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Executive Summary

In July of 2006, Golder Associates was awarded a contract from the British Columbia Hydro and Power Authority
(BC Hydro) to complete sampling and analysis of water, river sediment, soil and vegetation in the Peace River
watershed. The purpose of this work is to provide baseline data from the Peace River related to the proposed
development of Site C. Field work began in November of 2006 and continued through to November of 2007. In
the winter of 2007 - 2008, the study was extended to include a second year of sampling, but the scope of the
project was changed from that of the 2007 study. In 2008, 18 Peace River and tributary sites were sampled for
water quality and water temperature, and the scope for the study was expanded to include limnological studies
at 3 sites in the Dinosaur Lake reservoir.

In addition to Dinosaur Lake limnology, 2008 water sampling extended from the Peace Canyon Dam (PCN) near
Hudson’s Hope BC downstream to the BC-Alberta Border at Clayhurst. Sampling in the Peace River occurred at
five locations, including approximately 4 km downstream of the Peace Canyon Dam, upstream of the Halfway
River, upstream of the proposed Site C dam site (upstream of the Moberly River), downstream of the proposed
dam site and at Clayhurst. Tributaries sampled included Lynx, Farrell, Boudreau, and Cache creeks, as well as
the Halfway, Moberly, Pine, Beaton and Kiskatinaw rivers. Sampling during the 2008 program included the
following:

m Continuous water temperature monitoring using temperature data loggers (TDLs) at 11 Peace River and
Peace tributary sites (including five sites which do not coincide with locations of water sampling sites);

m Surface water grab samples (water samples) for laboratory analysis at 13 Peace River and Peace tributary
sites;

m In situ “spot” measurements of conductivity, pH, dissolved oxygen (DO), temperature, conductivity and
turbidity supplemental to laboratory analysis from the 13 surface water grab sample sites. Total Gas
Pressure (TGP) was also measured at the 5 Peace River sites; and

m Stream discharge measurements from four ungauged (by the Water Survey of Canada - WSC) tributaries
upstream of the proposed Site C dam.

Sampling occurred six times during the 2008 sampling program. Additionally, Dinosaur Lake was sampled five
times during 2008 and included the following sampling procedures at three locations (downstream, middle and
upstream sites) within the reservoir:

m Continuous water temperature monitoring using TDLs positioned at depths of 1 m, 5 m and near the lake
bottom; and

m In situ temperature, conductivity, pH, DO and TGP profiles at each of the three sites.

Results of the 2008 water sample analysis were compared to British Columbia Water Quality Guidelines
(BCWQG) and Council of Canadian Ministers of Environment (CCME) guidelines for the protection of freshwater
aquatic life.

There were a number of similarities between years in the data gathered from Peace River and Peace tributaries.
As with the 2007 sample results, concentrations of total metals most often exceeded established criteria,
whereas concentrations of dissolved metals, with some exceptions, were more often below detectable limits in
2008. Trends observed in 2008 were often consistent with those observed in 2007. Specifically, exceedences
of total metals are linked to total suspended solids (TSS), as was particularly apparent for tributary sample sites
during spring freshet conditions. In both years, Peace River water samples seldom exceeded BCWQ or CCME
guidelines, except during periods when tributaries were in freshet. The upstream most Peace River sample
location near the tailrace of the PCN dam (Peace 1) had the least number of observed exceedences during any
sample period in 2007 and 2008, whereas the incidence and frequency of exceedence of total metals at other
Peace River sites increased with distance downstream, reflecting inputs from tributaries. One dissimilarity
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between years was that there were instances of exceedences of total metals (cadmium) observed at Peace 1 in
2008, whereas no such exceedences were observed in 2007.

As in 2007, aluminum, antimony, arsenic, cadmium, copper, iron, manganese, selenium, silver, thallium,
vanadium and zinc exceeded guidelines at both Peace River and tributary sites in 2008. Exceedences of
aluminum, cadmium and iron exceeded guidelines most frequently and at the most sites, followed by copper,
zinc and vanadium. There were more instances of exceedences and a wider range of dissolved metals
exceeding guidelines in 2008 than was observed in 2007. Dissolved selenium, copper, aluminum, cadmium and
manganese exceeded guidelines more frequently than other dissolved metals, but as in 2007, exceedences of
selenium were almost exclusively within the Halfway River, whereas exceedences of other dissolved metals
ranged across a number of sample sites. Unlike 2007, when mercury was never above detection limits (either
the total or dissolved components), total mercury was detected at very low levels on one occasion in May 2008
at Peace 5.

Water temperatures were slightly warmer at Peace River sites in 2008 than in 2007, which was apparent from
comparisons of both daily and monthly means of this parameter between the 2 years. A similar trend was not
apparent at tributary sites.

Peaks in orthophosphate, dissolved organic carbon and nitrate were also closely associated with elevated TSS
concentrations for each year, although the timing of peaks in these parameters varied with discharge between
years. Peaks in discharge amongst Peace tributaries appeared about two weeks earlier in 2008 than in 2007,
and these peaks were also smaller in 2008.

TGP measured in the Peace River seldom exceeded 103% of the atmospheric pressure at any of the sample
sites. The highest measurements of TGP amongst Peace River sites were in June, when a level of 106%
occurred at the left bank at Peace 2 and 104% at the right bank of Peace 3.

Dinosaur Lake, as might be expected of a run of the river type reservoir, showed very little stratification in most
parameters measured, particularly temperature, oxygen and conductivity. The greatest variation in oxygen

and temperature profiles occurred at the downstream most sampling station (Dino 1) in June, although these
variations were minor. The difference in the Dino 1 DO profile was less than 0.5 mg/L between measurements
taken at the surface and at depth. For temperature, the surface reading was approximately 1.4 °C warmer

(7.13 °C) than at the bottom of the profile (5.65 °C). For all other sampling periods, there was no distinguishable
thermocline at any of the Dinosaur Lake sample locations. TDL data indicated the warmest water temperatures
in Dinosaur Lake occurred in September, when the mean monthly temperature at the downstream most sample
station (Dino 1) reached 12.1 °C. Individual daily mean temperatures reached a high of 15.5 °C at the surface
TDL station of Dino 1 on July 5. The coolest monthly mean temperature (3.6 °C) was observed in May at the
upstream most sample site, nearest the WAC dam. Like the temperature profile data, variation in water
temperatures recorded by TDLs at the three depths for each sample site was greatest at the downstream site.
The TDL recordings for each depth at the upstream most sample site were almost indistinguishable from one
another. TGP varied in profile measurements, particularly at the upstream most site (Dino 1), where it exceeded
110% of the atmospheric pressure during July at 5 and 6 m below the water surface. For other months, TGP
never exceeded 107% of the atmospheric pressure at any of the Dinosaur Lake sites.
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Disclaimer

This report was prepared for the exclusive use of BC Hydro, its assignees and representatives, and is intended
to provide results of baseline data collection from the Peace River watershed. This report is not intended to
identify or evaluate potential effects of contaminants that may occur at or near the Project area as a result of
natural and/or anthropogenic activities, nor as a result of completion of the proposed project. The findings and
conclusions documented in this baseline data report have been prepared for the specific application to this
Project and have been developed in a manner consistent with the level of care normally exercised by
environmental professionals currently practicing under similar conditions in the jurisdiction. Golder makes no
other warranty, expressed or implied. Any use which a third party makes of this report or any reliance on or
decisions to be made based on it, are the responsibility of such third parties. Golder accepts no responsibility for
damages, if any suffered by any third party as a result of decisions made or actions based on this report.
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1.0 INTRODUCTION

In July 2006, Golder Associates was awarded a contract from the British Columbia Hydro and Power Authority
(BC Hydro) to complete sampling of water, river sediment, soil and vegetation in the Peace River watershed.
The purpose of this work is to provide baseline data from the Peace River to aid predictive modeling should

Site C be pursued. This baseline study represents a survey of existing conditions within the project study area
and is not intended as an environmental effects assessment study of the proposed Site C project. Sampling was
extended into 2008 for the collection of baseline water quality data in the Peace River and selected tributaries,
and was also expanded to include collection of limnological data from Dinosaur Lake.

2.0 STUDY AREA

The study area for the project includes 18 sample sites in the Peace River and selected Peace tributaries,
extending from the Peace Canyon Dam (PCN) located near Hudson'’s Hope, through to the confluence of the
Alces River with the Peace River, near the BC — Alberta Border (Figure 1). Additionally three locations in
Dinosaur Lake, a run of the river reservoir created by the PCN, were also sampled (Figure 2).

3.0 SCOPE OF WORK

Unlike 2007 studies (Golder 2009) which sampled water, vegetation, river sediment and soil, the 2008 study
program only involved sampling water.

3.1 Baseline Water Quality Data

Baseline water quality data collection involved sampling at 21 locations in 2008, 18 of which are consistent with
sites originally identified by Golder (2009), and three that are new sites established in Dinosaur Lake (Table 1).
Water quality data collection for this project included the following three sampling procedures:

m General water quality (13 sites, only in the Peace River and selected tributaries);

m Continuous water temperature monitoring (11 sites in the Peace River and selected Peace tributaries and
three sites in Dinosaur Lake); and

m Total gas pressure (TGP) (five sites in the Peace River and three sites in Dinosaur Lake).

Water quality sampling included laboratory analysis of water samples and completion of in situ measurements by
calibrated meters.

The following parameters were tested for in water samples:

m  Nutrients;

m Adsorbable Organic Halogens (AOX);

m Dissolved Organic Carbon;

m Total Nitrogen;

m Total Metals;

m Dissolved Metals;

m  Sulphides;

m  General Water Quality (pH, TSS, TDS, turbidity, etc.); and

m  Chlorophyll a.
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The following parameters were measured in situ by calibrated meters:
m pH;

m Dissolved Oxygen (DO);

m Temperature;

m  Conductivity;

m TGP (Dinosaur Lake and Peace River sites only); and

m Turbidity (Peace River and Peace tributary sites only).

Sampling was conducted in 2008 during six different sample periods for the Peace River and selected tributaries
and during five sample periods in Dinosaur Lake through 2008 as follows:

m winter - early March 2008 (Peace River and selected tributaries only);
m pre-freshet - early May 2008;

m  mid-freshet - mid June 2008;

m end of freshet - early July 2008;

m late summer - mid August 2008; and

m fall - late October 2008.

Table 2 summarizes the month in which water samples were taken, including duplicate (replicate) water samples
collected during each sample period. Details of sample locations are provided in Table 3. Although baseline
water quality data collection required sampling over various seasons, some of the identified permanent sample
sites were inaccessible during the winter, including Peace 3, Moberly 6, Halfway 8 and Farrell 11.

4.0 METHODS

Sample methods followed those employed in 2007, with specific procedures employed depending upon the type
of water quality parameter measured, as described below.

4.1  Water Sampling

Water sampling was separated into three primary components as follows:
m In situ water quality sampling by calibrated meters;
m In situ water quality sampling by automated devices; and

m Laboratory analysis of water samples.

4.1.1 In Situ Sampling by Calibrated Meters

A YSI 650 and attached 600 series probe was used to take in situ readings of pH, DO, temperature and
conductivity at 13 water quality sample sites in the Peace River and Peace tributaries (Figure 1) and all of the
Dinosaur Lake limnology sites (Figure 2). A 60 m cable was used at the Dinosaur Lake sites. A Hanna HI
93703-11 turbidity meter was used for field measurements of turbidity. A Point 4 Systems Tracker TGP meter
and attached probe on 25 m of cable was used to measure TGP in the Peace River, Peace tributaries, and
Dinosaur Lake. Probes and meters were calibrated prior to each sampling session.
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Sampling was completed in the Peace River from a jet boat proximate to the middle of the stream. Tributary
sampling was completed by wading into the stream and placing probes in the current. Sampling in tributaries
during winter conditions required cutting a hole in the ice through which probes were placed. In the mainstem
Peace River, sampling was conducted by staying near the edge of the river, as boat access was not possible.
Readings were taken in areas of flowing water, but restricted to near the surface of the water in the Peace River
due to an inability to sample at depth because of water current.

Limnological sampling at Dinosaur Lake consisted of measurements with calibrated hand held meters at 1, 2, 3,
4, 5,7, and 10 m below the water surface, and at 5 m intervals thereafter to the bottom of the lake to create a
profile. Probes were weighted to the maximum extent possible to minimize deflection by current, although
deflection could not be avoided during some surveys, particularly at the upstream most sample site (Dino 3)
when the current was strong.

4.1.2 In Situ Sampling by Automated Devices

Temperature was recorded at 11 sites in the Peace River and selected tributaries (Figure 1) and at all three of
the Dinosaur Lake limnology sites at % hour intervals (Figure 2). Two HOBO® Water Temp Pro v2 (£ 0.2 °C)
temperature data loggers (TDLs) were deployed at Peace River and selected tributary water temperature
monitoring sites. A number of data loggers lost or damaged by the end of the 2007 sampling program were
replaced by Golder in November 2007 prior to the onset of winter conditions. Temperature data loggers were
placed proximate to each other, but anchored to individual weights and attached by cable to separate locations
on shore. Redundant TDLs were employed should one logger fail, be lost or damaged, or experience any other
unforeseen event.

At Dinosaur Lake, water temperature monitoring sites were established at three sites in the reservoir, including
near the PCN dam (Dino 1), the middle of the lake (Dino 2) and approximately three km downstream of the WAC
Bennett Dam (Dino 3). Each temperature monitoring station consisted of a scotch buoy anchored in place with
cable to a 50 kg concrete weight. Cables were long enough to account for fluctuations in reservoir levels. A
second lightly weighted cable, to which three TDLs were attached, was suspended from each scotch buoy. Two
TDLs were positioned on this second cable at 1 m and 5 m depths below the water surface, and the third TDL
was suspended within 3 m of the bottom of the reservoir. This system maintained a consistent depth for the
upper two TDLs relative to the water surface as reservoir levels fluctuated, however, the distance between the
bottom TDL and the bottom of the reservoir fluctuated depending upon the water level in the reservoir. Depths
at each station varied, but on average, Dino 1 was approx. 13-15 m deep, Dino 2 was approximately 20-22 m
deep and Dino 3 was approximately 33-35 m deep.

4.1.3 Surface Water Grab Samples

Water quality analysis of water samples collected over the course of this project, with the exception of AOX,
was conducted by ALS Environmental Laboratories (ALS), following approved standard sampling procedures
(Appendix A). Analysis of AOX was completed by Econotech Laboratories of New Westminster under contract
to ALS Environmental. Analytical results were entered into Microsoft Access to facilitate data organization and
statistical analysis.

Water samples were taken from 13 sites (Figure 1). The spring, summer, and fall sampling was completed

from Peace River sites using a 7 m Kellehan inboard jetboat positioned near the middle of the stream. Water
sampling of tributaries was completed by wading into the stream and retrieving water samples. Water sampling
at Peace River sites during the winter, where possible, was completed from shore using an extendable pole
holding a sampling vessel (see Golder 2009 for detailed methodology). In tributaries, a combination of axe
and/or ice auger was used to create a hole in the ice to access flowing water.

Pre-cleaned and sterilized sample jars provided by ALS were rinsed three times prior to taking water samples.
Samples were then carried back to the vehicle where they were fixed with appropriate preservatives and either
put on ice in a cooler to keep them cool during the summer or in the truck to avoid freezing in the winter.
Samples were dropped off at the Fort St. John office of ALS the following morning, where they were processed
and shipped to ALS in Burnaby for final analysis.
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4.1.3.1 Quality Control and Quality Assurance of Surface Water Grab Samples

Duplicate samples were collected at one site during each of the six field sample sessions; a travel blank was
collected during one sample period in 2008.

Duplicate sampling involved taking a second sample of surface water from one of the 13 Peace River and/or
Peace tributary water quality sites sampled during every field survey. Duplicate sample sites varied between
sample periods and samples were labelled only with the name “duplicate” and the date.

The travel blank consisted of unpreserved laboratory grade water that was treated as a normal sample and
analyzed by the laboratory along with other water samples gathered during the sample period.

Results from duplicate and travel blank samples were examined for anomalies. In the case of duplicate
samples, direct visual comparisons were made between results from the duplicate and original samples. These
comparisons focussed upon large variations between specific sample parameters. For the travel blank the
number of parameters which exceeded method detection limits was summarized to determine if this number
exceeded 5% of the total of sampled parameters.

Laboratory results from water sample analysis were also compared against in situ results from calibrated meters
for accuracy (including turbidity, pH and conductivity).

4.2  Stream Discharge

Discharge measurements were completed at Cache, Lynx, Farrell and Boudreau creeks during filed surveys

as part of the background data collected in 2008. In addition to discharge measurements, water level
measurements were taken from fixed objects (typically bridges over the stream) or in the case of Lynx Creek,
from a staff gauge placed downstream of the highway crossing as part of another BC Hydro project. Rebar pins
were placed in Cache and Boudreau creeks, the top of which was used as a reference point from which water
level was measured.

Discharges were measured five times (excluding winter) over the duration of the study using a Marsh McBirney
Flo-Mate Model 2000. Transects locations were consistent with those utilized in 2007 (Golder 2009). Flow
measurements followed standard methods (RISC 1998a; Nielsen and Johnson 1983) ensuring no less than

10 water velocity and depth measurements were taken across the width of the transect. Widths of the cells were
adjusted relevant to flow conditions to minimizes instances where flow through individual cells exceeded more
than 10% of the discharge measured at the transect. Velocity measurements were taken at 60% of the total
depth of the cell from the water surface when water depth was less than 0.76 m. For water depths equal to or
greater than 0.76 m, the mean water velocity for each cell was estimated as the mean of measurements at two
depths (i.e. 20% and 80% of the total depth of the cell from the water surface).

In addition to completion of discharge measurements, 2008 discharge data from established Water Survey of
Canada (WSC) stations in the Peace River watershed were summarized for incorporation into this report
(Table 4). It should be noted that WSC data had not yet been finalized at time of completion of this report and
is subject to change.

4.3 Data Organization and Analysis

4.3.1 Water Temperature Data Loggers

Raw data recorded by TDLs were viewed to identify periods of anomalous data, typically associated with
dewatering.

Where redundant data were available for a site (two TDLs functioned over the course of the project), a visual
comparison between plots of mean daily temperatures facilitated selecting the most representative data set. In
some situations, data from one temperature data logger at a site was used to replace anomalous data collected
by the second logger to provide a more complete and accurate data set. For some tributaries where exposure
of both temperature data loggers was suspected, data records were compared to those collected by another
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BC Hydro consultant during a concurrent project to aid in verifying data. For the Halfway River, Golder’'s
temperature data were supplemented with data courtesy of Mainstream Aquatics Ltd (2009).

Once datasets were viewed and purged of unrepresentative data, final daily mean, maximum and minimum
temperatures were calculated.

Turbidity vs. TSS

Turbidity (NTU) and TSS (mg/L) data are commonly log-normally distributed (Gippel 1995; Packman et. al.
1999). In this study, the measured TSS and turbidity data from water samples taken in the Peace River
mainstem and six tributary sites were assessed to determine the best-fit regression result. Regression models
for measured data from results of laboratory analysis for TSS and turbidity were developed.

4.3.2 Stream Discharge

Measured Discharge for Non Gauged Tributaries

Discharge was calculated using standard methodology (RISC 1998a). Discharge was calculated by multiplying
water velocity measured in a cell of water by the area (width and depth) of the cell, providing the discharge for
the cell. The cumulative total discharges of all cells within a transect across a stream then provided an
instantaneous discharge for that stream. These calculations are represented by the following equations:

G = (Vi+ Via)/2 X (b - bia) X (ch + dig)/2 Ea (1)
Where: g = discharge

v = velocity

d = depth

b = measured distances from shore
i = section (cell)
Total discharge (Q) for the stream at the identified cross section is as follows:

n

Q=2q Eq (2)
I=1

5.0 RESULTS

5.1  Water Quality

51.1 In Situ Water Quality Sampling

Results of in situ water quality sampling by automated devices and calibrated meters are summarized in a series
of appendices. Spot measurements (in situ measurements by calibrated meters) taken from the Peace River
and Peace tributary sites are presented in Appendix B, and in situ water quality measurements at depth
(profiles) from Dinosaur Lake are presented in Appendix C. Spot measurement data from the Peace River and
Peace tributaries were compared against laboratory results for the same parameters.

51.1.1 Temperature

Peace River and Tributary Temperature Data Loggers

Daily mean, maximum and minimum water temperatures are provided in Appendix D, supplemented with an
electronic copy provided separate from this document.

Temperature can influence various stages of life histories of common sports fish species including incubation,
juvenile rearing, and adult migration and spawning. At present, guidelines for water temperature are outlined by
RISC (1998b), indicating + 1.0 °C as allowable change from natural levels for salmonids as follows:

m 18-19 °C maximum weekly average for adults and juveniles
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m 8-10 °C maximum weekly average for spawning

m 13-15 °C maximum weekly average for embryo survival

Oliver and Fidler (2001) provide an extensive discussion regarding recommended water temperatures relevant
to recommended guidelines pertaining to various species of sport fish, including a table listing optimum
temperatures for these species based upon stages of life history. Data presented in Table 5 provides
background information relative to some sports fish species which inhabit the Peace River watershed, but it is
important to note that the Peace River starts out as a coldwater system at its head waters, and becomes warmer
as it progresses downstream towards the Alberta border. As such, fish species composition varies accordingly
within the Peace River mainstem; furthermore, some fish may demonstrate various adaptations and/or
tolerances to seasonal site-specific temperature conditions in the Peace River mainstem and its tributaries. For
example, based upon results from temperature monitoring for the duration of this study, cold water species such
as bull trout and rainbow trout are unlikely to extensively utilize sections of the Kiskatinaw, Beaton and Moberly
rivers, nor Farrell and Cache creeks during summer months when temperatures are warmest (Table 6).

Sample periods of November to October were analyzed for 2006-07 and 2007-08, to address consistency in the
comparison of annual summary statistics in water temperatures between sample years. With the exception of
Peace 5, maximum mean daily temperatures during the 2007-08 period of sampling in the Peace River never
exceeded 18.0 °C in 2007-08, ranging from a low 13.3 °C at Peace 1 to a high of 15.9 °C at Peace 5 (Table 6a).
Maximum daily water temperatures in Peace 5 peaked at 18.5 °C, when temperatures exceeded 18 °C three
times during the period between June 30, July 2 and July 3 and instantaneous maximum temperature reached
20.4 °C.

The timing of peak water temperatures in the Peace River in 2008 was variable depending upon the sample
location (Figure 3). At Peace 1, peak temperature occurred between August 28 and 31, whereas at Peace 2,
peak temperatures were on August 2 to 3 and again on August 31. At Peace 3, water temperature peaked
between June 29 and July 3, influenced by warmer water contributed to the Peace from the Halfway River
(Figure 4). A slightly lower peak in water temperature at Peace 3 between August 2 and August 6 was similar to
the peak observed at Peace 4 (August 2 to August 4), whereas Peace 5 water temperatures peaked between
June 29 and July 4. The timing of 2007-08 peaks in water temperatures at Peace River sites was generally
earlier than those observed in 2006-07.

As shown in Figures 3 and 4, and consistent between sample years, Peace River water temperatures fluctuated
less than those observed in tributaries. The variation in maximum daily temperatures between sample years

in the Peace River was less pronounced in the upstream most sample sites (Peace 1 and 2) than downstream
sites (Peace 3 to 5). This temperature fluctuation became more pronounced with the downstream progression of
Peace River sample sites (Figures 3 and 4). The increased fluctuation at downstream Peace River sites reflects
inputs of tributary water between Peace 1 and Peace 5 and the influence of solar heating.

The annual mean of daily temperature at Peace 1 was 0.3 °C cooler in 2007-08 than in 2006-07; however, the
maximum mean daily temperature was 0.7 °C warmer in 2007-08 than in 2006-07. Similarly, the annual mean
of daily temperature at Peace 2 was 0.7 °C cooler in 2007-08 but the maximum daily temperature was 0.7 °C
warmer in 2007-08. For the remaining Peace River sites, 2007-08 annual mean daily water temperatures were
consistently warmer in 2007-08 than those in 2006-07, ranging between 0.8 °C warmer at Peace 5to0 2.4 °C
warmer at Peace 3 (Table 6a). The same was true for the maximum daily temperatures recorded Peace 3, 4
and 5, which were between 1.2 °C warmer (Peace 4) and 2.7 °C (Peace 5) warmer in 2007-08 than 2006-07.
Variations in the annual mean temperature between sample periods are influenced by the size of the data set.
The number of sample days at Peace 4 and 5 were more similar to each other between years than at Peace 1, 2
and 3. The warmer trends in water temperatures in the Peace River in 2007-08 are more apparent from Figure 5
which shows daily mean water temperatures at all Peace River sites were warmer through the winter, spring and
early summer 0f 2007-08 than those observed in 2006-07, although this difference became less apparent
through the late summer and fall.
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For tributary sites, only the Halfway River (17.8 °C) never exhibited a maximum of mean daily temperature
above 18 °C in 2007-08, but even so, maximums of daily mean temperatures at all tributary sites exceeded
those recorded at every Peace River sites (Table 6b). Not including the Halfway River, maximum mean daily
temperatures at the remaining tributary sites ranged from a low of 21.4 °C in the Pine River to a high of 25.0 °C
in the Kiskatinaw River. Instantaneous maximum daily temperatures ranged between 18.9 °C in the Halfway
River to a high of 28.6 °C in the Beaton River. Unlike Peace mainstem sites, not only did mean daily
temperatures at some tributary sites regularly exceeded 18 °C in 2007-08, they exceeded these temperatures
for extended periods. For example, amongst the warmest tributaries (Farrell Creek, and the Beaton, Moberly
and Kiskatinaw rivers), the number of days mean daily temperatures exceeded 18 °C ranged between 39 days
in the Moberly River to 47 days in the Kiskatinaw River. This observation emphasizes the unsuitability of habitat
in these tributaries for some cold water sports fish species during summer months.

Peak temperatures for the Halfway River in 2007-08 occurred from August 6 to 10 whereas in the Pine River,
peak temperatures occurred from August 16 to 18 (Figure 4). In 2007-08, multiple peaks in mean daily
temperatures were observed in Farrell Creek (July 3 - 5 and August 8 - 9) and in the Kistkatinaw River (July 3-4,
August 9 and again on August 17) as well as in the Moberly River (August 8 - 9 and Aug 16 - 17). There was
consistency in individual peaks in water temperatures observed among tributaries in 2008 (Figure 6). Peaks in
temperature occurred at most tributary sites from late May to early June and again in July. Unlike the Peace
River, there was no consistent trend in annual means of daily water temperatures or maximums of daily mean
water temperatures in Peace River tributaries between sample years (Figure 6). Maximums of mean daily
temperatures were variable between years. In the Moberly River, the maximum mean daily temperature was
1.8 °C warmer in 2007-08 than in 2006-07, whereas in the Halfway River, it was 1.7 °C lower in 2007-08 than

it was in 2006-07. Similarly, the Kiskatinaw River and Farrell Creek exhibited maximums of mean daily water
temperatures that were 1.1 °C and 1.5 °C cooler in 2007-08 than 2006-07, whereas the Beaton and Pine Rivers
had maximums of mean water temperatures that were 0.9 °C and 2.6 °C warmer in 2007-08 than observed in
2006-07.

A summary of monthly mean, maximum and minimum water temperature data is provided in Appendix E. Not all
monthly temperatures presented in Table 7 represent true means, since some data gaps exist in the daily water
temperature record. These data gaps, associated with the timing of placement and removal of TDLs make direct
comparisons of variations in mean monthly temperatures for all months between years problematic. Having said
this, where data for direct comparisons are available, mean monthly temperatures in the Peace River through
the late spring and early summer were up to 2.5 °C higher in 2008 compared to 2007 (e.g., June at Peace 2),
but this difference decreased to 0.6 °C or less by September and October. In Peace River tributaries, mean
monthly temperatures, like daily temperatures statistics, did not show a consistent trend among tributaries or
sample years. The variation in mean monthly temperatures in tributaries never exceeded 1.0 °C between
sample years. Monthly tributary temperatures were substantially warmer than those observed in the Peace
River (Table 7). As in 2007, monthly temperatures in Farrell Creek and the Beatton and Kiskatinaw Rivers were
warmer than other tributaries. The warmest monthly temperatures in 2008 occurred in July for all tributaries,
ranging from a low of 15.3 °C in the Halfway River to a high of 19.9 °C in the Kiskatinaw River. As was the case
in 2007, Peace River water temperatures in 2008 near the PCN dam were cooler in the summer months and
warmer in the winter months than those recorded at downstream Peace River sites. In January 2008, the
monthly mean water temperature at Peace 1 was 1.0 °C warmer than that observed at Peace 5, whereas in July,
Peace 1 was 4.5 °C cooler than at Peace 5.

Recognizing mean monthly temperatures for all months in both years are not available, Figure 7 and Figure 8
provide an indication of the trend in differences in monthly water temperatures between sample years for the
Peace River and sampled tributaries. These comparisons are consistent with trends shown by the mean daily
temperatures. Specifically, water temperatures in the Peace River tended to be higher in 2008 than in 2007
through most of the year, although this difference was less apparent into the fall and early winter months;
variation in monthly water temperatures between years for tributary sites was not as apparent. Mean monthly air
temperatures recorded at Environment Canada’s Fort St. John weather office also indicate warmer ambient air
temperatures in 2008 when compared to 2007 (Figure 9).
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Dinosaur Lake Temperature Data Loggers

Temperatures recorded by TDLs positioned in Dinosaur Lake are presented in Appendix D, with the dataset
extending from early May to late October 2008 except for Dino 2 where TDLs were lost (likely due to tampering)
near the end of August.

This temperature record indicates variation between sample depths at each of the three sample locations
increased with distance downstream of the WAC Bennett Dam (Figure 10). Means of daily, maximum and
minimum temperatures recorded by TDLs at all three depths were virtually indistinguishable at Dino 3, whereas
there was a difference of 7.1 °C between surface and bottom TDLs at Dino 1 on July 5 (Figure 10). Peaks in
surface water temperatures observed in late May through to early June and again in late June through to early
July are consistent between Dino 1 and Dino 2 but not apparent at Dino 3. Neither daily mean temperatures, nor
daily maximum temperatures, exceeded 18 °C at any of the Dinosaur Lake sample stations (Table 8). Maximum
daily surface temperatures peaked at 16.3 °C at Dino 1, 16.2 °C at Dino 2 and 14.3 °C at Dino 3 during early
July. Maximum daily temperatures at TDLs positioned near the bottom of the reservoir ranged between a high of
14.3 °C at Dino 3 to 12.8 °C at Dino 1. Monthly mean temperatures for the 3 depths recorded at Dino 3 varied
0.2 °C or less, whereas this range increased to between 0.2 °C and 1.9 °C at Dino 1 (Table 9).

Mean monthly temperatures from Dinosaur Lake TDL data indicate the lowest mean temperature for the sample
period occurred in May (3.6 °C) at Dino 3, whereas the highest mean monthly temperature occurred in
September (12.1 °C) at Dino 1. Water temperatures were, on average, warmer near the surface than at the
bottom for most months. Exceptions include May, when the mean monthly temperature for the bottom TDL at
Dino 3 was warmer than that of TDLs nearer the surface

There was little temperature fluctuation between sample sites in monthly temperatures with respect to depth in
the water column. The main difference was seen in June and July when it was 1.2 °C and 1.4 °C, respectively,
otherwise, the range in monthly temperature fluctuations at all measurement depths was 0.9 °C or less for all
of the TDL depths (Table 10). For TDLs positioned 5 m from the water surface and near the bottom of the
reservoir, the range in monthly water temperature fluctuated 0.6 °C or less.

In general, there was little variation in the combined mean water temperature (derived from all three TDLs
recordings at one site) among sites (Figure 11). A small delay of approximately four days is apparent between
various peaks in water temperatures derived from the Dino 3 TDLs compared to those from Dino 1. This likely
approximates the transit time for water moving through the reservoir.

5.1.1.2 Dinosaur Lake Limnology

A summary of mean in situ water quality measurements taken with calibrated meters in Dinosaur Lake is
provided in Table 11. Specifics of each profile are discussed individually below.

Temperature

In situ profiles of water temperature taken with the YSI temperature probe confirm observations from TDLs,
specifically, surface water temperatures were consistently warmer for all sites and the warmest water
temperatures were observed through the later part of the sampling regime (August and September). There was
little evidence of stratification at any of the sites and there was no distinguishable metalimnion (the thermal
discontinuity between the hypolimnion and the epilimnion), let alone an obvious hypolimnion or epilimnion at any
of the temperature profile stations (Figure 12). Thermal stratification was almost nonexistent at any of the
sample sites, indicative of the high through flow volume of water associated with a run of the river type reservoir
(Wetzel 1983). The only sign of thermal stratification was at Dino 1, which showed a slight gradient in the
thermocline where water temperatures at the deeper extent of the profile were almost 1.5 °C cooler than those
observed 1 m below the surface for the month of June. June profiles typically showed the greatest variation in
temperature gradient between the warmest (surface) and coldest (bottom) temperature for all of the sample
sites, but this variation was only about 0.5 °C at Dino 2 and Dino 3; otherwise, the variation was often less than
0.5 °C for all sites.
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In 2008, the combined mean monthly temperature of all three TDLs at Dino 1 was always within 0.2 °C of the
mean monthly temperatures record at Peace 1 (Table 12).

Dissolved Oxygen

DO profiles were taken in May, June, July, August and October, however, the profile taken at Dino 1 during
October was discarded after a comparison to readings taken at Dino 2 and Dino 3 suggested the meter was
malfunctioning at Dino 1 (Appendix C).

Depth profiles of DO indicated water was well oxygenated throughout the water column (Figure 13). Like
temperature, DO profiles indicated little stratification at the 3 sample locations, with levels seldom varying more
than 0.2 mg/L among all sample depths for any one measurement period. The largest observed variation in DO
readings was at Dino 1, which showed a 0.44 mg/L variation between maximum and minimum readings taken
during June. On average, DO levels were higher earlier in the year (peaking in June) and dropped through July
and August (Table 11), which corresponds with the reduced solubility of oxygen in water at the higher water
temperatures.

pH

Unlike most other depth profiles of in situ measured parameters, the greatest variation in pH was noted at

Dino 3, the upstream most sample location. Dino 3 not only showed the greatest variation in pH related to
changes in depth, it also showed the greatest variation in pH between sample periods (Figure 14). Dino 1 and
Dino 2 showed very small variation in pH for all depths. As observed for all Peace River sample locations, water
conditions are slightly basic in Dinosaur Lake and pH stayed between 8 and 8.5 over the course of sampling at
these two sample locations. Dino 1, however, showed a much wider range in measured pH, particularly nearer
the water surface, where it ranged from a low of 7.1 in July to a high of 8.9 in August (Table 11).

Conductivity

Conductivity profiles showed little variation in measurements taken at the surface compared to those taken at
depth although this parameter varied considerably between sample months (Figure 15). Conductivity did not
vary substantially between sites for each month, but like other in situ measurements, conductivity tended to
decrease as the season progressed, from the highest levels observed in May and June to the lowest levels
observed in August (Table 11). Conductivity profiles were not available for October due to equipment
malfunction.

51.1.3 Total Gas Pressure

TGP is relevant to fish health since it can result in gas bubble disease/trauma resulting from supersaturation

of gases in solution (Point 4 Systems 2005, Antcliffe and Finster 1999, BCMoE 1997). Dissolved gas
supersaturation is a condition that occurs when partial pressures of atmospheric gases in solution exceed their
respective partial pressures in the atmosphere (CCME 2003a). TGP measures primarily nitrogen and oxygen in
solution although other gases such as argon and CO, contribute a minor amount to TGP. Guidelines for TGP
are presented by both the CCME and the BCMoE are AP, which is the difference between the TGP in the water
column minus the atmospheric pressure. The guideline for this difference, known as excess gas pressure, can
only be 24 to 76 mm Hg at depths of 0 to 1 m, which at sea level conditions, corresponds to a range in TGP of
approximately 103% to 110% saturation (BCMoE 1997). For depths greater than 1m, TGP should be < 110%
saturation.

Peace River

Because of the current at Peace River sampling sites, all measurements were taken within 1m of the water
surface; typically the probe was held in place approximately 0.3 m below the water surface. Results from 2008
indicate surface measurements of TGP often reached, but seldom exceeded 103% at all sites (Figure 16). A
single TGP reading of 106% was observed at Peace 2 and 104% at Peace 3 during the June sampling period.
There was also variability noted in TGP levels from one side of the river to the other (Table 11). This variability
may be attributed to small changes in temperature or variable mixing of water between either bank of the Peace
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River. Only the left bank was sampled for TGP at Peace 2 as this area was accessed by foot during sample
sessions and the right bank was inaccessible except by boat.

Dinosaur Lake

TGP measurements at Dinosaur Lake showed the greatest variation nearest the WAC Bennett Dam at Dino 3.
TGP measurements at Dino 3 were generally highest at the 5 and 10 m depth, ranging between 103 and 111%
of the atmospheric pressure (Figure 17). With the exception of the June sampling period, when only one surface
reading of TGP was taken, there generally was a decrease in TGP with downstream progression of the sample
stations in the reservoir, likely due to dissipation of supersaturated dissolved gas as the water progressed
downstream. There also tended to be a slight increase in TGP with depth.

5.1.1.4 Turbidity and TSS

Similar to what was observed in 2007, peak readings of turbidity were generally associated with peaks in
discharge at tributary sites but not at Peace River sites. The relationship between discharge and turbidity is most
evident for the Halfway and Moberly rivers where a complete discharge curve is available for these streams from
the WSC (Figure 18). Peak turbidity observations are sensitive to the timing of water sampling relative to the
discharge curve. Turbidity readings taken during the descending portion of the discharge curve or away from
peak discharges rapidly decreased in both the Moberly and Halfway Rivers, and were often an order of
magnitude less than those observed proximate to peak discharge. This observation is even more apparent in
the small tributaries although the discharge record is less continuous. Observed peaks in turbidity in small
tributaries were commonly observed with higher discharge although concurrent discharge measurements were
not always available for each water sample date (Figure 19).

The relationship between discharge and turbidity is less clear at Peace River sites. This is primarily because
peak discharge in the Peace River upstream of the Pine River is typified by releases of water related to electrical
generation during the winter as a function of operation of the WAC Bennett and PCN dams (Figure 20). WSC
data from 2008 indicate brief surges in discharge in the spring, summer and fall from the Halfway, Moberly, Pine,
Beaton and Kiskatinaw Rivers. As discussed above, such surges in discharge are associated with increased
turbidity which is measurable in the Peace River during what is (relative to the winter) a period of reduced flow in
the Peace River hydrograph. With the downstream progression of sample sites (particularly noticeable at Peace
5), the influence of tributary inputs also becomes more apparent on the Peace River hydrograph measured at
Clayhurst. Otherwise, at upstream locations, in situ spot readings of turbidity from the Peace River appear to
reflect the timing of contributions of TSS from tributaries, based upon WSC data as opposed to periods of peak
discharge or even localized peaks in discharge in the Peace River hydrograph.

5.1.1.5 Total Suspended Solids Compared to Turbidity

A log-linear relationship was developed to predict TSS from turbidity, based upon laboratory results from water
sample analysis (Figure 21).

A log-linear model showed strong positive correlation between TSS and turbidity, described by Equation 1.

In(TSS) =0.9407 IN(NTU ) + 0.3998  (r*=0.9122) Eq (3)
Where: TSS = Total Suspended Solids (mg/L)

NTU = Turbidity (NTU)

This log linear relationship was not quite as strong as that developed for 2007 data, although the regression
equation still accounts for over 90% of the variability (r* =0.9122).

5.1.2 Water Quality from Surface Water Grab Samples

Ranges (maximum and minimum) of water quality analyses results for all parameters sampled during the 2008
monitoring period are provided in Table13 and Table 14. Individual results from each sample site for each
sample parameter are presented chronologically in Appendix F. An electronic Microsoft Access database of this
information has been provided separate of this text.
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Exceedences of CCME and/or BCWQ guidelines for fresh water aquatic life (Appendix G) were observed in
2008 water samples in both Peace River and tributary sites for the following parameters:

m Fluoride; m Copper,;

m  Aluminum; m Silver;

m  Arsenic; m  Selenium;

m Iron; m Vanadium; and
m  Cadmium; m Zinc.

The above list of parameters is consistent with that observed from 2007 results.

51.21 Metals

Metal analysis within water samples is discussed as both a total and a dissolved form in this report. Total
metals represent the concentration of a specific metal in all forms, associated with both particulate matter (TSS)
and in solution (dissolved). Dissolved metals represent a subset of total metals, which because it is dissolved in
the water, is more mobile and typically more readily available to aquatic organisms.

As in 2007, total metal exceeded CCME and BCWQ guidelines more frequently than dissolved metals. Of 286
identified exceedences of metals as per CCME and BCWQ guidelines amongst all water samples taken in 2008,
only 42 represented dissolved metals, with the remaining exceedences being total metals. In 2009, dissolved
metals exceeded guidelines only 29 times out of a total of 263 identified exceedences of all water samples
taken.

Exceedences of total aluminum, iron and cadmium were most frequently observed in 2008 water samples,
followed by copper, zinc, and vanadium (Table 15). Mercury never exceeded guidelines for any water samples
and only slightly exceeded the MDL (0.00005 mg/L) in both the original and duplicate samples taken at Peace 5
during May of 2008 when concentrations of mercury were at 0.00012 and 0.00013 mg/L.

A number of other metals, primarily in dissolved form, never exceeded MDL in the water samples taken from the
Peace River during 2008. These include antimony (dissolved), beryllium (dissolved), bismuth (both), boron
(both), phosphorous (dissolved), selenium (both), silver (dissolved), thallium (dissolved), tin (both) and titanium
(dissolved). Of these metals where the total metal component did exceed MDL, all with the exceptions of silver
and titanium, only did so at Peace 5. Dissolved cadmium only exceeded MDL on one occasion at Peace 1.

Unlike Peace River samples, only beryllium (dissolved), bismuth (both) and tin (dissolved) were never detected,
and in the case of beryllium, the total component only exceeded MDL at the Moberly 7 and Halfway 8 sites on
one occasion. On average, dissolved metals were only detectable 44% of the time in the 2006-07 and 2008
sample periods, although only about 1/3 (35%) of the water samples taken in the Peace River had dissolved
metals detected in them compared to 53% for tributary sites (Table 16).

The tendency for more observations of dissolved metals above MDL in 2008 discussed above highlights another
trend which was consistent between years. Exceedences of dissolved and total metals in 2008 water samples
when compared to BCWQ and/or CCME guidelines were highest in Peace tributary sites. Expressed as an
average per sample taken, there were over twice as many individual total metals exceeding guidelines in Peace
tributary water samples as in Peace River water samples (1.56 compared to 0.71) in 2008 (Table 17). On
average, the frequency at which total metals exceeded guidelines per sample was also twice as high in tributary
water samples as in Peace River samples (3.96 compared to. 1.94). A similar relationship was observed for the
average humber per sample of individual dissolved metal exceedences and the frequency at which dissolved
metals were observed to exceed guidelines in water samples for the tributary and Peace River sites There were
on average, four times as many individual types of dissolved metals found to exceed guidelines in water samples
at tributary sites as in Peace River sites (0.58 compared to 0.15), and the mean frequency of these exceedences
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was almost four times greater at Peace tributary sites than at Peace River sites (0.76 compared to 0.21). The
relationship between the frequency and number of individual dissolved metals exceeding guidelines in Peace
tributary and Peace River sites is similar between years, but there were variations in the number and frequency
of these observations. The average frequency per sample at which exceedences of dissolved metals for all sites
combined was similar between years (0.4 in 2007 compared to 0.52 in 2008). There was however, almost a two
fold increase in the average number of individual dissolved metals per sample observed to exceed guidelines
between years (0.22 in 2007 compared to 0.35 in 2008) for all the sites combined.

The trend of an increasing number of total metals exceeding CCME and BCWQ guidelines in Peace River water
samples with the downstream progression of sample sites was consistent between years. This same trend also
applied to the frequency at which these exceedences occurred (Figure 22). Unlike 2007, when no total or
dissolved metals at Peace 1 were found to exceed guidelines, cadmium (dissolved and total) exceeded
guidelines on one occasion in 2008. Overall, the frequency of occurrence for exceedences of total metals at
Peace 5 was the highest of all the Peace River sites; however, compared to 2007 exceedences occurred less
frequently than in 2008.

As indicated earlier, on average there were more instances of individual dissolved metals exceeding guidelines
in 2008 than observed for 2007. In 2007, selenium and aluminum were the most commonly observed dissolved
metals to exceed CCME and/or BCWQ guidelines. In 2008, aluminum, cadmium, copper, iron, manganese and
selenium exceeded guidelines a similar number of times, but as in 2007, exceedences of dissolved selenium
were primarily confined to the Halfway River. Selenium consistently exceeded CCME guidelines at both

Halfway 8 and Halfway 9. Exceedences of the other dissolved metals were spread amongst a number of sample
sites but on a less consistent basis. For example while dissolved selenium exceeded guidelines in four of five
water samples taken at Halfway 8 and four of six samples taken from Halfway 9, Boudreau 13 was the only other
sample site where multiple exceedences of dissolved metals were observed over the course of the 2008 study
period. Exceedences of other dissolved metals were generally confined to one water sample period but spread
through a number of sample sites.

Typically, as in 2007, exceedences of dissolved and/or total metals observed in 2008 were associated with high
levels of TSS transported by tributaries during freshet (Figure 23). Plots of this relationship for a range of metals
found to exceed CCME and/or BCWQ guidelines for all sample sites are presented in Appendix H. Jang (1996)
suggested long term records of water sample analysis from the Clayhurst sampling station on the Peace River
(upstream of the Alces River) indicated that in cases where total metal exceedences are linked to TSS, dissolved
metal components are likely more reflective of natural background levels and should be used for direct
comparisons to available water quality guidelines.

In the case of dissolved metals, most observed exceedences of guidelines in 2008 were from tributary water
samples. Water samples from Boudreau 13 exhibited the largest mean number of individual dissolved metals
per sample and the highest mean frequency of dissolved metals per sample exceeding guidelines in 2007.
Unlike 2007, both Halfway River sample sites showed the highest average frequency of exceedence of individual
dissolved metals per water sample in 2008 (Figure 24). Water samples from Boudreau 13 had the highest mean
number of exceedences of dissolved metals per sample in both 2007 and 2008 which is somewhat inconsistent
with general expectations regarding systems with wetland head water sources such as the Boudreau Lakes.
Typically, wetlands act as natural biological filter for nutrients and metals in receiving waters, which is considered
a primary reason for present efforts to protect and maintain such ecosystems (Pers. Comm. B. Harrison.

May 26, 2009, Ducks Unlimited, Canada).

5.1.2.2 Anions

Of the anions analysed from water samples taken in 2008, including bromide, chloride, fluoride, sulphate and
sulphide, only fluoride and sulphate levels were observed to exceed BCWQ and or CCME guidelines (Table 12).
This observation is similar to results obtained in the 2007 sampling period. Unlike 2007, exceedences of
guidelines for these parameters in 2008 water samples were spread over a larger number of sample sites, and
while most exceedences were confined to tributary sites, more observations of exceedences of fluoride and
sulphate were noted in Peace River water samples in 2008. However, only Lynx 10 and Boudreau 13 water
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samples consistently exceeded guidelines for fluoride and only Boudreau 13 consistently exceeded guidelines
for sulphate. As seen in 2007, exceedences of fluoride (Figure 25) and sulphate (Figure 26) concentrations were
associated with low flow periods, not peaks in suspended sediment load.

5.1.2.3 Adsorbable Organic Halogens (AOX)

AOX represents a broad range of organohalides, which collectively have no identified guideline concentration
within CCME and/or BCWQ guidelines; individually, concentrations of specific molecules within this broad
category have CCME and/or BCWG guideline concentrations. Organohalides include a wide variety of individual
molecules associated with halogens, such as bromine, fluorine, chlorine and iodine, representing a number of
industrial chemicals in which one or more carbon atoms are linked by covalent bonds with one or more halogen
atoms. These molecules are most commonly associated with chemicals such as plastics, pesticides, refrigerants
and PCBs. Anthropogenic sources include industrial outfalls (pulp mills) but can also be associated with
agricultural activities (BC MoE 2008).

Generally, levels of AOX were lower in 2008 than those observed in 2007 (Figure 27). Water samples from
Cache, Lynx and Farrell creeks still had some of the highest AOX concentrations in 2008, but the magnitude and
timing of these peaks were different in 2008. In 2007, there appeared to be a general trend towards higher
levels of AOX in water samples in the summer months, whereas the same trend was not observed in 2008.
Conspicuously large peaks in AOX (> 60 pg/L) in water samples taken from these three streams in July 2007
were not apparent in 2008; rather, smaller peaks (~ 20 pg/L) were observed in the winter (February) of 2008.
AOX was below detectable limits in the winter sample period for these tributaries (early March) of 2007. An
observed peak in AOX in water samples taken from most Peace tributary sites during May was consistent
between years, suggesting an association with run-off during spring freshet. Generally, there were fewer
observations of AOX above MDL in both tributary and Peace River sites in 2008 compared to 2007. Only 48%
of all samples were above MDL in 2008, whereas 74% of the samples had AOX concentrations above MDL in
2007 (Table 18). There were however, exceptions for individual sites. Farrell Creek water samples exceeded
the MDL for AOX more frequently in 2008 than 2007 whereas the number of observations of AOX above MDL at
Moberly 6 was similar between years.

5.1.2.4 Nutrients and Other Organic Compounds

A number of organic and nutrient parameters were sampled during the course of water sampling for the 2007
and 2008 monitoring program, the ranges in concentration of which are summarized in Tables 12 and 13. A
complete listing of individual survey results for these parameters is provided in Appendix F. A summary of
results from some the key parameters in this group are presented below.

Chlorophyll a

Chlorophyll a is an index of primary productivity (RISC 1998b). Analysis for planktonic chlorophyll a was
completed at sample sites on the Peace River and its tributaries. For comparative purposes, results identifying
orthophosphate concentration are presented together with chlorophyll a (Figures 28-30).

Chlorophyll a concentrations ranged from a low of 0.254 pg/L at Peace 1 to a high of 81 pg/L at Boudreau 13

in 2008. Peace River chlorophyll a never exceeded 1.44 ug/L (observed in October 2008 at Peace 4) whereas
concentrations of chlorophyll a were generally higher at tributary sites, ranging between a low of 0.606 pg/L at
Halfway 9 in July to 9.24 pg/L at Moberly 7 in June (excluding the peak concentration observed at Bourdreau
13). The peak concentration of chlorophyll a of 81 pg/L at Boudreau Creek in October suggests potential
contamination of this sample, however, Shaw et al (1990) observed planktonic concentrations of chlorophyll a
as high as 19.5 pg/L in the Wolverine River and 15.7 pg/L in the Peace River at Dunvegan (this latter value was
coincident with a high concentration of suspended solids). Shaw et al (1999) noted the highest concentrations
of Chlorophyll a in the Peace River between August and September, ranging from just over 2.0 ug/L at the BC —
Alberta border to 1.8 ug/L upstream of the Whitemud River.

The timing of peak chlorophyll a production in the water column is linked to a combination of available light and
nutrient levels. Generally, in both 2007 and 2008, chlorophyll a production in Peace River sites and the small
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tributary sites tended to be higher later into the summer, although some of the highest concentrations of
chlorophyll a were noted in November 2006 (Peace 4 and Peace 5) and October 2008 (Peace 1, Peace 3,
Peace 5, Lynx 10 and Farrell 11) (Figures 28 and 30). In large tributaries, peak chlorophyll a levels in 2008
occurred in May and June at Moberly 6 and 7 but in June and July at Halfway 8 and 9 (Figure 29). Increasing
water clarity in these streams combined with high water temperatures appears to contribute to higher
photosynthetic activity during the summer. However, high water clarity in the fall may also explain consistent
observations of high fall chlorophyll a levels at every Peace River and some tributary sites, despite cooling water
temperatures observed during this time of year.

Orthophosphate

Phosphate is an essential element that often limits plant growth in fresh water, but seldom naturally occurs in
concentrations greater than 0.01 mg/L. Itis typically reported as total phosphate (organic and inorganic forms),
total dissolved phosphate (non particulate) and orthophosphate (inorganic oxidized form). Ranges of each form
of phosphate from the 2008 water sampling are presented in Tables 12 and 13. Since orthophosphate is most
readily available to plants (RISC 1998b), this form is discussed here.

Surges in orthophosphate concentrations sometimes preceded increases in chlorophyll a levels in 2008 water
sample results as observed in May 2008 at Peace 3, 4 and 5 (Figure 28) as well as in large tributary sites
(Figure 30), but this observation was not consistent with small tributary sites (Figure 29). Common to both 2007
and 2008 were surges of orthophosphate during spring (April and or May) although this was not always
consistent between sites. Like other sampled parameters, increases in orthophosphate are likely linked to
surface run-off during spring freshet. Freshet occurs earlier in small tributaries than in large tributaries, and each
peak influences Peace River orthophosphate levels. Peaks in orthophosphate were generally higher in 2007
than those observed in 2008 at Peace River and small tributary sites but lower in 2007 when compared to 2008
at large tributary sites.

Dissolved Organic Carbon

Dissolved organic carbon (DOC) is that part of the total organic carbon (TOC) component that can be filtered
through a 7 um filter. DOC is an essential component of the carbon cycle and energy balance in streams as it is
a nutrient contributing to primary productivity. DOC can react with trace metals to form complexes which can
influence the metal’s mobility and transport within aquatic systems. High levels of DOC can also coincide with
decreased dissolved oxygen levels in aquatic systems and can alter acid-base chemistry in low alkalinity
streams. DOC can also affect water colour and thereby attenuate light penetration into a stream. There are
multiple natural and anthropogenic sources of DOC, including, but not limited to the following:

m leaf drop from forest canopy, forest floor, soil organics, plant roots etc. contributed via surface run-off;
m atmospheric inputs from industrial sources;
m aquatic sediments, detritus and organisms; and

m  agricultural, industrial and municipal (such as sewage) outfalls.

Ranges of DOC found during the course of the 2008 water sampling are reported along with other organic
parameters in Tables 13 and 14.

In general, trends in DOC, like metals, closely followed TSS for most, but not all sites (Figure 31). Exceptions
include Peace 1 and Peace 3. The highest concentration of DOC was noted at Boudreau 13, which is consistent
with the wetland source of this drainage. Farrell 11 also exhibited high levels of DOC compared to other sample
locations.

Nitrogen

Nitrogen is an essential plant nutrient and exists in various forms in freshwater aquatic systems. Nitrogen can
be introduced into aquatic systems from natural sources, such as igneous rocks, mineralization of native soils,
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as well as by oxidation of organic debris, such as vegetation and animal matter (CCME 2003b). Nitrogen can
also be introduced into freshwater in liquid or dry form through deposition from the atmosphere (often via
anthropogenic sources) and/or point sources such as municipal and industrial wastewaters, and mining
(explosives). Nitrogen can also be introduced from non-point sources, such as agriculture, urban run-off, and
vehicle exhaust (CCME 2003b, RISC 1998b). The form of nitrogen in fresh water depends upon availability of
oxygen. When dissolved oxygen is high, nitrification (oxidation of NH, and NO, to NOg) is promoted by
autotrophic bacteria whereas in oxygen deficient waters, denitrification (NO; to NO, and then gaseous Ny) via
autotrophic and heterotrophic bacteria occurs (CCME 2003b). Sample analyses for this nutrient typically include
ammonia, nitrite, nitrate, total Kjeldahl nitrogen and total nitrogen (CCME 2003b):

Nitrate (NO3) is the most oxidized and stable form of nitrogen and can lead to algal blooms and eutrophication
although it is generally accepted that phosphorus, not nitrogen, most often limits primary productivity in fresh
water systems (CCME 2003, RISC 1998b). Since nitrate is the most stable form of nitrogen and generally
accounts for two thirds to four fifths of total available nitrogen in surface waters, results of nitrate concentrations
found in water samples in 2007 and 2008 are discussed in this text. Results of other forms of nitrogen are
presented in Tables 10 and 11.

Similar to other parameters, nitrate concentrations tended to fluctuate with TSS during the spring (April and/or
May) at most tributary sample locations but exceptions include Boudreau 13 and many of the Peace River sites
(Figure 32). Additionally, a pattern of increasing nitrate with increasing TSS was not consistent at all sites
between years. For example, Moberly 6 and Moberly 7 showed decreasing nitrate concentrations during peak
TSS in 2007, but in 2008, a peak in nitrate was closely associated with the peak in TSS at Moberly 7. The
highest peak in TSS in Lynx Creek was associated with very low nitrate levels.

Nitrate rarely exceeds four mg/L in nature (CCME 2003b). The highest nitrate concentrations were observed
amongst tributary sites, particularly in Farrell Creek, where nitrate peaked at 0.469 mg/L in May (Table 14).
Other small tributaries such as such as Lynx 10 and Cache 12 also had relatively high levels of nitrate in 2008
(0.156 and 0.147 mg/L) although these levels were a third of those observed at t Farrell 11. Most tributary sites
had solitary peaks in nitrate associated with TSS; otherwise, nitrate levels were generally low and/or
undetectable at the tributary sites. An exception was at Lynx Creek, where nitrate was detected in all but 1
sample period (August 2008). The high peaks in nitrates in these small streams may be attributed to agricultural
activities and associated runoff during spring melt.

Nitrate concentrations were generally higher and fluctuated less over the duration of sampling at Peace River
sites when compared to tributary sites. Peak levels of nitrates at Peace River sites were however lower than
those in tributary sites, never exceeding 0.0724 mg/L (Peace 4). The magnitude of these peaks were very
similar to each amongst the Peace River sites, ranging between 0.706 and 0.724 mg/L for all sites except Peace
5 where the peak concentration was 0.548 mg/L (Table 13).

5.1.2.5 Surface Water Grab Sample Quality Control/Quality Assurance

Most of the duplicate samples (three) were taken from Peace 1, although a single set of duplicate samples was
also taken from Peace 3, Peace 5 and Moberly 6 (Table 2, Section 5.1.1). Only one travel blank was submitted
to ALS from the 2008 sample period. There were only minor variations observed from results of analysis of the
travel blank and duplicate samples from the 2008 monitoring program. Individual results associated with each
sample session are presented along with results from specific sample sites in Appendix F.

Visual comparisons of duplicate samples indicate only one instance, specifically for chlorophyll a at Peace 5,
where a variance of more than 100% between the duplicate set of samples was observed in 2008 results

(Table 19). Analysis results for dissolved aluminum at Peace 1 in June and total phosphate at Peace 3 in July of
2008 were the next largest variations between duplicate sample results, but this variation was less than 100%.

The variation between samples for chlorophyll a in the Peace 5 duplicate set is not unusual, as this parameter

tended to show exceedences in MDLs for travel blanks taken in 2007 as was again the case for the single travel
blank taken during 2008. Slight hits of chlorophyll a in travel blanks may be attributed to blanks being prepared
weeks or even months prior to analysis depending upon when sample bottles are requested from the lab. Such
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blanks may be unrepresentative of chlorophyll a levels since they are unpreserved, not refrigerated, and may be
exposed to light, all of which increase the potential for algal growth (A. Springer, ALS, pers. comm.). Because
samples are unpreserved, variable exposure to light may also create variation in analysis results of this
parameter in duplicate samples.

Results from blanks are expected to be below MDLs about 95% of the time, assuming they are returned
unopened and no contamination occurred during transport of the blanks. The single travel blank taken this year
only had one exceedence of MDL, which was for Chlorophyll a, which for reasons explained above, is not a good
indicator of problems between original and duplicate samples. Regardless, this single exceedence accounted
for only 3% of the total number of parameters sampled (Table 20).

5.2  Stream Discharge

Discharge measurements were taken at Lynx, Farrell, Cache and Boudreau creeks during the 2008 field surveys
(Appendix 1). Additionally, WSC discharge records from Peace River and relevant tributary stations are
presented in Appendix J. Flow measurements at Boudreau Creek and Cache Creek were hampered by site
specific conditions. Flows in Boudreau Creek were so low that the flow meter could only measure water velocity
during the May sample period. Bridge replacement at Cache Creek prevented access to the water velocity
measurement transect in May and July and there was no measureable flow during the August sample period.

Peak discharge for the four small Peace tributaries cannot be confirmed from discharge measurements recorded
during 2008. Highest flows were measured in early May in Lynx and Boudreau creeks, but it cannot be assumed
these measurements are representative of the period of peak flow (Figure 33). Turbidity measurements from
2008 (Figure 17, Section 5.1.1.4 indicated the highest turbidity was observed during the early May 2008 sample
period in these streams, when discharge measurements could not be measured in either Cache or Farrell
creeks. Farrell Creek was too high to wade in May and heavy machinery was working at Cache Creek. WSC
data indicates freshet occurred in larger tributaries between one to two weeks earlier in 2008 when compared to
2007 (Figure 34). Golder (2009) observed highest flows in Cache Creek during the April 2007 field survey.
Despite indications that measurements taken in the small tributaries did not capture peak discharge, flows
appeared to be lower in 2008 than in 2007 for the small tributaries except Boudreau Creek (Table 21). This
conclusion is consistent with observations from WSC data for the larger streams.

6.0 DISCUSSION

Results from two years of water quality analysis in the Peace River and associated tributaries show some
consistencies in the findings between years. Variations related to the timing and magnitude of spring freshet of
Peace tributaries had a measureable influence upon Peace River water quality in both 2007 and 2008. Aside
from periods of high water associated with freshet, tributary inputs into the Peace River are small relative to
mean annual discharge (MAD), particularly when considering differences between winter flows in the Peace
mainstem compared to tributary inputs (Golder 2009). During spring freshet however, the combined inflow of
tributary water surges relative to Peace River discharge released from the upstream dams. During these times,
total metal content observed in water samples from the Peace River and particularly from tributary sample
locations begins to exceed CCME and BCWQ guidelines for fresh water aquatic life. When exceedences of
dissolved metals were observed, they followed a similar trend demonstrated by the total metal component;
otherwise dissolved metal concentrations were generally below MDL.

Elevated levels of total metals were associated with TSS load in both Peace River and tributary sample sites in
2007 and 2008; consequently, changes in the timing and magnitude of freshet in tributaries affects sediment
load and metal concentrations in the Peace River. TSS in the Peace River appears to be primarily a function of
tributary inputs, particularly from the Moberly, Halfway, Pine, Beaton and Kiskatinaw rivers.

Tributaries also showed the widest range in the types of metals exceeding guidelines when expressed as a
mean of the total number of samples taken from sites surveyed in both 2007 and 2008. Consequently, an
increasing frequency in exceedences of metal content and also the types of metals found to exceed CCME and
BCWQ guidelines at Peace River sample sites increased with distance downstream from the PCN dam. This
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observation was consistent between sample years, and reflects the cumulative influence of an increasing
number of tributaries entering the Peace River as it flows towards the Alberta border.

There was little variation in the list of metals found to exceed CCME and/or BCWQ guidelines between years,
nor the sample locations where such exceedences were observed. Aluminum and iron exceeded guidelines
more often than other dissolved metals, and amongst the widest range of sample sites both in 2007 and 2008,
followed by such metals as cadmium, copper, zinc and vanadium. Selenium concentrations in the Halfway
River, both in total and dissolved form, consistently exceeded guidelines for almost every water sample period
for both years. Peace 1 was almost completely devoid of metals (either dissolved or total components) that
exceeded guidelines in both years, whereas Peace 5 frequently exceeded guidelines for specific metals, such as
aluminum, iron and cadmium. Mercury was below detection limits at all sample sites on every sample occasion
for both years except in duplicate samples taken in May of 2008 at Peace 5.

Freshet in the larger Peace River tributaries occurred earlier and was smaller in magnitude in 2008 than in 2007
(WSC 2009). These differences in timing and magnitude of the freshet conditions did not influence the mean
number per sample, or mean frequency per sample at which total metals exceeded CCME and BCWQ
guidelines between years for either Peace tributary or Peace River sample sites. However, the mean number of
dissolved metals found to exceed guidelines in 2008 amongst all sites was almost twice that observed in 2007.
Some of this variation is likely attributed to a number of individual observations of dissolved metals, such as
cadmium, copper and iron. These 3 dissolved metals often only exceeded guidelines on one occasion at
individual sample sites over the course of water sampling in 2008 where similar exceedences, particularly
amongst tributaries, were not observed in 2007.

Like metal concentrations in water samples, peaks in nutrients, such as orthophosphate, DOC and nitrates,
followed similar trends between years in that they were often associated with surges in TSS observed at sample
sites. In Peace River sites, two distinct and two extended peaks in these nutrients are evident, and likely reflect
the differential timing in freshet between large and small tributaries entering the Peace River. In 2007, small
Peace tributaries, particularly those entering the north side of the Peace River, were found to be free of ice and
therefore enter freshet earlier than large tributaries. The earlier timing of freshet and ice-off in small tributaries
could not be directly verified from discharge measurements in 2008, however other results, such as TSS levels
and observations of peaks in water quality parameters such as metals and nutrients, suggest a similar trend
occurred in 2008.

Levels of chlorophyll a in water samples at all sample sites typically did not show an immediate response to
increased levels of nutrients, and often increased levels of chlorophyll a were observed in water samples
collected in the month following peak levels of orthophosphate. There was a general trend towards increasing
chlorophyll a in both 2007 and 2008 towards the summer months in both the Peace River and in Peace
tributaries, as water temperatures rose. However, some of the highest levels of chlorophyll a at a number of
sample sites were observed during the fall, which suggests increased water clarity during the fall in all streams
as stream flow subsides is also influencing primary productivity.

Water temperature data collected via TDLs indicate water temperatures in the Peace River were warmer in 2008
than 2007. Monthly mean temperatures in the Peace River were almost 2.5 °C warmer during the early spring in
2008 when compared to 2007. These monthly variations in temperature between years became less apparent
as water levels subsided. This trend was similar to that of ambient air temperatures recorded at the Fort St.
John weather office. A similar trend was not observed in mean daily or mean monthly water temperatures
among sampled tributaries entering the Peace River.

In Dinosaur Lake, TDLs placed at 1 m below the surface, 5 m below the surface and near the lake bottom
indicated virtually no variation in mean daily temperatures records at the upstream most site (Dino 3 located
nearest the WAC Bennett Dam). For downstream sites, the warmest mean daily water temperatures were
recorded by the TDLs located at the surface, and that variation between the mean daily surface temperatures
and those at the bottom of the reservoir was greatest at the downstream most sample location (Dino 1). The
largest variation among mean daily surface and bottom water temperature was observed at Dino 1 in July
(1.6 °C). Mean monthly temperatures for all depths were warmest in September. Temperature profile data
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indicated there was little stratification in temperature at any of the Dinosaur Lake sites, with the greatest variation
observed at the downstream most sample station. Similarly, the greatest variation in DO measurements for all
profiles at Dino 1 was less than 0.5 mg/L, with the highest variation occurring in June. This is not unexpected
given the large volumes of water flowing through Dinosaur Lake.

Unlike temperature and DO, pH varied the most at Dino 3, nearest the WAC Bennett Dam. Conductivity showed
the least amount of variation of all parameters at all three measuring stations. TGP seldom exceeded 105% of
the atmospheric pressure except at Dino 3, which showed the greatest variation in TGP and tended to reach
maximum levels (111% saturation) at mid depth readings. Again, this is not unexpected given the close
proximity of Dino 3 to the WAC Bennett Dam.

7.0 CLOSURE
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Daily mean, maximum, and minimum water temperatures recorded by temperature data loggers plotted against discharge

Figure 4:

in Peace River tributaries from November 2006 to October 2008. 2008 WSC discharge data are preliminary and subject to change.
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Daily mean, maximum, and minimum water temperatures recorded by temperature data loggers plotted against discharge

Figure 4:

in Peace River tributaries from November 2006 to October 2008. 2008 WSC discharge data are preliminary and subject to change.
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A comparison of mean water temperatures in the Peace River between 2007 and 2008.

Figure 5:
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A comparison of mean water temperatures in Peace tributaries between 2007 and 2008.

Figure 6:
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Figure 7:

Water Temperature (° C)
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A comparison of mean monthly water temperatures in the Peace River between November 2006
and October 2008. Markers with solid colour represent a complete month of temperature data, and

therefore an actual mean.
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Figure 8:

Water Temperature (° C)
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A comparison of mean monthly water temperatures in Peace tributaries between November 2006
and October 2008. Markers with solid colour represent a complete month of temperature data,
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Figure 9: Mean monthly air temperatures recorded by Environment Canada at the Fort St. John
weather office from November 2006 to December 2008.
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Daily means of water temperature recorded by temperature data loggers at each

sample location in Dinosaur Lake during 2008.

Figure 10:

Dino 1-Downstream

bottom

—- 5m from surface

—- 1m from surface

10-8¢

PO-8T

10-80

das-8z

das-8T

das-80

Bny-62

Bny-6T

Bny-60

InC-0€

InC-0¢

InC-0T

unr-0¢

unr-0c

unc-01

KeN-Tg

KeN-T2

KeN-TT

KeN-TO

Dino 2-Middle

16

14

12

10
8
6
4
2

(D,) @inyesadwa] Jarepn

10-8¢

PO-8T

10-80

das-8z

des-8T

das-80

Bny-62

Bny-6T

Bny-60

InC-0€

Inc-0¢

Inc-0T

unc-0¢

unr-0c

unc-0T

ReN-TE

ReN-T2

ReN-TT

ReN-TO

(Note: temperatures from the 3 TDLs are almost identical)

Dino 3-Upstream

16

14

100-82
100-8T
100-80
das-8z
das-8T
das-80
” Bny-62
Bny-6T1
Bny-60
INC-0€
Inc-02

” InC-0T

unr-0¢

unr-0¢

unc-0T

L Re-TE
L Re-TZ
- AeN-TT

L ReN-TO

Golder Associates



Figure 11: Comparisons between combined means of the daily water temperatures recorded
by temperature data loggers from all depths for each sample location in Dinosaur

Lake during 2008.
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Figure 12: Water temperature profiles observed in Dinosaur Lake in 2008.
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Figure 13: Dissolved oxygen profiles observed in Dinosaur Lake in 2008.
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Figure 14: Profiles of pH observed in Dinosaur Lake in 2008.
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Figure 15: Conductivity profiles observed in Dinosaur Lake in 2008.
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Figure 16: Total Gas Pressure measured at Peace River sites in 2008.
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Figure 17: Total Gas Pressure profiles observed in Dinosaur Lake in 2008.
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Turbidity and TSS from water sample results compared to discharge measured at WSC

stations at the Halfway and Moberly Rivers in 2007 and 2008.

Figure 18:
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Figure 19:
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Figure 20: Discharge recorded at Peace River WSC stations between PCN Dam and the Alberta Border
compared to TSS and turbidity results from Peace River water quality monitoring sites.
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Figure 21: The log-linear relationship between TSS and turbidity derived from 2006-2008 surface water
grab samples taken from the Peace River and selected tributaries (lab analysis results).
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Figure 22: The mean number of individual total metals exceeding BCWQ and/or CCME water quality
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Plots of selected total metals commonly exceeding BCWQ and/or CCME guidelines for aquatic life
in the Halfway River over the course of the 2006-2008 sample period. Exceedences are indicated by

Figure 23:

both. Similar plots for other sample sites

CCME; solid red =

BCWQ, solid blue

are provided in Appendix H.
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Figure 24:

Number per Sample
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Fluoride concentrations in Lynx and Boudreau creeks in 2007 and 2008. Open red symbols
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Sulphate concentrations in Lynx and Boudreau creeks in 2007 and 2008. There are no established

CCME guidelines for sulphate.

Figure 26:
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Total Adsorbable Organic Halogen concentrations at

Figure 27:

Peace River and Peace tributary sites between November 2006 and October 2008.

Values below detection limits are shown as at the MDL.
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Chlorophyll a concentrations at Peace River mainstem sites and accompanying

orthophosphate concentrations in 2007 and 2008.

Figure 28:
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Chlorophyll a concentrations at large tributary sites and accompanying orthphosphate

concentrations in 2007 and 2008.

Figure 29:
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Figure 30: Chlorophyll a concentrations at small tributary sites and accompanying orthophosphate

concentrations in 2007 and 2008.
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Plots of dissolved organic carbon (DOC) from selected sample sites in the Peace River and tributaries from 2007 and 2008 sample years.

Figure 31:
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Figure 32:

Plots of Nitrate (NO;) from selected sample sites in the Peace River and tributaries in 2007 and 2008 sample years.
Detection Limit (MDL) for Nitrate is 0.005 mg/L.
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Figure 33:

Discharge (m3/s)
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Figure 34:
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A comparison between 2007 and 2008 discharge curves measured at WSC stations
on the Pine, Halfway and Moberly rivers. 2008 data were not finalized by WSC
at time of report preparation.
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