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Hi everyone thanks for joining today. I’ll be providing an overview of the watershed model results and allocation methods for the NE Lakeshore TMDL. 
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Presenter
Presentation Notes
The Watershed modeling report is being prepared for WDNR by the Cadmus Group through an EPA contract. There was a comment period on the first two section of the report in Oct 2020. The upcoming comment period will be focused on the remaining sections which focus on calibration and validation of the model, including approach, data, results and discussion. The report also includes a summary of the model results. We anticipate having our next comment period in summer 2021 which will be on the draft allocations. 



Project Background 

Presenter
Presentation Notes
Before getting into load results I’ll give a quick project overview
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Presenter
Presentation Notes
The NE Lakeshore TMDL is a large are which includes many river basins, all of which drain to lake Michigan. There are a lot of impaired waters in this area, including 73 stream segments impaired for TP, as shown with the red lines on the map. The TMDL will address phosphorus and sediment impairments. While the TMDL focuses on the inland lakes and streams, it does not lake Michigan. Development of the NE Lakeshore TMDL has been supported by funding from the WI legislature. 



Watershed Complexity
Pollutants come from many sources

University of Wisconsin-Extension and the Wisconsin Department of Natural Resources

Presenter
Presentation Notes
A reminder that Watersheds are complex systems and phosphorus and sediment pollution comes from many sources including from stream banks, constriction sites, urban areas, farms, and lawns. There are many contributors to water pollution and it takes a lot of effort from everyone in the watershed to see improvements in water quality. 




Total Maximum Daily Load (TMDL)
A framework for watershed restoration
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Presenter
Presentation Notes
A TMDL plan addresses watershed complexity by accounting for the pollution sources throughout a watershed. Some of major pollutant sources addressed by TMDL plans include industrial and municipal wastewater, permitted urban stormwater outfalls, non-permitted urban stormwater runoff, such as runoff from lawns, and agricultural runoff. A TMDL plan even accounts for naturally occurring runoff, but it does not aim to reduce these sources- because these sources would be occur regardless of human development. 

An important thing to note about Total maximum daily loads is that TMDLs address pollution in surface waters, as apposed to ground water. 
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Presenter
Presentation Notes
A TMDL or total maximum daily load, is a value, which represents the amount of pollutant a waterbody can receive and still met water quality standards. So for example, on the left we have a watershed that reciveing a load that is greater than the TMDL, which results in the water quality being above the criteria. On the right we have a watershed receiving the TMDL and subsequently the water quality is meeting criteria.  
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Presenter
Presentation Notes
The TMDL process consists of many steps, but there are two general phases. Phase 1 is TMDL development, which is the process of calculating the TMDL value. Phase 2 is TMDL implementation which is the process of managing pollution sources. 
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Presenter
Presentation Notes
The NE Lakeshore TMDL is currently in phase 1, the development phase. We will now take a closer look at steps taken for TMDL development. 
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Presenter
Presentation Notes
Within the TMDL development process there are three major steps to  calculate the TMDL value for a watershed. Step 1 is to calculate the baseline loads of a watershed. Step 2 is to determine the loading capacity of the waterbody, which represents how much pollutant the waterbody can receive. Is to allocated the load among sources. 

Through out the TMDL development process WDNR conducts public outreach and communication to provide updates on the project’s progress and receive feedback from the public and external partners. This outreach and stakeholder engagement help create a stronger TMDL plan and a smooth transition into the TMDL implementation phase. 


For the NE Lakeshore TMDL we are currently in the first step of the TMDL Development process – calculating baseline loads for each watershed. 
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Presenter
Presentation Notes
For the NE Lakeshore TMDL we are currently wrapping up in the first step of the TMDL Development process – calculating baseline loads for each watershed. For the non-point sources, baseline loads are calculated with a watershed model. 
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Presenter
Presentation Notes
The watershed model being used for the NE Lakeshore TMDL is called the Soil and Water assessment Tool or SWAT. It simulates hydrologic cycles and nutrient cycles for each day, in each subbasin, based on the data inputs. It simulates process such as evapotranspiration, runoff, and infiltration to provide the outputs of streamflow and water quality in each subbasin. This process is simulated in each of the 321 subbasins., 
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Presenter
Presentation Notes
There are many steps to develop a watershed model but this flow chart helps to summarize the steps. The first step first involves collecting a variety of information about the watershed, including data about climate, agricultural land mgmt., land cover, soils, topography, hydrography, slope and point sources, across 2008 – 2019 conditions. These inputs were covered in more detail in webinar 3, which can be viewed on the project webpage. 
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Watershed model development

Presenter
Presentation Notes
The model is then set up, covered in webinar 4. Next it is calibrated using stream flow and water chemistry monitoring data. This monitoring data was covered in webinar 2. Lastly, model is calibrated using the stream monitoring data and outputs of stream flow and baseline loads are provided in each subbasin of 321 subbasins. An over view of the Calibration results and baseline loads results will be covered today. 




Baseline Load Results Summary

Presenter
Presentation Notes
We'll start with the TP rates in pounds per acres for all of the nonpoint sources



TP Rate (lb/ac)
SWAT modeled results
Nonpoint Source (agricultural, urban, natural)

Presenter
Presentation Notes
We’ll start with the total phosphorus rates in pounds per acres, as provided by the swat model. This first figure will show the rate from all nonpoint sources, which includes, agricultural, urban, and natural sources. 
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Presenter
Presentation Notes
The TP rates from non point sources range from 0.02 in the light yellow, to 2.6 in the dark red. While this spans a large range, the average rate for the entire area was on the lower end of this rage at ½ a lb per acres, represented by the dark orange, and a median at .4  lb per acre, represented by the light orange. 
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Presenter
Presentation Notes
You may notice that there is generally a north to south trend with the phosphorus loading rates, with lower rates  occurring in the northern project area and higher rates in the southern area. When we look at the average rate for these larger tributary basins we indeed generally see a north to south trend with the Stony water shed being the lowest and 0.1 lb per acre and southern watersheds such as the pigeon and black, sauk and sucker at 1 lb per acre.
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Presentation Notes
These trends are generally explained by the variability in landuse across the area
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Presenter
Presentation Notes
. We see lower rates in areas with more natural land covers and higher rates in the agricultural area, especially in the areas with more cash grain Farming which are in the black box here. Cahs grain can have more intense tillage and fertilizer applications than dairy which may explain the higher load rates in these areas. 
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Presenter
Presentation Notes
Areas with higher loading rates generally occurred in subbasins with more agriculture area, which is prevalent across the NE Lakeshore area, as seen with the orange areas on the map. 

Within the agricultural areas, the highest rates are generally found in areas with predominately cash grain farming, as opposed to areas with a dairy crop rotation. Cash grain farming was predominate in the southern project area and these same subbasin also had higher phosphorus loading rates. These results are in large part a reflection of the more intensive agricultural operations associated with continuous plantings of corn and soybeans. Although corn is a part of the dairy rotation crop sequence, the presence of multiple years of alfalfa growth in the dairy rotation can result in less intensive agricultural practices over the long term. 
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Presentation Notes
The variability in land cover explain a lot about the variability in load rates, but it does not explain everything. Soil type and Slope also help explain the variability in loading rates. 
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Presenter
Presentation Notes
Another way to look at results of the watershed model is by total load, rather than rate. 
As stated earlier, the watershed model provides the load of the nonpoint sources source, for each of the 321 subbasins. TMDL allocations are developed on the subbasin scale as this scale protects local water quality. When we look at the sources among subbasins, we see that the source contributions vary among subbasins. This figure shows the pounds of phosphorus per year among the point and nonpoint sources in subbasin 24. In this subbasin agricultural runoff contributes about 57% of the yearly load and urban runoff contributes 39%. As another example, in subbasin 73, agricultural runoff contributes 78% of the load and point sources contribute 20% 



• Baseline load tables are not in the watershed model report 

Example of a baseline load table from Upper Fox Wolf TMDL

• Baseline load tables anticipated for Summer 2021 (with draft allocations)

Baseline Load Tables

• Provide a detailed breakdown of the contributions of each source, in each subbasin 

Presenter
Presentation Notes
Results of the watershed model report will allow for the calculation of baseline load tables, which are a detailed breakdown of the contributions from each source in each subbasins, similar to what we just saw on the prior slide. Here is an example of a baseline load table from the upper fox wolf TMDL, as you see for each subbasin there is a breakdown of the pollutant sources. These tables are not in the watershed model report and we anticipate sharing these tables this summer, along with the draft allocations. 
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Presenter
Presentation Notes
The total loads can also be looked at on a larger scale, such as the basins shown here. The labels are pointing to the outlet or general area of 10  primary drainage basins in the study area. While looking at the loads on this larger scale is informative, this is not the scale used for allocations, as this basins are too large to protect local water quality. 
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Presenter
Presentation Notes
The total loads can also be looked at on a larger scale, such as the basins shown here. The labels are pointing to the outlet or general area of 10  primary drainage basins in the study area. While looking at the loads on this larger scale is informative, this is not the scale used for allocations, as this basins are too large to protect local water quality. 
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Presentation Notes
The yellow bars show the total pounds of phosphorus runoff from agricultural runoff per year.
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Presentation Notes
Lastly is the red  bars, showing the yearly contribution of phosphorus from point sources per year. The point source loads are calculated from their effluent monitoring data. 
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Presentation Notes
While agricultural sources make up a majority of the total phosphorus loads. Agricultural land use is also dominant in the Ne Lakeshore area, covering about 60% of the study area, as seen with the orange areas on the map. 



Summary: Total Phosphorus
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Presentation Notes
Now we’ll transition in to results of total suspended solids or TSS. This first figure will show the TSS rate, in pounds per acre, from all nonpoint sources, which includes, agricultural, urban, and natural sources. 




TSS Rate (lb/ac)

lb/ac

Avg: 94
Med: 86

SWAT modeled results

Nonpoint Sources (agricultural, urban, natural)

50

100

200

300

Max: 396

150

250

Min: 0.8

Presenter
Presentation Notes
The TSS rates from non point sources range from 0.8 in the light yellow, up to 396 in the dark red. While this spans a large range, the average rate for the entire area was on the lower end of this rage at 94 lb per acres, represented by the gold color and a median at 86  lb per acre, also represented by the gold color. 
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Presentation Notes
Similar to Total phosphorus, the rates for total suspend solids also show a general trend of lower rates in the north and higher rates in the south. The Stony watershed has the lowest rate average rate at 26 lb per acres, and the watersheds for the black, sauk, and sucker tributaries have the highest rate at 148 lb per acre.
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Presenter
Presentation Notes
We again see the land cover helps to explain the variability of these rates. Subbasin with lower TSS rates generally had more natural areas. Natural areas are shown in green on the map and the circles highlight area with a high density of natural cover. These same subbasins also had lower TSS runoff rates. 
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Presentation Notes
Again, areas with a higher density of agricultural area generally had higher TSS rates. 
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Presenter
Presentation Notes
Again these results line up with trends in our water quality monitoring. 
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Presenter
Presentation Notes
TSS results can also be looked at interims of total load rather than rate. Similar to phosphorus, TSS allocations will also be developed at the subbasin, which protects local water quality. At the subbasin scale, the relative contributions vary among sources. For example, in subbasin 24, agricultural sources make up 67% of the yearly TSS load and urban sources make up 27%. Additionally, in subbasin 97 agricultural sources make up 79%, but point sources also contribute 11% on average. These examples show how source contributions vary across the NEL lakeshore subbasins. 



• Baseline load tables are not in the watershed model report 

Example of a baseline load table from Upper Fox Wolf TMDL
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Baseline Load Tables

• Provide a detailed breakdown of the contributions of each source, in each subbasin 

Presenter
Presentation Notes
Recall that the baseline load tables, which provide a detailed breakdown of the source contributions in each subbasin ,as seen on the prior slide are not in the model report, but are anticipated for sharing this summer along with the draft allocations. 
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Presentation Notes
The total loads can also be looked at on a larger scale. The labels are pointing to the outlet or general area of 10  primary drainage basins in the study area. While looking at the loads on this larger scale is informative, this is not the scale used for allocations, as this basins are too large to protect local water quality. 




0 5,000 10,000 15,000 20,000

Black, Sauk, Sucker

Sheboygan

Pigeon

Sevenmile, Silver

Manitowoc

Twin

Kewaunee

Mashek

Ahnapee

Stony

TSS load (tons/yr)

Agricultural

SWAT modeled loads

and others

and others

TSS Load (tons per year)

Basin Scale:
• Not used for allocations
• Too large to protect local 

water quality

Presenter
Presentation Notes
The orange bars show the average amount of TSS runoff from agricultural sources per year. 
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• Too large to protect local 
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(from effluent monitoring data)

Presenter
Presentation Notes
Lastly is the red  bars, showing the yearly contribution of phosphorus from point sources per year. The point source loads are calculated from their effluent monitoring data. 
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NE Lakeshore Land Cover 
Agriculture 60%
Urban/Developed 6%
Natural 34%

(from effluent monitoring data)

Presenter
Presentation Notes
While agricultural sources make up a majority of the total suspended solid loads, this also coincides with Agricultural land use being dominant in the Ne Lakeshore area. Agricultural land covers about 60& of the study area, as shown with the orange areas on the map. 



Summary: Total Suspended Solids

Variability in TSS rates generally explained by variations land cover, soils, and slope 

Subbasin scale, used for allocations: 
Relative contributions varied among sources (ag, urban, point source) 

Basin scale:
Agricultural sources were predominant, as is agricultural land cover



Calibration and Validation

Model inputs: 

- Stream flow
- TP & TSS loads

Watershed 
model 
setup

Calibrate 
watershed 

model

Presenter
Presentation Notes
We’ll now transition into calibration and validation of the watershed model, which is actually a step that comes before the results that we just reviewed. 
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Sheboygan model basin

Manitowoc model basin

Kewaunee model basin
1. Ahnapee at CTY J
2. Silver Creek at Willow Dr
3. Kewaunee at Hillside Rd
4. Kewaunee near Kewaunee (USGS)
5. East Twin at Steiners Corners Rd
6. West Twin at CTH V

7. Branch River at N. Union Road
8. Mud Creek at Hilltop Rd
9. Manitowoc in Manitowoc (USGS)
10. Manitowoc River at Leist Rd
11. Silver Creek at CTH LS
12. Killsnake at Lemke Rd
13. Manitowoc South Branch at Lemke Rd 
14. Point Creek at Centerville Rd

15. Sheboygan at Hwy 57
16. Pigeon at CTH A and River Rd
17. Fisher Creek at Howards Grove (USGS)
18. Sheboygan at Palm Tree Rd
19. Otter Creek near Plymouth (USGS)
20. Pigeon at Mill Rd
21. Sheboygan at Sheboygan (USGS)
22. Mullet at Sumac Rd
23. Onion River at Ourtown
24. Sauk at Mink Ranch Rd

Calibration and Validation 

Sites
• 22 sites used for calibration or validation
• Captured stream flow from 84% of the TMDL area
• 2 monitoring sites not used

• Mud Creek 
• Killsnake at Lemke 

Objective
• Improve the agreement of modeled 

outputs and real-world measurements

• Increases confidence in model estimates in 
subbasins without monitoring data 

Presenter
Presentation Notes
Real world observations of flow and load data were used from 22 sites to calibrate and validate the watershed model. These sites are listed on the map. You’ll notice that this is a very dense network of monitoring sites, which resulted 84% of the stream flow with in the TMDL area being captured in theses monitoring sites.  Two if the monitoring sites were not used from calibration due to complexities with their subbasins or monitoring location, which are detailed in the report. 



Adjust model 
parameters (43)

Compared modeled 
outputs to real-world 
observations

Uncalibrated 
model

Calibrated 
model

Calibration

Visual

Nash-Sutcliffe 
Efficiency 

coefficient (NSE) 

Percent Bias (PBIAS) 

Calibration and Validation Process

Presenter
Presentation Notes
Calibration and validation is an iterative, multiple step process. It beings with an uncalibrated model, then model parameters are adjusted. There were 43 parameters adjusted in the NEL swat model. Key adjustments included soil evaporation factor, surface runoff lag, snowmelt, curve number, soil properties, and ground water flow parameters. Then, the modeled outputs are compared to real-world observations of streamflow and load. These comparisons are done visually and well as statistically with the Nash-Sutcliffe efficiency coefficient and percent bias. If these comparison are no adequate, then cycle continues and parameters are adjusted again. Alternatively, if the comparisons are satisfactory then that calibration is considered complete. 



Adjust model 
parameters (43)

Uncalibrated 
model

Calibrated 
model

Calibration

visual

Nash-Sutcliffe 
Efficiency 

coefficient (NSE) 

Percent Bias (PBIAS) 

Streamflow
Kewaunee at Brummerville park (USGS)

PBIAS: very good
NSE: satisfactory

Cycle completed for the 3 model 
outputs at ~ 20 locations

Objective: Improve the agreement of modeled outputs and real-world measurements
Calibration and Validation Process

3 outputs (flow, TP, TSS)

x  20 sites (approx.)

60 calibrations (approx.)

Compare modeled 
outputs to real-world 
observations

Presenter
Presentation Notes
This plot is an example of the streamflow calibration results from the Kewaunee river USGS station. The orange line is measured or observed streamflow and the blue line is modeled streamflow. You’ll notice that these two lines track together very well, and the calibration s statistics also had good results. There are about 60 of these calibration plots in the report. Because this calibration cycle is completed for each of the 3 model outputs at approximately 20 monitoring locations, result in about 60 calibrations. 



Adjust model 
parameters (43)

Compare modeled 
outputs to real-world 
observations

Uncalibrated 
model

Calibrated 
model

Compare modeled 
outputs to real-
world observations

Calibration

Validation

Validated
model

visual

Nash-Sutcliffe 
Efficiency 

coefficient (NSE) 

Percent Bias (PBIAS) 

~ 5 locations, for the 3 model 
outputs

• Uses monitoring data not used for 
calibration

Calibration and Validation Process

Cycle completed for the 3 model 
outputs at ~ 20 locations

• Demonstrates that the model is accurately 
predicting throughout the study area

Presenter
Presentation Notes
After calibration comes validation. Validation use different stream monitoring data than used for calibration, to demonstrate the model is making accurate predictions through out the study area not just only the sites used for calibration. Validation involves comparing model output to real world observations using visual and statistical methods. These comparisons were done at about 5 locations for each of the 3 model outputs. This then completes the calibration and validation process. This objective of this process is to Improve the agreement of modeled outputs and real-world measurements and Increases confidence in model estimates in subbasins without monitoring data 





Calibration and Validation Results

1) Tables of calibration statistics (R2, NSE, PBIAS) for each site and output (stream flow, TP, sediment)

2) Plots of modeled and 
observed results for each site 
and output (stream flow, TP, 
Sediment) 

What you will find in the report…

  

Interpretation Parameter NSE PBIAS

Satisfactory Flow 0.75 or greater ±10 % or less

TP 0.75 or greater ±15 % or less

TSS 0.75 or greater ±25 % or less

Good Flow 0.65 or greater ±15 % or less

TP 0.65 or greater ±30 % or less

TSS 0.65 or greater ±40 % or less

Very Good Flow 0.5 or greater ±25 % or less

TP 0.5 or greater ±55 % or less

TSS 0.5 or greater ±70 % or less

Moriasi et al. 2007

Presenter
Presentation Notes
The watershed model report contains a lot of information about results calibration and validation. The first thing you will find are tables of the calibration statistics for each sites, and each output. This is an example of one of these tables. The calibrations statistics can actually be interpreted as satisfactory, good, and very good based on prior benchmarks established in scientific literature. These benchmarks are shown in the blue-ish table.  Additionally, you will find over 60 plots showing the visual comparisons of molded and observed streamflow, phosphorus load, and sediment loads. 



Calibration and Validation Results

1) Tables of calibration statistics (R2, NSE, PBIAS) for each site and output (stream flow, TP, sediment)

2) Plots of modeled and 
observed results for each site 
and output (stream flow, TP, 
Sediment) 

What you will find in the report…

  

Interpretation Parameter NSE PBIAS

Satisfactory Flow 0.75 or greater ±10 % or less

TP 0.75 or greater ±15 % or less

TSS 0.75 or greater ±25 % or less

Good Flow 0.65 or greater ±15 % or less

TP 0.65 or greater ±30 % or less

TSS 0.65 or greater ±40 % or less

Very Good Flow 0.5 or greater ±25 % or less

TP 0.5 or greater ±55 % or less

TSS 0.5 or greater ±70 % or less

Moriasi et al. 2007

Presenter
Presentation Notes
Goal : achieve good or very good model performance for the majority of sites for these calibration metrics




Calibration Validation
Model Site Name PBIAS NSE Years (months) PBIAS NSE Years

Kewaunee 

Ahnapee River at CTH J Good Satisfactory June 2016 - Dec 2018 (24)
East Twin River at Steiners Corners Rd. Good Good July 2017 - Oct 2019 (21)
Silver Creek (Algoma) at Willow Drive Very good Satisfactory June 2016 - Oct 2019 (30)
West Twin River at CTH V Very good Good July 2017 - Oct 2019 (20)
Kewaunee River at Hillside Road Poor Satisfactory April 2018 - Oct 2018 (7)
Kewaunee River Near Kewaunee, WI (USGS) Good Good 2008 - 2013 (72) Very Good Satisfactory 2014 - 2019 (72)

Manitowoc

Silver Creek (Manitowoc) at Cth Ls Very good Good July 2017 - Oct 2019 (22)
Branch River at Branch River Rd Good Good July 2017 - Oct 2019 (20)
Point Creek at Centerville Rd. Good Satisfactory May 2018 - Oct 2019 (10)
Manitowoc River South Branch at Lemke Road Very good Satisfactory July 2017 - May 2019 (15)
Manitowoc River at Leist Very good Good Aug 2017 - Oct 2019 (19)
Manitowoc River at Manitowoc, WI (USGS) Satisfactory Very good 2014 - 2019 (72) Satisfactory Very Good 2008 - 2013 (72)

Sheboygan

Sauk Creek at Mink Ranch Rd (Bi) Very good Very good Dec 2017 - Nov 2019 (19)
Pigeon River at Mill Road Very good Very good April 2018 - Aug 2018 (5)
Pigeon River at Cth A -And River Rd Very good Satisfactory April 2018 - Nov 2019 (18)
Onion River at Ourtown Rd 5m Bi Very good Very good May 2018 - Nov 2019 (16)
Sheboygan R. - Hwy 57 Crossing Very good Satisfactory April 2018 - Dec. 2019 (18)
Sheboygan River at Palm Tree Rd Very good Satisfactory April 2018 - Dec 2019 (9)
Mullet River at Sumac Road Very good Very good April 2018 - Nov 2019 (16)
Fisher Creek at Howards Grove, WI (USGS) Satisfactory Very good 2011 - 2014 (39) Very Good Satisfactory 2014 - 2018 (39)
Otter Creek at Willow Road Near Plymouth, WI (USGS) Very good Very good 2011 - 2015 (44) Very Good Satisfactory 2015 - 2018 (44)
Sheboygan River at Sheboygan, WI (USGS) Good Very good 2014 - 2019 (64) Very Good Very Good 2008 - 2013 (65)

Calibration and Validation Results
Streamflow summary

        

Presenter
Presentation Notes
This table summarizes how well the modeled stream flow fit with the observed streamflow, according to established benchmarks. The tables specifies the site name the interpretation of the calibration statistics, the length of the calibration data, the interpreted validation statistics and then length of the validation data. You will notice most sites received either a very good ration in the dark blue or good shown in blue. 



Calibration Validation
Model Site Name PBIAS NSE* Years (months) PBIAS NSE* Years (months)

Kewaunee

Ahnapee River at CTH J Very good June 2016 - Dec 2018 (24)
East Twin River at Steiners Corners Rd. Very good July 2017 - Oct 2019 (21)
Silver Creek (Algoma) at Willow Drive Very good June 2016 - Oct 2019 (27)
West Twin River at CTH V Very good July 2017 - Oct 2019 (19)
Kewaunee River at Hillside Road Good April 2018 - Oct 2018 (7)
Kewaunee River Near Kewaunee, WI (USGS) Very good Poor 2008 - 2013 (71) Good Poor 2013 -2019 (71)

Manitowoc 

Silver Creek (Manitowoc) at Cth Ls Very good July 2017 - Oct 2019 (21)
Branch River at Branch River Rd Very good July 2017 - Oct 2019 (20)
Point Creek at Centerville Rd. Satisfactory May 2018 - Oct 2019 (10)
Manitowoc River South Branch at Lemke Road Poor July 2017 - May 2019 (15)
Manitowoc River at Manitowoc, WI (USGS) Very good Good 2014 - 2019 (71) Good Very good 2014 - 2019 (71)

Sheboygan

Sauk Creek at Mink Ranch Rd (Bi) Satisfactory April 2018 - Oct 2019 (16)
Pigeon River at Mill Road Very good April 2018 - Aug 2018 (5)
Pigeon River at Cth A -And River Rd Good April 2018 - Oct 2019 (17)
Onion River at Ourtown Rd 5m Bi Satisfactory May 2018 - Oct 2019 (15)
Sheboygan R. - Hwy 57 Crossing Good April 2018 - Nov. 2019 (17)
Sheboygan River at Palm Tree Rd Very good Very good April 2018 - Nov 2019 (8)
Mullet River at Sumac Road Good April 2018 - Oct 2019 (15)
Otter Creek at Willow Road Near Plymouth, WI (USGS) Good Satisfactory 2011 - 2016 (63)
Sheboygan River at Sheboygan, WI (USGS) Good Good 2014 - 2019 (68) Good Good 2008 - 2013 (68)

*NSE not appropriate for datasets with less than 3 years of data. Therefore, only PBIAS evaluated for theses sites. 

Calibration and Validation Results
Sediment summary
Overall, most sites were good to very good

Presenter
Presentation Notes
You will notice most sites received either a very good ration in the dark blue or good shown in blue. 



Calibration Validation
Model Site Name PBIAS NSE* Years (months) PBIAS NSE* Years (months)

Kewaunee

Ahnapee River at CTH J Satisfactory June 2016 - Dec 2018 (24)
East Twin River at Steiners Corners Rd. Very good July 2017 - Oct 2019 (21)
Silver Creek (Algoma) at Willow Drive Satisfactory June 2016 - Oct 2019 (27)
West Twin River at CTH V Very good July 2017 - Oct 2019 (19)
Kewaunee River at Hillside Road Very good April 2018 - Oct 2018 (7)
Kewaunee River Near Kewaunee, WI (USGS) Very good Poor 2008 - 2013 (72) Very good Poor 2013 -2019 (71)

Manitowoc

Silver Creek (Manitowoc) at Cth Ls Very good July 2017 - Oct 2019 (21)
Branch River at Branch River Rd Good July 2017 - Oct 2019 (20)
Point Creek at Centerville Rd. Good May 2018 - Oct 2019 (10)
Manitowoc River South Branch at Lemke Road Good July 2017 - May 2019 (15)
Manitowoc River at Manitowoc, WI (USGS) Very good Good 2014 - 2019 (72) Very good Very good 2014 - 2019 (72)

Sheboygan

Sauk Creek at Mink Ranch Rd (Bi) Satisfactory April 2018 - Oct 2019 (16)
Pigeon River at Mill Road Very good April 2018 - Aug 2018 (5)
Pigeon River at Cth A -And River Rd Very good April 2018 - Oct 2019 (17)
Onion River at Ourtown Rd 5m Bi Very good May 2018 - Oct 2019 (15)
Sheboygan R. - Hwy 57 Crossing Very good April 2018 - Nov. 2019 (17)
Sheboygan River at Palm Tree Rd Very good April 2018 - Nov 2019 (8)
Mullet River at Sumac Road Satisfactory April 2018 - Oct 2019 (15)
Fisher Creek at Howards Grove, WI (USGS) Very good Very good 2011 - 2015 (50)
Otter Creek at Willow Road Near Plymouth, WI (USGS) Very good Good 2011 - 2016 (63)
Sheboygan River at Sheboygan, WI (USGS) Very good Good 2014 - 2019 (68) Good Very good 2008 - 2013 (68)

*NSE not appropriate for datasets with less than 3 years of data. Therefore, only PBIAS evaluated for theses sites. 

Calibration and Validation Results
Total Phosphorus Summary

Presenter
Presentation Notes
You will notice most sites received either a very good ration in the dark blue or good shown in blue. 



Calibration and Validation Results

1) Tables of calibration statistics (R2, NSE, PBIAS) for each site and output (stream flow, TP, sediment)

2) Plots of modeled and 
observed results for each site 
and output (stream flow, TP, 
Sediment) 

What you will find in the report…

  

Presenter
Presentation Notes
The watershed model report contains a lot of more information about results of calibration and validation. 



Remaining TMDL Development Steps



Calculate
Baseline Loads

Determine 
Loading Capacity 

(TMDL)

Allocate load 
among sources

TMDL Development Steps

What are the current 
pollutant loads and how 
much is coming from 
each source? 

What amount of pollutant 
can a waterbody receive?

What amount of pollutant 
reduction is needed from 
each source?

Public outreach/communication

1 2 3



Loading capacity (TMDL) 

Stream flow from watershed model x Water quality criteria or target 
Total phosphorus (NR 102.06)

• Most streams and rivers in NE 
Lakeshore area 75 ug/L

• Manitowoc River 100 ug/L

• Sheboygan 100 ug/L

Unique value for each of the 321 subbasins



Loading capacity (TMDL) 

Lakes: loading capacity from lake model
Total phosphorus (NR 102.06)

• Most streams and rivers in NE 
Lakeshore area 75 ug/L

• Manitowoc River 100 ug/L

• Sheboygan 100 ug/L

• NE Lakeshore lakes 20 – 30 ug/L
• Use WiLMS (lake model) to 

determine loading capacity

Unique value for each of the 321 subbasins

P load

P concentration

Water quality criteria or target 



Percent Reduction
Unique value for each of the 321 subbasins

Water quality 
above criteria

Water quality
meets criteria

Baseline load 
(SWAT) Loading Capacity

(TMDL)

Translates to a  
percent reduction



Calculate
Baseline Loads

Determine 
Loading Capacity 

(TMDL)

Allocate load 
among sources

TMDL Development Steps

What are the current 
pollutant loads and how 
much is coming from 
each source? 

What amount of pollutant 
can a waterbody receive?

What amount of pollutant 
reduction is needed from 
each source?

Public outreach/communication

1 2 3



Allocation Process
Divides the TMDL among sources

TMDL

?

?

?

?

?

?

?

?

?



TMDL

1) Load allocation

2) Wasteload allocation

3) Margin of Safety

4) Reserve Capacity

Allocation Process
Divides the TMDL among sourcesNonpoint sources

Point sources

Accounts for uncertainty in the data and modeling used to develop the TMDL 
Required by EPA as part of the TMDL process 

Included in each TMDL subbasin to account for new and expanding dischargers

What are the sources?



TMDL

1) Load allocation

2) Wasteload allocation

3) Margin of Safety

4) Reserve Capacity

General Permits

Permitted Urban
Industrial Wastewater
Municipal Wastewater
CAFO production areas

Controllable sources

Controllable sources
Agricultural 
Non-permitted Urban

Natural
Uncontrollable sources

Accounts for uncertainty in the data and modeling used to develop the TMDL 
Required as part of the TMDL process 

Included in each TMDL subbasin to account for new and expanding dischargers

Allocation Process
Divides the TMDL among sources

What are the sources?



TMDL

1) Load allocation

2) Wasteload allocation

3) Margin of Safety

4) Reserve Capacity

General Permits

Permitted Urban

Industrial Wastewater

Municipal Wastewater

CAFO production areas

Controllable sources

Controllable sources
Agricultural 

Natural

Uncontrollable sources

Non-permitted Urban

         

Controllable sources:
Agricultural, non-permitted urban, permitted urban (MS4)

How is it allocated?
Receive an allocation proportional to their baseline load

How are baseline loads determined?
Modeled

Allocation Process



TMDL

1) Load allocation

2) Wasteload allocation

3) Margin of Safety

4) Reserve Capacity

General Permits

Permitted Urban

Industrial Wastewater

Municipal Wastewater

CAFO production areas

Controllable sources

Controllable sources
Agricultural 

Natural

Uncontrollable sources

Non-permitted Urban

         

Allocation Process
Controllable sources:
Industrial Wastewater & Municipal wastewater

How is it allocated?
Receive an allocation proportional to their baseline load

How are baseline loads determined?
Industrial Wastewater

• Baseline flow = Max annual average flow between 2015 - 2020
• Baseline TP conc. = 1 mg/L or effluent average if NCCW
• Baseline TSS conc. = current permitted limit or effluent average

Municipal wastewater
• Baseline flow = 1) Design flow or 2) Max annual average flow between 

2015 – 2020 (which ever is highest)
• Baseline TP conc = 1 mg/L 
• Baseline TSS conc = current permitted limit 



TMDL

1) Load allocation

2) Wasteload allocation

3) Margin of Safety

4) Reserve Capacity

General Permits

Permitted Urban

Industrial Wastewater

Municipal Wastewater

CAFO production areas

Controllable sources

Controllable sources
Agricultural 

Natural

Uncontrollable sources

Non-permitted Urban

         

Allocation Process

Baseline loads for industrial and municipal wastewater will be 
provided for review when draft allocations are ready (Summer 2021)

Controllable sources:
Industrial Wastewater & Municipal wastewater

How is it allocated?
Receive an allocation proportional to their baseline load

How are baseline loads determined?
Industrial Wastewater

• Baseline flow = Max annual average flow between 2015 - 2020
• Baseline TP conc. = 1 mg/L or effluent average if NCCW
• Baseline TSS conc. = current permitted limit or effluent average

Municipal wastewater
• Baseline flow = 1) Design flow or 2) Max annual average flow between 

2015 – 2020 (which ever is highest)
• Baseline TP conc = 1 mg/L 
• Baseline TSS conc = current permitted limit 



TMDL

1) Load allocation

2) Wasteload allocation

3) Margin of Safety

4) Reserve Capacity

General Permits

Permitted Urban

Industrial Wastewater

Municipal Wastewater

CAFO production areas

Controllable sources

Controllable sources
Agricultural 

Natural

Uncontrollable sources

Non-permitted Urban

         

Allocation Process
Controllable sources:
CAFO production areas and General Permits

How is it allocated?
Receive an allocation equal to their baseline load 

How are baseline loads determined?
CAFO production area = 0 assigned to production areas (fields covered by ag 
nonpoint)

General Permits 
• Within a permitted MS4 boundary = included within the Permitted 

Urban (MS4) 
• Outside a permitted MS4 boundary = 5 % of the non-permitted urban 

load per subbasin 



TMDL

1) Load allocation

2) Wasteload allocation

3) Margin of Safety

4) Reserve Capacity

General Permits

Permitted Urban

Industrial Wastewater

Municipal Wastewater

CAFO production areas

Controllable sources

Controllable sources
Agricultural 

Natural

Uncontrollable sources

Non-permitted Urban

         

How is it allocated?
No percent reduction from their baseline load

How are baseline loads determined?
Modeled

Allocation Process
Uncontrollable sources:
Natural



TMDL

1) Load allocation

2) Wasteload allocation

3) Margin of Safety

4) Reserve Capacity

Uncontrollable sources
General Permits

Permitted Urban

Industrial Wastewater

Municipal Wastewater

CAFO production areas

Controllable sources

Controllable sources
Agricultural 

Natural

Uncontrollable sources

Non-permitted Urban

What are the sources?

Margin of Safety:
• Required by EPA as part of the TMDL
• Accounts for uncertainty in the data and modeling using to 

develop the TMDL

How is it allocated?
• Implicit, through conservative model assumptions
• Explicit, such as direct percent of the allocation being set aside

Allocation Process



TMDL

1) Load allocation

2) Wasteload allocation

3) Margin of Safety

4) Reserve Capacity

Uncontrollable sources
General Permits

Permitted Urban

Industrial Wastewater

Municipal Wastewater

CAFO production areas

Controllable sources

Controllable sources
Agricultural 

Natural

Uncontrollable sources

Non-permitted Urban Reserve Capacity:
• Included in each subbasin to account for new or expanding 

dischargers 

How is it allocated?
• Indirectly, through the use of facility design flows
• Directly, with an additional set aside 

• 5% of the controllable allowable load

Allocation Process



0

Allocation Process Summary
How is the TMDL divided among sources? 

Load allocation Wasteload allocation
Nonpoint source Point source

0

+ + +TMDL =

Baseline load
Allocations

Percent 
reduction

Presenter
Presentation Notes
To summarize, after the baseline load of each source are quantified, an equal percent reduction will be applied to most of the controllable sources, to calculate their allocations. A few sources such as natural, CAFOs production areas, and general permits will recive an allocation equal to their baseline condition. Some of the TMDL will also be allocated for reserve capacity and a margin of safety. Adding up all these sources, will then be equal to the TMDL value. 



Implementation Summary



Total Maximum Daily Load Process

Total Maximum Daily Load Process

Impaired 
Waters

Restored 
Waters

Phase 1: 
TMDL Development

Phase 2: 
TMDL Implementation

Phase 1: 
TMDL Development



Existing Programs

Existing Resources 

Implementation of 
TMDL plans relies 
on the use of…

Existing Rules

Existing Regulations

Existing Programs

Existing Resources 

Presenter
Presentation Notes
There is not a specific TMDL implementation program. TMDLs are implemented by utilizing existing rules, programs, and policies at the time of implementation. 
 
 
 




Existing programs and standards
• Existing County and Federal programs (NRCS) 

• NR 151 performance standards

Implementation Overview

Agricultural
Wastewater

MS4

Two phases
1. All farms and cropland – meet NR 151 (this may meet the TMDL goals)

2. Critical fields – may to do more to meet TMDL targets
Compliance with TMDL agricultural targets is voluntary unless promulgated through NR 151.004.
Cost share requirements still in place

Presenter
Presentation Notes
We’ll now overview TMDL implementation for each sector, starting with agriculture. Implementing agricultural TMDL goals relies on the use of existing programs and standards.  These programs exist at the county and federal level and existing performance standards include NR 151.  Implementing TMDL agricultural goals can be seen as two phases. The first phase applies to all farms and cropland, which involves achieving the NR 151 performance standards. Meeting NR 151 standards may be enough to achieve TMDL goals in some areas. Phase two targets critical fields, that need to go above NR 151 to achieve TMDL goals. However, compliance with TMDL agricultural targets is voluntary unless promulgated through NRT 151.004 and cost share requirements are still in place. 



Edge of field targets
Translates TMDL allocations into a value that can easily be compared to 
nutrient management plans

Implementation Overview

Agricultural
Wastewater

MS4

Presenter
Presentation Notes
To assist with agricultural implementation the TMDL development team will also develop edge of field targets. The analysis translates the agricultural TMDL allocations into a value that can be easily compared and incorporated into to nutrient management plans, which are widely used by the agricultural community. 





Implementation Overview

Agricultural
Wastewater

MS4

9 Key Element Plans and County Land and Water Plans

These plans and TMDLs complement each other

1) Identify 
causes and 
sources

2) Estimated 
the pollutant 
reductions

3) 
Management 
measures

4) Technical 
and financial 
needs

5) Education 
component 

6) Develop a 
schedule

7) 
Measurable 
milestones

8) Identify 
criteria 

9) Monitor 
and evaluate

Goal: 
TMDL

9KE plan
Co. Land and Water Plan 

Presenter
Presentation Notes
Another existing mechanism to assist with non-point implementation and planning are 9 Key element plans and county land and water plans. While the TMDL plan provides reduction goals, 9KE plans and county land and water plans provide the detailed steps needed to achieve the TMDL goals. Therefore these plans and TMDLs compliment each other. As the name implies, these watershed plans, must contain 9 essential elements – which are listed on this slide. These plans require detailed information about a watershed including the assessment of contributing causes and sources of nonpoint source pollution, involving key stakeholders, and prioritizing the restoration and protection strategies to address water quality issues. Because of these detailed requirements, 9KE Plans are typically developed for areas smaller than a TMDL project area. 





Implementation Overview

Agricultural
Point Source

MS4

9 Key Element Plans

• Agricultural implementation and 
planning does not have to wait for 
an approved TMDL

• Five 9KE plans already approved

• Kewaunee River in development

Presenter
Presentation Notes
 In fact, several 9KE Plans have been developed recently –
Starting in the northern portion of the project area these include: the Upper and Lower Ahnapee watersheds completed by Door and Kewaunee Counties, respectively; Calumet County completed 9KE plans for both the CalMan Lakes area, and the North Branch of the Manitowoc River; and Manitowoc County completed a 9KE plan for Pine Creek watershed. 
We thank those counties and DNR 9KE coordinator, Andrew Craig for their efforts on developing and approving these plans! 





• Implemented through NR 217 and WPDES permits.

• Once EPA has approved the TMDL (anticipated 2023), implementation can begin.
• Typically, the TMDL limit will become effective upon the next permit reissuance

• Reserve capacity will be included in this TMDL.
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Implementation Overview

Agricultural
Wastewater

MS4
Answers anticipated for mid to Late 2021

TMDL staff will be in contact once draft allocations are available

FAQ
- What is my TMDL limit?
- When does the limit become effective?

Specific answers for each facility are not yet available. 



• Assigned individual allocations for each subbasin.

• Implemented in an MS4 permit with an extended compliance 
schedule with specified benchmarks.
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NE Lakeshore TMDL 
anticipated timeline

Mid 2022: Anticipated submittal of TMDL report to EPA for approval

Completed inventory of WPDES permit holders and effluent monitoring data

2018

2019

2020

2021

2017

2022

WI legislature supports NE Lakeshore TMDL
Stream 

monitoring

Watershed 
model contract: 

Nov. 2018 –
May 2021

Summer 2021
Webinar on draft allocation results
Public comment period on draft allocations

Conduct Public Hearing. Early 2022
Public comment period on TMDL report

2023: Anticipated start of the TMDL implementation phase

Completed analysis of stream monitoring data

Summer 2020
4 Part Webinar on Watershed model development

Spring 2021 (March 24th, 10 AM)
Webinar on draft baseline loads and allocation methods 
Public comment period on full draft of the watershed model report. 

Completed collection of agricultural management data 

Public comment period on a portion of the draft watershed model report 

today

Presenter
Presentation Notes
This timeline can also be viewed on the TMDL webpage. To receive notification of these meetings and comment periods please sign on for the Nel Lakeshore email list on near the top of the webpage. Our next webinar is anticipated for Summer 2021, to share the draft allocation results.  



1. Overview
2. Model Setup

3. Calibration and Validation Approach
4. Calibration and Validation Data
5. Calibration and Validation Results
6. Discussion of Calibration and Validation
7. Summary of Model Results
8. References

October 2020 (past)

Find report on the 
NE Lakeshore TMDL webpage

Send Comments to Kim Oldenborg 
kimberly.oldenborg@wisconsin.gov

March 24 –
April 16

Comment Period
Watershed Model Report

Prepared by The Cadmus Group 
through an EPA contract 

Topic Comment Period

Anticipated 
summer 2021

Draft Allocations
(including inland lake modeling results)

Watershed Model Report

Watershed Model Report
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