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Historical Overview (1976-2013)

¢ Lake P-Budgets (9 Alberta studies)

¢ P-Loading Infermation
— [nternal Leading Estimates (28! lakes)
— Sitream| Leading Estimates (1L06F Streams)

o BANIENUB
¢ River Diversion Effects




The Alberta Setting

| o Geology and
land use
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Hon. Willlam Yurko, Minister of
Environment (Nov 16, 1972)

> “l think we might all agree that a Symposium on
the Lakes of \Western Canada Is timely. Here in
Alberta, Intensiiing Industrial and agricultural
activities have not lefit our lakes
UnRaiffected.. proplems suchras fluctlatng and

receding lakerlevels, deterieration el Water
guality; shereline eresion, sl depesition and
COMmPENRE USagErareNncreasingNpNmagniticerane
SCEPE. IlESEIpIeRI ISt iaVe GeREN R ek O6
loiel ziglel fleive feeigpiecl gragoartians Waller floyy
cllgtziie taleit 2l coplcefisel effort 0V clfffefanit |avels
of cloveErnrent IS fec|tilireel o grasanye irle o|Llzlflty
zifie] ericiraiciar of our Jeides,,




“Task Force on Shorelands” (1976)

¢ 630 lakes assessed

¢ 45 Identified as being of iImmediate
CONCErn...oVvercrowding and restricted
pUBblic aceess e major lakes

9 Developmenit e land e recreationzl;
IRdustral residenaibaned prenneied uinil
N EIRENRENEE CER RIS ENZERIINENaNIEWY
WelSHeRERaREENN/ATENTIUIRICI PG,




Development prohibited at 15 lakes

¢ Regulated [Lake Shoreland
Develeopment Operation Regulations

— Bapiste; GUlll Gamerlsiand; ISie; Eac ta
Biche; LalasNeRne; Lac Ster ARnes; VIeeSse,
VitelsINakamuRsSaneNs Sikeleten)
Sitlfefean) ziplel WiZzire

, Hecjllzitiorn regeazac] jr) (LYSE




The Baptiste Lake Study
1976-79

¢ Crisis at lake: toe much
development already.

—_—

e ¢ GOA needed a “model”

. to predict effects of
=== Watershed development

9 lptensiverstuey/ eiftlake
and watershed nutrient
sources




The Vollenwelder phosphorus
model (1969)

[TP] = L [ TP]= TP Concentration
E=rAppual P-Leading
z = \Viean cdepih

P =tEIUSINGNELE

o — SEa. CoEll

z (o + pw)




Dillon and Rigler Model (1974)

[P = L (1 — Rp)

Z-0,

& P = Spring [ TP]
¢ L = Areal P-load

* ?p — retention

COEl:
9 7z = [mean depth
9 Py = flUSHEEEE




Chapra Model (1975)

¢ P = Steady state [TP]

¢ L = areal P-load
(mg:-mr2- yr-1)

» v = P-settling velocity

¥ O — arealwaterioad
(M=)




Rast and Lee Model (1978)

Pl = [P ¢ P = steady state [TP]
|
(@ +5,) ¢ B =mean iniluent [TP]
W =
¥ 1, — hydiraulic
resicdence: time




P- LOADINGS

DEPTH
FLUSHING RATE
P-RETENTION

\/

P- CONCENTRATIONS

SALINITY
TURBIDITY
N:P RATIOS

\/

ALGAL CONCENTRATIONS

The
pPReSPRGKUS
moedeling
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Phosphorus Sources

Rain/Dust/Snow

11

Forest Land

!

Shoreline Sewage Agricultural
Land

V. o

Internal Load = ?

. . -

Urban Runoff l
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|_ake Watershed Studies

Baptiste Lake (197 6-78)
Wabamun Lake (1980-81)*
Tucker (11981)

2ine Lake (AI9C2)

fac SterAnne “LS)97)
_ake Isle “LI997)
Lessar Sleiva Fziaa (((E9910-9)5))
SHlINEZkeE (1.999)
Plcjean (201.3)










Baptiste Lake P-budget, May 11-November 8, 1977
0%

9%

Total Load = 3385 kg

O Streams 2336 kg
Bl Diffuse Runoff Areas 456 kg
O Precipitation/Dustfall 279 kg

0
13% O Cottages 314 kg

O Internal Loading ?
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Fallis 0 Fallis

hEg Seba Beach
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&
Wabamun Lake, Alberta, Canada




Wabamun Lake P-budget, March 4, 1981 to March 3, 1982

10.1%

Total Load = 17778 kg
1.3%

O Surface Runoff (Streams) 1804 kg
B Diffuse Runoff 1262 kg

11.4% mAsh Lagoon 239 kg

O Atmospheric Deposition 2034 kg
O Cottages (Sewage) 75 kg

0.4%
2.0% B Groundwater 364 kg

O Internal Loading 12000 kg

67.5%




Google




Google




Phosphorus Fractions (mg/L)

Comparison of Seasonal Phosphorus Concentrations in Tucker Lake, 1982
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Tucker Lake P-budget, May 10-October 27, 1982

Total Load = 1554.7 kg

B Surface Runoff
594.1 kg

O Atmospheric Deposition
40.6 kg

OInternal Loading
920 kg




Pine Lake




Pine Lake Is in the Aspen Parkland of
Central Alberta

ard Bechmanks




Pine Lake Phosphorus
Budget, 1992

Calculated Loading
of Phosphorus A
from Sewage

o Streams
(665 kg)

M Diffuse Runoff Areas
(64 kg)

Atmospheric
Deposition (62 kg)

“ Net Internal Loading
(1228 kg)

(Includes theoretical
0 sewage loading of
3.2% 118 kg)

32.9%

3.1%

60.8%
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Atmospheric
Deposition
7%

West Tributaries
16%

East Tributaries
12%

MNet Internal
65%

Estimated Annual Total
Phosphorus Supply:
350,000 kglyr
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Isle Lake - Lac Ste Anne Basin




59.8%

Isle Lake P-budget, March 1 to October 31, 1997

35.2%

Total Load = 23403 kg

B Surface Runoff 8234 kg

0 Atmospheric Deposition 469 kg

[0 Cottages (Sewage) 700 kg

O Net Internal Load 14000 kg

2.0%
3.0%




Lac Ste. Anne P-budget, March 1 to October 31, 1997

Total Load = 42036 kg

B Surface Runoff 11854 kg
O From Lake Isle 5732 kg
O Atmospheric Deposition 1068 kg

[0 Cottages (Sewage) 1272 kg

O Net Internal Load 22110 kg
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the Gull Lake

Study Area,

1999-2000




Gull Lake P-Budget, 2000

3.8% 4.1%

TOTAL LOAD = 16,245 kg
(Preliminary Estimates)

B Forest

M Agricultural/Cleared
O Precipitation/Dustfall
O Internal Load

(bottom sediments)
O Blindman Diversion




05FA-PL3

05FA-PL4 05FA-PL5

05FA-PL15 05FA-PL8

1

PIGEON LAKE WATERSHED:
SUBWATERSHEDS

Subwatersheds

[ O5FA-PL1 [ 05FA-PL10
[ 05FA-PL2 [ 05FA-PL11
1 05FA-PL3 [ 05FA-PL12
[ 05FA-PL4 [ 05FA-PL13
[ O5FA-PL5 [ 05FA-PL14
[ O5FA-PLB [ 05FA-PL15
= 05FA-PLY

[ O5FA-PL8

1 O5FA-PLS

© Government of Alberta 2012
Base Data provided by Spatial Data Warehouse
Information as depicted is subject to change, therefore the 0006 12 18 24

Government of Alberta assumes no responsibility for s
discrepencies at time of use. P e | Cilometers




Sewage Groundwater

0.9% 0.7%

Dustfall /precip

19.6%
Internal loading
(lake
sediments)
56.6% Runoff

22.2%




Intermal Leoading Estimates

eI 28 Shallew Cakes




Internal P-Loading Estimates

> Sediments sampled frem 17 shallew! lakes

> Hydirelegicrand nuthient: Bal2RcES
estimatedrior 4 shalioWilakes ((1'C50=90)

S EISiapprexdmabenEsNENRiemaNEeaEInG
astlpflelies for 28 [Eles ((0980-90)







Phosphorus Fractions (mg/L)

Comparison of Seasonal Phosphorus Concentrations in Tucker Lake, 1982
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Summer TP Balances (=90 days)

Net Int. Load (ka) =

IR + L I I

mass oLiilow T —=Airleos T =lailew




Range of Daily Net Internal Loading Rates

for 28 Shallow Alberta Lakes
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Stream Nutrient Studies
In Alberta

NUmBEr el Streams = 108




Studies Compiled for Alberta Stream Nutrients Report

Year(s) No. No. new
Study sampled streams streams
Lake Watershed Studies
Baptiste Lake (Trew et al. 1987) 1976-1978 6 6
Wabamun Lake (Mitchell 1985) 1980-1981 14 1
Majeau Creek Lac La Nonne (Mitchell & Hamilton 1982) 1981 1 1
Pine Lake (Sosiak & Trew 1996) 1989 & 1992 8 8
Lesser Slave Lake (Noton 1998) 1991-1993 7 7
Baptiste Lake (Cooke & Prepas 1998) 1994-1995 4 0]
Lac Ste. Anne & Lake Isle (Mitchell 1999) 1997 12 12
Gull Lake (Mitchell & LeClair 2003) 1999 12 12
Wabamun Lake (Emmerton 2008) 2008 7 2
Lac La Biche (Neufeld 2005) 2003-2004 6 6
Pigeon Lake (Teichreb 2014) 2013 7 7
Stream Studies
Sakwatamau Two Creek (Munn & Prepas 1986) 1983 2 2
CAESA (Anderson et al. 1998) 1995-1996 25 24
AESA (Lorenz et al. 2008) 1999-2006 22 7
TOTAL 133 108
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Total Phosphomes (mg/l)

2.0

15

0.5

Median Total Phosphorus Concentrations for 108 Alberta Streams
- Median for All Available Stream Years 1976-2013 -

Majority Watershed Landcover
Agriculture
M Forested

TR TTHTH |_,|_||.__|_| ”

Individual Streams




Lake Nuthent Modeling




Eutrophication Modeling Projects:
BATHTUB

Pine (1992)

Lac Ste Anne, Lake Isle (1998, 204.4)
Baptiste (2006)

Lac St Cyr (201.3)

VWalaibRNZeas)

Wlevyziizin) (2020

Pigeon (Z04:4)

Lassear Slave Lae (20108, 20104+

1.
2.
3.
4.
5)
).
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BATHTUB - Calibration

> Steady state model: predicts summer averages
> 1P cani be simulated well

> Chierephyll a simulated fandy: well

> Secehildepthr simulated fiaiy well
etalifnitregen Rel simulatediwvell

S SinglenyeaicallpraenRsranre diiiCUliE rUReHH;
| @2 SR/ Eais o/ Eait bl GlISERVECNEIKE
NN ERESHESS

~ BESE Lo USEN eRE e y/direl 0glcrCopteXi
(Cleiilows aovar (L0, 20 20) vezifs)




\/ariable

Conservative Substance

Total Phoesphoerus

Total Nitregen

Chlerephyll-a

Transparency.

Longitudinal Dispersion

Phesphorus Calibration

Nitregen Calibration

Error Analysis

Availability Facters

Mass Balance Tables

Outpult Destination

Selection +Description

Not Computed *

Canfield & Bachman (1981), Natural Lakes
0.162 (Wp/\V)0-458

Bachman (1980), Volumetric Load
0.0159 (Wn/V)0-59

P, Linear
B=KO0.28P

Secchi vs. Total Phosphorus, CE Reservoirs
S=K17.8P 07

Constant-Numeric — Fixed Dispersion Rate
D = 1000 KD

Decay Rates — Apply calibration factors to sedimentation rate *

Decay Rates — Apply calibration factors to sedimentation rate*

Consider Model Error and Data Error *

Ignore *

Use predicted segment concentration to calculate outflow and

storage terms

Excel worksheet *




BATHTUB

¢ Bathtub designed for U.S. reservoirs: not all model
selections and features applicable to Alberta lLakes

9 Calibration; PreCESS Prevides great educational value
9 Predictive: capacity Islimitecs caten reguikred
9 Consicerdeveiopnerans AllerizntakestlvVioe el

. Neeclig clavelge rrare lzi<e placlelirie) edaeriise Inl
Algarial




River Diversion Effects

» A few lakes in Alberta have received long-term, river
diversions to raise lake levels

¢ Leng-term water quality, data for Lac St Cyr and
Lake Walhamun suggest nutrent reducthions as; a

result of NSR diversions

9 LeRE=tErmaVateguaiiin/ac atesertakesN ewellF2ise
Sligeesttnuthmeniredicieons as ar resulir el BeowW RIVEr:
GIVETSIGRS




Lac St Cyr Report
(NSWA 2014)
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Median Annual Phosphorus at Devon and Pakan

—e— Total Phosphorus at
Pakan

—x— Total Phosphorus at
Devon
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Total phosphorus (kg)
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Total Phosphorus Whole Lake Composite

EDG i
Capital Region Gold Bar and Capital
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Figure 37. Total phosphorus levels in whole lake composite samples. A decreasing trend in concentrations can be seen. The Alberta Surface Water Quality
Guideline for the Protection of Aquatic Life is indicated by the red line, while the green line indicates the transition concentration from mesotrophic status to
eutrophic status (Vollenweider, 1982; Nurnberg, 1996). Based on TP concentration criteria the lake is now in a mesotrophic state.



Whole Lake Composite Samples

Chlorophyll a Wheole Lake Composite

25 _
-— GGold Bar and Capital
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Figure 36. Chlorophyll-a levels in whole lake composite samples. Values greater than the scale are shown next to the arrows. Peak concentrations are seen in
1984 and 1985, and levels declined into 2012. The green line indicates the transition concentration from mesotrophic status to eutrophic status (Vollenweider,
1982; Nurnberg, 1996). Based on chlorophyll-a concentration criteria the lake is now in a mesotrophic state.



NSR Diversion
to Lake Wabamun
(Commenced 1999)







Wabamun Lake - Total Phosphorus
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Historical data fior Lake Newell
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Diversions

> Alberta’s long-term (—35 year) lake and
reservolr data bases should be further
reviewed to evaluate river divversion
effects on nutrient levels

Note:

» [DIVErSIGR Prepesals must e evallated
compreRensiveN e wWater gualit/ efects;
tiaRSEiclReeRNPELERUZIFECERGINIC
IMpPlICEHGRS ERENITPECISIGHNE GWASTEZNINUSERS

OREEIRGAVALESHECNTHENEC EIMERITLENEC UCE
Rl ERNEZESNSISHIINEUIREENGIRElINEIES




Thank you!
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