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RESULTS OF THE 2017 WATER QUALITY SURVEY OF ELEVEN LAKES IN YARMOUTH AND DIGBY
COUNTIES

Executive Summary

Through support from Nova Scotia Environment [NSE), a lake quality monitoring program haos
been camied out from 2008 to 2017 in a selection of lakes within the Carleton River, Meteghan
River and Sissiboo River watersheds. The moniloring program was initially executed by Acadia
University and in 2014 transitioned {o a fully volunteer-based program. Monitoring began in
response to a prevalence of potentially toxic algal blooms occuming in several lakes within ihe
study areq. Initial studies worked to provide a water quality review of a number of lakes within
the studied watersheds, and identify potential nutrient sources to the alfected waterbodies.
Identified sources poinied o agriculivral and aquaculture activities, but primarily 1o the
prevalence of mink farming aclivities within or upstream of the affected lake watersheds. With
the enactment of the Fur Industry Act in 2013 by the Nova Scotia Department of Agriculture,
sampling focus has shifted to identilying if waste control measures outlined in the act have had
an impact in reducing P impacis within the affecied lakes and other associated waterbodies.

This report contains the resulis from the 2017 monitoring program as well as a review of historical
trends within the lakas and watersheds through the review of previously collected data. The
current monitoring year saw an increase in total precipitation over the previous year and, as a
resuli, colour was up in most sampled lakes. Hourglass Lake and Lake Vaughan have shown
increases in several parameter concentrations over the previous monilcring period, although
trending of decreased nutrients contfinue to be observed through the downsiream lakes in the
Carleton River Watershed. Placides Lake inlet and outlet TP loads were some of the highest
measured within the Carleton River Watershed and were a similar order of magnitude indicating
minimal P removal within the lake water column. The contributing watershed to the Placides inlet
contains a number of fur farms and other agricultural operations, polentially contributing to the
high observed TP loads. Of note is the colour increase at Weniworth Lake; colour remains
elevaled, bui decreasing in levels, in downstream lakes {Parr Lake, Ogden Lake and Lake
Fanning}. Colour has the potential io influence chlorophyll @ concentrations in these lakes and
make them susceptible to potential future algal issues should colour be reduced in the presence
of sufficient TP.

Recommendations have been made to move fowards better sourcing nutrient loading to
specific lakes, through i) flow monitoring and loading calculations at lake inlels and outlets, and
ii) the determination of the influence of benthic sediments in TP recharge to the water column.

The intent is to supplement the curent monitoring program in identifying if loading rates are
changing within lake systems, if specific inputs are contributing higher loadings to a system and if
historical loadings have impacted benihic TP concentrations o the point where changes in land
use may not be sufficient to lower TP concentralions within the systemn.
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Future planning for land protection is also recommended, to better identify and mitigate further
TP impacts to the lake systems from proposed developments in the primarily wooded
watersheds.
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1.0 INTRODUCTION

Stantec Consulting Lid. (Stantec) was retained by ihe Carleton River Watershed Area Waler
Quadlity Monitoring Steering Committee (CRWAWQM SC) through the Municipality of the District
of Yarrmouih (MODY} io complete the 2017 monitoring program of a series of lakes within the
Carleton River, Sissiboo River and Meteghan River Watersheds, located in Yarmouth and Digby
Counties, in southweslern Nova Scotia (Figures A.1 to A3, Appendix A). The program was
carried out under a Waler Resources Program Grant through the Nova Scotia Federation of
Agriculture. The annual monitoring event occurred on August 20 to 24, 2017 and was executed
by Staniec sialf and local volunteers. A separate storm flow monitoring event occurred on May
15, 2017, which is summarized as a letter report in the atiached Appendix B.

2.0 BACKGROUND

In recent years, blue-green algal blooms have become a regular summer occutrence in several
lakes in ihe Carleton, Meteghan and Sissiboo watersheds. In response, Nova Scotia Environment
{NSE} has taken the lead in supporting a series of annual studies of select waterbodies within
these watersheds, initially aimed at identifying the likely couses of the problem. Monitoring has
been completed on an annual basis since 2008. The program was initiolly executed by Acadia
University with increasing volunteer involvement beginning in 2013. In 2016, the moniloring
program became entirely volunteer-based. Since the start of annual monitoring program, the
suite of water quality parameters sampled and analysed for has been condensed to focus on
key indicators and for quality control/quality assurance purposes. These studies have been
helpful in indicating pre-conditions conducive to blooms in the various lakes, and have
indicated vulnerabilifies in a number of lakes.

In 2015, the CRWAWQM SC was developed to oversee and organize water quality monitoring
within the Carleton, Meteghan and Sissiboo watersheds. The 2017 project objectives for work
undertaken in conjunction wilh the CRWAWQM SC are as follows:

1. A daia base that complemenis existing data bases by indicaling rends and/or patierns in
study parameters and more clearly defining environmental pressures on the study system;

2. Areport that better equips managers, administrators, and politicians to educate the public
and work with the public to manage public waters and catchment areas better;

3. Progress towards identifying best management plans for specific lakes and the wolershed
under study;

4. A case study that should have much wider applicability pravincially and beyond, in terms of
lessons for catchment area management; and,

5. Increased clarity in the identification of environmenial stressors and the provision of
recommendations regarding their mitigation.
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3.0 APPROACH AND METHODS

3.1 PLANNING METHODS

To facilitate the organization and completion of lake monitoring by Stantec, a Project Fian
(Stantec 2017) was drafted for submission and approval by the CRWAWQM SC, which includes
the following information:

s Literature Review (Section 2.0) - review of phosphorus (P} loading sources fo waterbodies,
historical monitoring reports results and trends for various water quality parameters, including
trophic status, chlorophyll a concenirations and lake colour;

¢ Project Plan {Section 3.0} —including a communication plan, a summary of consultation
activities, and ground-truthing and training information for execution of the moniioring
program;

e Monitoring Plan {Section 4.0} - including a surnmary of sample locations and scheduling,
information on data collection and submission, and data managemeni; and

s Project Schedule (Section 5.0}

3.2 MONITORING LOCATIONS

Monitoring and collection of water quality somples was conducted at eleven historically
monitored lakes and select tributary streams. Within the Carleton River Waiershed (Figures A.5
and A.7 1o A.14, Appendix A), nine lakes were monitored:

Hourglass Lake (5 sites)
Flacides Lake (3 sites)
Porcupine Lake (3 sites)
wWeniworth Lake (6 sites)
Parr Lake {5 sites)
Ogden Lake (3 sites)
Lake Fanning {5 sites)
Sloans Lake (3 sites)
Lake Vaughan (5 sites)

Within the Meteghan River Watershed, one lake was monitored (Figure A6, Appendix A}
+ Nowlans Lake (3 sites)

Within the Sissiboo River Watershed, one lake was monitored {Figure A.4, Appendix A}):

= Provost Lake (2 sites)

Lakes within the Tusket River Watershed have been monitored within this program during past
events; however, the select lakes were chosen for the 2017 monitoring event based on having
comprehensive historical data sets. Waler quality samples were collected at previously
identified inlet, oullet and mid-lake somple siies. Inlet and outlet monitoring sites have been
historically named as stream (ST} sites and represent well-defined inputs or outpuis o o lake, as
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determined in previous watershed work through ground-truthing. Mid-lake (ML) siles represent
the location of a previously identified deep-zone within each sampled lake, identified in previous
watershed work through available lake bathymetry maps {Taylor 2009). A handheld GPS unit
was used to navigate o the previously established monitoring sites.

Watershed map figures presenting watershed boundaries, general lond use types and areas,
and monitoring site locations for each individual lake are provided in Figures A.4 1o A.14,
Appendix A. Sample site IDs and coordinates are provided in Table C.1, Appendix C.

3.3 SITE MONITORING PROCEDURES
3.3.1 Stream Sites

The following is o summary of the monitoring procedures for in-field water quanlity and quality
measurements and waler quality sample collection at the ST sites:

» Flow monitoring was compleied at ST sites using a handheld acoustic doppler velocimeter
{ADV) (SonTek Flowtracker}). Velocity and depih measurements were taken at measured
intervals along a stream cross-section to allow for flow calculation using the velocity area/
mid-section method.

+ In-situ waler quality measurements were taken at each site using a handheld water qualify
meter (Y5l 650 MDS with a 6600-M Sonde), which recorded pH, dissolved oxygen [DO),
specific conductance {SPC) and temperature,

» Single grab samples for laboratory analysis were faken by hand at each ST (inlet and outlet)
location at an approximate waier depth of 0.25 m below suriace.

3.3.1.1 Flow Analysis

Three methods were used to calculate flows for this study, which were the mid-seciion method,
watershed area ratio, and 2009 measured percent difference.

Mid-Section Method

The mid-section method, which is recommended and used by the Waler Survey of Canada
{Environment Canada 1997), is where water depth, velocity and width are measured at 1510 20
panels [distance between measured points across stream width}. Flow is calculated at each
panel {half of the distance for each panel on either side of the flow measurement point) and
then all the measurements are added tegether 1o get the watercourse flow rate.

Watershed Area Ratio
Flow is predicted for ungauged/unmeasured stations using the ratio of the ungauged station

watershed area to the gauged/measured siation watershed area muliiplied by ithe measured
flow rate (Archfield and Vogel 2010).
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2009 Measured Percent Difference

The 2009 Carleton River annual monitoring event measured flows at the lake inlet and ouilet
stations at all 2017 study lakes, except Wentworth (Taylor 2010}, The percentage difference
between flows measured in 2009 were used to exirapolate 2017 flows from a monitoring station
where flows were gauged in 2017 [i.e.. PARL-INC) to o station where in 2017 flows were not
monilored {e.g.. VL-OL1). Additional details about the ST Sites where flow measurements were or
were not measured in 2017 are presented in Section 5.1.4.

3.3.2 Mid-Lake Sites

The following is @ summary of the monitoring procedures for in-field quality measurements and
water quality sample colleclion at the ML sites;

« In-situ water quality measurements were taken at each site using a handheld waier quality
meter {YSI 650 MDS with a 6600-M Sonde), which recorded pH, DO, SPC and lemperature.

¢ A standard 20 cm Secchi Disk was used to measure Secchi depth at each sampie location,
where lake depth allowed. The Secchi disk was lowered into the water column and when
the white disk areas were no longer discernable, the associated depth would be recorded.
The disk was then pulled up and when it became visible that depth was recorded. The
calculated Secchi depth was the average of the two depths.

+ Sample location depths were measured at each site using a depth-sounder (Garmin
GPSMAP 531s).

« A Van-Dorn sompler was used to take composite and bottom grab somples for laboratory
analysis at each ML site. Composite samples were a 50/50 composition of sample volumes
taken at a depth of 0.25 m below surface and at a depih of 2x the Secchi depth at the site,
Bottom samples were taken at a depth of 1 m above lake bottom at each ML site, where
lake depih allowed.

3.4 WATER QUALITY LABORATORY SUBMISSION AND ANALYSIS

Water quality samples iaken at each lake in appropriate laboratory supplied bottles were
placed in a coocler with ice and shipped by ground courier/vehicle to the QEl Health Sciences
Center {QEIl) in Halifax, NS, for laboratory analysis. Single grab samples at SL sites and composiie
and bottom grab samples ai ML sites were analyzed for the following suite of parameters:

Chlorophyll a1

Total Phosphorus (TP)
Ortho-phosphorus (Ortho-P)
Total Nitrogen (TN)

Nitrate + Niirite (NO2 + NO3)
Total Ammonia (NH3 + NH4+)
Colour

pH

Turbidity

'Chlorophyll a was not analyzed for bottorm grab samples at ML sites. The QEI, for this siudy,
subconiracted chlorophyll a analysis io ALS Laboratory, in Winnipeg, MB.
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Duplicate samples were taken at the following locations during the 2017 monitoring period: NL-
OL18, WL-DS1 (bottom}, LF-DS3 {bottom) and VL-DS2 [bottom). Discrepancies between
duplicate and original samples are noted in Section 5.1.1, where applicable.

3.5 NOVA SCOTIA ENVIRONMENT SAMPLING PROGRAM
AUGMENTATION

Historically, cyanobacteria and microcystin sampling and subsequent analysis have been
conducted in a number of the study lakes at nearshore and shoreline saompling stations. Nova
Scoftia Environment {NSE} proposed during pre-planning discussions {November 18, 2014} and
email correspondence potential availoble funding (i.e., in-kind contribution} for laboratory
analysis of near-shore and shoreline water samples for cyanobacteria (blue-green algae) and
microcysiin. The additional samples were collected by volunteers and Stantec personnel
concurrently with mid-lake sampling in previously identified lakes (e.g., historical algal blooms)
from historical near-shore and shoreline stations. The holding times for microcystin and
cyanobacteria prior to submission is 14 days and no specified holding time requirement,
respectively. The cyanobacteria samples have a preservative added to the sample botile,
which allows for the non-specific holding fime. Eiforts were made to submit samples to the lab
within these holding limes to avoid jeopardizing sample integrity.

3.6 DATA MANAGEMENT

The 2017 monitoring program data was added to an exisiing modified version of the historical
database, which consisted of an Excel spreadsheet file. The 2017 data entries were checked
against laboratory certificates of analysis results. Field duplicale samples were collected,
analysed for the full suite of water quality parameters for a given site, and subsequenily used to
confirm quality accuracy and conirol by completing Relative Percent Difference {RPD)
calculations,

4.0 APPLICABLE GUIDELINES

Relevant Canadian guidelines applicable to fresh water surface water environments, which

were used to assess the historical and 2017 monitering waler qualily parameter resulls, consisied
of the following:

Canadian Council of Ministers of the Environment (CCME) Guidelines for the Protection of
Freshwater Aquatic Life {FAL} (2017} — guideline values presented under the CCME FAL
framework are intended to protect aquatic life from exposure to a selection of chemical and
physical water quality parameters. Guidelines are presented for both short-term and long-term
exposure scenarios and can be conceniration-based or follow a guidance framework based on
baseline conditions. Monitored parameters covered under the CCME FAL guidelines include: TP,
total ammonia, pH, DO and temperature.
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Health Canada Guidelines for Canadian Recreaiional Water Quality (CRWQ) (2012) - guideline
values presented under Health Canada's recreational water quality framework pertain fo the
safety of surface waters for recreational use by humans. Specific concentration values are
given for cyancbacteria, cyanobacterial toxins (microcystins), pH and iurbidity. Otherwise, a list
of consideralions as to the applicability of ihe use of the water body for recreational purposes is
provided and is primarily based on visibility within the water column and water temperature.
Monitored parameters covered under the Health Canada CRWQ guidelines include:
microcystins, cyanobacieria cell counts, turbidity, pH and Secchi depth,

5.0 RESULTS AND DISCUSSION

5.1 2017 MONITORING RESULTS

The following section outlines the results of the 2017 lake monitoring within the Meteghan River,
Carleton River and Sissiboo River watersheds. Limitotions of the 2017 data set are outlined as
follows:

e Nowlans Lake did not permit for a safe launching of the boat based on low waler levels and
exposed mud flats along the shoreline and as such samples at the ML site NL-DS1 were not
collected during the August 24, 2017 monitoring event. Data collected ai NL-DS1, on August
29, 2017 by the Nova Scotia Department of Agriculiure and Foresiry (NSDAF) was used for
inferpretation purposes. The deep collection point had two water quality samples collected
ot the surface (1 - immediately below the surface, and 2 — at two times Secchi depth).

¢ No locations in the immediote vicinity of NL-IN1 were identified as being of sufficient water
depih to submerge the YS! in-field water qudlity probes, and therefore measurements were
not oblained.

s Flow data was not obtained at some of the ST locations during the 2017 monitoring period,
for the following reasons:

o Watercourse depth exceeded safe depths and water velocities for Stantec stoff and
volunieers to conduct the flow measurements based on Stantec's Stondard Operating
Procedures [SOP) for working in and near water, as well as the Ontario Ministry of Natural
Resources and Forestry [MNRF) River & Systems: Flooding Hazard Limit (2002) 2x2 loss of
life rule regarding safe wading depths and water velocities {discussed further in Section
5.1.4).

o Data download was only possible faor one monitored site, an ST location on Parr Loke
(PARL-INC]). This was due to a malfunction with the SonTek Flowtracker download
process.

o No flow was observed at the §Tsite HL-IN2, and as such, no water qualily samples or in—
field water qudlity measurements were collected.

« Laboratory analyzed and field measured pH resulls differed, with field pH results consistenily
lower for the majority of sampled sites. This is potenfially due o temperature changes from
the field 1o laboratory environments. Field pH was used for the purposes of data
comparnson.

¢ Acidified and non-acidified chlorophyll a samples were collecied and submitted for analysis
at ALS through a sub-coniract with QEIl. The acidified chlorophyll a were 1000x greaterin
value than the non-acidified resulls. The non-acidified chlorophyll a results were closer in
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value to past moniioring evenl results. Consultation with the ALS lab indicated these results
were correct and they identiified no errors. Due to the high level of value discrepancy
between the two methods, the acidified chlorophyll a resulis were discarded from results
assessment.

+ Data for ML composite samples are missing for Parr Lake and Ogden Lake. Samples were
taken at these locations during the 2017 monitoring period for both Parr Lake and Ogden
Lake; however, due to issues with lak requisifion submission, these samples were not
analyzed by the QEll laboraiory.

Data tables of the 2017 analytical and field results, as well as the historical database, are
provided in Appendix D. Data graphs of the monitoring results for each lake are also provided
for select parameters in Appendix E.

5.1.1 Lake Site General Water Quality

Trophic status is used to describe lake water qualily in the following sections. This is in reference
to TP concentrations and associated vegelalive productivity, with trophic conditions defined as
follows: ultra-oligotrophic {< 0.004 mg/L TP), oligoirophic {0.004-0.01 mg/L TP), mesotrophic (0.01-
0.02 mg/L TP), meso-eutrophic {0.02-0.035 mg/L TP), eutrophic {0.035-0.1 mg/L TP} and hyper-
eulrophic (0.1 mg/L TP}. Ulira-oligotrophic lakes are considered to have low TP concentrations
and low vegetative productivity, whereas eutrophic and hyper-eutrophic lakes have high TP
concenirations and high vegetative productivity. As a result, eutrophic and hyper-eutrophic
water bodies are more susceptible 1o algal blooms.

5.1.1.1 Provost Lake

Provosi Lake (Figure A.4, Appendix A) is localed at the headwaters of the Sissiboo River
Watershed. There are no distinct lake inlets. The lake oullet drains into the Sissiboo River to the
northeast (Brylinsky 2011). The predominant land use in the watershed area is forest with some
development and silviculture.

Two locations were monitored on Provost Lake on August 22, 2017. One sample was taken at
PROL-OLI, an oullet ST location, and two samples {composite and bottom) were taken at PROL-
DS1, an ML location. In-situ field measurements were also recorded at each sample location.
The boitom depih at PROL-DS1 was recorded at 4.5 m, with an estimated Secchi depth of 2.2 m.
With the exception of pH and DG, field and laboratory water quality results did not exceed
applicable CCME FAL and CRWQ guideline values. Ranging from 5.63 to 6.16, values of pH
were lower than the CCME FAL desired pH range of 6.5 1o 9.0 at the monitoring sites. DO
concentrafion was lower than the CCME FAL recommended minimum DO concentralion of 6.5
mg/L at the PROL-DS1 bottom site. Colour was higher at PROL-OL1 {133.0 TCU} than the ML
composite and bottom monitoring sites (34.3 and 36.1 TCU, respectively). Temperaiure and DO
profiles at PROL-DS1 (Figure 1} show relatively consistent values through the mid-lake water
column indicating a non-stratified lake environment.
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Figure 1 DO and Temperature Profile for Provost Lake, Mid-Lake

5.1.1.2 Nowlans Lake

Nowlans Lake (Figure A.3, Appendix A) is located in the upper-eastern region of the Meteghan
River Watershed. There is a single, small inlet located on the eastern side of the Lake. The lake
outlet drains westward to Prime Lake (Brylinsky 2011). Land use within the lake waiershed is
predominantly forested with mink farm operations and residential development along the
eastern watershed boundary.

Two locations were monitored within Nowlans Lake on August 24, 2017 and one location was
monitored on August 29, 2017, One sample was 1aken ai NL-IN1T and one at NL-OL1, inlet and
oullet ST locations on August 24, 2017, Historical ML site NL-DS1 was not accessed by Stantec
during the August 24, 2017 monitoring event due to boat access issues {Seciion 5.1); however,
data provided from a NSDAF sample event at NL-DS1 on August 29, 2017 is used in lieu of
Stantec-collected data at this location. With the exceplion of DO, grab samples and field
measuremenis did not exceed applicable CCME FAL and CRWQ guideline values. In
comparison with other monitored lakes, cyancbacterial cell counts were the highest at Nowlans
Lake at 20,300 cells/mL. TP concentrations were classified as hyper-euirophic [3.33 mg/L) at the
inlet, NL-INT, and eutrophic {0.571 mg/L) at the ouilet, NL-OL1 and ML sample site, NL-DS1 (0.62
mg/L}. The NL-IN1 TP sample result of 3.33 mg/L represents the highest TP concentration
measured at a lake site during the monitoring period. The subwatershed coniributing to this inlet
is bounded by Hilllown Cross Road to the south and Route 340 to the wesl and land use in the
subwatershed consists of a large mink farming operation surrounded by several residences, with
the remaining areas forested. DO concentration was lower than the CCME FAL recommended
minimum DO concentration of 6.5 mg/L ai NL-OL1 and at N$-DS1 bottom sites. Field
measurements were not faken at NL-IN1 due 1o insufficient water depth [Section 5.1). The
chlorophyll a conceniration was higher at NL-D31 (average of 48.25 pg/L) than both NL-OLI1
{16.70 pg/L) and NL-IN1 [1.36 pg/L). Temperaiure and DO profiles at NL-DS1 (Figure 2} show
values through the water column that are indicative of thermal stratification.
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Figure 2 DO and Temperature Profile for Nowlans Lake, Mid-Lake

5.1.1.3 Hourglass Lake

Hourglass Lake [Figure A.3, Appendix A) is locaied at the headwaters of the Carleton River
Watershed. There is a single, poorly-defined inlet with intermitient flow. The outlet islocated to
the south and uliimately drains into Placides Lake (Brylinsky 2011). Land use in the loke watershed
areq is primarily forested; however, there are agricultural {mink farming and other) ond
aquaculture operations within the walershed. An aquaculiure operation on the norihwestern
lake side discharges into the lake at two locations.

Four locations were monitored on Hourglass Lake on August 24, 2017, Single water quality
samples were taken at three ST locations: two representing inlets to the lake from a nearby
aquaculture facility (HL-AQINT and HL-AQINZ), one at the outlet of the lake {HL-OLT). Two
samples (composile and boltom) were taken at HL-DS1, an ML location. In-situ field
measurements were also recorded af each sample location. The lake inlet {HL-INT} was
observed as being stagnant water with no flow {Section 5.1} and no samples were 1aken. The
bottom depth ai HL-DS1 was recorded at 6.5 m, with an estimated Secchi depth of 1 m. Secchi
depth af the HL-DS1 location did not meet the 1.2 m guideline value for lake clarity given by the
Heaqlth Canada CRWQ guidelines.

TP concenlirations were classified as hyper-eutrophic at both aquaculture inlet locations {0.125
mg/L at HL-AQINT and 0.134 mg/L at HL-AQIN2) and at the HL-DS1 botiom site (0.651 mg/L). The
TP conceniration al the HL-DS1 composite site was classified as eutrophic, at 0.073 mg/L.
Chiorophyll a concentrations were notably higher at this lake than other monitored lakes, with
concentrations at the aguaculture discharge points of 66.00 ug/L {AQ-IN1} and 41.80 pg/L (AQ-
IN2}). Values were slighily lower ¢ the lake outlet, at 49.80 pg/L (HL-OL1). Values of pH were lower
ihan the CCME FAL desired pH range of 6.5 to 2.0 ai HL-AQIN1, HL-AQIN2 and HL-DS1 bottom
sites. DO concenirations were lower ithan the CCME FAL recommended minimum DO
concentration of 4.5 mg/L at the HL-DS1 botiom and mid-depth siles. Colour was higher at the
HL-DS1 bottom sile (205.0 TCU) than other sites, which ranged from 59.6 TCU at HL-OL1 1o 123.0
TCU at HL-AQINT. Temperature and DO profiles at HL-DS1 {Figure 3) show changes in
temperature and DO through the water column that are indicative of thermal siratification.
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Figure 3 DO and Temperature Profiles for Hourglass Lake, Mid-Lake

5.1.1.4 Placides Lake

Placides Lake (Figure A.4, Appendix A} is located in the Carleton River Watershed, downstream
of Hourglass Lake on the main branch of the Careton River. The lake has asingle inlet and
outlet, and flow moves from northeast to southwest (Brylinsky 2011). Lond uses in the watershed
area are predominanily forest with some silviculiure activilies, but the watershed upstream of the
inlet contains Hourglass Lake, mink farming and other agriculiural aclivities.

Three locations were monitored on Placides Lake on August 22, 2017. Single samples were taken
at two ST locations, PLAL-INT at the lake inlet and PLAL-OL1 at the lake outlet, and two samples
{composite and bottom) were iaken ot PLAL-DS1, an ML localion. In-situ field measurements
were also recorded al each sample location. The bottom depth at PLAL-DS1 was recorded as
3.5 m, with an estimated Secchi depih of 0.625 m. Secchi depth ai the PLAL-DS1 location did not
meet the 1.2 m guideline value for lake clarity given by the Health Canada CRWGQ guidelines. TP
concentrations were classified as hyper-eulrophic at the sampled locations, ai 0.661 mg/L
[composite) and 0.618 mg/L [bottom)...Values of pH were lower than the CCME FAL pH range of
4.5 10 2.0 at the sampled locations. DO concentrations were lower than the CCME FAL minimum
recommended DO concentration of 6.5 mg/L at the PARL-DS1 bottom and mid-depth sites.
Temperaiure and DO profiles at PARL-DS1 (Figure 4) show changes in temperature and DO
through the water column that may be indicative of thermal stratification.
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Figure 4 DO and Temperature Profiles for Placides Lake, Mid-Lake

5.1.1.5 Porcupine Lake

Porcupine Lake [Figure A.5, Appendix A) is located within the Carleton River Watershed, and is a
tribulary lake off the main branch of the Carleton River. The loke has a single inlet on the eastern
boundary and ultimately discharges o Wentworth Lake through an outlet on the western
boundary {Brylinsky 2011). Land use in the lake watershed area is varied, with mink farming
operations and development in the far easiern watershed area. The immediate area around
the lake is forested.

Three locations were monitored on Porcupine Lake on August 22, 2017, Single samples were
taken at two ST locations, PORL-IN1 at the loke inlef and PORL-OL1 at the lake outlet, and two
samples (composite and bottom) were taken at PORL-DS1, an ML location. In-situ field
measurements were also recorded at each sample location. The boom depth at PORL-DS1
was recorded as 12 m, with an estimated Secchi depth of 3.375 m. Secchi depth at the PORL-
DS1 location met the 1.2 m guideline value for lake clarity given by the Health Canada CRWQ
guidelines. TP concentrations were classified as hyper-eutrophic at the lake inlet (0.197 mg/L at
PORL-IN1, and eutrophic at the PORL-DS1 bottom site (0.065 mg/L}. Colour was higher at the lake
inlef (212.0 TCUY} than other sampled sites within the lake. Colour at the ML [composite and
bottom) and outlet locations were similar, at 44.7-52.0 TCU and 45.9 TCU. Values of pH were
lower than the CCME FAL pH range of 6.5 to 9.0 at the sampled locations. DO concentrations
were lower than the CCME FAL minimum recommended DO concentration of 6.5 mg/L af the
inlet and PCRL-DS1 bottom and mid-depth sites. Temperature and DO profiles at PORL-DS1
{Figure 5) show changes in temperature and DO through the water column that is indicative of
thermal stratification.
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Figure 5 DO and Temperature Profiles for Porcupine Lake, Mid-Lake

5.1.1.6 Wentworth Lake

Weniworth Lake (Figure A.6, Appendix A} is located in the Carleton River Watershed, along the
main branch of the Carleton River. The lake has muliiple inlets and a single outlet that drains to
Parr Lake. Land use in the lake walershed area is primarily forested with silvicullure in the
northeastern seclion.

Six locations were monitored on Weniworth Lake on August 21, 2017, which included five ST
locations {four inlets and one outlet}, and one ML location. Single samples were taken at ST
locations WL-INT, WL-IN2, WL-IN3, WL-IN4 and WL-OL1, and two samples {composile and boitom)
were taken at ML location WL-DS1. In-situ field measurements were also recorded at each
sample location. The bottom depth at WL-DS1 was recorded as 4.5 m, with an estimated Secchi
depth of 0.675 m. Secchi depth at the WL-DS1 location did not meet the 1.2 m guideline value
for loke clarity given by the Health Canada CRWQ guidelines. TP concentralions were classified
as hyper-evirophic at a lake inlet {WL-IN1; 0.219 mg/L}, outiet (WL-OL1; 0.131 mg/L) and WL-DS1
bottom site {0.134 mg/L}, and eutrophic at a second lake inlet (WL-IN2; 0.026 mg/t) and the WL-
D51 composite site {0.084 mg/L). Colour was notably higher at this lake than other monilored
lakes. Colour was high at the inlet sites, al values ranging from 192.0 TCH at WL-N1 to 516.0 TCU
at WL-IN2. Ceolour at the ML and lake outlet site were lower, ranging from 156.0 to 164.0 TCU.
Values of pH were lower than the CCME FAL pH range at the sampled locations, and below the
Health Canoda CRWQ guidelines at the inlet and WL-DS1 botiom sites. DO concenirations were
lower than the CCME FAL DO range at the inlet locations. Temperature and DO profiles at WL-
D51 [Figure 6) show relafively consistent values through the water column, indicating a non-
stratified lake environment.
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Figure é DO and Temperature Profiles for Wentworth Lake, Mid-Lake
5.1.1.7 Parr Lake

Parr Lake {Figure A.7, Appendix A) is located in the Carleton River Watershed, downstream of
Wentworth Lake. The lake has three defined inlets and a single oullet o the south, which drains
to Ogden Lake. Land use in the lake watershed area is a mix of forested, developed and
silviculture operations.

Five locations were monitored on Parr Lake on August 20, 2017, which included four ST locaticons
{three inlets and one outlet), and one ML location. Single samples were taken at ST locations
PARL-INA, PARL-INB, PARL-INC and PARL-OL1, and one sample (botiom) was iaken at ML
location PARL-DS1. In-situ field measurements were also recorded ot each sample location. The
bottom depth ai PARL-DS1 was recorded as 5.8 m, with an estimated Secchi depth of 0.875 m.
Secchi depth at ihe PARL-DS1 location did not meet the 1.2 m guideline value for lake clarity
given by the Health Canada CRWQG guidelines. TP concentrations were classified as eutrophic al
the lake inlet (0.040 mg/L al PARL-INA), outlet [0.060 mg/L at PARL-OL1} and PARL-DS1 bottom
site {0.063 mg/L}. Colour was similar in volue at the inlet sifes, at values of 213.0 TCU (PARL-INA},
216.0 TCU {PARL-INB), and 296.0 TCU {PARL-INC). Colour values were lower at the PARL-DS1
boitom site and outlet, at 124.0 and 113.0 TCU, respectively. Values of pH were lower than the
CCME FAL pH range of 6.5 to 9.0 at the sampled locations, and below the Health Canada
CRWQ guideline range of 5.0 io 2.0 at the inlet and ouilet sites. DO concentrations were lower
than the CCME FAL recommended minimum DO concentration of 6.5 mg/L at the PARL-INA
inlef location and the PARL-DS1 ML location. Temperature and DO profiles at PARL-DS1 {Figure 7)
show relatively consistent values through the water column, indicating o non-siratified lake
environment.
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Figure 7 DO and Temperature Profiles for Parr Lake, Mid-Lake
5.1.1.8 Ogden Lake

Qgden Lake (Figure A.8, Appendix A) is located immediately south of Parr Lake in the southern
area of the Carleton River Watershed. The lake has a single inlet and single outlei, which drains
to the northwest, ullimaiely reaching Lake Fanning. Land use in the lake watershed area is a mix
of forested and residential, with some silviculture.

Three locations were monitored on Ogden Lake on August 20, 2017, which included two ST
locations {one inlet and one outiet}, and one ML location. Single samples were taken at ST
locations OL-INT and OL-OL1, and one sample (bottom) was iaken at ML location OL-DS1. In-situ
field measuremenlis were also recorded at each sample location. The bottom depth at OL-DS1
was recorded as 19 m, with an estimated Secchi depth of 2 m. Secchi depth at the OL-DS1
location met the 1.2 m guideline value for lake clarity given by the Health Canada CRWQ
guidelines. TP concentrations were classified as eutrophic at ihe lake inlet (OL-iNT). Colour was
similar in value at the inlet site, at 119.0 TCU {OL-NT}, and lower at the OL-DS1 boilom sije and
ouilet, at 83.4 and 81.6 TCU, respectively. Values of pH were lower than the CCME FAL pH range
of 4.5 to 9.0 at the sampled locations, and below the Health Canada CRWQ pH range of 5.0 to
9.0 ot the inlet and mid-depth ML site. DO concentrations were lower than the CCME FAL
minimum recommended DO concentration of 6.5 mg/L at the OL-IN1, OL-DS1 and OL-OL1
locations. Temperature ond DO profiles at OL-DS1 [Figure 8) show changes in iemperature and
DO through the water column that is indicative of thermal stratification. A botiom DO
concentration of 0.67 mg/L indicates low oxygen conditions at the ML boitom location. The low
bottom DO conceniration creales a reducing environment that would polentially convert
biologically unavailable precipitated P compounds in the sediment to biclogically available
dissolved forms of P.
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Figure 8 DO and Temperature Profiles for Ogden Lake, Mid-take
5.1.1.9 Lake Fanning

Lake Fanning (Figure A.9, Appendix A) is located in the southern area of the Carleton River
Watershed to the south of Ogden Lake. The lake has three defined inlets and a single outlet,
draining through Raynards Lake. Land use in the lake watershed area is mixed forested and
developed, with some silviculiure.

Five locations were monitored on Lake Fanning on Augusi 23, 2017, which included four ST
locations {three inleis and cne outlet), and one ML location. Single samples were taken af ST
locations LF-IN1, LF-IN2, and LF-IN3 and LF-OL1, and two samples (composite and boitom) were
taken at ML location LF-DS3. In-situ field measurements were also recorded at each sample
location. The bottom deplth at LF-DS3 was recorded as 10 m, with an estimated Secchi depih of
1.5 m. Secchi depth ai the LF-DS3 location met the 1.2 m guideline value for lake clarity given by
the Health Canada CRWQ guidelines. TP concentrations were classified as meso-eutrophic,
mesotrophic and oligotrophic at the lake inlets (0.030 mg/L at LF-IN1, 0.011 mg/L at LF-IN2 and
0.004 mg/L at LF-IN3) and meso-eutrophic at the outlet {0.022 mg/L at LF-OL1). A laboratory
duplicate sample was taken at the LF-DS3 botiom site and TP concentrations differed at this
location from 0.010 to 0.067 mg/L. Colour was lower at LF-IN3 (33.5 TCU) than other monitoring
sites, which ranged from 76.8 TCU [LF-OL1) to 105.0 TCU {LF-IN1}. Values of pH were lower than
the CCME FAL pH range of 6.5 to 2.0 at the sampled locations, with the exception of the lake
cutlet. DO concentrations were lower than the CCME FAL minimum recommended DO
concentration of 6.5 mg/L at the LF-OL1 and LF-D33 ML, location. Temperature and DO profiles at
LF-D33 (Figure 9) show changes in iemperature and DO through the water column that is
indicative of thermal siratification. A bottom DO concentration of 1.93 mg/L indicates low
oxygen conditions at the ML bottom location.
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Figure 9 DO and Temperature Profiles for Lake Fanning, Mid-Lake
5.1.1.10 Sloans Lake

Sloans Lake (Figure A.10, Appendix A) is a tibuiary lake, located off the main branch of the
Carleton River, in the southern area of the river watershed. There are no defined inlets to the
lake, and the single outlet drains to Raynards Lake, south of Lake Fanning. Land use in the loke
wastershed area is primarily forested, with residential developments along the northern
boundary and some silviculture along the southern boundary. A mink farm has been
constructed in the southwest drainage area (technical commitiee, personal communication)
since the monitoring program began in 2009,

Three locations were monitored on Sloans Lake on August 21, 2017, which included one §7
location {loke outlet), and two ML locations. Single samples were taken at the ST location, SL-
OL1, and two samples [composite and bottom) were taken at each ML location, SL-D31 and SL-
DS2. In-silu field measurements were also recorded at each sample location. The bottom depth
at SL-DS1 was recorded as 21 m, with an estimated Secchi depth of 4.35 m, and the bottom
depth at SL-DS2 was recorded as 15.5 m, with an estimated Secchi depth of 4.75 m. Secchi
depth at the both ML locations met the 1.2 m guideline value for lake clarity given by the Health
Canada CRWQ guidelines. With the excepiion of pH and DO, grab samples and field
measurements met the applicable guideline values. TP concentrations were classified as
oligotrophic or ultra-oligotrophic at the sampled locations. Colour was low at the sampled
locations, ranging from 11.4 TCU to 14.9 TCU. Values of pH were lower than the CCME FAL pH
range of é.5 to 9.0 at the sampled locations, and pH values mid-depth at the SL-D52 lecation
were lower than the desired pH range of 5.0 to 2.0 for the Health Canada CRWQ guidelines. DO
concentrations were lower than the CCME FAL minimum recommended DO conceniration of
4.5 mg/L ai the sampled localions, except for the lake outlet (SL-OL1). Temperature and DO
profiles at SL-DS1 and SL-DS2 (Figure 10) show changes in temperature and DO through the
water column that is indicative of thermal stratification. The DO profile at SL-DS2 indicates similar
DO concenirations through the waier column.
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Figure 10 DO and Temperature Profiles for Sloans Lake, Mid-Lake at Two Locations

5.1.1.11 Lake Vaughan

Lake Vaughan {Figure A.11, Appendix A) is located within the southwesiern area of the Carleton
River Watershed, on the boundary of the Tusket River Watershed. The lake has two inlets, one
receiving flow from Raynards Lake in the Carleton River Watershed, and one receiving flow from
Gavels Lake, in the Tusket River Watershed (Brylinsky 2011). The single outlet drains to the Tusket
River. Land uses in ihe lake walershed area consist of forest, residential, agriculiural and
silviculture operations. There is a mink farm located along the southem lake watershed
boundary.

Five locatlions were sampled on Lake Vaughan on August 24, 2017, which included three ST
location {iwo inlets and one outlet), and two ML locations. Single samples were taken the ST
locations, VL-IN1, VL-IN2 and VL-OL1, and two samples (composite and bottom) were taken i
each ML location, VL-DS1 and VL-DS2. In-situ field measurements were also recorded at each
sample location. The bottom depth at VL-DS1 was recorded as 17.6 m, with an estimated Secchi
depth of 1.625 m, and the bottom depth at VL-DS2 was recorded as 8 m, with an estimated
Secchi depth of 0.875 m. Secchi depth at the VL-DS2 ML location did not meet the 1.2 m
guideline value for lake clarity given by the Health Canada CRWQ guidelines. TP cencentrations
were classified as mesotrophic {ranging from 0.011 mg/L to 0.015 mg/L) at the sampled
locations, except for a hyper-eutrophic classification at the ML bottom site VL-DS2 {at 0.136
mg/L). Colour varies between monitoring sites, with lower values at VL-IN1 {47.9 TCU) and the VL-
DS1 composite site (51.2 TCU) and higher values at the VL-DS2 sites {193.0 and 178.0 TCU) and
the lake ouilet 141.0 TCU. Values of pH were lower than the CCME FAL desired pH range at the
sampled locations, and pH values were lower than the desired pH range for the Health Canada
CRWQ guidelines at the sampled localions with the exception of VL-DS1. DO concentralions
were lower than the CCME FAL desired DO range at ST location VL0-INZ and the mid-depth and
bottom sites at ML location VL-DS1. Temperature and DO profiles at VL-DS1 and VL-DS2 (Figure
11} show a well-mixed water column at VI-DS2 and changes in temperature and DO through
the water column that is indicative of thermal stratification at VL-DS1. A botiom DO
concentration of 1.83 mg/L at VL-DS1 indicaies low DO conditions at thai ML bottom location.
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Figure 11 DO and Temperature Profiles for Lake Vaughan, Mid-Lake at Two
Locations

5.1.2 Trophic Status Assessment

As discussed in Brylinsky {2011, 2013}, Brylinsky and Sollows {2014), there are limitations when
applying standard P-based trophic status fromeworks to lakes with high colour. Colour can limit
light penetralion through the water column, potentially suppressing algal blooms that would
typically occurin the presence of high-P concentration waters. The suppression of algal blooms
can lead to a false suppression in chlorophyll a concentrations in these waters. Additionally,
high-colour waters can have lower Secchi disk depihs which, in low-coloured waters, are
lypically aftribuled to low lake water clarity caused by vegetation or algal growth. The
Organization for Economic Co-Operation and Development (OECD) has developed a
framework for trophic status assessment using TP as a primary indicator parameter and
chlorophyll a and Secchi depth as secondary indicator parameters (OECD 1982). A madification
to the OECD trophic stotus was proposed by Brylinsky and Sollows {2011}, to include lake colour
in lieu of Secchi depth (Table 1}. Dysirophic refers to the degree of colour within a surface water
body, with oligo-dystrophic corresponding io low colour values and eu-dystrophic
corresponding to high colour values. The frophic staius determined by TP and chlorophyll a
concentrations refers to the vegetative productivily of a surface water body, with ultra-
oligotrophic comesponding to low vegetative productivity and hyper-euirophic corresponding
to high vegetative productivity.

Table 1 Criteria for OECD Trophic Status with Colour Modification (OECD 1982;
Brylinsky and Sollows 2011)
Total Phosphorus Chlorophyll a Colour
mg/L Trophic Status pg/L Trophic Status TCcu Dystrophic Status
<0.004 Ultra-oligotrophic <1.0 Ultra-oligotrophic - -
0.004-0.01 Qligotrophic 21.0-<25 Oligo-trophic < 50 Oligo-dystrophic
@ Stantec
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Table 1

Criteria for OECD Trophic Status with Colour Modification (OECD 1982;
Brylinsky and Sollows 2011)

Total Phosphorus

Chlorophyll a

Colour

mo/L Trophic Status Ha/L Trophic Status TCU Dystrophic Status
0.01-0.02 Mesoirophic 22.5-<8.0 Meso-trophic 250 - <100 Meso-dystrophic
0.02-0.035 Meso-eutrophic 28.0-<250 Eutrophic 2100 Eu-dystrophic
0.035-0.1 Eutrophic 225.0 Hyper-eutrophic = =

>0.1 Hyper-eutrophic - - - -

The modified trophic status is applied to the analylical data for composite ML locations for the
2017 monitoring period, with results shown in Table 2, below. Both Sloans Lake and Provost Lake
are categorized low productivity and low colour lakes. Wentworth Icke is categorized as a high
colour and high productivity lake, with respect to TP concentrations. Algae growth in this lake
appeors to be suppressed by high colour, resulting in a meso-trophic status for chlorophyll a.
Colour appears to be suppressing algae growth concenirations at the VL-DS2 ML sample
location in Lake Vaughan, as chlorophyll a is categorized as oligo-trophic despite higher TP
concentrations. Nowlans Lake, Hourglass Lake and Placides Lake are categorized as high
productivity with respect to both TP and chlorophyll a concentrations. Colour is present in these
lakes, but was not observed at sufficient high enough values to suppress algae growih. If colour
becomes reduced in Wentworih Lake and the VL-D52 ML site in Lake Vaughan, vegetative
productivity could polentially increase at these locations. ML composite sample results were not
available for Ogden Lake or Parr Lake (Section 5.1).

Table 2 Modified Trophic Status for ML Surface Composite Sample Monitoring Sites
Lake Station 1D Totol Phosphorus Chlorophyll a Colour

Provost PROL-DS1 Oligotrophic Meso-trophic Oligo-dystrophic
Hourglass HL-DSI-CS troph Hy Meso-dystrophic
Nowlans NL-DS1 Hy Oligo-dystrophic
Placides PLAL-DSI } Meso-dystrophic
Porcupine PORL-DSI Mesotrophic Oligo-trophic Oligo-dystrophic
Wentworth WL-DS1 _ Mtio-irqphic
Fanning LF-DS3-CS Meso-eutrophic _ “ﬁeso-i;o;:hic Meso-dystrophic
Sloans SL-DS1 Cligotrophic QOligo-trophic QOligo-dystrophic
Sloans 51-DS2 Ultra-oligotrophic Oligo-trophic Oligo-dystrophic
vongion veosiecs | wewropric [ veoorornc |
Vaughan VL-DS2-CS Mesoirophic QOlige-trophic _l@_ﬁ:,_g f_{hﬂ@_ﬁggﬂj
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5.1.3 Nutrient Ratio Assessment

5.1.3.1 Llimiting Nutrients

in a variety of natural systems, TP is typically considered a ‘limiting nutrient’; that is, the
availability of TP in the natural environment is reduced in comparison to other required nuitrients
and vegetation growth can be limited by the lack of available TP for growth. In systems
influenced by anthropogenic TP sources, TP is no longer considered a limiting nutrient and
vegetalion or algal growth can increase. In general, @ mass ratio of TN:TP concentrations below
17:1 is an indicator of nitrogen limitation, whereas a mass ratio of TN:TP concenirations above
17:1 is an indicator of P limitation. This is based off of the Redfield Ratio theory {Redfield 1934),
which assumes the ideal nutrient ratio between TN and TP and is employed in Brylinsky (2011).
The calculated TN:TP mass ratios for composite ML sample sites for the 2017 monitoring period
are shown in Table 3.

Table 3 TN:TP Mass Ratios for ML Monitoring Sites

Lake Station ID Total Niirogen (mg/L) | T ("m";jf)h‘”“‘ TP Mass
Provost PROL-DS1 0.29 0.c08 34
Hourglass HL-DSI-CS 0.41 0.073 3
Nowlans NL-DS 1 1.25 0.620 2
Placides PLAL-DS! 0.46 0.618 i
Porcupine PORL-DS1 0.29 0.017 17
Wentworth WL-DS1 0.46 0.084 5
Fanning LF-DS3-CS 0.33 0.022 15
Sloans SL-DS1 0.15 0.004 38
Sloans SL-DS2 0.15 0.003 50
Vaughan VL-DSIX-CS 0.28 0015 19
Vaughan VL-DS2-CS 0.38 0012 32

Four lakes have a TN:TP mass ratio of less than 17:1: Hourglass Lake, Nowlans Lake, Placides Lake
and Wentworth Lake. These [akes are considered nifrogen-limited, meaning P is readily available
for aquatic vegetative growth. Lake Fanning and Porcupine Lake have ratios close to the
threshold, indicating they may be limited by both TN and TP. Provost Lake, Sloans Lake and Lake
Vaughan are considered P-limited, with TN:TP ratios of greater than 17:1. These ratios are
generally supporied by ihe Irophic status indicators presented in Section 5.1.3.1, with the
exception of Lake Vaughan.
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5.1.3.2 Phosphorus Ratios

Crtho-phasphate {ortho-P) is an inorganic form of P 1hat is readily available in the dissolved form
for vegetation uptake and use. In P-limited environments, ortho-P uptake is rapid and
measurement of ortho-P may be difficull {CCME 2004). The ratio of oriho-P to TP in a lake system
may be indicative of the degree of P limitation within the system. Ratios of ortho-P:TP for

compaosiie ML sites for the 2017 monitoring period are shown in Table 4, below,

Table 4 Ortho-P:TP Ratios for ML Monitoring Sites
Lake station ID Tofal (':1':;’}':;“""‘ °“h°E;';}‘L’;h°’“s Ortho-F:TP Ratio
Provost PROL-DSI 0.008 0.004 0.50
Hourglass HL-DSI-CS 0.073 0.028 0.38
Nowlans NL-DS1 0.620 0.445 0.75
Plocides PLAL-DS! 0.618 0.506 0.82
Porcupineg PORL-DSI1 0.017 0.013 0.7
Wentworth WL-DS1 0.084 0.082 0.98
Fanning LF-DS3-CS 0.022 0.010 0.45
Sloans SL-DS1 0.004 0.004 1.00
Sloans SL-DS? 0.003 0.003 1.00
Vaughan VI-DS1X-CS 0.015 0.010 0.47
Vaughan VL-DS2-CS 0.012 0.004 0.50

Previous assessments {Sollows 2014) applied an arbitrary threshold of a ratio of greater than 0.50
or higher at a TP concentralion of 0.02 mg/L or higher to assess risk for algal blooms in the
monitored lakes. Using this criteria, Nowlans Loke, Placides Lake, Porcupine Lake, Wentworlh
Lake, Fanning Lake and Vaughan Lake are flagged as having excess inorganic P. These lakes

also have ihe highest TP concentrations in the data set.

5.1.4 Flow Monitoring and Phosphorus Loading Rates

Flow monitoring was scheduled to be conducied at ST {inlel/outlet) locations during the 2017
monitoring period; however, site condilions prevented the collection of this data at the majority
of sites {Section 5.1}.

Datain this section is presented for PARL-INC, an ST inlet location on Parr Lake {Table 5). At the
time of sampling, flow at this location was measured as 0.091 mi/s, through a stream cross-
section measuring 4.62 m of total width. Using ihis flow rate and select laboratory data
associated wilh this site at the time of flow measurement, estimated loading rates for select
parameters are shown in Table 5, below.
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Table § Select Parameter Loading Rates for PARL-INC (August 20, 2017)
Farameter Total Phosphorus (mg/L)
Concentration 0.02
Loading Rate {kg/day) 0.157

As previously discussed, a number of the lake inlet/outlet monitoring stations were not safe for
staff and volunieers to access to measure flow (Section 5.1). Additionally, there were technical
issues (data download) with the flow resulls recorded at a number of monitored sites. To inform
future work in the lake watersheds, a table summary of whether flow monitoring can be
conducted at each 3T site has been complied in a 'go/no-go’ format and is given in Table F.1,
Appendix F.

Flows for the 2017 monitoring event were estimated at the ST stations using the watershed area-
ratio and 2009 measured percent difference methods {Table D.&, Appendix D and Figure 12).
The flows were extrapolated from the measured flow at PAR-INC. The area-ratio method for
lower Carleton River Walershed Lakes for the larger drainage area lakes (>20,000 ha) typically
predicted the highest flow rates of the two flow prediction methods, particularly for Vaughan at
VL-IN2 and VL-OL1 {Figure 12). The 2009 percent difference calculated flows were closer in order
of magnitude consistently at all stations when compared to 2009, 2010 and 2011 measured flow
rates. The 2009, 2010 and 2011 measured flows based on interpretation of the results were
calculaled based on a single velocity, single depth and single width measurement with an
assumed channel dimension of rectangular, based on depth and width. The actual channel
shape at these locations may be triangular or trapezoidal, particularly for the smaller headwater
inlet channels.
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Figure 13 presenis the observed and predicted TP loads for 2009, 2010, 2011 and 2017. The 2017
area-ratio predicted TP loads were typically higher than the 2009 percentage difference flow TP
loads, except for Placides inlet {PLAL-IN1} and ouilet {PLAL-OL1), and Lake Fanning outlet (LF-
OL1). Placides inlets and outlets had the highest predicted TP loads for the 2009 percent
difference method in the study and were also high for the area-ratio method. The Placides Lake
inlet and outlet TP loads are similar in order of magnitude indicaiing the immediaie lakeshore
drainage area as not a significant coniributor 1o the P load, and minimal P removal within the
lake water column. Pamr Lake results observed a substantial difference in predicted TP loads
between the inlets and outlet where substaniially higher TP loads are observed at the outlet. This
potentially indicates that the Pamr Lake P loading to the lake is coming from immediate lakeshore
drainage area and/or lake bottom sediments and contributing to the increased loke outlet TP
load. The Ogden inlet TP load was observed o be higher than the Ogden outlet load, indicating
P is potentially being deposited into the lake sediments through settling of particulate P and/or
incorporated into the aquatic vegetalion within the lake. The area-ratio method predicied the
highesi TP load atf the Vaughan Lake outlet {VL-OLI).

@ Stantec

File: 121414433 24



RESULTS OF THE 2017 WATER QUAUTY SURVEY OF ELEVEN LAKES IN YARMOUTH AND DIGBY COUNTIES

B-2010

A - 2009

[wau) vortidpaly
ocow 32 RRBRAT LR

gapaeggeagse-

{hep/Ia) prot suoidinig

i) woniiaaid
ow SBERIRITIE

i) gl]
L Ligh]
0
- TUO-A
* [NFIA
LR LY
L1 a1
— 051
ENH-N
thra
- INHY
-0
- ENTIO
— TV
INTINYd
AHHINYd
VYN
mwm
W
Therim
INTIM
e
o Twod
THFT04
— 0T
— | W TY
o™
T

=<l

EEREEREE RN

{4ep/Bx) proy sruoydsoud

§

E

W00 WICL0Praciontition

WI00Y w009 Frecptation

0 - 2017 Predicted

C-2011

NEAR noEEA@R °
]
14

=
=
REREERER R

{Aep/By) pron sunydicug

!

ww) uone,

cw32RAR 28

L]

geggaghesse-”

{Aep/Ty) pran sruoydsaug

Sutien

Statlon

Loty

e

X7 009

wI0LT-A

w011 W01 Precioftation

2009, 2010, 2011 ond 2017 Total Phespharus Loads of Sheom $totion:.

@ Stantec

Figure 13

2

File: 121412432



RESULTS OF THE 2017 WATER QUALITY SURVEY OF ELEVEN LAKES IN YARMOUTH AND DIGBY
COUNTIES

As a comprehensive nutrient/contaminant loading study requires flow monitoring to estimate
event or annual loads at each ST location for a given lake, lakes where data colleclion may not
be possible at one or more ST locations are considered a ‘no-go’ for future flow monitoring.
Based on ground-truthing during the August 2017 monitoring event, inlet/outlet flow monitoring
and contaminant load estimation is considered possible af the following lakes using the mid-
section method with chest waders:

Hourglass Lake
Placides Lake
Porcupine Lake
Lake Fanning
Provost Lake
Nowlans Lake
Sloans Lake

s e & B @

Flow monitoring by wading in with chest waders is nof recommended at the following lakes,
based on the depth of watercourse at either the inlet or outlet ST stations preventing safe access
for personnel:

*  Wenitworth Lake
e Parr Lake

e Qgden lake

¢ Loke Vaughan

For these lakes, alternative flow methods may be required to safely estimate flows. One potential
method is to string a rope across the channel that is anchored to wooden or metal stakes driven
into the ground. The boat would be tethered 1o this rope across the watercourse and flow
measurements would be done using a velocimeter that can be attached to a pole of sufficient
length to measure flow at 20, 50 and 80% of the water depth at 15-20 locations across the
watercourse width. Another alternative method is o use an acoustic doppler current profiler;
however, the local availabilily and associated purchase or rental cosis may make this a
prohibitive method for consistent use in an ongoing monitoring program. Staniec recommends
developing a procedure using a tethered boat and a velocimeter altached to a sufficiently
long rod 1o measure stream velociiy at appropriate depihs.
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5.2 HISTORICAL DATA AND TRENDING
5.2,1 Climate Normals

Climate data was taken from the Environmeni and Climate Change Canada meteorological
station at the Yarmouth Airport {Climate ID: 8206495) (Environment and Climate Change
Canada 2017). Climate data for the sampling/open watler seasons (May 1 — September 30) of
the current and previous menitoring year is presented in Figures 14 and 15, below,

80
70
40
50
40
30

o Il L l|‘i|!

May/17 Jun/17 Jul/17 Aug/17 Sep/i7

mmmm Total Precipitation {mm} =—Temperaiure (C) ® Sample Days

Figure 14 Temperature and Precipitation Normals for 2017 Sampling Season

During the 2017 sampling season a 1oial of 533.2 mm of precipitation was recorded, with peak
rainfall amounts of 72.2 mm during a single event in August. A rainfall event of 38.4 mm was
recorded on August 19, 2017, immediately preceding the August 2017 monitoring period, and
rainfall in an amount of <5 mm was recorded during monitoring, on August 23, 2017,
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Figure 15 Temperature and Precipitation Normals for 2016 Sampling Season

During the 2016 growing period, a total of 270.8 mm of precipitation was recorded, with peak
rainfall amounts of 38.6 mm during a single event in Sepiember. Several small rainfall events (<5
mm) were recorded in August, immediately preceding and during the August 2016 monitoring
period.

Based on climate normals provided for Yarmouth Airport meteorclogical station (1981 o 2010}
(Table 6), rainfall amounts during the sampling of 2017 were higher than average. Rainfall
amounts during the sampling season of 2016 was significanily below average precipitation
normals for the areq.

Table é Climate Normals for the Yarmouth Airport (1981 to 2010)
Month Average Precipitation (mm} Average Temperature (°C)

May 100.9 9.7
June 748 13.8
July 88.4 16.8

August 84.3 17
September 949 14.1

Total Precipltation 463.3 -

Rainfall data taken from a select number of weather stations local to the Yarmouth area is
shown in Takle 7.
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Table 7 AGRG Rainfall Data for Select Stations in Yarmouth, NS
Sampling Season Total Peak August Rainfall
Station Year Precipitation {mm} {mm)
2016 195.6 22
YA3 2017 225.8 33.2
2016 317.8 29.2
YA4 2017 443.2 93.6
2014 358.4 23
WE5 2017 4398 42.6

The Applied Geomatics Research Group [AGRG) Weather Network {2017) has a network of
weather stations (~75} in the southwestern area of Nova Scolia. Rainfall data taken from three
siations {YA3, YA4 and WES) show similar trends to the Environment Canada climate data in that
rainfall amounts in 2017 are higher than 2014; however, peak daily rainfall in August are higher
using the AGRG data. Tetal rainfall amounts differ depending on the location in the watershed,
and trend upward as you move inland from the station closest o Yarmouth (YA3). Rainfall data
graphs iaken from AGRG {2017) are shown in Appendix G,

5.2.2 Historical Watershed Select Water Quality Parameter Trends

Historical monitoring results of select parameters from each sampled lake between 2009 and
2017 (with no sample event in 2012) are presented in the following sections. Results are given for
select ML sample localions and represent an average between composite and bottom
samples. While these composited resulis provide an estimate of average conditions within the
lake environment there is potential bias based on lake shape and volume associated with
sample depihs. Results from Par Lake and Ogden Lake for the 2017 monitoring period reflect
bottom samples enly {Section 5.1).
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5.2.2.1 Total Phosphorus
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Figure 16 Historical Average Mid-Lake Composite and Bottom TP Concentrations by
Lake (2009 - 2017)

Increases in TP concentration over the previous 2016 monitoring period were found in Nowlans
Lake {0.55 mg/L to 0.62 mg/L}, Placides Lake {0.62 mg/L to 0.64 mg/L), Porcupine Lake {0.017
mg/L o 0.041 mg/L) and Lake Vaughan {0.031 mg/L to 0.076 mg/L) {Figure 16). The increases in
Placides Lake and Porcupine Lake are considered within the range of historical concentration
fluctuations in these lakes. The 2017 TP concentrations in Nowlans Lake and Lake Vaughan
represent the highest TP concentration measured in these lakes over the historical monitoring
period, replocing the previous pecak values of 0.042 mg/L as measured in Lake Vaughan in 2011,
and 0.55 mg/L, as measured in Nowlans Lake in 2014. Trends appear to show TP levels increasing
over time in Hourglass Lake and Nowlans Lake. As per historical frends, Placides Lake has the
highest TP concentrations in the watershed, and Sloans Lake has the lowest. Overall TP
concentrations shift from increasing TP concentrations through the three Carleton River
watershed headwaler lakes (Hourgloss Lake, Placides Lake and Porcupine Lake)} and Nowlans
Lake in the Meteghan River Watershed, to decreasing concentrations within the tailwater lakes
from Wentworth Lake to Lake Vaughan. A notable decrease in ML TP concenirations occurs
between Placides Lake and Wentworth Lake.

Additionally, at the aquaculiure facility inlet in Hourglass Lake (HL-AQINT) and watercourse
ouflet {AQOL1} measured the highest TP conceniration (0.125 mg/L and 0.134 mg/L,
respectively) in comparison to previous years (Table D.4, Appendix D). Aclive discharge was
observed from the inlet pipe and watercourse outlet during the August 2017 sample event.
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The Placides Lake inlet and outlet TP loads were estimated to be some of the highest within the
Carleton River Watershed, paricularly for 2011 {Figure 13). The inlet to Placides has an estimaled
2.111 ha waotershed area, which includes a number of fur farms and other agricultural
operations, poientially contributing to the high observed and predicted TP loads. Other lake inlet
ond outlet predicted TP results for 2017 using the 2009 percent difference prediciion method
were comparable to previous years. The Vaughan Lake inlet station (VL-IN1) for the upstream
Carleton River Watershed predicied a decreased TP load in comparison to 2009 and 2011
predicted TP loads. The Lake Fanning ouflet TP loads (LF-OL1) were estimated for 2009 and 2017
(2009 percent difference method) to be higher than all of the inlet loads combined, indicating
poiential internal TP loading from the lake sediments or the immediate lakeshore drainage area.

5.2.2.2 Total Nitrogen
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Figure 17 Historical Average Mid-Lake Composite and Bottom TN Concentrations by
Lake (2009 - 2017)

Increases in TN concenltrations over the previous 2016 monitoring period were observed in
Nowlans Lake {0.77 mg/L in 2015 to 1.28 mg/L), Provost Lake (0.27 mg/L to 0.28 mg/L}, Hourglass
Lake (0.97 mg/L to 1.14 mg/L}, Placides Lake (0.38 mg/L to 0.5 mg/L}. Porcupine Lake {0.29 mg/L
to 0.38 mg/L}, Sloans Lake (0.15 mg/L to 0.18 mg/L) and Lake Vaughan {0.37 mg/L to 0.595 mg/L)
(Figure 17}. With the exception of Nowlans Lake, Hourglass Lake, Placides Lake and Lake
Vaughan, the increases in TN concentration are considered within the range of historical
concentration fluctuations in these lakes. The 2017 TN concentrations in Nowlans Lake and Lake
Vaughan represent the highest TN concentrations measured in these lakes over the historical
monitoring period, replacing the previous peak value of 1.06 mg/L observed in Nowlons Lake in
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2010 and 0.455 mg/L observed in Lake Vaughan in 2014, Nowlans Lake and Sloans Lake have
the highest and lowest TN concentrations, respectively, within the monitoring program. High TN
concenirations are also observed in Hourglass Lake. Aquaculiure operations are a potential
source of nilrogen o surface water bodies, which may account for some of the higher TN
concentrations found in Hourglass Lake {CCME 2007; Merceron et al. 2002). Placides Lake has
historically had the highest reported TN concentrations within the watershed bui TN
concenirations appear to be trending downward in this lake. Nowlans Lake, Hourglass Lake and
Lake Vaughan TN concentrations are observed to be increasing. Although there are fluctuations
in TN concentrations within each lake belween moniioring years, overall frends appear 1o be
relatively stable in the remaining lakes.

5.2.2.3 Chlorophyll a
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Figure 18 Historical Average Mid-Lake Composite and Bottom Chlorophyll a
Concentrations by Lake (2009 - 2017)

As presented in Figure 18, increases in chlorophyll a concenirafions over the previous monitoring
period were found in Hourglass Lake (7 pg/L to 44 pg/L), Par Lake (11 pg/L to 13.7 pg/L) and
Lake Vaughan (7.87 pg/L to 14.7 pg/L). With the exception of Hourglass Lake, the increases in
chlorophyll a concentration are considered within the range of historical concentration
fluctuations in these lakes. The 2017 chlorophyll a concentralion in Hourglass Lake represents the
highest chlorophyll a concentration measured in the lake over fhe historical monitoring period,
replacing the previous peak value of 44 pg/L as measured in 2014, While chlorophyll a
concentrations in Hourglass Lake appear to represent trending patterns that align with
increasing TP concentration frends, other moniiored lakes do not, including those downstream
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of Hourglass. The headwater Sloans Lake remains the lake with the lowest concentraiions.
Although Placides Lake has higher concentrations of TP and TN than both Hourglass Lake and
Nowilans Lake, it is markedly lower in chlorophyll a concenirations, potentially due to high colour
as discussed in the section below. As chlorophyll a concenirations are directly aifected by the
quantity of algae present in the water during sampling, resulis may be skewed if @ sampling
event occurs during an algal bloom, Additionally, fluctuations in colour may also offect
vegetation growth in a lake from year to year, resulfing in changes in chlorophyll o
concentrations.

5.2.24 Colour
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Figure 19 Historical Average Mid-Lake Composite and Bottom Colour Values by
Lake (2009 — 2017)

Historical monitoring results of colour from each sampled lake are shown in Figure 19, above.

Increases in colour over the previous 20146 monitoring period were found in Nowlans Lake (14.7
TCU to 25 TCU), Provost Lake {29 TCU to 35.2 TCU), Plocides Lake (6.2 TCU to 102.3 TCU},
Porcupine Lake (29.7 TCU io 48.35 TCU), Wentworth Lake (117 TCU 10 159.5 TCU}, Parr Lake (71.95
TCU to 124 TCU), Lake Fanning {54.5 TCU to 87 TCU) and Lake Vaughan {44.95 TCU to 120.1 TCU}.
This represents a deviation from historical downward trends in Wentworlh Lake, Lake Fanning
and Lake Vaughan and may be attributed to the marked increase in total precipitation during
the 2017 sampling season from 2016, and imporiantly, immediately preceding the sampling
evenls in August 2017. There is a distinct increose in colour within ihe watershed beginning at
Wentworth Lake, with colour decreasing from ihis point through downstream lakes. Nowlans
Lake and Sloans Lake had the lowest colour measurements within the watershed, wilh Hourglass
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Lake and Weniworth Lake having the highesi. In certain cases, colour may be inversely
proportional to the concentration of chlorophyll @ in a lake system due to suppression of light
penetration through the waler column. The inverse colour to chlorophyll a relationship is
potentially observed in Hourglass Lake, Placides Lake and Wentworth Lake, where TP
concenirations are not limiting yet chlorophyll a concentralions are similar to lakes that are not
limited by TP (Figures 14 and 16).

5.2.2.5 Cyanobacteria and Microcystins

Historical cyanobacteria cell counts from each sampled lake are shown in Figure 20. Cell counts
have fluctuated in lakes over the hisiorical monitoring period; however, counts in Nowlans Lake
have been consistently higher than all other monitored lakes. Nowlans Lake is the only lake fo
have exceeded the Health Canada GCRWGQ value of 100,000 cells/mL, which occurred during
monitoring in Ociober 20092 and again in August 2015. Provost Lake, Placides Loke, Wentworth
Lake, Parr Lake and Sloans Lake have historically had concentrations below 5,000 cells/mL.
Nowlans Lake, Ogden Lake and Lake Fanning are the only lakes to have exceeded 20,000
cells/mL over the historical monitoring period. Nowlans Lake is the only monitored lake to have
observed detections of microcystins over the course of historical moniioring. with detections
occurring in August 2011 {11.82 ug/L), August 2015 {0.37 pg/L} and August 2016 {0.27 pg/L).
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Figure 20 Historical Cyanobacteria Cell Counts by Lake {2008 - 2017)
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6.0 SUMMARY AND RECOMMENDATIONS

Summary poinis derived from the review of annual and historical data are as follows:

At 3.3 mg/L. the inlet TP concentration at NL-INT on Nowlans Lake was significantly higher
than other monitored lakes. There is a large mink farming operalion and several residences in
the small subwatershed draining to the inlet location, which may be sources of the elevated
TP concentrations.

Hourglass Lake and Placides Lake each have consistently high TP concenirations within lake
waters (ML monitoring sites). Residences, aquaculture operations and mink farming within
the Hourglass Lake watershed are likely contributors to the current TP conditions within this
lake.

Placides Lake has the highest TP concentrations and TP inlet and owllet loads of all sampled
lakes. The Placides Lake watershed includes upsiream lakes {Hourglass), a number of mink
farm and other agricullural operations, and residences upstream of the Placides Loke inlet.
The inlet and outlet TP loads are similar in order of magnitude indicaling the immediate
lakeshore drainage area is not a significant contributor to the P load. There is potential that
TP sources in this lake are derived from upstream sources {Hourglass Lake) as land use in the
lakeshore watershed area does not have an identifiable source of TP loading to the lake {i.e.
doemestic wastewater sources, aquaculiure operations, agricultural or mink farming
operations).

Pamr Lake for the 2017 monitoring event indicated lower inlet TP loads then the outlet TP load.
This potentially indicates TP loading from the lakeshore drainage area and/or lake sediments.
Additional sampling events (during surface runoff events and more baseflow monitoring),
including sediment samples for P analysis, may assist with ideniifying P load dynamics in this
lake system. Additiondally, P analysis of Ogden lake boltom sediments would be potentially
worth monitoring due o the observed reduction in predicted TP loads between the inlet and
outlet observed in 2017.

Hourglass Lake and Lake Vaughan consisiently showed increases in parameter
concentrations {TP, TN, chlorophyll a) over the previcus monitoring period (2014). Trophic
indicator parameters tend to decrease in concentration/value as one moves downstream
through the Carleton River watershed system, except the ouilet lake, Lake Vaughan. Land
use in the area surounding Lake Vaughan may be a contributing factor to increases at this
lake {i.e. agrcultural activities and mink farming).

Colour values increase sharply [48.35 to 159.5 TCU) within the Carleton River Walershed at
Wentworth Lake. These colour values are elevated, yet decreasing, through the subsequent
three downstream lakes (Parr Lake, Ogden Lake and Lake Fanning).
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« Values of pH tend io decrease from headwater to tailwater lakes within the Carleton River
Watershed. Lower values of pH are not necessarily attributed to high colour lakes {i.e. humic
acid addition from vegetation sources) and may be poteniially caused by local
geomorphology (Trudell and White 2013).

Recommendations for fulure work are as follows:

« The implementation of a dedicated flow monitoring program at inlet/ouilet ST locations
within select lakes. The trending of loading rates over time is thought to be a valuable asset
to the identification of persisient nutrient sources within the monitored watersheds.

+ Estimating TP loads from individual land uses is difficult and requires monitoring of flows and
TP concentrations prior to discharge into a lake environment. This requires channelized flows
to be identified as potential sample sites. Future monitoring programs should potentially
ground truth small drainage areas to identify areas where channelized flow from overland
runoff occurs and what size precipitation event triggers measurable flows. This will help
develop a better monitoring program to quantify land use loads from individual land uses,
particularly when assessing the P loading impacts from implemented mitigation measures.

« The determinaiion of the effect of benthic sediments in the centribution to TP concentrations
in the water column of select lakes. This can be accomplished through i) the development of
nutrient balance models for several select lakes (Nowlans, Hourglass and Placides) using
esiablished 57 loading rates and land use inpuis to determine lake source/sink of nutrients in
conjunction with a baseflow and storm event monitoring program (6+ sample events) or i)
the carrying out of a sampling progrom using sediment cores within the select lakes.
Additionally, differences between inlet and ouilet TP loads in Parr and Ogden would be
worth investigating. This could be achieved by assessing the impacts of sediments via a
sediment sampling program and by increased inlet/outlet storm event and baseflow water
quolity monitoring.

+ The use of developmeni planning tools to account for and mitigate TP loading from future
development within each watershed. Land use in many lake watersheds is primarily forested
and changes in land use can potentially affect TP loading rates to adjacent lakes.

6.1 OBIJECTIVES

The following were the objectives of the 2017 monitoring project objeclives and how each was
achieved:

I. Adata base that complements existing data bases by indicating frends and/or patterns
in study parameters and more clearly defining environmental pressures on the siudy
system.

A data base was created of historic monitoring data and the 2017 monitoring program
water quality resulls and associaled graphs, that has been provided under separate cover
to the CRWAWQM SC.
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2. Areport that better equips managers, administrators, and politicians to educate the
public and work with the public to manage public waters and catchment areas better.

This monitoring report along with the Project Plan (Stantec 2017) provides information on
potential land use nutrient loading sources within the CRW and historic water quality trends.
The report also provides recommendations for BMPs and additional research studies to
address nutrient loading.

3. Progress fowards identifying best management plans for specific fakes and the
watershed under study.

This task was achieved through the production of land use mapping for each immediate
lakeshore drainage area to betteridentify potential nutrient load sources. A iheoretical P
load table was developed for the CRW (see Project Plan [Stantec 2017]) to identify potential
theoreiical contributions to P loading within the watershed. Assessment of P loads and water
quality trends within the study lakes has identified potential BMPs for implementation io

address nutrient loads and areas requiring additional research to better characterize P
loading.

4. A case study that should have much wider applicability provincially and beyond, in
terms of lessons for catchment area management.

This monitoring report in conjunciion with the previous monitoring reports for the CRW
provide a record of water quality frends and observations from 2009 to 2017, represents a
long-term lake water quality case study. The observed changes in nutrient loads into and out
of individual lakes and their upstream watersheds, and changes in land uses (e.g., fur farm
management regulations) have produced mixed results. These mixed resulis indicate the
need for long-term monitoring to determine changes in nutrient load sources (e.g., lake
sediments} with time with changes in land uses.

5. Increased clarity in the identification of environmental stressors and the provision of
recommendations regarding their mitigation,

This monitoring report provides additional information on poiential nutrient sources within
loke drainage areas and/or lake sedimenis based on observed irends and inlet/outlet loads.
Recommendations are provided for additional research o better identify these specific
contributors, pariicularly lake sediments and the implementation of BMPs o reduce nutrient
loadings.
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7.0 CLOSURE

This report documents work that was performed in accordance with generally aoccepled
professional standards at the fime and location in which the services were provided. No other
representations, warranties or guarantees are made concerning the accuracy or completeness
of the data or conclusions contained within this report, including no assurance thai this work has
uncovered all potential liabilities associated with the identified property.

This report provides an evaluation of selected environmental conditions associated with the
identified portion of the assessed lakes and associated tributaries that were assessed at the time
the work was conducted and is based on information obtained by and/or provided to Staniec
ai that time. There are no assurances regarding the accuracy and completeness of this
information. All information received from the client or third parties in the preparation of this
report has been assumed by Stantec to be comrect. Stantec assumes no responsibility for any
deficiency or inaccuracy in information received from others.

The opinions in this report can oniy be relied upon as they relate to the condition of the sample
sites within the assessed lakes and associated tributaries that were assessed at the time the work
was conducted. Stantec cannot comment on other areas of the estuary or associated
tributaries that were not assessed.

Conclusions made within this report consist of Siantec’s professional opinion as of the lime of the
writing of this report, and are based solely on the scope of work described in the report, the
limited data available and the results of the work. They are not a certification of the property’s
environmental condition. This report should not be construed as legal advice.

This report has been prepared for the exclusive use of the client identified herein and any use by
any third party is prohibited. Slantec assumes no responsibility for losses, damages, liabilities or
claims, howsoever arising, from ihird party use of this report.

The conclusions are based on the site conditions encountered by Stantec at the time the work
was performed at the specific sampling locations, and conditions may vary among sampling
locations. Factors such as areas of potential concern identified in previous studies, site
conditions and cost may have constrained the sampling locations used in this assessment. In
addition, analysis has been carmied out for only a limited number of chemical parometers, and il
should not be inferred that other chemical species are not present. Due to the naiure of the
invesiigation and the limited data available, $Stantec does not warrant against undiscovered
environmental liabilities nor that sampling results are indicative of the condition of ihe enfire site.
As the purpose of this repori is to identify site conditions which may pose an environmental risk;
the identification of non-environmental risks to structures or people on the site is beyond the
scope of this assessment.

This documeni entitled Resulis of the 2017 Water Quality Survey of Eleven Lakes in Yarmouth and
Digby Counties was prepared by Stantec Consulling Lid. (“Staniec”} for the account of the
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Carleton River Watershed Area Waier Quality Steering Committeethe Carleion River Watershed
Area Water Quality Steering Committee {the “Client"}. Any reliance on this document by any
third party is strictly prohibited. The material in it reflects Stantec’s professional judgment in light
of the scope, schedule and other limitations stated in the document and in the contract
between Stantec and the Client. The opinions in the documenti are based on conditions and
information existing at the time the document was published and do not iake into account any
subsequent changes. In preparing the document, Stantec did not verify information supplied to
it by others. Any use which a third party makes of this document is the responsibility of such third
party. Such third party agrees that Stantec shall not be responsible for costs or damages of any
kind, if any, suffered by it or any other third party as a resuli of decisions made or aclions taken
based on this document.

Yours truly,

STANTEC CONSULTING LTD.

Janeen McGuigan, M.A.Sc., E.LT. Andrew Sinclair, Ph.D., P.Eng.
Ph: {902] 566-2866 Environmental Engineer
Janeen mcguigan@stantec.com Ph: [902) 468-7777
Janeen.mcauigan@stantec.com Andr nclair@stant

‘“73@20@!,;4’9&_

Maylia Parker, P.Geo.

Senior Associate, Environmental Remediation
Ph: (902) 468-7777
Maylia.parker@stantec.com
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