the primary ARD/ML mitigation strategy that has been 
implemented on site and final NPAG covers had been placed on the major PAG-containing 
RSEM areas and storage locations prior to 2024. In November 2024 the reservoir filling 
was completed and the PAG material in RSEM Area R5B, Earthfill Dam, RSEM Area 
R5A and RSEM Area L5 were flooded, which completed the long-term PAG cover 
management strategy. 

Water management is a secondary mitigation strategy. Surface water quality is monitored 
and the results are used to inform water transfers within and between Project area 
catchments to ensure contact waters are routed appropriately prior to discharge. Contact 
water that is not anticipated to meet RSEM EOP discharge limits is retained and transferred 
to the Pre-Treatment Pond and treated by the WTP prior to discharge.  

The WTP was operated by PRHP from March 18 to April 6. There was very little 
accumulation of sludge in Cell 1 of the WTP sludge pond and therefore sludge was not 
removed in 2024. As of April 22, 2024, PRHP was no longer the prime contractor for the 
WTP. 

The implementation of various erosion and sediment control measures at site has reduced 
the frequency of TSS-related exceedance of EOP discharge limits from RSEM Area 
sediment ponds since the monitoring program was initiated in autumn 2016.   
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6. Closure
This report was prepared for the use of PRHP, which has the right to reproduce, use and 
rely upon this ARD/ML Management 2024 Annual report in planning, construction and 
reporting for the Site C Clean Energy Project. The report was prepared by the Lorax 
technical personnel listed below based on information provided by PRHP site personnel, 
observations during site visits and test results reported BV analytical laboratory. Please 
contact the undersigned should you have any questions or concerns or require additional 
information in support of this work. 

Lorax Environmental Services Ltd. 

Prepared by: 

Neil Mallen, M.Sc., EP, PMP 
Senior Environmental Scientist 

Patrick Mueller, B.Sc., P.Chem. 
Environmental Chemist 

Prepared by: Reviewed by: 

Holly Pelletier, G.I.T., B.Sc. 
Junior Scientist 

Bruce Mattson, P.Geo., M.Sc. 
Senior Environmental Geoscientist 

Engineers and Geoscientists British Columbia Permit to Practice Number: 1001840. 
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2024 RSEM Sediment Control Pond 
Daily Discharge 

 

 

  



month Row Labels RSEM-R6E RSEM-R6W RSEM-L6 units = L/s
1 2024-01-01 10 from field data
1 2024-01-02 11.315
1 2024-01-03 10.61860465
1 2024-01-04 12.00666667
1 2024-01-05 11.642
1 2024-01-06 7 from field data
1 2024-01-07 10 from field data
1 2024-01-08 11.14213115
1 2024-01-09 11.39159574
1 2024-01-10 11.30791667
1 2024-01-11 11.43336842
1 2024-01-12 10.68663158
1 2024-01-13 10.75114583
1 2024-01-14 10.50566176
1 2024-01-15 10.16232044
1 2024-01-16 11.04104167
1 2024-01-17 11.33900826
1 2024-01-18 10.82157895
1 2024-01-19 12.77468085
1 2024-01-20 13.70548387
1 2024-01-21 14.440625
1 2024-01-22 14.94115789
1 2024-01-23 14.8616092
1 2024-01-24 14.71621053
1 2024-01-25 14.68747368
1 2024-01-26 14.67670213
1 2024-01-27 14.696
1 2024-01-28 16.84776596
1 2024-01-29 20.74673684
1 2024-01-30 19.20585106
1 2024-01-31 17.3312766
2 2024-02-01 16.89043011
2 2024-02-02 15.42053191
2 2024-02-03 17.76305263
2 2024-02-04 17.84297872
2 2024-02-05 17.29215054
2 2024-02-06 16.2475
2 2024-02-07 16.03468085
2 2024-02-08 16.19655914
2 2024-02-09 13.42926316
2 2024-02-10 9.587578947
2 2024-02-11 9.825106383
2 2024-02-12 12.28097826
2 2024-02-13 17.00578947
2 2024-02-14 16.94602151
2 2024-02-15 16.71393617
2 2024-02-16 17.13042553
2 2024-02-17 13.85076923
2 2024-02-18 9.689361702
2 2024-02-19 17.46473118
2 2024-02-20 17.47189474
2 2024-02-21 17.5251087
2 2024-02-22 17.25505263
2 2024-02-23 14.57234043
2 2024-02-24 13.9844086
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month Row Labels RSEM-R6E RSEM-R6W RSEM-L6 units = L/s
2 2024-02-25 13.88924731
2 2024-02-26 13.66365591
2 2024-02-27 13.56789474
2 2024-02-28 13.7046875
2 2024-02-29 14.21336842
3 2024-03-01 11.28126316
3 2024-03-02 10.31421053
3 2024-03-03 10.59553191
3 2024-03-04 10.69446809
3 2024-03-05 10.53536842
3 2024-03-06 11.94548387
3 2024-03-07 15.54223404
3 2024-03-08 15.5546875
3 2024-03-09 15.46638298
3 2024-03-10 14.82691489
3 2024-03-11 13.89130435
3 2024-03-12 16.14925532
3 2024-03-13 17.08936842
3 2024-03-14 20.15290323
3 2024-03-15 19.02075269
3 2024-03-16 15.81042105
3 2024-03-17 14.46260417
3 2024-03-18 14.30231579
3 2024-03-19 14.11145833
3 2024-03-20 13.975
3 2024-03-21 13.17148936
3 2024-03-22 13.15215054
3 2024-03-23 10.83522222
3 2024-03-24 3.256421053
3 2024-03-25 15.41810526
3 2024-03-26 16.1240625
3 2024-03-27 15.83602151
3 2024-03-28 15.68
3 2024-03-29 15.55548387
3 2024-03-30 15.51263158
3 2024-03-31 15.51684783
4 2024-04-01 15.22637363
4 2024-04-02 14.92189474
4 2024-04-03 12.16053763
4 2024-04-04 8.231521739
4 2024-04-05 2.479047619
4 2024-04-06 5.645263158
4 2024-04-07 8.756595745
4 2024-04-08 9.384842105
4 2024-04-09 9.693978495
4 2024-04-10 9.913191489
4 2024-04-11 12.13589474
4 2024-04-12 13.58354839
4 2024-04-13 13.21141304
4 2024-04-14 10.47585106
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Month (m3) RSEM-R6E RSEM-R6W RSEM-L6
2024-Jan 0 34,283 0
2024-Feb 0 37,797 0
2024-Mar 0 37,651 0
2024-Apr 0 12,599 0

Total 0 122,330 0
Note: The April flows only include April 1-14, when PRHP was prime of L6 and R6.



Appendix 2-A: 
Bureau Veritas Analytical QA/QC 

Program 



Bureau Veritas Laboratories  
Quality Assurance & Quality Control 

COR FCD-00180 / 4 



 

 
 
 

 Page 2 of 9 
  

COR FCD-00180 / 4 

 

Table of content 

 

Table of content .................................................................................................................... 2 

1.0 Laboratory Company Profile ....................................................................................... 3 

2.0 Quality Program ......................................................................................................... 4 

2.1 Prevention through Quality Assurance ............................................................................... 4 

2.2 Training ............................................................................................................................ 4 

2.3 Customer Complaints ........................................................................................................ 5 

2.4 Ethics and Data Integrity ................................................................................................... 5 

2.5 Verification through Quality Control .................................................................................. 5 

2.6 Quality Control Protocols .................................................................................................. 5 

2.7 Accreditation .................................................................................................................... 6 

2.8 Proficiency Testing ............................................................................................................ 7 

2.9 Double Blind Program ....................................................................................................... 7 

2.10 Customer Service / Project Management ........................................................................... 7 

2.11 The Quality Promise .......................................................................................................... 9 

  



 

 
 
 

 Page 3 of 9 
  

COR FCD-00180 / 4 

 

1.0 Laboratory Company Profile 

Founded over 45 years ago, Bureau Veritas Laboratories is the market leader in analytical 
services and solutions to the energy, environmental, food and DNA industries. Our 2,200 
dedicated employees proudly lead the industry in depth of technical and scientific expertise and 
serve customers through the only national network of laboratories.  In processing over 2.4 million 
samples and generating in excess of 43 million results annually, we skilfully combines efficiency 
and customer service with rigorous science and uncompromising quality management.  We are 
committed to success with responsibility – to its stakeholders, to its communities, and to the 
environment. 
 
Our Mission is clear - We are a science company that is passionately committed to delivering 
good science through exceptional service. 

 
A major focus is analytical services for an exhaustive list of environmental contaminants. Solid 
wastes, effluents, potable water, receiving waters, ground waters, soils, sediments, stack 
emissions, ambient air, plant, animal and fish tissues are analysed for everything from pH to 
Dioxins. 
 
We provides these services to a wide range of customers, in North America and over 20 foreign 
countries.  Our clients include consulting engineers, industry, businesses, all levels of government 
as well as private individuals. 
 
Our laboratories function as a tight network operating under a single Quality Management 
System, utilizing the strengths of each and working together to ensure customer requirements 
are met.  All major laboratories provide the full range of environmental testing services using a 
uniform Quality System and IT infrastructure to deliver a standardized high quality service across 
the country.  In addition, certain locations have special areas of expertise, such as seawater 
analysis at our Burnaby and Bedford facilities and High Resolution Dioxin analysis in our 
Mississauga and Ville St-Laurent facilities. 
 
Operating within one Laboratory Information and Quality System across Canada provides uniform 
report formats, management performance measurements, turnaround time measurements, 
corrective action management, and a number of other key performance indicators making us a 
reliable partner. 
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