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1.0 INTRODUCTION 

1.1 Background 

The Mount Polley Mining Corporation, a division of the Imperial Metals Corporation, 
owns the Mount Polley copper-gold mine located 56 kilometers north-east of Williams 
Lake, BC (Figure 1.1).  The mine, which historically operated from August 1997 to 
September 2001, was officially re-opened in March 2005 as a result of improved metal 
prices and the discovery of significant new ore reserves at the site.  Mining is currently 
active at the Bell and Wight open pits, with two additional open pits (Springer Pit and 
Southeast Pit) identified as targets for future development (Figure 1.1).  The Mount 
Polley Mine site also includes a crusher and mill (concentrator), a Tailings Storage 
Facility (TSF), a settling pond, a seepage pond, access roads, a surface water collection 
system and a former open pit mine (the Cariboo Pit). The projected mine life is currently 
about six and three-quarter years.     

While operating, Mount Polley mill tailings and site water have been discharged into the 
environmentally-secure TSF, with supernatant from the TSF recycled for re-use in the 
milling process.  In addition, site water was allowed to accumulate in the TSF during 
mine closure from 2001 to 2005.  In accordance with the updated mine plan and water 
balance, mine water stored in the TSF will be treated and discharged to an appropriate 
receiving watercourse.    

One of the options currently being considered for treatment of Mount Polley Mine 
effluent includes directing mine wastewater to a constructed polishing pond with 
subsequent discharge of treated effluent into Hazeltine Creek immediately east of the 
TSF (Figure 1.1).  In anticipation of a Hazeltine Creek effluent discharge compliance 
point, priority mine-related parameters and site-specific water quality objectives 
(SSWQO) are currently being derived using actual chemical and biological data from the 
proposed receiving waters (Minnow 2006). Derived SSWQO will represent parameter 
levels considered protective of receiving water biota, and are intended to be used to 
develop effluent discharge limits for internal management and compliance purposes.  

The SSWQO development process is critical to understanding the potential for adverse 
water quality effects to aquatic organisms that may result with discharge of Mount Polley 
Mine effluent into Hazeltine Creek.  To further understand the biological implications 
associated with discharging treated effluent into Hazeltine Creek, the Mount Polley Mine 
also wishes to evaluate the potential for any adverse physical impacts related to 
increased stream flow.  Increased flow can physically affect stream channel stability by 
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causing stream bed and/or bank erosion, which in turn can severely limit aquatic life by 
altering available spawning and rearing habitat, in-stream cover, food chains and other 
structural and functional components of the system.  Such influences may constitute a 
Harmful Alteration, Disruption or Destruction (HADD) of fish habitat as outlined under 
Section 35 of the Canadian Fisheries Act (DFO 1998).  Any adverse effects to fish 
habitat is of particular concern in lower Hazeltine Creek, which is used by Quesnel Lake 
kokanee salmon (Oncorhynchus nerka) as spawning habitat. 

Minnow Environmental Inc. (Minnow) was retained by the Mount Polley Mine to 
characterize the baseline habitat features of Hazeltine Creek and to consider the 
implications of increased flow regimes to channel stability and fish habitat.  The 
information provided will be used to help determine optimal effluent management 
practices that minimize the potential for eliciting any adverse physical impacts to 
Hazeltine Creek. 

1.2 Objectives 

The objectives of the 2006 Hazeltine Creek Habitat Characterization were:  

to document baseline (i.e., pre-effluent discharge) physical habitat characteristics 
of Hazeltine Creek and to provide views on the potential for adverse effects to 
channel stability associated with increased flow related to effluent discharge; and,  

to identify and document fish habitat features in Hazeltine Creek with special 
focus on salmonid spawning habitat in lower reaches and to provide views on 
potential effects to fish habitat associated with effluent discharge.   

1.3 Report Organization 

This report is organized as follows.  The methods utilized for characterization of physical 
and fish habitat features of Hazeltine Creek are presented in Section 2.0.  Section 3.0 
presents the results of the physical habitat characterization and provides views on the 
potential of mine-related impacts to channel stability associated with effluent discharge.  
Fish habitat information for Hazeltine Creek and views on the implications of increased 
discharge to fish habitat are presented in Section 4.0.  A summary of the study findings 
and recommendations for future studies are provided in Section 5.0.  Finally, references 
cited throughout this report are listed in Section 6.0.   
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2.0 METHODS 

2.1  Characterization of Physical Habitat Features 

The characterization of physical habitat conditions in Hazeltine Creek was implemented 
from the 22nd to 26th of October, 2006.  Initially, the creek was spatially separated into 
representative reaches beginning at a location approximately 1.75 km downstream of 
Polley Lake and extending to the mouth of Hazeltine Creek at Quesnel Lake (i.e., the 
anticipated effluent-exposure area).  By walking the stream bank, all of the lower 
approximately 7.3 km of Hazeltine Creek was visually assessed.  Stream reaches were 
delineated according to dominant physical habitat characteristics including stream 
gradient and/or stream geomorphology.  Within each reach, transects were established 
at areas with habitat considered characteristic of each reach.  All reach boundaries and 
transect locations were marked using a hand-held Global Positioning System (GPS) unit 
according to 1983 North American Datum (NAD83).  The number of transects evaluated 
per reach depended on reach length, with one or two transects established at short 
reaches (i.e., less than 300 m long) and three transects established at all others.   

At each transect, stream channel dimensions (slope, width, depth) were measured and 
features associated with stream morphology, channel bed and bank material (substrate 
type and relative size), bank stability and angle, riparian vegetation (vegetation types, 
approximate root depth, overhead shading) and in-stream cover were quantified or 
documented based on the relative proportion each contributed in total stream surface 
area (Table 2.1).  General habitat features, including locations of any groundwater 
seeps, tributaries etc., were also documented for each reach.  Finally, several 
photographs were taken along each reach to further support habitat descriptions.  
Descriptions of physical features assessed as part of the habitat evaluation are provided 
in Table 2.1.  

The potential for adverse effects to Hazeltine Creek channel stability (and relatedly, fish 
habitat) associated with Mount Polley effluent discharge was assessed by examination 
of bank erosion predictions in concert with the natural hydrology of the system.  Based 
on higher average flow conditions in Hazeltine Creek as a result of mine effluent 
discharge, a greater potential for bank erosion likely represents the key mine-related 
influence to physical channel stability (e.g., see Rosgen 2001; Simon 1989).  
Accordingly, a Bank Erosion Hazard Index (BEHI) was used to provide an estimate of 
bank erodibility (Rosgen 2001).  The BEHI procedure integrates seven bank integrity 
parameters into a numerical reach score that can be used to rank streambank erosion 
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Table 2.1:  Summary of Physical Characteristics Examined as part of the Hazeltine Creek Habitat Characterization, October 2006

Feature Description Measurement
Method

Wetted (m) Surface water distance across a stream measured from bank to bank, 
perpendicular to the direction of flow. Tape measure

Bankfull (m) Channel distance across a stream measured from bank to bank, perpendicular 
to the direction of flow. Tape measure

Floodplain (m) Distance across land immediately adjoining a stream which is inundated when 
the discharge exceeds the conveyance of the normal channel. Rangefinder

Mean (m) Average vertical difference from the surface to bottom measured at a minimum
of five points Meter stick

Bankfull (m) Average vertical difference from bankfull height to the channel bottom 
measured at a minimum of five points Meter stick

Channel ( ° ) Longitudinal gradient of the stream, generally measured over a distance of 
approximately 25 m Clinometer

Left Bank ( ° ) Angle of the left bank (when looking upstream) at approximately bankfull 
height Visual estimate

Right Bank ( ° ) Angle of the right bank (when looking upstream) at approximately bankfull 
height Visual estimate

% Pool Proportion of stream surface area covered by relatively stagnant and/or deep 
water Visual estimate

% Riffle Proportion of stream surface area covered by fast-moving turbulent water Visual estimate

% Run Proportion of stream surface area covered by relatively slow-moving water (no 
turbulence) Visual estimate

% Bedrock Proportion of consolidated (solid) rock that generally underlies unconsolidated 
material Visual estimate

% Boulder Proportion of unconsolidated inorganic material > 256 mm in diameter Visual estimate

% Cobble Proportion of unconsolidated inorganic material 16 mm to 256 mm in diameter Visual estimate

% Gravel Proportion of unconsolidated inorganic material 2.0 mm to 16 mm in diameter Visual estimate

% Sand Proportion of unconsolidated inorganic material 0.0625 mm to 4.0 mm in 
diameter Visual estimate

% Silt & Finer Proportion of unconsolidated inorganic material less than 0.0625 mm in 
diameter Visual estimate

Unstable Longitudinal distance of banks with high degree of visible erosion (e.g., 
slumping, undercutting) Visual estimate

Moderate Longitudinal distance of banks with moderate degree of visible erosion (e.g., 
slumping, undercutting) Visual estimate

Stable Longitudinal distance of banks with limited erosion (e.g., slumping, 
undercutting) Visual estimate

Riparian 
Vegetation Description Types of vegetation living on or adjacent to watercourse banks, listed in order 

of dominance Not Applicable

% Dense Stream shading > 70% of stream surface area Visual estimate

% Partially Open Stream shading 10% to 70% of stream surface area Visual estimate

% Open Stream shading < 10% of stream surface area Visual estimate

Root Density % Root Penetration Proportion of bank height with plant root materials Visual estimate

Bank Surface 
Protection % Bank Cover Proportion of bank height protected from flow as a result of plant roots, large 

woody debris or other materials Visual estimate

% Deep Pool Proportion of stream surface area covered by relatively deep water suitable for 
fish protection Visual estimate

% Boulder Proportion of stream surface area occupied by boulder material suitable for 
fish cover Visual estimate

% Logs/Snags Proportion of stream surface area occupied by large woody material suitable 
for fish cover Visual estimate

% Overhanging Veg. Proportion of stream surface area covered by terrestrial vegetation suitable for 
fish cover Visual estimate

% Macrophytes Proportion of stream surface area occupied by instream vegetation suitable for 
fish cover Visual estimate

In-stream Barriers Description Any obstacle found in a stream channel that prevents upstream migration of 
fish (e.g., dams, cascades, etc.) Not Applicable

Riparian
Features

In-stream
Fish
Habitat
Features

Physical Feature Evaluated

Bank Condition

Width

Depth

Slope

Channel
Hydrology

Channel
Bed and 
Bank
Features

In-stream Cover

Overhead Canopy

General 
Morphology

In-Stream 
Substrate & Bank 
Material
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potential on a scale ranging from 0 (very low) to 50 (extreme; Table 2.2).  The BEHI is 
calculated in relation to bankfull stage, which is defined as the incipient discharge that 
entirely fills a channel to the top of its bank(s) at a point just prior to overflow onto a 
floodplain.  Bankfull discharge is generally associated with a short-term maximum flow 
that has an average recurrence interval of 1.5 years as determined using a flood 
frequency analysis (Dunne and Leopold 1978).   

To understand the implications of and to put perspective on how increased flow resulting 
from mine effluent discharge could physically impact Hazeltine Creek, examination of the 
natural stream hydrology was required. Of particular relevance to the mine in terms of 
effluent discharge impacts was to determine a) what flow rate corresponds to ‘peak’ 
levels and at what time of the year are natural flows likely to be at these levels, and b) at 
what levels and at what corresponding period of the year are natural flows likely to cause 
only minimal bank erosion.  

Seasonal high and low flow periods were identified from historical hydrological data 
(1995, 1997 to 2006) collected from a continuous analog stage recorder located on 
Hazeltine Creek (Station W7).  Anticipated flow at bankfull and bottom-bank stages was 
determined by extrapolating gauging station depth-to-flow relationships at Station W7 to 
those at a field survey location approximately 20 m downstream of Station W7.  It should 
be noted that this method only provides a rough approximation because cross-sectional 
channel geometry at the downstream transect did not exactly match the dimensions of 
the Station W7 weir.          

Hazeltine Creek discharge during this survey was also calculated based on the area-
velocity method using manual depth and water velocity measurement data.  At a 
minimum of 10 points along a wetted-channel transect, water velocity measures were 
collected using a Marsh-McBirney Flo-Mate Model 2000 portable velocity meter (Marsh-
McBirney Ltd., Frederick, MD) whereas depth was measured with a meter stick.  
Discharge was measured using this method near Station W7 as well as at a single 
location at all downstream reaches to provide spatial perspective on flow.         

2.2 Fish Habitat Characterization 

Important fish habitat features were identified and characterized in all Hazeltine Creek 
reaches during the October survey.  This characterization included quantification of the 
relative proportion of functional in-stream cover (type and relative amount by wetted 
channel surface area) at transect locations in each reach.  In addition, any barriers to 
upstream fish migration were identified and documented.  As part of the fish habitat 
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characterization, the implication of increased flow to fish habitat was considered while 
conducting the field survey.  Any key fish habitat features were photographically 
documented during the field survey.  

An evaluation of salmonid spawning habitat in lower Hazeltine Creek was conducted on 
the 27th of October, 2006.  Key habitat features important to salmonid spawning, 
including substrate composition (type and relative size), water depth, stream 
morphology, in-stream barriers and cover structure were recorded and mapped to as far 
as 525 m upstream of Quesnel Lake.  Distances were measured relative to the mouth of 
Hazeltine Creek at Quesnel Lake using a handheld GPS unit.  Several photographs 
were also taken to support spawning habitat observations.  A visual survey of adult 
salmon (spawning adults and/or carcasses) and/or evidence of spawning (e.g., 
constructed redds) was also conducted.  The observed habitat features were then 
evaluated relative to known spawning habitat requirements to determine the relative 
importance of lower Hazeltine Creek for (Quesnel Lake) salmon populations. 
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3.0 HAZELTINE CREEK HABITAT CHARACTERIZATION 

3.1 Reach Descriptions 

Hazeltine Creek was generally characterized by moderate stream gradient, riffle-run 
stream morphology with flow typically confined within a well-defined, meandering 
channel containing predominantly cobble-gravel substrate and bordered by relatively 
steep banks.  The survey was conducted during the seasonal low flow period and as a 
result, approximately 25% of the stream bed was often exposed.  Although some 
groundwater seeps were observed feeding into Hazeltine Creek at the time of the 
survey, the only surface water tributary was Edney Creek (Figure 3.1).  No adverse 
anthropogenic influences to Hazeltine Creek were apparent, although potential 
influences associated with historical clear-cut forestry and current free-range livestock 
practices within the watershed were noted.   

Based on predominant stream gradient and/or geomorphological breaks, Hazeltine 
Creek was divided into nine distinct reaches beginning at a point approximately 1,750 m 
downstream of the Polley Lake outlet (Figure 3.1).  The following paragraphs highlight 
key physical features of each reach with progression downstream.    

The upper-most reach (HC-R1) extended approximately 445 m and was characterized 
by relatively low gradient (1.2% slope) run habitat with gravel-sand substrate (Table 3.1).  
Mean channel wet width and depth were approximately 3.0 m and 10.3 cm, respectively 
(Table 3.1), with wider and shallower conditions typically observed upstream of a 
breached beaver dam located approximately mid-reach.  Although the channel was 
generally stable, at some areas in the upper half of the reach the channel may have 
been unconfined (Photo B.1) as a result of altered stream flows associated with an 
historical forest fire and/or uprooted trees caused by blowdown.  Bank material at HC-R1 
was predominantly comprised of fines, but was considered relatively stable due to the 
occurrence of dense riparian alder (Alnus sp.) growth and low stream gradient (Photo 
B.2).  At the time of the survey, stream discharge was approximately 0.006 m3/s at HC-
R1.           

The second reach (HC-R2) in Hazeltine Creek was characterized by ponded flow 
associated with beaver activity (Figure 3.1).  The ponded area was approximately 210 m 
long and often occupied the entire floodplain width of approximately 45 m (Photo B.3).  
Water depth in the ponded area often exceeded 100 cm.  Stream habitat features 
relevant to the survey were generally not measurable at HC-R2 as a result of the 
ponded, deep water conditions.               
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Table 3.1:  Summary of Physical Habitat Characteristics of Designated Reaches, Hazeltine Creek Habitat Characterization,
                  October 2006

R1 R2b R3 R4 R5 R6 R7 R8 R9 Averagea

Reach Length Length (m) 445 210 157 2,200 1,110 1,510 350 555 760 na

Wetted (m) 3.0 - 2.9 3.1 1.9 2.8 3.2 2.0 5.8 3.0

Bankfull (m) 7.0 - 7.9 4.7 4.5 3.7 5.3 5 11 3 5.2

Floodplain (m) 37 - 41 22 12 7.2 9.4 17 23 17

Mean (cm) 10 - 12 5 7 8 6 13 14 8

Bankfull (cm) 36 - 38 43 38 27 37 27 43 36

Channel ( % ) 1.4% - 0.8% 1.7% 3.7% 7.3% 2.7% 0.7% 1.0% 3.0%

Left Bank ( ° ) 64 - 65 77 67 90 83 70 63 73

Right Bank ( ° ) 64 - 65 83 90 83 52 85 87 79

% Pool 20 - 20 33 13 33 8 27 17 25

% Riffle 18 - 10 37 60 67 57 27 10 41

% Run 63 - 70 30 27 35 47 73 31

Flow Discharge (m3/s) 0.0059 - na 0.0079 0.0137 0.0173 0.0143 0.0254 0.0630 na

% Bedrock - - - - - 10 - - - 2

% Boulder - - - - 3 20 10 - - 5

% Cobble - - - 43 78 53 80 33 43 47

% Gravel 60 - 40 47 11 13 10 53 33 31

% Sand 40 - 60 8 8 3 - 13 17 11

% Silt & Finer - - - 2 - - - - 7 1

% Bedrock - - - - - 37 - - - 8

% Boulder - - - - - 20 7 - - 4

% Cobble - - - 3 3 3 40 2 - 4

% Gravel 10 - 5 2 5 10 13 13 - 6

% Sand 20 - 25 30 47 15 23 43 60 32

% Silt & Finer 70 - 70 65 45 15 17 42 40 43

% Unstable - - 20 8 - - - - - 3

% Moderate 40 - 20 35 50 5 20 23 15 26

% Stable 60 - 60 57 50 95 80 77 52 64

% Bedrock - - - - - 2 - - - 0

% Boulder - - - - 5 30 3 - - 7

% Cobble - - - 5 18 25 60 7 5 13

% Gravel 10 - 5 5 10 2 2 17 20 7

% Sand 25 - 25 33 42 17 25 40 38 30

% Silt & Finer 70 - 70 57 28 25 10 37 37 39

% Unstable - - 20 20 10 - - 15 - 9

% Moderate 35 - 20 47 57 33 10 45 30 39

% Stable 65 - 60 33 33 67 90 40 70 49

Root Density % of Bank Depth 100 - 100 100 100 40 75 95 70 80
Bank Surface 
Protection % of Bank Depth 95 - 85 75 70 85 85 60 75 75

% Dense 30 - 40 30 8 10 28 60 10 22

% Partially Open 35 - 20 27 47 23 20 20 18 27

% Open 35 - 40 43 45 67 52 20 72 48

Dominant Overstory 
(Type)

red cedar, 
fir, spruce conifers -

conifers 
(fir, 

spruce)

fir, spruce, 
red cedar

hemlock, 
red cedar, 

spruce

red cedar, 
spruce

conifers, 
cotton-
wood

Red cedar na

Dominant Understory 
(Type)

alder, 
hardhack, 
dogwood

alder alder, 
hardhack

alder, 
hardhack, 

forbs

alder, 
dogwood

hardhack, 
dogwood, 

alder

alder, 
dogwood

alder, 
hardhack

alder, 
willow na

a  Average value represents weighted average for all reaches except R2 (i.e., the ponded reach)
b  Stream measures were not able to be collected at HC-R2 as a resulted of ponded conditions associated with beaver activity

Left Bank Conditon

Channel 
Bed & 
Bank 
Features

Channel 
Hydrology

Depth

General Morphology

In-Stream Substrate

Slope

Feature

Riparian 
Features

Hazeltine Creek Reach
Measure

Right Bank Material

Right Bank Condition

Riparian Vegetation 

Overhead Canopy

Left Bank Material

Width
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The third reach (HC-R3) in Hazeltine Creek was bounded by the beaver dam at HC-R2 
and by Gavin Lake Road at the upstream and downstream ends, respectively (Figure 
3.1).  The key features which influenced flow patterns in this relatively short reach 
(approximately 160 m long) included a combination of low gradient (0.8% slope) and the 
occurrence of multiple overflow points across the beaver dam.  These features resulted 
in the formation of numerous islands and/or channel braids, particularly at the upper 
portion of the HC-R3 (Photo B.5).  In-stream substrate at HC-R3 contained the highest 
proportion of sand relative to the remaining reaches, which likely reflected the high 
proportion of run habitat and relatively low stream gradient (Table 3.1; Photo B.4).  In 
addition, HC-R3 channel stability was notably lower than at most remaining reaches, 
reflecting a higher proportion of unstable (slumping) banks (Table 3.1). 

The fourth reach (HC-R4) extended from Gavin Lake Road at the Mount Polley Mine 
monitoring station W7 (Photo B.6) to approximately 2,200 m downstream (Figure 3.1).  
This reach was characterized by a slightly higher gradient (1.7% slope), a higher 
proportion of shallow riffle habitat (37%), an increased proportion of cobble substrate 
(43% of wetted surface area), narrower bankfull channel and floodplain widths, and 
steeper banks relative to upstream areas (Table 3.1; Photo B.7).  Although some 
braiding was observed within HC-R4, the channel was generally confined.  Subterranean 
flow was suspected at several areas of HC-R4 based on visual observation of variable 
surface water flow.  Although bank stability was generally considered moderately stable 
to stable, a relatively high proportion of the stream bank exhibited undercutting (Photo 
B.8), resulting in an ‘unstable’ rating at some areas (Table 3.1).  Discharge at this reach 
was approximately 0.008 m3/s.  

Reach five (HC-R5) was distinguished by a clear increase in stream gradient (3.7% 
slope) relative to upstream areas (Table 3.1).  Spatially, this reach extended 
approximately 1,110 m (Figure 3.1) and was predominantly comprised of riffle habitat 
and cobble substrate, with flow confined within a narrow (wetted and bankfull) channel 
bordered by steep banks (Table 3.1; Photo B.10).  The stream valley was notably more 
confined at HC-R5 relative to upstream areas, and at two locations the valley walls had 
recently (i.e., within the last five years) slumped into the creek (Photo B.12).  Bank 
stability was generally considered moderately stable to stable, with the presence of 
some undercutting suggesting unstable conditions at certain areas of HC-R5 (Table 3.1).  
Discharge was notably higher at HC-R5 relative to upstream areas, which likely reflected 
resurfacing of water from groundwater sources as a result of rapid elevation drop 
through this reach.                 
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With progression downstream, an approximately 1,510 m long gorge roughly 
demarcated the spatial extent of the sixth reach (HC-R6; Figure 3.1; Photo B.13).  Mean 
stream gradient at this reach nearly doubled relative to upstream (i.e., 7.3% slope) with 
stream morphology shifting to riffle-pool (step-pool) sequences (Table 3.1; Photo B.14).  
Substrate was generally dominated by large, coarse material (cobble to bedrock; Table 
3.1), with some areas exhibiting considerable build-up of small (5 cm to 10 cm diameter) 
cobble within the streambed which in turn resulted in some sub-surface flow (Photo 
B.16).  Stream banks through HC-R6 contained a predominance of large substrate, 
resulting in a relatively high proportion of stable bank conditions (Table 3.1).  
Commensurate with the rapid elevation drop, groundwater resurfacing resulted in stream 
discharge approximately 25% higher at HC-R6 than at the preceding reach (Table 3.1).   

Hazeltine Creek reach seven (HC-R7) was approximately 350 m long, extending from 
the bottom of the gorge to just below the Ditch Road crossing (Figure 3.1).  This reach 
was characterized by moderate gradient (2.7% slope) riffle-run habitat with cobble 
substrate (Table 3.1; Photo B.17).  Similar to areas in the gorge, aggraded areas 
consisting of small cobble substrate were observed at HC-R7.  Because a relatively high 
proportion of bank material was comprised of cobble, the bank condition was generally 
considered stable in this reach.  In contrast to conditions in the gorge, lower stream 
discharge at HC-R7 (Table 3.1) may have been related to the re-occurrence of 
subterranean flow associated with greater substrate porosity in this reach.    

The eighth reach (HC-R8) extended from approximately 80 m downstream of Ditch Road 
to the Edney Creek confluence located approximately 555 m downstream (Figure 3.1).  
Low gradient (0.8% slope) run habitat with predominantly gravel substrate and greater 
depth characterized this stream reach (Table 3.1; Photo B.18).  Bank materials at HC-R8 
contained a higher proportion of fines, which likely accounted for the occurrence of some 
unstable bank conditions (Table 3.1).  Similar to previous observations, substantially 
higher stream discharge at HC-R8 compared to the upstream-most reach may have 
been related to groundwater inputs associated with lower elevation; however, heavy 
overnight rain and snowfall (Photo B.19) prior to discharge measurement may have also 
accounted for higher flow. 

Finally, reach nine (HC-R9) represented the lower portion of Hazeltine Creek between 
the Edney Creek confluence and the outlet to Quesnel Lake (approximate distance of 
760 m; Figure 3.1).  Just upstream of the confluence, Edney Creek was ponded as a 
result of beaver activity (Photo B.20), which subsequently resulted in two separate inlet 
channels to Hazeltine Creek.  In general, HC-R9 was characterized by low gradient 
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(1.0% slope), run habitat with small cobble and gravel substrate (Table 3.1; Photos B.21 
to B.27).  In addition, the wetted channel was substantially wider than at any of the 
upstream reaches (Table 3.1).  Although the bank material at HC-R9 consisted mainly of 
sand and fines, the banks were considered relatively stable.  Based on stream discharge 
comparisons, Edney Creek constituted approximately 60% of the flow in lower Hazeltine 
Creek (Table 3.1).  

3.2 Bank Erosion Hazard Index Results 

The prediction of stream bank erosion under bankfull discharge conditions utilizing the 
BEHI indicated low to moderate erosion potential was expected for Hazeltine Creek 
(Table 3.2).  Highest erosion potential was predicted for reaches located between Gavin 
Lake Road and the gorge (i.e., HC-R4 and HC-R5).  The key attributes of these reaches 
which led to slightly higher BEHI scores included the composition of bank material 
(greater proportion of sand and gravel) and layering features of the bank material (i.e., 
stratification; Table 3.2).  Lowest erosion potential was predicted for the upstream-most 
and gorge reaches (i.e., HC-R1, HC-R3 and HC-R6, respectively), which generally 
reflected either low stream gradient and high bank surface protection (HC-R1 and HC-
R3) or the presence of stable bedrock, boulder and cobble bank material (HC-R6; Table 
3.2). 

3.3  Hazeltine Creek Hydrology  

The natural high flow period in Hazeltine Creek is driven by snowmelt, with the majority 
of annual runoff generally occurring from late April to early May (Figure 3.2).  In contrast, 
lowest flows can be expected from late September to early October (Figure 3.2).  
Discharge calculations based on manual discharge measurements indicated that flow 
generally increases with progression downstream despite the lack of any surface water 
drainages feeding into Hazeltine Creek upstream of the Edney Creek confluence (Table 
3.1).  This suggested that groundwater is a key contributor to stream baseflow, which 
becomes particularly important during low flow periods. 

Streamflow to water depth ratios at the continuous analog stage recorder on Hazeltine 
Creek (Station W7) were used to extrapolate peak flow (i.e., bankfull stage) at the first 
transect of HC-R4.  The results indicated that the flow rate at which water levels begin to 
flood the banks at this location was approximately 1.243 m3/s.  This level corresponded 
to a stream gauge depth of approximately 0.51 m.  On average, peak flows observed 
during spring freshet generally do not exceed bankfull stage; over the past 12 years, 
bankfull stage has been exceeded only in 1995, 1997, 1999 and 2002 (Figure 3.2) and 
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since 2003 peak flow levels have been well below bankfull stage.  In general, annual 
variability in peak flow levels of the Hazeltine Creek system appears to be relatively high 
(Appendix Figure A.1).  Maximum flow in Hazeltine Creek was recorded in April 1997, 
with levels as high as 1.95 m3/s observed (Appendix Figure A.1).    

The bottom-bank water level in Hazeltine Creek was estimated to be approximately 15 
cm higher than the October 2007 survey water levels (Photo B.5).  The extrapolated 
streamflow that would be expected to reach the bottom-bank level was approximately 
0.116 m3/s, corresponding to a stream gauge depth of approximately 0.247 m.  
Streamflow levels below this threshold value would not be expected to result in any 
appreciable bank erosion.  In Hazeltine Creek, natural streamflow levels generally 
exceed this threshold value only from early March to late June (Figure 3.2), at which 
time natural streambank erosion (e.g., undercut and/slumping banks) is expected to be 
greatest. 

3.4 Physical Habitat & Effluent Discharge Considerations 

In consideration of the preceding habitat characterization, BEHI estimates and natural 
hydrological regime, the potential physical effects that may be associated with discharge 
of Mount Polley mine effluent into Hazeltine Creek can be summarized as follows:  

1) Erosion potential under natural high flow (bankfull) conditions is generally 
considered low to moderate in Hazeltine Creek, which is partly related to a high 
proportion of bank protection and/or the presence of large, stable bank substrate.  
Reaches exhibiting the greatest bank erosion potential were HC-R4 and HC-R5, 
directly downstream of the anticipated effluent discharge location.  Relative to 
other areas in Hazeltine Creek, these reaches exhibited a higher proportion of 
naturally occurring undercut and slumping banks, which supported the ‘moderate’ 
BEHI rating.  Therefore, it is expected that Reaches HC-R4 and HC-R5 could be 
susceptible to greater erosion than other reaches in Hazeltine Creek under 
certain discharge scenarios.  

2) The discharge level above which relatively high erosion potential was expected 
(i.e., bankfull stage) was 1.243 m3/s.  Once effluent discharge commences, an 
upper threshold value should be established and used as an approximate guide 
to assist with effluent discharge management in order to meet the objective of 
reducing the potential of any mine-related erosion in Hazeltine Creek.  
Historically, discharge at or above bankfull stage was uncommon in Hazeltine 
Creek and when encountered, was typically limited to snowmelt periods in late 
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April to early May.  Furthermore, the frequency at which natural flow levels 
attained or exceeded bankfull stage over the past 12 years was below the 
‘expected’ 1.5 year return period.  Because flow was often well below bankfull 
stage, actual bank erosion in Hazeltine Creek may have been somewhat lower 
than predicted by the BEHI.  Therefore, it is likely that an effective effluent 
discharge management plan can be implemented to limit effluent discharge to 
periods when combined flows would not be expected to adversely affect physical 
channel stability.      

3) The bottom-bank discharge level in Hazeltine Creek was conservatively 
estimated as 0.116 m3/s.  Through much of the summer, autumn and winter, 
natural discharge levels in Hazeltine Creek are at or below this level.  The 
potential for any mine-related erosion in Hazeltine Creek would almost be non-
existent if the combined effluent discharge and natural flow levels could be 
maintained below this threshold level.  However, periods of low flow may not 
offer sufficient natural dilution to ensure that receiving water chemistry would 
meet anticipated regulatory requirements, potentially precluding any significant 
effluent discharge during these low flow periods.   
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4.0 HAZELTINE CREEK FISH HABITAT  

4.1 Fish Habitat Summary    

Hazeltine Creek stream morphology was generally dominated by shallow riffle-run 
habitat with pool habitat limited to an average of 25% of the total stream area (excludes 
ponded reach HC-R2).  Within flowing portions of the stream, only approximately 35% of 
this available pool habitat (or 8.5% of the total stream area) was considered functional 
(i.e., deep enough to offer fish cover) during autumn low flow conditions (Table 4.1).  In 
total, functional in-stream cover averaged 31% of the wetted surface area of Hazeltine 
Creek, of which large woody debris (LWD), overhanging vegetation and deep pool 
habitat were the most important components (Table 4.1).  The lowest amount of 
functional in-stream was observed at lower Hazeltine Creek reaches HC-R7 and HC-R9 
(Table 4.1).  During the habitat evaluation, key seasonal barriers to upstream fish 
migration within Hazeltine Creek included beaver dams at the lower end of HC-R2 and 
HC-R9, a cascade at the lower end of HC-R5 and numerous cascades and/or log jams 
within the gorge (HC-R6).  These barriers were generally greater than 1 m high and 
therefore were likely to represent physical barriers under low to moderate flow 
conditions. Two beaver dams constructed in lower Hazeltine Creek likely limited 
upstream fish migration (particularly adult salmon) from Quesnel Lake (Figure 4.1).                   

Rainbow trout (Oncorhyncus mykiss) fry and juveniles were commonly sighted at 
reaches upstream of the gorge (HC-R5) during the habitat characterization.  Trout of 
these age groups were most often observed in slow-flowing shallows containing a high 
proportion of functional LWD and/or overhanging vegetation.  No fish were observed 
below the gorge, although greater flow and deeper water at these reaches may have 
provided greater opportunity for fish to avoid observation.  Deep pool habitat important 
for sub-adult and adult trout was generally limited at most reaches throughout Hazeltine 
Creek.  Although the amount of functional pool habitat is important for these stages 
throughout much of the year, it is particularly important as overwintering habitat (Raleigh 
et al. 1984).  Therefore, the beaver ponds located at HC-R2 and lower Edney Creek 
likely represent important overwintering refuges for the Hazeltine Creek trout population.       

Although no adult salmon, salmon carcasses or redds were observed in lower Hazeltine 
Creek, the survey had been conducted later than the expected fall salmon run (i.e., 
normally to early October) and outside of the dominant sockeye salmon (O. nerka) cycle 
years (‘odd’ year [2001, 2003, 2005 etc.] dominant cycle).  As indicated above, two 
beaver dams constructed approximately 215 m and 250 m upstream of Quesnel Lake 
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would likely prevent any adult salmon from ascending Hazeltine Creek (Figure 4.1).  
Moreover, stream flow was quite low at the time of the survey and as a result, water 
depth at riffle areas below the beaver dams of less than 10 cm (Figure 4.2) may have 
also limited creek ascension by spawning adults.  Pea-sized gravel substrate at water 
depths suitable for salmon spawning were uncommon within the lower 525 m of 
Hazeltine Creek, with cobble-gravel mixtures predominant (Figure 4.1).  However, under 
higher flow conditions than those observed during the 2006 survey, the availability of 
substrate ideal for salmon spawning would likely increase dramatically.  Overall, based 
on the presence of barriers posed by beaver dams and low flow conditions, as well as 
marginal substrate availability at depths required for spawning, lower Hazeltine Creek 
would not likely have represented an important spawning habitat for salmon in 2006; 
however, the lower reaches of Hazeltine Creek provide very good potential as salmon 
spawning habitat.                 

4.2 Fish Habitat & Effluent Discharge Considerations    

Based on the fish habitat evaluation, the key limitations to greater fish productivity in 
Hazeltine Creek appeared to be a relatively low pool-to-riffle ratio and the general 
absence of slow, deep water during low flow periods.  From a fish habitat perspective, 
any discharges that augmented seasonal low flow periods in Hazeltine Creek would 
likely improve fisheries resources by increasing the amount of functional habitat 
available to fish and their invertebrate food base, as well as potentially improving 
accessibility.  Taking the stream characterization information into consideration, the 
optimal minimum discharge level in Hazeltine Creek likely corresponds to the level that 
maintains deepest baseflow conditions without compromising channel stability.  Based 
on the stream characterization analysis, a minimum baseflow of approximately 0.116 
m3/s would substantially augment the amount of functional habitat available to fish in 
Hazeltine Creek while avoiding any appreciable bank erosion.   
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5.0 CONCLUSIONS AND RECOMMENDATIONS 

5.1 Conclusions 

The physical characterization of Hazeltine Creek resulted in the identification of nine 
separate reaches based on stream gradient and/or geomorphological features.  Low to 
moderate erosion potential was identified for all reaches, which was generally a 
reflection of dense riparian/root cover and large, stable bank materials affording good 
bank protection.  Of the identified reaches, those located immediately downstream of the 
anticipated Mount Polley Mine effluent discharge location (HC-R4 and HC-R5) exhibited 
the greatest potential for bank erosion and accordingly, channel instability, under a high 
flow (i.e., bankfull stage) scenario.  In general, highest erosion potential in Hazeltine 
Creek was expected at discharge greater than 1.243 m3/s, which would normally occur 
during the annual snowmelt period (late April to early May).  Minimal erosion potential 
was estimated at discharge below 0.116 m3/s, which normally occurs from late summer 
through mid-winter under natural flow conditions.   

The fish habitat characterization of Hazeltine Creek indicated a relatively low proportion 
of functional in-stream cover at the flow levels encountered.  In particular, the amount of 
productive deep-pool habitat, suitable as either low flow period and/or overwintering 
refuge was limiting throughout Hazeltine Creek.  Natural seasonal barriers to upstream 
fish migration in Hazeltine Creek include beaver dams and several cascades.  Despite 
these characteristics, rainbow trout appeared to be relatively abundant in the upper 
reaches.  No evidence of salmon spawning activity was observed at downstream 
reaches of Hazeltine Creek, although the survey was conducted relatively late in the 
salmon spawning season and in an ‘off-cycle’ year for sockeye salmon.  In general, 
access to salmon spawning habitat in lower Hazeltine Creek would likely have been 
restricted by beaver dams and low flow conditions in 2006.  Overall, augmentation of 
Hazeltine Creek discharge during periods of low flow would likely improve fish habitat, 
mainly by increasing the amount of available functional pool habitat and increasing the 
amount of available substrate for salmon spawning.     

5.2 Recommendations 

Recommendations stemming from the habitat characterization of Hazeltine Creek are 
associated with the need to confirm channel discharge capacities to ensure that any 
figures used to develop effluent management plans adequately represent values 
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considered protective of physical channel stability and fish habitat integrity.  Specific 
recommendations for the Mount Polley Mining Corporation include: 

1. During the development of an effluent discharge mitigation plan, a certified 
hydrologist/geomorphologist should be consulted to assist with determination of a 
combined discharge level that would reasonably be expected to result in minimal 
bank erosion.  Based on the current assessment, we propose that Mount Polley 
develop and implement a conservative ‘critical’ limit for effluent discharge that 
takes into consideration streambank erosion potential associated with combined 
natural and effluent flows in Hazeltine Creek.  This critical limit would ensure that 
any potential physical impacts to channel stability would not be excessive and/or 
outside of levels that occur naturally.  Development of this value, as well as 
confirmation of bankfull and bottom-bank levels (1.243 m3/s and 0.116 m3/s, 
respectively) in this study, should be conducted by a certified hydrologist/ 
geomorphologist before any specific values are incorporated into a mitigation 
plan.  Because erosion potential was highest immediately downstream of the 
proposed effluent discharge, confirmation of these values should be conducted 
for this reach (i.e., HC-R4). 

2. From a fish habitat perspective, Mount Polley Mine may wish to consider 
conducting quantitative fish community sampling prior to effluent discharge to 
document baseline fish productivity values.  The survey, which should be 
conducted during a period of low flow, would be used to examine relationships 
among fish community structure (i.e., species, density and biomass) and flow-
related parameters (e.g., amount of available functional habitat, stream surface 
area).  Provided mine effluent quality does not adversely affect fish populations, 
the baseline fish survey can be used to demonstrate that flow augmentation has 
increased overall fish productivity in Hazeltine Creek. 

3. With the initiation of effluent discharge to Hazeltine Creek, Mount Polley Mine 
may wish to consider implementing a monitoring program to track streambank 
erosion at select areas within Hazeltine Creek to assess whether the established 
critical limit (described above) is effective.  A relatively simple monitoring 
program, involving measurement of streambank distance from (or to) a fixed 
point over time at stations located upstream (reference) and downstream 
(exposure) of the effluent discharge to Hazeltine Creek can be developed which, 
when considered with biological monitoring, can provide information important to 
understanding potential physical impacts associated with effluent discharge.          
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Table A.2:  Physical Habitat Characteristics at Reach Transects, Hazeltine Creek Habitat Characterization, October 2006

U01-1 U01-2 U01-3 U02-1 U02-2 U02-3 U04-1 U04-2 HC1-1 HC1-2 HC1-3 HC2-1 HC2-2 HC2-3 HC3-1 HC3-2 HC3-3 HC4-1 HC4-2 HC4-3 HC5-1 HC5-2 HC5-3 HC6-1 HC6-2 HC6-3
Reach Length Stream distance (m)

Wetted (m) 2.95 4.7 3.75 1.35 2.5 2.8 2.75 3.1 3.4 2.25 3.75 1.15 2.25 2.15 2.15 2.2 4 2.5 4.85 2.1 1.6 1.95 2.45 3.65 7.4 6.4
Bankfull (m) 7.6 6.95 7.2 7.3 5.7 7.1 6 9.8 3.85 5.2 4.9 3.8 4.2 5.45 3.2 3.6 4.3 6.3 5.0 4.6 5.4 5 4.2 11.85 10.8 11.1
Floodplain (m) 20.8 22.6 38 32 65 43 46 35 22 22 21 12.5 13 11 4.9 8.3 8.5 10.7 9.2 8.35 7 17 26 22 26 22
Mean (m) 7 7 13 6.69 14 14 11 12 4 5 6 7.9 5 6.9 8 9 8 3 7 8 11 23 7 15 19 8
Bankfull (m) 36 32 39 32 37 39 36.67 40 36 37 56 45 35 33 22 33 26 26 33 52 37 27 18 34 47 49
Channel ( ° ) 2.5% 0.5% 1.5% 1.5% 2.0% 0.5% 1.0% 0.5% 0.5% 2.5% 2.0% 3% 3% 5% 5% 6% 11% 2% 2% 4% 1% 0.5% 0.5% 1.5% 1% 0.5%
Left Bank ( ° ) 90 45 90 40 60 60 40 90 70 80 80 60 50 90 90 90 90 70 90 90 30 90 90 90 70 30
Right Bank ( ° ) 90 90 30 20 60 90 40 90 70 90 90 90 90 90 90 70 90 20 45 90 90 75 90 90 80 90
% Pool 40 30 30 20 10 10 20 30 50 20 - 5 30 30 20 10 20 20
% Riffle 20 40 50 60 60 60 80 70 50 60 40 70 50 20 10 10 10 10
% Run 40 30 20 20 30 30 - - - 20 60 25 20 50 70 80 70 70

Flow Discharge (m3/s)
% Bedrock - - - - - - - 5 25 - - - - - - - - -
% Boulder - - - 5 5 10 15 35 20 5 5 - - - - - -
% Cobble 60 20 50 80 80 75 85 45 30 80 80 80 70 20 10 20 50 60
% Gravel 20 80 40 10 7.5 15 - 30 10 - 15 15 30 60 70 60 20 20
% Sand 20 - 5 5 7.5 10 5 5 - - - - - 20 20 10 20 20
% Si t & Finer - - 5 - - - - - - - - - - - - 10 10 -
% Bedrock - - - - - - 100 5 5 - - - - - - - - -
% Boulder - - - - - - - 15 45 20 - - - - - - - -
% Cobble 10 - - 5 5 - - 5 5 30 60 30 5 - - - - -
% Gravel - 5 - 5 10 - - 20 10 20 10 10 40 - - - - -
% Sand 30 30 30 60 30 50 - 30 15 15 15 40 40 50 40 40 50 90
% Si t & Finer 60 65 70 30 55 50 - 25 20 15 15 20 15 50 60 60 50 10
% Unstable - 15 10 - - - - - - - - - - - - - - -
% Moderate 40 35 30 30 20 50 - 5 10 - 60 - 20 20 30 40 5 -
% Stable 60 50 60 70 80 50 100 95 90 100 40 100 80 80 70 60 95 -
% Bedrock - - - - - - 5 - - - - - - - - - - -
% Boulder - - - 5 5 5 5 20 65 5 5 - - - - - - -
% Cobble - - 15 10 40 5 40 10 25 80 60 40 20 - - - 5 10
% Gravel - 15 - 10 15 5 - 5 - - 5 - 40 10 - 10 10 40
% Sand 20 30 50 40 40 45 10 40 - 10 15 50 40 40 40 40 35 40
% Si t & Finer 80 55 35 35 10 40 40 25 10 5 15 10 - 50 60 50 50 10
% Unstable - 30 30 10 20 - - - - - - - 10 10 25 - - -
% Moderate 20 70 50 60 50 60 50 10 40 - 20 10 50 30 55 60 - 30
% Stable 80 - 20 30 30 40 50 90 60 100 80 90 40 60 20 40 100 70
% Dense 60 10 20 10 10 5 10 20 - 50 30 5 30 70 80 20 10 -
% Partially Open 40 10 30 40 60 40 20 20 30 30 20 10 20 20 20 20 30 5
% Open 80 50 50 30 55 70 60 70 20 50 85 50 10 - 60 60 95
Dominant Overstory 
(Type)

Dominant Understory 
(Type)

% Deep Pool - - 25 10 5 5 5 10 25 5 - 5 - 10 20 - - 20
% Boulder - - 5 - - - - 10 10 10 - - - - - - - -
% Logs/Snags 20 30 10 15 10 15 10 5 5 - 5 5 7.5 5 5 - - 5
% Overhanging Veg. 30 10 5 5 5 5 5 - - 5 5 5 5 60 15 - - -
% Macrophytes - - - - - - - - - trace trace - trace - - - - -
% Undercut bank - - 5 - - - - - - - - - - - 10 - - -

0.0143 0.0254 0.0630
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0.01730.0068 na 0.0082 0.0137

5553501,5101,110

10

R9R8R1a R1b R6 R7R4R3

760

10
10

20
40

40
50

40
60

Right Bank Material

Right Bank Condition

70

30

30
70

-

In-stream cover 

Overhead Canopy 30
20

50

20

- -
60

25

-
-

10
20

-
-

Left Bank Material

-
-

10
20
70

-

60
-

-
-

-
-

40

-

General Morphology

In-Stream Substrate

Slope

30

-

-

0.0050
55
15

-
-

50
50

-
-

70

Left Bank Conditon 40
60
-

-

5
-

alder, hardhack, red-osier 
dogwood, forbs alder, dogwood

10

-

235

10

-

20
70

10
20
70

40

20

-
-
5

25
70

20
60

70

5

-

20

20

70
30

-

-

-

-
-

fir, spruce, red cedar

40

alder, hardhack

5
-

15
10

2,200

R5

trace

60

157

20

-

10
70

Channel 
Bed & 
Bank 
Features

In-stream 
Fish 
Habitat 
Features

fir, spruce, some cottonwoods

alder, hardhack, forbs

10
-

-
-

trace
5

alder, hardhack, twinberry

Riparian 
Features

Channel 
Hydrology

Hazeltine Creek Reach
Feature

Transect

Riparian Vegetation
fir, spruce red cedar, fir - hemlock, cedar, spruce

hardhack, red-osier dogwood, alder

red cedar, spruce

alder, red-osier dogwood

spruce, cottonwood, red cedar

hardhack, alder

red cedar

alder, wi low

IN
V

E
S

TIG
A

TIO
N

S
 K

P
 4-1  P

age 253 of 500



Table A.3a:  Summary of Wetted and Bankfull Cross-sectional Areas, Hazeltine Creek Habitat 
                     Characterization, October 2006

Stream Name:

Reach Number: Date: Oct 23, 2006

Stream Width (m): 4.200 Stream Width (m): 4.700 Stream Width (m): 3.750
Initial Dist to Bank (m) 0.700 Initial Dist to Bank (m) 0.670 Initial Dist to Bank (m) 0.625
VSS* Distance (m): 0.700 VSS* Distance (m): 0.670 VSS* Distance (m): 0.625
Dist. from Dist. from Dist. from

Initial Stream Initial Stream Initial Stream
Point Depth Area Point Depth Area Point Depth Area
(m) (m) (m2) (m) (m) (m2) (m) (m) (m2)

1 0.700 0.05 0.035 0.670 0.08 0.054 0.625 0.06 0.038
2 1.400 0.10 0.0665 1.340 0.07 0.0469 1.250 0.09 0.0563
3 2.100 0.07 0.0490 2.010 0.07 0.0469 1.875 0.13 0.0813
4 2.800 0.09 0.0630 2.680 0.06 0.0402 2.500 0.18 0.1125
5 3.500 0.04 0.0280 3.350 0.05 0.0335 3.125 0.21 0.1313
6 4.200 0.10 0.0700 4.020 0.09 0.0603 3.750 0.12 0.0750
7 4.900 0.0000 4.690 0.09 0.0603 4.375 0.0000
8 5.600 0.0000 5.360 0.0000 5.000 0.0000
9 6.300 0.0000 6.030 0.0000 5.625 0.0000
10 7.000 0.0000 6.700 0.0000 6.250 0.0000
11 7.700 0.0000 7.370 0.0000 6.875 0.0000
12 8.400 0.0000 8.040 0.0000 7.500 0.0000
13 9.100 0.0000 8.710 0.0000 8.125 0.0000
14 9.800 0.0000 9.380 0.0000 8.750 0.0000
15 10.500 0.0000 10.050 0.0000 9.375 0.0000

0.3115 0.3417 0.4938

Bankfull Width (m): 7.600 Bankfull Width (m): 6.950 Bankfull Width (m): 7.200
Initial Dist to Bank (m) 1.090 Initial Dist to Bank (m) 0.993 Initial Dist to Bank (m) 1.040
VSS* Distance (m): 1.090 VSS* Distance (m): 0.993 VSS* Distance (m): 1.040
Dist. from Dist. from Dist. from

Initial Stream Initial Stream Initial Stream
Point Depth Area Point Depth Area Point Depth Area
(m) (m) (m2) (m) (m) (m2) (m) (m) (m2)

1 1.090 0.37 0.403 0.993 0.23 0.228 1.040 0.36 0.374
2 2.180 0.37 0.4033 1.986 0.30 0.2979 2.080 0.27 0.2808
3 3.270 0.33 0.3597 2.979 0.38 0.3773 3.120 0.51 0.5304
4 4.360 0.23 0.2507 3.972 0.33 0.3277 4.160 0.50 0.5200
5 5.450 0.40 0.4360 4.965 0.35 0.3476 5.200 0.41 0.4264
6 6.540 0.37 0.4033 5.958 0.32 0.3178 6.240 0.39 0.4056
7 7.630 0.45 0.4905 6.951 0.30 0.2979 7.280 0.32 0.3328
8 8.720 0.0000 7.944 0.0000 8.320 0.0000
9 9.810 0.0000 8.937 0.0000 9.360 0.0000
10 10.900 0.0000 9.930 0.0000 10.400 0.0000
11 11.990 0.0000 10.923 0.0000 11.440 0.0000
12 13.080 0.0000 11.916 0.0000 12.480 0.0000
13 14.170 0.0000 12.909 0.0000 13.520 0.0000
14 15.260 0.0000 13.902 0.0000 14.560 0.0000
15 16.350 0.0000 14.895 0.0000 15.600 0.0000

2.7468 2.1945 2.8704

Total Area (m2) Total Area (m2) Total Area (m2)

Transect 2 Transect 3

HC-R1a

Hazeltine Creek

Vertical 
Sampling 
Station

Transect 1

Total Area (m2) Total Area (m2) Total Area (m2)

Vertical 
Sampling 
Station

Transect 1 Transect 2 Transect 3
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Table A.3b:  Summary of Wetted and Bankfull Cross-sectional Areas, Hazeltine Creek Habitat 
                     Characterization, October 2006

Stream Name:

Reach Number: Date: Oct 23, 2006

Stream Width (m): 1.350 Stream Width (m): 2.500 Stream Width (m): 2.800
Initial Dist to Bank (m) 0.100 Initial Dist to Bank (m) 0.357 Initial Dist to Bank (m) 0.400
VSS* Distance (m): 0.100 VSS* Distance (m): 0.357 VSS* Distance (m): 0.400
Dist. from Dist. from Dist. from

Initial Stream Initial Stream Initial Stream
Point Depth Area Point Depth Area Point Depth Area
(m) (m) (m2) (m) (m) (m2) (m) (m) (m2)

1 0.100 0.000 0.357 0.10 0.036 0.400 0.09 0.036
2 0.200 0.0000 0.714 0.11 0.0393 0.800 0.15 0.0600
3 0.300 0.0000 1.071 0.13 0.0464 1.200 0.20 0.0800
4 0.400 0.0000 1.428 0.15 0.0536 1.600 0.19 0.0760
5 0.500 0.0000 1.785 0.15 0.0536 2.000 0.19 0.0760
6 0.600 0.0000 2.142 0.17 0.0607 2.400 0.13 0.0520
7 0.700 0.0000 2.499 0.15 0.0536 2.800 0.06 0.0240
8 0.800 0.0000 2.856 0.0000 3.200 0.0000
9 0.900 0.0000 3.213 0.0000 3.600 0.0000
10 1.000 0.0000 3.570 0.0000 4.000 0.0000
11 1.100 0.0000 3.927 0.0000 4.400 0.0000
12 1.200 0.0000 4.284 0.0000 4.800 0.0000
13 1.300 0.0000 4.641 0.0000 5.200 0.0000
14 1.400 0.0000 4.998 0.0000 5.600 0.0000
15 1.500 0.0000 5.355 0.0000 6.000 0.0000

0.0000 0.3427 0.4040

Bankfull Width (m): 7.300 Bankfull Width (m): 5.700 Bankfull Width (m): 7.100
Initial Dist to Bank (m) 1.040 Initial Dist to Bank (m) 0.814 Initial Dist to Bank (m) 1.010
VSS* Distance (m): 1.040 VSS* Distance (m): 0.814 VSS* Distance (m): 1.010
Dist. from Dist. from Dist. from

Initial Stream Initial Stream Initial Stream
Point Depth Area Point Depth Area Point Depth Area
(m) (m) (m2) (m) (m) (m2) (m) (m) (m2)

1 1.040 0.17 0.177 0.814 0.29 0.236 1.010 0.15 0.152
2 2.080 0.23 0.2392 1.628 0.20 0.1628 2.020 0.36 0.3636
3 3.120 0.35 0.3640 2.442 0.36 0.2930 3.030 0.16 0.1616
4 4.160 0.36 0.3744 3.256 0.51 0.4151 4.040 0.52 0.5252
5 5.200 0.47 0.4888 4.070 0.53 0.4314 5.050 0.51 0.5151
6 6.240 0.31 0.3224 4.884 0.51 0.4151 6.060 0.43 0.4343
7 7.280 0.32 0.3328 5.698 0.20 0.1628 7.070 0.31 0.3131
8 8.320 0.0000 6.512 0.0000 8.080 0.0000
9 9.360 0.0000 7.326 0.0000 9.090 0.0000
10 10.400 0.0000 8.140 0.0000 10.100 0.0000
11 11.440 0.0000 8.954 0.0000 11.110 0.0000
12 12.480 0.0000 9.768 0.0000 12.120 0.0000
13 13.520 0.0000 10.582 0.0000 13.130 0.0000
14 14.560 0.0000 11.396 0.0000 14.140 0.0000
15 15.600 0.0000 12.210 0.0000 15.150 0.0000

2.2984 2.1164 2.4644Total Area (m2) Total Area (m2) Total Area (m2)

Vertical 
Sampling 
Station

Transect 1 Transect 2 Transect 3

HC-R1b

Hazeltine Creek

Vertical 
Sampling 
Station

Transect 1

Total Area (m2) Total Area (m2) Total Area (m2)

Transect 2 Transect 3
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Table A.3c:  Summary of Wetted and Bankfull Cross-sectional Areas, Hazeltine Creek Habitat 
                     Characterization, October 2006

Stream Name:

Reach Number: Date: Oct 23, 2006

Stream Width (m): 2.750 Stream Width (m): 3.100 Stream Width (m):
Initial Dist to Bank (m) 0.458 Initial Dist to Bank (m) 0.388 Initial Dist to Bank (m)
VSS* Distance (m): 0.458 VSS* Distance (m): 0.388 VSS* Distance (m):
Dist. from Dist. from Dist. from

Initial Stream Initial Stream Initial Stream
Point Depth Area Point Depth Area Point Depth Area
(m) (m) (m2) (m) (m) (m2) (m) (m) (m2)

1 0.458 0.18 0.082 0.388 0.12 0.047 0.000 0.000
2 0.916 0.19 0.0870 0.775 0.15 0.0581 0.000 0.0000
3 1.374 0.13 0.0595 1.163 0.16 0.0620 0.000 0.0000
4 1.832 0.07 0.0321 1.550 0.17 0.0659 0.000 0.0000
5 2.290 0.06 0.0275 1.938 0.18 0.0698 0.000 0.0000
6 2.748 0.05 0.0229 2.325 0.11 0.0426 0.000 0.0000
7 3.206 0.0000 2.713 0.06 0.0233 0.000 0.0000
8 3.664 0.0000 3.100 0.02 0.0078 0.000 0.0000
9 4.122 0.0000 3.488 0.0000 0.000 0.0000
10 4.580 0.0000 3.875 0.0000 0.000 0.0000
11 5.038 0.0000 4.263 0.0000 0.000 0.0000
12 5.496 0.0000 4.650 0.0000 0.000 0.0000
13 5.954 0.0000 5.038 0.0000 0.000 0.0000
14 6.412 0.0000 5.425 0.0000 0.000 0.0000
15 6.870 0.0000 5.813 0.0000 0.000 0.0000

0.3114 0.3759 0.0000

Bankfull Width (m): 6.000 Bankfull Width (m): 9.800 Bankfull Width (m):
Initial Dist to Bank (m) 0.857 Initial Dist to Bank (m) 1.225 Initial Dist to Bank (m)
VSS* Distance (m): 0.857 VSS* Distance (m): 1.225 VSS* Distance (m):
Dist. from Dist. from Dist. from

Initial Stream Initial Stream Initial Stream
Point Depth Area Point Depth Area Point Depth Area
(m) (m) (m2) (m) (m) (m2) (m) (m) (m2)

1 0.857 0.17 0.146 1.225 0.36 0.441 0.000 0.000
2 1.714 0.21 0.1800 2.450 0.41 0.5023 0.000 0.0000
3 2.571 0.36 0.3085 3.675 0.47 0.5758 0.000 0.0000
4 3.428 0.38 0.3257 4.900 0.51 0.6248 0.000 0.0000
5 4.285 0.42 0.3599 6.125 0.47 0.5758 0.000 0.0000
6 5.142 0.58 0.4971 7.350 0.30 0.3675 0.000 0.0000
7 5.999 0.46 0.3942 8.575 0.31 0.3798 0.000 0.0000
8 6.856 0.0000 9.800 0.38 0.4655 0.000 0.0000
9 7.713 0.0000 11.025 0.0000 0.000 0.0000
10 8.570 0.0000 12.250 0.0000 0.000 0.0000
11 9.427 0.0000 13.475 0.0000 0.000 0.0000
12 10.284 0.0000 14.700 0.0000 0.000 0.0000
13 11.141 0.0000 15.925 0.0000 0.000 0.0000
14 11.998 0.0000 17.150 0.0000 0.000 0.0000
15 12.855 0.0000 18.375 0.0000 0.000 0.0000

2.2111 3.9323 0.0000

Total Area (m2) Total Area (m2) Total Area (m2)

Transect 2 Transect 3

HC-R3

Hazeltine Creek

Vertical 
Sampling 
Station

Transect 1

Total Area (m2) Total Area (m2) Total Area (m2)

Vertical 
Sampling 
Station

Transect 1 Transect 2 Transect 3
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Table A.3d:  Summary of Wetted and Bankfull Cross-sectional Areas, Hazeltine Creek Habitat 
                     Characterization, October 2006

Stream Name:

Reach Number: Date: Oct 23, 2006

Stream Width (m): 3.400 Stream Width (m): 2.250 Stream Width (m): 3.750
Initial Dist to Bank (m) 0.486 Initial Dist to Bank (m) 0.321 Initial Dist to Bank (m) 0.535
VSS* Distance (m): 0.486 VSS* Distance (m): 0.321 VSS* Distance (m): 0.535
Dist. from Dist. from Dist. from

Initial Stream Initial Stream Initial Stream
Point Depth Area Point Depth Area Point Depth Area
(m) (m) (m2) (m) (m) (m2) (m) (m) (m2)

1 0.486 0.01 0.005 0.321 0.04 0.013 0.535 0.03 0.016
2 0.972 0.01 0.0049 0.642 0.04 0.0128 1.070 0.04 0.0214
3 1.458 0.04 0.0194 0.963 0.05 0.0161 1.605 0.06 0.0321
4 1.944 0.07 0.0340 1.284 0.04 0.0128 2.140 0.05 0.0268
5 2.430 0.07 0.0340 1.605 0.05 0.0161 2.675 0.08 0.0428
6 2.916 0.06 0.0292 1.926 0.06 0.0193 3.210 0.08 0.0428
7 3.402 0.02 0.0097 2.247 0.05 0.0161 3.745 0.05 0.0268
8 3.888 0.0000 2.568 0.0000 4.280 0.0000
9 4.374 0.0000 2.889 0.0000 4.815 0.0000
10 4.860 0.0000 3.210 0.0000 5.350 0.0000
11 5.346 0.0000 3.531 0.0000 5.885 0.0000
12 5.832 0.0000 3.852 0.0000 6.420 0.0000
13 6.318 0.0000 4.173 0.0000 6.955 0.0000
14 6.804 0.0000 4.494 0.0000 7.490 0.0000
15 7.290 0.0000 4.815 0.0000 8.025 0.0000

0.1361 0.1059 0.2087

Bankfull Width (m): 3.850 Bankfull Width (m): 5.200 Bankfull Width (m): 4.900
Initial Dist to Bank (m) 0.550 Initial Dist to Bank (m) 0.650 Initial Dist to Bank (m) 0.700
VSS* Distance (m): 0.550 VSS* Distance (m): 0.650 VSS* Distance (m): 0.700
Dist. from Dist. from Dist. from

Initial Stream Initial Stream Initial Stream
Point Depth Area Point Depth Area Point Depth Area
(m) (m) (m2) (m) (m) (m2) (m) (m) (m2)

1 0.550 0.31 0.171 0.650 0.22 0.143 0.700 0.56 0.392
2 1.100 0.35 0.1925 1.300 0.43 0.2795 1.400 0.66 0.4620
3 1.650 0.36 0.1980 1.950 0.41 0.2665 2.100 0.64 0.4480
4 2.200 0.40 0.2200 2.600 0.44 0.2860 2.800 0.56 0.3920
5 2.750 0.37 0.2035 3.250 0.45 0.2925 3.500 0.57 0.3990
6 3.300 0.36 0.1980 3.900 0.43 0.2795 4.200 0.51 0.3570
7 3.850 0.39 0.2145 4.550 0.31 0.2015 4.900 0.42 0.2940
8 4.400 0.0000 5.200 0.30 0.1950 5.600 0.0000
9 4.950 0.0000 5.850 0.0000 6.300 0.0000
10 5.500 0.0000 6.500 0.0000 7.000 0.0000
11 6.050 0.0000 7.150 0.0000 7.700 0.0000
12 6.600 0.0000 7.800 0.0000 8.400 0.0000
13 7.150 0.0000 8.450 0.0000 9.100 0.0000
14 7.700 0.0000 9.100 0.0000 9.800 0.0000
15 8.250 0.0000 9.750 0.0000 10.500 0.0000

1.3970 1.9435 2.7440Total Area (m2) Total Area (m2) Total Area (m2)

Vertical 
Sampling 
Station

Transect 1 Transect 2 Transect 3

HC-R4

Hazeltine Creek

Vertical 
Sampling 
Station

Transect 1

Total Area (m2) Total Area (m2) Total Area (m2)

Transect 2 Transect 3
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Table A.3e:  Summary of Wetted and Bankfull Cross-sectional Areas, Hazeltine Creek Habitat 
                     Characterization, October 2006

Stream Name:

Reach Number: Date: Oct 23, 2006

Stream Width (m): 1.150 Stream Width (m): 2.250 Stream Width (m): 2.150
Initial Dist to Bank (m) 0.164 Initial Dist to Bank (m) 0.375 Initial Dist to Bank (m) 0.307
VSS* Distance (m): 0.164 VSS* Distance (m): 0.375 VSS* Distance (m): 0.307
Dist. from Dist. from Dist. from

Initial Stream Initial Stream Initial Stream
Point Depth Area Point Depth Area Point Depth Area
(m) (m) (m2) (m) (m) (m2) (m) (m) (m2)

1 0.164 0.03 0.005 0.375 0.02 0.008 0.307 0.04 0.012
2 0.328 0.10 0.0164 0.750 0.07 0.0263 0.614 0.07 0.0215
3 0.492 0.09 0.0148 1.125 0.06 0.0225 0.921 0.11 0.0338
4 0.656 0.13 0.0213 1.500 0.08 0.0300 1.228 0.12 0.0368
5 0.820 0.12 0.0197 1.875 0.05 0.0188 1.535 0.07 0.0215
6 0.984 0.06 0.0098 2.250 0.02 0.0075 1.842 0.04 0.0123
7 1.148 0.02 0.0033 2.625 0.0000 2.149 0.03 0.0092
8 1.312 0.0000 3.000 0.0000 2.456 0.0000
9 1.476 0.0000 3.375 0.0000 2.763 0.0000
10 1.640 0.0000 3.750 0.0000 3.070 0.0000
11 1.804 0.0000 4.125 0.0000 3.377 0.0000
12 1.968 0.0000 4.500 0.0000 3.684 0.0000
13 2.132 0.0000 4.875 0.0000 3.991 0.0000
14 2.296 0.0000 5.250 0.0000 4.298 0.0000
15 2.460 0.0000 5.625 0.0000 4.605 0.0000

0.0902 0.1125 0.1474

Bankfull Width (m): 3.800 Bankfull Width (m): 4.200 Bankfull Width (m): 5.450
Initial Dist to Bank (m) 0.543 Initial Dist to Bank (m) 0.700 Initial Dist to Bank (m) 0.606
VSS* Distance (m): 0.543 VSS* Distance (m): 0.700 VSS* Distance (m): 0.606
Dist. from Dist. from Dist. from

Initial Stream Initial Stream Initial Stream
Point Depth Area Point Depth Area Point Depth Area
(m) (m) (m2) (m) (m) (m2) (m) (m) (m2)

1 0.543 0.38 0.206 0.700 0.18 0.126 0.606 0.21 0.127
2 1.086 0.42 0.2281 1.400 0.28 0.1960 1.212 0.16 0.0970
3 1.629 0.57 0.3095 2.100 0.37 0.2590 1.818 0.26 0.1576
4 2.172 0.55 0.2987 2.800 0.35 0.2450 2.424 0.29 0.1757
5 2.715 0.47 0.2552 3.500 0.43 0.3010 3.030 0.47 0.2848
6 3.258 0.43 0.2335 4.200 0.42 0.2940 3.636 0.45 0.2727
7 3.801 0.31 0.1683 4.900 0.0000 4.242 0.43 0.2606
8 4.344 0.0000 5.600 0.0000 4.848 0.37 0.2242
9 4.887 0.0000 6.300 0.0000 5.454 0.37 0.2242
10 5.430 0.0000 7.000 0.0000 6.060 0.0000
11 5.973 0.0000 7.700 0.0000 6.666 0.0000
12 6.516 0.0000 8.400 0.0000 7.272 0.0000
13 7.059 0.0000 9.100 0.0000 7.878 0.0000
14 7.602 0.0000 9.800 0.0000 8.484 0.0000
15 8.145 0.0000 10.500 0.0000 9.090 0.0000

1.6996 1.4210 1.8241

Total Area (m2) Total Area (m2) Total Area (m2)

Transect 2 Transect 3

HC-R5

Hazeltine Creek

Vertical 
Sampling 
Station

Transect 1

Total Area (m2) Total Area (m2) Total Area (m2)

Vertical 
Sampling 
Station

Transect 1 Transect 2 Transect 3
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Table A.3f:  Summary of Wetted and Bankfull Cross-sectional Areas, Hazeltine Creek Habitat 
                     Characterization, October 2006

Stream Name:

Reach Number: Date: Oct 23, 2006

Stream Width (m): 1.900 Stream Width (m): 2.200 Stream Width (m): 4.000
Initial Dist to Bank (m) 0.475 Initial Dist to Bank (m) 0.370 Initial Dist to Bank (m) 0.500
VSS* Distance (m): 0.475 VSS* Distance (m): 0.370 VSS* Distance (m): 0.500
Dist. from Dist. from Dist. from

Initial Stream Initial Stream Initial Stream
Point Depth Area Point Depth Area Point Depth Area
(m) (m) (m2) (m) (m) (m2) (m) (m) (m2)

1 0.475 0.08 0.038 0.370 0.06 0.022 0.500 0.07 0.035
2 0.950 0.05 0.0238 0.740 0.08 0.0296 1.000 0.01 0.0050
3 1.425 0.11 0.0523 1.110 0.15 0.0555 1.500 0.15 0.0750
4 1.900 0.11 0.0523 1.480 0.11 0.0407 2.000 0.09 0.0450
5 2.375 0.0000 1.850 0.10 0.0370 2.500 0.11 0.0550
6 2.850 0.0000 2.220 0.03 0.0111 3.000 0.06 0.0300
7 3.325 0.0000 2.590 0.0000 3.500 0.05 0.0250
8 3.800 0.0000 2.960 0.0000 4.000 0.08 0.0400
9 4.275 0.0000 3.330 0.0000 4.500 0.0000
10 4.750 0.0000 3.700 0.0000 5.000 0.0000
11 5.225 0.0000 4.070 0.0000 5.500 0.0000
12 5.700 0.0000 4.440 0.0000 6.000 0.0000
13 6.175 0.0000 4.810 0.0000 6.500 0.0000
14 6.650 0.0000 5.180 0.0000 7.000 0.0000
15 7.125 0.0000 5.550 0.0000 7.500 0.0000

0.1663 0.1961 0.3100

Bankfull Width (m): Bankfull Width (m): 3.600 Bankfull Width (m): 4.300
Initial Dist to Bank (m) Initial Dist to Bank (m) 0.450 Initial Dist to Bank (m) 0.538
VSS* Distance (m): VSS* Distance (m): 0.450 VSS* Distance (m): 0.538
Dist. from Dist. from Dist. from

Initial Stream Initial Stream Initial Stream
Point Depth Area Point Depth Area Point Depth Area
(m) (m) (m2) (m) (m) (m2) (m) (m) (m2)

1 0.000 0.000 0.450 0.24 0.108 0.538 0.29 0.156
2 0.000 0.0000 0.900 0.26 0.1170 1.075 0.24 0.1290
3 0.000 0.0000 1.350 0.35 0.1575 1.613 0.24 0.1290
4 0.000 0.0000 1.800 0.36 0.1620 2.150 0.19 0.1021
5 0.000 0.0000 2.250 0.42 0.1890 2.688 0.29 0.1559
6 0.000 0.0000 2.700 0.37 0.1665 3.225 0.26 0.1398
7 0.000 0.0000 3.150 0.37 0.1665 3.763 0.25 0.1344
8 0.000 0.0000 3.600 0.30 0.1350 4.300 0.29 0.1559
9 0.000 0.0000 4.050 0.0000 4.838 0.0000
10 0.000 0.0000 4.500 0.0000 5.375 0.0000
11 0.000 0.0000 4.950 0.0000 5.913 0.0000
12 0.000 0.0000 5.400 0.0000 6.450 0.0000
13 0.000 0.0000 5.850 0.0000 6.988 0.0000
14 0.000 0.0000 6.300 0.0000 7.525 0.0000
15 0.000 0.0000 6.750 0.0000 8.063 0.0000

0.0000 1.2015 1.1019Total Area (m2) Total Area (m2) Total Area (m2)

Vertical 
Sampling 
Station

Transect 1 Transect 2 Transect 3

HC-R6

Hazeltine Creek

Vertical 
Sampling 
Station

Transect 1

Total Area (m2) Total Area (m2) Total Area (m2)

Transect 2 Transect 3
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Table A.3g:  Summary of Wetted and Bankfull Cross-sectional Areas, Hazeltine Creek Habitat 
                     Characterization, October 2006

Stream Name:

Reach Number: Date: Oct 23, 2006

Stream Width (m): 2.100 Stream Width (m): 4.850 Stream Width (m): 2.500
Initial Dist to Bank (m) 0.350 Initial Dist to Bank (m) 0.606 Initial Dist to Bank (m) 0.500
VSS* Distance (m): 0.350 VSS* Distance (m): 0.606 VSS* Distance (m): 0.500
Dist. from Dist. from Dist. from

Initial Stream Initial Stream Initial Stream
Point Depth Area Point Depth Area Point Depth Area
(m) (m) (m2) (m) (m) (m2) (m) (m) (m2)

1 0.350 0.07 0.025 0.606 0.04 0.024 0.500 0.09 0.045
2 0.700 0.07 0.0245 1.212 0.07 0.0424 1.000 0.07 0.0350
3 1.050 0.08 0.0280 1.818 0.05 0.0303 1.500 0.07 0.0350
4 1.400 0.11 0.0385 2.424 0.13 0.0788 2.000 0.04 0.0200
5 1.750 0.11 0.0385 3.030 0.10 0.0606 2.500 0.03 0.0150
6 2.100 0.06 0.0210 3.636 0.05 0.0303 3.000 0.0000
7 2.450 0.0000 4.242 0.05 0.0303 3.500 0.0000
8 2.800 0.0000 4.848 0.07 0.0424 4.000 0.0000
9 3.150 0.0000 5.454 0.0000 4.500 0.0000
10 3.500 0.0000 6.060 0.0000 5.000 0.0000
11 3.850 0.0000 6.666 0.0000 5.500 0.0000
12 4.200 0.0000 7.272 0.0000 6.000 0.0000
13 4.550 0.0000 7.878 0.0000 6.500 0.0000
14 4.900 0.0000 8.484 0.0000 7.000 0.0000
15 5.250 0.0000 9.090 0.0000 7.500 0.0000

0.1750 0.3394 0.1500

Bankfull Width (m): 4.600 Bankfull Width (m): 5.000 Bankfull Width (m): 6.300
Initial Dist to Bank (m) 0.657 Initial Dist to Bank (m) 0.625 Initial Dist to Bank (m) 0.525
VSS* Distance (m): 0.657 VSS* Distance (m): 0.625 VSS* Distance (m): 0.525
Dist. from Dist. from Dist. from

Initial Stream Initial Stream Initial Stream
Point Depth Area Point Depth Area Point Depth Area
(m) (m) (m2) (m) (m) (m2) (m) (m) (m2)

1 0.657 0.40 0.263 0.625 0.31 0.194 0.525 0.21 0.110
2 1.314 0.55 0.3614 1.250 0.33 0.2063 1.050 0.34 0.1785
3 1.971 0.58 0.3811 1.875 0.29 0.1813 1.575 0.31 0.1628
4 2.628 0.56 0.3679 2.500 0.37 0.2313 2.100 0.32 0.1680
5 3.285 0.60 0.3942 3.125 0.33 0.2063 2.625 0.28 0.1470
6 3.942 0.52 0.3416 3.750 0.38 0.2375 3.150 0.27 0.1418
7 4.599 0.46 0.3022 4.375 0.32 0.2000 3.675 0.25 0.1313
8 5.256 0.0000 5.000 0.41 0.2563 4.200 0.28 0.1470
9 5.913 0.0000 5.625 0.0000 4.725 0.27 0.1418
10 6.570 0.0000 6.250 0.0000 5.250 0.28 0.1470
11 7.227 0.0000 6.875 0.0000 5.775 0.22 0.1155
12 7.884 0.0000 7.500 0.0000 6.300 0.13 0.0683
13 8.541 0.0000 8.125 0.0000 6.825 0.0000
14 9.198 0.0000 8.750 0.0000 7.350 0.0000
15 9.855 0.0000 9.375 0.0000 7.875 0.0000

2.4112 1.7125 1.6590

Total Area (m2) Total Area (m2) Total Area (m2)

Transect 2 Transect 3

HC-R7

Hazeltine Creek

Vertical 
Sampling 
Station

Transect 1

Total Area (m2) Total Area (m2) Total Area (m2)

Vertical 
Sampling 
Station

Transect 1 Transect 2 Transect 3
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Table A.3h:  Summary of Wetted and Bankfull Cross-sectional Areas, Hazeltine Creek Habitat 
                     Characterization, October 2006

Stream Name:

Reach Number: Date: Oct 23, 2006

Stream Width (m): 1.600 Stream Width (m): 1.950 Stream Width (m): 2.450
Initial Dist to Bank (m) 0.320 Initial Dist to Bank (m) 0.390 Initial Dist to Bank (m) 0.350
VSS* Distance (m): 0.320 VSS* Distance (m): 0.390 VSS* Distance (m): 0.350
Dist. from Dist. from Dist. from

Initial Stream Initial Stream Initial Stream
Point Depth Area Point Depth Area Point Depth Area
(m) (m) (m2) (m) (m) (m2) (m) (m) (m2)

1 0.320 0.10 0.032 0.390 0.25 0.098 0.350 0.02 0.007
2 0.640 0.08 0.0256 0.780 0.33 0.1287 0.700 0.03 0.0105
3 0.960 0.17 0.0544 1.170 0.30 0.1170 1.050 0.10 0.0350
4 1.280 0.13 0.0416 1.560 0.21 0.0819 1.400 0.11 0.0385
5 1.600 0.05 0.0160 1.950 0.07 0.0273 1.750 0.10 0.0350
6 1.920 0.0000 2.340 0.0000 2.100 0.07 0.0245
7 2.240 0.0000 2.730 0.0000 2.450 0.03 0.0105
8 2.560 0.0000 3.120 0.0000 2.800 0.0000
9 2.880 0.0000 3.510 0.0000 3.150 0.0000
10 3.200 0.0000 3.900 0.0000 3.500 0.0000
11 3.520 0.0000 4.290 0.0000 3.850 0.0000
12 3.840 0.0000 4.680 0.0000 4.200 0.0000
13 4.160 0.0000 5.070 0.0000 4.550 0.0000
14 4.480 0.0000 5.460 0.0000 4.900 0.0000
15 4.800 0.0000 5.850 0.0000 5.250 0.0000

0.1696 0.4524 0.1610

Bankfull Width (m): 5.400 Bankfull Width (m): 5.000 Bankfull Width (m): 4.200
Initial Dist to Bank (m) 0.675 Initial Dist to Bank (m) 0.625 Initial Dist to Bank (m) 0.420
VSS* Distance (m): 0.675 VSS* Distance (m): 0.625 VSS* Distance (m): 0.420
Dist. from Dist. from Dist. from

Initial Stream Initial Stream Initial Stream
Point Depth Area Point Depth Area Point Depth Area
(m) (m) (m2) (m) (m) (m2) (m) (m) (m2)

1 0.675 0.42 0.284 0.625 0.43 0.269 0.420 0.16 0.067
2 1.350 0.37 0.2498 1.250 0.49 0.3063 0.840 0.22 0.0924
3 2.025 0.45 0.3038 1.875 0.48 0.3000 1.260 0.24 0.1008
4 2.700 0.41 0.2768 2.500 0.42 0.2625 1.680 0.22 0.0924
5 3.375 0.34 0.2295 3.125 0.31 0.1938 2.100 0.20 0.0840
6 4.050 0.28 0.1890 3.750 0.13 0.0813 2.520 0.21 0.0882
7 4.725 0.21 0.1418 4.375 0.09 0.0563 2.940 0.22 0.0924
8 5.400 0.44 0.2970 5.000 0.12 0.0750 3.360 0.15 0.0630
9 6.075 0.0000 5.625 0.0000 3.780 0.16 0.0672
10 6.750 0.0000 6.250 0.0000 4.200 0.04 0.0168
11 7.425 0.0000 6.875 0.0000 4.620 0.0000
12 8.100 0.0000 7.500 0.0000 5.040 0.0000
13 8.775 0.0000 8.125 0.0000 5.460 0.0000
14 9.450 0.0000 8.750 0.0000 5.880 0.0000
15 10.125 0.0000 9.375 0.0000 6.300 0.0000

1.9710 1.5438 0.7644Total Area (m2) Total Area (m2) Total Area (m2)

Vertical 
Sampling 
Station

Transect 1 Transect 2 Transect 3

HC-R8

Hazeltine Creek

Vertical 
Sampling 
Station

Transect 1

Total Area (m2) Total Area (m2) Total Area (m2)

Transect 2 Transect 3

INVESTIGATIONS KP 4-1  Page 261 of 500



Table A.3i:  Summary of Wetted and Bankfull Cross-sectional Areas, Hazeltine Creek Habitat 
                     Characterization, October 2006

Stream Name:

Reach Number: Date: Oct 23, 2006

Stream Width (m): 3.650 Stream Width (m): 7.400 Stream Width (m): 6.400
Initial Dist to Bank (m) 0.520 Initial Dist to Bank (m) 1.060 Initial Dist to Bank (m) 1.067
VSS* Distance (m): 0.520 VSS* Distance (m): 1.060 VSS* Distance (m): 1.067
Dist. from Dist. from Dist. from

Initial Stream Initial Stream Initial Stream
Point Depth Area Point Depth Area Point Depth Area
(m) (m) (m2) (m) (m) (m2) (m) (m) (m2)

1 0.520 0.02 0.010 1.060 0.07 0.074 1.067 0.03 0.032
2 1.040 0.18 0.0936 2.120 0.25 0.2650 2.134 0.09 0.0960
3 1.560 0.29 0.1508 3.180 0.08 0.0848 3.201 0.18 0.1921
4 2.080 0.28 0.1456 4.240 0.05 0.0530 4.268 0.13 0.1387
5 2.600 0.18 0.0936 5.300 0.32 0.3392 5.335 0.05 0.0534
6 3.120 0.08 0.0416 6.360 0.35 0.3710 6.402 0.02 0.0213
7 3.640 0.03 0.0156 7.420 0.20 0.2120 7.469 0.0000
8 4.160 0.0000 8.480 0.0000 8.536 0.0000
9 4.680 0.0000 9.540 0.0000 9.603 0.0000
10 5.200 0.0000 10.600 0.0000 10.670 0.0000
11 5.720 0.0000 11.660 0.0000 11.737 0.0000
12 6.240 0.0000 12.720 0.0000 12.804 0.0000
13 6.760 0.0000 13.780 0.0000 13.871 0.0000
14 7.280 0.0000 14.840 0.0000 14.938 0.0000
15 7.800 0.0000 15.900 0.0000 16.005 0.0000

0.5512 1.3992 0.5335

Bankfull Width (m): 11.850 Bankfull Width (m): 10.800 Bankfull Width (m): 11.100
Initial Dist to Bank (m) 0.988 Initial Dist to Bank (m) 1.200 Initial Dist to Bank (m) 1.010
VSS* Distance (m): 0.988 VSS* Distance (m): 1.200 VSS* Distance (m): 1.010
Dist. from Dist. from Dist. from

Initial Stream Initial Stream Initial Stream
Point Depth Area Point Depth Area Point Depth Area
(m) (m) (m2) (m) (m) (m2) (m) (m) (m2)

1 0.988 0.45 0.444 1.200 0.44 0.528 1.010 0.59 0.596
2 1.975 0.59 0.5826 2.400 0.59 0.7080 2.020 0.57 0.5757
3 2.963 0.67 0.6616 3.600 0.41 0.4920 3.030 0.53 0.5353
4 3.950 0.64 0.6320 4.800 0.34 0.4080 4.040 0.53 0.5353
5 4.938 0.52 0.5135 6.000 0.18 0.2160 5.050 0.59 0.5959
6 5.925 0.42 0.4148 7.200 0.36 0.4320 6.060 0.52 0.5252
7 6.913 0.38 0.3753 8.400 0.65 0.7800 7.070 0.44 0.4444
8 7.900 0.26 0.2568 9.600 0.70 0.8400 8.080 0.43 0.4343
9 8.888 0.12 0.1185 10.800 0.58 0.6960 9.090 0.44 0.4444
10 9.875 0.06 0.0593 12.000 0.0000 10.100 0.33 0.3333
11 10.863 0.12 0.1185 13.200 0.0000 11.110 0.39 0.3939
12 11.850 0.25 0.2469 14.400 0.0000 12.120 0.0000
13 12.838 0.0000 15.600 0.0000 13.130 0.0000
14 13.825 0.0000 16.800 0.0000 14.140 0.0000
15 14.813 0.0000 18.000 0.0000 15.150 0.0000

4.4240 5.1000 5.4136

Total Area (m2) Total Area (m2) Total Area (m2)

Transect 2 Transect 3

HC-R9

Hazeltine Creek

Vertical 
Sampling 
Station

Transect 1

Total Area (m2) Total Area (m2) Total Area (m2)

Vertical 
Sampling 
Station

Transect 1 Transect 2 Transect 3
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Sampling Site #: R1a Date: Oct 22, 2006
Stream Name: Hazeltine Creek Area (m2): 0.0385
Stream Width (m): 0.75 *** Discharge (m3/s): 0.0050
Initial Point to Stream Edge (m) 0.1
Distance Between VSS* (m): 0.100

Dist. from      0.2 of Depth        0.6 of Depth      0.8 of Depth
Vertical Initial Stream      from Surface        from Surface      from Surface Mean**

Sampling Point Depth Depth from Velocity Depth from Velocity Depth from Velocity Velocity Area Discharge
Station (m) (m) Bottom (m) (m/sec) Bottom (m) (m/sec) Bottom (m) (m/sec) (m/s) (m2) (m3/s)

1 0.100 0.05  0.020 0.01  0.010 0.003 0.0000
2 0.200 0.06  0.024 0.03  0.030 0.0060 0.0002
3 0.300 0.08  0.032 0.1  0.100 0.0080 0.0008
4 0.400 0.08  0.032 0.16  0.160 0.0080 0.0013
5 0.500 0.06  0.024 0.19  0.190 0.0060 0.0011
6 0.600 0.05  0.020 0.25  0.250 0.0050 0.0013
7 0.700 0.03  0.012 0.12  0.120 0.0030 0.0004
8 0.800 0.00  0.000 0  0.000 0.0000 0.0000
9 0.900  0.000  0.000 0.0000 0.0000

10 1.000  0.000  0.000 0.0000 0.0000
11 1.100  0.000  0.000 0.0000 0.0000
12 1.200  0.000  0.000 0.0000 0.0000
13 1.300  0.000  0.000 0.0000 0.0000
14 1.400  0.000  0.000 0.0000 0.0000
15 1.500  0.000  0.000 0.0000 0.0000
16 1.600  0.000  0.000 0.0000 0.0000
17 1.700  0.000  0.000 0.0000 0.0000
18 1.800  0.000  0.000 0.0000 0.0000
19 1.900  0.000  0.000 0.0000 0.0000
20 2.000  0.000  0.000 0.0000 0.0000
21 2.100  0.000  0.000 0.0000 0.0000
22 2.200  0.000  0.000 0.0000 0.0000
23 2.300  0.000  0.000 0.0000 0.0000
24 2.400  0.000  0.000 0.0000 0.0000
25 2.500  0.000  0.000 0.0000 0.0000

** Mean Velocity  =  V@0.6d  for d < or = 0.5 m  or  (V@0.2d + 2xV@0.6d + V@0.8d)/4  for d > 0.5 m
*** Total Discharge = sum of discharges calculated at each Vertical Sampling Station

Velocity Data and Stream Discharge Calculations
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Sampling Site #: R1b Date: Oct 23, 2006
Stream Name: Hazeltine Creek Area (m2): 0.0645
Stream Width (m): 1.05 *** Discharge (m3/s): 0.0068
Initial Point to Stream Edge (m) 0.1
Distance Between VSS* (m): 0.100

Dist. from      0.2 of Depth        0.6 of Depth      0.8 of Depth
Vertical Initial Stream      from Surface        from Surface      from Surface Mean**

Sampling Point Depth Depth from Velocity Depth from Velocity Depth from Velocity Velocity Area Discharge
Station (m) (m) Bottom (m) (m/sec) Bottom (m) (m/sec) Bottom (m) (m/sec) (m/s) (m2) (m3/s)

1 0.100 0.09  0.036 0.01  0.010 0.005 0.0000
2 0.200 0.09  0.036 0.03  0.030 0.0090 0.0003
3 0.300 0.10  0.040 0.11  0.110 0.0100 0.0011
4 0.400 0.10  0.040 0.11  0.110 0.0100 0.0011
5 0.500 0.08  0.032 0.14  0.140 0.0080 0.0011
6 0.600 0.06  0.024 0.18  0.180 0.0060 0.0011
7 0.700 0.06  0.024 0.17  0.170 0.0060 0.0010
8 0.800 0.04  0.016 0.14  0.140 0.0040 0.0006
9 0.900 0.04  0.016 0.09  0.090 0.0040 0.0004

10 1.000 0.03  0.012 0.05  0.050 0.0030 0.0002
11 1.100 0.00  0.000 0  0.000 0.0000 0.0000
12 1.200  0.000  0.000 0.0000 0.0000
13 1.300  0.000  0.000 0.0000 0.0000
14 1.400  0.000  0.000 0.0000 0.0000
15 1.500  0.000  0.000 0.0000 0.0000
16 1.600  0.000  0.000 0.0000 0.0000
17 1.700  0.000  0.000 0.0000 0.0000
18 1.800  0.000  0.000 0.0000 0.0000
19 1.900  0.000  0.000 0.0000 0.0000
20 2.000  0.000  0.000 0.0000 0.0000
21 2.100  0.000  0.000 0.0000 0.0000
22 2.200  0.000  0.000 0.0000 0.0000
23 2.300  0.000  0.000 0.0000 0.0000
24 2.400  0.000  0.000 0.0000 0.0000
25 2.500  0.000  0.000 0.0000 0.0000

** Mean Velocity  =  V@0.6d  for d < or = 0.5 m  or  (V@0.2d + 2xV@0.6d + V@0.8d)/4  for d > 0.5 m
*** Total Discharge = sum of discharges calculated at each Vertical Sampling Station
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Sampling Site #: W7 Date: Oct 23, 2006
Stream Name: Hazeltine Creek Area (m2): 0.0655
Stream Width (m): 1.2 *** Discharge (m3/s): 0.0094
Initial Point to Stream Edge (m) 0.1
Distance Between VSS* (m): 0.100

Dist. from      0.2 of Depth        0.6 of Depth      0.8 of Depth
Vertical Initial Stream      from Surface        from Surface      from Surface Mean**

Sampling Point Depth Depth from Velocity Depth from Velocity Depth from Velocity Velocity Area Discharge
Station (m) (m) Bottom (m) (m/sec) Bottom (m) (m/sec) Bottom (m) (m/sec) (m/s) (m2) (m3/s)

1 0.100 0.05  0.020 0.04  0.040 0.003 0.0001
2 0.200 0.06  0.024 0.06  0.060 0.0060 0.0004
3 0.300 0.07  0.028 0.01  0.010 0.0070 0.0001
4 0.400 0.07  0.028 0.2  0.200 0.0070 0.0014
5 0.500 0.07  0.028 0.17  0.170 0.0070 0.0012
6 0.600 0.08  0.032 0.15  0.150 0.0080 0.0012
7 0.700 0.06  0.024 0.12  0.120 0.0060 0.0007
8 0.800 0.06  0.024 0.07  0.070 0.0060 0.0004
9 0.900 0.06  0.024 0.32  0.320 0.0060 0.0019

10 1.000 0.05  0.020 0.26  0.260 0.0050 0.0013
11 1.100 0.05  0.020 0.14  0.140 0.0050 0.0007
12 1.200 0.00  0.000 0  0.000 0.0000 0.0000
13 1.300  0.000  0.000 0.0000 0.0000
14 1.400  0.000  0.000 0.0000 0.0000
15 1.500  0.000  0.000 0.0000 0.0000
16 1.600  0.000  0.000 0.0000 0.0000
17 1.700  0.000  0.000 0.0000 0.0000
18 1.800  0.000  0.000 0.0000 0.0000
19 1.900  0.000  0.000 0.0000 0.0000
20 2.000  0.000  0.000 0.0000 0.0000
21 2.100  0.000  0.000 0.0000 0.0000
22 2.200  0.000  0.000 0.0000 0.0000
23 2.300  0.000  0.000 0.0000 0.0000
24 2.400  0.000  0.000 0.0000 0.0000
25 2.500  0.000  0.000 0.0000 0.0000

** Mean Velocity  =  V@0.6d  for d < or = 0.5 m  or  (V@0.2d + 2xV@0.6d + V@0.8d)/4  for d > 0.5 m
*** Total Discharge = sum of discharges calculated at each Vertical Sampling Station
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Sampling Site #: W7 Date: Oct 23, 2006
Stream Name: Hazeltine Creek Area (m2): 0.0335
Stream Width (m): 0.85 *** Discharge (m3/s): 0.0073
Initial Point to Stream Edge (m) 0.1
Distance Between VSS* (m): 0.100

Dist. from      0.2 of Depth        0.6 of Depth      0.8 of Depth
Vertical Initial Stream      from Surface        from Surface      from Surface Mean**

Sampling Point Depth Depth from Velocity Depth from Velocity Depth from Velocity Velocity Area Discharge
Station (m) (m) Bottom (m) (m/sec) Bottom (m) (m/sec) Bottom (m) (m/sec) (m/s) (m2) (m3/s)

1 0.100 0.07  0.028 0.1  0.100 0.004 0.0004
2 0.200 0.15  0.060 0.26  0.260 0.0150 0.0039
3 0.300 0.02  0.008 0.26  0.260 0.0020 0.0005
4 0.400 0.03  0.012 0.17  0.170 0.0030 0.0005
5 0.500 0.03  0.012 0.28  0.280 0.0030 0.0008
6 0.600 0.03  0.012 0.19  0.190 0.0030 0.0006
7 0.700 0.02  0.008 0.12  0.120 0.0020 0.0002
8 0.800 0.02  0.008 0.18  0.180 0.0020 0.0004
9 0.900 0.00  0.000 0  0.000 0.0000 0.0000

10 1.000  0.000  0.000 0.0000 0.0000
11 1.100  0.000  0.000 0.0000 0.0000
12 1.200  0.000  0.000 0.0000 0.0000
13 1.300  0.000  0.000 0.0000 0.0000
14 1.400  0.000  0.000 0.0000 0.0000
15 1.500  0.000  0.000 0.0000 0.0000
16 1.600  0.000  0.000 0.0000 0.0000
17 1.700  0.000  0.000 0.0000 0.0000
18 1.800  0.000  0.000 0.0000 0.0000
19 1.900  0.000  0.000 0.0000 0.0000
20 2.000  0.000  0.000 0.0000 0.0000
21 2.100  0.000  0.000 0.0000 0.0000
22 2.200  0.000  0.000 0.0000 0.0000
23 2.300  0.000  0.000 0.0000 0.0000
24 2.400  0.000  0.000 0.0000 0.0000
25 2.500  0.000  0.000 0.0000 0.0000

** Mean Velocity  =  V@0.6d  for d < or = 0.5 m  or  (V@0.2d + 2xV@0.6d + V@0.8d)/4  for d > 0.5 m
*** Total Discharge = sum of discharges calculated at each Vertical Sampling Station
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Sampling Site #: R4 Date: Oct 25, 2006
Stream Name: Hazeltine Creek Area (m2): 0.1253
Stream Width (m): 1.65 *** Discharge (m3/s): 0.0079
Initial Point to Stream Edge (m) 0.15
Distance Between VSS* (m): 0.150

Dist. from      0.2 of Depth        0.6 of Depth      0.8 of Depth
Vertical Initial Stream      from Surface        from Surface      from Surface Mean**

Sampling Point Depth Depth from Velocity Depth from Velocity Depth from Velocity Velocity Area Discharge
Station (m) (m) Bottom (m) (m/sec) Bottom (m) (m/sec) Bottom (m) (m/sec) (m/s) (m2) (m3/s)

1 0.150 0.07  0.028 0  0.000 0.005 0.0000
2 0.300 0.07  0.028 0  0.000 0.0105 0.0000
3 0.450 0.11  0.044 0.05  0.050 0.0165 0.0008
4 0.600 0.11  0.044 0.13  0.130 0.0165 0.0021
5 0.750 0.09  0.036 0.18  0.180 0.0135 0.0024
6 0.900 0.10  0.040 0.1  0.100 0.0150 0.0015
7 1.050 0.11  0.044 0.06  0.060 0.0165 0.0010
8 1.200 0.08  0.032 0  0.000 0.0120 0.0000
9 1.350 0.08  0.032 0  0.000 0.0120 0.0000

10 1.500 0.05  0.020 0  0.000 0.0075 0.0000
11 1.650 0.00  0.000 0  0.000 0.0000 0.0000
12 1.800  0.000  0.000 0.0000 0.0000
13 1.950  0.000  0.000 0.0000 0.0000
14 2.100  0.000  0.000 0.0000 0.0000
15 2.250  0.000  0.000 0.0000 0.0000
16 2.400  0.000  0.000 0.0000 0.0000
17 2.550  0.000  0.000 0.0000 0.0000
18 2.700  0.000  0.000 0.0000 0.0000
19 2.850  0.000  0.000 0.0000 0.0000
20 3.000  0.000  0.000 0.0000 0.0000
21 3.150  0.000  0.000 0.0000 0.0000
22 3.300  0.000  0.000 0.0000 0.0000
23 3.450  0.000  0.000 0.0000 0.0000
24 3.600  0.000  0.000 0.0000 0.0000
25 3.750  0.000  0.000 0.0000 0.0000

** Mean Velocity  =  V@0.6d  for d < or = 0.5 m  or  (V@0.2d + 2xV@0.6d + V@0.8d)/4  for d > 0.5 m
*** Total Discharge = sum of discharges calculated at each Vertical Sampling Station
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Sampling Site #: R5 Date: Oct 25, 2006
Stream Name: Hazeltine Creek Area (m2): 0.0863
Stream Width (m): 1.55 *** Discharge (m3/s): 0.0137
Initial Point to Stream Edge (m) 0.15
Distance Between VSS* (m): 0.150

Dist. from      0.2 of Depth        0.6 of Depth      0.8 of Depth
Vertical Initial Stream      from Surface        from Surface      from Surface Mean**

Sampling Point Depth Depth from Velocity Depth from Velocity Depth from Velocity Velocity Area Discharge
Station (m) (m) Bottom (m) (m/sec) Bottom (m) (m/sec) Bottom (m) (m/sec) (m/s) (m2) (m3/s)

1 0.150 0.13  0.052 0.16  0.160 0.010 0.0016
2 0.300 0.06  0.024 0.09  0.090 0.0090 0.0008
3 0.450 0.07  0.028 0.2  0.200 0.0105 0.0021
4 0.600 0.11  0.044 0.35  0.350 0.0165 0.0058
5 0.750 0.08  0.032 0.14  0.140 0.0120 0.0017
6 0.900 0.06  0.024 0.05  0.050 0.0090 0.0005
7 1.050 0.05  0.020 0.04  0.040 0.0075 0.0003
8 1.200 0.04  0.016 0.07  0.070 0.0060 0.0004
9 1.350 0.03  0.012 0.13  0.130 0.0045 0.0006

10 1.500 0.01  0.004 0.03  0.030 0.0015 0.0000
11 1.650 0.00  0.000 0  0.000 0.0000 0.0000
12 1.800  0.000  0.000 0.0000 0.0000
13 1.950  0.000  0.000 0.0000 0.0000
14 2.100  0.000  0.000 0.0000 0.0000
15 2.250  0.000  0.000 0.0000 0.0000
16 2.400  0.000  0.000 0.0000 0.0000
17 2.550  0.000  0.000 0.0000 0.0000
18 2.700  0.000  0.000 0.0000 0.0000
19 2.850  0.000  0.000 0.0000 0.0000
20 3.000  0.000  0.000 0.0000 0.0000
21 3.150  0.000  0.000 0.0000 0.0000
22 3.300  0.000  0.000 0.0000 0.0000
23 3.450  0.000  0.000 0.0000 0.0000
24 3.600  0.000  0.000 0.0000 0.0000
25 3.750  0.000  0.000 0.0000 0.0000

** Mean Velocity  =  V@0.6d  for d < or = 0.5 m  or  (V@0.2d + 2xV@0.6d + V@0.8d)/4  for d > 0.5 m
*** Total Discharge = sum of discharges calculated at each Vertical Sampling Station

Velocity Data and Stream Discharge Calculations
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Sampling Site #: R6 Date: Oct 25, 2006
Stream Name: Hazeltine Creek Area (m2): 0.1058
Stream Width (m): 1.75 *** Discharge (m3/s): 0.0173
Initial Point to Stream Edge (m) 0.1
Distance Between VSS* (m): 0.150

Dist. from      0.2 of Depth        0.6 of Depth      0.8 of Depth
Vertical Initial Stream      from Surface        from Surface      from Surface Mean**

Sampling Point Depth Depth from Velocity Depth from Velocity Depth from Velocity Velocity Area Discharge
Station (m) (m) Bottom (m) (m/sec) Bottom (m) (m/sec) Bottom (m) (m/sec) (m/s) (m2) (m3/s)

1 0.100 0.03  0.012 0.04  0.040 0.002 0.0001
2 0.250 0.04  0.016 0.1  0.100 0.0060 0.0006
3 0.400 0.05  0.020 0.16  0.160 0.0075 0.0012
4 0.550 0.05  0.020 0.13  0.130 0.0075 0.0010
5 0.700 0.07  0.028 0.1  0.100 0.0105 0.0011
6 0.850 0.08  0.032 0.24  0.240 0.0120 0.0029
7 1.000 0.07  0.028 0.21  0.210 0.0105 0.0022
8 1.150 0.08  0.032 0.23  0.230 0.0120 0.0028
9 1.300 0.10  0.040 0.2  0.200 0.0150 0.0030

10 1.450 0.09  0.036 0.16  0.160 0.0135 0.0022
11 1.600 0.06  0.024 0.04  0.040 0.0090 0.0004
12 1.750 0.00  0.000 0  0.000 0.0000 0.0000
13 1.900  0.000  0.000 0.0000 0.0000
14 2.050  0.000  0.000 0.0000 0.0000
15 2.200  0.000  0.000 0.0000 0.0000
16 2.350  0.000  0.000 0.0000 0.0000
17 2.500  0.000  0.000 0.0000 0.0000
18 2.650  0.000  0.000 0.0000 0.0000
19 2.800  0.000  0.000 0.0000 0.0000
20 2.950  0.000  0.000 0.0000 0.0000
21 3.100  0.000  0.000 0.0000 0.0000
22 3.250  0.000  0.000 0.0000 0.0000
23 3.400  0.000  0.000 0.0000 0.0000
24 3.550  0.000  0.000 0.0000 0.0000
25 3.700  0.000  0.000 0.0000 0.0000

** Mean Velocity  =  V@0.6d  for d < or = 0.5 m  or  (V@0.2d + 2xV@0.6d + V@0.8d)/4  for d > 0.5 m
*** Total Discharge = sum of discharges calculated at each Vertical Sampling Station

Velocity Data and Stream Discharge Calculations
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Sampling Site #: R7 Date: Oct 25, 2006
Stream Name: Hazeltine Creek Area (m2): 0.1418
Stream Width (m): 1.7 *** Discharge (m3/s): 0.0143
Initial Point to Stream Edge (m) 0.15
Distance Between VSS* (m): 0.150

Dist. from      0.2 of Depth        0.6 of Depth      0.8 of Depth
Vertical Initial Stream      from Surface        from Surface      from Surface Mean**

Sampling Point Depth Depth from Velocity Depth from Velocity Depth from Velocity Velocity Area Discharge
Station (m) (m) Bottom (m) (m/sec) Bottom (m) (m/sec) Bottom (m) (m/sec) (m/s) (m2) (m3/s)

1 0.150 0.06  0.024 0  0.000 0.005 0.0000
2 0.300 0.09  0.034 0  0.000 0.0128 0.0000
3 0.450 0.07  0.028 0.39  0.390 0.0105 0.0041
4 0.600 0.09  0.036 0.13  0.130 0.0135 0.0018
5 0.750 0.09  0.036 0.11  0.110 0.0135 0.0015
6 0.900 0.09  0.036 0.03  0.030 0.0135 0.0004
7 1.050 0.08  0.032 0  0.000 0.0120 0.0000
8 1.200 0.09  0.036 0.01  0.010 0.0135 0.0001
9 1.350 0.13  0.052 0.14  0.140 0.0195 0.0027

10 1.500 0.12  0.048 0.19  0.190 0.0180 0.0034
11 1.650 0.07  0.028 0.03  0.030 0.0105 0.0003
12 1.800 0.00  0.000 0  0.000 0.0000 0.0000
13 1.950  0.000  0.000 0.0000 0.0000
14 2.100  0.000  0.000 0.0000 0.0000
15 2.250  0.000  0.000 0.0000 0.0000
16 2.400  0.000  0.000 0.0000 0.0000
17 2.550  0.000  0.000 0.0000 0.0000
18 2.700  0.000  0.000 0.0000 0.0000
19 2.850  0.000  0.000 0.0000 0.0000
20 3.000  0.000  0.000 0.0000 0.0000
21 3.150  0.000  0.000 0.0000 0.0000
22 3.300  0.000  0.000 0.0000 0.0000
23 3.450  0.000  0.000 0.0000 0.0000
24 3.600  0.000  0.000 0.0000 0.0000
25 3.750  0.000  0.000 0.0000 0.0000

** Mean Velocity  =  V@0.6d  for d < or = 0.5 m  or  (V@0.2d + 2xV@0.6d + V@0.8d)/4  for d > 0.5 m
*** Total Discharge = sum of discharges calculated at each Vertical Sampling Station

Velocity Data and Stream Discharge Calculations
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Sampling Site #: R8 Date: Oct 26, 2006
Stream Name: Hazeltine Creek Area (m2): 0.1883
Stream Width (m): 2.45 *** Discharge (m3/s): 0.0254
Initial Point to Stream Edge (m) 0.15
Distance Between VSS* (m): 0.150

Dist. from      0.2 of Depth        0.6 of Depth      0.8 of Depth
Vertical Initial Stream      from Surface        from Surface      from Surface Mean**

Sampling Point Depth Depth from Velocity Depth from Velocity Depth from Velocity Velocity Area Discharge
Station (m) (m) Bottom (m) (m/sec) Bottom (m) (m/sec) Bottom (m) (m/sec) (m/s) (m2) (m3/s)

1 0.150 0.05  0.020 0.01  0.010 0.004 0.0000
2 0.300 0.09  0.036 0.14  0.140 0.0135 0.0019
3 0.450 0.11  0.044 0.31  0.310 0.0165 0.0051
4 0.600 0.11  0.044 0.31  0.310 0.0165 0.0051
5 0.750 0.10  0.040 0.29  0.290 0.0150 0.0044
6 0.900 0.09  0.036 0.23  0.230 0.0135 0.0031
7 1.050 0.10  0.040 0.22  0.220 0.0150 0.0033
8 1.200 0.11  0.044 0.13  0.130 0.0165 0.0021
9 1.350 0.10  0.040 0.04  0.040 0.0150 0.0006

10 1.500 0.09  0.036 0  0.000 0.0135 0.0000
11 1.650 0.09  0.036 0.01  0.010 0.0135 0.0001
12 1.800 0.08  0.032 -0.01  -0.010 0.0120 -0.0001
13 1.950 0.07  0.028 -0.01  -0.010 0.0105 -0.0001
14 2.100 0.03  0.012 -0.01  -0.010 0.0045 0.0000
15 2.250 0.05  0.020 -0.01  -0.010 0.0075 -0.0001
16 2.400 0.01  0.004 0  0.000 0.0015 0.0000
17 2.550 0.00  0.000 0  0.000 0.0000 0.0000
18 2.700  0.000  0.000 0.0000 0.0000
19 2.850  0.000  0.000 0.0000 0.0000
20 3.000  0.000  0.000 0.0000 0.0000
21 3.150  0.000  0.000 0.0000 0.0000
22 3.300  0.000  0.000 0.0000 0.0000
23 3.450  0.000  0.000 0.0000 0.0000
24 3.600  0.000  0.000 0.0000 0.0000
25 3.750  0.000  0.000 0.0000 0.0000

** Mean Velocity  =  V@0.6d  for d < or = 0.5 m  or  (V@0.2d + 2xV@0.6d + V@0.8d)/4  for d > 0.5 m
*** Total Discharge = sum of discharges calculated at each Vertical Sampling Station

Velocity Data and Stream Discharge Calculations
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Sampling Site #: Date: Oct 23, 2006
Stream Name: Area (m2): 0.3240
Stream Width (m): *** Discharge (m3/s): 0.0369
Initial Point to Stream Edge (m) 0.1
Distance Between VSS* (m): 0.100

Dist. from      0.2 of Depth        0.6 of Depth      0.8 of Depth
Vertical Initial Stream      from Surface        from Surface      from Surface Mean**

Sampling Point Depth Depth from Velocity Depth from Velocity Depth from Velocity Velocity Area Discharge
Station (m) (m) Bottom (m) (m/sec) Bottom (m) (m/sec) Bottom (m) (m/sec) (m/s) (m2) (m3/s)

1 0.100 0.15  0.060 0.02  0.020 0.008 0.0002
2 0.200 0.15  0.060 0.03  0.030 0.0150 0.0005
3 0.300 0.18  0.072 0.07  0.070 0.0180 0.0013
4 0.400 0.21  0.084 0.14  0.140 0.0210 0.0029
5 0.500 0.22  0.088 0.16  0.160 0.0220 0.0035
6 0.600 0.28  0.112 0 2  0.200 0.0280 0.0056
7 0.700 0.29  0.116 0.22  0.220 0.0290 0.0064
8 0.800 0.27  0.108 0.18  0.180 0.0270 0.0049
9 0.900 0.25  0.100 0.09  0.090 0.0250 0.0023
10 1.000 0.22  0.088 0.05  0.050 0.0220 0.0011
11 1.100 0.17  0.068 0.03  0.030 0.0170 0.0005
12 1.200 0.17  0.068 0.02  0.020 0.0170 0.0003
13 1.300 0.13  0.052 0.01  0.010 0.0130 0.0001
14 1.400 0.11  0.044 0.01  0.010 0.0110 0.0001
15 1.500 0.03  0.012 0.03  0.030 0.0030 0.0001
16 1.600 0.05  0.020 0.1  0.100 0.0050 0.0005
17 1.700 0.06  0.024 0.12  0.120 0.0060 0.0007
18 1.800 0.05  0.020 0.13  0.130 0.0050 0.0007
19 1.900 0.05  0.020 0.15  0.150 0.0050 0.0008
20 2.000 0.05  0.018 0.15  0.150 0.0045 0.0007
21 2.100 0.04  0.016 0.15  0.150 0.0040 0.0006
22 2.200 0.05  0.020 0.17  0.170 0.0050 0.0009
23 2.300 0.07  0.028 0.19  0.190 0.0070 0.0013
24 2.400 0.07  0.028 0.16  0.160 0.0070 0.0011
25 2.500 0.06  0.024 0.11  0.110 0.0060 0.0007
26 2.600 0.05  0.018 0.02  0.020 0.0045 0.0001

2.700 0.00  0.000 0  0.000 0.0000 0.0000

** Mean Velocity  =  V@0.6d  for d < or = 0 5 m  or  (V@0.2d + 2xV@0.6d + V@0.8d)/4  for d > 0.5 m
*** Total Discharge = sum of discharges calculated at each Vertical Sampling Station

Velocity Data and Stream Discharge Calculations
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APPENDIX B 

HAZELTINE CREEK 
PHOTOGRAPHS
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Photo B.1:  Downstream view characteristically unconfined channel conditions at HC-R1 

       Substrate at such areas was typically fine gravel to sand.    
 

 
 
Photo B.2:  Upstream view of channel at HC-R1 illustrating low gradient and densely 

vegetated riparian zone.  ‘Run’ habitat was the dominant morphology type. 
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Photo B.3:  View across ponded area at the lower portion of Reach HC-R2.  This pond likely 

provides important overwintering habitat for the Hazeltine Creek fish.  
 

 
Photo B.4:  Habitat at Reach HC-R3 was characterized by low gradient, run morphology with 

predominantly sand substrate.   
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Photo B.5:  Side channels and the occurrence of unstable banks were more prevalent at 

Reach HC-R3, likely as a result of multiple overflow points across a beaver dam 
that marked the upper boundary of the reach.  

 

 
Photo B.6:  Upstream view towards the Mount Polley Mine water gauge station on Hazeltine 

Creek at Gavin Lake Road.  This location marked the upper boundary of Reach 
4 (HC-R4). 
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Photo B.7:  Upstream view of general stream conditions through Reach HC-R4.  Low water 

levels at the time of the survey often resulted in greater than 25% stream-bed 
exposure.  In-stream substrate typically consisted of cobble-gravel. 

 

 
Photo B.8:  Example of an undercut bank observed in Reach HC-R4.  Although undercut 

banks were common through this reach, overall bank stability was generally 
considered moderate.     
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Photo B.9:  Although Edney Creek was the only surface water tributary feeding Hazeltine 

Creek, groundwater seeps containing high iron content were occasionally 
observed.  This small seep was found along the bank of HC-R4. 

 

 
Photo B.10:  Downstream view of typical channel through Reach HC-R5.  This reach was 

characterized by a clear gradient shift (mean 3.7%) relative to upstream areas. 
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Photo B.11:  Upstream view of an approximately 1.2 m high cascade found in the lower 

portion of Reach HC-R5.  This cascade likely acted as a barrier to upstream 
fish migration, particularly during low flow periods. 
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Photo B.12:  Slumping valley walls such as the one illustrated above were observed at two 

locations along Hazeltine Creek, both of which were within Reach HC-R5. 
 

 
Photo B.13:  Reach HC-R6 represented that portion of Hazeltine Creek which passed 

through a steep-walled gorge.  Bank stability was considered good at HC-R6 
as a result of a high proportion of bedrock/cobble in the banks. 
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Photo B.14:  Step-pools with cobble substrate characterized HC-R6 habitat.  Mean gradient 

through this reach was approximately 7%.   
 

 
Photo B.15:  In-stream barriers, such as this large debris jam, were common through Reach 

HC-R6, likely preventing upstream fish migration at all but highest flows. 
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Photo B.16:  In-stream barriers at Reach HC-R6 also included areas of aggraded cobble 

over log debris, which resulted in short sections of subterranean flow. 
 

 
Photo B.17:  Downstream view of typical Reach HC-R7 habitat.  Moderate gradient, riffle-run 

stream morphology and cobble substrate were key features of this reach. 
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Photo B.18:  Downstream view of Reach HC-R8 in its upper portion.  Low gradient run 

habitat with gravel substrate and dense overhanging vegetation were dominant 
features of this reach. 

 

 
Photo B.19:  Downstream view of Reach HC-R8 in its lower portion.  At this area, the creek 

flows through cedar lowland habitat and some bank undercutting occurs. 
Stream flow increases substantially at HC-R8 relative to upstream areas. 
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Photo B.20:  Edney Creek, just upstream of the confluence with Hazeltine Creek, was 

ponded as a result of a beaver dam (bottom of photo).  Flow from Edney Creek 
represents approximately 60% of the total in lower Hazeltine Creek. 

 

 
Photo B.21:  Upstream view of Reach HC-R9 in its upper portion.  Low gradient run habitat 

and cobble-gravel substrate characterized this reach.  
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Photo B.22:  Upstream view of Reach HC-R9 approximately 385 m upstream of the outlet of 

Hazeltine Creek.  Water samples are routinely sampled by Mount Polley Mine 
at this location (Station W11). 

 

 
Photo B.23:  Upstream view of Hazeltine Creek from its outlet to Quesnel Lake.  The creek 

outlet occurs across a small delta.  At the time of the survey, water depth along 
the ‘delta’ portions of Hazeltine Creek was typically less than 10 cm. 
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Photo B.24:  Two beaver dams constructed at the downstream end of Reach HC-R9 would 

likely act as key barriers for any upstream migration of spawning kokanee in 
lower Hazeltine Creek.  No kokanee, or evidence of kokanee spawning, were 
observed in lower Hazeltine Creek. 

 

 
Photo B.25:  Hazeltine Creek approximately 440 m upstream of Quesnel Lake (HC-R9).  

Fish habitat included some pool and woody debris in lower Hazeltine Creek, 
although the relative amount of functional habitat was considered low.  
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Photo B.26:  Hazeltine Creek approximately 340 m upstream of Quesnel Lake.  Substrate 

generally consisted of small cobble (5 cm diameter) in much of lower Hazeltine 
Creek.  Filamentous green algae were conspicuously abundant on in-stream 
substrate at locations below the Edney Creek confluence. 

 

 
Photo B.27:  Riffle habitat in lower Hazeltine Creek (HC-R9) was generally shallow (i.e., less 

than 10 cm deep) and likely to restrict upstream movement of large fish.  
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Photo B.28:  View of ponded area in lower Hazeltine Creek approximately 300 m upstream 

of Quesnel Lake.  The flooded area, which may provide overwintering habitat 
for resident fish, is occupied by submerged willow stands. 

 

 
Photo B.29:  Downstream view of pool habitat in lower Hazeltine Creek.  This pool was 

approximately 0.6 m deep and contained undercut bank and large woody 
debris cover, providing good cover opportunities for fish. 
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1.0 INTRODUCTION 

1.1 Background  

The Mount Polley Mining Corporation, a division of the Imperial Metals Corporation, owns 
and operates the Mount Polley copper-gold mine located 56 kilometres north-east of Williams 
Lake, British Columbia (Figure 1.1).  The mine operated from August 1997 to September 
2001, was placed on care and maintenance from September 2001 to March 2005, and was 
officially re-opened in March 2005 in response to improved metal prices and the discovery of 
significant new ore reserves.  Currently, the projected mine life is expected to extend to late 
2015.  Since March 2005, mining has been active at five open pits (the Bell, Springer, 
Southeast, Wight and Pond Zone pits; Figure 1.2), with an additional area (the Boundary 
Zone) identified as a target for future development.  The Mount Polley Mine site also includes 
a crusher and mill (concentrator), a Tailings Storage Facility (TSF), seepage collection 
ponds, a surface water collection system, a settling pond, access roads, and a mined-out 
open pit (the Cariboo Pit).   

Mount Polley mill tailings and site water are discharged into the environmentally-secure TSF, 
with supernatant from the TSF recycled for re-use in the milling process.  Due to the 
significant accumulation of water within the TSF, the Mount Polley Mine is in the process of 
seeking approval, under the Waste Discharge Regulation of the British Columbia 
Environmental Management Act, to discharge polished TSF supernatant to Hazeltine Creek.     

The Mount Polley Mine has implemented a comprehensive water quality monitoring program 
since mine start-up in 1997 that includes sampling of source areas, surface drainages and 
the creeks and lakes located adjacent to the mine.  In addition to water quality monitoring 
data, baseline data (collected in 1989, 1995 and 1996) are available for most of the creeks 
and lakes adjacent to the mine.  Water quality of two lakes located adjacent to the mine has 
been monitored less intensively than in source areas, surface drainages and creeks, but has 
also been monitored in both baseline and operational periods.  Although the mine has not 
had a direct discharge to either Polley Lake or Bootjack Lake, site disturbances adjacent to 
both lakes have the potential to influence water quality (see Figure 1.2).  No comprehensive 
examination of baseline and operational water quality monitoring data has been conducted to 
date for these lakes to evaluate whether any potential mine influences have occurred.  
Accordingly, the Mount Polley Mine retained Minnow Environmental Inc. to compile and 
evaluate the existing water quality data from Polley and Bootjack lakes in order to 
characterize lake water quality and identify any potential influence of the Mount Polley Mine.          
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1.2 Project Objectives 

The objectives of this study were to: 1) compile and present existing water quality data from 
Polley and Bootjack lakes; and 2) evaluate the influence of the Mount Polley Mine on the 
water quality of these lakes.    

1.3 Report Organization 

Methods associated with the compilation and analysis of water quality data are provided in 
Section 2.0 of this report.  Section 3.0 provides a summary of the in-situ water quality 
monitoring data collected from Polley and Bootjack lakes.  Section 4.0 provides a summary 
and interpretation of water chemistry data collected from Polley and Bootjack lakes.  
Conclusions of the evaluation and recommendations for ongoing monitoring are provided in 
Section 5.0.  All references cited throughout this report are listed in Section 6.0.   
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2.0 METHODS 

2.1 Data Compilation  

The Mount Polley Mine provided water quality monitoring data for Polley Lake and Bootjack 
Lake in digital format.  Data were available for the baseline period (1985 to 1996) and from 
2001 to present (data to the end of 2009 are included in this report) for two stations within 
each of Polley and Bootjack lakes (Figures 2.1 and 2.2).  The available data included in-situ 
measurements of water temperature, dissolved oxygen, conductivity and pH collected by 
field meter at regular depth intervals to create vertical profiles.  In-situ water clarity data, as 
represented by Secchi depth, measured using a standard secchi disc, were also provided for 
the operational period.  Finally, water chemistry data were provided for a substantial list of 
analytes (Table 2.1), which were generally collected from near the surface and bottom of the 
water column at each station in both study lakes.  Upon receipt of the data, the data were 
organized by lake, station and sampling depth.  Organized data were then used as the basis 
for analysis of in-situ and water chemistry as described below.   

2.2 Analysis of In-Situ Data 

Profiles of water temperature, dissolved oxygen, conductivity and pH were recorded at all 
stations in Polley and Bootjack lakes during both pre-operational (baseline) and the second 
operational period.  These data were plotted and then visually assessed to qualitatively 
characterize seasonal patterns of mixing within the lakes and evaluate any changes in mixing 
over time.  In-situ measurements were also used to estimate the typical depth of seasonal 
thermo- or chemo-clines and any associated conditions that could constrain biological 
productivity (e.g., hypolimnetic oxygen depletion).  Water clarity data were plotted monthly to 
identify seasonal trends.  For in-situ parameters with British Columbia Water Quality 
Guidelines for the protection of aquatic life (BCWQG; BCMOE 2006a,b), comparisons were 
made to these guidelines to determine the potential for any biological limitations.           

2.3 Analysis of Water Chemistry Data 

Following the organization of the water quality monitoring data as described above, water 
chemistry data were examined to determine whether sampling was conducted at appropriate 
time intervals and consistent depths.  Specifically, an effort was made to ensure that the 
database was not biased by examination of functionally pseudo-replicated data (e.g., 
Hurlbert 1984).  This resulted in the exclusion of some data that were collected at depths 
other than surface and bottom because even if these could be assigned to either surface or 
bottom, doing so would result in pseudo-replication (omitted data are presented in Appendix 
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Table B.14).  Once data were assigned to appropriate groups, summary statistics were 
calculated.  In all cases where an analyte was not detected (i.e., less than the Method 
Detection Limit; MDL), a value of half the detection limit was substituted for calculations of 
mean, median, standard deviation, and 95th percentile.   

Water quality data were interpreted relative to both baseline water quality data and BCWQG.  
Baseline data were used to calculate a benchmark for comparison to operational data.  Data 
from 1995/1996 from Polley Lake and 1985 to 1996 from Bootjack Lake were used to 
calculate the 95th percentile of baseline concentrations.  If the 95th percentile value was less 
than the MDL, the MDL was used as the benchmark concentration.  Due to the limited 
quantity of baseline data, concentrations from the two stations within each lake were 
combined to calculate benchmarks.  Accordingly, four benchmark concentrations were 
calculated which included a surface and bottom value for each of Polley and Bootjack Lakes.  
Operational data for each station/depth combination were screened against the baseline 
benchmarks and against BCWQG.  Concentrations above the respective benchmark and/or 
BCWQG were highlighted and counted for each site.  These counts were then used to 
calculate a frequency of elevation (i.e., the number of elevations divided by the total number 
of observations).  In addition, the magnitude of elevation was calculated for each site by 
dividing the maximum operational period concentration by the benchmark (providing a worst-
case assessment).  In order to identify analytes of concern and reduce the number of 
analytes subject to further investigation, analytes with more than 20% of the samples above 
the benchmark and a magnitude of increase of 1.5 times or more were selected for further 
investigation.  Only total metal concentrations were included in the reduced list, but if the 
total concentrations did not get flagged and the dissolved concentration did, that metal was 
included in the reduced list.  Any analyte that had a concentration above the BCWQG was 
also included in the reduced list.  The reduced analyte list was applied to all sites/depths for 
each lake, resulting in two lists, one for Polley Lake and one for Bootjack Lake.   

In order to gain additional perspective on potential changes in water quality over time, non-
parametric trend analysis (Spearman’s) was performed on the reduced analyte lists for each 
lake at each site (operational data) using SPSS (version 12.0, SPSS Inc., Chicago, Il).  
Analytes with significant trends (i.e., correlation coefficient > 0.6 or < -0.6 and a p-value of 
<0.05) at each site within the lake were plotted.  Correlation analysis (Spearman’s) was 
performed on the same analyte lists to identify which analytes were significantly correlated 
with one another (i.e., correlation coefficient > 0.6 or < -0.6 and a p-value of <0.05).  
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3.0 IN-SITU WATER QUALITY  

3.1 Polley Lake 

Polley Lake profiles of water temperature and dissolved oxygen collected in the spring, 
summer and fall were similar through baseline and mine operation periods (Figure 3.1; 
Appendix Tables A.2 and A.3), suggesting no mine-related influence on water column 
stratification.  A pronounced thermocline was apparent during summer months, occurring at 
a depth between 5 and 15 m.  Water column temperature was generally consistent with 
depth at other times of the year, typically ranging from 3 to 8 degrees Celsius.  Dissolved 
oxygen concentrations generally decreased gradually with depth at all times of the year, 
although distinct step changes in dissolved oxygen levels occurred on occasion (e.g., 
October 2007; Figure 3.1; Appendix Tables A.2 and A.3).  However, dissolved oxygen 
concentrations never reached hypoxic or anoxic levels at any time or any depth (Figure 3.1), 
and were similar between baseline and operational periods, suggesting no mine-related 
influence.     

Conductivity and pH profiles were not conducted during Polley Lake baseline surveys.  
Conductivity measurements collected during the operational period varied substantially 

among sampling dates ranging between 100 and 250 S/cm (Figure 3.1).  However, with the 
exception of the October 2008 data at Station P1 (Appendix Table A.2), conductivity was 
fairly constant with depth for any given sampling date.  Temporal comparisons indicated that 
higher conductivity was generally observed in more recent years (2008 and 2009, Appendix 
Tables A.2 and A.3), suggesting a potential mine influence over time (evaluated in greater 
detail Section 4.0).  Aqueous pH measurements were variable with depth, with highest pH 
generally reached in the 3 to 10 m depth range, especially in summer months (Figure 3.1, 
Appendix Tables A.2 and A.3).  Changes in pH with depth likely reflected slight changes in 
redox state as reflected by dissolved oxygen profiles.  All pH values were slightly basic, 
generally between 7.0 and 8.5 pH units (Figure 3.1), well within the BCWQG range of 6.5 to 
9.0.  No trends were observed for pH, suggesting no mine-related influence. 

Secchi depth, which was recorded only during the operational period, ranged from 3.15 to 
7.90 meters in Polley Lake (Figure 3.2, Appendix Table A.1).  Water clarity was generally 
lowest (i.e., shallowest Secchi depth) in the spring (May), likely associated with the spring 
melt, and increased through the summer and into the fall (Figure 3.2).  No changes over time 
were apparent. 
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3.2 Bootjack Lake 

Bootjack Lake profiles of temperature and dissolved oxygen were similar between baseline 
and operational periods in both spring and fall (Figure 3.3; Appendix Tables A.4 and A.5).  
No temperature or dissolved oxygen profiles were collected in summer months during 
operational periods.  Based on the limited available data, thermocline development appears 
to occur in spring and summer at depths between approximately 4 and 12 m in Bootjack 
Lake.  Thermocline development likely occurs earlier in Bootjack Lake than in Polley Lake as 
a result of much the shallower depth of Bootjack Lake.  Dissolved oxygen profiles generally 
showed dramatic decreases at depths between 8 and 10 m during the summer, fall and 
winter, often reaching hypoxic to anoxic states (Figure 3.3).  Conversely, spring sampling 
generally showed relatively minor decreases in dissolved oxygen concentrations with depth, 
presumably due to mixing (Figure 3.3).  Generally, dissolved oxygen profiles were similar 
between baseline and operational periods, suggesting no mine related influence. 

Conductivity and pH profiles were not conducted during Bootjack Lake baseline surveys.  
Conductivity measurements collected during the operational period varied only slightly 

among sampling events, ranging from approximately 80 and 100 S/cm (Figure 3.3), with the 
exception of profiles conducted in May 2007 and October 2008.  Unusually low conductivity 
profiles (May 2007) and unusually high conductivity (October 2008, Station B2) were 
observed, likely reflecting outliers from the norm, perhaps associated with field meter 
calibration (Figure 3.3; Appendix Tables A.4 and A.5).  Aqueous pH measurements generally 
showed only slight variability with depth, although notable decreases in pH with depth 
occurred on occasion during the winter.  Aqueous pH generally ranged between 6.8 and 8.1, 
with the exception of profiles conducted in November 2005 (Figure 3.3; Appendix Tables A.4 
and A.5), which showed unusually high pH, suggesting that this difference reflected an 
inaccurate meter.  Excluding the high pH measurements in November 2005, all pH 
measurements were within the BCWQG range of 6.5 to 9.0.  No clear trends were observed, 
suggesting no mine-related influence.            

Bootjack Lake Secchi depth ranged from 3.00 to 7.57 meters during the operational period 
(Figure 3.2, Appendix Table A.1).  Water clarity was generally lowest (i.e., shallowest Secchi 
depth) in the spring (May) and fall periods, and greatest (i.e., deepest Secchi depth) in the 
summer (Figure 3.2).  Lower Secchi depth in the spring and fall likely reflected runoff 
associated with spring freshet and autumnal mixing, respectively.   
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4.0 WATER CHEMISTRY  

4.1 Polley Lake 

Water chemistry of Polley Lake was evaluated relative to baseline water chemistry and 
BCWQG.  Concentrations of numerous analytes were greater than baseline during the 
operational period (Appendix Tables B.2 and B.3).  Although the magnitude of increase was 
generally less than two times the baseline concentration for most analytes, sulphate 
concentrations showed an average magnitude of increase close to four times baseline, and 
mean concentrations of ammonia, phosphorous, selenium and strontium were generally 
around twice baseline concentrations (Appendix Tables B.2 and B.3).  At both sampling 
depths and both sampling stations in Polley Lake, baseline copper concentrations exceeded 
BCWQG (Appendix Table B.1), suggesting naturally high copper concentrations in this lake.  
Within the water column, operational period copper concentrations were greater than 
baseline at the surface in approximately 30% of samples, whereas at the bottom, copper 
concentrations never exceeded baseline levels (Appendix Tables B.2 and B.3).  The 
magnitude of increase for surface stations exceeding baseline was generally less than 1.5 
times, with the exception of two samples at P1 (0.0316 mg/L on March 6, 2007 and 0.0074 
mg/L on March 13, 2009). While all baseline copper concentrations were above BCWQG, 
only about half of the samples collected during the operational period had copper 
concentrations exceeding BCWQG (Appendix Tables B.2 and B.3).  Other than copper, 
BCWQG were only exceeded on four occasions (Polley surface, zinc three times and total 
suspended solids once, Appendix Tables B.2 and B.3).  Selenium concentrations were below 
BCWQG on all sampling dates, and were often below detection (method detection limit is 
0.0005 mg/L; Figure 4.1).   

Trend analysis was conducted on analytes that exceeded baseline concentrations at a 
frequency of 20 percent or more and at a maximum magnitude greater than 1.5-times, as 
well as analytes with concentrations greater than BCWQG.  Copper and selenium were also 
included in the trend analysis regardless of screening results as these metals are of 
particular interest to the mine (e.g., MPMC 2009).  Based on these criteria, a total of 20 
analytes were considered in trend analysis for Polley Lake (Table 4.1).  Of these analytes, 
only total dissolved solids (TDS), hardness, magnesium, sulphate, molybdenum, sodium and 
strontium showed significant temporal increases at all stations (Table 4.1). The increase in 
TDS concentrations over time was consistent with the temporal increases in Polley Lake in-
situ conductivity measurements (Section 3.1).  Of the seven analytes for which significant 
temporal increases were indicated, hardness and magnesium were significantly correlated 
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with each other (Appendix Tables B.4 to B.7).  This inter-relatedness is expected as 
hardness is a product of calcium and magnesium, and therefore hardness was considered to 
be representative of all three analytes.  Polley Lake sulphate, molybdenum and strontium 
concentrations showed the greatest temporal changes, with 2009 concentrations two to six 
fold higher than in 2001 (Figure 4.1).  On the other hand, sodium concentrations increased 
only slightly over the operational period (Figure 4.1).  Neither copper nor selenium 
concentrations showed any significant temporal trend (Figure 4.1).  Visual evaluation of 
plotted data for the ten remaining analytes for which trend analysis was completed confirmed 
the absence of any significant increases in concentrations of these analytes over time 
(Appendix Figure B.1).  It is notable that a spike in the concentrations of most analytes at 
Station P2 (surface) was observed on March 6, 2007 (Figure 4.1).  The absence of any other 
unusual sample characteristics (e.g., elevated suspended solids) suggests that the 
elevations in mine-related analytes were real.     

4.2 Bootjack Lake 

Water quality in Bootjack Lake was evaluated in the same manner as in Polley Lake.  Similar 
to Polley Lake, concentrations of numerous analytes in Bootjack Lake were elevated above 
baseline during the operational period (Appendix Tables B.8 and B.9).  However, unlike 
Polley Lake, the magnitude of increase was generally less than two for most analytes, and 
no analytes showed a maximum magnitude of increase of two or greater in both surface and 
bottom samples (Appendix Tables B.8 and B.9).  At both sampling depths and both sampling 
stations in Bootjack Lake, baseline copper concentrations exceeded BCWQG, which, similar 
to Polley Lake, suggested aqueous copper concentrations were naturally high.  Bootjack 
Lake operational period copper concentrations were typically greater than BCWQG.  
However, it is notable that copper concentrations in only three of thirty-four samples were 
greater than the baseline 95th percentile concentration, and only at the surface, with copper 
concentrations at the bottom consistently less than baseline.  No other analytes were 
observed at concentrations greater than BCWQG in Bootjack Lake during either baseline or 
operational periods.   

The Bootjack Lake trend analysis included a total of 16 analytes, with most analytes 
screened from surface stations.  No analytes showed significant trends at all surface and 
bottom stations (Table 4.1, Appendix Figure B.2), suggesting that no substantial changes in 
water chemistry have occurred in Bootjack Lake over time.  
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5.0  CONCLUSIONS AND RECOMMENDATIONS 

The objectives of this study were to: 1) compile and present existing water quality data from 
Polley and Bootjack lakes; and 2) evaluate the influence of the Mount Polley Mine on the 
water quality of these lakes.   The principal conclusions of the evaluation of existing water 
quality data for Polley and Bootjack lakes are as follows: 

1. In Polley Lake, there is no evidence that the Mount Polley Mine has influenced water 
column stratification, pH or water clarity (i.e. secchi depth) over time, based on 
evaluation of existing in-situ data.  However, evaluation of conductivity profiles and 
water chemistry data showed clear changes between baseline and operational 
periods, suggesting that Polley Lake water quality has been affected by mine 
operations.  Trend analysis indicated substantial (i.e. two to six fold) and statistically 
significant increases in concentrations of sulphate, molybdenum and strontium 
concentrations over time, with slight, but also significant increases in TDS, hardness 
(including calcium and magnesium), and sodium.  Despite these increases, with the 
exception of copper, very few analyte concentrations exceeded BCWQG.  Copper 
concentrations exceeded BCWQG during the baseline period, indicating naturally 
high background concentrations.  Overall, Polley Lake water quality appears to have 
been affected by mine operations, but at analyte concentrations that are below 
BCWQG. 

2. In Bootjack Lake, no clear changes were observed in in-situ water quality profile 
measurements or in water clarity data over time, suggesting no mine-related influence 
on this lake.  Although operational period water chemistry data suggested some 
minor increases in analyte concentrations relative to baseline conditions, trend 
analysis did not indicate that any of the observed increases were significant.  Similar 
to Polley Lake, Bootjack Lake copper concentrations were elevated above BCWQG 
during the baseline period, further indicating that relatively high copper levels in this 
lake largely reflected natural background conditions.  Overall, water quality in 
Bootjack Lake does not appear to have been affected by mine operations. 

Based on the findings of the Mount Polley Lake Water Quality Study, three recommendations 
for future monitoring include: 

1. In-situ water quality profiling and secchi depth monitoring should be conducted bi-
monthly through the ice free period on Polley and Bootjack lakes to allow seasonal 
and temporal evaluation of the development of any thermal or chemical stratification.  
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Water chemistry samples should be collected twice per year, spring and fall, on the 
same day that in-situ water quality profiles and secchi depths are collected. 

2. Water chemistry samples should only be collected at surface and bottom, unless any 
clear occurrence of chemical stratification becomes apparent.  This will eliminate 
pseudo-replication and thus the collection of data that are of limited use in 
interpretation.  Evidence of chemical stratification can be monitored through in-situ 
water quality profiles of conductivity and pH.  In the event that chemical stratification 
is suspected based on the evaluation of in-situ water quality profile data, water 
chemistry sampling at additional depths could be considered. 

3. Field conductivity measures should be recorded as both conductivity and specific 
conductance (i.e., conductivity corrected to a standard temperature, generally 25 °C) 
and the latter should be used in data interpretation to avoid the modifying influence of 
temperature on conductivity.  In addition, the mine should consider whether 
measurement of dissolved metals is warranted as it added little to this analysis of 
water quality despite considerable analytical expense. 
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Table A.1: Secchi depth (m) in Polley and Bootjack Lakes, 2001-2009

Date P1 P2 Date B1 B2

13-Jun-01 5.25 4.90 7-Jun-01 3.60
19-Jun-01 5.75 5.80 14-Jun-01 4.75 4.25
28-Jun-01 6.93 5.80 19-Jun-01 5.60 5.88
3-Jul-01 7.40 7.10 28-Jun-01 5.50 5.65
10-Jul-01 7.55 7.70 3-Jul-01 5.90 5.75
25-Jul-01 6.40 6.80 10-Jul-01 5.90 6.30
8-Aug-01 6.20 5.85 25-Jul-01 5.70 5.60
16-Aug-01 7.90 6.30 8-Aug-01 3.90 4.45
27-Aug-01 7.40 6.20 16-Aug-01 5.74 5.60
5-Sep-01 7.40 27-Aug-01 5.20 4.20

5-Sep-01 4.00 5.15
Average 6.75 6.39 Average 5.07 5.28

2-May-05 4.6 3.9 2-May-05 4.06 3.58
15-Jun-05 5.23 5.1 15-Jun-05 4.6 4.88
29-Jun-05 5.73 5.83 29-Jun-05 5.6 4.8
11-Jul-05 5.1 4.7 11-Jul-05 5.35 5.05
21-Jul-05 6.8 6.5 20-Jul-05 4.6 5.1
8-Aug-05 5.8 6.1 19-Aug-05 6.1 4.9
24-Aug-05 4.6 3.9 10-Nov-05 3.2 3.4
30-Aug-05 4.2 3.9
26-Oct-05 5.8 5.85
Average 5.32 5.09 Average 4.79 4.53

18-May-06 3.95 4.5 23-May-06 5.58 4.33
13-Jun-06 7.5 6.5 13-Jun-06 6.28 6.17
4-Jul-06 7.71 7.24 4-Jul-06 6.93 7.17
19-Jul-06 6.45 5.25 20-Jul-06 7.08 6.89
2-Aug-06 6 5.63 2-Aug-06 5.82 5.63
11-Aug-06 5.76 5.85 22-Aug-06 5.8 5.57
Average 6.23 5.83 Average 6.25 5.96

23-May-07 3.15 3.27 23-May-07 3.67 4.06
20-Jun-07 5.71 5.48 20-Jun-07 5.63 5.26
5-Jul-07 6.79 6.69 5-Jul-07 6.94 7.1
17-Jul-07 4.71 6.42 17-Jul-07 5.95 6.41
31-Jul-07 5.88 6.14 31-Jul-07 5.45 5.88
15-Aug-07 6.54 7.09 15-Aug-07 6.5 7.57
7-Sep-07 4.92 5.16 24-Sep-07 5.12 5.32
16-Oct-07 4.34 4.35 16-Oct-07 4.02 4.51
23-Oct-07 4.32 4.52 23-Oct-07 3.5 3.58
Average 5.15 5.46 Average 5.20 5.52

21-May-08 4.4 3.75 21-May-08 3.4 3.37
10-Jun-08 3.75 3.35 10-Jun-08 3.25 3
2-Jul-08 5.8 4.2 2-Jul-08 6.5 6.25
17-Jul-08 4.8 5.6 17-Jul-08 5 5.4
31-Jul-08 4.8 4.6 31-Jul-08 5.2 4.6
14-Aug-08 5.6 5.8 14-Aug-08 6.9 5.3
2-Sep-08 5.05 5.45 2-Sep-08 5.55 5.05
11-Sep-08 5.8 6.45 11-Sep-08 4.3 4.5
29-Sep-08 4.9 5.1 29-Sep-08 5.9 6.2
8-Oct-08 4.7 4.8 8-Oct-08 3.9 3.6
Average 4.96 4.91 Average 4.99 4.73

16-Jun-09 6.03 4.49 16-Jun-09 6.42 6.77
15-Jul-09 6.62 5.53 15-Jul-09 5.88 5.73
12-Aug-09 6.2 6.32 12-Aug-09 6.15 5.77
26-Aug-09 7.76 7.03 26-Aug-09 6.15 7.14
1-Oct-09 7.17 7.07 1-Oct-09 4.32 4.68
18-Oct-09 5.2 5.25 18-Oct-09 3.3 3.65
Average 6.50 5.95 Average 5.37 5.62

Bootjack LakePolley Lake

2009

2008

2007

2006

2005

2001

INVESTIGATIONS KP 4-1  Page 320 of 500



Table A.2: Water quality profiles for Polley Lake station P1, 1995-2009.

A) Temperature (°C)

5/10/96 5/12/96 7/1/96 9/1/96 10/1/96 10/26/05 3/13/06 5/18/06 8/11/06 10/31/06 3/6/07 5/24/07 8/15/07 10/23/07 4/1/08 5/21/08 10/28/08 3/13/09 5/20/09
0 14.83 5.65 18.07 6.91 9.60 18.25 8.11 0.03 4.56 7.87 0.19 5.04
1 4.65 5.35 22.20 14.83 5.63 8.12 1.19 11.42 17.89 6.82 0.82 8.54 17.90 8.11 0.55 4.65 7.09 0.71 5.02
2 4.61 5.34 21.93 14.84 5.61 8.15 2.31 10.51 17.86 6.89 1.26 8.26 17.65 8.11 1.18 4.97 7.00 1.55 5.00
3 4.57 5.33 21.01 14.83 5.63 8.13 2.77 9.05 17.83 6.89 1.43 7.59 17.51 8.11 1.55 4.70 6.98 1.92 4.98
4 4.55 5.28 18.45 14.81 5.61 8.12 2.85 8.46 17.79 6.88 1.57 6.76 17.40 8.11 1.68 4.34 6.97 2.10 4.96
5 4.48 5.28 17.46 14.79 5.61 8.10 2.92 7.85 17.75 6.88 1.65 6.43 17.29 8.10 1.73 4.59 6.97 2.27 4.94
6 4.40 5.28 16.87 14.76 5.61 8.10 2.98 7.29 17.60 6.87 1.73 6.32 17.20 8.10 1.78 4.63 6.97 2.37 4.94
7 4.24 5.15 16.03 14.68 5.60 8.09 3.03 7.09 17.44 6.86 1.78 6.20 17.10 8.10 1.83 4.34 6.95 2.47 4.93
8 4.24 5.14 13.94 14.42 5.60 8.06 3.08 6.91 15.82 6.84 1.82 6.17 15.78 8.10 1.88 4.28 6.96 2.56 4.89
9 4.22 5.13 10.67 13.22 5.58 8.05 3.13 6.74 13.30 6.82 1.90 6.13 14.46 8.10 1.92 4.35 6.96 2.64 4.87

10 4.19 4.97 9.17 11.01 5.58 8.02 3.15 6.49 10.36 6.82 1.98 5.96 11.85 8.09 1.99 4.31 6.94 2.69 4.74
11 4.16 4.95 8.11 9.62 5.58 8.00 3.18 6.23 8.73 6.81 2.04 5.78 9.24 8.09 2.01 4.25 6.95 2.74 4.70
12 4.15 4.91 7.55 8.07 5.56 7.91 3.21 5.97 7.62 6.79 2.10 5.65 8.11 8.09 2.03 4.24 6.94 2.78 4.55
13 4.14 4.87 6.83 7.17 5.56 7.76 3.19 5.80 7.02 6.76 2.11 5.51 7.59 8.09 2.10 4.22 6.93 2.81 4.51
14 4.11 4.77 6.41 6.65 5.58 7.68 3.17 5.62 6.58 6.75 2.11 5.41 7.10 8.09 2.18 4.20 6.93 2.85 4.51
15 4.09 4.76 5.97 6.35 5.58 7.67 3.18 5.53 6.34 6.74 2.14 5.31 6.58 8.09 2.19 4.18 6.93 2.89 4.44
16 4.07 4.75 5.77 5.94 5.58 7.56 3.19 5.43 6.00 6.74 2.17 5.25 6.27 8.09 2.26 4.17 6.93 2.94 4.36
17 4.06 4.70 5.65 5.53 5.58 7.44 3.20 5.31 5.87 6.73 2.23 5.18 5.94 8.09 2.32 4.16 6.94 2.98 4.31
18 4.07 4.70 5.51 5.45 5.58 7.23 3.21 5.18 5.75 6.72 2.28 5.15 5.85 7.00 2.37 4.15 6.94 3.02 4.27
19 4.06 4.70 5.44 5.36 5.58 7.02 3.21 5.13 5.62 6.70 2.32 5.11 5.68 6.46 2.42 4.14 6.94 3.05 4.22
20 4.04 4.72 5.33 5.30 5.58 6.84 3.21 5.08 5.51 6.68 2.36 5.06 5.59 5.91 2.47 4.07 6.93 3.09 4.09
21 4.02 4.67 5.29 5.25 5.58 6.65 3.23 5.03 5.40 6.65 2.36 5.00 5.53 5.95 2.50 3.99 6.94 3.13 4.03
22 4.02 4.67 5.23 5.20 5.58 6.47 3.24 4.98 5.34 6.62 2.36 4.99 5.48 5.98 2.53 3.91 6.93 3.14 4.01
23 4.01 4.67 5.18 5.15 5.56 6.28 3.26 4.93 5.28 6.59 2.40 4.97 5.40 5.91 2.58 3.82 6.93 3.14 3.92
24 4.01 4.67 5.15 5.10 5.53 6.19 3.28 4.87 5.25 6.43 2.43 4.96 5.28 5.84 2.64 3.71 6.92 3.16 3.82
25

Depth (m) Baseline Operational
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25 3.99 4.67 5.13 5.10 5.51 6.10 3.29 4.83 5.21 6.27 4.94 5.22 5.70 2.75 3.60 6.90 3.18 3.82
26 3.98 4.67 5.00 5.07 5.50 6.08 3.30 4.78 5.20 6.21 4.83 5.19 5.55 2.79 3.54 6.89 3.20 3.81
27 3.97 4.65 5.03 5.47 6.06 3.33 4.77 5.18 6.14 4.78 5.17 2.84 3.48 6.90 3.21 3.82
28 3.91 5.02 5.54 6.02 3.35 4.75 5.17 5.98 4.75 5.13 2.82 3.36 6.86 3.24 3.83
29 3.91 5.00 5.47 5.97 3.38 4.74 5.16 5.81 4.66 2.89 3.23 6.81 3.27
30 3.91 4.98 5.94 3.40 4.73 4.55 2.98 3.18 6.71 3.34 3.70
31 3.85 4.97 4.73 3.05 3.16
32 4.95 4.72 3.14
33 4.95 4.71 3.15
34 4.70 3.25
35 4.70 3.62
36 4.69

Red values indicate average of measurements above and below that depth.
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Table A.2: Water quality profiles for Polley Lake station P1, 1995-2009.

B) Dissolved Oxygen (mg/L)

5/10/96 5/12/96 7/1/96 9/1/96 10/1/96 10/26/05 3/13/06 5/18/06 8/11/06 10/31/06 3/6/07 5/24/07 8/15/07 10/23/07 4/1/08 5/21/08 10/28/08 3/13/09 5/20/09
0 8.18 9.06 9.11 8.97 12.44 9.23 9.71 9.79 11.97 10.23 11.41 11.50
1 11.35 10.57 7.06 8.15 9.03 10.70 11.41 11.83 8.94 8.80 11.09 12.76 9.32 9.58 9.47 11.92 9.71 11.06 11.29
2 11.33 10.61 7.07 8.15 9.02 10.52 10.90 12.03 8.90 8.81 10.81 12.79 9.44 9.58 9.25 12.14 9.61 10.71 11.27
3 11.31 10.65 7.12 8.25 9.01 10.49 10.70 12.34 8.86 8.81 10.68 12.88 9.42 9.58 9.06 12.22 9.59 10.54 11.27
4 11.79 10.44 7.58 8.25 9.00 10.50 10.61 12.26 8.84 8.80 10.53 12.62 9.37 9.57 8.92 11.97 9.58 10.42 11.30
5 10.86 10.55 7.63 8.26 8.98 10.48 10.29 12.26 8.82 8.80 10.43 12.07 9.31 9.56 8.85 11.97 9.57 10.30 11.29
6 9.92 10.65 7.62 8.18 8.98 10.48 10.50 11.90 8.82 8.79 10.33 11.98 9.33 9.55 8.72 11.99 9.57 10.23 11.29
7 9.70 10.47 7.59 8.14 8.96 10.45 9.99 11.58 8.81 8.78 10.26 11.89 9.34 9.54 8.67 11.95 9.57 10.16 11.28
8 8.26 9.85 7.53 7.82 8.96 10.40 9.80 11.32 9.00 8.75 10.18 11.81 9.36 9.53 8.58 11.88 9.56 10.10 11.27
9 7.90 9.22 6.93 7.03 8.97 10.37 9.70 11.06 9.40 8.71 10.09 11.72 9.38 9.53 8.42 11.83 9.56 10.03 11.28

10 7.54 8.94 6.66 6.25 8.95 10.31 9.64 10.82 9.07 8.71 9.99 11.71 9.28 9.52 8.34 11.83 9.57 9.94 11.19
11 6.81 7.96 6.54 6.12 8.95 10.27 9.56 10.64 8.46 8.70 9.93 11.69 9.17 9.52 8.33 11.75 9.56 9.85 11.16
12 6.83 7.79 6.44 6.02 8.96 9.76 9.47 10.45 8.46 8.68 9.86 11.61 8.73 9.51 8.25 11.74 9.56 9.78 11.01
13 6.85 7.61 6.27 6.01 8.96 9.38 9.40 10.34 7.69 8.66 9.74 11.53 8.45 9.51 8.14 11.72 9.56 9.71 10.80
14 6.27 7.21 6.31 5.76 8.95 9.09 9.33 10.23 7.55 8.60 9.61 11.46 8.34 9.50 8.13 11.69 9.54 9.61 10.75
15 6.18 6.98 6.21 6.02 8.96 8.95 9.30 10.15 7.29 8.54 9.54 11.39 8.06 9.50 8.05 11.66 9.53 9.51 10.68
16 6.08 6.74 6.33 5.48 8.95 8.67 9.26 10.06 7.03 8.53 9.47 11.31 7.96 9.49 7.98 11.65 9.55 9.42 10.56
17 5.52 6.40 6.25 5.29 8.93 8.39 9.23 10.01 7.02 8.51 9.39 11.22 7.77 9.49 7.94 11.63 9.54 9.32 10.36
18 5.28 6.27 6.27 5.28 8.91 7.88 9.19 9.95 7.00 8.51 9.31 11.20 7.75 6.96 7.88 11.62 9.54 9.17 10.18
19 5.26 6.13 6.16 5.20 8.91 7.36 9.15 9.92 6.97 8.50 9.18 11.17 7.67 5.70 7.73 11.61 9.53 9.02 10.10
20 5.24 6.04 6.11 5.08 8.91 6.83 9.11 9.88 6.82 8.45 9.04 11.17 7.63 4.43 7.37 11.58 9.53 8.93 9.85
21 5.08 6.80 6.01 4.84 8.91 6.30 9.06 9.80 6.67 8.39 8.74 11.17 7.73 4.40 7.21 11.55 9.52 8.83 9.69
22 5.01 6.83 5.98 4.72 8.91 5.71 9.01 9.72 6.56 8.35 8.44 11.15 7.59 4.36 7.03 11.47 9.53 8.68 9.50
23 4.94 6.85 6.04 4.58 8.92 5.12 8.90 9.68 6.45 8.30 8.30 11.12 7.49 4.01 6.92 11.39 9.53 8.52 9.36
24 4.75 6.93 5.94 4.39 8.93 4.84 8.79 9.63 6.15 8.19 8.16 11.11 7.06 3.65 6.70 11.27 9.54 8.26 9.22
25 11 10 11 14

Depth (m) Baseline Operational
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25 4.86 6.89 5.85 4.26 8.94 4.55 8.65 9.58 5.84 8.07 11.10 6.78 3.42 6.49 11.14 9.55 7.99 9.03
26 4.90 6.84 5.64 4.10 8.92 4.46 8.50 9.52 5.60 7.72 11.07 6.41 3.19 6.14 11.08 9.53 7.79 8.83
27 4.94 6.71 3.89 8.96 4.36 8.32 9.48 5.36 7.36 10.96 6.16 5.78 11.01 9.53 7.59 8.72
28 4.98 3.74 8.94 4.25 8.13 9.44 5.05 6.28 10.94 5.75 5.52 10.24 9.51 7.22 8.61
29 4.93 3.58 4.13 7.84 9.39 4.73 5.19 10.88 4.97 9.46 9.52 6.84 8.41
30 4.88 3.39 3.39 7.54 9.33 10.72 4.41 7.93 9.52 5.48 8.21
31 4.79 3.17 9.19 3.55 6.99
32 3.08 9.05 5.88
33 2.49 8.95 5.43
34 8.84 3.91
35 8.56 1.25
36 8.28

Red values indicate average of measurements above and below that depth.
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Table A.2: Water quality profiles for Polley Lake station P1, 1995-2009.

C) Conductivity ( S/cm)

5/10/96 5/12/96 7/1/96 9/1/96 10/1/96 10/26/05 3/13/06 5/18/06 8/11/06 10/31/06 3/6/07 5/24/07 8/15/07 10/23/07 4/1/08 5/21/08 10/28/08 3/13/09 5/20/09
0 159 164 117 181 174 198 188 199 212 197
1 153 161 157 159 163 175 114 181 174 193 186 199 207 197
2 153 156 157 159 163 172 113 180 174 189 186 233 203 197
3 153 154 157 159 163 171 111 181 174 186 186 228 201 197
4 153 154 156 159 163 170 110 181 174 185 187 235 200 197
5 153 153 156 159 163 170 108 181 174 186 186 234 199 197
6 153 153 155 159 163 170 108 181 174 186 186 234 199 197
7 153 153 156 159 163 171 107 180 174 187 186 233 198 197
8 153 153 156 160 164 171 107 179 174 188 186 233 198 197
9 153 153 156 158 164 171 107 178 174 188 186 232 198 197

10 153 153 156 157 164 170 107 176 174 189 186 231 198 198
11 153 155 156 156 164 170 106 174 174 190 186 231 197 198
12 153 156 156 156 164 170 106 173 174 191 186 231 198 199
13 152 156 156 157 164 171 106 173 174 191 186 231 198 200
14 152 156 156 157 164 171 105 173 174 190 186 230 198 200
15 152 156 156 157 163 172 104 172 174 191 186 230 198 200
16 152 156 156 157 163 172 104 172 174 191 186 229 198 201
17 151 156 156 157 163 173 104 172 174 191 186 229 198 202
18 151 156 156 157 167 173 104 172 171 191 186 230 198 203
19 151 157 156 157 170 174 104 172 169 191 186 230 198 203
20 151 157 156 157 167 174 104 171 167 190 186 230 198 204
21 151 157 157 157 163 176 103 171 167 191 186 229 198 205
22 151 157 157 158 163 177 103 172 167 191 187 230 198 205
23 151 157 157 158 163 177 103 172 167 191 188 230 198 207
24 151 157 157 158 163 177 103 172 167 191 190 230 199 208
25 151 157 157 158 163 103 172 167 190 191 230 200 209

Depth (m) Baseline Operational
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25 151 157 157 158 163 103 172 167 190 191 230 200 209
26 151 157 157 158 163 103 172 167 191 193 230 200 209
27 151 157 157 158 163 103 173 192 195 230 200 210
28 151 157 157 158 163 104 173 194 201 230 201 210
29 151 158 157 158 162 102 194 207 230 201 211
30 151 159 157 102 194 209 231 202 211
31 157 195 210
32 157 212
33 157 216
34 157 237
35 157 275
36 157

Red values indicate average of measurements above and below that depth.

Page 3 of 4

IN
V

E
S

TIG
A

TIO
N

S
 K

P
 4-1  P

age 323 of 500



Table A.2: Water quality profiles for Polley Lake station P1, 1995-2009.

D) pH (pH units, BCWQG 6.5 - 9.0)

5/10/96 5/12/96 7/1/96 9/1/96 10/1/96 10/26/05 3/13/06 5/18/06 8/11/06 10/31/06 3/6/07 5/24/07 8/15/07 10/23/07 4/1/08 5/21/08 10/28/08 3/13/09 5/20/09
0 7.52 6.91 8.18 6.97 8.11 7.70 7.57 7.66 7.47 7.35
1 7.69 6.90 7.95 7.01 8.36 8.28 7.49 8.30 7.70 7.83 7.94 7.44 7.27
2 7.72 7.07 8.11 7.10 8.28 8.32 7.68 8.31 7.70 7.96 7.92 7.38 7.25
3 7.74 7.18 8.26 7.13 8.20 8.35 7.87 8.31 7.68 8.02 7.91 7.35 7.22
4 7.74 7.24 8.32 7.16 8.16 8.36 7.97 8.31 7.65 8.01 7.90 7.34 7.21
5 7.76 7.31 8.38 7.18 8.13 8.35 8.07 8.30 7.62 8.01 7.89 7.34 7.20
6 7.76 7.35 8.41 7.20 8.10 8.34 8.17 8.30 7.61 8.02 7.89 7.34 7.20
7 7.77 7.37 8.44 7.22 8.07 8.33 8.27 8.30 7.59 8.02 7.89 7.33 7.19
8 7.78 7.37 8.29 7.22 8.04 8.32 8.25 8.30 7.58 8.01 7.89 7.33 7.18
9 7.79 7.37 8.32 7.22 8.02 8.30 8.23 8.30 7.57 8.00 7.88 7.32 7.16

10 7.80 7.38 8.27 7.24 7.99 8.30 8.21 8.30 7.58 7.99 7.88 7.32 7.17
11 7.80 7.39 8.17 7.25 7.98 8.29 8.18 8.30 7.56 7.99 7.87 7.31 7.17
12 7.79 7.39 8.13 7.27 7.96 8.28 8.14 8.31 7.54 7.99 7.86 7.31 7.17
13 7.78 7.39 8.08 7.29 7.94 8.27 8.08 8.31 7.54 7.98 7.86 7.31 7.17
14 7.76 7.38 8.04 7.31 7.91 8.26 8.07 8.31 7.53 7.98 7.86 7.31 7.17
15 7.74 7.38 7.97 7.33 7.90 8.25 8.04 8.31 7.52 7.97 7.85 7.30 7.16
16 7.74 7.38 7.90 7.33 7.88 8.23 8.08 8.31 7.51 7.97 7.85 7.30 7.15
17 7.73 7.37 7.89 7.33 7.86 8.21 8.01 8.31 7.51 7.96 7.84 7.30 7.16
18 7.72 7.36 7.85 7.35 7.84 8.20 7.98 7.91 7.50 7.96 7.87 7.30 7.14
19 7.71 7.36 7.80 7.36 7.83 8.18 7.97 7.71 7.50 7.96 7.84 7.30 7.12
20 7.68 7.36 7.83 7.37 7.82 8.18 7.96 7.51 7.48 7.96 7.83 7.30 7.10
21 7.64 7.36 7.85 7.38 7.81 8.17 7.90 7.46 7.46 7.95 7.83 7.29 7.10
22 7.64 7.35 7.84 7.38 7.79 8.16 7.88 7.40 7.45 7.94 7.83 7.29 7.09
23 7.63 7.35 7.82 7.38 7.78 8.15 7.87 7.39 7.43 7.93 7.83 7.29 7.09
24 7.61 7.34 7.81 7.39 7.76 8.14 7.85 7.37 7.42 7.90 7.83 7.28 7.09
25

Depth (m) Baseline Operational
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25 7.59 7.34 7.80 7.40 8.13 7.84 7.35 7.41 7.87 7.83 7.27 7.07
26 7.58 7.33 7.79 7.40 8.12 7.83 7.33 7.39 7.86 7.82 7.27 7.05
27 7.57 7.33 7.77 7.39 8.11 7.81 7.37 7.84 7.82 7.26 7.04
28 7.56 7.32 7.73 7.34 8.11 7.80 7.35 7.79 7.82 7.25 7.03
29 7.55 7.32 7.68 7.36 8.09 7.32 7.73 7.82 7.23 7.02
30 7.53 7.32 8.07 7.29 7.64 7.81 7.21 7.01
31 7.32 7.26 7.56
32 7.31 7.43
33 7.31 7.33
34 7.30 7.22
35 7.29 7.30
36 7.28

Red values indicate average of measurements above and below that depth.
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Table A.3: Water quality profiles for Polley Lake station P2, 1995-2009

A) Temperature (°C)

5/10/96 7/1/96 9/1/96 10/1/96 10/26/05 3/13/06 5/18/06 8/11/06 10/31/06 3/6/07 5/23/07 8/15/07 10/23/07 4/1/08 5/21/08 10/28/08 3/13/09 5/20/09
0 14.53 5.60 19.00 6.43 9.43 20.86 8.00 0.01 4.69 6.79 0.39 6.03
1 21.13 14.51 5.58 8.03 2.48 13.91 18.67 6.51 0.74 9.19 18.91 8.02 0.59 4.70 6.80 0.90 6.01
2 4.83 20.88 14.48 5.58 8.02 2.77 13.22 18.38 6.59 1.12 8.95 18.39 8.01 1.28 4.66 6.80 1.74 6.00
3 4.80 19.46 14.46 5.56 8.01 2.87 12.46 18.24 6.60 1.33 8.85 18.16 7.98 1.52 4.65 6.80 2.05 5.99
4 4.76 18.51 14.44 5.51 7.97 2.94 9.95 18.16 6.60 1.49 8.74 18.01 7.95 1.65 4.64 6.79 2.20 5.96
5 4.72 17.62 14.43 5.48 7.94 2.99 7.94 18.04 6.60 1.58 8.64 17.85 7.94 1.72 4.65 6.79 2.30 5.87
6 4.74 16.85 14.41 5.43 7.88 3.04 7.29 15.75 6.61 1.67 8.53 17.74 7.92 1.77 4.65 6.79 2.38 5.81
7 4.68 15.79 14.40 5.38 7.86 3.09 6.90 11.34 6.61 1.77 8.45 17.63 7.88 1.83 4.64 6.78 2.45 5.78
8 4.62 13.60 14.38 5.35 7.85 3.14 6.62 9.92 6.61 1.84 8.36 15.72 7.83 1.90 4.63 6.77 2.50 5.77
9 4.54 10.47 14.35 5.35 7.84 3.17 6.46 8.95 6.60 1.90 8.30 13.81 7.82 1.95 4.62 6.77 2.54 5.77
10 4.49 8.78 13.19 5.37 7.84 3.23 6.30 8.19 6.60 1.97 8.23 11.59 7.81 2.02 4.60 6.76 2.59 5.75
11 4.44 7.54 9.82 5.35 7.84 3.23 6.10 7.60 2.04 8.08 9.37 7.80 2.07 4.54 6.75 2.63 5.75
12 4.39 6.90 8.85 5.35 7.83 3.24 5.77 7.43 2.10 7.93 8.50 7.75 2.13 4.47 6.74 2.68 5.74
13 4.39 6.53 8.38 5.33 7.18 3.23 5.65 7.27 2.16 7.89 7.62 7.72 2.18 4.47 6.72 2.72 5.74
14 4.39 6.21 7.84 5.35 3.22 5.52 2.21 7.85 7.09 7.69 2.24 4.47 6.72 2.79 5.73
15 4.38 5.93 7.09 5.35 3.24 5.42 6.18 2.26 7.83 6.55 7.05 2.29 4.50 6.72 2.85 5.73
16 4.37 5.76 6.63 5.32 3.26 5.32 2.32 7.80 6.31 6.72 2.34 4.52 6.71 2.90 5.72
17 4.34 5.58 6.30 5.32 3.28 5.28 2.38 7.77 6.07 6.40 2.39 4.52 6.70 2.95 5.72
18 4.34 5.43 6.01 5.27 3.30 5.23 7.00 2.43 7.74 5.93 6.09 2.45 4.52 6.66 2.97 5.71
19 4.34 5.34 5.76 5.22 3.31 5.17 6.74 2.48 7.61 5.78 5.93 2.49 4.48 6.55 2.99 5.67
20 4.34 5.31 5.51 5.20 3.31 5.10 6.06 2.48 7.47 5.67 5.77 2.51 4.44 6.29 3.02 5.63
21 4.33 5.07 5.38 5.20 3.32 5.03 2.48 5.57 5.70 2.56 4.41 6.10 3.04 5.55
22 4.32 5.00 5.28 5.20 3.33 4.96 5.47 5.62 2.62 4.38 6.01 3.06 5.47
23 4.34 4.97 5.23 5.18 3.41 4.93 5.41 5.57 2.67 4.30 5.89 3.08 5.36
24 4.32 4.94 5.17 5.20 3.49 4.90 5.36 5.52 2.70 4.22 5.81 3.11 5.24
25 4.29 4.93 5.15 5.18 2.74 4.21 5.73 3.14 5.13
26 4.29 4.90 5.08 5.18 4.20 5.69 5.01
27

Baseline OperationalDepth (m)
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27 4.21 4.87 5.07 5.17 4.90
28 4.12 4.85 5.04 5.15 4.78
29 4.84 5.03
30 4.82 5.03
31 4.81
32 4.81

Red values indicate average of measurements above and below that depth.
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Table A.3: Water quality profiles for Polley Lake station P2, 1995-2009

B) Dissolved Oxygen (mg/L)

05/10/96 07/01/96 09/01/96 10/01/96 10/26/05 03/13/06 05/18/06 08/11/06 10/31/06 03/06/07 05/23/07 08/15/07 10/23/07 04/01/08 05/21/08 10/28/08 03/13/09 05/20/09
0 8.11 9.16 8.97 9.70 12.85 9.66 9.32 10.62 12.30 8.92 10.84 12.21
1 6.76 8.13 9.15 10.39 11.27 11.20 8.94 9.63 12.00 12.95 9.47 9.26 9.64 12.29 8.70 10.56 12.23
2 10.65 6.93 8.35 9.11 10.35 11.11 11.21 8.90 9.56 11.14 12.93 9.50 9.26 9.42 12.28 8.68 10.46 12.22
3 10.91 7.25 8.37 9.09 10.31 10.98 11.33 8.86 9.53 10.67 12.92 9.52 9.25 9.25 12.27 8.68 10.40 12.22
4 10.88 7.28 8.36 9.10 10.26 10.76 12.30 8.85 9.51 10.56 12.91 9.53 9.24 8.96 12.25 8.67 10.34 12.19
5 10.84 7.33 8.33 9.07 10.21 10.62 12.37 8.83 9.49 10.39 12.90 9.53 9.24 8.92 12.24 8.66 10.20 12.15
6 11.18 7.30 8.32 9.07 10.04 10.39 11.86 8.83 9.48 10.21 12.88 9.49 9.24 8.46 12.23 8.65 10.12 12.08
7 11.08 7.21 8.30 9.09 9.91 10.29 11.30 8.82 9.47 10.07 12.84 9.45 9.22 8.20 12.21 8.64 10.03 12.07
8 10.97 7.16 8.31 9.10 9.80 10.21 10.98 8.80 9.46 10.03 12.80 9.68 9.20 8.16 12.19 8.62 9.84 12.03
9 10.39 6.55 8.32 9.10 9.81 10.12 10.80 9.10 9.46 9.99 12.78 9.91 9.19 8.01 12.19 8.56 9.65 12.01
10 10.41 6.43 7.06 9.08 9.83 9.81 10.73 9.49 9.45 9.85 12.76 9.85 9.18 8.00 12.19 8.46 9.47 12.00
11 10.43 6.29 6.07 9.08 9.88 9.60 10.63 9.18 9.71 12.79 9.79 9.17 7.98 12.18 8.42 9.29 11.99
12 10.04 6.11 5.96 9.08 9.89 9.38 10.36 8.79 9.66 12.81 9.38 9.05 7.95 12.16 8.43 9.04 11.98
13 9.94 6.03 5.78 9.07 8.55 9.38 10.28 8.43 9.60 12.83 8.97 8.98 7.97 12.12 8.73 8.79 11.98
14 9.83 6.04 5.73 9.08 9.37 10.20 8.10 9.41 12.84 8.66 8.92 7.91 12.08 8.78 8.29 11.97
15 9.84 5.98 5.86 9.06 9.30 10.05 7.88 5.71 9.22 12.83 8.35 7.60 7.71 12.05 8.79 7.79 11.96
16 9.84 5.87 5.87 9.08 9.23 9.90 7.66 8.84 12.82 8.01 6.94 7.45 12.01 8.80 8.23 11.95
17 9.82 5.89 5.84 9.06 9.15 9.92 7.60 8.46 12.82 7.66 6.28 7.01 12.02 8.76 8.66 11.94
18 9.64 5.73 5.71 9.08 9.07 9.94 7.53 7.92 12.81 7.63 5.42 7.29 12.02 8.61 8.45 11.93
19 9.46 5.73 5.58 9.10 8.93 9.90 6.79 7.38 12.62 7.59 4.98 6.82 11.98 7.80 8.23 11.93
20 9.14 5.66 5.37 9.10 8.79 9.85 5.20 5.44 12.43 7.50 4.55 7.01 11.94 7.21 8.00 11.92
21 9.09 5.46 5.11 9.08 8.75 9.73 3.49 7.39 4.00 6.67 11.94 6.34 7.77 11.86
22 9.03 5.38 4.94 9.10 8.71 9.61 7.27 3.44 6.11 11.94 5.27 7.46 11.79
23 8.88 5.27 4.73 9.09 8.69 9.50 6.93 3.11 5.73 11.86 4.89 7.15 11.70
24 8.78 5.14 4.52 9.08 4.30 9.39 6.66 2.78 5.94 11.77 4.54 6.92 11.60
25 8.68 5.16 4.37 9.09 5.44 11.21 4.28 6.69 11.45
26 8.44 5.20 3.98 9.07 10.64 1.29 11.30
27 11 12

Depth (m) Baseline Operational
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27 8.33 5.03 3.83 9.08 11.12
28 8.21 4.87 3.64 8.98 10.93
29 4.79 3.57
30 4.63 3.12
31 4.46
32 4.33

Red values indicate average of measurements above and below that depth.
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Table A.3: Water quality profiles for Polley Lake station P2, 1995-2009

C) Conductivity ( S/cm)

5/10/96 7/1/96 9/1/96 10/1/96 10/26/05 03/13/06 05/18/06 08/11/06 10/31/06 03/06/07 05/23/07 08/15/07 10/23/07 04/01/08 05/21/08 10/28/08 03/13/09 5/20/09
0 159 164 116 184 174 248 188 197 237 193
1 153 155 156 160 164 175 116 182 175 189 188 197 205 193
2 153 155 157 161 164 172 116 182 174 185 188 197 202 193
3 153 154 156 161 164 170 116 181 174 185 188 197 201 193
4 153 154 155 161 164 169 115 182 174 186 188 197 200 193
5 153 154 155 161 164 169 115 182 175 186 188 197 200 193
6 153 154 155 161 164 169 114 182 175 188 188 197 200 194
7 153 154 156 161 164 169 114 182 175 188 188 197 200 194
8 153 154 156 161 164 169 114 180 174 188 188 197 200 194
9 153 154 156 161 164 169 114 177 174 188 188 197 200 194
10 153 154 156 158 164 169 113 178 174 188 188 197 201 194
11 153 154 156 157 168 113 179 174 187 189 197 201 194
12 153 155 156 157 168 112 176 174 187 189 197 201 194
13 153 156 156 157 168 112 173 174 187 189 197 200 194
14 157 156 157 169 112 173 174 187 189 197 200 194
15 157 156 157 161 169 113 172 171 187 189 197 200 194
16 157 156 157 170 113 172 170 187 189 197 200 194
17 157 156 157 170 112 172 168 187 189 197 200 194
18 157 156 157 172 111 173 168 187 189 197 200 194
19 157 156 158 173 111 173 167 187 189 196 200 194
20 157 156 161 176 111 172 167 189 189 196 200 194
21 158 157 178 173 167 189 190 195 200 195
22 158 157 173 167 188 190 195 200 195
23 183 157 173 167 188 191 195 200 195
24 208 156 173 167 188 191 195 200 195
25 188 192 195 200 196
26 193 196 197

Depth (m) Baseline Operational
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27 198
28 198
29
30
31
32

Red values indicate average of measurements above and below that depth.
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Table A.3: Water quality profiles for Polley Lake station P2, 1995-2009

D) pH (pH units, BCWQG 6.5 - 9.0)

5/10/96 7/1/96 9/1/96 10/1/96 10/26/05 3/13/06 5/18/06 8/11/06 10/31/06 3/6/07 5/23/07 8/15/07 10/23/07 4/1/08 5/21/08 10/28/08 3/13/09 5/20/09
0 8.22 7.52 8.05 7.51 8.22 7.67 7.96 7.83 7.98 7.35
1 7.46 7.71 8.28 7.54 7.90 8.21 8.06 8.22 7.64 8.02 7.81 7.94 7.32
2 7.48 7.73 8.33 7.55 7.87 8.29 8.35 8.23 7.62 8.03 7.79 7.84 7.31
3 7.49 7.73 8.37 7.60 7.84 8.31 8.43 8.23 7.60 8.04 7.78 7.78 7.34
4 7.52 7.80 8.40 7.63 7.81 8.33 8.46 8.22 7.56 8.04 7.77 7.76 7.34
5 7.54 7.91 8.42 7.65 7.81 8.35 8.48 8.22 7.52 8.05 7.77 7.74 7.34
6 7.56 7.81 8.44 7.65 7.80 8.37 8.51 8.22 7.50 8.05 7.76 7.73 7.34
7 7.57 7.78 8.45 7.65 7.79 8.38 8.53 8.21 7.48 8.05 7.76 7.71 7.35
8 7.58 7.75 8.47 7.67 7.78 8.39 8.56 8.19 7.47 8.05 7.75 7.70 7.33
9 7.58 7.74 8.40 7.67 7.77 8.40 8.59 8.19 7.46 8.05 7.74 7.68 7.34
10 7.60 7.72 8.44 7.68 7.77 8.41 8.61 8.19 7.45 8.05 7.73 7.67 7.32
11 7.60 7.72 8.41 7.76 8.42 8.63 8.19 7.45 8.05 7.72 7.65 7.32
12 7.60 7.71 8.38 7.75 8.42 8.63 8.15 7.44 8.04 7.73 7.61 7.32
13 7.58 7.70 8.34 7.73 8.43 8.62 8.13 7.43 8.04 7.74 7.57 7.32
14 7.69 8.31 7.73 8.43 8.62 8.11 7.43 8.03 7.73 7.56 7.31
15 7.68 8.28 7.63 7.72 8.44 8.61 7.91 7.42 8.03 7.73 7.54 7.31
16 7.66 8.24 7.71 8.44 8.58 7.80 7.41 8.03 7.73 7.53 7.31
17 7.65 8.23 7.70 8.44 8.55 7.70 7.37 8.04 7.73 7.52 7.32
18 7.64 8.21 7.67 8.44 8.53 7.61 7.38 8.04 7.72 7.51 7.32
19 7.64 8.02 7.63 8.43 8.50 7.56 7.37 8.03 7.69 7.50 7.32
20 7.63 7.30 7.58 8.41 8.47 7.51 7.36 8.02 7.65 7.49 7.32
21 7.62 7.53 8.44 7.46 7.35 8.02 7.61 7.47 7.32
22 7.60 8.42 7.41 7.32 8.01 7.55 7.46 7.32
23 7.59 8.38 7.38 7.29 8.00 7.51 7.44 7.31
24 7.58 8.32 7.35 7.29 7.99 7.47 7.43 7.29
25 7.28 7.96 7.44 7.41 7.29
26 7.92 7.25 7.28
27

Depth (m) Baseline Operational
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27 7.27
28 7.25
29
30
31
32

Red values indicate average of measurements above and below that depth.
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Table A.4: Water quality profiles for Bootjack Lake station B1, 1995-2009

A) Temperature (°C)

5/1/96 7/1/96 9/1/96 10/1/96 11/10/05 3/14/06 5/23/06 10/31/06 3/6/07 5/23/07 10/23/07 4/1/08 5/21/08 10/27/08 3/13/09 5/21/09
0 13.65 3.56 5.06 10.70 6.74 0.00 6.78 5.64 0.38 7.38
1 22.32 13.65 3.59 4.55 1.00 14.10 5.15 0.71 10.20 6.73 0.76 6.75 5.62 0.79 7.18
2 6.55 21.62 13.65 3.59 4.49 1.93 14.00 5.24 1.08 9.96 6.74 2.22 6.70 5.62 1.60 6.55
3 6.34 19.27 13.65 3.57 4.45 2.15 13.89 5.26 1.33 8.93 6.74 2.75 6.69 5.63 1.99 6.39
4 6.27 17.84 13.64 3.59 4.44 2.24 13.01 5.28 1.50 7.88 6.72 3.09 6.64 5.63 2.17 6.30
5 6.19 16.39 13.65 3.54 4.39 2.40 9.20 5.29 1.74 7.46 6.72 3.22 6.62 5.62 2.31 6.21
6 6.10 15.56 13.63 3.56 4.37 2.54 7.59 5.31 2.11 7.03 6.72 3.33 6.53 5.62 2.49 6.07
7 6.01 14.23 13.63 3.54 4.35 2.69 7.12 5.31 2.47 6.48 6.72 3.46 5.28 5.62 2.80 5.80
8 5.92 11.55 13.63 3.54 4.33 2.93 6.95 5.31 2.72 6.15 6.71 3.53 4.72 5.62 3.11 5.43
9 5.83 10.70 13.61 3.54 4.33 3.08 6.67 5.30 2.97 5.92 3.60 4.57 5.62 3.31 5.40

10 5.73 9.48 12.45 3.54 4.32 3.15 6.51 5.30 3.22 5.86 3.68 4.54 5.62 3.51 5.24
11 5.67 8.63 9.83 4.33 3.33 3.71 4.27 5.94 3.67 5.19
12 5.60 8.50 9.16 4.46 3.83 5.18
13 5.55 8.37 8.87
14 5.46 8.35
15 5.37

Red values indicate average of measurements above and below that depth.

B) Dissolved Oxygen (mg/L)

5/1/96 7/1/96 9/1/96 10/1/96 11/10/05 3/14/06 5/23/06 10/31/06 3/6/07 5/23/07 10/23/07 4/1/08 5/21/08 10/27/08 3/13/09 5/21/09
0 7.70 12.11 10.95 11.08 10.32 11.31 10.68 10.82 12.42 10.45
1 1.89 7.68 11.03 12.47 11.84 9.75 10.73 11.77 11.18 10.18 10.90 10.47 10.77 11.43 10.38

Baseline OperationalDepth (m)

Depth (m) Baseline Operational

Page 1 of 2

2 9.72 1.89 7.66 10.62 12.39 11.20 9.75 10.50 11.35 11.16 10.16 10.65 10.43 10.77 10.81 10.34
3 9.66 1.93 7.66 10.61 12.40 10.84 9.73 10.50 11.05 10.93 10.16 10.58 10.40 10.75 10.66 10.31
4 9.72 1.87 7.65 10.68 12.37 10.70 10.19 10.50 10.62 10.70 10.13 10.10 10.40 10.75 10.52 10.16
5 9.77 1.83 7.66 10.67 12.39 10.40 11.34 10.49 10.33 10.50 10.13 9.53 10.40 10.74 10.22 10.05
6 9.85 1.63 7.63 10.38 12.37 9.85 10.50 10.49 10.05 10.29 10.13 8.98 10.29 10.73 9.72 9.90
7 9.93 1.66 7.63 10.47 12.38 8.69 9.80 10.48 9.76 9.93 10.13 7.65 10.04 10.73 8.65 9.70
8 10.40 1.48 7.60 10.30 12.39 7.65 9.60 10.47 8.53 9.65 10.12 7.30 8.75 10.73 7.57 9.27
9 10.05 1.44 7.55 10.04 12.39 6.60 8.94 10.46 7.30 9.29 6.75 7.98 10.72 6.34 9.02

10 9.70 1.09 1.60 10.04 12.39 6.11 8.70 10.45 5.05 9.12 5.92 7.30 10.71 5.11 8.80
11 9.30 0.78 0.22 12.32 3.27 5.54 6.56 1.37 2.34 8.66
12 8.90 0.55 0.16 3.90 2.27 8.37
13 9.17 0.36 0.13
14 9.07 0.30
15 8.97

Red values indicate average of measurements above and below that depth.

Page 1 of 2

IN
V

E
S

TIG
A

TIO
N

S
 K

P
 4-1  P

age 329 of 500



Table A.4: Water quality profiles for Bootjack Lake station B1, 1995-2009

C) Conductivity ( S/cm)

5/1/96 7/1/96 9/1/96 10/1/96 11/10/05 3/14/06 5/23/06 10/31/06 3/6/07 5/23/07 10/23/07 4/1/08 5/21/08 10/27/08 3/13/09 5/21/09
0 85 58 83 100 80 86 123 82
1 79 83 80 85 89 58 83 92 80 86 88 82
2 79 79 80 84 89 57 83 87 80 85.7 86 82
3 79 80 80 84 88 56 83 86 80 86 86 82
4 80 80 80 84 89 54 83 87 80 86 87 82
5 80 81 80 84 90 54 83 87 80 86 87 82
6 80 81 80 84 91 53 83 88 80 86 87 82
7 80 82 80 84 91 54 83 88 85 86 88 82
8 79 83 79 84 92 52 83 88 88 86 88 82
9 80 85 79 84 92 52 89 90 86 90 83

10 80 86 79 84 101 51 90 91 85.2 91 83
11 80 108 91 96 103 95 83
12 90 98 82
13
14
15

Red values indicate average of measurements above and below that depth.

D) pH (pH units, BCWQG 6.5 - 9.0)

5/1/96 7/1/96 9/1/96 10/1/96 11/10/05 3/14/06 5/23/06 10/31/06 3/6/07 5/23/07 10/23/07 4/1/08 5/21/08 10/27/08 3/13/09 5/21/09
0 7.57 8.42 7.96 7.69 7.44 8.10 7.16 7.18
1 9.15 7.68 7.58 7.89 8.08 7.97 7.63 7.40 7.96 7.21 7.07

Depth (m) Baseline Operational

Depth (m) Baseline Operational
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2 9.05 7.67 7.59 7.86 8.06 7.97 7.64 7.39 7.93 7.09 7.08
3 8.99 7.64 7.58 7.83 8.07 7.97 7.68 7.38 7.91 7.05 7.00
4 8.94 7.69 7.58 7.80 8.07 7.96 7.66 7.38 7.87 7.05 6.99
5 8.90 7.67 7.57 7.77 8.06 7.96 7.61 7.38 7.88 7.07 6.98
6 8.83 7.61 7.56 7.75 8.06 7.95 7.40 7.37 7.88 7.08 7.00
7 8.80 7.49 7.56 7.73 8.06 7.95 7.26 7.36 7.87 7.05 7.00
8 8.76 7.47 7.56 7.71 8.05 7.95 7.15 7.30 7.86 7.01 7.01
9 8.73 7.45 7.56 7.69 8.04 7.07 7.21 7.87 6.85 6.93

10 8.71 7.43 7.56 7.68 8.02 7.00 7.17 7.86 6.69 6.92
11 8.68 7.50 6.95 7.13 7.41 6.89 6.89
12 8.55 6.85 6.85
13
14
15

Red values indicate average of measurements above and below that depth.
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Table B.1: Baseline data and calculation of screening criteria for Polley and Bootjack Lakes.

P1-1 metre P1-1 metre P2-1 metre P2-1 metre P1-30 metre P1-32 metre P2-30 metre P2-26 metre
5/15/1995 5/9/1996 5/15/1995 5/9/1996 5/15/1995 5/9/1996 5/15/1995 5/9/1996

Field pH pH units 7.74 7.50 7.67 7.5 4 7.60 0.12 7.73 7.3 7.49 7.41 7 5 4 7.43 0 09 7.50
Field Temperature degrees C
Field Conductivity uS/cm 122 127 124 124 4 124 3 2.1 126 6 126 6 129 127 128 123 4 126.8 2.6 128.9 128 9
Alkalinity Total mg/l 60.6 61 59.6 57.8 4 59.8 1.4 60.9 60.9 59.4 60 6 62.1 57.3 4 59 9 2.0 61 9 61.9
Sulfate mg/l 50 <1.0 2 8 4.4 3 5 4.2 4 3.7 0.7 4.4 4.37 3.3 4 3 2 4.4 4 3.7 0.6 4.3 4.34
N+N LL mg/l
Ortho Phosporus mg/l <0.001 0 003 0 007 0 003 0.006 4 0 005 0 002 0 007 0 007 0.003 0.014 0 003 0 006 4 0.007 0.005 0 013 0 013
N-Total mg/l
Ammonia Nitrogen (N) mg/l 1 85 <0.005 <0 005 0 031 <0.005 <0.005 4 0.0096 0.0143 0.0267 0 027 0.019 0.006 0 013 <0.005 4 0.0101 0 0074 0.0181 0 018
Phosphorus-T mg/l 0.01 0 015 0 011 0.022 4 0.0145 0.0054 0.0210 0 021 0.028 0 0210 0.03 0 014 4 0.0233 0 0073 0.0297 0 030
Phosphorus-D mg/l 0 008 0 009 0 005 0.006 4 0.0070 0.0018 0.0089 0 009 0.007 0.014 0 006 0 013 4 0.0100 0 0041 0.0139 0 014
TSS mg/l baseline + 25 <1.0 <1 4 <1 1 4 1 5 1.7 3 6 3.55 3 2 5 3 4 3.3 1.3 4.7 4.70
TDS mg/l 79 80 79 77 4 78.8 1 3 79.9 79.9 79 79 82 77 4 79 3 2.1 81 6 81.6
Turbidity NTU baseline + 5 <1.0 1.1 1 0.68 0.9 4 0.92 0.18 1.09 1.09 2 52 1 00 2.42 1.1 4 1.76 0 82 2.51 2.51
Dissolved Organic Carbon mg/l
Hardness mg/l 59.6 56.5 60.3 57.5 4 58.5 1 8 60.2 60.2 61 3 58 8 62.9 58.2 4 60 3 2.2 62.7 62.7

Aluminum Dissolved mg/l 0 05 <0.005 0 009 0 007 0.01 0.006 4 0.0080 0.0018 0.0099 0 010 0.008 0.005 0 011 0 005 4 0.0073 0 0029 0.0106 0 011
Aluminum Total mg/l <0.005 0 026 0 017 0.0290 0 0170 4 0.0223 0.0062 0.0286 0 029 0.027 0.012 0 028 0 016 4 0.0208 0 0080 0.0279 0 028
Arsenic Dissolved mg/l <0 0001 <0.0001 0.0003 <0 0001 0 0003 4 0 00018 0 00014 0 00030 0.0003 0 0002 0 0003 0.0001 0.0003 4 0.00023 0.00010 0 00030 0.0003
Arsenic Total mg/l 0.005 <0 0001 0 00010 0 00030 0.0001 0 0003 4 0 00020 0 00012 0 00030 0.0003 0 0002 0 0003 0.0002 0.0003 4 0.00025 0.00006 0 00030 0.0003
Barium Dissolved mg/l <0 01 <0 010 <0.010 <0.010 <0.010 4 0 00500 0 00000 0 00500 0 010 <0 010 <0 010 <0 010 <0.010 4 0.00500 0.00000 0 00500 0 010
Barium Total mg/l 1 <0 01 <0 010 <0.010 <0.010 <0.010 4 0 00500 0 00000 0 00500 0 010 <0 010 <0 010 <0 010 <0.010 4 0.00500 0.00000 0 00500 0 010
Calcium Dissolved mg/l 19 2 18.8 19.4 18.3 4 18.9 0 5 19.4 19.4 19 8 18.7 20.3 18.4 4 19 3 0.9 20 2 20.2
Calcium Total mg/l 19.2 18.1 19.5 18.5 4 18.8 0 6 19.5 19.5 19 8 18 9 20.5 18.7 4 19 5 0.8 20.4 20.4
Copper Dissolved mg/l 0 002 0 002 0 002 0.002 4 0 00200 0 00000 0 00200 0 002 0.002 0.003 0 002 0 002 4 0.00225 0.00050 0 00285 0 003
Copper Total mg/l 0.002 0 002 0 003 0 002 0.003 4 0 00250 0 00058 0 00300 0 003 0.002 0.003 0 002 0 003 4 0.00250 0.00058 0 00300 0 003
Iron Dissolved mg/l <0 03 <0 030 <0.030 <0.030 <0.030 4 0 015 0 000 0 015 0 030 <0 030 <0 030 <0.030 <0.030 4 0.015 0.000 0 015 0 030
Iron Total mg/l 1 <0 03 <0 030 <0.030 <0.030 <0.030 4 0 015 0 000 0 015 0 030 0.061 0.032 0 059 0 041 4 0.048 0.014 0 061 0 061
Lead Dissolved mg/l 0 35 <0.001 <0 001 <0.001 <0.001 <0.001 4 0 00050 0 00000 0 00050 <0.001 <0 001 <0 001 <0 001 <0.001 4 0.00050 0.00000 0 00050 <0.001
Lead Total mg/l 0.004 <0.001 <0 001 <0.001 <0.001 <0.001 4 0 00050 0 00000 0 00050 <0.001 0.002 <0 001 <0 001 <0.001 4 0.00088 0.00075 0 00178 <0.002
Magnesium Dissolved mg/l 2.83 2.84 2.87 2.77 4 2.83 0.04 2.87 2.87 2 91 2.8 2.98 2.79 4 2 87 0 09 2 97 2.97
Magnesium Total mg/l 2.83 2.75 2.87 2.75 4 2.80 0.06 2.86 2.86 2 91 2 83 3.01 2.79 4 2 89 0.10 3 00 3.00
Manganese Dissolved mg/l <0.005 <0 005 0 016 <0.005 <0.005 4 0 00588 0 00675 0 01398 0 014 0.092 0 02 0 032 0 015 4 0.03975 0.03556 0 08300 0 083
Manganese Total mg/l 0.756 <0.005 0 006 0 035 0 006 0.016 4 0 01575 0 01367 0 03215 0 032 0.258 0.064 0.138 0 038 4 0.12450 0.09857 0 24000 0 240
Molybdenum Dissolved mg/l <0.001 <0 001 <0.001 <0.001 <0.001 4 0 00050 0 00000 0 00050 <0.001 <0 001 <0 001 <0 001 <0.001 4 0.00050 0.00000 0 00050 <0.001
Molybdenum Total mg/l 1 <0.001 <0 001 <0.001 <0.001 <0.001 4 0 00050 0 00000 0 00050 <0.001 <0 001 <0 001 <0 001 <0.001 4 0.00050 0.00000 0 00050 <0.001
Nickel Dissolved mg/l <0.001 <0 001 <0.001 <0.001 <0.001 4 0 00050 0 00000 0 00050 <0.001 0.001 <0 001 <0 001 <0.001 4 0.00063 0.00025 0 00093 <0.001
Nickel Total mg/l 0.025 <0.001 <0 001 <0.001 <0.001 <0.001 4 0 00050 0 00000 0 00050 <0.001 0.007 <0 001 <0 001 <0.001 4 0.00213 0.00325 0 00603 <0.006
Potassium Dissolved mg/l 0.39 0.32 0.4 0.3 4 0 353 0 050 0 399 0.40 0.43 0.032 0.400 0 290 4 0.288 0.181 0.426 0.43
Potassium Total mg/l
Selenium Dissolved mg/l <0 0005 <0.0005 <0 0005 <0 0005 <0.0005 4 0.0003 0.0000 0.0003 <0 0005 <0.0005 <0.0005 <0 0005 <0 0005 4 0.0003 0 0000 0.0003 <0 0005
Selenium Total mg/l 0.002 <0 0005 <0.0005 <0 0005 <0 0005 <0.0005 4 0.0003 0.0000 0.0003 <0 0005 <0.0005 <0.0005 <0 0005 <0 0005 4 0.0003 0 0000 0.0003 <0 0005
Silicon Dissolved mg/l 2.73 2.96 2.77 2 87 4 2.83 0.10 2.95 2.95 3 29 3 03 3.21 2.98 4 3.13 0.15 3.28 3.28
Silicon Total mg/l 2.73 2.81 2.77 2 81 4 2.78 0.04 2.81 2.81 3 29 3 05 3.27 2.88 4 3.12 0.19 3.29 3.29
Sodium Dissolved mg/l 3.87 3.65 3.92 3.70 4 3.79 0.13 3.91 3.91 3 97 3 59 4.02 3.78 4 3 84 0 20 4.01 4.01
Sodium Total mg/l
Strontium Dissolved mg/l 0 087 0 093 0 089 0.089 4 0 090 0 003 0 092 0.09 0 09 0.087 0.09 0 089 4 0.089 0.001 0 090 0.09
Strontium Total mg/l 0 087 0 089 0 089 0.089 4 0 089 0 001 0 089 0.09 0 09 0.088 0.09 0.09 4 0.090 0.001 0 090 0.09
Zinc Dissolved mg/l <0.005 <0 005 <0.005 <0.005 <0.005 4 0.0025 0.0000 0.0025 <0.005 <0 005 <0 005 <0.005 <0.005 4 0.0025 0 0000 0.0025 <0.005
Zinc Total mg/l 0 0075 <0.005 <0 005 <0.005 <0.005 <0.005 4 0.0025 0.0000 0.0025 <0.005 <0 005 <0 005 <0 005 <0.005 4 0.0025 0 0000 0.0025 <0.005
a BCWQG - British Columbia Water Quality Guideline
b Mean calculated using half method detection limit if applicable.

Units BCWQGa MDLs
St Dev

Polley Bottom

n Meanb St Dev 95th
Percentile

Polley Surface
Parameter Baseline 95th 

or MDL
Baseline 95th 

or MDL
n 95th

PercentileMeanb
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Table B.1: Baseline data and calculation of screening criteria for Polley and Bootjack Lakes.

Field pH pH units
Field Temperature degrees C
Field Conductivity uS/cm
Alkalinity Total mg/l
Sulfate mg/l 50 <1.0
N+N LL mg/l
Ortho Phosporus mg/l <0.001
N-Total mg/l
Ammonia Nitrogen (N) mg/l 1 85 <0.005
Phosphorus-T mg/l
Phosphorus-D mg/l
TSS mg/l baseline + 25 <1.0
TDS mg/l
Turbidity NTU baseline + 5 <1.0
Dissolved Organic Carbon mg/l
Hardness mg/l

Aluminum Dissolved mg/l 0 05 <0.005
Aluminum Total mg/l <0.005
Arsenic Dissolved mg/l <0 0001
Arsenic Total mg/l 0.005 <0 0001
Barium Dissolved mg/l <0 01
Barium Total mg/l 1 <0 01
Calcium Dissolved mg/l
Calcium Total mg/l
Copper Dissolved mg/l
Copper Total mg/l 0.002
Iron Dissolved mg/l <0 03
Iron Total mg/l 1 <0 03
Lead Dissolved mg/l 0 35 <0.001
Lead Total mg/l 0.004 <0.001
Magnesium Dissolved mg/l
Magnesium Total mg/l
Manganese Dissolved mg/l <0.005
Manganese Total mg/l 0.756 <0.005
Molybdenum Dissolved mg/l <0.001
Molybdenum Total mg/l 1 <0.001
Nickel Dissolved mg/l <0.001
Nickel Total mg/l 0.025 <0.001
Potassium Dissolved mg/l
Potassium Total mg/l
Selenium Dissolved mg/l <0 0005
Selenium Total mg/l 0.002 <0 0005
Silicon Dissolved mg/l
Silicon Total mg/l
Sodium Dissolved mg/l
Sodium Total mg/l
Strontium Dissolved mg/l
Strontium Total mg/l
Zinc Dissolved mg/l <0.005
Zinc Total mg/l 0 0075 <0.005
a BCWQG - British Columbia Water Quality Guideline
b Mean calculated using half method detection limit if applicable.

Units BCWQGa MDLsParameter B1-Surface B1-Surface B1-3 metre B1-4 metre B1-1 metre B1-1 metre B2 -3 metre B2-1 metre B2-1 metre
8/18/1985 6/1/1989 8/18/1989 10/19/1989 5/15/1995 5/9/1996 8/18/1989 5/15/1995 5/9/1996

7.18 6.98 7.18 7.4 7.29 7.16 7.38 7 21 7.27 9 7 23 0.13 7 39

74.4 74.9 74.4 74.5 71.6 72 5 74.1 70.4 71.1 9 73.1 1.7 74.7 74.7
35 8 39 35 8 38.1 34 34 34 34.4 33.2 9 35.4 2.0 38 6 38 6
2.5 <1.0 2.5 2.3 3 3.3 2 3 3.2 3.4 9 2.6 0.9 3.4 3 36

<0 001 0 004 <0 001 0.009 <0.001 0.011 0 003 0.005 0 006 9 0.004 0.004 0.010 0.010

0.009 <0.005 0.009 0.013 0 005 0.007 0 016 0.007 <0.005 9 0 0079 0 0045 0 0148 0.015
0.016 0 007 0.016 0.01 0.015 0.01 0.009 0 014 8 0 0121 0 0035 0 0160 0.016

0 007 0.011 0.005 0 008 4 0 0078 0 0025 0 0106 0.011
4 3 3 4 7.8 2 4 2 1 <1 9 3.2 2.2 6.3 6 28

60 56.1 60 60 47 48 60 47 46 9 53 8 6.6 60 0 60 0
<1 0 <1.0 <1 0 1.4 0.89 1.5 <1.0 0.8 1 2 9 0 87 0.41 1.46 1.46

7 7.6 7 3 3 7 30 0 30 7 57
34.4 34.3 34 33 6 33.5 33 3 32.1 7 33 6 0.8 34.4 34.4

0.014 0.014 <0.005 0 021 0.014 0.0080 0 0180 0.0540 8 0 0182 0 0156 0 0425 0.042
0.017 0.017 0 01 0 038 0.079 0 008 0.037 0 068 8 0 0343 0 0268 0 0752 0.075

<0.0001 <0 0001 <0.0001 0 0002 <0 0001 0 0003 <0 0001 <0.0001 0.00030 9 0.00012 0.00011 0.00030 0 0003
0 0002 <0 0001 0.0002 0 0002 0 00010 0.00030 0.0001 0 0001 0.0003 9 0.00017 0.00009 0.00030 0 0003

0 011 0.013 0.011 0.01 4 0.01125 0.00126 0.01270 0.013
0 014 0.013 0.015 0 011 4 0.01325 0.00171 0.01485 0.015

10 5 10.4 10 5 10.2 10 2 9.73 6 10 3 0.3 10 5 10 5
10.4 10 3 10 2 9.82 4 10 2 0.3 10.4 10.4

0.003 0 003 0.003 0.004 0 004 0.003 0 002 0.003 0 003 9 0.00311 0.00060 0.00400 0.004
0.003 0 003 0.003 0.004 0 004 0.004 0 004 0.003 0 003 9 0.00344 0.00053 0.00400 0.004
<0.03 <0 03 <0.03 0 04 0 037 0.038 <0 03 0.039 <0.030 9 0.025 0.012 0.040 0.040
<0.03 <0 03 <0.03 0 09 0 065 0.127 <0 03 0.061 0.103 9 0.056 0.044 0.117 0.117
<0 001 <0.001 <0 001 <0.001 <0.001 <0 001 <0.001 <0 001 <0.001 9 0.00050 0.00000 0.00050 <0 001
<0 001 <0.001 <0 001 <0.001 <0.001 <0 001 <0.001 <0 001 <0.001 9 0.00050 0.00000 0.00050 <0 001

1 98 1.96 2.17 1.94 1 92 1.89 6 1 98 0.10 2.12 2.12
1.95 1 92 1 92 1.85 4 1 91 0 04 1 95 1 95

0.007000 <0 005 0 01 0 008 4 0.00688 0.00317 0.00970 0.010
0 021 0.044 0.019 0 045 4 0.03225 0.01417 0.04485 0.045

<0 001 <0 001 <0 001 <0.001 4 0.00050 0.00000 0.00050 <0 001
<0 001 <0 001 <0 001 <0.001 4 0.00050 0.00000 0.00050 <0 001
<0 001 <0 001 <0 001 <0.001 4 0.00050 0.00000 0.00050 <0 001
0 001 <0 001 <0 001 <0.001 4 0.00063 0.00025 0.00093 <0 001

0 64 0.58 0.46 0.65 0 56 0.46 6 0.558 0.084 0.648 0 65

<0.0005 <0.0005 <0.0005 <0 0005 4 0 0003 0 0000 0 0003 <0.0005
<0.0005 <0.0005 <0.0005 <0 0005 4 0 0003 0 0000 0 0003 <0.0005

1.93 2.14 1 89 1.99 4 1 99 0.11 2.12 2.12
1.93 2 07 1 89 1.98 4 1 97 0 08 2 06 2 06

2 37 2.33 2 25 2.52 2 39 2.29 6 2 36 0 09 2.49 2.49

0.102 0.109 0.103 0.106 4 0.105 0.003 0.109 0.11
0.102 0.106 0.103 0.106 4 0.104 0.002 0.106 0.11

<0 005 <0.005 <0 005 <0.005 <0.005 <0 005 <0.005 <0 005 <0.005 9 0 0025 0 0000 0 0025 <0 005
<0 005 <0.005 <0 005 <0.005 <0.005 <0 005 <0.005 <0 005 <0.005 9 0 0025 0 0000 0 0025 <0 005

Bootjack Surface
95th

Percentile
St DevMeanbn Baseline 95th 

or MDL
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Table B.1: Baseline data and calculation of screening criteria for Polley and Bootjack Lakes.

Field pH pH units
Field Temperature degrees C
Field Conductivity uS/cm
Alkalinity Total mg/l
Sulfate mg/l 50 <1.0
N+N LL mg/l
Ortho Phosporus mg/l <0.001
N-Total mg/l
Ammonia Nitrogen (N) mg/l 1 85 <0.005
Phosphorus-T mg/l
Phosphorus-D mg/l
TSS mg/l baseline + 25 <1.0
TDS mg/l
Turbidity NTU baseline + 5 <1.0
Dissolved Organic Carbon mg/l
Hardness mg/l

Aluminum Dissolved mg/l 0 05 <0.005
Aluminum Total mg/l <0.005
Arsenic Dissolved mg/l <0 0001
Arsenic Total mg/l 0.005 <0 0001
Barium Dissolved mg/l <0 01
Barium Total mg/l 1 <0 01
Calcium Dissolved mg/l
Calcium Total mg/l
Copper Dissolved mg/l
Copper Total mg/l 0.002
Iron Dissolved mg/l <0 03
Iron Total mg/l 1 <0 03
Lead Dissolved mg/l 0 35 <0.001
Lead Total mg/l 0.004 <0.001
Magnesium Dissolved mg/l
Magnesium Total mg/l
Manganese Dissolved mg/l <0.005
Manganese Total mg/l 0.756 <0.005
Molybdenum Dissolved mg/l <0.001
Molybdenum Total mg/l 1 <0.001
Nickel Dissolved mg/l <0.001
Nickel Total mg/l 0.025 <0.001
Potassium Dissolved mg/l
Potassium Total mg/l
Selenium Dissolved mg/l <0 0005
Selenium Total mg/l 0.002 <0 0005
Silicon Dissolved mg/l
Silicon Total mg/l
Sodium Dissolved mg/l
Sodium Total mg/l
Strontium Dissolved mg/l
Strontium Total mg/l
Zinc Dissolved mg/l <0.005
Zinc Total mg/l 0 0075 <0.005
a BCWQG - British Columbia Water Quality Guideline
b Mean calculated using half method detection limit if applicable.

Units BCWQGa MDLsParameter B1-8 metre B1-7 metre B1-10 metre B1-8 metre B1-8 metre B2 -9 metre B2-10 metre B2-8 metre B2-7 metre
6/1/1989 8/18/1989 10/19/1989 5/15/1995 5/9/1996 8/18/1989 10/19/1989 5/15/1995 5/9/1996

7.12 7 5 7 52 7.01 7.21 7.15 7.45 7.13 7.16 9 7 25 0.19 7 51

75.1 74.9 75 6 72.8 72.4 74 2 75.3 70.4 71.6 9 73 6 1.9 75 5 75 5
37 8 34.6 38 6 35.2 33.8 35 36.5 34 33 9 35.4 1.9 38 3 38 3
2.1 2 3 2.2 2.4 3 3 2.5 2 2 2.6 3.4 9 2.6 0.5 3.4 3 36

0.007 <0.001 0.011 0.002 0 009 <0 001 0 008 <0 001 0 004 9 0.005 0.004 0.010 0.010

<0 005 <0.005 0.012 0.005 0 007 0.005 <0.005 <0 005 0.135 9 0 0193 0 0435 0 0858 0.086
0.008 0 014 0.014 0 017 0.014 0 01 0 015 7 0 0131 0 0031 0 0164 0.016

0.006 0 009 0.002 0 009 4 0 0065 0 0033 0 0090 0.009
3.3 5 7.3 1 <1 1 7.1 2 1 9 3.1 2.7 7.2 7 22
58 2 60 60 47 45 60 60 46 45 9 53 5 7.4 60 0 60 0
<1 0 <1.0 2.1 1.31 1 5 1.1 1 6 1.1 1 2 9 1 21 0 51 1 90 1 90

7 8 7 06 7.2 8 5 4 7 64 0 66 8.40
36.5 33 8 34 33.1 33.4 34.8 33 9 31.5 8 33 9 1.4 35 9 35 9

0 016 <0 005 0.032 0 048 0.015 <0.005 0.018 0 066 8 0 0250 0 0224 0 0597 0.060
0 016 0.005 0.044 0.07 0.019 <0.005 0.034 0 067 8 0 0322 0 0263 0 0690 0.069

<0.0001 <0 0001 0 0002 <0 0001 0.0003 <0.0001 0.0002 <0.0001 0.0003 9 0.00014 0.00011 0.00030 0.0003
<0.0001 <0 0001 0 0002 0.00010 0 00030 0 0001 0.0002 0 0001 0.0003 9 0.00016 0.00010 0.00030 0.0003

0.011 0 011 0.012 0 011 4 0.01125 0.00050 0.01185 0.012
0.014 0 014 0.012 0 013 4 0.01325 0.00096 0.01400 0.014

11.3 10.4 9.56 10 2 10.5 10.4 9.53 7 10 3 0.6 11.1 11.1
10.4 10 2 10 5 9.67 4 10 2 0.4 10 5 10 5

0.003 0 004 0.004 0.004 0 003 0.002 0 003 0.003 0 003 9 0.00322 0.00067 0.00400 0.004
0.003 0 004 0.005 0.003 0 004 0.002 0 013 0.004 0 003 9 0.00456 0.00328 0.00980 0.010
<0.03 <0 03 0 05 0.051 0 048 0 03 0.03 0.038 0 033 9 0.034 0.014 0.051 0.051
0 04 0.04 0.090 0.119 0.114 0 06 0.07 0.085 0 099 9 0.080 0.029 0.117 0.117

<0 001 <0.001 <0 001 <0.001 <0 001 <0 001 <0.001 <0 001 <0.001 9 0.00050 0.00000 0.00050 <0 001
<0 001 <0.001 <0 001 <0.001 <0 001 <0 001 <0.001 <0 001 <0.001 9 0.00050 0.00000 0.00050 <0 001

2 1.94 1.79 1 93 2.04 1 95 1.75 7 1 91 0.11 2 03 2 03
1.94 1.85 1 95 1.78 4 1 88 0 08 1 95 1 95

<0.005 0.009000 <0 005 <0.005 4 0.00413 0.00325 0.00803 0.008
0.042 0 047 0.027 0 048 4 0.04100 0.00970 0.04785 0.048

<0.001 <0 001 <0 001 <0.001 4 0.00050 0.00000 0.00050 <0 001
<0.001 <0 001 <0 001 <0.001 4 0.00050 0.00000 0.00050 <0 001
<0.001 <0 001 <0 001 <0.001 4 0.00050 0.00000 0.00050 <0 001
<0.001 <0 001 0.002 <0.001 4 0.00088 0.00075 0.00178 <0 002

0.63 0.57 0.44 0 66 0.62 0 57 0.47 7 0.566 0.083 0.651 0 65

<0 0005 <0.0005 <0.0005 <0 0005 4 0 0003 0 0000 0 0003 <0.0005
<0 0005 <0.0005 <0.0005 <0 0005 4 0 0003 0 0000 0 0003 <0.0005

2.11 2.04 1 95 1.94 4 2 01 0 08 2.10 2.10
2.05 2.08 1 96 1.99 4 2 02 0 05 2 08 2 08

2.44 2.32 2.04 2 53 2.11 2 37 2.15 7 2 28 0.18 2 50 2 50

0.103 0 096 0.105 0 097 4 0.100 0.004 0.105 0.10
0.103 0 098 0.107 0 097 4 0.101 0.005 0.106 0.11

<0 005 <0.005 <0 005 <0.005 <0 005 <0 005 <0.005 <0 005 <0.005 9 0 0025 0 0000 0 0025 <0 005
<0 005 <0.005 <0 005 <0.005 <0 005 <0 005 0 006 <0 005 <0.005 9 0 0029 0 0012 0 0046 <0 005

95th
Percentile

n Meanb Baseline 95th 
or MDL

Bootjack Bottom

St Dev
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Table B.14: Water chemistry data omitted from baseline calculations and operational screening for Polley and Bootjack Lakes.

P1-15
metre

P1-18
metre P1-5 metre

P1-
10metre

P1-15
metre

P1-20
metre

P1-25
metre

P1-34
metre

P1-
10metre

P1-20
metre

P2-15
metre

P2-13
metre P2-5 metre

P2-10
metre

P2-15
metre

P2-20
metre

P2-10
metre

P2-20
metre

B1-16
metre

B1-16
metre B1-5 metre B1-5 metre B2-15

metre
B2-14
metre

B2 -5 
metre

5/15/1995 5/9/1996 6/13/2001 6/13/2001 6/13/2001 6/13/2001 6/13/2001 6/13/2001 8/26/2009 8/26/2009 5/15/1995 5/9/1996 6/14/2001 6/14/2001 6/14/2001 6/14/2001 8/26/2009 9/26/2009 5/15/1995 5/9/1996 6/7/2001 8/26/2009 5/15/1995 5/9/1996 6/7/2001
Field pH pH units 7.51 7.38 7.95 7.82 7.69 7.69 7.32 7.53 8.14 8.05 7.5 7.51 8.15 8.14 7.85 7.64 8.19 8.06 6.87 7.21 7.54 8.32 6.98 7.15 7.87
Field Temperature degrees C 13.1 11.8 9.2 8.3 9.6 11.5 10.0 6.5 11.4 11.2 8.2 6.8 10.0 6.3 11.9 17.6 12.3
Field Conductivity uS/cm 126 126 141 144 141 139 144 144 205 205 125 124 143 137 139 139 204 206 77.4 72.7 80 88 73 70.9 80
Alkalinity Total mg/l 62.9 60.8 67 67 67 67 67 67 75.9 75.7 61.3 59.7 67 67 67 67 76.8 75.4 36.4 34.1 23 41.1 34.9 33 35
Sulfate mg/l 2.9 4.4 4.1 4.2 4 3.9 4 4.2 28.2 28.9 3.1 4.7 4 3.5 4 4.2 28.2 28.9 1.9 3.5 3.9 3.12 2.6 3.3 2.3
N+N LL mg/l 0.006 0.0025 0.0025 0.0025 0.0025 0.0025 0.0088 0.165 0.0025 0.0025 0.0025 0.0025 0.0025 0.165 0.0025 0.0025 0.0025
Ortho Phosporus mg/l 0.002 0.005 0.031 0.034 0.035 0.04 0.045 0.049 0.0012 0.0284 0.002 0.007 0.028 0.029 0.03 0.035 0.0018 0.0337 0.006 0.007 0.01 0.0005 0.006 0.006 0.006
N-Total mg/l 0.13 0.06 0.06 0.06 0.06 0.06 0.160 0.280 0.06 0.13 0.06 0.06 0.130 0.250 0.14 0.230 0.45
Ammonia Nitrogen (N) mg/l <0.005 0.01 0.007 0.011 0.0025 0.0025 0.0025 0.009 0.0107 0.0025 <0.005 <0.005 0.015 0.009 0.008 0.0025 0.0081 0.0025 0.041 0.007 0.011 0.0025 0.009 0.007 0.007
Phosphorus-T mg/l 0.015 0.019 0.023 0.037 0.023 0.026 0.034 0.045 0.0065 0.0298 0.011 0.013 0.028 0.025 0.023 0.027 0.0067 0.0321 0.033 0.017 0.025 0.0068 0.024 0.022 0.021
Phosphorus-D mg/l 0.007 0.009 0.028 0.028 0.029 0.032 0.039 0.045 0.0021 0.0239 0.005 0.007 0.036 0.032 0.032 0.033 0.0027 0.0279 0.007 0.008 0.017 0.001 0.007 0.01 0.014
TDS mg/l 80 80 130 134 80 79 128 129 47 46 57 48 46
TSS mg/l 3 3 2 2 2 2 2 2 3.5 4.0 3.0 3.0 2 2 2 2 4.0 4.0 7 1 2 1.5 3.0 <1 2
Turbidity NTU 1.21 1.1 0.47 0.47 0.54 0.58 0.73 0.65 0.69 0.61 1.32 1.3 0.46 0.47 0.57 0.62 0.85 0.96 3.2 1.6 0.45 1.66 1.72 1.4 1.09
diss org carbon mg/l 16.9 16.7 17.8 8.8 6.4 5.7 5.01 4.94 15.3 15.7 17.1 16.5 4.95 4.85 11.2 5.95 9.2
hardness total D mg/l 60 59 101 102 61.6 55.9 67 65.6 67 65.8 101 103 35.6 33 35.8 40.1 35.7 33.3

Aluminum Dissolved mg/l 0.02 0.006 0.0005 0.0005 0.012 0.007 0.0042 0.0025 0.0018 0.0021 0.0005 0.0005 0.013 0.019 0.0047 0.0029 0.019 0.053
Aluminum Total mg/l 0.033 0.013 0.0103 0.0032 0.031 0.017 0.0096 0.0105 0.002 0.0092 0.0117 0.004 0.055 0.08 0.0081 0.0125 0.036 0.071
Arsenic Dissolved mg/l 0.0001 0.0003 0.00032 0.00035 <0.0001 0.0003 0.0004 0.0003 0.0003 0.0003 0.00035 0.00040 <0.0001 0.0003 0.0002 0.00030 0.0001 0.0003
Arsenic Total mg/l 0.0002 0.0004 0.00034 0.00040 0.0001 0.0003 0.0004 0.0003 0.0003 0.0003 0.00033 0.00043 0.0001 0.0003 0.0003 0.00031 0.0002 0.0003
Barium Dissolved mg/l <0.010 <0.010 0.00701 0.00689 <0.010 <0.010 0.00426 0.00417 0.00424 0.00495 0.00732 0.00673 0.015 0.01 0.0138 0.0159 0.013 0.013
Barium Total mg/l <0.010 <0.010 0.00747 0.00695 <0.010 <0.010 0.00428 0.00417 0.00426 0.00495 0.00732 0.00716 0.017 0.013 0.0161 0.0164 0.02 0.015
Calcium Dissolved mg/l 19.3 18.4 32.6 32.9 19.9 17.7 21.8 21.4 21.9 21.5 32.6 33.3 10.9 9.04 10.9 12.3 10.7 10
Calcium Total mg/l 19.3 19 32.5 34.9 19.9 17.9 21.2 21.3 21.7 21.4 29.9 30.8 10.9 10.1 9.89 11.2 10.7 10.2
Copper Dissolved mg/l 0.003 0.002 0.00147 0.00144 0.002 0.002 0.0025 0.0024 0.0023 0.0025 0.00154 0.00146 0.01 0.003 0.0033 0.00217 0.003 0.002
Copper Total mg/l 0.003 0.002 0.00196 0.00153 0.002 0.003 0.0032 0.0031 0.0023 0.0027 0.00187 0.00177 0.003 0.004 0.0033 0.00264 0.00300 0.00300
Iron Dissolved mg/l <0.030 <0.030 0.015 0.015 <0.030 <0.030 0.0025 0.0025 0.0025 0.006 0.015 0.015 0.068 0.033 0.005 0.015 0.082 0.064
Iron Total mg/l <0.030 0.032 0.015 0.015 <0.030 <0.030 0.079 0.078 0.009 0.091 0.015 0.015 0.194 0.141 0.031 0.048 0.228 0.228
Lead Dissolved mg/l <0.001 <0.001 2.50E-05 2.50E-05 <0.001 <0.001 0.00008 0.00005 0.00005 0.00006 2.50E-05 2.50E-05 <0.001 <0.001 0.00004 2.50E-05 <0.001 <0.001
Lead Total mg/l <0.001 <0.001 0.000087 2.50E-05 <0.001 <0.001 0.00016 0.0001 0.00005 0.00005 2.50E-05 2.50E-05 <0.001 <0.001 0.00008 2.50E-05 <0.001 <0.001
Magnesium Dissolved mg/l 2.83 2.77 4.74 4.76 2.92 2.73 3.04 2.95 2.99 2.95 4.73 4.83 2.03 1.78 2.08 2.26 2.15 1.9
Magnesium Total mg/l 2.83 2.81 4.75 4.87 2.92 2.72 2.99 3.01 3.06 2.98 4.44 4.71 2.03 1.88 1.85 2.14 2.01 1.89
Manganese Dissolved mg/l <0.005 0.019 0.00161 0.000373 <0.005 <0.005 0.00069 0.00047 0.00044 0.00046 0.00198 0.000276 <0.005 <0.005 0.00028 0.000177 <0.005 <0.005
Manganese Total mg/l 0.006 0.048 0.0133 0.0192 0.015 0.018 0.00544 0.00526 0.00046 0.0221 0.0132 0.0365 0.081 0.05 0.00833 0.0165 0.087 0.129
Molybdenum Dissolved mg/l <0.001 <0.001 0.00202 0.00203 <0.001 <0.001 0.00067 0.00065 0.00062 0.00065 0.00206 0.00203 <0.001 <0.001 0.00072 0.00105 <0.001 <0.001
Molybdenum Total mg/l <0.001 <0.001 0.00211 0.00189 <0.001 <0.001 0.00092 0.00072 0.00052 0.00068 0.00199 0.00213 <0.001 <0.001 0.00085 0.00101 <0.001 <0.001
Nickel Dissolved mg/l <0.001 <0.001 0.00025 0.00025 <0.001 <0.001 0.00025 0.00025 0.00025 0.00025 0.00025 0.00025 <0.001 <0.001 0.00025 0.00025 <0.001 <0.001
Nickel Total mg/l <0.001 <0.001 0.00025 0.00025 <0.001 <0.001 0.00025 0.00025 0.00025 0.00025 0.00025 0.00025 <0.001 <0.001 0.00025 0.00025 0.004 <0.001
Potassium Dissolved mg/l 0.4 0.31 0.371 0.403 0.41 0.3 0.39 0.36 0.35 0.37 0.393 0.422 0.63 0.42 0.5 0.447 0.59 0.47
Potassium Total mg/l 0.421 0.390 0.35 0.33 0.34 0.32 0.408 0.444 0.55 0.476
Selenium Dissolved mg/l <0.0005 <0.0005 0.0005 0.0005 <0.0005 <0.0005 0.00025 0.00025 0.00025 0.00025 0.0011 0.0005 <0.0005 <0.0005 0.00025 0.0005 <0.0001 <0.0005
Selenium Total mg/l <0.0005 <0.0005 0.0005 0.0012 <0.0005 <0.0005 0.00025 0.00025 0.00025 0.00025 0.0005 0.0005 <0.0005 <0.0005 0.00025 0.0005 <0.0005 <0.0005
Silicon Dissolved mg/l 2.75 2.92 3.95 4.33 2.91 2.85 3.48 3.46 3.6 3.72 3.89 4.47 2.37 2.08 0.75 1.56 2.25 2.2
Silicon Total mg/l 2.75 2.98 3.95 4.49 2.91 2.78 3.4 3.4 3.6 3.7 3.64 4.28 2.38 2.07 0.7 1.49 2.25 2.2
Sodium Dissolved mg/l 3.8 3.49 3.95 4.13 3.99 3.82 3.71 3.6 3.64 3.59 4.22 4.10 2.37 2.2 3.65 2.29 2.44 2.38
Sodium Total mg/l 4.35 3.86 3.7 3.7 3.7 3.7 4.25 4.38 2.5 2.35
Strontium Dissolved mg/l 0.089 0.086 0.219 0.229 0.09 0.088 0.0954 0.0951 0.094 0.0959 0.231 0.234 0.106 0.097 0.105 0.115 0.108 0.109
Strontium Total mg/l 0.089 0.087 0.241 0.223 0.09 0.088 0.0939 0.0942 0.094 0.0942 0.227 0.245 0.106 0.105 0.119 0.119 0.108 0.111
Zinc Dissolved mg/l <0.005 <0.005 0.0021 0.0005 <0.005 <0.005 0.0023 0.0016 0.0015 0.0016 0.0005 0.0005 <0.005 <0.005 0.0019 0.0005 <0.005 <0.005
Zinc Total mg/l <0.005 <0.005 0.0029 0.0005 <0.005 <0.005 0.004 0.004 0.0015 0.0036 0.0011 0.0005 <0.005 <0.005 0.0019 0.0005 <0.005 <0.005
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Introduction 
 
In consideration of Mount Polley Mining Corporation’s (MPMC) application to discharge water into 
Hazeltine Creek, and the MPMC Technical Assessment Report for a Proposed Discharge of Mine Effluent 
(TAR), the idea has been put forward that discharging water from the toe drains only, and not the Long 
Ditch(LD) or other effluent sites, could lessen any adverse water quality impacts on Hazeltine Creek. 
 
This report considers the potential water quality impact of effluent sites E1 (tailings supernatant), E4 
(main effluent storage pond), and E7 (perimeter effluent storage pond) on Hazeltine Creek. Similarly, the 
effects of water from the LD, the South Toe Drain (STD), Main Toe Drain (MTD), and Perimeter Toe Drain 
(PTD) are considered.  It is important to understand the connectivity of these sites. Water from the 
tailings pond (E1), over time, will flow through the toe drains. STD and MTD then discharge into E4, 
while PTD and LD discharge into E7. The water quality monitoring site in Hazeltine Creek is W7. Figure 1, 
in the “Discharge Strategy” section below may help provide a visual representation. 
 

Water Quality Discussion 
 
Table 1 provides a summary of the average water quality at: effluent sites E1, E4, and E7; the south, 
main, and perimeter toe drains; the long ditch; and Hazeltine Creek (W7). The average values are based 
on results of 2011 samples to date (i.e. January to September). The only exception is E1. Because the 
hold time for water in the tailings storage facility.  averages  based on 2010 and 2011 sample dates. The 
water quality sample results for each site are available in Appendix 1. However, no samples were taken 
at MTD and STD in 2009 or 2010, and no samples were taken at PTD in 2010. Note that for results with 
values below the detection limit, averages were calculated based on the detection limit value. Based on 
the results in Table 1, a discussion of key water quality parameters of the toe drains compared to LD, E1, 
and E4 is provided below.  
 
Physical Tests 
 
pH 
 
The average pH of the toe drains and LD are approximately the same. STD (7.83) is lower than LD (8.01), 
while PTD (8.03) and MTD (8.08) are slightly higher. All of these sites have lower average pH than the 
effluent sites, especially E1 which has a pH of 8.61. This lower pH corresponds to decreased toxicity, 
because at lower pHs, more ammonia is in the less toxic ionized form (NH4

+).  
 
Temperature 
 
While average temperatures can show general differences among the sites, for aquatic life it is more 
valuable to compare temperatures at different times of year and analyse the effects on various stages of 
organism lifecycles. Overall the toe drains and long ditch appear to have the coolest water average 
water temperature (and this temperature does not vary much throughout the year), while the ponds 
(E1, E4, and E7) are warmer. Using cooler water (from the toe drains, for example), may decrease the 
potential of discharge water causing detrimental warming in Hazeltine Creek. The effects of 
temperature will be considered more in depth below, when approximate discharge ratios (and the 
resulting temperatures) are discussed. 
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have TSS levels of 145 mg/L and 214 mg/L. At Mount Polley, majority of the metals in water are 
transported as suspended solids. The toe drains accommodate settling and filtration of TSS, which 
corresponds to a decreased presence of metals. 
 
Dissolved Anions 
 

Chloride 
 
LD (5 mg/L) and E7 (7 mg/L) which LD discharges into are the lowest. PTD and STD, 20.1 mg/L and 20.5 
mg/L respectively, and E4 (which they discharge into) are the next lowest. E1 (31.8 mg/L) is higher, with 
MTD being the highest at 35 mg/L.  
 

Sulphate 
 
Sulphate is lowest at E4 (404 mg/L) and MTD (420 mg/L).  LD is higher (518 mg/L), followed by STD (553 
mg/L), and PTD (559 mg/L). The highest sulphur levels are at E1 and E7, with 665 mg/L and 1004 mg/L 
respectively. These high sulphate concentrations indicate that sulphate is a major parameter of concern 
for discharging water. The toe drains (which includes water discharging into E4) and LD, however, are 
overall lower in sulphate and better potential options for discharge water. 
 
Nutrients 
 

Nitrite 
  

PTD and LD have the lowest levels (0.03 mg/L). MTD has 0.06 mg/L and STD has 0.11 mg/L, but 
they are diluted to 0.04 mg/L when they flow into E4. E7 (0.05 mg/L) also falls in this range, while E1 
contains the most nitrite (0.16 mg/L). 
 

Nitrate  
 
Similar to nitrite concentrations, PTD and MTD have the lowest levels of ~1 mg/L. STD is higher (5.73 
mg/L), but is diluted to 1.96 mg/L after discharge into E4. LD (8.6 mg/L) and E1 (4.8 mg/L) contain more 
nitrate, while E7 exhibits much higher levels of 25 mg/L. 
 

Phosphorus 

PTD and STD, both with 0.014 mg/L of phosphorus contain the least phosphorus. LD is the highest (0.057 
mg/L) and MTD the next highest at 0.0356 mg/L. The impact of this higher value at MTD is lessened to 
0.026 mg/L when the water is discharged into E4. E1 had 0.019 mg/L of phosphorus and E7 has 0.028 
mg/L.  
 
Metals and Metalloids  
 

Dissolved Metals (Aluminum, Iron) 
 
The toe drains and E4 have the lowest dissolved aluminum levels of 0.003 mg/L. LD is higher (0.0167), 
while the E1( 0.0345 mg/L) and E7 (0.0444 mg/L) have the highest concentrations. For dissolved iron, all 
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sites are below the detection limit of 0.030 mg/L, except for E7, which has much higher concentrations 
of 0.134 mg/L.  
 

Cadmium (Total) 
 
The lowest cadmium level is at MTD (0.00009 mg/L) followed by E4, E1, and STD, which all contain 
0.0002 mg/L. The highest cadmium concentrations are at E7 (0.00024 mg/L) and LD (0.00025 mg/L). 
These high concentrations at all sites (which well exceed provincial guidelines) indicate that Cadmium 
levels of discharge water will have to be carefully considered.   
 

Copper (Total) 
 
Copper levels are also high, and indicating it may be a “parameter of concern”. Lowest levels are at PTD 
and MTD (0.0048 mg/L and 0.0030 mg/L). STD and E7 both have ~0.017 mg/L of Copper, but STD is 
diluted after discharge into E4 (0.0076 mg/L). E1 contains 0.0199 mg/L and LD has very high copper 
levels of 0.1000 mg/L. It important to note the effects of increased hardness and organic content, which 
decrease the bioavailability of carbon (will be further discussed below).  
 

Iron (Total) 
 
The toe drains have the lowest levels of iron (0.03 mg/L at STD, 0.06 mg/L at MTD, and 0.12 mg/L at 
PTD). E4 has 0.385 mg/L of iron, and E1 has 0.217 mg/L. E7 contains higher concentrations (1.14 mg/L), 
while LD has substantially more copper (5.22 mg/L). 
 

Molybdenum (Total) 
 
The toe drains, E4, and LD have comparable molybdenum concentrations (between 0.10 and 0.18 mg/L).  
E1 (0.217 mg/L) and E7 (0.215 mg/L) are the highest. 
 

Selenium (Total) 
 
The lowest levels are in MTD (0.0018 mg/L) and PTD (0.0028 mg/L), followed by E4 (0.0078 mg/L) and 
STD (0.0189 mg/L). This shows the toe drains to have the best selenium water quality.  E1 and E7 both 
have greater than 0.02 mg/L, with E7 having the most selenium (0.0419 mg/L). High selenium at all sites 
(only MTD currently falls below the Provincial water quality guidelines), show that selenium levels of 
discharge water may be a concern. 
 
Organics 
 

Dissolved Organic Carbon (DOC) 
 
DOC levels fluctuate throughout the year, and are generally higher in spring and fall. Overall trends can 
be observed from the averages, but it is important to consider that the toe drains have only been 
sampled in the summer. PTD (3.0 mg/L) and STD (3.4 mg/L) have the lowest DOC, followed by E4 (4.4 
mg/L and MTD (4.6 mg/L). This indicates that the toe drains have the lowest DOC levels. LD and E1 have 
DOCs of approximately 6 mg/L, while E7 has the highest (7.5 mg/L).  
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Summary 
 
In Summary, the toe drains (and  E4, which is essentially a function of toe drain water quality) appear to 
demonstrate favourable water quality compared to water from the effluent sites E1, E7, and LD. E1 is 
high in TSS, and as a result high in total metals (of which Selenium, Copper, and Cadmium were 
identified as problem parameters).  E7 TSS and metals levels are not as high, as E1, but concentrations 
are still higher than in the toe drains. Both of these sites also have comparatively higher pH levels and 
greater concentrations of sulphate, nitrate, and nitrite. The more adverse water quality conditions of E7 
are largely due to the LD water discharging into it. In the LD the pH and sulphate levels are similar to 
those of the toe drains, and the TSS and total metals concentrations are high, which is not ideal for 
discharging into Hazeltine Creek. This Long Ditch water also has elevated phosphorus and nitrate levels 
compared to the toe drains.  
 
For these reasons, in addition to the fact that the toe drain temperatures may cause less warming if 
discharged into Hazeltine Creek, it is recommended that a discharge strategy using water from the toe 
drains be developed. It is of note that the water at STD, while comparable for most parameters, 
generally has somewhat higher concentrations of total metals, nitrate and nitrite, and is warmer. This is 
likely due to the fact that it is the newest toe drain (constructed in 2009), meaning that it is at a higher 
elevation. There is less potential for the development of cooler and anoxic conditions than at the lower 
elevations of the other toe drains, and the water quality of STD will likely improve and stabilize over 
time. Ron- you may want to add a technical note describing why this is so 
 
The water at E4 appears to accurately represent the mixing of MTD and STD water for most parameters. 
Exceptions are pH, TSS and Cadmium, where levels are slightly higher (but these small differences will 
likely have little effect on the receiving environment). Total iron levels, however are significantly higher, 
but still below the British Columbia water quality  30-day guideline. In contrast, the water at E4 has 
lower conductivity, and decreased sulphates, nitrates and nitrites than expected based on STD and MTD. 
These differences are likely due to the stagnant state and the foundation drains, which also discharge 
into E4. Overall the E4 water quality will likely prove appropriate for discharge, and it will be logistically 
and economically favourable to discharge this water instead of having to isolate water coming from the 
south and main toe drains. This discharge strategy for E4 and PTD is visually represented in Figure 1. 
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Figure 1. Toe Drain Discharge Strategy Map 
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Discharge Strategy 
 
Table 2 shows the average discharge rates from the toe drains based on 2011 measurements. This 
shows that the combined discharge from the three toe drains is roughly 0.0552 m3/s.  Approximately 
35% of the water is flowing from PTD, 25% from MTD, and 40% from STD. These discharge rates are 
relatively stable and do not fluctuate like the hydrograph of a stream. Table 3, extracted from data in 
the MPMC TAR, contains the average monthly flows for Hazeltine Creek.  
 
Table 2. Toe Drain 2011 Average Discharge Rates (m3/s) 

Date
PTD STD MTD 

ADV Current  
Meter 

Bucket 
Estimate 

ADV Current  
Meter 

Bucket 
Estimate 

Estimate 

07-Jun-11           
13-Jun-11           
23-Jun-11           
05-Jul-11 0.0200     0.02   
12-Jul-11           
20-Jul-11           

03-Aug-11 0.02       
11-Aug-11           
25-Aug-11   0.0185   0.02251   
30-Aug-11           
15-Sep-11 0.0166   0.0219     
29-Sep-11     0.0244     

Average 0.0197 0.0215 0.014 
Total 0.0552 

 
Table 3. Hazeltine Creek Average Monthly Discharge  

 
 
 

 
 

 

 

 

 
 
 
 

Month Discharge (m3/s) 
January 0.05 
February 0.05 
March 0.07 
April 0.74 
May 0.69 
June 0.24 
July 0.10 
August 0.08 
September 0.07 
October 0.07 
November 0.08 
December 0.05 
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Based on the discharge rates in Tables 2 and 3, between approximately April 1st and June 15th, the total 
flow from the toe drains is less than 25% of the flow in Hazeltine Creek. During this period, water would 
be discharged into Hazeltine Creek at the rate that it is flowing from the toe drains. Table 4 shows the 
resulting water quality. Highlighted cells indicate that the BC Guideline is exceeded. Note that Table 3 is 
based on the water quality from E4 instead of STD and MTD combined, because this is where the water 
would be pumped from. Discharge rates are, however, based on the flow rates of STD and MTD because 
this is essentially how fast water in E4 would be replenished.  
 
Given this discharge strategy, the only guideline that is exceeded is sulphate by 26 mg/L in June. This 
however, is based on the average Hazeltine Creek flow rate for the whole month. If MPMC only 
discharged water for the first half of June when the flows are above the average, it is likely that the 
current sulphate limit of 100 mg/L would be met. Over this 76 day period, with a total toe drain 
discharge of 0.0552 m3/s, approximately 362,000 m3 would be discharged into Hazeltine Creek annually.   
 
In the fall, when flow rates are lower, water cannot be discharged at the rate that water flows from the 
toe drains without adversely affecting the water quality in Hazeltine Creek. Instead, a percentage of 
Hazeltine Creek flow should be discharged that will not increase any parameters to potential harmful or 
toxic levels. Based on the proportions of 35% PTD and 65% E4 used above (proportional to the toe drain 
discharge rates), Table 5 shows the anticipated water quality in Hazeltine Creek before discharge, at 16% 
toe drain discharge, and 25% toe drain discharge. At 16% discharge, over the 61 days 61, 100 m3 of 
water would be discharged annually and none of the current BC guidelines would be exceeded. At 25% 
discharge, 95, 500 m3 of water would be discharged each year, however the sulphate level in Hazeltine 
Creek would exceed the recommended maximum of 100 mg/L by 35 mg/L.  
 
In addition to sulphate, another parameter of note is chloride. The TAR refers to a study in which 
increased chloride concentrations in Hazeltine Creek (which would be observed in the discharge of mine 
waters) resulted in decreased the toxicity of sulphate to Hyalella. In addition, discharge would increase 
hardness, which decreases the bioavailability of copper and cadmium, which are both potential 
parameters of concern. The bioavailability of copper is also decreased when it binds with DOC. One of 
the benefits of a spring/fall discharge strategy is that DOC levels are higher at these times, and would 
decrease the impact of copper in Hazeltine Creek.  
 
 Temperature 
 
Temperature should not change by more than one degree beyond the optimum temperature range for 
each life history phase of the most sensitive salmonoid species present and the hourly rate of change 
must not exceed 1 degree Celsius. Analysis based on annual averages, as used for the other parameters 
is not appropriate in this case. Table 6 shows the average monthly temperatures of discharge water 
based on the discharge ratio of PTD (35%) and E4 (65%) used above. Using the discharge strategy outline 
in this report (with the upper end 25% discharge in the fall), the resulting effect on the temperatures in 
Hazeltine Creek are shown. In no cases did the water change temperature by more than one degree, 
which means that the temperature will not change by more than one degree beyond the optimum 
temperature range of fish species in Hazeltine Creek.  This shows the benefit of incorporating PTD water 
to prevent temperature increases in Hazeltine Creek when the main seepage pond (E4) is warmer during 
late spring, summer, and early fall.  
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Table 6. Average Monthly Temperatures of Discharge Water and the Effects on Hazeltine Creek 

Month 
Average Temperature (°C) 

PTD E4 Discharge  W7 
Post- Discharge  

W7  
Pre-Discharge  

April 7.6 6.9 7.1 0.9 0.4 
May 7.6 10.2 9.3 5.9 5.58 
June 7.6 12.9 11.0 14.5 15.5 
September 7.6 14.7 12.2 9.9 9.1 
October 7.6 8.5 8.2 5.8 5.0 
November 7.6 4.2 5.4 2.9 2.1 

 

Conclusion 
 
In summary, discharging water from the toe drains and E4 will result in more favourable discharge water 
quality than using water from E1, E7, and the Long Ditch. From April 1st to June 15th, water can likely be 
discharged at the full flow rates of the toe drains, without exceeding any of the provincial water quality 
guidelines. Furthermore, there is potential to discharge more water in April and May when Hazeltine 
Creek discharge is highest. In the fall, 16% of Hazeltine Creek’s flow can be discharged and adhere to all 
current BC guidelines. If 25% is discharged, the sulphate guideline is exceeded by 35 mg/L.  In total, if 
25% of Hazeltine Creek’s flow is discharged in the fall, 457,500 m3 will be discharged each year. If only 
16% is discharged in the fall, annual discharge will be 423, 100 m3.  
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Memo
To: Ron Martel, Environmental Superintendent, Mount Polley Mining Corporation 

From: Fred Burgess, Minnow Environmental 

EC: Pierre Stecko, Minnow Environmental; Violeta Martin & Gregory Smyth, Knight Piesold 

Date: December 5th, 2011 

Re:

In November 2011, Minnow Environmental Inc. implemented a field program to collect data to support 
efforts by the Mount Polley mine to select the most appropriate location for the discharge of excess 
water into Hazeltine Creek. The mine had previously flagged a location on the creek as a candidate for 
discharge. However, this location was found to be at a braid in the creek where the flow of water splits 
around a large island. This location was therefore not considered ideal due to the smaller channel width 
and consequent greater physical sensitivity and lower water volume for initial mixing of the effluent.  
Accordingly, Hazeltine Creek was assessed upstream and downstream of the previously flagged 
location to identify a more suitable location, if available. A distance of approximately 100 m downstream 
was assessed, and it was discovered that for this distance the creek continues to flow as multiple, 
smaller channels. However, a well defined single channel was observed over a distance of 
approximately 90 m upstream from the above mentioned island. This would allow 90 m of mixing of the 
effluent in a single channel before the start of braiding. The stream bed material at the upstream extent 
of this well defined channel was observed to be a combination of approximately 40% sand, and 60% 
gravel and pebbles, with a few larger cobbles and no observable areas of fines such as silt and clay. 
Further information was gathered at this site to better document the nature of the underlying material 
and the stream morphology, and to effectively describe the area. 

 Hazeltine Creek November 2011 Results 

Two aspects of the underlying material were examined: stream bed material composition and bank 
material composition. The stream bed material was sampled from an area within 2 m up and 
downstream (to stay within the 5 m width of the proposed final outfall riprap structure) of a wooden 
stake on shore set to mark the farthest upstream the mine could potentially discharge into the length of 
well-defined, single channel flow. This was done using the CABIN protocol “100 pebble count” 
(Environment Canada, 2010) which essentially involves sorting a sample of 100 randomly selected 
rocks in the stream by “intermediate diameter,” which is the measurement perpendicular to the longest 
axis of the rock (Table 1; Figure 1). To sample the bank material, a test pit was excavated 
approximately 5 m back from the creek edge, which would represent the middle of the 10 m rip-rap 
installation that is to make up the final approach of the discharge to the stream. Approximately 10 kg of 

INVESTIGATIONS KP 4-1  Page 428 of 500



Page 2 of 3 

 

generally sandy bank material was sampled from this pit at a depth of 30 cm – 60 cm. The sample was 
sent to Knight Piesold for analysis. Also, a standard penetration test based on Knight Piesold’s “blows 
per foot” density relationship of sands and gravels was performed with a length of threaded rod in the 
bank material of the discharge site (Table 2).  

Stream morphology at the alternate discharge location was characterized by means of cross sections 
measured at the proposed location, as well at one section 3 stream widths upstream and one section 3 
stream widths downstream (Table 3; Figure 2). The slope of the creek along this section was measured 
with an inclinometer to be 2%. 

The coordinates of the alternate discharge location were measured using a total station from control 
points set by mine survey staff. The rest of the discharge path—as it would be should this site be 
chosen for the final design—was then determined and marked with wooden stakes to link this point 
back to the end of the straight section of the existing trench at the polishing pond. All relevant 
coordinates from this total station work, including additional points along the proposed discharge path 
and new measurements of the upstream extent of the island (which marks the beginning of stream 
braiding), are presented in Table 4 and Figure 3. These measurements were not taken by a licensed 
surveyor and are only to support the selection of the most appropriate discharge location; they should 
not be used for engineering purposes. 

Finally, photographic record of the area was made (Figure 4). 

I look forward to discussing these results with you soon. Please do not hesitate to contact me at 250-
595-1627 if you have any questions or comments. 
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Figure 4: Photographs from November 2011 field work

  
a) Proposed discharge site from opposite shore 
 

b) Looking downstream of discharge 

  
c) Looking upstream of discharge 
 

d) Looking up proposed discharge path from creek 1 

  
e) Looking up proposed discharge path from creek 2 f) Looking up proposed discharge path from creek 3 
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Figure 4: Photographs from November 2011 field work

  
g) Looking up proposed discharge path from creek 4 
 

h) Looking down proposed discharge path to creek 1 

  
i) Looking down proposed discharge path to creek 2 
 

j) Looking down proposed discharge path to creek 3 

  
k) Looking down proposed discharge path to creek 4 
 

l) Looking down proposed discharge path 5 
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Figure 4: Photographs from November 2011 field work

  
m) Upstream cross section 
 

n) Cross section at discharge 

  
o) Cross section downstream 
 

p) Substrate material adhered to ice cleared off creek 

 

 

q) 0.5 m ruler in creek at proposed discharge site 
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July 2, 2013 

 
Ms. Colleen Hughes   
Environmental Coordinator 
Mount Polley Mining Corporation 
Box 12, Likely, BC 
V0L 1N0 
 
Dear Ms. Hughes, 

The Mount Polley Mine, owned and operated by the Imperial Metals Corporation, is a 
copper/gold mine located northeast of Williams Lake, British Columbia on Mount Polley 
between Polley Lake and Bootjack Lake (Figure 1).  Mine representatives have been 
monitoring the water quality of local lakes and creeks since prior to the initiation of 
mining operations in 1997.  Through the examination of water quality monitoring data, 
Mount Polley has identified an apparent increase in concentrations of phosphorus in 
Polley Lake and has also recorded anecdotal observations of an increase in the 
occurrence of spring algal blooms.  In response to this observation, Mount Polley 
retained Minnow Environmental Inc. (Minnow) to provide an analysis of current 
phosphorus concentrations, sources of phosphorus to Polley Lake, and potential 
implications of increased phosphorus concentrations in Polley Lake.  Concentrations of 
nitrogen, measures of light penetration (turbidity and Secchi depth), and lake profiles of 
temperature, dissolved oxygen, pH and conductivity are also considered.    

Re: Phosphorus in Polley Lake

Review of Phosphorus in Lakes

Phosphorus is a ubiquitous element generally found in an inorganic state in sedimentary 
rock.  Organic phosphorus, as phosphate (-), is an essential nutrient, is the currency for 
cellular respiration and energy production, and forms the basis of metabolism and 
growth for all living organisms.  In freshwaters, phosphate is required for growth of 
photosynthesizing aquatic organisms (i.e., plants, algae) and is often the nutrient limiting 
primary production (Wetzel 2001; CCME 2004).  The trophic status, or level of 
productivity, of a lake is defined by, among other factors, the amount of phosphate 
available in the spring for the growth of phytoplankton, which form the base of the 
aquatic food chain.  Therefore, an increase in phosphorus concentration above 
background levels has the potential to alter a lake’s trophic status and dominant biota, 
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decrease biodiversity, cause a decline in ecologically sensitive species/increase in 
tolerant species, cause an increase in biomass, turbidity and organic matter, and cause 
an increase in oxygen consumption, potentially decreasing aqueous dissolved oxygen 
concentrations.  

Phosphorus in Polley Lake  

British Columbia has a water quality guideline for phosphorus in lakes that is specified 
as an optimal range of total phosphorus (>5 to <15 ug/L) for the protection of salmonids 
(BCMOE 1985).  The guideline also indicates that monitoring of chlorophyll a (the 
dominant photosynthetic pigment in phytoplankton) should be undertaken in response to 
elevated levels of total phosphorus (TP>15 mg/L).  There is no BC water quality 
guideline for chlorophyll a in lakes.  The Canadian Water Quality Guideline (CWQG) for 
phosphorus (protection of aquatic life) provides a somewhat different approach in the 
form of a guidance framework for the management of freshwater ecosystems that 
considers reference and baseline conditions (CCME 2004).  This allows for a trigger 
range to be set for a particular receiving environment and also considers the effects of 
increased TP, such as increased levels of chlorophyll a and changes in dissolved 
oxygen (CCME 2004).  A generalized trigger limit of 50% increase in TP from baseline is 
often used as a starting point for triggering an investigation into the cause of the 
increase and monitoring of secondary effects such as chlorophyll a and hypolimnetic 
dissolved oxygen (CCME 2004).  In addition, TP-based trophic classification is used as a 
guideline to monitor lakes and rivers and to trigger management action to ensure that 
trophic status is not altered due to anthropogenic inputs (CCME 2004).  If none of the 
associated effects are observed, then close monitoring of the system for chlorophyll a, 
dissolved oxygen, and further increases in TP is recommended.   

Concentrations of TP in Polley Lake surface water (at monitoring stations P1 and P2) 
have increased significantly over the 2001 to 2012 period (Figure 2; Appendix Table 1; 
Spearman’s Rank Order Correlation p<0.05; Appendix Table 2). A similar temporal 
increase did not occur in Bootjack Lake.  The increase in concentrations of TP in Polley 
Lake is most evident starting in 2010, with surface concentrations prior to 2010 spanning 
a range of 5 to 43 ug/L (mean = 12 ug/L) and concentration in 2010-2012 spanning a 
range of 14 to 99 ug/L (mean = 50 ug/L; Appendix Table 1).  Unlike TP, no consistent, 
significant trends were observed in concentrations of ortho-phosphate or total dissolved 
phosphorus (Appendix Tables 1 and 2).  Baseline (1995/1996) concentrations of TP in 
Polley Lake and Bootjack Lake surface water were between 9 ug/L and 22 ug/L 
(Appendix Table 3; HKP 1996; HKP 1997).  These baseline concentrations are 
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somewhat greater than the BC criterion range (BCMOE 1985), precluding its application 
as an interpretive tool.  However, based on conventional trophic classification systems 
using TP concentrations (Table 2), Polley Lake would have been classified as a 
mesotrophic lake during baseline (1995/1996).  Based on current TP concentrations 
(2010-2012 mean of 50 ug/L), Polley Lake would now be classified as a eutrophic lake.  
In general, in the absence of other constraints on productivity (e.g., low nitrogen 
concentrations), this would be expected to result in increased phytoplankton growth and 
increased potential for conditions of low dissolved oxygen.   

Nitrogen, Light Penetration and Profiles 

The trophic status of an aquatic system depends on a number of factors in addition to 
phosphorus (e.g., total nitrogen, light, temperature; Carlson 1977; Wetzel 2001).  
Although phosphorus is normally the nutrient limiting phytoplankton growth in lakes, 
nitrogen (which is also essential for plant and algal growth) can also be a limiting 
nutrient.  The Redfield Ratio (Redfield 1934) and the work of Dillon and colleagues 
(Dillon and Rigler 1975ab; Dillon et al. 1986) both provide nitrogen:phosphorus ratios 
(N:P ratios) that can be used to determine the limiting nutrient in a given system.  
Generally, an N:P ratio of 16:1 is optimal for algal growth and increasing or decreasing 
this ratio can affect the algal community and/or limit the system (Redfield 1934; Dillon 
and Rigler 1975a,b; Dillon et al. 1986).  Phosphorus is typically a limiting nutrient at N:P 
ratios of 12:1 or more; whereas nitrogen is typically a limiting nutrient at N:P ratios of 
less than 10:1 (Dillon et al. 1986).    

Concentrations of total nitrogen (TN) in Polley Lake surface water have also increased 
over the period from 2001 to 2012 (Figure 3; Appendix Table 1), significantly so at 
Station P1 (Spearman’s Rank Order Correlation p<0.05; Appendix Table 2). A significant 
temporal increase did not occur in Bootjack Lake; however, concentrations were much 
lower in 2001 than at all subsequent dates suggesting an increase between 2001 and 
2006.  The increase in concentrations of TN in Polley Lake appeared to occur from 2001 
to 2007, followed by a decrease in 2008/2009 and a second, sustained increased from 
late 2009 to present (from <200 ug/L to roughly 400 ug/L).  It is notable that the latter 
also appears to be the case in Bootjack Lake and that, unlike TP, concentrations of TN 
in Polley and Bootjack lakes are quite similar (Figure 3).  Based on conventional trophic 
classification systems using TN concentrations alone (Table 2), Polley Lake would have 
been classified as oligotrophic in 2008/2009 and is more recently at the oligotrophic-
mesotrophic boundary.  Although nitrate and nitrite have been monitored in Polley and 
Bootjack Lakes, concentrations have frequently been below the method detection limit 
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and detectable concentrations have been too few to conduct a meaningful analysis 
(Appendix Table 1).  The ratio of total nitrogen to total phosphorus has generally 
decreased in Polley Lake since 2006 (which is consistent with the observed increase in 
TP concentration; Figure 4), but a significant trend was only evident at Station P1 
(bottom; Appendix Table 2).  Nonetheless, all temporal relationships were negative in 
both Polley and Bootjack Lakes, with the correlation coefficient greater in Polley Lake 
than in Bootjack Lake (Appendix Table 2).  Unfortunately, no baseline concentrations of 
total nitrogen are available and a low TN/TP ratio in 2001 is not supported by additional 
data, but nonetheless suggests that the TN/TP ratio of both lakes may have increased 
substantially between 2001 and 2006 (Figure 4).  In recent years (2010-2012), the 
average TN:TP ratio has been substantially lower in Polley Lake (8.3) than in Bootjack 
Lake (17.3).  The low ratio in Polley Lake (less than 10) suggests that nitrogen may be 
the more limiting nutrient (than phosphorus) in Polley Lake (which is consistent with a 
classification of eutrophic based on TP and oligo-trophic/mesotrophic based on TN).  
This highlights the fact that loadings of both phosphorus and nitrogen must both be 
carefully considered in lake monitoring and in the management of nutrient loadings.  

The turbidity of Polley Lake surface water has increased significantly over the 2001 to 
2012 period (Figure 5; Appendix Table 1; Spearman’s Rank Order Correlation p<0.05; 
Appendix Table 2), with no similar temporal increase observed in Bootjack Lake.  As 
with phosphorus, the increase in turbidity in Polley Lake is most evident starting in 2010, 
with surface turbidity prior to 2010 spanning a range of 0.4 to 1.1 NTU (mean = 0.8 NTU) 
and surface turbidity in 2010-2012 spanning a range of 0.8 to 1.8 NTU (mean = 1.4 NT; 
Appendix Table 1).  The increase in turbidity is supported by observations of Secchi 
depth (a measure of light penetration; Figure 6).  Although temporal change in Secchi 
depth is difficult to assess statistically due to seasonal differences (i.e., only same 
season data can be compared over time; Appendix Table 3), it is evident that Secchi 
depth was lowest in 2011 and 2012 in Polley Lake (Figure 6). However, it must be noted 
that lowest Secchi depths in Bootjack Lake were also observed in 2011 and 2012, 
confounding the interpretation of cause of low Secchi depth in Polley Lake.  

Examination of lake profile data for temperature, dissolved oxygen, conductance and pH 
(Appendix Figures 1 to 12) indicate that conductivity in Polley Lake (but not Bootjack 
Lake) has increased in recent years.  This observation is consistent with previous 
observations of lake water quality (Minnow 2010).  Although incidents of low dissolved 
oxygen were observed in both Polley and Bootjack lakes in the fall of 2012 (Appendix 
Figures 1 to 12); results appear to have been due to improper function of a field meter 
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and there is no clear evidence of a productivity-related temporal decrease in dissolved 
oxygen concentrations in Polley Lake.               

Overall, the observed increase in TP and TN concentrations in Polley Lake would be 
expected to result in some increase in productivity.  Greater productivity is supported by 
a concurrent temporal increase in turbidity and observations of lower light penetration in 
recent years (lower Secchi depth).  This provides a weight-of-evidence indicating that 
some level of eutrophication of Polley Lake has occurred.  It is notable that recent ratios 
of total nitrogen to total phosphorus are sufficiently low that any temporal increase in 
nitrogen concentration would also be expected to increase production.  

Trophic Classification 

To provide additional perspective on the implications of the temporal increase in 
phosphorus concentrations in Polley Lake, the Carlson Trophic State Index (Carlson 
1977) was applied using available data for total phosphorus and Secchi depth.  The 
Carlson Trophic State Index (TSI) was developed to communicate the trophic status of a 
lake, with a scale that represents an approximate doubling of algal biomass with each 10 
TSI unit change.  Using the Carlson Index, the increase in phosphorus concentration in 
Polley Lake from the period prior to 2010 to the 2010-2102 period results in an increase 
in TSI from 40 to 61 (Table 2).  This change of approximately 20 TSI units represents an 
expected four-fold increase in algal biomass.  The decrease in Secchi depth over the 
same period results in an increase in TSI from 34 to 41 (Table 2).  This change of 
approximately 10 TSI units represents an increase in algal biomass of roughly two-fold.  
The calculated increases in TSI suggest a temporal change in the trophic condition of 
Polley Lake from the oligotrophic/mesotrophic boundary to the mesotrophic/eutrophic 
boundary (Table 2).  Physicochemical and biological changes expected with this 
increase in trophic status include increased algal growth (particularly of blue-green 
algae), reduced water transparency, greater macrophyte growth, lower hypolimnetic 
dissolved oxygen, and possible changes in fish community composition (Table 2).                

Source of Phosphorus and Nitrogen to Polley Lake

Since 2001, increases in TP at Mount Polley water quality monitoring Station W4 (North 
Dump Creek, which flows into Polley Lake; Figure 7 [see Figure 1 for the location of 
Station W4]) have been followed closely by increases in TP in Polley Lake (Figure 2).  
This is a strong indication that North Dump Creek may be (or may have been) the main 
source of above-background phosphorus in Polley Lake.  Furthermore, TP 
concentrations at both W4 and Polley Lake responded to the construction of a coffer 
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dam and an interception/conveyance ditch (Long Ditch) in September 2009, which 
collects seepage water from the North Bell Dump (which previously flowed into the 
headwaters of North Dump Creek).  Following construction of the Long Ditch, TP levels 
decreased at W4 and at P1 and P2 (Figures 7 and 2), suggesting that seepage into W4 
was a major source of phosphorus.  For example, in October 2008, TP at W4 was 131 
ug/L and the highest since 2001 and by November 2009 TP dropped to 28 ug/L (near 
baseline; Figure 7).  Polley Lake followed a similar course - in October 2008 TP was 26 
ug/L (also the highest since 2001) and decreased to 4.4 ug/L in September 2009 (Figure 
2).  Following construction of the Long Ditch, seepage water intercepted and sampled at 
Joe’s Creek Pipe had relatively high concentrations of TP (i.e., up to 150 ug/L).  The 
corresponding high concentrations  of TP at Joe’s Creek Pipe and the decrease at W4 
suggests that this seepage was a major cause of the pre-2009 increase of TP observed 
at W4, Polley Lake and in Hazeltine Creek downstream of Polley Lake (Station W7).  
The relationship between total nitrogen (TN) at Station W4 and Polley Lake is less clear 
than for phosphorus (Figures 7 and 3).  Nonetheless, it is clear that North Dump Creek 
represented a significant source of nitrogen to Polley Lake, particularly over the period 
from 2007-2009 (Figure 7) and concentrations up to 91 mg/L at Joe’s Creek Pipe attest 
to the importance of interception.  Nonetheless, recent increases in both phosphorus 
and nitrogen in Polley Lake (2010-2012) suggest that Polley Lake is slow to respond to 
the construction of the Long Ditch, that seepage had not been fully contained 
(addressed in the summer of 2012), and/or that there may be another seepage or 
groundwater source flowing into North Dump Creek, another drainage to Polley Lake, or 
directly into Polley Lake. 

Recommendations and Closure

As previously indicated, baseline concentrations of total phosphorus in both Polley Lake 
and Bootjack Lake were greater than the BCWQG optimal range of 5-15 ug/L and 
application of the CCME framework for phosphorus indicates that an increase in trophic 
level from the oligotrophic-mesotrophic boundary to the mesotrophic-eutrophic boundary 
has occurred in Polley Lake.  It is therefore recommended that an integrated ecosystem 
approach such as that outlined in the CCME framework is used to address the present 
concerns over increased TP in Polley Lake.  While a weight-of-evidence indicates that 
eutrophication of Polley Lake has occurred, monitoring of the secondary effects of 
increased nutrient concentrations is required to fully assess the implications of the 
increase.  Accordingly, the following recommendations are provided: 
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1) Ensure that monitoring of phosphorus and nitrogen at lake stations (P1, P2, B1 
and B2) is completed as specified in the Mount Polley Lake Sampling Program; 

2) Monitor Secchi depth, chlorophyll a and phytoplankton communities at P1, P2, 
B1 and B2 monthly between the spring and fall overturn; 

3) Continue to monitor chlorophyll a on substrates in Hazeltine Creek downstream 
of Polley Lake (Station W7); and  

4) Identify the source of phosphorus and nitrogen loadings to Polley Lake by 
conducting a focused site assessment. The current data suggests that North 
Dump Creek (monitored at Station W4) is a source, but there may be another 
source (or sources) that should also be determined.    

I trust that this brief letter serves to communicate temporal trends in nutrient 
concentrations in Polley and Bootjack lakes and the corresponding physical, chemical 
and biological implications.  If you have any questions or would like to discuss any 
aspect of this letter report, please do not hesitate to let me know.      

 
Sincerely, 
Minnow Environmental Inc. 

 

Pierre Stecko, M.Sc., EP, RPBio 
Senior Aquatic Scientist/Principal  
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Appendix Table 1:  Mount Polley lake water quality monitoring program data, Nutrients, 2001-present  
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pH (in situ) pH 7.89 6.90 7.52 6 91 8.18 8.28 7.57 7.60 9.00 7.39 8.75 9.03 8.16 9.40 9 55 9.40 7 03 8.46 8 87 9.16 9.04 9.12 9.13 8 92 8.94 8.00
Conductivity (in situ) s/cm 144 157 159 164 117 174 114 206 212 151 203.7 202 198 197 198 220 204 205 205 205 206 207 209 211 216
Temperature (in situ) °C 12.4 11.42 18.07 6 97 9.6 8.11 4 56 7.87 17 8 6.7 9.4 12.4 14.1 16.2 18.4 19.7 6 33 5.95 12.3 21.5 20 20.7 21.9 19.6 19 2 6 5
Total Dissolved Solids mg/L 100 98 103 103 108 113 1.5 132 130 114 129 135 132 126
Total Suspended Solids mg/L 2 46 9 1.5 1.5 1.5 1.5 1.5 139 5.5 <3 <3 <3 <3.0 <3 0 <3 0
Turbidity ntu 0.4 0.55 0.62 0 87 0.88 0.98 0.86 1.12 0.54 1.19 0 82 1 35 1 61 1.23 1.82
Ammonia (as N) mg/L 0.008 0.0313 0.01 0 028 0.0056 0 0025 0.0256 0.0025 0.0057 0 0051 <0 005 <0.005 0.0113 0 0054 <0.0050
Nitrate (as N) mg/L 0 0425 <0 005 <0.005 0.153 0 0236 0.144
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Nitrite (as N) mg/L 0 0011 <0 001 <0.001 0.0019 <0 0010 0 0011
Total Nitrogen mg/L 0.06 0.14 0 273 0.283 0.3 0.37 0.2 0.18 0.18 0.21 0 22 0 33 0 55 0.40 0.45
Orthophosphate-Dissolved (as P) mg/L 0.043 0.0016 0.0005 0 005 0 0005 0.0005 0.0011 0.0063 0.0005 0 0371 0.0143 <0.001 0.0394 0 0131 0 0848
Phosphorus (P) Total  Dissolved mg/L 0.043 0 0051 0.004 0.0075 0 0038 0 0038 0 005 0.01 0 001 0 0369 0.0166 0.0038 0.0436 0.02 0 0895
Phosphorus (P) Total mg/L 0.043 0 0083 0.0142 0 0122 0 0101 0.0217 0.0261 0.0046 0 0424 0.0471 0.0137 0.0596 0.05 0 0992
Total Nitrogen / Total Phosphorus 1.4 32 9 19.9 24 6 36 6 9.2 6.9 39.1 5 0 4.7 24.1 9.2 8.0 4 5

B) Polley Lake Station P1 (north - Bottom)
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pH (in situ) pH 8.09 7.33 7.22 7 81 8.07 7.99 7.61 7.92 7.78
Conductivity (in situ) s/cm 102 167 139 226 210 221
Temperature (in situ) °C 4.66 5.55 3.25 6.71 4.3 11 2 6.27 3.55 5.9
Total Dissolved Solids mg/L 98 117 129 1.5 141 133 135 133 136
Total Suspended Solids mg/L 3 1.5 3.2 136 <3 <3 <3.0 <3 0 <3.0
Turbidity ntu 1.64 2.34 3.89 1.77 0.67 0.6 1.75 1.1 2.68
Ammonia (as N) mg/L 0 0277 0.0025 0.0383 0.0025 0.0068 <0.005 0.0119 0 011 0.0132
Nitrate (as N) mg/L 0.0534 0.0838 0.155 0.0544 0 311
Nitrate and Nitrite (as N) mg/L 0.0434 0.18 0 266 0 213 0.0534 0 0838 0.157 0 0544 0 313
Nitrite (as N) mg/L <0.001 <0.001 0.0025 <0 0010 0.0019
Total Nitrogen mg/L 0.36 0.52 0.44 0.79 0.28 0.36 0.33 0.31 0.58
Orthophosphate-Dissolved (as P) mg/L 0 0069 0.0583 0.0234 0.0522 0.0316 0.0313 0.0399 0.0179 0 216
Phosphorus (P) Total  Dissolved mg/L 0.0101 0.0569 0.0253 0.0564 0.0347 0 0357 0.0431 0.0252 0 213
Phosphorus (P) Total mg/L 0.0218 0.0677 0.0397 0.0632 0.0395 0 0423 0.0502 0.0503 0 228
Total Nitrogen / Total Phosphorus 16.5 7.7 11.1 12.5 7.1 8.5 6.6 6.2 2.5
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Appendix Table 1:  Mount Polley lake water quality monitoring program data, Nutrients, 2001-present  

C) Polley Lake Station P2 (south) - Surface
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pH (in situ) pH 8.19 7.71 8.22 7.52 8.05 8.22 7.96 7.83 8 94 8 83 9.25 8.18 9.43 9.42 7.40 7.87 8.87 9.18 9.06 9.14 9.12 9.02 8.97 7.95
Conductivity (in situ) s/cm 141 156 159 64 116 174 115 207 203 206.2 200 198 197 220 210 206 205 205 206 207 207 211 217
Temperature (in situ) °C 12.4 13.91 19 6.43 9.43 8 4.69 6.79 18 9.7 14.5 14.8 16.9 18.9 6.29 3 84 12.4 20.5 20 21.3 20.9 19 8 18.7 6 5
Total Dissolved Solids mg/L 101 98 101 105 111 117 1 5 135 125 133 137 132
Total Suspended Solids mg/L 2 1.5 1.5 1.5 1.5 1 5 1 5 132 4 5 <3 <3.0 <3.0 <3.0
Turbidity ntu 0.57 0.35 0.61 1.14 1.02 0.96 0 83 0.88 0.78 0 84 2.24 0.96 1.67
Ammonia (as N) mg/L 0.011 0.016 0.01 0.01 0.0083 0.0025 0.0211 0.0025 0.0148 0.0051 0 0112 0.0114 <0.0050
Nitrate (as N) mg/L <0.005 0.177 0.0959 0.0827
Nitrate and Nitrite (as N) mg/L 0.0025 0 0025 0.0025 0.0133 0.0025 0.0089 0.0408 0.0543 0.0125 <0.0051 0.179 0.0959 0.0827
Nitrite (as N) mg/L <0.001 0 0013 <0.0010 <0.0010
Total Nitrogen mg/L 0.06 0.184 0.218 0.296 0.38 0.37 0 22 0.15 0.14 0 24 0.33 0 32 0.39
Orthophosphate-Dissolved (as P) mg/L 0.026 0 0011 0.0005 0.002 0.0005 0.0011 0.0005 0.0076 0.0005 0 014 0.0487 0.0311 0.041
Phosphorus (P) Total  Dissolved mg/L 0.032 0.0048 0.0043 0.0053 0.0042 0.0036 0.0048 0.0117 0 001 0.0159 0.0525 0.0316 0.0467
Phosphorus (P) Total mg/L 0.027 0.0084 0.0113 0.0149 0.0104 0.0152 0.0195 0.0066 0.0294 0.0607 0.047 0.0549
Total Nitrogen / Total Phosphorus 2 2 26.0 26.2 25 5 35.6 14.5 7.7 21.2 8.2 5.4 6.8 7.1

D) Polley Lake Station P2 (south) - Bottom
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pH (in situ) pH 8.41 7.51 7.92 7.44 7.45 7.91 7.41 7.61 8 08
Conductivity (in situ) s/cm 111 167 116 142 234 223 216
Temperature (in situ) °C 7.47 5.77 4.2 5.73 7.57 4 6 22 3.22 5 8
Total Dissolved Solids mg/L 102 109 116 1.5 131 138 135 134 132
Total Suspended Solids mg/L 1 5 1.5 4.2 130 <3 3.4 <3 0 <3.0 <3.0
Turbidity ntu 1.23 1.3 1.38 1.35 0.9 0.89 2.73 1 22 2 53
Ammonia (as N) mg/L 0.0313 0 0025 0.0155 0.0025 <0.005 0.0125 0.0144 0.0508 <0.0050
Nitrate (as N) mg/L 0.0454 0.0704 0.18 0.114 0.086
Nitrate and Nitrite (as N) mg/L 0.0025 0.128 0.0732 0.166 0.0454 0.0704 0.186 0.114 0.086
Nitrite (as N) mg/L <0.001 <0.001 0.0061 <0.0010 <0.0010
Total Nitrogen mg/L 0.33 0.46 0.18 0.26 0.23 0.27 0 37 0 38 0 38
Orthophosphate-Dissolved (as P) mg/L 0.0014 0.0251 0.0018 0.0365 0.0424 0.0359 0.0488 0.0568 0.0423
Phosphorus (P) Total  Dissolved mg/L 0.0048 0.0261 0.0053 0.0405 0.0424 0.0388 0.0562 0.0633 0.0469
Phosphorus (P) Total mg/L 0.019 0 0342 0.0179 0.047 0.05 0.0444 0.0645 0.0803 0.0544
Total Nitrogen / Total Phosphorus 17.4 13.5 10.1 5.5 4.6 6.1 5.7 4.7 7 0
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Appendix Table 1:  Mount Polley lake water quality monitoring program data, Nutrients, 2001-present

E) Bootjack Lake Station B1 (north) - Surface

7-
Ju

n-
01

23
-M

ay
-0

6

31
-O

ct
-0

6

23
-M

ay
-0

7

23
-O

ct
-0

7

21
-M

ay
-0

8

27
-O

ct
-0

8

26
-A

ug
-0

9

25
-M

ay
-1

1

20
-J

un
-1

1

6-
Ju

l-1
1

9-
A

ug
-1

1

1-
N

ov
-1

1

16
-M

ay
-1

2

13
-J

un
-1

2

16
-J

un
-1

2

24
-J

ul
-1

2

31
-J

ul
-1

2

8-
A

ug
-1

2

15
-A

ug
-1

2

28
-A

ug
-1

2

31
-O

ct
-1

2

pH (in situ) pH 7.18 7.68 7.57 8.42 7.96 7.44 8.10 8.29 8.05 6.93 8.35 8.14 7.87 7.37 7.89 8.19 8.07 8.19 8.35 8.27 8.16 7.74
Conductivity (in situ) s/cm 82 80 85 58 83 52 88 67 88 88 90 93 79 90 92 92 93 94 94.8 94.8 95
Temperature (in situ) °C 13.2 14.1 5.06 10.7 6.74 6.78 5.64 18 2 8.5 15.9 16.1 19.8 5.4 10.08 13.7 20 20.1 20.8 21.6 20.7 19 5.2
Total Dissolved Solids mg/L 55 51 50 61 50 5.3 54 59 59 49 60
Total Suspended Solids mg/L 2 1.5 1.5 1.5 3.3 1.5 158 1 5 <3 <3.0 4.7 6.7
Turbidity ntu 0.52 0.57 2.47 0.98 1.46 1 1.58 0 86 0.73 1.53 1.77 2.26
Ammonia (as N) mg/L 0.012 0.0067 0.01 0 0052 0.0025 0.0093 0.0025 0.0057 <0 005 <0 0050 0.0167 <0.0050
Nitrate (as N) mg/L <0 005 <0.0050 <0.0050 <0.0050
Nitrate and Nitrite (as N) mg/L 0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 <0.0051 <0 0051 <0.0051 <0.0051
Nitrite (as N) mg/L <0 001 <0.0010 <0.0010 <0.0010
Total Nitrogen mg/L 0.06 0.3 0.302 0.33 0.38 0.18 0.18 0.24 0.18 0.13 0.28 0.31
Orthophosphate-Dissolved (as P) mg/L 0.005 0.0005 0.0005 0 0005 0.0013 0.0005 0.0011 0.0005 <0 001 <0 0010 <0.0010 <0.0010
Phosphorus (P) Total  Dissolved mg/L 0.007 0.0021 0.0029 0 0032 0.0057 0.0036 0.0055 0.001 0 0029 0 0033 0.0046 0.0037
Phosphorus (P) Total mg/L 0.014 0.0041 0.0146 0.0098 0.0166 0.0111 0.0146 0.0047 0 0071 0 0126 0.0159 0.0214
Total Nitrogen / Total Phosphorus 4.3 73.2 20.7 33.7 22.9 16.2 12.3 51.1 25.4 10.3 17.6 14.5

F) Bootjack Lake Station B1 (north) - Bottom
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pH (in situ) pH 8.02 7.95 7.13 7.56 7.58 7.90 7.74
Conductivity (in situ) s/cm 51 83 58 65.6 95 95 94 8
Temperature (in situ) °C 5.86 6.71 4.27 5.62 4.8 5.39 5.2 5 5
Total Dissolved Solids mg/L 50 62 57 3.3 48 63 49 59
Total Suspended Solids mg/L 1.5 3.3 3.7 217 <3 4.3 <3.0 <3.0
Turbidity ntu 1.28 1.78 1.75 1.6 1.34 1.41 2.58 1.82
Ammonia (as N) mg/L 0.0104 0.0025 0.008 0 0025 0.0131 <0.0050 0.0223 <0.0050
Nitrate (as N) mg/L 0.0242 <0.0050 0.0164 <0.0050
Nitrate and Nitrite (as N) mg/L 0.0025 0.0025 0.0561 0.0025 0.0242 <0.0051 0.0164 <0.0051
Nitrite (as N) mg/L <0.001 <0.0010 <0.0010 <0.0010
Total Nitrogen mg/L 0.34 0.4 0.19 0.18 0.22 0.18 0.3 0.32
Orthophosphate-Dissolved (as P) mg/L 0.0012 0.0014 0.0021 0 0012 0.002 <0.0010 <0.0010 <0.0010
Phosphorus (P) Total  Dissolved mg/L 0.004 0.0082 0.0048 0 0158 0.0035 0.0039 0.0052 0.0042
Phosphorus (P) Total mg/L 0.0152 0.0165 0.0152 0.0166 0.016 0.0134 0.0219 0.0184
Total Nitrogen / Total Phosphorus 22.4 24.2 12.5 10.8 13.8 13.4 13.7 17.4
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Appendix Table 1:  Mount Polley lake water quality monitoring program data, Nutrients, 2001-present  

G) Bootjack Lake Station B2 (south) - Surface
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pH (in situ) pH 7.74 8.04 7.68 7.77 8.63 7.31 7.84 8.47 7.07 7 81 7.40
Conductivity (in situ) s/cm 81 79 84 58 79 51 87 68.6 93 79 95.2
Temperature (in situ) °C 13.1 11.76 5.38 10.78 7.18 6.94 6.67 18.4 9.5 5 9 6.24 5.3
Total Dissolved Solids mg/L 55 54 47 57 47 3.8 55 53 54 43 61
Total Suspended Solids mg/L 2 1.5 1.5 1.5 3.8 1.5 55 4.5 <3 3.7 <3.0 6.7
Turbidity ntu 0.71 0.49 2.62 0 84 2.24 0.75 1.34 0 55 0.94 1 85 1.8 1.64
Ammonia (as N) mg/L 0.006 0.0025 0.01 0.0206 0.0025 0.0093 0.0025 0.0025 0.0084 <0 0050 <0.0050 0.0091
Nitrate (as N) mg/L <0.005 <0.0050 <0.0050 <0.0050
Nitrate and Nitrite (as N) mg/L 0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 <0.0051 <0 0051 <0.0051 <0.0051
Nitrite (as N) mg/L <0 001 <0.0010 <0.0010 0.0011
Total Nitrogen mg/L 0.06 0.3 0.299 0.37 0.4 0.17 0.16 0.17 0.22 0.16 0.25 0.33
Orthophosphate-Dissolved (as P) mg/L 0.005 0.0005 0.0005 0.0005 0.0027 0.0005 0.0012 0.0005 <0.001 <0 0010 <0.0010 0.0012
Phosphorus (P) Total  Dissolved mg/L 0.021 0.0024 0.0037 0.0032 0.0066 0.0043 0.0046 0.001 0.0027 0 0032 0.0043 0.0041
Phosphorus (P) Total mg/L 0.026 0.0056 0.0186 0.0091 0.0186 0.01 0.0052 0 0036 0.009 0 0167 0.0142 0.0175
Total Nitrogen / Total Phosphorus 2.3 53.6 16.1 40.7 21.5 17.0 30.8 47 2 24.4 9.6 17.6 18.9

H) Bootjack Lake Station B2 (south) - Bottom
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pH (in situ) pH 7.78 7.83 7.35 7.78 7.66 7.80 6.81
Conductivity (in situ) s/cm 57 82 51 64.2 95 80 101.2
Temperature (in situ) °C 9.83 7.17 6.46 6 36 6 5.63 5.46 5.9
Total Dissolved Solids mg/L 52 58 55 3.8 59 63 59 64
Total Suspended Solids mg/L 1.5 3.3 3.2 57 <3 4.3 3.3 <3.0
Turbidity ntu 0.81 1.35 1.04 1.49 0.87 1.67 1.6 2.18
Ammonia (as N) mg/L 0.0109 0.0025 0.0079 0 0025 <0.005 <0.0050 0.0127 0 0095
Nitrate (as N) mg/L <0.005 <0.0050 0.0105 <0.0050
Nitrate and Nitrite (as N) mg/L 0.0025 0.0025 0.0091 0.0025 <0.0051 <0.0051 0.0105 <0.0051
Nitrite (as N) mg/L <0.001 <0.0010 <0.0010 <0.0010
Total Nitrogen mg/L 0.4 0.37 0.18 0.16 0.21 0.16 0.24 0.32
Orthophosphate-Dissolved (as P) mg/L 0.0005 0.0028 0.0005 0.0013 0.0011 <0.0010 0.0012 <0.0010
Phosphorus (P) Total  Dissolved mg/L 0.0033 0.0067 0.0041 0.004 0.0035 0.0031 0.0051 0.0041
Phosphorus (P) Total mg/L 0.0106 0.0232 0.0119 0.0189 0.0111 0.0153 0.019 0.0195
Total Nitrogen / Total Phosphorus 37.7 15.9 15.1 8.5 18.9 10.5 12.6 16.4
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