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Sensitive Water Supply Lakes

1 Sources of public or private water supply

1 Many of them are small municipal reservoirs with a
watershed <100 mi 2

1 81 SWS lakes in Oklahoma
} Long term average Chl- g standard of 10 pg/L

1 22 SWS lakes on 2008 303(d) list due to high Chl - a




Chl-aImpaired SWS Lakes

N

3 15 0 30 Miles
| . .

B B . J’I I




TMDLs for SWS lakes

1 Limited data availability

Bl n most cases, stateds Benef
Program (BUMP) is the only water quality data source

BBUMP takes 4 quarterly samples every 2 - 3 years
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Model Selection

1 We needed an acceptable method to develop
Chl- a TMDLs for the lakes

; Data availability does not support complex
hydrodynamic/water quality models such as
EFDC

1 Simpler models calibrated against long - term
average values of monitoring data are best fit
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Annual Climatology

Precipitation 29. 76
Temperature 60 °F
Wind speed 11 mph
Thunderstorms 44
Tornados 1
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The Lakes
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Volume Surface Area | Mean Depth
(m3) (km?) (m)
120,176,000 25.9 4.64

3,784,000 1.376 2.75




Land Use

Rocky | Steed
Wheat 66% 42%
Shrub 16 36
Grass 6 7
Forest 2 4

- Open Water
- Developed, Open Space
- Developed, Low Intensity
|:| Developed, Medium Intensity
- Developed, High Intensity

- Barren Land

- Deciduous Forest

D Evergreen Forest

- Mixed Forest

[ scrub/shrub

- Grassland/Herbaceous

b [ cuttivated Crops

- Woody Wetlands

- Emergent Herbaceous Wetland
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Watershed Model

1 No stream monitoring stations within either
of the two lake watersheds

} Stations in the larger 8 - digit HUC watershed:
North Fork of the Red River

1 A SWAT model was set up for the larger
watershed




Watershed Monitoring

2 USGS gage stations:
1998/2000 - 2008

6 TSS stations:
18- 22 samples in 2 years

2 nutrients stations:
38 samples in 4 years
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SWAT Model

1 70 subwatersheds and 1,970 HRUs
1 Local pasture, wheat, and cotton operations

1 County level soll test P levels




USGS Gage 07307028 (Subbasin
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_ Calibration Validation

Model error (annual) -12% 3%
r2 (monthly) 0.86 0.87
NSE (monthly) 0.85 0.87




Average TSS Concentration (mg/I
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Summary of Model Performance for Water Quality

Average Average
Parameter Subbasin observed modeled Error NSE r2
(mg/L) (mg/L)
20 67.14 77.5 15% 0.643 0.694
24 87.42 98.8 13% 0.778 0.985
TSS 26 121.55 121.8 0% 0.869 0.921
34 180.15 197.2 9% 0.861 0.895
51 172.23 155.1 -10% 0.840 0.846
53 55.10 52.3 -5% 0.647 0.709
- 0
Total Phosphorus 26 0.226 0.186 17% 0.744 0.803
51 0.138 0.126 -8% 0.661 0.665
. 26 1.794 1.568 -13% 0.579 0.665
Total Nitrogen
51 1.148 1.114 -3% 0.796 0.821




Average Daily Flows and Nutrient Loads to the Lakes
(SWAT model output)

Parameter Rocky Tom Steed
Flow (m3/s) 0.46 1.39
Organic Phosphorus (kg/day) 40 40
Mineral Phosphorus (kg/day) 64 148
Total Phosphorus (kg/day) 104 189
Organic Nitrogen (kg/day) 67 137
NH, (kg/day) 28 91
NO; (kg/day) 73 77
NO, (kg/day) 2 14
Total Nitrogen (kg/day) 170 319







Average Morphometric Characteristics

Volume
SurfacezArea Mean Depth (m)
(m3) (km?)
Tom Steed 120,176,000 25.9 4.64
Rocky 3,784,000 1.376 2.75

BATHTUB and Field Observations

. Modeled Mean Field Mean . Modeled Mean Field Mean
Water Quality i : Water Quality i :
Parameter Concentration | Concentrations Parameter Concentration | Concentrations
for Steed for Steed for Rocky for Rocky
Total P (ug/L) 70.4 73.0 Total P (ug/L) 130.2 133.0
Total N (ug/L) 739.8 759 Total N (ug/L) 1452 1519
Chl-a (ug/L) 16.6 16.6 Chl-a (ug/L) 449 449
Secchi (meter) 0.4 0.38 Secchi (meter) 0.3 0.29




Question:

} How can we quantify the uncertainty
associated with the limited water quality data
and a non - mechanistic model?

1 (how confident are we when we set a load
reduction goal to achieve anin - lake Chl - a
level?)




Monte Carlo Simulation

r0ORandomoé values are sel e
parameters

BRandom, but still based on the range and frequency
of possible values

PIEHL FISTRIBITION @ (1% LG el DISTRIBUTION = [iK) FAMEEL DISTREEIT I rixr

+ The model is calculated using these values




Monte Carlo Simulation

} The process is repeated hundreds or
thousands of times, each time using different
randomly - selected values

1 Results represent the range and frequency of
possible model output







