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May 15, 2017 Storm Event Sampling Results Summary
-~ Nowlans Lake and Sloans Lake
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Stantec Consulting Ltd.
Stantec 102-40 Highfield Park Drive, Darlmouth NS B3A 0A3

July 12, 2017
File: 121414433

Aftention: Mr. Brad Fulton

Carleton River Watershed Area Water Quality Monitoring Steering Committee
Municipality of the District of Yarmouth

932 Highway 1

Hebron NS BSA 515

Dear Mr. Fulton,

Reference: May 185, 2017 Storm Event Sampling Results Summary - Nowlans Lake and Sloans Lake

BACKGROUND

Beginning in 2008, Nova Scotia Environment [NSE) has been leading an effort to monitor lake
water quality in a series of lakes within the Yarmouth-Digby County area of Nova Scotia, Several
lakes with the Carleton, Meteghan and Sissiboo River watersheds have shown impacts of
increased phosphorous (P) loading, including blooms of blue-green algae. In 2017, the Carleton
River Watershed Area Water Qualily Monitoring Steering Committee {CRWAWQM 3C) retained
Stantec via the Municipality of the District of Yarmouth (MCDY) to manage the annual monitoring
program. To support the historical data collection, a stormflow sample event [Event No. 1) was
undertaken by Stantec on May 15, 2017 at two lakes within two historically monitored walersheds:
Nowlans Lake within the Meleghan River Watershed, and Sloans Lake within the Carleton River
Watershed. These lakes were chosen for storm event sampling based on the following attributes:

o Headwater water bodies with no inflow ponds or lakes in their watersheds.

* Represent a high-P impacted water body (Nowlans Lake) and a low-P impacted water body
(Sloans Lake).

» Difference in main watershed area land uses: Nowlans Lake - agriculture {mink farm],
residential and forested (mixed/softwood), and Sloans Lake - residential and foresied.

The intent of sampling during a storm event is to capture potential surface water impacts to the
lake caused when rainfall-generated runoff flows overand and reaches a waterbody. In addition
to water qudlity sampling. stream gauging was used to estimate flows at each sample location to
allow for loading calculations of select water quality parameters, including P.

MONITORING METHODOLOGY

For the sample eveni, grab water samples, in-situ water quality measurements and water
velocities are obiained at previously identified surface tributary {ST) sample locations. ST sample
locations include lake inlets and outlets, as well as concentrated flow inflow locations that have
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Reference: May 15, 2017 Storm Event Sampling Results Summary - Nowlans Lake and Sloans Lake

been identified prior to the monitoring event by watershed CRWAWQM volunteers and Stantec
staff (Attachment A). Three of the investigated monitoring sites are part of the historic annual
monitoring program (NL-INT, NL-OL1, SL-OL1). Suitability and confirmation of the concentrated
flow monitoring sites are conducted during the site visit via presence of observed watercourse
flows.

Stantec has defined a storm event as a rainfall with a minimum forecasted amount of 20 mm and
greater than 80% probability of precipitation for the Environment Canada meteorological siation
at the Yarmouth Airport (Climate ID: 8206495) during ihe spring period (April/May). The trigger
precipitation amount has been chosen based on Stantec's experience with storm event
monitaring in Nova Scotia and likelihcod of concentrated flow occurring.

Grab samples are collecied in laboratory-supplied bottles atf the 5T localions at a depth of
approximately 0.25 m below the water surface. If bottles contain preservatives, samples are
decanted into these boltles from a clean, unpreserved bottle. In-sifu water quality measurements
are taken using a calibrated hand-held water quality meter with probes capable of measuring
dissolved oxygen (DO). conduciivily, temperaiure and pH. In-situ measurements are recorded
directly from the meter interface to o field book. Waier velocities are measured with a flow meter
with a detection range of 0.03 to 7.5 m/s. The walercourse/concenirated flow transects are
divided into a number of manageable subsections and the velocity is measured at the depth that
corresponds io 60% of the total depth when the total water depth is less than 0.5 m. The measured
velocity at each section and comresponding water depths are used to estimate the total
watercourse flow using the Mid-Section/Velocity Area Method recormmmended and used by the
Waier Survey of Canada [Environment Canada 1999).

WATER QUALITY SAMPLE ANALYSIS

Grab water samples are packaged in coolers and shipped to the QEIll Healih Sciences Cenire in
Halifax, NS for laboratory analyses. Grab samples are analyzed for the following suite of
parameters:

pH

Turbidity

Colour

Tolal Nitrogen {TN)
Nitrate + Nitrite {os N)
Ammonia {as N)
Ortho P

Total P (TF)

Chlorophyll a [CHL A; non-acidified, fluorometric method; analysis sub-contracted to ALS)
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RESULTS AND DISCUSSION

The moniloring event occurred on May 15, 2017 based on Stantec staff availability and the
Yarmouth airport weather forecast. According to daily climote data from the Yarmouth Airport
meterological station, 31.8 mm and 5.1 mm of rainfall was received on May 14 and 15,
respectively. The monitoring event visited a number of siles at Sloans and Nowlans Lakes where
concentrated flows from overdand runoff were potentially expected as part of the sample event.
Flow were only identified at the historic inflow monitoring location for Nowlans Lake {NL-IN1} and
the outlets for both lokes [NL-OL1; SL-OL1).

Water Quality

Water quality results from both grab sample analyses and field parameter measurements are
presented in the Attachment B table. Canadian Council of Ministers of the Environment (CCME)
Guidelines for the Protection of Freshwater Aquatic Life [FAL) were used for comparison purposes,
where possible. Results met the CCME FAL guideline range for pH. The CCME FAL guideline value
for ammonia is variable and depends on the field measured temperalure and pH at the
monijoring site. For the measured field parameters, results met the site-specific CCME FAL
guideline values for ammonia. Comparison o guideline values for nitrate and nilrale was not
possible as the laboratory reported results do not separate the parameter concentrations.
Narratives are provided by CCME FAL on guideline values for temperature and turbidily; however,
these pertain to exceedances or increases from baseline concentration values and are noi
applicable to this specific dajaset. Dissolved oxygen concenirations are based on the sustaining
of aquaiic life ai various life stages and temperatures. Dissolved oxygen concentrations in
Nowlans Lake at the time of measurement did not meet the minimum guideline valve for cold-
water biota at eatly life stages. Dissolved oxygen concentrations in both Lakes met the minimum
guideline value for cold-water biota al other life stages.

In comparison with the Nowlans Lake sample locations {NL-IN1 and NL-OL1}; dissolved oxygen,
specific conductivily, temperature and pH were higher at the Sloans Lake sample location (SL-
OL1). Laboratory parameter values were lower at the SL-OL1 location. With the exception of CHL
A and lurbidity, other laboratory parameters were highest at the inlet location of Nowlans Lake
{NLHN1) as compared to the outlet sample location {NL-OL1). The decreased concentrations
poteniially indicate dilution, aquatic vegetation uptake, chemical precipitation, and/or
deposition of suspended materials occurring within the Nowlans Lake system.

Trophic status criteria used in the evaluation of nulrieniHoading with a freshwater body are
provided in Table 1. Using CHL A and TP concentrations, each sample location was clossified.
Based on TP concentrations, NL-IN1 and NL-OL1 are classified as hyper-euirophic and SL-OL1 as
ulirg-oligotrophic. Based on CHI. A concentralions, NL-INT and NL-OL1 are classified as meso-
evutrophic and SL-OL1 as oligofrophic. Differences in trophic status in Nowlans Lake, as determined
by TP and CHL A concentrations, may be atiributed to a high degree of colour in the lake

{97.1 TCU at NL-INT and 36.3 TCU at NL-OL1). Colour can suppress vegetalion and algae growth
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due to areduction in light penetration through the water column. This lowers CHL A
concentrations despite the presence of sufficient nutrients o promote algae and aquatic

vegetation growih.

Table 1. Trophic Status Indicators for Freshwater Bodies

Trophic Status Total Phosphorous (mg/L)? Chlorophyli a {(mg/L)?
Ulira-oligotrophic <0.004 < 0.001
QOligotrophic 0.004 - 0.01 <0.0025
Mesotroghic 0.01-0.02 -
Meso-eutrophic 0.02-0.035 =0.0025-<0.008
Eutrophic 0.035-0.10 20.008 - <0.025
Hyper-eutrophic >0.1 >0.025

VCCME total P tigger ranges for Canadian Lokes ond Rivers (CCME 2004)

20ECD trophic status values [Vollenweider and Kerekes 1982

Flow

Estimated stream flow at each monitoring site are given in Table 2.

Table 2. Stream Flow at Each Sample Location {(as measured on May 15, 2017)

Sample Site

NL-INT NL-OL1

SL-0OL1

Flow {m3/s)

0.002 0.013

0.229

Mid-Section/Velocity-area method calculations are provided in Attachment C. It is nofed that a
conservalive minimum velocity value of 0.01 m/s was used at NL-OL1 as the in-field measured site
velocily recorded was 0 m/s, while visual surface flows were identified by the field staff.

Mass Loading

Surface water runoff associated mass loading rates from storm events are helpful in assessing the
potential impacis of a specific water quality parameters of concern within a water body. The
majority of non-point source nuirient (N and P} loading to surface water badies is from surface
water runoff during precipitation events. Loading rates provide an estimate of the mass of a
parameier entering or exiling a water body over a specific period of time and can inform storage
rates within a water body. Mass loading calculations can be compleied using empirical surface
runoff loading rates or through measured flow and conceniration values. Using the estimated
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Reference: May 15, 2017 Storm Event Sampling Resulis Summary - Nowlans Lake and Sloans Lake

stream flows and parameter concenirations obtained from grab sample analysis, individual daily
loading rates were calculated at each §T sample location for a select suite of analyzed
parameters, particularly focusing on nutrients {Table 3).

Table 3. Calculated May 15, 2017 Monitoring Site Mass Loading Rates

Parameter Unils NL-IN1 NL-OL1 SL-OL1
Flow m3/sec 0.002 0.013 0.229
Total Nitrogen g/day 138.2 460.5 2,572.1
Nitrate + Nitrate (N} g/day 38.0 11.2 197.9
Ammaonia (N) g/day 15.6 11.2 197.9
Ortho Phosphorous g/day 559.9 247.1 59.4
Total Phosphorous g/day 563.3 272.9 59.4
Chlorophyll a g/day 0814 5.3 23.3

Note that inpul loading rates for the Table 3 parameters to Nowlans Lake may be higher as NL-IN1
rates account for stream inflow at the ST sample location only, Parameters of concern loading via
non-concentrated flow surface runcff to Nowlans and Sloans Lakes directly into the lake are not
caplured by this monitoring event. Empirical watershed modeling can be used to estimaie these
potential contributions and assess the storage/removal within the water body itself. The Nowlans

. input load rates for Ortho P and TP are higher than what is observed at the lake outlet, which is
expected due {0 the retention time of the water body providing reductions via deposition,
aquatic vegetation uptake and chemical precipitation. The TP loading rate for NL-INT when
calculated as a per ha loading rate is 15.4 g TP/ha/day. The primary land use in the contributing
NL-IN1 sub-watershed is foresied (64.8%) wilh fur farms comprising 16.0% of the land use, residential
areas at 5.9% and agriculiure af 3.3%. Corridors and other designated land uses [cemeteries,
sports fields) make up the remaining land uses.

The NL-IN1 loading rate is associated with the precipitation event amount on May 14 and 15, 2017
of 31.8 mm and 5.1 mm, respectively. The Yarmeouth airport climate normal {1981-2010} number of
precipitation events per year with greater than 10 mm precipitation is 38 (Environment Canada,
2017). Based on the above daily loading rate, which would be associated with storm events
greater than or equal to 10 mm, 1he annual TP loading rate is estimated to be 585 g TP/ha/year.
When compared to the literature annual empirical loading rates for specific land use areas
{Brylinksy 2004} the observed loads are greater than the loading rate for forested areas (3510 50 g
TP/hafyear), but less than the rates for residential areas (1,860 g TP/ha/year), roadways (3,500 g
TP/ha/year) and agriculural areas (1,500 fo 3,500 g TP/ha/year). The total annual TP loading rate
for the NL-INT sub-basin would be expected to be higher than the 585 g TP/ha/year estimate
above when incorporating TP loads from for smaller precipitation events, baseflow TP loads and
potential increased loading rates for infense siorm events.
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Reference: May 15, 2017 Storm Event Sampling Resulls Summary - Nowlans Lake and Sloans Loke

Based on ihe estimated water body outlet loading rates, TP export loading is 272.9 g/day ot
Nowlans Lake, as compared to 59.4 g/day at Sloans Lake. Alternatively, total nifrogen export
loading is much higher at Sloans Lake (2,275.1 g/day} in comparison with Nowlans Lake (460.5
g/day).

CLOSURE

The above moniloring storm event resulis will be incorporaled into the 2017 annual monitoring
report for the CRWQM program. Addilional analysis, and discussion relaled to the August
2017 watershed monitoring resulls will also be included in the annual report.

Regards,

STANTEC CONSULTING LTD.

DRAFT

Maylia Parker, P.Geo.
Project Manager

Phone: (902) 468-7777
maylia.parker@stantec.com

Attachment: Attachment A - Watershed Figures
Attachment B - Water Quality Results Tables
Attachment C - Velocity-Area Method Calculations
Attachment D - Site Photos

c. Janeen McGuigan, Andrew Sinclair, Don Carey (Stantec); Darrell Taylor {Nova Scotia
Environment); John Soliows (TREPA)
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Atachment A - Watershed Figures
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Attachment B - Water Quality Results Tables
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Aftachment B Table: Laboratory ond Field Parameters for May 15, 2017 Storm Sample Event

CCME Guidelines for the Protection
Parameter Unit of Freshwater Aqualic Life LW NL-OU St-on
Short Term | Long Term 15-May-17 15-May-17 15-May-17
Laboratory Parameters
pH (laboratory} unitless - - 7.1 7.1 7.0
Turbidity NTU variable’' variable' 1.41 227 0.47
Colour TCU - - 97.1 36.3 16.4
Tolal Nifrogen mg/L - - 0.80 0.41 0.13
Nifrate + Nitrate (N} mg/L - /124 0.06/3 0.22 <0.01 <0.01
Ammonia {N] mg/L - variable? 0.09 <0.01 <0.01
Ortho Phosphorous ma/L - - 3.240 0.220 0.003
Total Phosphorous ma/lL - narative® 3.260 0.243 0.003
Chlorophyll a mg/L - - 0.00471 (.00475 0.00118
Field Parameters
Parameter Unit CCME Guidelines for the Protectlion NL-IN1 NL-OL1 SL-O11
of Freshwater Aquatic lLife 15-May-17 15-May-17 15-May-17
Shor Term Long Term
pH [lield) unitless - 6.5-9.0 6.635 7.44 7.46
Dissolved Oxygen mg/l - variable* 6.7 8.7 98
Dissolved Oxygen % - - 62 83 94
specific Conduclivity _ [mSfcm* - - 0.1736 0.066 1.5
Salinity ppt - - 0.1 0.0 0.0
Temperature °C - narrative' 11.6 13.1 134

bold = CTME FAL Short Term guidekne exceedance, undering = CCME FA!

based on maximum acceptable increases from baseline concentrations

Tbased onin-silv lemperature and pH values

Based on Irophic status liigger ranges
“Bused on lowest accepiable concentrations lor aquatic lile stages: cold-water biola: 9.5 mg/L (early life].

6 5 ma/l [othen) and warm-water biola: 4.0 mg/L {early lite}. 5.5 mg/L |other)

L Long Term guideline exceedance
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Attachment C - Velocity-Area Method Calculations
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Aftachment C: Stream Flow Calculations

SL-OL1 Date Measured:  15-May-17

Width 23m
x value 077 m
Depth {m} Velocity {m/s)  Flow {m’/s)
0.20 0.36 0.055
0.27 0.41 0.085
0.29 0.40 0.089
Total Flow 0.229 m%/s

NL-IN1 Date Measured:  15-May-17

Width 2.2m
x value 0.73m
Depth (m} Velocity {m/s)  Flow {m?/s)
0.07 0.00 0.000
0.20 0.01 0.002
0.05 0.00 0.000
Total Flow 0.002 m¥/s

NL-OL1 Date Measured: 15-May-17

Width 4,267 m

X value 1.42 m

Depth (m} Velocity {m/s)  Flow (m®/s)
0.75 0.00 0.000
0.88 0.02 0.013
0.70 0.00 0.000

Total Flow 0.013 m¥/s
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Attachment D - Site Photos
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Figure 1. Sloans Lake Boat Launch {May 15, 2017)



Figure 2. Sloans Lake Outlet (May 15, 2017)
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Figure 3. Nowlans Lake Beoat Launch (May 15, 2017)



Appendix C
Sample Sites and Coordinates



Table C.1  Somple Localion IDs and Associated Coordinotes

Walerbody of Interest Inlet Northing Easting Qutlet Northing Easting Mid-Lake | Northing Easting
Cadeton River Watershed
HL-IN1 266695 47 I 4911977 97 HL-QL1 2470732 A7 18723 HL-[5) 25650505 A7 247874
Hourglass Lake
HL-AQINI 28649547 4911977.97 s “ . - -
HL-AQINZ 2680062 | 491252957 s B - - - -
Placides Lake PLAL-INT 26630331 | 450918801 PLAL-OLI 26503849 | 450844835 PLAL-DSI 26609826 | 4908775.8%
Porcupine Lake PORL-AM1 26611224 | 490662586 PORL-OLY 264279.42 | 4506548.44 PORL-DS2 24551348 | 4906678.51
WL-IN' 26505002 | 4899263.51 WLOL 26545297 | 489532142 WwL-DS1 265258 4896291
vier et Loke WL-IN2 24654291 | 4898218.84 s . - - - -
WIL-IN3 26646282 487958388 - =
Wi-IN4 264749.56 | 489479232 - s 5 - - .
PARL-IMA 26683908 | 4mB¢BB4.47 PARL-OLI 26721808 | 488443775 AR5 24736299 | 24m@s07223
Pamr Lake PARL-IMB 2674658.99 48874647 - - - - -
PARLINC 2685256 488642425 - - - - - -
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Table D.3 Cyanobacteria and Microcystin data from July and August, 2017 sampling events

Microcystin | Total Cyanobacteria
Lake Date Sampled (pg/r) Cell Co‘:mt (cells/mL)
Hourglass =il - <!
15-Aug-17 <0.20 3,470
5-Jul-17 - 10
Wentworlh 15-Aug 17 <0.20 100
5-Jul-17 - 72
Parr
15-Aug-17 <0.20 20
Ogden 15-Aug-17 <0.20 390
Provost 30-Aug-17 <0.20 270
Nowlans 29-Aug-17 <(.20 20,300
Porcupine 5-Jul-17 - 136
29-Aug-17 <0.20 525
Placides 4-Jul-17 - 4,310
29-Aug-17 <0.20 650
Sloans 5-Jul-17 - 1,130
Vaughan 5-Jul-17 - 5,490
Health Canada GCRWQ <20 ug/L <100,000 cells/mlL

GCRWQ=Guidelines for Recreational Water Quality
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Appendix E
Daia Graphs
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Figure E.1 TN Concentrations by Lake for the 2017 Monitoring Period
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Figure E.3 Colour by Lake for the 2017 Monitoring Period
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Appendix F
Flow Monitoring Site Assessment Table



Table F.1 Flow Monltoring SiHe Assessmeni Table

laka 8T Location | GofNo-Go Noles

Hourglass Lake HL-INT GO -

Hourglass Lake HL-OL1 GO -

Hourglass Lake HL-AQINT GO -

Hourglass Lake HL-AGQIN2 GO -

Placides Lake PLAL-INT GO -

Placides Lake PLAL-OLI GO -

Porcupine Lake PORL-INI GO -

Forcupine Lake PORL-OLI GO -

Wenhworth Loke  |WLINI GO -

Wentworth Lake  [WLIN2 GO -

Waentworth Lake  |WLIN3 GO e

Wentworh Lake  [WL-IN4 GO -

Wenlwaorlh Lake  |WL-OLI NO-GO |Approx 1M deep, faster moving and precarous on fool

Parm Loke PARL-INA NO-GO  |>1M deep, soft botlom

Parr Lake PARLING GO? izv:rggfgglzzi:;:%ﬁ:‘l‘m;\:fssqmpling bul would expectit 1o be more
Parr Lake PARL-INC GO -

Parr Lake PARL-OLI NO-GO  |Approaching 2 min deplh

Qgden Lake OL-IN1 NO-GO  |Approaching 2 m in depth

Qgden Lake [s]alR NQ-GO |Channel here is sel of rapids [relalively shallow <0.5m), taul moving swifly.
Lake Fanning LFINT GO -

Lake Fanning LF-INZ GO -

Lake Fanning LRING GO -

Lake Fanning LROLI fota] ir::: c‘sle’: :\Lrsapids had flow moving swifily, but likely mare maneagable under
Sloans Lake SL-OLI GO -

Lake Vaughan VLN NQ-GO |Deep >2m

Loke Yauwghan VL-IN2 NO-GO  |Deep »>2m

crevougnon | woul | 0o [k e gmacton charalOeep o ol v dgnconon 17
Provost Lake PROL-OLY GO -

Nowlans Lake NL-IN1 GO e

Nowlans Lake NL-OL1 GO -




Appendix G
AGRG Climate Data
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