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EXECUTIVE SUMMARY 
As part of the Water and Sediment Quality Monitoring Programs, the Saulteau EBA Environmental Services Joint 
Venture (SEES JV) conducted the water and sediment quality sampling program associated with the Site C Clean 
Energy Project (the Project) on behalf of the BC Hydro and Power Authority (BC Hydro). The Project is located 
along the Peace River near the City of Fort St. John between the Districts of Hudson’s Hope and Taylor, BC.  

In accordance with the Provincial Environmental Assessment Certificate Condition No. 7 for the Project, BC Hydro 
has developed the Site C Fisheries and Aquatic Habitat Monitoring and Follow-up Program (FAHMFP). The 
FAHMFP includes two monitoring programs focused on assessing the effects of the Project on water and sediment 
quality: 

 Site C Mon-8 – Site C Reservoir Water and Sediment Quality Monitoring Program. This program will investigate 
the effects of reservoir formation on water and sediment quality; and 

 Site C Mon-9 – Peace River Water and Sediment Quality Monitoring Program. This program will investigate the 
effects of the Project on water and sediment quality in the Peace River downstream of the Project. 

Mon-8 and Mon-9 were developed to monitor water and sediment quality in the Site C Reservoir and Peace River 
and to address the management questions listed in the FAHMFP; several years of data collection are required 
before the questions can be definitively addressed. This report presents the fourth year of data collection for these 
two monitoring programs under the FAHMFP.  

The Mon-8 study area includes monthly monitoring from May to October at eight stations within the Site C reach, 
defined as the portion of the Peace River that will be inundated by the Project and includes the Peace River from 
the Peace Canyon Dam downstream to the Site C Dam, and those sections of the Halfway and Moberly rivers that 
will be inundated following reservoir creation. Four reference stations were selected for monthly monitoring (May to 
October) to monitor water flowing into the Site C reach and are located near the Dinosaur and Williston reservoir 
outlets. The Mon-9 study area includes monthly monitoring from May to October at nine stations within the Peace 
River downstream of the Project to Many Islands, Alberta. 

Similar, but to a lesser extent than that reported in 2017 and 2018, DOC concentrations in 2019 very occasionally 
were elevated above TOC concentrations. DOC concentrations of field blank samples collected during all sampling 
periods were reported to be below detection in field-filtered deionized water provided by the lab, which indicates 
field methodologies are not introducing cross contamination between samples. In 2017, SEES JV implemented 
flushing of the field equipment with a goal to reduce the incidence of false positives for DOC. In 2018 and 2019, 
SEES JV continued with this methodology, flushing with 1L of water in 2018, and increasing it to 2L of water in 
2019. Although the concern of organic carbon impacts from field equipment has still not been fully resolved, 
improvements continue to be seen in 2019. The TOC concentrations are considered stable and mostly within natural 
levels for a lotic/lentic system with elevated background turbidity conditions (BC MELP 1998).   

Overall, water quality parameters were consistently below the guidelines. During the May sampling period, regular 
exceedances of total iron and intermittent exceedances of temperature, copper, total zinc, dissolved aluminum and 
dissolved iron were observed. During the October sampling period, regular exceedances of total iron and dissolved 
aluminum and intermittent exceedances of dissolved iron were observed. Regular exceedances of temperature 
were recorded in June and July, and intermittent temperature exceedances were recorded in May and August. 
During the August sampling period, regular pH exceedances were observed.  
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Sediment quality parameters were consistently below the applicable BC Working Water Quality Guidelines for 
sediment except for regular exceedances of arsenic and nickel and intermittent exceedances of cadmium, iron and 
manganese. Source(s) of the exceeded parameters could not be conclusively determined. Many Peace River 
tributaries are large systems characterized by high, vertical banks composed of fine materials which are subject to 
erosion during high flow periods. Given the location and parameters involved, it is possible that the exceedances 
are the result of natural processes (i.e., regional geology and erosion) and process error (i.e., natural variability 
among years). The 2019 results are comparable to 2016, 2017 and 2018 results in that most parameters were 
below the guidelines with some exceedances in water metals parameters (i.e., iron, copper, zinc and aluminum) 
and some exceedances in sediment metals parameters (i.e., arsenic, cadmium, iron, manganese and nickel).  

Each of the broad geospatial groups (Peace River, tributaries and reservoir) have unique geological and 
limnological characteristics that likely contribute to their water quality characteristics. Most notably: 

 Reservoir sites are more lentic, which tend to be warmer, less oxygenated and less turbid (particulate matter 
has time to settle out). Parameter concentrations at the reservoir sites were generally lower than the Peace 
River or tributary sites which are located downstream of the Dinosaur Reservoir; and 

 Tributary sites are located on tributaries to the Peace River which tend to flow through more erodible material. 
Notwithstanding other factors, water flowing over erodible surfaces tend to accumulate larger sediment loads 
and consequently may have higher total and dissolved mineral components.  

Consistent with the results from previous years, May typically showed the greatest variability or spread for all 
parameters in all groups. The most extreme minimum and maximum values usually appeared in May through June; 
August also showed frequent extremes and outliers. Median concentrations of all parameters in all groups were 
also typically highest in May. May’s variability and extreme values are likely the influence of spring freshet when 
more sediment and organics are disturbed within or contributed to the watercourses. 
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LIMITATIONS OF REPORT 
This report and its contents are intended for the sole use of British Columbia Hydro and Power Authority and their agents. Saulteau 
EBA Environmental Services Joint Venture (SEES JV) does not accept any responsibility for the accuracy of any of the data, the 
analysis, or the recommendations contained or referenced in the report when the report is used or relied upon by any Party other 
than British Columbia Hydro and Power Authority, or for any Project other than the proposed development at the subject site. Any 
such unauthorized use of this report is at the sole risk of the user. Use of this document is subject to the Limitations on the Use 
of this Document attached in Appendix A or Contractual Terms and Conditions executed by both parties. 
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1.0 BACKGROUND 
As part of the Water and Sediment Quality Monitoring Programs, the Saulteau EBA Environmental Services Joint 
Venture (SEES JV) conducted water and sediment quality sampling (May to October 2019) associated with the 
Site C Clean Energy Project (the Project) on behalf of the BC Hydro and Power Authority (BC Hydro).  

Historical baseline data collected in 2007, 2008, 2010, 2011, and 2015 were used as a design template to establish 
site locations, sampling frequency, and parameters analyzed for the Project. Historical data is documented within 
the “Site C Clean Energy Project Environmental Impact Statement Technical Appendix: Water Quality Baseline 
Conditions in the Peace River Volume 2 Appendix E” (Golder 2012). Upon collection of field data in 2019, SEES 
JV, in consultation with BC Hydro, determined that data were sufficient to graphically represent in boxplots and 
provide a basic qualitative discussion of temporal and spatial results. The analysis incorporated historical baseline 
data for comparative purposes. 

In accordance with Provincial Environmental Assessment Certificate Condition No. 71 for the Project, BC Hydro 
produced the Site C Fisheries and Aquatic Habitat Monitoring and Follow-up Program (FAHMFP2). The FAHMFP 
includes two monitoring programs focused on assessment of Project effects on water and sediment quality: 

 Site C Mon-8 – Site C Reservoir Water and Sediment Quality Monitoring Program. This program will investigate 
the effects of reservoir formation on water and sediment quality; and 

 Site C Mon-9 – Peace River Water and Sediment Quality Monitoring Program. This program will investigate the 
effects of the Project on water and sediment quality in the Peace River downstream of the Project. 

Mon-8 and Mon-9 conduct sampling in Construction Years 2 to 10 (2016 to 2024) and Operation Years 1 to 10 
(2024 to 2033). This report is an overview of the Mon-8 and Mon-9 sampling conducted in Construction Year 5 
(2019) from May to October. 

The Project is located along the Peace River near the City of Fort St. John between the Districts of Hudson’s Hope 
and Taylor, BC, accessible via Highways 97 and 29. A station location map is provided as Figure 1. All surface 
water monitoring stations (stations) are accessible by boat via public boat launch (road accessible). Station locations 
are shown in Figures 2a and 2b. 

The Mon-8 study area includes monthly monitoring from May to October at eight stations within the Site C reach, 
defined as the portion of the Peace River that will be inundated by the Project and includes the Peace River from 
the Peace Canyon Dam downstream to the Site C Dam, and those sections of the Halfway and Moberly rivers that 
will be inundated following reservoir creation (approximately 10 km sections). Two of the eight stations are in the 
upstream reaches of the Halfway and Moberly rivers and will be sampled following reservoir filling in 2023 and 2024. 
Four reference stations (two shallow and two deep) were selected for monthly monitoring (May to October) to 
monitor water flowing into the Site C reach and are located near the Dinosaur and Williston reservoir outlets. 

The Mon-9 study area includes monthly monitoring from May to October at nine stations within the Peace River 
from the Project downstream to the Many Islands area in Alberta, approximately 120 km. 

                                                      
1 The EAC Holder must develop a Fisheries and Aquatic Habitat Monitoring and Follow-up Program to assess the effectiveness of measures 

to mitigate Project effects on healthy fish populations in the Peace River and tributaries, and, if recommended by a QEP or FLNRORD, to 
assess the need to adjust those measures to adequately mitigate the Project’s effects.2 Site C Fisheries and Aquatic Habitat Monitoring and 
Follow-up Program available at https://www.sitecproject.com/document-library/environmental-management-plans-and-reports 

2 Site C Fisheries and Aquatic Habitat Monitoring and Follow-up Program available at https://www.sitecproject.com/document-
library/environmental-management-plans-and-reports 
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1.1 Program Objectives 

The objectives of Mon-8 and Mon-9 in 2019 were to: 

 Provide a qualitative description of the field site conditions, including representative photographs and 
geospatially referenced locations of each station;  

 Collect field-measured and laboratory-analyzed parameters at each station; 

 Provide a description of potential sources of error and steps taken as part of quality assurance; and 

 Present the tabulated data in comparison to guidelines considered applicable to the monitoring programs. 

Sampling under these programs will contribute to the information used to address the following primary fisheries 
management questions listed in the FAHMFP: 

 Mon-8: Does the construction and operation of the Project affect fish and fish habitat (as measured through 
water and sediment quality) in the reservoir and lower sections of reservoir tributaries? 

 Mon-9: Does the construction and operation of the Project affect fish and fish habitat (as measured through 
water and sediment quality) in the Peace River downstream of the Project? 

These broad questions require several smaller questions to be answered because of the various ways that the 
Project can affect fish and fish habitat: 

Mon-8: 

1. Is there a change in water or sediment quality in the Site C reach during the construction of the Project? 

2. Is there a change in water or sediment quality in the Site C reach during the operation of the Project? 

3. How effective are proposed mitigation methods in maintaining/protecting water and sediment quality in the 
Site C reach? 

Mon-9: 

1. Is there a change in water or sediment quality in the Peace River between the Site C dam site and the 
Many Islands area in Alberta during the construction of the Project? 

2. Is there a change in water or sediment quality in the Peace River between the Site C dam site and the 
Many Islands area in Alberta during the operation of the Project? 

3. How effective are proposed mitigation methods in maintaining/protecting water and sediment quality in the 
Peace River between the Site C dam site and the Many Islands area in Alberta? 

1.2 Management Hypotheses 

To address the fisheries management questions, the programs will test the following hypotheses, as provided in 
the monitoring plan: 

Mon-8: 

H1: During construction, modeled water quality predictions presented in the Environmental Impact Statement 
(EIS) are like measured water quality in the Site C reach; 
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H2: During operation, modeled water quality predictions presented in the EIS are like measured water quality 
in the Site C reach; 

H3: During construction, water and sediment quality for non-modeled parameters remain within background 
ranges of concentrations or comply with relevant environmental guidelines in the Site C reach; and 

H4: During operation, water and sediment quality for non-modeled parameters remain within background 
ranges of concentrations or comply with relevant environmental guidelines in the Site C reach. 

Two hypotheses related to the effectiveness of mitigation measures for water and sediment quality are: 

H5: During construction, mitigation methods employed are effective in maintaining/protecting water and 
sediment quality in the Site C reach; and 

H6: During operation, mitigation methods employed are effective in maintaining/protecting water and sediment 
quality in the Site C reach. 

Mon-9: 

H1: During construction, modeled water quality predictions presented in the EIS are similar to measured water 
quality in the Peace River between the Site C dam site and the Many Islands area in Alberta; 

H2: During operation, modeled water quality predictions presented in the EIS are similar to measured water 
quality in the Peace River between the Site C dam site and the Many Islands area in Alberta; 

H3: During construction, water and sediment quality for non-modeled parameters remain within background 
ranges of concentrations or comply with relevant environmental guidelines in the Peace River between the 
Site C dam site and the Many Islands area in Alberta; and 

H4: During operation, water and sediment quality for non-modeled parameters remain within background 
ranges of concentrations or comply with relevant environmental guidelines in the Peace River between the 
Site C dam site and the Many Islands area in Alberta. 

Two hypotheses related to the effectiveness of mitigation measures for water and sediment quality are: 

H5: During construction, mitigation methods employed are effective in maintaining/protecting water and 
sediment quality in the Peace River between the Site C dam site and the Many Islands area in Alberta; and 

H6: During operation, mitigation methods employed are effective in maintaining/protecting water and sediment 
quality in the Peace River between the Site C dam site and the Many Islands area in Alberta. 

The fisheries management questions and management hypotheses require several years of data to be collected 
before the questions can be definitively addressed. This report is the fourth year of data collection for these 
programs under the FAHMFP. 
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2.0 METHODS 
2.1 Field Methods 

To maintain compliance with the objectives listed in the FAHMFP, we developed field sampling methodology for 
collecting water and sediment quality data representative of 17 stations included within the program. Standard 
practices available from the British Columbia Field Sampling Manual (BC MOE 2013) were used to develop the 
following procedures: 

 Sampling within surface water flow and away from the watercourse banks provides information on the quality 
of the channel flow and a general overview of water quality in the system. Areas of unusual flow characteristics 
(e.g., eddies or backwater areas) or floating debris were avoided; 

 Samples were collected from near the bow via the side access of a jet engine boat, pointing the vessel upstream 
to collect upstream flow representative samples and to avoid contamination that could be introduced to the 
sample from the vessel; 

− In September 2017, as per BC Hydro direction, collection by grab sampling (i.e., submerging sample bottle 
directly into flow 0.2 m below surface from the side of the vessel) was replaced by a peristaltic pump and 
HDPE tubing with a 5 m intake length. In October 2017, the peristaltic pump was replaced with an electric 
diaphragm-operated pump (Pentair Shurflo; Model 4048-153-E75) and inert platinum-rinsed silicone tubing 
operating at 15 L/minute. The purpose of this apparatus was for collecting and analyzing low-level 
concentrations of dissolved and total forms of mercury and methylmercury but was inherently used for 
collecting all water samples. The extension of the tubing allowed samples to be collected at least 5 m away 
from the aluminum hull of the jet boat, which could impact the results of low-level metals analysis. 

 All samples were collected by boat, except for instances of low water conditions preventing boat access. In this 
case, samples were collected from the shore either by wading into the water towards the centre of channel or 
using a telescopic metal pole with a plastic container attached for collecting the water sample from flowing water 
conditions within the channel; 

 Water quality samples were collected from each station within 0.2 m depth from surface; 

 Water quality samples within the reservoirs were collected at least 25 m from the shoreline, within the middle 
of the reservoir towards the outlet. The shallow samples to be submitted for laboratory analysis from the 
reservoirs were collected within 0.2 m depth from the surface while the deep samples were collected at a depth 
of 5.0 m. Depth profiles were determined by measuring field parameters throughout the water column. Depth 
profile sample data were recorded at 0.5 m increments between 0.2 m and 5.0 m;  

 Water quality samples were collected monthly from each station between May and October 2019; the first and 
final sampling periods included more extensive analytical testing than others; 

 Sediment quality samples were collected from nearshore depositional areas of each lotic and lentic station 
during the October sampling period using primarily an Ekman sampling device. However, if field conditions 
weren’t conducive for use of this device, a small spaded shovel was used to collect samples from the nearshore. 
Depths of samples were determined in the field resulting from accessibility and obtaining samples 
representative of adequate quantities of sediment deposition within the water body (i.e., low coarse material 
content). Sediment collected with either the Eckman or shovel were composited within a Rubbermaid tote and 
samples placed in laboratory supplied jars/bags; 

 In situ surface water quality measurements were determined using with a YSI ProDSS Multimeter or YSI EXO 
Multimeter, both of which record sample depth, specific conductivity, electrical conductivity, pH, temperature, 
dissolved oxygen, salinity, Total Dissolved Solids (TDS) and turbidity of the source water; 
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 Water transparency within the reservoirs was recorded by measuring the depth of visibility of a Secchi disk; 

 Where possible, laboratory analyte bottles were filled directly from the water source and/or tube sampling port 
to minimize cross contamination of samples collected at each station (i.e., surface water). Where additional 
handling was required, a new 500 mL plastic bottle (i.e., routine sample bottle) was filled from the source, and 
sample water was decanted into other laboratory analysis bottles or filters. Depth profile samples were collected 
by weighing tubing down to the required depth by use of buoy and weight. The introduction of the diaphragm 
pump collection method made direct filling of each laboratory analyte bottle possible without additional handling, 
including deep-water sample collection. The methodology for collecting depth profile measurements was 
developed in consultation with BC Hydro and with reference to the British Columbia Field Sampling Manual 
(BC MOE 2013); 

 Decontamination of tubing was completed at each site by running source water through the tubing for a 
minimum of 15 minutes prior to sampling. When grab sampling was required, decontamination of sampling 
equipment between monitoring locations was completed by triple rinsing field sample collecting equipment; 

 The use of clean, new nitrile gloves and filters at each new monitoring location during all water sampling; 

 Required preservatives were added into the sample containers (e.g., dissolved metals and total metals – nitric 
acid, dissolved and total nutrients – sulfuric acid, dissolved and total mercury – hydrochloric acid); 

 Dissolved parameters were filtered in the field using new high capacity Waterra filters and then were field 
preserved after filtration; 

 The sample ID, date and location on container label were recorded using water resistant labelling; 

 One blind duplicate sample was submitted per every 10 ambient samples submitted; 

 One trip blank and one field blank were submitted per sampling period, unless otherwise noted; 

 Samples were stored in a cooler with ice packs to lower temperature and maintain them below 4°C; 

 All field activities were recorded on formatted field data sheets concurrently with ongoing field activities and 
supported by GPS referencing at each monitoring station; 

 Chain-of-custody forms including analytical selection were completed for the samples. The analytical testing for 
the 2019 monitoring Program is derived from the British Columbia Approved and Working Water Quality 
Guidelines (BC MOE 2017 and 2019); and 

 Samples were delivered to the ALS Environmental laboratory depot in Fort St. John, BC. 

Tables 1 and 2 in the Appendix summarize selected parameters from the program; the list is based on sampled 
parameters represented by available BC Water Quality Guidelines (BC WQG), subsequently discussed within the 
Results (Section 4.0). Note that the BC WQG does not include guidelines for all parameters included in the program 
(BC MOE 2019).  

Field parameter measurements and laboratory analytical results have been compiled in Tables 3 to 11 in the 
Appendix; Laboratory Certificates of Analysis are included in Appendix B. Table 2-1 summarizes parameters 
sampled and collection periods for the program.  
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Table 2-1. Laboratory Analyzed Parameters and Sampling Collection Periods 

Parameters Sampled 
Sampling Period 

May 23 to 
26, 2019 

June 22 to 
25, 2019 

July 23 to 
26, 2019 

August 20 
to 23, 2019 

September 24 
to 27, 2019 

October 22 
to 26, 2019 

Surface Water Parameters Sampled: 
Colour, alkalinity, pH, total dissolved 
solids, total suspended solids, 
dissolved organic carbon, total 
organic carbon, ammonia, nitrate, 
nitrite, total Kjeldahl nitrogen, total 
nitrogen, total phosphorus, total 
dissolved phosphorus, soluble 
reactive phosphorus 

All Stations All Stations All Stations All Stations All Stations All Stations 

Surface Water Parameters Sampled: 
Major ions (calcium, magnesium, 
potassium, sodium), total and 
dissolved metals and metalloids 
(aluminum, antimony, arsenic, 
barium, beryllium, boron, cadmium, 
chromium, cobalt, copper, iron, lead, 
lithium, manganese, mercury, 
methylmercury, molybdenum, nickel, 
selenium, silver, thallium, tin, titanium, 
uranium, vanadium, and zinc) 

All Stations     All Stations 

Surface Water Parameters Sampled: 
Low-level analysis of total and 
dissolved forms of mercury and 
methylmercury 

All Stations     All Stations 

Surface Water Parameters Sampled: 
Chlorophyll a 

W1 and D1 
(Deep and 
Shallow) 

W1 and D1 
(Deep and 
Shallow) 

W1 and D1 
(Deep and 
Shallow) 

W1 and D1 
(Deep and 
Shallow) 

W1 and D1 
(Deep and 
Shallow) 

W1 and D1 
(Deep and 
Shallow) 

Sediment Parameters Sampled: 
Particle size, nutrients, and total 
metals (aluminum, antimony, arsenic, 
barium, beryllium, boron, cadmium, 
chromium, cobalt, copper, iron, lead, 
lithium, manganese, mercury, 
molybdenum, nickel, selenium, silver, 
thallium, tin, titanium, uranium, 
vanadium, and zinc) 

     All Stations 

 
2.2 Boxplot Analysis Methods 

Boxplots, constructed using Microsoft Excel 2016 (attached Figures 3 to 7), were used to graphically depict the 
water quality data. In consultation with BC Hydro, five of the 19 parameters were selected for plotting: total nitrogen, 
total phosphorus, total organic carbon (TOC), total iron and chlorophyll a. A total of 193 sites were divided into five 
groups based on location (Table 2-2): 

                                                      
3 Following the 2016 field season, the SEES JV sought approval from BC Hydro, that Halfway River Upstream (HU) and Moberly River Upstream 
(MU) would not be sampled until reservoir inundation due to access restrictions related to turbulent water conditions carrying large debris (i.e., 
safety hazard) or low water levels making the river impassable by boat. Following reservoir filling, HU and MU will be incorporated into the 
program again. 



 2019 WATER AND SEDIMENT QUALITY MONITORING PROGRAM 
 FILE: 704-ENW.VENW03060-03 | JANUARY 17, 2020 | ISSUED FOR USE 
 

 7 
 
RPT - 2019 Water and Sediment Quality Monitoring Program_IFU.docx 

Table 2-2: Included Sites for Boxplot Representation 

Reservoir 
Peace River Tributaries 

Upstream of Dam Downstream of Dam Upstream of Dam Downstream or Dam 
Williston Deep 

(W1-Deep) 
Peace Canyon Dam 

(PC1) 
Peace at Pine (PD1) Halfway River- 

Downstream (HD) 
Pine River (PINE) 

Williston Shallow 
(W1-Shallow) 

Peace 1: Site C 
Reservoir (PR1) 

Peace at Beatton (PD2) Moberly River – 
Downstream (MD) 

Beatton River (BEA) 

Dinosaur Deep 
(D1-Deep) 

Peace 2: Middle Site 
C Reservoir (PR2) 

Peace at Kiskatinaw 
(PD3) 

 Kiskatinaw River (KR) 

Dinosaur Shallow 
(D1-Shallow) 

Peace 3: Lower Site C 
Reservoir (PR3) 

Peace at Pouce Coupe 
(PD4) 

 Pouce Coupe River 
(POUCE) 

  Peace at Many Islands 
(PD5) 

  

 
Data from each group were divided into Pre-Construction phase (July 27, 2015 and earlier) and Construction phase 
(after July 27, 2015). Where available, data for sampling conducted between May and October were included for 
each phase, where results from each month are referred to as “periods”.  

The following data sets were plotted: 

 Pre-Construction phase: 

− Data collected in 2007, 2008, 2010, 2011 and 2015 sourced from: “Site C Clean Energy Project 
Environmental Impact Statement Technical Appendix: Water Quality Baseline Conditions in the Peace 
River Volume 2, Appendix E” (Golder 2012). 

 Construction phase: 

− Data collected in 2016 sourced from: “Peace River and Site C Reservoir 2016 Water and Sediment Quality 
Monitoring Programs” (SEES JV 2017);  

− Data collected in 2017 sourced from: “Peace River Water Quality in the Vicinity of the Confluence with the 
Moberly River – Seasonal Trends in Metals that have British Columbia Water Quality Guidelines for the 
Protection of Aquatic Life” (Ecofish 2017); 

− Data collected in 2017 sourced from: “Peace River and Site C Reservoir 2017 Water and Sediment Quality 
Monitoring Programs” (SEES JV 2018);  

− Data collected in 2018 sourced from: “Peace River and Site C Reservoir 2018 Water and Sediment Quality 
Monitoring Programs” (SEES JV 2019); and 

− SEES JV’s 2019 water quality data. 

Summary statistics (Table 15) were also compiled for each of the groups and include: Mean, Standard Error, 
Median, Mode, Standard Deviation, Sample Variance, Kurtosis, Skewness, Range, Minimum, Maximum, Sum and 
Count. 
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3.0 REGULATORY GUIDELINES 
“The British Columbia Water Quality Guidelines (WQG) provide policy direction to those making decisions affecting 
water quality. Although WQGs do not have any direct legal standing, once approved, WQGs must be considered in 
any decision affecting water quality made within the British Columbia Ministry of Environment (BC MOE). WQGs 
are used to assess water quality and may be used as the basis for determining the allowable limits in waste 
discharge authorizations. Exceeding a WQG does not imply that unacceptable risk exists, but rather that the 
potential for adverse effects may be increased and additional investigation may be required”  
(BC MOE 2019).  Table 3-1 describes the application of the regulatory guidelines used in comparison with the 
Program data. 

Table 3-1.  Application of Regulatory Guidelines within the Program  

Regulatory Guideline Monitoring Program Results 
Guidelines were Compared With Rationale for Use 

British Columbia 
Approved Water Quality 
Guidelines  
(BC AWQG), for 
freshwater aquatic life 
and short-term 
maximums (BC MOE 
2019) 

All surface water quality results The overall guidelines were developed to represent safe 
levels of substances that protect different water uses, 
including: drinking water, recreation, aquatic life, wildlife, and 
agriculture.  
Short-term maximum or “acute” guidelines are set to protect 
against severe effects such as lethality or other equivalents to 
the most sensitive species and life stage over a defined 
short-term exposure period (BC MOE 2019). The requirement 
for applying long-term average guidelines is that five samples 
are collected at a station over a 30-day period. 

British Columbia 
Working Water Quality 
Guidelines 
(BC WWQG; BC MOE 
2017)   

No application to surface water 
quality results 

The BC WWQG were reviewed and determined not to be 
applicable for water quality parameters based on the 
sampling frequency selected (e.g., sampled parameters were 
presented as long-term averages within the guidelines, which 
do not apply to monitoring Program sampling frequency). 

British Columbia 
Working Water Quality 
Guidelines  
(BC WWQG; BC MOE 
2017)   

Sediment quality results The sediment quality results were compared to the 
BC WWQG because approved guidelines for sediment 
quality are not available. The BC WWQG for sediment quality 
parameters are applied using lower and upper surface water 
quality guidelines (SWQG). The Lower SWQG is based on “a 
concentration set to protect aquatic life from adverse effects 
of a toxic substance in most situations and is equivalent to 
the Canadian Council of Ministers of the Environment’s 
(CCME) Threshold Effect Level or Interim Sediment Quality 
Guidelines (TEL or ISQGs; CCME 2001a)”. The Upper 
SWQGs is based on “a concentration that if exceeded will 
likely cause severe effects on aquatic life (equivalent to 
CCME’s Probable Effect Level (PEL; CCME 2001a)”. As the 
guidelines are considered a working document, caution in 
applying the guidelines should be exercised. The sediment 
quality guidelines within the BC WWQG are based on levels 
of toxic substances found in the sediment where biological 
effects have been measured and are not based on cause-
effect studies (BC MOE 2017). 

 
Guidelines determined to be applicable to the analyzed parameters were compiled from the BC AWQG and 
BC WWQG and are presented in Tables 1 and 2. Guidelines for cadmium, copper, fluoride, lead, manganese, silver, 
and zinc are provided, where applicable, in Tables 3 to 11 as a referenced equation, which vary with hardness, pH, 
and temperature. Parameter-specific equations used to calculate the applicable guideline values are provided in 
the notes of the tables.  
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4.0 RESULTS 
Results, both in situ and laboratory, were compared among the sampling periods and among stations (from 
upstream to downstream reaches). The objective of plotting the data was to start to identify differences and 
parameter concentrations that differ from guidelines. 

Water quality results are presented in Tables 3 to 11 and Appendix B (laboratory reports), attached to this report, 
and include the following for each sampling location: 

 Field parameter measurements and field observations; 

 Laboratory analytical results for each sample submitted, including duplicate, trip blank, and field blank analysis; 
and 

 Exceedances of the BC AWQG and BC WWQG are bolded and shaded in grey. 

The GPS coordinates of each station are provided in Figures 2a and 2b. Photographs of the stations (Photos 1 to 
17) are presented within the Photograph section of this report. 

4.1 Williston and Dinosaur Reservoirs Water and Sediment Quality Results 

Four reference stations were selected to monitor water flowing into the Site C reach from Dinosaur and Williston 
reservoirs. 

Reference Station Sample IDs: 

 Williston (W1) – Deep and Shallow; and 

 Dinosaur (D1) – Deep and Shallow. 

Sediment quality samples were collected for D1 and W1 within the near-shore littoral zones near the water sample 
locations to collect samples with a high fine to coarse material ratio. Particle size analysis of each sample 
determined that Dinosaur Reservoir and Williston Reservoir sediments were classified as sandy loam and silt loam, 
respectively (Table 5; Appendix B). 

Reservoir depth profiles for W1 and D1 are provided in Tables 3 and 4; reservoir sediment quality results for W1 
and D1 are presented in Table 5. Surface water quality results for both W1 and D1 (Shallow and Deep samples) 
are presented monthly in Tables 6 to 11; all lab results are located in Appendix B. 

Throughout the sampling periods, field measured dissolved oxygen, electrical conductivity and specific electrical 
conductivity remained generally stable within both W1 and D1; dissolved oxygen levels decreased slightly 
throughout the sampling periods but remained within guidelines and supportive of aquatic life. Field measured water 
temperatures generally increased then decreased with the seasonal changes from May to October; surface 
temperatures exceeded BC AWQG in July at D1 and W1. Throughout the water column, temperatures generally 
decreased with depth in the summer months, however a distinct hypolimnion was not identified as there was no 
clear stratification observed within the top 5 m at any time. Within the Williston Reservoir, the thermocline would 
likely have existed below a depth of 5 m during the months of July and August. As was the case in prior years, 
measurements collected in July, August and September were the most elevated temperatures recorded over the 
course of each sampling period (Tables 3 and 4). In the spring and fall months (May, September and October), the 
water column in both reservoirs was uniformly mixed with consistent temperatures existing throughout the upper 5 
m of the reservoirs. 
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With the exception of the field-measured pH values within the Dinosaur Reservoir in August, the pH values remained 
within guidelines throughout the water column measurements for both reservoirs over the course of each sampling 
period. Since field-measured pH results were consistently low for many of the 19 sampling locations in August, and 
the lab-measured pH values for these sites were within typical ranges observed throughout the rest of the 2019 
sampling period, it is probable that the pH meter was malfunctioning during this sampling event. It should be noted 
that laboratory-analyzed pH is considered secondary to field-measured pH by a calibrated instrument due to the 
exceeded hold times (15 minutes) of all laboratory analyzed pH values. Hardness concentrations ranged from 91.0 
mg/L to 97.4 mg/L for samples collected within the reservoirs in May and October, which is considered moderately 
soft/hard to hard water (ESRD 2018; Tables 6 and 11).  

Colour, TSS, TDS, and turbidity were moderate to low throughout the dataset and over each sampling period. As 
was observed in 2018, D1 experienced a slight increase in turbidity during the May and August sampling periods 
(Tables 6 to 11). The increase could be attributable to the operation of W.A.C Bennett and Peace Canyon Dams 
for the management of water levels. Secchi depths ranged from 1.5 m to 6.0 m below surface for D1 and 3.0 m to 
6.5 m for W1 (Tables 3 and 4). The lower secchi readings at D1 occurred in May and August which is consistent 
with the slightly elevated turbidity results observed within the Dinosaur Reservoir during those months. 

Since the BC AWQG for turbidity and TSS rely on daily sample collection over a 30-day period (for long-term 
average guideline) or the use of automated data collection over a 24-hour period (short-term maximum guideline), 
the individual samples collected in 2019 were not compared to guidelines.  

Anions and nutrients analyzed within the lentic (reservoir) dataset did not exceed available guidelines. TOC 
concentrations were within normal range (1 mg/L to 30 mg/L) for natural waterbodies (BC MELP 1998). Boxplots 
showed that median TOC concentrations measured in the reservoirs during the Construction phase are generally 
highest in May but are relatively consistent (approximately 3 mg/L) throughout the sampling period (Figure 7). 
In fewer instances than was the case in prior years, dissolved organic carbon (DOC) concentrations were found to 
exceed the TOC concentration, which was attributed to the use of polyethersulfone based filters and is discussed 
within Section 5.0 (Discussion) of this report (Tables 6 to 11). Since the fluctuations between DOC and TOC 
concentrations in 2019 are consistently negligible, the difference could also be attributed to unavoidable analytic 
variation that is present in all lab tests. This inherent accuracy becomes more significant near the upper and lower 
limits of detection. 

Two nutrients were plotted – nitrogen and phosphorus (Figures 5 and 6). Median concentrations of both nitrogen 
and phosphorus within the reservoirs were similar throughout all periods in the Construction phase. Median 
concentrations observed in May were slightly higher and had a greater range of values. Nitrogen and phosphorus 
concentrations in the Pre-Construction phase were, however, dissimilar. Median concentrations of nitrogen in the 
Pre-Construction phase were more variable across the periods and showed a wide range of values (greater distance 
between minimum and maximum concentrations) compared to the Construction phase. Pre-Construction median 
concentrations of phosphorus were similar across the periods and were comparable to the Construction phase.  

Chlorophyll a was included as a parameter for boxplot analysis since it is commonly used as an indicator of algae 
abundance and productivity in aquatic environments (Figure 3). Median concentrations of Chlorophyll a within the 
reservoirs generally increased between May and October. Chlorophyll a concentrations are commonly highest 
during the warm, sunny summer months (i.e., June through August), however, in this dataset, those months actually 
saw a decrease in median concentration. September and October had the highest median concentrations of 
Chlorophyll a which has been consistent throughout the four years of the Construction phase as was illustrated in 
the 2018 boxplots inclusive of the 2016-2018 data.   

Total and dissolved metals and metalloid analysis for water quality was conducted for May and October sampling 
periods only. No exceedances of guidelines were observed within the lentic dataset for metals or metalloid 
parameters (Tables 6 and 11). Boxplots of iron in the reservoirs during the Construction phase show that median 
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concentrations are highest in May – likely the result of sediments contributed during spring freshet – then very low 
(less than 0.1 mg/L) in the fall (Figure 4).  Pre-Construction phase median concentrations were more stable, with a 
peak in August.   

All samples analyzed for ultra-low-level detection of mercury and methylmercury resulted in concentrations either 
below or marginally above the detection limits (Tables 6 and 11).  

Other than the temperature readings which occasionally exceeded the BC AWQG and the abnormally low pH 
readings in August, no other exceedances of the guidelines were observed within the datasets (Tables 6 to 11). 

Sediment anions and nutrient levels were considered moderately low and close to detection limits, and pH was 
within a normal range during the one sampling event in which sediments were sampled (October). W1 exceeded 
the Lower Sediment Water Quality Guideline (SWQG) guidelines for arsenic, cadmium and nickel; D1 exceeded 
the Lower SWQG guidelines for arsenic, cadmium, and nickel. No metal concentrations within sediments collected 
from either reservoir exceeded the Upper SWQC (Table 5). 

Other than the metal exceedances stated, no other exceedances of the BC WWQG were observed in 2019. 

4.2 Peace River Water Quality Results: Site C Reservoir 

The Mon-8 study area includes monthly monitoring from May to October at eight stations within the Site C reach, 
defined as the portion of the Peace River that will be inundated by the Project and includes the Peace River from 
the Peace Canyon Dam downstream to the Site C Dam, and those sections of the Halfway and Moberly rivers that 
will be inundated following reservoir creation (approximately 10 km sections).  

Site C Reservoir Station IDs: 

 Peace Canyon (PC1); 

 Upper Site C Reservoir (PR1); 

 Middle Site C Reservoir (PR2); 

 Halfway River Upstream (HU) and Downstream (HD); 

 Lower Site C Reservoir (PR3); and  

 Moberly River Upstream (MU) and Downstream (MD). 

PC1 is considered the most upstream sample location and PR3 and MD (tributary) are considered the most 
downstream sample locations within the future Site C Reservoir. Samples were collected from designated stations 
relating to the sample names. Peace River samples were collected from mid-channel flow locations, isolating source 
water considered to be well mixed within the Peace River. Tributary river samples were collected upstream of the 
Peace River confluence to isolate mid-channel flow source prior to it mixing with the main Peace River channel.  

All water quality parameters analyzed were within the BC AWQG guidelines for the samples collected during 2019 
except for intermittent exceedances above the guidelines for temperature, pH, total iron and dissolved aluminum.  

Field measurements of temperature from PC1 and MD in June and July indicated levels exceeding the BC AWQG 
(Tables 7 and 8). In addition, field measurement of temperature from HD in July indicated an exceedance of the 
BC AWQG (Table 8). Overall, the temperatures measured within tributaries were found to be higher than that of the 
Peace River, except for the September and October sampling periods when temperatures within the tributaries 
were lower relative to Peace River values.  
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pH values remained within guidelines in 2019, except for three measurements during the August sampling period 
which were unusually low due to a potential equipment malfunction (discussed in Section 4.1). Laboratory-analyzed 
pH is considered secondary to field-measured pH by a calibrated instrument due to the exceeded hold times (15 
minutes) of all laboratory-analyzed pH values (Tables 6 to 11). 

TSS, TDS, and turbidity were consistent throughout the dataset and over each sample period, with elevated 
concentrations observed within the tributaries (HD and MD) and slightly elevated concentrations within the Peace 
River downstream of the tributaries. Overall, turbidity was the highest in the months of May and August. These 
parameters were not compared against BC AWQG, as short-term maximum guidelines were not provided in the 
guidelines (Tables 6 to 11). 

Anions and nutrients analyzed within the dataset did not exceed the BC AWQG, however results for the tributary 
source waters (i.e., HD and MD) were generally observed to be elevated relative to the Peace River samples. TOC 
concentrations were within normal range (1 mg/L to 30 mg/L) for natural waterbodies (BC MELP 1998; Tables 6 to 
11).  

For both Tributaries Upstream and Peace River Upstream sites, median TOC concentrations were highest in May 
in both the Pre-Construction and Construction phases, though the peak was more distinct in the Peace River 
Upstream sites (Figure 7). Throughout the rest of the sampling periods, median TOC concentrations were 
reasonably consistent in both the Pre-Construction and Construction phases. TOC concentrations were generally 
lower in the Peace River Upstream sites compared to those in the Tributaries Upstream sites, at just less than 5 
mg/L vs just over 5 mg/L, respectively. DOC concentrations were occasionally found to exceed the TOC 
concentration on a very limited basis, which was likely attributable to the use of polyethersulfone based filters and 
is discussed further within Section 5 of this report. 

Nitrogen and phosphorus both showed the same general trends in Pre-Construction and Construction phases and 
between sites (Figures 5 and 6). Concentrations of both these parameters were fairly consistent at the Peace River 
Upstream sites throughout all periods. However, the Tributaries Upstream sites have a distinct peak in May with 
consistent median concentrations throughout the other periods. For the Construction phase, median concentrations 
of nitrogen were slightly higher in the Tributary sites compared to the Peace River sites. Median concentrations of 
phosphorus, however, were much higher in the Peace River sites compared to the Tributary sites.  

Pre-Construction phase median concentrations of Chlorophyll a were fairly consistent throughout all sampling 
periods in both Peace River and Tributary Upstream sites (Figure 3). Construction phase sampling is more limited, 
with samples collected in only May 2016 at the Peace River Upstream sites and in May and June 2016 at the 
Tributaries sites. During this time, the median concentration nearly doubled from May to June at the Tributary sites. 

Hardness varied between 91.3 mg/L to 214.0 mg/L for samples collected during the May and October sampling 
periods, which ranged from moderately soft to very hard water (ESRD 2018; Tables 6 and 11). Hardness within the 
tributary source waters was generally higher than that of the Peace River and hardness within the Peace River 
increased downstream of PR2. 

Intermittent samples analyzed throughout the May and October sampling periods exceeded the BC AWQG for total 
iron (Tables 6 and 11). In May, the HD, PR3 and MD samples exceeded guidelines for iron, and in October, the 
tributary (HD and MD) samples exceeded guidelines for total iron. Iron is a naturally occurring element due to the 
weathering of rocks and minerals but has also been associated with acidic mine water drainage, landfill leachates, 
sewage effluents and iron-related industries (Health Canada 1978). 
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The tributary (HD and MD) samples collected in October exceeded the BC AWQG for dissolved aluminum (Table 
11). Aluminum is a naturally occurring element due to erosion of watershed areas and is also used as a coagulant 
in drinking water treatment facilities (BC MOEAP 1988). 

All samples analyzed for ultra-low-level detection of mercury and methylmercury resulted in concentrations either 
below or within an order of magnitude of detection limits with the tributaries and PR3 having higher concentrations 
than PC1, PR1 and PR2 (Tables 6 and 11).  

Median concentrations of iron in both the Peace River and Tributaries sites showed a generally decreasing trend 
for both the Pre-Construction and Construction phases from May to October (Figure 4). The decreasing trend was 
more distinct during the Construction phase. For the data collected in May during the Construction phase, the 
median iron concentration exceeded the BC AWQG guidelines of 1 mg/L; subsequent periods were generally below 
the BC AWQG guideline.  

Other than total iron, dissolved aluminum, temperature and pH exceeding the BC AWQG, no other exceedances of 
the guidelines were observed within the datasets. 

Sediment quality samples were collected for all Site C Reservoir samples within the near-shore littoral zones near 
the water sample locations to collect samples with a high fine to moderately coarse material. Particle size analysis 
of each sample determined that sediment varied between silt loam, loamy sand, and sand soil textures (Table 5; 
Appendix B).  

Sediment anions and nutrient levels were considered moderately low and close to detection limits, except for 
ammonium at PR3 which was elevated relative to the remainder of the future Site C Reservoir dataset. pH was 
within a normal range for all samples. The BC WWQG Lower SWQG were exceeded for arsenic (PC1, PR1, PR2, 
HD, PR3 and MD), cadmium (PR3), iron (PC1, PR1, HD, and MD) and nickel (PC1, PR1, PR2, HD, PR3 and MD). 
No metal concentrations within sediments collected from the Site C reach exceeded the Upper SWQC (Table 5).  

Other than the metal exceedances stated, no other exceedances of the BC WWQG were observed within the 2019 
datasets. 

4.3 Peace River Water Quality Results: Downstream Reach 

The Mon-9 study area includes monthly monitoring from May to October of nine stations within the Peace River 
from the Site C Dam downstream to the Many Islands area in Alberta, approximately 120 km. 

Downstream Reach Station IDs: 

 Peace at Pine (PD1); 

 Pine River (PINE); 

 Peace at Beatton (PD2); 

 Beatton River (BEA); 

 Peace at Kiskatinaw River (PD3); 

 Kiskatinaw River (KR); 

 Peace at Pouce Coupe (PD4); 

 Pouce Coupe (POUCE); and 

 Peace at Many Islands (PD5). 
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PD1 is considered the most upstream sample location and PD5 is considered the most downstream sample location 
within the downstream reach dataset. Samples were collected from designated stations relating to the sample 
names. Peace River samples were collected from mid-channel flow locations, isolating source water considered to 
be well mixed within the Peace River. Tributary river samples were collected upstream of the Peace River 
confluence to isolate mid-channel flow source prior to it mixing with the main Peace River channel.  

All parameters analyzed met the BC AWQG for the samples collected in 2019 except for elevated temperatures 
encountered at a number of stations during the summer months, and intermittent exceedances above the guideline 
for total and dissolved iron, total copper, total zinc and dissolved aluminum. (Tables 7 to11).  

Field measurements of temperature from May through August indicated levels exceeding the BC AWQG for a 
number of stations (Tables 6 to 9). In May and August, temperature at POUCE exceeded guidelines. In June 
temperature exceedances were documented at BEA and POUCE, and in July, temperature exceedances were 
documented at 7 sites (PINE, BEA, PD3, KR, PD4, POUCE and PD5). Overall, the temperatures measured in the 
tributaries were generally found to be higher than that of the Peace River, except for the September and October 
sampling periods when temperatures within the tributaries were slightly lower relative to the Peace River. 

The pH values remained within guidelines throughout the dataset and sampling period with the exception of six 
sites during the August sampling period. These unusually low pH values are thought be the result of malfunctioning 
equipment (discussed in section 4.1). Laboratory-analyzed pH is considered secondary to field-measured pH by a 
calibrated instrument due to the exceeded hold times (15 minutes) of all laboratory-analyzed pH values (Tables 6 
to 11).  

TSS, TDS, and turbidity were generally consistent throughout the dataset and over each sample period, with 
elevated concentrations generally observed within the tributaries (PINE, BEA, KR and POUCE) compared to the 
Peace River samples. Turbidity was substantially elevated at all sites during August, and concentrations observed 
in May were moderately elevated compared to other sampling periods in the program (Tables 6 to 11). The elevated 
turbidity levels in August are likely a result of rainfall. The 9-day period between August 15 and August 23 saw 7 
days of rain, with a total rainfall of 72.4 mm; the majority of which (54.4 mm) fell in the five days prior to the sampling 
event (August 20-23). The turbidity results were not compared against BC AWQG, as short-term maximum 
guidelines were not provided in the guidelines.  

Anions and nutrients analyzed within the dataset did not exceed any of the BC AWQGs. TOC concentrations were 
within normal range (1 mg/L to 30 mg/L) for natural waterbodies, except for the BEA samples collected during the 
July, August, September and October sampling periods (BC MELP 1998; Tables 6 to 11). DOC concentrations were 
very infrequently found to exceed the TOC concentration, which was likely attributable to the use of polyethersulfone 
based filters and is discussed further within Section 5.0 of this report. 

During the Construction phase, median TOC concentrations in the Peace River Downstream sites were highest in 
May (approximately 3.5 times higher) then quickly decreased and stabilized over the subsequent periods (i.e., June 
to October) (Figure 7). At the Tributaries Downstream sites, the median TOC concentrations were considerably 
higher than those at the Peace River Downstream sites.  Median TOC concentrations at the Tributaries Downstream 
sites were also comparatively consistent, with only a slight peak in May.  

In both Pre-Construction and Construction phases median concentrations of nitrogen at both Peace River 
Downstream and Tributaries Downstream were highest in May and then relatively consistent throughout the 
remaining periods (Figure 5).  

Median concentrations of phosphorus were generally highest in May at both downstream sites in both phases 
(Figure 6). The 2019 dataset showed a distinct increase in phosphorus concentrations at both sites in August during 



 2019 WATER AND SEDIMENT QUALITY MONITORING PROGRAM 
 FILE: 704-ENW.VENW03060-03 | JANUARY 17, 2020 | ISSUED FOR USE 
 

 15 
 
RPT - 2019 Water and Sediment Quality Monitoring Program_IFU.docx 

the Construction phase, whereas in 2018 the median concentration was consistently low after the spring freshet in 
May. Both the Peace River Downstream and Tributaries Downstream sites showed a noticeably lower median 
concentration of phosphorus in May 2019 compared to May 2018.  

Hardness within the tributary source waters was generally higher than that of the Peace River during the May and 
October sampling periods with the exception of the BEA which had consistently softer water than the nearby Peace 
River location and the PINE which had softer water than the Peace River location in May but not October. Hardness 
varied between 58.4 mg/L to 212.0 mg/L for samples collected during the May and October sampling periods, which 
ranged from soft to moderately soft to very hard water (ESRD 2018; Tables 6 and 11).  

All samples collected in the May sampling period exceeded the BC AWQG for total iron and five samples (PINE, 
BEA, KR, POUCE and PD5) exceeded the iron guidelines during the October sampling period. Two samples 
collected in May (PD1 and BEA) and in one sample in October (BEA) also exceeded the BC AWQG for dissolved 
iron (Tables 6 and 11). 

Median concentrations of iron in both the Peace River and Tributaries Downstream sites showed a generally 
decreasing trend from May to October for both the Pre-Construction and Construction phases, with May having the 
highest values (Figure 4). Most median iron concentrations in both the Pre-Construction and Construction phases 
exceeded the BC AWQG guideline of 1 mg/L.  

The BEA sample collected in May exceeded the BC AWQG for total copper (Table 6). Copper is a naturally occurring 
element due to the weathering of rocks and minerals (BC MOEAP 1987). 

The BEA sample collected in May also exceeded the BC AWQG for total zinc (Table 6). Zinc is a naturally occurring 
element; however, is also related to industrial and domestic emissions (Health Canada 1987). 

The PD1, BEA and PD5 samples collected in May and the PINE, BEA and POUCE samples collected in October 
exceeded the BC AWQG for dissolved aluminum (Tables 6 and 11). 

All samples analyzed for ultra-low-level detection of mercury and methylmercury resulted in concentrations that 
were generally within or slightly greater than an order of magnitude above the reportable detection limits (Tables 6 
and 11).  

Other than intermittent exceedances above the BC AWQG for temperature, pH, total and dissolved iron, total 
copper, total zinc and dissolved aluminum; and all stations exceeding the BC AWQG for total iron in May, no other 
exceedances of the guidelines were observed within the datasets.  

Sediment quality samples were collected for all downstream reach samples within the near-shore littoral zones near 
the water sample locations to collect samples with a high fine to moderately coarse material ratio. Particle size 
analysis of each sample determined that sediment varied between silt loam and sandy loam soil textures (Table 5; 
Appendix B). 

Sediment anions and nutrient levels were considered moderately low and close to detection limits, except for 
ammonium at PD1 which was slightly elevated. pH was within a normal range for all samples. All samples exceeded 
the BC WWQG Lower SWQG for arsenic and nickel; PD1, PINE, PD3, PD4 and PD5 exceeded the BC WWQG for 
cadmium; POUCE exceeded the BC WWQG for Manganese; and BEA, POUCE and PD5 exceeded the BC WWQG 
for iron. All sediment samples collected from the Downstream Reach were within the BC WWQG Upper SWQG 
except for iron at POUCE which exceeded the guideline (Table 5). 

Other than the metal exceedances stated, no other exceedances of the BC WWQG were observed within the 2019 
datasets. 
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4.4 Quality Assurance and Quality Control 

The quality assurance and quality control (QA/QC) programs for water and sediment quality sampling are 
implemented to assess and/or quantify field, laboratory and data reduction quality. 

Laboratory QA/QC reports are required by environmental laboratories accredited by the Canadian Association of 
Environmental Analytical Laboratories (CAELA), such as ALS Environmental, and can be requested to be attached 
to the laboratory data or requested from the lab directly. Laboratory QA/QC data reviewed by the assessor is 
generally limited to percentage recovery of added surrogates. The reported detection limits (RDL) of the analytical 
methods are presented on the analytical reports and in Tables 12 to 14.  

Field quality control includes procedures and documentation, and occasionally collection of quality assurance 
samples. Field quality assurance sampling programs are used to measure the precision and accuracy of the field 
sampling using blank and duplicate samples.  

The field sampling and laboratory testing reproducibility of the sample-duplicate pairs is evaluated using the relative 
percentage difference (RPD) method, involving calculation of RPD as follows: 

RPD % = [Sample – Duplicate]/(X)*100 

  where X is the average concentration of the sample and its duplicate. 

The duplicate analysis is compared to the sample by evaluating the RPD, where the target RPD is less than a 20% 
difference for water and less than a 30% difference for sediment. RPD is calculated for results that are higher than 
five times the reported detection limit. Results of RPD analysis are presented in Tables 12 and 13. Approximately 
3.05% of all water quality parameters that qualified for RPD analysis were found to generate an exceedance of 20% 
RPD analysis. None of the sediment quality duplicates were found to generate an exceedance of 30% RPD 
analysis. The water quality exceedances were attributed to the following parameters: Nitrate and Nitrite, Nitrite, 
Total Nitrogen, Sulphate and Chlorophyll a Overall, 3% exceedance of water quality parameters is within an 
acceptable quality control range.  

Trip or travel blanks are deionized water sealed in a bottle provided by the laboratory and are introduced for 
travelling with the samples for the duration of the sampling period. Elevations above the reported detection limit 
may indicate laboratory or transit introduced errors outside of the field methodology. Table 14 indicates that there 
were no elevations above reported detection limits for any parameters during the May to September sampling 
periods. In October, total nitrogen was reported to be 0.062 mg/L which is slightly above the reported detection limit 
of 0.03 mg/L. 

Field blanks are deionized water filled into bottles using the same field methodology applied to the analyzed dataset. 
All bottles and water are provided by the laboratory and are introduced for evaluating the field methodology and 
potential for analytical interference using equipment or sampling practices. Elevations above the reported detection 
limit may indicate field level introduced errors. Table 14 indicates elevations above reported detection limits for total 
aluminum and total manganese in May; turbidity, total aluminum, total calcium, total mercury, dissolved calcium and 
dissolved manganese in June; turbidity in July; turbidity in August; total manganese in September; and total 
manganese in October. 

The pH value reported for each field and trip blank were below the normal range of 6.5 to 9.0 and considered acidic. 
This is attributed to the acidity of the deionized water and not sampling and analytical methodologies. An ALS 
representative confirmed that the laboratory supplied deionized water typically has a low pH value. In addition, pH 
has a limited hold time of 15 minutes, therefore field measured pH and not laboratory analyzed pH is interpreted for 
data analysis of samples collected.  
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5.0 DISCUSSION 
The objectives of Mon-8 and Mon-9 in 2019 were to contribute to the FAHMFP by characterizing the surface water 
and sediment conditions within the Peace River and its tributaries as it relates to the Project.  

5.1 Management Hypotheses 
Mon-8 and Mon-9 were developed to monitor water and sediment quality in the Site C Reservoir and Peace River 
to address the fisheries management questions listed in the FAHMFP (see Section 1.0). 

The management questions and hypotheses outlined in Section 1.0 will require several years of data collection 
before the questions can be definitively addressed. This report is the fourth year of data collection for these two 
monitoring programs under the FAHMFP.  

5.2 Discussion of Results 
Each of the broad geospatial groups (Peace River, tributaries and reservoirs) have unique geological and 
limnological characteristics that likely contribute to their water quality characteristics. Most notably: 

 Reservoir sites are lentic, which tend to be warmer, less oxygenated and less turbid (particulate matter has 
time to settle out) than that of lotic waters. Parameter concentrations at the reservoir sites were generally lower 
than the Peace River or tributary sites which are located downstream of the Dinosaur Reservoir; and 

 Tributary sites are located on tributaries to the Peace River which tend to flow through more erodible material. 
Notwithstanding other factors, water flowing over erodible surfaces tend to accumulate larger sediment loads 
and consequently may have higher total and dissolved mineral components.  

Similar, but to a lesser extent than that reported in 2017 and 2018, DOC concentrations in 2019 very occasionally 
were elevated above TOC concentrations. DOC concentrations of field blank samples collected during all sampling 
periods were reported to all be below detection in field-filtered deionized water provided by the lab, which indicates 
field methodologies are not introducing cross contamination between samples. In the 2017 and 2018 reports it was 
discussed that “in 2016, one potential source of organic carbon was attributed to the field filtration equipment. ALS 
Environmental confirmed that this is a known contributor of organic carbon to analytical samples, and therefore, the 
concentrations reported are not considered to be an indicator of high concentrations of source water DOC”. In 2017, 
SEES JV implemented flushing of the field equipment with a goal to reduce the incidence of false positives for DOC. 
In 2018 and 2019, SEES JV continued with this methodology, flushing with 1L of water in 2018, and increasing it to 
2L of water in 2019. Although the concern of organic carbon impacts from field equipment has still not been fully 
resolved, improvements continue to be seen in 2019. The TOC concentrations are considered stable and mostly 
within natural levels for a lotic/lentic system with elevated background turbidity conditions (BC MELP 1998).   

Overall, water quality parameters were consistently below the guidelines. During the May sampling period, regular 
exceedances of total iron and intermittent exceedances of temperature, copper, total zinc, dissolved aluminum and 
dissolved iron were observed. During the October sampling period, regular exceedances of total iron and dissolved 
aluminum and intermittent exceedances of dissolved iron were observed. Regular exceedances of temperature 
were recorded in June and July, and intermittent temperature exceedances were recorded in May and August. 
During the August sampling period, regular pH results below the guideline range were observed but these were 
likely attributable to equipment malfunction.  
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Sediment quality parameters were consistently below the guidelines except for regular exceedances of arsenic and 
nickel and intermittent exceedances of cadmium, iron and manganese. Source(s) of the exceeded parameters could 
not be conclusively determined. Many Peace River tributaries are large systems characterized by high, vertical 
banks composed of fine materials which are subject to erosion during high flow periods. Given the location and 
parameters involved, it is possible that the exceedances are the result of natural processes (i.e., regional geology 
and erosion) and process error (i.e., natural variability among years).  

5.3 Boxplots 
Consistent with the results from previous years, May typically showed the greatest variability or spread for all 
parameters in all groups. The most extreme minimum and maximum values usually appeared in May through June; 
August also showed frequent extremes and outliers. Median concentrations of all parameters in all groups were 
also typically highest in May. May’s variability and extreme values are likely the influence of spring freshet when 
more sediments and organics are disturbed within or contributed to the watercourses. 

While general inferences can be made, at this time no conclusive spatial or temporal trends can be determined with 
the limited data. The data are temporally limited between Pre-Construction and Construction phases, and among 
periods. Only four years of Pre-Construction and four years of Construction data are available and the number of 
sample points within each period is also limited and inconsistent (e.g., October may have 12 Construction sample 
points while July has none). Although the Pre-Construction dataset cannot be augmented, as future sampling 
occurs, the Construction dataset will become more robust.  

5.4 Quality Assurance and Quality Control 
The QA/QC programs for water and sediment quality sampling are implemented to assess and/or quantify field, 
laboratory and data reduction quality. 

All elevations of field blank parameters above the RDL are likely attributed to residual water left in the sample tubing 
between samples. Sample tubing is rinsed for a minimum of 15 minutes prior to sampling and other field equipment 
(e.g., grab sampler) is triple rinsed between samples. The limited elevations do not indicate major error.  

In general, the QA/QC program confirmed that most blank and duplicate parameter concentrations are within 
acceptable quality ranges, therefore the overall analytical program is considered to accurately characterize water 
and sediment quality conditions at the sample stations. 
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APPENDIX B 
LABORATORY REPORTS  
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