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Chapter 4 ς Watershed Modeling Study  
Written By Nathan Hill 

Chapter 2 describes in detail the current conditions of the Clear Creek Watershed using readily 
available data from various sources.  In this chapter, we utilize this data to create a watershed 
model for the purposes of evaluating pollution loading in the watershed and the potential 
reduction in loads due to the implementation of best management practices (BMPs) outlined in 
Chapter 3 of this Clear Creek Watershed Action Plan (Plan).   This chapter describes the model 
used in this study, the subwaterhsed breakdown and 2011 land cover, model development 
process and the results, and the stream bank erosion inventory.   

Introduction to BASINS Model 
 
We utilized the U.S. Environmental Protection Agencies (USEPA) supported program package, 
Better Assessment Science Integrating Point and Non Point Sources (BASINS) to perform the 
modeling.  BASINS is a multi purpose environmental analysis system that integrates GIS, 
watershed data, and modeling tools.  The watershed was analyzed using the BASINS Pollutant 
Loading Estimator (PLOAD) which is a simplified, GIS-based model to calculate pollutant loads 
for watersheds. PLOAD estimates non-point sources (NPS) of pollution on an annual average 
basis, for any user-specified pollutant. The user may calculate the NPS loads using either of two 
approaches, using Export Coefficients or the EPA's Simple Method.  BMPs, which serve to reduce 
NPS loads, point source loads, and loads from stream bank erosion, may also be included in 
computing total watershed loads. PLOAD produces maps and tables showing the NPS pollution 
results, and the tool can be run multiple times to compare results under various scenarios.   
PLOAD calculates loads for any sub basin polygon shapefile, which may be user-supplied or the 
output of one of the BASINS watershed delineation  
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tools. PLOAD was designed to be generic so that it can be applied as a screening tool in a wide 
range of applications including NPDES storm water permitting, watershed management, or 
reservoir protection projectsέ (USEPA, 2011). 

 

Watershed and Subwatershed Characterization 
 
The Clear Creek watershed can generally be characterized as rural agricultural with residential 
developments around an impounded lake near the confluence with the Rock River.  
Considerable natural areas restoration has occurred in the watershed as well as forested land.  
For the purposes of this project a new land cover GIS shapefile was created to reflect current 
ownership and land uses in the watershed.   The land cover was updated using 2005 aerial 
photography, 2007 land cover, site knowledge and field inventory to determine the current land 
cover.  Land cover is the basis for the PLOAD model as well as impervious surfaces.  

Clear Creek Looking over Lowden Rd to the SE 
 
In order to break the watershed into manageable units, the BASINS automatic watershed 
delineator was used to create 10 relatively uniform sized sub-watersheds.  The automatic 
delineator uses grid based digital elevation model to create the boundaries of the sub-
watersheds which compared closely to the manually delineated watershed boundary that were 
created using the 7.5 minute topographic map.   The sub-watersheds were refined to be 
relatively uniform in size and utilize road crossings and other natural breaks to distinguish them.   
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Figure 4-1: 2011 Land Cover 

 
Figure 4-2:  Land Cover Breakdown by Sub-watershed 

LANDCOVER AC % AC % AC % AC % AC % AC % AC % AC % AC % AC %

Open Water

3 0% 0 0.0% 0 0.0% 82 10.4% 1 0.1% 3 0.3% 4 0.4% 1 0.1% 1 0.1% 1 0.0%

Low Density 

Residential 51 7% 18 1.2% 45 4.0% 217 27.4% 31 3.7% 54 5.5% 23 2.2% 12 1.4% 37 3.3% 38 2.2%

Roads

7 1% 35 2.4% 18 1.6% 7 0.9% 23 2.9% 29 3.0% 18 1.8% 9 1.1% 18 1.6% 36 2.1%

Decuduous 

Forest 548 71% 5 0.3% 169 14.9% 125 15.8% 7 0.9% 97 9.9% 37 3.6% 28 3.2% 39 3.5% 44 2.6%

Evergreen Forest

30 4% 0 0.0% 1 0.1% 8 1.0% 0 0.0% 14 1.4% 0 0.0% 1 0.1% 0 0.0% 2 0.1%

Shrub

0 0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 12 1.4% 2 0.1% 14 0.8%

Grassland

89 11% 67 4.5% 231 20.3% 133 16.8% 77 9.4% 409 41.9% 185 17.8% 493 55.5% 126 11.3% 32 1.9%

Pasture / Hay

0 0% 54 3.7% 106 9.3% 0 0.0% 38 4.7% 32 3.3% 41 3.9% 56 6.3% 5 0.5% 15 0.9%

Row Crops

15 2% 1289 87.8% 565 49.6% 92 11.6% 633 77.7% 320 32.9% 710 68.2% 267 30.0% 879 79.3% 1466 86.0%

Feedlot

0 0% 0 0.0% 1 0.1% 0 0.0% 3 0.4% 0 0.0% 0 0.0% 0 0.0% 1 0.1% 3 0.2%

Urban Graslands

34 4% 0 0.0% 2 0.2% 129 16.2% 0 0.0% 1 0.1% 0 0.0% 0 0.0% 0 0.0% 0 0.0%

Wetlands

0 0% 0 0.0% 0 0.0% 0 0.0% 1 0.1% 3 0.3% 3 0.3% 8 0.9% 1 0.1% 54 3.2%

Woody Wetlands

0 0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 14 1.4% 20 1.9% 0 0.0% 0 0.0% 0 0.0%

TOTAL 778 1468 1138 794 814 975 1041 888 1108 1704

3 4 9 10

SUBWATERSHED    

5 6 7 81 2
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Watershed Modeling 
 
Pollution loading estimates were generated using PLOAD model in BASINS.  PLOAD estimates 
non-point sources of pollution on an annual average basis for specific user specified pollutants.  
For this modeling project Total Phosphorus, Total Nitrogen, Total Suspended Solids and 
Pathogens (fecal coli-form) were the selected pollutants.  PLOAD can calculate loadings based 
on Event Coefficient (simple method) or Event Mean Concentrations.  The latter was chosen for 
this project.  The model requires an input table of EMC values and a runoff coefficient for each 
land cover type is based on the % impervious surface.   
 

Model Development and Methods 

Due to a lack of watershed storm event water quality sampling, needed to develop a local Event 
Mean Concentration (EMC) for the watershed, average values by land cover type were used 
from published sources of comparable watersheds in the Midwest, see Table below.  If no 
comparable land cover EMC was available the basic EMC table provided in the PLOAD model 
was used.  Sources of TP and TN include but are not limited to natural sources, row crop 
production, and urban storm water and lawn fertilizer.  It should be noted that the lake has 
implemented a Phosphorus lawn fertilizer ban however the EMC value for low density 
residential land use was not reduced based on the difficulty to ensure compliance and due to 
the other sources such as, sediment, pet waste, and lawn clippings left on driveways, sidewalks, 
or streets that enter the lake through storm water.   Sources of TSS include but are not limited 
to erosion from row crops, stream banks and urban storm water.  Pathogen sources include but 
are not limited to, natural sources (wildlife), cattle, septic systems, and pets in urban areas.  The 
model results below should be viewed as a metric for comparison of various BMP and 
restoration scenarios rather than an exact representation of existing pollution load conditions.  
Below is the Baseline EMC table and BMP EMC table developed using the criteria in Section 3.B. 

Figure 4-3:   Baseline Event Mean Concentrations used in PLOAD  
LANDUSE IMPERVIOUS PATHOGENS TSS TN TP 
Open Water 0 500.0 70.0 1.0 0.2 
Low Density 
Residential 25 3600.0 90.0 12.5 0.5 
Roads 33 2000.0 75.0 2.0 0.5 
Deciduous 
Forest 0 500.0 45.0 2.6 0.1 
Evergreen Forest 0 500.0 45.0 2.6 0.1 
Shrubs 0 500.0 1.0 1.0 0.2 
Grassland 0 500.0 5.5 5.5 0.2 
Pasture/Hay 0 4000.0 100.0 2.5 0.5 
Row Crops 0 4000.0 210.0 14.0 0.6 
Feedlots 0 4000.0 100.0 2.5 0.5 
Urban Grassland 0 4000.0 100.0 2.5 0.4 
Wetlands 0 500.0 70.0 0.9 0.1 
Woody Wet 0 500.0 70.0 0.9 0.1 
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Figure 4-4:  Updated EMC values based on BMPs 

LANDUSE IMPERVIOUS PATHOGENS TSS TN TP 

Open Water 0 500.0 70.0 1.0 0.2 

Low Density 
Residential 25 2700.0 67.5 9.4 0.4 

Roads 85 2000.0 50.0 2.0 0.5 

Deciduous Forest 0 500.0 45.0 2.6 0.1 

Evergreen Forest 0 500.0 45.0 2.6 0.1 

Mixed Shrubs 0 500.0 1.0 1.0 0.2 

Grassland 0 500.0 5.5 5.5 0.2 

Pasture/Hay 0 3000.0 87.0 1.4 0.3 

Row Crops 0 4000.0 75.6 5.7 0.3 

Feedlots 0 4000 100.0 2.5 0.5 

Urban Grassland 0 4000.0 100.0 2.5 0.4 

Wetlands 0 500.0 70.0 0.9 0.1 

Woody Wetlands 0 500.0 70.0 0.9 0.1 

 

BMP Modeling 
 
The purpose of this model was to determine a general baseline loading and then use as many of 
the action items and .atΩǎ ƛŘŜƴǘƛŦƛŜŘ and defined in Chapter 3 to modify the model and 
determine an estimated load reduction for total build out of the action items that could be 
accounted for.  BMPs outlined in the plan were incorporated into the model in several ways, 
they were either added to the PLOAD model as a change in the Event Mean Concentration 
(EMC) value or the Land Cover file was modified.  BMP Pollution Reduction Guidance Document 
(Evans & Corradini, 2001) was used to determine the percent of load reductions for each BMP. 
With the exception the TNC owned land,  160 acre wetland restoration area in the SE portion of 
the watershed and the wetland/buffer creation very little privately owned land used for row 
crops were converted to natural areas.  Most of the BMP recommendations relate to 
management of the current land use specifically row crops using conservation tillage and 
nutrient management. 
 
The following action items were addressed with the following BMPs in the model: 

¶ Action item #1 ς Stabilize Stream banks along streams.  Although not included in the 
model if the erosion sites were not addressed in PLOAD if streambank stabilization 
would reduce TN by 65% TP by 78% and TSS 76% 

¶ Action items #3 - Stabilize highly erode able lands, and #16 - Increase acreage of 
conservation farming, such as no-till strip-till.   These action items were addressed in 
the BMP model by accounting for adoption of Conservation Tillage on all Row Crops in 
the watershed.  Conservation Tillage reduced the EMC values for Row Crops by the 
following percentages (Evans & Corradini, 2001).  
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o TN was reduced 50%  
o TP was reduced 38%  
o TSS 64% for Row crops 

¶ Action items #4 - Create filter strips and #6 Create wetlands - The land cover file was 
modified by changing the current land cover to a wetland land cover.  The wetland sites 
were based on the priority buffer and wetland restoration sites identified in Chapter 2.  
In the land cover file these areas simply apply the wetland EMC values for TP, TN, TSS 
and Pathogens.      

¶ Action item #15 - Manage fertilizer, herbicide, nutrient and insecticide loss.  Although 
much of this can be accomplished with conservation tillage, nutrient management on all 
cropland would reduce much of the remaining TN and TP that were applied to row 
crops.  The total Nitrogen EMC value was further reduced by 19% and TP by 28% for row 
crops. 

¶ Action item #13 Limit access of cattle to stream ς If Pasture Land Management BMP 
were implemented in all pastures would expect to see a reduction in TN of 43%, TP 34% 
and TSS 13% and Pathogens by 25%.  This would require full implementation of pasture 
land management including livestock exclusion fencing, pasture rotation and better 
forage management planning. 

¶ Action items #4 Create wetlands, #20 Preserve priority natural areas, #21 Create 
wildlife corridors, #22 Convert land around important, existing natural areas to create 
habitat, and #23 Manage important natural areas ς These items were addressed by 
having all TNC owned parcels currently in row crops restored to prairie (grassland) and 
by restoring the large wetland in the SE portion of the watershed with a native grass 
buffer around it creating a 160 acre habitat area.  The EMC values for the row cropped 
areas were converted from Row Crop to Grassland. 

¶ Action items #5 Construct rain gardens near homes, #7 Create buffer strips around the 
lake shoreline, #18 Require septic inspections every 3 years, and #19 Continue 
campaign to use zero phosphorus lawn fertilizers for residential landowners.   These 
action items are specifically targeted to those residences around the lake.  For 
implementation of these BMPs we reduced TP, TN, TSS and Pathogens by 25%.  It is 
further recommended that pet waste education be done as it is another source of 
pathogens to the lake. 
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Figure 4-5: Baseline Land Cover Map 
 

Figure 4-6: BMP Build Out Land Cover Map 
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Model Results 
  

Figure 4-7: Baseline Total Phosphorus Lbs / Acre 

 
 
Figure 4-8: BMP Total Phosphorus Lbs / Acre 

 



Chapter 4  Page | - 9 - Clear Creek Watershed Action Plan, Olson Ecological Solutions,  9/ 30/11  

Figure 4-9: Baseline Total Phosphorus Annual Load - Pounds 

 
 
Figure 4-10: BMP Total Phosphorus Annual Load - Pounds 
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 Figure 4-11:  Phosphorus Load Comparison 

 BASELINE BMP % Reduction 

Subwatershed     Annual Lbs Lbs/Ac Annual Lbs Lbs/Ac Annual Lbs 

1 105.5 0.136 91.97 0.118 12.82% 

2 393.7 0.268 229.24 0.156 41.77% 

3 257.6 0.226 168.96 0.148 34.41% 

4 311.1 0.398 249.00 0.318 19.96% 

5 232.2 0.284 142.43 0.174 38.66% 

6 219.3 0.225 155.10 0.159 29.28% 

7 245.0 0.235 144.58 0.139 40.99% 

8 155.5 0.173 110.22 0.122 29.12% 

9 287.5 0.26 168.34 0.152 41.45% 

10 456.8 0.265 259.02 0.150 43.30% 

TOTAL 2,664.2  1,718.87  35.48% 
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Figure 4-12: Baseline Total Nitrogen Lbs / Ac 

 
Figure 4-13: BMP Total Nitrogen Lbs / Acre 
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Figure 4-14: Baseline Total Nitrogen Annual Load ς Pounds  

 
Figure 4-15: BMP Total Nitrogen Annual Load - Pounds 
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 Figure 4-16: Nitrogen Load Comparison 

 BASELINE BMP % Reduction 

Subwatershed     Annual Lbs Lbs/Ac Annual Lbs Lbs / Ac Annual Lbs 

1 2,354.7 3.02 1,892.96 2.431 19.61% 

2 8,173.4 5.56 3,718.34 2.527 54.51% 

3 5,304.0 4.64 3,042.19 2.664 42.64% 

4 7,060.6 9.03 5,274.79 6.746 25.29% 

5 4,729.5 5.78 2,356.12 2.879 50.18% 

6 4,450.8 4.57 2,920.19 2.996 34.39% 

7 5,166.6 4.96 2,497.01 2.399 51.67% 

8 3,109.5 3.46 2,017.43 2.242 35.12% 

9 6,314.7 5.71 3,095.42 2.798 50.98% 

10 9,669.6 5.61 4,306.47 2.498 55.46% 

TOTAL 56,333.4  31,120.91  44.76% 
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Figure 4-17: Baseline TSS ς Lbs / Acre 

 
Figure 4-18: BMP TSS Lbs / Ac 
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Figure 4-19: Baseline TSS ς Annual Load - Pounds 

 
Figure 4-20: BMP TSS Annual Load - Pounds 
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 Figure 4-21: TSS Load Comparison 

 BASELINE BMP % Reduction 

Subwatershed     Annual Lbs Lbs/Ac Annual Lbs Lbs / Ac Annual Lbs 

1 24,873.1 31.94 22,351.69 28.70 10.14% 

2 121,306.0 82.48 50,976.96 34.64 57.98% 

3 68,040.2 59.57 35,172.87 30.80 48.31% 

4 61,904.6 79.17 43,797.24 56.01 29.25% 

5 66,057.2 80.71 28,881.24 35.29 56.28% 

6 47,945.6 49.19 23,065.73 23.66 51.89% 

7 70,981.2 68.21 31,515.23 30.28 55.60% 

8 32,782.2 36.43 17,694.24 19.66 46.02% 

9 85,517.8 77.31 34,577.45 31.26 59.57% 

10 142,142.1 82.46 58,916.48 34.17 58.55% 

TOTAL 721,550.0  346,949.13  51.92% 
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Figure 4-22:  Pathogens ς Counts / Acre 

 
Figure 4-23: Pathogens Counts / Ac 
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Figure 4-24: Pathogens Annual Count 

 
Figure 4-25: Pathogens Annual Counts 

 


