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BackgroundBackground
�� Bois de Sioux and Mustinka River models Bois de Sioux and Mustinka River models 

developed through the EERCdeveloped through the EERC’’s Waffle s Waffle 
project are being expanded/updated for project are being expanded/updated for 
use in evaluating water quality.use in evaluating water quality.

�� Funded by the Minnesota Pollution Control Funded by the Minnesota Pollution Control 
Agency (MPCA).Agency (MPCA).

�� Primary goals: Assess water quality, Primary goals: Assess water quality, 
identify areas for best management identify areas for best management 
practice (BMP) implementation, evaluate practice (BMP) implementation, evaluate 
BMP effectiveness, and aid in total BMP effectiveness, and aid in total 
maximum daily load (TMDL) development.maximum daily load (TMDL) development.



SWAT OverviewSWAT Overview

�� Soil and Water Assessment Tool. Soil and Water Assessment Tool. 

�� WatershedWatershed--scale hydrologic model scale hydrologic model 
developed by USDAdeveloped by USDA’’s Agricultural s Agricultural 
Research Service (ARS).Research Service (ARS).

�� Compiled from several existing USDACompiled from several existing USDA--
ARS water quality and hydrologic modelsARS water quality and hydrologic models

�� Available for free from Texas A&M at: Available for free from Texas A&M at: 
www.brc.tamus.edu/swat/soft_model.html.www.brc.tamus.edu/swat/soft_model.html.

Source: Neitsch et al., 2002, ftp://ftp.brc.tamus.edu/pub/swat/doc/swat2000theory.pdf



SWAT OverviewSWAT Overview

�� Uses physicallyUses physically--based input such as based input such as 
soils, weather, land use, and soils, weather, land use, and 
topographic data.topographic data.

�� Predicts the impact of land Predicts the impact of land 
management practices on water, management practices on water, 
sediment, and agricultural chemical sediment, and agricultural chemical 
yields.yields.

�� Conducts longConducts long--term simulations (up to term simulations (up to 
100 years) on a daily, monthly, or 100 years) on a daily, monthly, or 
yearly timeyearly time--step.step.

Source: Neitsch et al., 2002, ftp://ftp.brc.tamus.edu/pub/swat/doc/swat2000theory.pdf



SWAT OverviewSWAT Overview

�� Hydrologic cycle and water balance are Hydrologic cycle and water balance are 
the driving force in model simulation.the driving force in model simulation.

�� Hydrology split into two components: Hydrology split into two components: 
�� Land phase: Controls amount of water, Land phase: Controls amount of water, 

sediment, nutrient, and pesticide loading to sediment, nutrient, and pesticide loading to 
the main channel in each subbasin.the main channel in each subbasin.

�� Routing phase: Defines the movement of Routing phase: Defines the movement of 
water, sediment, nutrients, etc., through the water, sediment, nutrients, etc., through the 
channel network of the watershed to the channel network of the watershed to the 
outlet.outlet.

Source: Neitsch et al., 2002, ftp://ftp.brc.tamus.edu/pub/swat/doc/swat2000theory.pdf



Modified from Neitsch et al., 2002, ftp://ftp.brc.tamus.edu/pub/swat/doc/swat2000theory.pdf

Land PhaseLand Phase



Source: Neitsch et al., 2002, ftp://ftp.brc.tamus.edu/pub/swat/doc/swat2000theory.pdf



Mustinka River Mustinka River 
WatershedWatershed

�� Drainage area: 1140 Drainage area: 1140 
square miles.square miles.

�� Outlet is located at Outlet is located at 
Wahpeton/ Wahpeton/ 
Breckenridge.Breckenridge.

Bois de Sioux Bois de Sioux 
(Rabbit) River (Rabbit) River 

WatershedWatershed

�� Drainage area: 825 Drainage area: 825 
square miles.square miles.

�� Drains into Lake Drains into Lake 
Traverse.Traverse.



Water Water 
Quality Quality 

ImpairmentsImpairments
Designated Use: Designated Use: 

Aquatic LifeAquatic Life

Impairments:Impairments:

Turbidity (T)Turbidity (T)

Dissolved Dissolved 
Oxygen (DO)Oxygen (DO)

BioassessmentsBioassessments--
Fish (BFish (B--F)F)

Bois de Sioux:     
DO, B-F

Rabbit River:      
T, DO, B-F

Mustinka:        
DO, T

West Branch   
Twelvemile Creek: B-F

Mustinka: T



SWAT Model DevelopmentSWAT Model Development

�� To simulate the physical characteristics of the To simulate the physical characteristics of the 
region, SWAT incorporates several key region, SWAT incorporates several key 
datasets, including:datasets, including:
�� TopographyTopography

�� SlopeSlope
�� Watershed and subbasin boundaries Watershed and subbasin boundaries 

�� HydrographyHydrography
�� Stream locationsStream locations

�� Land Use/Land CoverLand Use/Land Cover
�� SoilsSoils
�� Climate DataClimate Data



Watershed DelineationWatershed Delineation

�� Mustinka:Mustinka:
�� 128 subbasins128 subbasins

�� Average area of each subbasin: 1700 ha Average area of each subbasin: 1700 ha 
(4200 acres or 6.6 sq. miles)(4200 acres or 6.6 sq. miles)

�� Bois de Sioux:Bois de Sioux:
�� 126 subbasins126 subbasins

�� Average area of each subbasin: 1211 ha Average area of each subbasin: 1211 ha 
(2991 acres or 4.7 sq. miles)(2991 acres or 4.7 sq. miles)
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2006 Land Use/Land Cover 2006 Land Use/Land Cover 
CharacteristicsCharacteristics

0.70.71.11.1
Other Ag Land Other Ag Land 
(beans, sunflowers, (beans, sunflowers, 
alfalfa)alfalfa)

35.735.738.438.4SoybeansSoybeans

22.222.234.134.1CornCorn

18.318.36.36.3Wheat and BarleyWheat and Barley

0.40.40.60.6ForestForest

7.47.47.57.5DevelopedDeveloped

1.01.03.43.4Open waterOpen water

2.02.02.42.4Grassland/PastureGrassland/Pasture

4.44.44.64.6WetlandWetland

8.28.21.61.6SugarbeetsSugarbeets

Bois de SiouxBois de Sioux

(% area)(% area)
MustinkaMustinka

(% area)(% area)Land UseLand Use



Model CalibrationModel Calibration

�� Calibration period: Calibration period: 
1/1/1990 1/1/1990 –– 8/31/20078/31/2007

�� Model simulation period: Model simulation period: 
1/1/1970 1/1/1970 –– 8/31/2007 8/31/2007 

�� Issues:Issues:
�� Limited flow data for comparison with model Limited flow data for comparison with model 

predictions.predictions.
�� In the Mustinka River Watershed, no In the Mustinka River Watershed, no 

continuous flow data continuous flow data –– only stage readings.only stage readings.
�� Calibration for dry years (1990 Calibration for dry years (1990 –– 1992).1992).



Predicted vs. Observed Flows: Predicted vs. Observed Flows: 
BDS at DoranBDS at Doran

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

1/
1/

20
00

5/
1/

20
00

9/
1/

20
00

1/
1/

20
01

5/
1/

20
01

9/
1/

20
01

1/
1/

20
02

5/
1/

20
02

9/
1/

20
02

1/
1/

20
03

5/
1/

20
03

9/
1/

20
03

1/
1/

20
04

5/
1/

20
04

9/
1/

20
04

1/
1/

20
05

5/
1/

20
05

9/
1/

20
05

1/
1/

20
06

5/
1/

20
06

9/
1/

20
06

F
lo

w
 (

cf
s)

Observed
Predicted



Initial Bois de Sioux ResultsInitial Bois de Sioux Results

�� Sediment yields within individual Sediment yields within individual 
subbasins were predicted to have a large subbasins were predicted to have a large 
variation, from 0.3 to 2.0 tons/ha per year variation, from 0.3 to 2.0 tons/ha per year 
(243 to 1619 lbs/acre). (243 to 1619 lbs/acre). 

�� According to the model, only about 15% of According to the model, only about 15% of 
the sediment eroded from the landscape is the sediment eroded from the landscape is 
being transported out of the watershed. being transported out of the watershed. 

�� This indicates that the waterways are This indicates that the waterways are 
dominated by deposition. dominated by deposition. 
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Average Annual Sediment Loading: 22,992 tons
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Next StepsNext Steps
�� Include the locations of current conservation Include the locations of current conservation 

practice implementation (i.e. practice implementation (i.e. –– CRP, buffers).CRP, buffers).

�� Finalize the model calibration and validation, Finalize the model calibration and validation, 
with respect to both flow and water quality.with respect to both flow and water quality.

�� Refine fertilizer inputs.Refine fertilizer inputs.

�� Select BMP scenarios for model evaluation by Select BMP scenarios for model evaluation by 
working together with the MPCA, Bois de working together with the MPCA, Bois de 
Sioux Watershed District and other relevant Sioux Watershed District and other relevant 
entities. entities. 

�� Simulate the effects of the selected BMPs.Simulate the effects of the selected BMPs.


