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CALGARY WATERSHED, 2 007 -2009

Introduction

As an important element in a watershed
approach for source water protection, water
quality monitoring for acute and chronic
contamina nt assessment provides the means
to characterize current conditions, and
establishes a baseline against which future
conditions can be compared. The City of
Calgary Water Resources has implemented
monitoring and investigative programs in the
Bow and Elbow River watersheds to meet
these objectives.

This report summarizes river, stream, and
reservoir water quality conditions at several sites

in the Bow and Elbow River watersheds for the
years 2007 to 2009, inclusive. Monitoring
stations are listed individuall 'y along with their
summarized annual or seasonal water quality
measurements.

The Bow River, a major sub-watershed of the
South Saskatchewan River system, drains a
total catchment area of 11,295 km?2 from its
headwaters at Bow Lake in the Rocky
Mountains th rough the City of Calgary to the
most downstream station in the City of
Calgary Water Resources sampling network,
the Bow River above the Highwood River
station. The drainage is the primary
watershed in the Calgary region, and is
particularly important as a drinking -water
source for the City of Calgary, supplying the
Bearspaw Water Treatment Plant located at
the western city limits. Bearspaw WTP
delivers drinking water typically to the
northern half of the City of Calgary.
Important sub -watersheds of the Bow River
basin sampled in this program in the Calgary
region and upstream include: the Ghost River
watershed, Jumpingpound Creek watershed,
Nose Creek watershed, and the Fish Creek
watershed. Upstream of the city, the Bow
River serves the needs of several c ommunities
including Lake Louise, Banff, Canmore, the
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Stoney Nakoda First Nation, Cochrane, and
various water co -ops, in addition to extensive
activities of agriculture, irrigation, industry,
and hydropower generation. The City of
Calgary is the largest ur ban centre in the Bow
River watershed, and the river receives
effluents from the
and the three wastewater treatment plants:
Bonnybrook WWTP, Fish Creek WWTP and
Pine Creek WWTP.

The main sub-watershed of the Bow River in
the Calgary region is the Elbow River
watershed which drains a total catchment
area of 1,249 km2, and because it provides
water from the Glenmore Reservoir for the
Glenmore Water Treatment Plant largely
serving the southern half of the City of
Calgary, it is treate d separately here.
Communities in the upper Elbow watershed
include Bragg
Nation, and several water CO -0ps.
Predominant land uses include recreation, a
largely low -intensity agricultural land base
(grazing cattle and forage crops), and urban
influences from development and stormwater
drainage within the city limits. Major
tributaries to the Elbow River include: Prairie
Creek, McLean Creek, Bragg Creek and Lott
Creek.

The prima ry goal of the City of Calgary Water
Resources water quality monitoring program is
to collect information on the condition of all these
waters. The key objective is to provide sound
data to support informed decisions on immediate
water operations for which future technologies
and/or source water protectio n strategies can be
developed, and as an essential component in an
integrative approach for basin -wide watershed
management .

Creek, and
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Sampling and Analysis

Sampling Stations

To monitor surface water quality in the

Calgary region, a sampling network of 34
stati ons has been established by the City of
Calgary Water Quality Services both
upstream and downstream of the ¢ ity (Fig. 1).

In the Bow River watershed, seven mainstem
sites are sampled routinely, two major
tributaries, and thr ee sites on Bearspaw
Reservoir. In the Nose Creek watershed three
sites are sampled, two in the Fish Creek
watershed, and one in the Ghost River
watershed. In the Elbow River watershed, the

SAMPLING AND ANALYSI S

sampling network includes eight locations on
the mainstem river, four major tributaries
and four sites on Glenmore Reservoir.

These sites are sampled either throughout the

entire year or during the open -water season,
and all at least on a monthly frequency . A full
complement of water quality parameters is

analyzed for each site, including routine
physical/chemical variables , nutrients, major

ions, metals, and bacteria (specifics detailed
below in the Analytical Variables section ).
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Sampling Methods

Sampling for water quality requires the
employment of a variety of sampling methods

and apparatus es. Where conditions allow the

river or stream to be waded, s urface samples
can be collected by hand (Photo 1a). Where
less accessible, use of a sampler extension (i.e.
telescoping pole) is used (Photo 1b).

Reservoir sampling is typically conducted
from a boat (16 foot aluminum with 15 HP

SAMPLING AND ANALYSI S

Honda 4-stroke outboard). Rather than grab
sampling, as used for streams and rivers, a
depth-integrated sample is generally taken
from the euphotic zone (i.e., depth of 1% light
penetration) of the water colum n using a tube
sampler as seen below left (Photo 1c). On
occasion, samples are taken through th e ice.
To do so, Calgary Fire Department can escort
sampling personnel onto Glenmore Reservoir
using an airboat (Photo 1d).

Photo1 (a-d). Sampling methods arehuipment.
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Most water quality analyses are conducted in
the Water Quality Services laboratory from
samples collected in the field . However, field
measurements are also collected on site. For
river and stream samples, temperature,
conductivity and dissolved oxygen is collected
in situ using a YSI Model 85 field probe (Photo

SAMPLING AND ANALYSI S

2a). For reservoir sampling, the Hydrolab
Datasonde 4a (Photo 2b) is employed to profile
the water column at each sampling station,
collecting temperature, dissolved oxygen,
conductivity, pH, and in vitro fluorescence
(IVF) chlorophyll a at discrete depths.

Photo2. Field instrumentation:&) YSI Model 85 and)

Hydrolab Datasonde 4a.
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Analytical  Variables

Water quality analyses are conducted in the instrument (see above). The analytical suite
WQS laboratory from field samp les, except for for all sampling stations is summarized in
those obtained directly in the field by Table 1.

Tablel. Water quality variables and WQ@®alytical SOP reference for mainstem river sites, tributaries and
reservoirs.

. : : Rivers and Streams :
Analytical SOP : : : Reservoir

Water Quality Variables alytical SO NMainstem Tributaries eservoirs
RoutinePhysgcalChemical

e  Temperature, conductivity, dissolved oxygen YSModel 85 \% \% ®

e  Temperature, pH, conductivity, dissolved oxyger|

depth, IVF chlorophyt Hydrolab DS 4a ¢ ¢ v

e Turbidity ASORI14 \% \% \%

e Alkalinity ASORI01 \% \ \%

e  Hardness ASORI09 \% \% \%

e  Colour ASORI15 \% \% \%

e  Total suspended solids ASOP04 \% \% (0]

e Light extinction Licor sensor (0] (0] \Y

e  Secchi Depth Secchi Disk ® 0] \%
Nutrients

e  Total phosphorus ASOPO03 \% \% \%

e  Total dissolved phosphorus ASOM03 \% \% \%

e  Total Keldahl nitrogen ASOR315 \% \% \%

e  Total nitroger calculated V V Y,

e Nitrate+nitrite nitrogert calculated \Y, \Y; \Y

e  Total ammonia nitrogeh calculated \Y, Y, \Y
Total Organic Carbon ASOR04 \% \% \%
Major lons

e Anions(C&", Mg™, N&, K', NH") ASORI04 \Y; \Y; \Y

e CationgCl, F, SQ, NQ, NQ) ASORI06 \% \% \%
Silic4 ASOMO01 \% o ®
Total metald

e Al Sbh, AsBa, B, Be, Cd, Cr, Co, Cu, Fe, Pb, ASORI03 \% [0} 0]

Li, Mn, Mo, Ni, Se, Ag, Tl, Sn, Ti, U, V, Zn

Microbiological

e  Total coliforms ASOF/01 \% \% ®

e E.coli ASOF701 \% \% (0]

. Chlorophylla (extracted) External lab ) ) \V,

Total nitrogen calculated as ENTKN + NGNQ
“Nitrate+nitrite nitrogen calculated as NENGQ = NQ +NQ
*Total ammonia nitrogen calculated asd¥HNH' *[1+1(PHO01821Er2oRers 2temp)ly

“Silica and total metals sampled quarterly at mainstem sites
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Data Analysi s

Water quality data for the Bow River and
Elbow River watersheds were statistically
analyzed and graphically presented from data
pooled over the years 2007 through 2009 for
each individual sampling station. Assessment

Water Quality Index

The Canadian Council for Ministers of the
Environment (C CME) has adopted a water
quality index (WQI) to help communicate
complex water qualit y information to the
public and provide a broad overview of
environmental performance (CCME 2001) *

This index was employed to present an overall
assessment of water quali ty for each sampling
station for the index period: 2007 -2009.

The CCME water quality index calculates

three factors based on the CCM E water
quality guidelines: F1 the number of variables
that fail their ob jective during the index

SAMPLING AND ANALYSI S

of water quality properly requires two
components: measurement and comparison to

established benchmarks or guidelines. In
order to assess water quality among stations,
the CCME water quality index was applied.

period; F2 the proportion of samples that fail
their  objectives; and F3 the relative
magnitude of any failures. The factors are
combined to give an overall rating that
corresponds to common descriptors (Table 2).

Water quality objectives were drawn

primarily from the Canadian Envir onmental
Quality Guidelines for the Protection of
Aquatic Life > (Table 3). Exceptions were
phosphorus and nitrogen from the Alberta

Surface Water Quality Objectives ° and E. coli
from the Canadian Recreational Water
Quality Guideline s'.

Table2. CCME water quality index (WQI) ratings, values and descriptions (CCME 2001)

Rating WQI Values | De<ription

95-100

Water quality is protected with a virtual absence of threat or impairme
conditions very close to natural or pristine levels.

80-94

Water quality is protected with only a minor degree of threat or
impairment; conditionsarely depart from natural or desirable levels.

Fair 60-79

Water quality is usually protected but occasionally threatened or
impaired; conditions sometimes depart from natural or desirable levels

Marginal 4559

Water quality is frequently threatened ampaired; conditions often
depart from natural or desirable levels.

0-44

Water quality is almost always threatened or impaired; conditions usua
depart from natural or desirable levels.

' CCME. 2001. Canadian Council of Ministers of the Enirgfirih ®

Q¢
u»

2 GSNJ vdZ tAleé LYRSE mon !

2CCME. 2007. Canadian Council of Ministers of the Environment. Canadian Water Quality Guidelines for the Protection.tié Aquatic
3 Alberta Environment. 1999uBace Water Quality Guidelines for Use in Alberta.
“Health and Welfare Canada. 1992. Guidelines for Canadian Recreational Water Quality.

Q¢
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Table3. All guidelines from CCME Canadian Water QualitgfeBuaes for the protection of aquatidé except
where otherwise noted.

Water Quality Variables Units Gﬁggiﬁe
Dissolved oxygen mg/L 6.5

pH 6.5
Total suspended solids mg/L calcuation*
Total phosphorus mg/L 0.05
Total dissolved phosphorus mg/L 0.05
Total nitrogen mg/L i
Nitrate+Nitrite Nitrogen mg/L 2.69
Nitrite Nitrogen mg/L 0.06
Ammonia Nitrogen mg/L calculatiorf
Aluminum ng/L 5100°
Arsenic ug/L 5
Cadmium ng/L 0.0120.055
Copper ng/L 2-4'
Iron ug/L 300
Lead ng/L 17
Molybdenum ug/L 73
Nickel ug/L 25150’
Selenium pg/L 1
Silver ng/L 0.1
Thallium ng/L 0.8
Uranium ng/L 15
Zinc ng/L 300

E. coli per 100 mL 400°

! total suspended solids guideline: (a) Clew. Maximum increase of 25 mg/L from background levels for any 4@ort exposure; (b)
High flow. Maximum increase of 25 mg/L from background levels at any time when background levels are between 25 and 250
Should not increase more than 10% otkground levels when background is > 250 mg/L.

Ztotal phosphorus guideline from Alberta Surface Water Quality Guidelines (1999); total dissolved phosphorus uses théifPoguid
ASWQG.

% total nitrogen guidelindrom Alberta Surface Water Quality @alines (1999).

*ammonia guideline = 0.0152*(f)/f)+0.0152, wherd=1/[10(0-0901821+(2720.921emppH), 71

® aluminum guideline = pg/L at pH < 6.5; 100g/L at pH >= 6.5.

¢ cadmium guideline = 1§86ios (hardnessh-2}

" copper guideline= Pg/L at a hardness of020 mg/L as CaCO3pug/L at hardness 12080 mg/L; 4ug/L at hardness > 180 mg/L.

8 lead guideline = fig/L at a hardness of:60 mg/L as CaCO3pg/L at hardness of 6020 mg/L; 4ig/L at hardness of 12080 mg/L;
7 pg/L at hardness > 180 mg/L.

® nickel guideline = 2hg/L at a hardness of-60 mg/L as CaCO3; /L at hardness of 6020 mg/L; 11Qig/L at hardness of 12080
mg/L; 150ug/L at hardness > 180 mg/L.

YE . colguideline fromGuideline for CanadiarRecreatimal Water Quality.
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For each water quality station, the WQI
rating was provided both numerically and

Water Quality Index @ cxcelient 95-100

graphically (Fig . 2). Colours corresponding to ; : @ Good 5094
the WQI rating were used to highlight both Sl i Fair 60-79
the station name and the text box outline . sii7om Marginal 45-59

rating . Poor 0-44

Although samples f rom all stations were
analyzed according to the full suite of Figure2. Water quality index example graphic.
variables (Table 1), only select water quality
variables are presented, i.e., those variables

which have associated CCME guidelines exceedance rate was deemed oOPoor 6 qual
(Table 3) and were thus include d in the WQI for the specific variable evaluated.
calculator .

Box and whisker plots were use d to present
To evaluate individual water  quality select water quali ty data graphically. Box and
variables, indicator levels were assigned whisker plots illustrate  the distribution and
according to the frequency of exceedances of statistics of a dataset (Fig. 3), with the box
the CCME guidelines calculated over the 3-yr showing the 25t and 75th percentiles or lower
time interval (Table 4 ). If there were no and upper quartiles and the me dian (the 50th
exceedances, the variable was assigned an percentile), and the whiskers (vertical lines)
OEx ®@alt 16 r thetekcreglance range from representing the maximum and minimum
greater than zero to 10% was considered values of the data.

0Good, 6 greater than 10 to 50% exceedance
was considered oOFdahan50% and a greater

Max
75th PC
Table4. Exceedace frequency and
corresponding indicator levels. Median
Exceedance Indicator 25th PC
Frequency )
0% Min
0.1¢10% . . .
¢ % Figure 3. Box and whisker plot showi
10.1 ¢ 50% median, interquartle (75 and 28
> 50% percentiles) range, and maximum a

minimum values (vertical lines).
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Trophic State Index

To assess the biological condition of the
Glenmore and Bearspaw reservoirs, the

Carlson Trophic State Index (TSI) ' was
employed. This index, which uses algal

biomass as the basis for trophic state

classification, incorporates three variables,

chlorophyll pigments, phosphorus and secchi

depth, to independently estimate algal

biomass. For the purpose of classification of
Glenmore and Bearspaw Reservoirs , only the
chlorophyll index has been used, first because
the variable is the most accurate of the three

at predicting algal biomass, and second both
secchi depth and total phosphorus are known
to be strongly correlated w ith non -algal
particles, i.e. suspended sediments, in

Glenmore and Bearspaw reservoirs, which
confounds their use in TSI estimation.

TSI -chlorophyll is calculated as:

TSI(Chl) = 9.81 * In [chl] + 30.6

Land Use/ Land Cover

Land use and land cover for the upper Bow River
watershed, including the major sub -waters heds,
was quantified using ArcMap 9.2 and the Land
Cover for Agricultural Regions of Canada,
circa 2000 database (Agriculture and Agri -
Food Canada 2007; http://www4.agr.gc.ca/
AAFC -AAC/display -afficher.do?id= 1227
635802316&lang=enq ).

The AAFC land cover product is available in
separate UTM zone mosaics, and since the
upper Bow River basin extends over two UTM
zones, zone 11 and zone 12, these were first
combined to a seamless layer using ArcMap
Spatial Analyst and subsequently clipped to

SAMPLING AND ANALYSI S

where: In is the natural logarithm

[chl] is the summer average (May -
Sept) of chlorophyll a concentration, in
ug/L for the period 2007 -2009.

Ranges of trophic state index values are
grouped according to trophic  state
classifications (Table 5). Index values less
than 40 are classified as oligotrophic (low
productivity) , between 40 and 50 mesotrophic
(moderate produ ctivity), and values greater
than 50 are considered eutrophic (high
productivity) .

Table5. Relationship of trophic state inde
(TSI) and lake classification.

TSI Classification
< 40 ‘
> 50 ‘

the upper Bow basin boundary and to the
individual sub -watershed boundaries.

The upper Bow River basin and the sub -
watershed boundaries were delineated
manually using CDED digital elevation model
(DEM), available through GeoBase portal:
(http://www.geobase.ca/geobase/en/
index.html ). Individual DEM files
corresponding to Canada NTS 1:50,000 map
sheets were converted to GRID format using
ArcToolbox 9.2, added to ArcMap an d
combined to a seamless layer using Spatial
Analyst.

! Carlson, R.B977. A trophic state index for lakes. Limnology and Oceanography. 226361
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Hydrology

Bow River

Discharge data for the Bow River bel ow

Bearspaw Dam (Station 05BH008 ) and the Bow River, 2007

Bow River at Calgary (Station 05BHO004), 400 SEyravg
measured by Environment Canada Water Bow River below Bearsp:

Survey, for 2007-2009 are shown in the 300 Bow River at Calga
accompanying charts (Figs. 4-6). Daily mean
discharges in m3/s for each year are
superimposed on the preceding 25 -year daily
averages (1982-2006) for the Bow River at

Calgary . 100 g

Typically, t he discharge pattern of the Bow
River i .Calgary exhibits I.OW and stable Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
levels during the late fall, winter , and early - Month

spring months , averaging 50 m3/s during that
period. With mountain snowmelt runoff
usually beginning in mid- to late-May, flows  Figure4. Bow River below Bearspaw Dam and Bow River at Calg:
increase sharply, peaking on average at 208 flows, 2007.

m3/s in mid -June, and receding thereafter

200 i

Flow, ni/s

O +—/——7—7 7777 T T T T T T T T T T T T T T T T

over the subsequent months to baseflow The third peaks were recorded in early July
levels by fall. with measured discharges of 260 m 3/s at the
) ) Bow River at Calgary and 272 m 3/s at the Bow
In 2007, Bow River flows followed a discharge River below Bearspaw Dam. By early August,
pattern  generally similar to the 25 -year river flows had returned to normal and by
average, although spring and summer peaks October averaged 50 m3/s to year end.

were higher than normal as snowmelt and
precipitation resulted in peaks of 331 m 3/s at
the Bow River at Calgary and 364 m 3/s at the ]
Bow River below Bearspaw Dam station, Bow River, 200¢

both measured on June 9 (Fig. 4). By late - 400 25yravg

July Bow River flows returned to normal and Bow River below Bearspz
remained so until year end. 300 Bow River at Calga

In 2008, both winter , early-spring and fall 200 m

flows followed a normal pattern, averaging

50 m3/s during these periods (Fig. 5). I

However, t he spring and summer snowmelt 100 I

and precipitation runoff resulted in river

flows higher than normal with  multiple 5
peaks measured in May, June and July. The Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
first peak was observed on May 26 with Month

peaks of 263 ms3/s at the Bow River at
Calgary and 285 m 3/s at the Bow River below
Bearspaw Dam. These were followed a couple Figure5. Bow River below Bearspaw Dam and Briver at Calgary

of weeks later by larg er peaks of 287 m3/s  flows, 2008.
and 300 m3/s at the two s tations respectively.

Flow, ni/s

10
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In 2009, winter, early -spring, and fall river
flows again followed long-term normal s (Fig.
6). However the spring runoff period
produced lower than normal flows as
maximum s of 159 ms3/s at Bow River at
Calgary station and 188 m3/s at the Bow
River below Bearspaw Dam were recorded,
both on June 18. Several summer storms
resulted in a succession of smaller flow peaks
in July and August, with levels returning to
normal by October .

Flow, ni/s

Bow River, 200¢

300
25yravg
Bow River below Bearspé
Bow River at Calga

200

100

0 T T T T T T T T T T T T T T T T T T T T T T T T T T
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Month

Figure6. Bow River below Bearspaw Dam and Bow River at Calge

flows, 2009.

Elbow River

Discharge data for the Elbow River abo ve
Glenmore Reservoir, measured by the City of
Calgary Water Services (unpublished), and
the Elbow River below Glenmore Dam
(Station 05BJ001), measured by
Environment Canada Water Survey, for
2007-2009 are shown in the accompanying
charts (Figs. 7-9). Daily mean discharges in
m3/s for each year are superimposed on the
preceding 25-year daily averages (1982 -2006)
for the Elbow River below Glenmore Dam.

Flow, ni/s

The discharge pattern of the Elbow River
typically displays low and stable flows from
fall, through the wi nter, and into the early

Elbow River, 2007

80 25yravg

Elbow River above Glenmor

Elbow River below Glenmon

40

20

0 T T 7T T’ T T T T T T T T T T

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

spring, averaging 4 m 3/s through this time
period. With mountain runoff onset occurring
usually in mid - to late-May, flows increase
sharply to an average daily maximum of 31
m3/s, which occurs wusually on June 7.
Thereafter, flows r ecede over the following
several months, returning by October to over -
winter baseflow levels.

In 2007, the discharge pattern for the Elbow
River followed the typical long -term average:
low and stable flows from January to May, a
couple of small peaks from 12 to 15 m3/s
recorded in April and early May, and peak
discharges of 74 m3/s for the Elbow above
Glenmore Reservoir occurring on June 6 and

11

Figure?7. Elbow River above Glenmore Reservoir and Elbow River
below Glenmore Dam flows, 2007.

65 m3/s for the Elbow River below Glenmore
Dam on June 7 (Fig. 7). These were followed
on June 18 by a second peak of 64 m3/s and 67
m3/s for the upper and lower river sites
respectively. Following the spring peaks, flows
receded in normal fashion to late summer, fall
and winter levels.

In 2008, while the shape of the discharge
pattern was comparable to normal, the spr ing
peaks were considerably higher and occurred
earlier (Fig. 8). Peak discharges of 160 m3/s
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were recorded on May 25 for the Elbow River
above Glenmore Reservoir and 175 m3/s for Elbow River, 200¢
the Elbow River below Glenmore Dam on the 180 25yrav
same date. Several weeks later in mid-June
there followed peak discharges of 136 m 3/s for Elbow River below Glenmor
the upper Elbow and 124 m 3/s for the lower 120 I
Elbow River. Fall and winter flow levels
remained normal.

Elbow River above Glenmor

60
Elbow River flows in 2009 departed w
substantially from the long -term normals
(Fig. 9). An early sp ring peak of 20 m 3/s was 0 Jeeersp——esf”  eeaohCoas Y reneiies)
measured on April 11 for the Elbow River Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
above Glenmore Reservoir and 15 m 3/s on Month
April 13 for the Elbow River below Glenmore
Dam. Numerous peak discharges ranging Figure8. Elbow River above Glenmore Reservoir and Elbow River
from 18 m3/s to 30 m?3s occurred on the  Glenmore Dam flows, 2008.
Elbow River from May through  June, with
the highest discharge recorded on July 14 as

Flow, ni/s

river flows reached 51 m 3/s for the upper . c
Elbow and 46 m 3/s for the lower Elbow River. 60 Elbow River, 200¢
These were followed with subsequent smaller zix;?verabwe oo
peaks of 24 to 28 m7s in early August. By fall oo River below Glenmor
and into winter, flo ws approached near 40
normals, although small increases were £
measured in late November both above and CE
below Glenmore g
T 20
¢
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

Figure9. Elbow River above Glenmore Reservoir and Elbow River |
Glenmore Dam flows, 2009.
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CALGARY WATERSHED, 2007-2009 BOW RIVER WATERSHED

Bow River Watershed

Bow River Mainstem

From 2007 through 2009 , sampling in the Bow and Bow River above the Highwood River ). All
River was conducted monthly at seven river mainstem sites have been sampled since 2003,
station s (Fig. 10): two above the corporate exceptthe Bow Ri ver at Policemands
limits of the City of Calgary (Bow River below the Bow River above the Highwood River
Ghost Dam and Bow River at Hwy 22 Bridge) sampled since 2004, and the Bow River below
three sites within city limits (Bow River below Ghost Dam sampled since 2008. Watershed
Bearspaw Dam, Bow River at Pumphouse, characteristics for the upper Bow River
Bow River at Cushing Bridge), and two sites watershed are summarized in Table 6.
below thecity ( Bow Ri ver at Policemanés FIl ats
Legend

l |Wltmlod Boundary
Adjoining Watershed
Boundaries
Administrative Boundaries

D Protected Areas

‘Water Quality Monitoring
Station

er al Pumphousg_;
Bow Rlverpt Cukhi Bridge

Figurel0. Upper Bow River watershed showing mainstem sampling stations.
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CALGARY WATERSHED, 2007-2009

BOW RIVER WATERSHED

Table6. Upper Bow River watershed characteristics.

Watershed Characteristics

Banff Natbnal Park, Kananaskis Country, MD Bighorn, Mountain View County, Rocky View Cou

Jurisdictions Foothills, City of Calgary, Storey 1 2 Rt CANRG bl GA2YyS ¢ &dzdz ¢ Q)
L Lake Louise, Banff, Cochrane, Bragg Creek, Airdrie, Calgary, Mowéptdbe Exshaw, Harvie Height
Municipalities :
Kananaskis, Lac des Arcs, Seebe, Benchlands
) Pipestone River, Cascade River, Spray River, Kananaskis River, Ghost River, Jumpingpound C
Major SubWatersheds River, Nose Creek, Fish Creek, Pine Creek
Banff National Park, Canmore Nordic Centre Provincial Park, Spray Valley Provincial Park, Bow
Provincial Park, Peter Lougheed Provincial Park, Bragg Creek Provincial Park, Big Hill Springs P
Protected Aeas Park, Glenbow Ranch Provincial Park, Fisbk@?rovincial Park, Bow Valley Wildland Provincial Par
Don Getty Wildland Provincial Park, ElsBeep Wildland Provincial Park, Ghost River Wilderness
Area
Area 11,295 krﬁ, 52% of Bow River watershed

Land Use/ Land Cover

Forest (36%), Barren (23%yriculture (16%), Grassland (11%), Shrubland (6%6), Urban (5%), Wai
Wetlands (3%)

MainstemWater Quality
Sampling Stations

Bow River below Ghost Dam, Bow River at Hwy 22 Bridge, Bow River below Bearspaw Dam, B
at Pumphouse, Bow RiverattCE Ay 3 . NAR3IST .26 wWAGSNI i t 2
Highwood River

Land Use/ Land Cover
. Water

Barren

Urban

Shrubland

Wetland

The majority of the
upper Bow River
watershed is
forested and barren
or exposed land
(60% combined
total coverage),
from its headwaters
in the mountains
through the
foothills  (Fig. 11).
The lower portion is
largely agricultural

(16%) and
grassland (11%),
but the dominant
feature in  this

section is the urban
landscape of the

SN N\ City of Calgary
b which occupies 5%
o Deciduous Forest TIEEEE of the total upper
I Mixed Forest e — m— Kilometers Bow River

watershed land
area.

Figurell. Land use/ land cover categories in the upper Bow River waterst
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CALGARY WATERSHED, 2007-2009

Bow River below Gh ost Dam

BOW RIVER WATERSHED

Water Quality Index

@ Excelient 95-100

Bow River below Ghost Dam

2008-2009
rating

@ cood 80-94
Fair 60-79
) Marginal 45-59

@ roor 044

The overall w ater quality at the Bo w River
below Ghost Dam station was rated Excellent

guidelines (Table 7). Only one exceedance of
the total phosphorus guideline was recorded,

from 2008 to 2009 * with an index score of 97 occurring in the spring runoff period of June
and all individual water quality indicators 2008.
except for total phosphoru s within CCME
Table7. Bow River below Ghost Dam wateradjity summary, 20082009
Parameter Mean Median Max 75hPC 25hPC Min N ExZZze d Indicator
pH 82 83 84 83 82 81 20 00% [Excelenty
Temperature’C 8.2 7.7 161 129 31 06 20 T T
Dissolved Oxygen, mg/L 10.8 10.7 144 124 9.6 7.9 20 0.0%
Total Suspended Solids, mg/L 5.1 1.0 61.8 2.7 1.0 1.0 20 0.0%
Total Phosphorus, mg/L 0.007 0.004 0.054 0.005 0.003 0.003 20 5.0%
Total Dissolved Phosphorus, mg/L 0.002 0.001 0.008 0.001 0.001 0.001 20 0.0%
Total Nitrogen, mg/L 0.16 0.18 0.27 0.21 0.10 0.06 20 0.0%
Nitrate+Nitrite Nitrogenmg/L 0.09 0.09 0.12 0.10 0.08 0.06 20 0.0%
Total Ammonia Nitrogen, mg/L <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 20 0.0%
Total Organic Carbon, mg/L 0.9 0.8 2.8 0.9 0.7 0.5 20 T
Chloride (I, mg/L 1.7 1.7 19 1.8 1.6 14 20 T
Aluminum, pug/L 17.8 20.3 29.5 23.0 10.6 5.7 5 0.0%
Arsenicug/L <0.7 <0.7 <0.7 <0.7 <0.7 <0.7 5 0.0%
Cadmiumpg/L <0.7 <0.7 <0.7 <0.7 <0.7 <07 5 0.0%
Copperug/L 11 0.5 35 0.5 0.5 0.5 5 0.0%
Iron, ug/L 36.0 25.0 80.2 25.0 25.0 25.0 5 0.0%
Leadug/L <0.8 <0.8 <0.8 <0.8 <0.8 <08 5 0.0%
Molybdenum ug/L <0.8 <0.8 <0.8 <0.8 <0.8 <08 5 0.0%
Nickel,ug/L 0.8 0.9 11 0.9 0.5 0.5 5 0.0%
Seleniumpg/L <0.7 <0.7 <0.7 <0.7 <0.7 <07 5 0.0%
Silverug/L <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 5 0.0%
Thalliumug/L <0.7 <0.7 <0.7 <0.7 <0.7 <0.7 5 0.0%
Uranium,ug/L <0.7 <0.7 <0.7 <0.7 <0.7 <0.7 5 0.0%
Zincug/L 14 1.0 3.2 1.0 1.0 1.0 5 0.0%
E. coli, MPN/100 mL 1 1 13 3 1 1 20 0.0%

'The Bow River below Ghost Dam site was not sampled in 200°
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Bow River at Hwy 22 Bridge

Water Quallty Index ‘ Excellent 95-100

@ cood 80-94
Bow River at Hwy 22 Bridge Fair 60-79 g

@ warginal 45-59
200772009 g
rating . Poor 0-44

The overall water quality at the Bow River at variables within CCME guidelines (Table 8).
Hwy 22 Bridge station in Cochrane was rated Exceptions were totals suspended solids, total
Good from 2007 to 2009 with an index score of phosphorus and aluminum which were rated
94 and most individual water quali ty Good.

Table8. Bow River at Hwy 22 Bridge wateradjity summary, 20072009

%

Parameter Mean Median Max 75hPC 25hPC Min N Exceed Indicator
pH 83 83 8.6 8.4 83 81 75 00% [Excellent
Temperature?C 6.5 4.8 16.6 11.0 1.2 0.4 75 T T
Dissolved Oxygen, mg/L 11.8 11.8 18.7 134 9.6 7.2 74 0.0%

Total Suspended Solids, mg/L 4.3 1.0 1340 2.9 1.0 1.0 75 2.7%

Total Phosphorus, mg/L 0.007 0.004 0.130 0.005 0.002 0.001 74 2.7%

Total Dissolved Phosphorus, mg/L 0.001 0.001 0.015 0.001 0.001 0.001 72 0.0%

Total Nitrogen, mg/L 0.21 0.20 0.53 0.27 0.14 004 75 0.0%
Nitrate+Nitrite Nitrogen, mg/L 0.11 0.10 0.49 0.13 0.08 001 75 0.0%

Total Ammonia Nitrogen, mg/L <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 75 0.0%

Total Organic Carbon, mg/L 11 0.9 3.9 11 0.7 0.1 75 T

Chloride (O, mg/L 2.3 2.2 49 2.8 1.9 13 75 1
Aluminum,ug/L 274 119 162.0 26.7 7.4 4.4 12 8.3%
Arsenicug/L <0.7 <0.7 <0.7 <0.7 <0.7 <0.7 12 0.0%
Cadmiumpg/L <0.7 <0.7 <0.7 <0.7 <0.7 <0.7 12 0.0%
Copperug/L 0.6 0.5 1.6 0.5 0.5 0.5 12 0.0%

Iron, ug/L 75.3 67.7 183.1 94.5 38.5 250 12 0.0%
Leadug/L <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 12 0.0%
Molybdenum,ug/L 0.6 04 0.8 0.8 04 04 12 0.0%
Nickel,ug/L 0.8 0.5 2.7 1.0 0.5 0.5 12 0.0%
Seleniumpg/L 0.5 04 0.8 0.7 0.4 0.4 12 0.0%
Silverug/L <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 12 0.0%
Thalliumug/L <0.7 <0.7 <0.7 <0.7 <0.7 <0.7 12 0.0%
Uranium,ug/L 0.5 04 0.7 0.7 0.4 0.4 12 0.0%
Zinc,ug/L <2 <2 <2 <2 <2 <2 12 0.0%

E. coli, MPKLOO mL 3 3 242 9 1 1 77 0.0%
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Bow River below Bearspaw Dam

Water Quallty Index . Excellent 95-100

@ cood 80-94
Bow River below Bearspaw Dam Fair 60-79 ——

@ marginal 45-59
20072009 g
rating @ Poor 0-44

The overall water quality at the Bow River within CCM E guidelines (Table 9). Exceptions
below Bearspaw Dam station was rated Good were total suspended solids, total phosphorus
from 2007 to 2009 with an index score of 94 and aluminum which were rated Good.

and most individual water quality variables

Table9. Bow River blow Bearspaw Damater quality summary, 2002009

%

Parameter Mean Median Max 75th PC 25th PC Min N Exceed Indicator
pH 83 83 85 84 83 81 39 00% [Excelent
Temperature?C 7.0 4.6 17.9 12.6 1.1 0.3 39 T T
Dissolved Oxygen, mg/L 115 12.0 18.5 13.0 9.5 7.0 39 0.0%

Total Suspended Solids, mg/L 4.2 2.2 68.0 31 1.0 1.0 39 2.6%

Total Phosphorus, mg/L 0.007 0.004 0.073 0.006 0.003 0.002 39 2.6%

Total Dissolved Phosphorus, mg/L 0.002 0.001 0.017 0.001 0.001 0.001 39 0.0%

Total Nitrogen, mg/L 0.20 0.18 0.45 0.22 0.14 0.07 39 0.0%
Nitrate+Nitrite Nitogen, mg/L <0.04 <0.04 <0.04 <0.04 <004 <0.04 39 0.0%

Total Ammonia Nitrogen, mg/L 0.09 0.09 0.13 0.11 0.07 0.05 39 0.0%

Total Organic Carbon, mg/L 11 0.8 5.0 11 0.7 0.5 39 T

Chloride (Ql, mg/L 21 21 3.3 21 1.9 15 39 T
Aluminum,ug/L 38.5 249 1599 353 18.9 7.3 12 8.3%
Arsenicug/L <0.7 <0.7 <0.7 <0.7 <0.7 <0.7 12 0.0%
Cadmiumpg/L <0.7 <0.7 <0.7 <0.7 <0.7 <0.7 12 0.0%
Copperug/L 0.5 0.5 11 0.5 0.5 0.5 12 0.0%

Iron, ug/L 88.3 927 1694 1253 25.0 250 12 0.0%
Leadug/L <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 12 0.0%
Molybdenum,ug/L 0.5 04 0.8 0.5 04 04 12 0.0%
Nickel,ug/L 0.8 0.5 21 1.0 0.5 0.5 13 0.0%
Seleniumpg/L 0.5 0.5 0.8 0.7 04 04 12 0.0%
Silverug/L <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 12 0.0%
Thalliumug/L <0.7 <0.7 <0.7 <0.7 <0.7 <0.7 12 0.0%
Uranium,ug/L <0.7 <0.7 <0.7 <0.7 <0.7 <0.7 12 0.0%
Zinc,ug/L <2 <2 <2 <2 <2 <2 12 0.0%

E. oli, MPN/100 mL 2 2 21 4 1 1 39 0.0%
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Bow River at Pumphouse

Water Quality Index @ excelient 95-100

@ cood 80-94
Bow River at Pumphouse Fair 60-79 , N

@ Marginal 45-59
2007-2009 2
rating . Poor 0-44

The overall water quality at the Bow River  at CCME gui delines (Table 10). Exceptions were
Pumphouse stati on was rated Good from 2007 total phosphorus , selenium and E. coli which
to 2009 with an index score of 90 and most were rated Good, and aluminum rated Fair.

individual water quality variables within

Tablel0. Bow River at Pumphouse watenajity summary, 2002009

%

Parameter Mean Median Max 75hPC 25hPC Min N Exceed Indicator
pH 8.4 8.4 8.5 8.4 8.3 82 38 0.0% [Excelent™
Temperature?C 7.4 5.3 20.0 13.9 1.0 0.2 37 T T
Dissolved Oxygen, mg/L 11.7 12.0 194 13.2 9.7 7.2 37 0.0%

Total Suspended Solids, mg/L 6.8 3.2 80.5 6.4 2.1 1.0 38 0.0%

Total Phosphorus, mg/L 0.010 0.005 0.077 0.009 0.004 0.001 38 5.3%

Total Dissolved Phosphorus, mg/L 0.002 0.001 0.015 0.001 0.001 0.001 38 0.0%

Total Nitrogen, mg/L 0.23 0.21 0.72 0.25 0.16 0.07 37 0.0%
Nitrate+Nitrite Nitrogen, mg/L 0.10 0.09 0.33 0.13 0.07 0.05 38 0.0%

Total Ammonia Nitrogen, mg/L 0.02 0.02 0.17 0.02 0.02 0.01 38 0.0%

Total Organic Carbon, mg/L 1.2 0.9 49 1.2 0.8 0.6 37 T

Chloride (Ql, mg/L 31 25 17.0 3.2 2.2 1.6 38 T T
Aluminum,ug/L 62.4 324 2444 62.6 26.0 20.7 13 154% Fair
Arsenicug/L <0.7 <0.7 <0.7 <0.7 <0.7 <0.7 13 0.0%
Cadmiumpg/L <0.7 <0.7 <0.7 <0.7 <0.7 <0.7 13 0.0%
Copperug/L 0.7 0.5 2.7 0.5 0.5 0.5 13 0.0%

Iron, ug/L 99.8 86.6 2735 1418 250 250 13 0.0%
Leadug/L <0.8 <0.8 <0.8 <0.8 <0.8 <08 13 0.0%
Molybdenum,ug/L 0.5 04 0.8 0.5 04 0.4 13 0.0%
Nickel,ug/L 0.9 0.5 21 1.3 0.5 0.5 13 0.0%
Seleniumpg/L 0.6 04 11 0.7 04 04 13 7.7%
Silverug/L <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 13 0.0%
Thalliumug/L <0.7 <0.7 <0.7 <0.7 <0.7 <0.7 13 0.0%
Uranium,ug/L 0.4 04 0.7 04 04 04 13 0.0%
Zinc,ug/L 1.7 1.0 4.7 24 1.0 1.0 13 0.0%

E. coliMPN/100 mL 7 8 649 17 2 1 38 2.6%
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Bow River at Cushing Bridge

Water Quallty Index ‘ Excellent 95-100

@ cood 80-94
Bow River at Cushing Bridge Fair 60-79 {::.,

@) Marginal 45-59
2007-2009 :
rating @ Poor 0-44

The overall water quality at the Bow River  at CCME guidelines (Table 11). Exceptions were
Cushing Bridge stati on was rated Good from total phosphorus , total dissolved phosphorus,
2007 to 2009 with an index score of 89 and iron and E. coli which were rated Good , and
most individual water quality variables within aluminum rated Fair.

Tablell Bow River at Cushing Bridge watertity summary, 2002009

%

Parameer Mean Median Max 75hPC 25hPC Min N Exceed Indicator
pH 83 83 85 83 8.2 81 39 00% [Excellent™
Temperature’C 71 5.7 173 130 14 05 39 T T
Dissolved Oxygen, mg/L 115 11.9 18.7 13.1 9.4 7.3 39 0.0%

Total Suspended Solids, mg/L 9.7 4.2 157.3 5.9 24 1.0 39 5.1%

Total Phosphorus, mg/L 0.011 0.007 0.142 0.010 0.004 0.002 39 2.6%

Total Dissolved Phosphorus, mg/L 0.002 0.001 0.013 0.001 0.001 0.001 39 0.0%

Total Nitrogen, mg/L 0.29 0.26 0.81 0.31 0.19 0.09 39 0.0%
Nitrate+Nitrite Nitrogen, mg/L 0.12 0.12 0.19 0.15 0.08 0.05 39 0.0%

Total Ammonia Nitrogen, mg/L 0.02 0.02 0.05 0.02 0.02 0.02 39 0.0%

Total Organic Carbon, mg/L 1.3 1.0 7.1 13 0.8 0.6 39 T T
Chloride (I, mg/L 5.1 35 21.6 4.3 3.0 1.9 39 T T
Aluminum,ug/L 1076 603 4520 136.2 46.1 277 12 333% Fair
Arsenicug/L <0.7 <0.7 <0.7 <0.7 <0.7 <0.7 12 0.0%
Cadmiumpg/L <0.7 <0.7 <0.7 <0.7 <0.7 <0.7 12 0.0%
Copperug/L 0.9 0.5 2.8 11 0.5 0.5 12 0.0%

Iron, ug/L 1271 1114 3873 132.0 914 250 12 8.3%
Leadug/L 0.5 04 1.8 04 04 04 12 0.0%
Molybdenum,ug/L 0.6 0.6 0.9 0.8 0.4 04 12 0.0%
Nickel,ug/L 0.9 0.5 2.2 13 0.5 0.3 12 0.0%
Seleniumpg/L 0.6 0.8 0.9 0.8 0.4 0.4 12 0.0%
Silverug/L <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 12 0.0%
Thallium,ug/L <0.7 <0.7 <0.7 <0.7 <0.7 <0.7 12 0.0%
Uranium,ug/L 0.5 0.4 0.7 0.7 0.4 04 12 0.0%
Zinc,ug/L 15 1.0 45 1.3 1.0 10 12 0.0%

E. coliMPN/100 mL 52 48 548 92 26 11 39 2.6%
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BOW RIVER WATERSHED

Bow River at Policemands Fl ats
Water Quality Index @ excelient 95-100
@ cood 80-94
Bow River at Policeman’s Flats Fair 60-79 ,rl‘““
) Marginal 45-59 -
2007-2009
rating @ Poor 0-44
The overall water quality at the Bow River at Exceptions included total dissolved
Pol i ¢ e ma nstation wak ratedsGood from phosphorus and iron which were rated Good,
2007 to 2009 with an index score of 83 and total phosphorus and aluminum rated Fair ,
many individual water quality variables and total nitrogen rated Poor
within CCME guidelines (Table 12).
Table12d 26 WAOSNI I G tqudlith sShifnvaryy200200€f | Ga &1 GSNJI
Parameter Mean Median Max 75hPC 25hPC Min N Ex(:ie d Indicator
pH 8.1 8.1 8.4 8.2 8.0 79 38 00% | Excellent
Temperature’C 7.4 6.1 176 127 1.3 07 38 T T
Dissolved Oxygen, mg/L 111 11.5 145 12.7 9.5 7.1 38 100.0%
Total Suspended Solids, mg/L 8.1 4.9 81.5 8.8 34 1.0 38 0.0% -
Total Phosphorus, mg/L 0.040 0.033 0.124 0.048 0.023 0015 38 21.1% Fair
Total Dissolved Phosphorus, mg/L 0.014 0.014 0.060 0.016 0.010 0.001 38 2.6%
Total Nitrogen, rg/L 1.59 1.72 2.54 1.85 1.28 0.75 38 86.8%
Nitrate+Nitrite Nitrogen, mg/L 1.10 1.19 1.84 1.39 0.81 031 38 0.0%
Total Ammonia Nitrogen, mg/L 0.16 0.15 0.41 0.20 0.11 0.02 38 0.0%
Total Organic Carbon, mg/L 2.2 1.8 5.8 2.2 15 12 37 T T
Chloride (I, mg/L 17.5 12.0 79.2 20.2 8.5 5.9 38 T T
Aluminum,ug/L 117.4 80.5 388.6 110.3 61.6 320 12 41.7% Fair
Arsenicug/L <0.7 <0.7 <0.7 <0.7 <0.7 <0.7 12 0.0%
Cadmiumpg/L <0.7 <0.7 <0.7 <0.7 <0.7 <0.7 12 0.0%
Copperug/L 1.6 14 34 25 0.9 0.5 12 0.0%
Iron, ug/L 143.4 96.0 585.0 127.0 74.4 250 12 8.3%
Leadug/L 0.5 04 15 04 04 04 12 0.0%
Molybdenum ug/L 1.3 14 1.7 15 13 0.8 12 0.0%
Nickel,ug/L 11 11 2.8 14 0.5 0.5 12 0.0%
Seleniumpg/L 0.7 0.8 1.0 0.9 0.7 0.4 12 0.0%
Silverug/L <0.8 <0.8 <0.8 <0.8 <0.8 <08 12 0.0%
Thalliumug/L <0.7 <0.7 <0.7 <0.7 <0.7 <0.7 12 0.0%
Uranium,ug/L 0.7 0.7 13 0.8 0.7 0.4 12 0.0%
Zinc,ug/L 49 4.5 12.9 5.7 2.9 1.0 12 0.0%
E. coliMPN/100 mL 86 80 387 157 63 16 38 0.0%
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Bow River above Highwood River

Water Quallty Index ‘ Excellent 95-100

@ cood s0-94
Bow River above Highwood River Fair 60-79 ’{ﬁﬂH
= 5
Marginal 45-59 ___1%

200722009
rating @ Poor 0-44

The overall water quality at the Bow River at Exceptions were total suspended solids, total
above Highwood River station w as rated Good dissolved phosphorus and iron which were
from 2007 to 2009 with an index score of 83 rated Good, total phosphorus and aluminum
and many individual water quality vari  ables rated Fair, and total nitrogen rated Poor.

within  CCME  guidelines (Table 13).

Tablel3. Bow Rier above Highwood River wateuglity summary, 2002009

%

Parameter Mean Median Max 75hPC 25hPC Min N Exceed Indicator
pH 82 82 8.6 8.3 8.1 79 37  00% [Excellent™
Temperature’C 75 6.3 189 134 11 03 37 T T
Dissolved Oxygen, mg/L 11.2 10.8 16.1 12.7 9.6 7.1 37 0.0%

Total Suspended Solids, mg/L 8.8 4.6 84.5 11.1 25 1.0 37 2.7%

Total Phosphorus, mg/L 0.035 0.028 0.117 0.046 0.022 0.010 37 21.6% Fai
Total Dissolved Phosphorus, mg/L 0.013 0.013 0.053 0.017 0.007 0.001 37 2.7%

Total Nitrogen, mg/L 154 1.62 2.61 1.81 1.16 0.70 37 86.5%
Nitrate+Nitrite Nitrogen, mg/L 1.13 124 1.93 1.35 0.90 032 37 0.0%

Total Ammonia Nitrogen, mg/L 0.11 0.10 0.33 0.17 0.02 0.02 37 0.0%

Total Organic Carbon, mg/L 2.0 1.7 5.4 2.2 1.6 1.2 36 T T
Chloride (Ql, mg/L 17.1 11.9 89.2 18.6 7.5 5.3 37 T T
Aluminum,ug/L 88.9 849 2395 1141 496 225 12 333% Fair
Arsenicug/L <0.7 <0.7 <0.7 <0.7 <0.7 <0.7 12 0.0%
Cadmiumpg/L <0.7 <0.7 <0.7 <0.7 <0.7 <0.7 12 0.0%
Copperug/L 1.3 11 2.7 1.6 0.9 0.5 12 0.0%

Iron, ug/L 1117 1045 3547 126.9 64.8 250 12 8.3%
Leadug/L <0.8 <0.8 <0.8 <0.8 <0.8 <08 12 0.0%
Molybdenum ug/L 1.3 1.3 1.7 14 12 0.8 12 0.0%
Nickel,ug/L 11 1.0 2.8 13 0.5 0.5 12 0.0%
Seleniumpg/L 0.7 0.8 1.0 0.9 0.4 0.4 12 0.0%
Silverug/L <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 12 0.0%
Thalliumug/L <0.7 <0.7 <0.7 <0.7 <0.7 <0.7 12 0.0%
Uranium,ug/L 0.6 0.7 0.8 0.7 0.4 0.4 12 0.0%
Zinc,ug/L 4.6 4.5 7.0 5.9 3.3 2.1 12 0.0%

E. oli, MPN/100 mL 49 56 219 99 26 4 37 0.0%
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Ghost River Watershed

From 2008 through 2009, sampling in the
Ghost River watershed was conducted
monthly at one river station : Ghost River at
Benchlands (Fig. 12). This station has been

GHOST RIVER WATERSHED

sampled since 2008 with sampling conducted
monthly through the entire year. = Watershed
characteri stics are summarized in Table 14 .

Legend

‘Watershed Boundary

Adjoining Watershed
Boundarles

Administrative Boundaries
D Protected Areas

Water Quality Monitaring

Station

Figue 12. Ghost River watershed showing the sampling station.
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