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Hello this is Kim Oldenborg project coordinator for the NE Lakeshore TMDL. Today we are exciting to be sharing results the data that was collected to assist with development of the NE Lakeshore TMDL. 
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Outline

• Background and methods

• Impairments and Monitoring Results (~12 slides for each 
model basin)

• Kewaunee Model Basin
• Manitowoc Model Basin
• Sheboygan Model Basin

Presenter
Presentation Notes
We will start this presentation off with some background about the monitoring efforts and the methods used to collect and analyze the data. We will then move into showing maps of the impaired waters and results of the monitoring. We will break this down by showing results for each of the three model basins. We will pause for questions after each model basins' presentation. 



Why do we need monitoring for TMDL development?

• Calibrate watershed model

• Further identification of 
impairments

• Nitrogen not use for calibrating 
the watershed model 

Model inputs: 

Uncalibrated model 
outputs:

- Stream flow
- TP & TSS loads

Calibrated model 
outputs:

- Stream flow
- TP & TSS loads

Presenter
Presentation Notes
So starting of with some background with TMDL monitoring. It may seem obvious that monitoring data is needed for TMDL development. But at what point does this data used, and how it it used. One of the primary purposes of data collection is to assist with calibrating the watershed model. We will go to further detail about the watershed model in future webinars but on this slide we will beefily go over how the data fits into the modeling process. Development of the watershed model requires many data sets, some of which are list here and you’ll notice that water quality data is not listed. That’s because the datasets listed here are used to develop and uncalibrated watershed model, which caaaan provide uncalibrated estimates of stream flow and water quality data. However, it is not good practice to use uncalibrated model results as you have no way of knowing how well your modleded results match reality. Therefore, the uncalibrated results are checked against the flow and water quality data that was collected in the field to ensure modeled estimates match up with reality. After calibration, the model then provides calibrated estimates of stream flow and water quality for each of the 300 + subbasins in the NE Lakeshore tMDL area. After completation of this modeling process, the broader TMDL development process can continue, which involveds calculating the the TMDL value for each of the over 300 subwatersheds in this study area. This summarizes one of the primary way in which monitoring data is used for TMDL development. Another use of the monitoring data is to assist with future identification of impaired waters, to ensure the TMDL plan is developed to be protective of these waters. Additoanlly, these monitoring will provide a strong base for tracking TMDL implementation process in the future. An important note is that the modeling process outlined on this slide will done for Total P and Total suspended solids only, nitrogen data will not be using in this modeling process as we are not developing allocation for nitrogen. We will instead we will be using the nitrogen modeling data in combination with other modeling techniques to look for relatinoships between nitrogen, water quality, and landuse. 



Monitoring Summary

39 Chemistry sites

22 Flow Sites
• 19 DNR 
• 3 USGS

21 Load Sites

Monitoring efforts identified a significant number of 
impaired waters for the draft 2020 list

                    

Ahnapee

Kewaunee

Twin

Manitowoc 

Sheboygan

Pigeon

Chemistry (39)
Flow (22)
Load (21)

Stony

Total Phosphorus

Total Suspended Solids/Sediment

Total Phosphorus & 
Total Suspended Solids/Sediment

2020 draft impaired waters list 
(streams and rivers)

Monitoring Locations

Presenter
Presentation Notes
This slide shows both the draft 2020 impaired waters and monitoring locatinos. There were 39 locations monitoring for water chemistry, represtned by the black dots on the map. 22 lcoations monitored for stream flow, represented by the light blue cirlces. 19 of these flow monitoring sites were maintained by DNR and 3 locations are established usgs gages. The USGS gages are at the mouth of the Kewaunee river, mouth of the Manitowoc and mouth of the Sheboygan. From these flow and chemistry monitoring locations DNR was then able to calculate [hosphorus and sediment loads at 21 locations. As we reviewed on the prior slide the flow and load data collected at these sites will be used to calibrate the watershed model. You’ll notice that nearly every monitoing location is on an impaired water, that is because this monitoring effort greatly assisted with identification of waterbody imapirments. The increased number of impaired waters in this area from the 2018 list to the 2020 list is a reflection of increased monitoring efforts, not nessesarily that water quality conditions drastically declined in the past 2 years. 



Josh Benes

- Patrick Biever (not pictured)  

Mary Gansberg, 
DNR biologist, NE Region Holly Stegemann

Craig Helker, 
DNR biologist, SE Region Zach Kleemnann

Citizen Monitoring Volunteers Legislature funding

UW GB – Manitowoc Students
Statute 281.145

Presenter
Presentation Notes
Most of the monitoring data was collected by DNR staff. In the NE region, covering the northern watersheds, including the Kewaunee and Manitowoc watersheds was DNR biologist Mary Gansberg, Holly Stegemann, and Josh Benes. In the southern region, covering the Sheboygan area watersheds was DNR biologist Craig Helker, Zach Kleemann and Patrick Biever. The monitoring effort was made possible with funding from the Wisconsin legislature. Additionally, help with data collection was also received from volunteers apart of the WAV program, and students from the Lakeshore Water Institute at the UW Green Bay - Manitowoc



Stage (water level)

Flow Measurements

Rating Curve Discharge Record

Daily concentration timeseries

Water Chemistry Samples

Daily load timeseries Statistical Modeling

Data Collection and Analysis Process

1 2 3
Data Collection

456

Presenter
Presentation Notes
That wraps up the background information for the TMDL monitoring and we will now move into the data collection and analysis process. The slide provides an overview of the process. The first step is collection the field data, which includes,  water level data, referred to as stage, flow measurements and water chemistry samples. Step 2 is developing a rating curve, which is the unique relationship between stage and flow and each site. This relationship then give us step 3, an hourly discharge record. Step 4 involves developing a statistical model using the primary inputs of stream flow and water chemistry. The statistical model provides step 5, a time series of daily estimated phosphorus and sediment concentration. Lastly, the discharge record and concentration timeseries is then combined to obtain step 6, a timeseries of daily TP and TSS load. As mentioned previously, the out puts of step 3-the discharge record and step 6- the load timeseries, will be used for watershed model calibration 



1) Data Collection- Chemistry    
Monitoring parameters

Primary (all 39 locations)

Total Phosphorus (TP)

Total Nitrogen (TN)

Total Suspended Solids (TSS)

Secondary (select locations)

Dissolved Phosphorus

Ammonia

Nitrate & Nitrite

Kjeldahl Nitrogen 
(Ammonia & Organic Nitrogen)

Presenter
Presentation Notes
We will start with the details of water chemistry monitoring. All 39 chemistry monitoring sites were sampled for Total phosphorus, Total nitrogen, and Total suspended solids. A subset of these 39 locations were also sampled for dissolved phosphorus and additional types of nitrogen. These secondary monitoring parameters were being collected as part of a separate monitoring effort so we will not being going to results of these secondary parameters in this presentation. 



Monitoring frequency

Frequency:  bi-weekly to monthly, year-round

Event Sampling: Select sites targeted for sampling after storm events and spring melt  

Duration: spring 2017 – fall 2019

Exceptions:
Ahnapee River 2016 – 2019
Silver Creek (Algoma) 2016 – 2019
USGS long term sites, nearly 30 years of chemistry data

• Kewaunee River
• Manitowoc River 
• Sheboygan River

1) Data collection - Chemistry

               

Presenter
Presentation Notes
Monitoring location were primarily samples between the spring of 2017 and fall of 2019. Exceptions to this are the Ahnapee  and Silver Creek in Algoma which have monitoring data between 2016 -2019. Additionally, DNR has been monitoring chemistry at the USGS sites on the Kewaunee, Manitowoc, and Sheboygan for nearly 30 years. TMDL sites were monitored bi-weekly to monthly, year round and select sites were targeted for additional sampling after storm events and during spring melt.  



Total Phosphorus – all sites (39 sites)
1,900 samples 

Over 6,000 samples collected between 2017 - 2019

1) Data collection - Chemistry

River Criteria 0.1 mg/L

Stream Criteria 0.075 mg/L

Presenter
Presentation Notes
An interesting fact is that over 6,000 samples were collected in tot between 2017 – 2019. For phosphorus only, 1,900 samples were collected. Below is a graph of the phosphorus results from all 39 sites. You’ll notice that a majority of samples are above the phosphorus and criteria for streams and rivers. This reflects that most of the sites are listed, or proposed to be listed, as phosphorus impaired waters. 



1) Data collection – Stage (water level)
Methods 

Hobo water 
level logger

Data 
downloader

Water level loggers 
• hourly water level data

Duration: spring 2017 – fall 2019

Exceptions:
Ahnapee River 2016 – 2019
Silver Creek (Algoma) 2016 – 2019
USGS long term sites, nearly 30 years of chemistry data

• Kewaunee River
• Manitowoc River 
• Sheboygan River

Presenter
Presentation Notes
Now we will transition to details of the water level monitoring- also known as stage. The duration of water level monitoring was similar to chemistry, most sites were monitored from spring of 2017 to fall of 2019. Exceptions are the Ahnapee and Silver creek in Algoma which have an extra year of flow data. And the USGS sites which have long term datasets. Please note that the flow monitoring periods on this slide outline what was planned, but does not reflect that a few sites have less than expected due to loss or malfunction of water level loggers. Water level loggers as pictured on the top right, are installed on the stream bottom and continuously log hourly water level data. They are left in the water though out the monitoring period and periodically checked and downloaded. This hourly water level data provides the based for development of flow timeseries, chemistry timeseries, and load timeseries datasets. 



1) Data collection – Stage (water level)
Methods 

Elevation of water level logger periodically 
checked with and elevation survey

Water level loggers 
• hourly water level data

Presenter
Presentation Notes
It was important to establish and elevation with each water level logger, incase they were moved from high flows or ice. Elevation was check usually twice a year or whenever obvious movement occurred. In this way, water level data could be corrected for any changes due to movement from the logger its self.  



1) Data collection - Flow
Methods 

Duration: spring 2017 – fall 2019

Exceptions:
Ahnapee River 2016 – 2019
Silver Creek (Algoma) 2016 – 2019
USGS long term sites, nearly 30 years of chemistry data

• Kewaunee River
• Manitowoc River 
• Sheboygan River

• Flow meter
• Acoustic Doppler Current Profiler (ADCP)

65/300 flow measurements 

Measurement techniques:

Presenter
Presentation Notes
The last parameter collected in the field was flow, which was measured periodically during the time that the water level loggers were installed. Flow was measured using either a flowmeter as picture on the bottom or an Acoustic Doppler Current Profiler – ADCP. 65 of the 300 total flow measurements taken used the ADCP. The ADCP is powerful piece of equipment that allows the operator to safely collect flow data while outside of the stream. To do this, the operator slowly traverses the ADCP across the stream while standing on a bridge. The ADCP collects data on water depth and speed by using high frequency sounds waves to sense movement of particles in the water, similar to navigation by dolphins and bats. 



• Flow meter
• Acoustic Doppler Current Profiler (ADCP)

65/300 flow measurements 

ADCP output: Cross section of stream velocity 

1) Data collection - Flow
Methods 

Presenter
Presentation Notes
The graph on the bottom show the output of a ADCP measurement, which is a 2 dimentional cross section of stream velocity. The color of the graph relates to the stream’s velocity. Purple is showing slower water on the banks with green showing fast water in the middle. 



Stage

Flow Measurements

Rating Curve

Water Chemistry Samples

Statistical Modeling

Data Collection and Analysis Process

1 2 3
Data Collection

456

Discharge Record (hourly discharge)

Daily concentration timeseriesDaily Load timeseries

Presenter
Presentation Notes
The concludes the summary of the data collection process for stage, flow, and water chemistry. We will now continue on with a brief over view of each datasets that is develop in the process of estimate stream loads. 



2) Rating Curves
Develop a relationship between stage 
and discharge so a continuous 
discharge time series can be developed

Photo: Branch River, Holly Stegemann

5/4/2018
3092 CFS

Presenter
Presentation Notes
A rating curve is a term for the unique relationship between stage and flow, at each site. It is necessary to develop this relationship so the hourly stage data can be converted to hourly discharge data. To develop a rating curve, you need a flow measurements during a variety of flow conditions. The red dots represent flow measurements. Here is an example of what base low looks like at the Branch River, compared to high flow during the spring of 2018.  So you can see that these flow measurements really span a range of flow conditions. There is often a special emphasis to collect flow measurements during high flow conditions, such as picture at the top right, so  that accurate estimates of flow can be obtained. Because the ADCP was available to collect high flow measurement during conditions that would otherwise be unsafe to enter the stream, there was often minimal need for extrapolation of the rating curves resulting in generally improved confidence in the subsequent discharge and load datasets which are derived from this rating curve relationship. 



2) Rating Curves
Developed by WDNR at 19 
locations

Presenter
Presentation Notes
Here are the unique flow – stage relationships (rating curves) developed for each of the 19 flow sites monitored by DNR.



3) Discharge Record

Flow Measurements 

Hourly Flow timeseries

Ice
Ice

Branch River

Presenter
Presentation Notes
For the next step, the rating curve relationship is used to  translate the hourly water level data into hourly flow data, also known as a discharge record. This is the discharge record for the Branch river. The Black line represents estimated flow and the red dots show flow measurements. It is often not possible reliably estimate flow during periods of ice cover because the relationship between flow and discharge can become unstable during this time. Therefore, a majority of the DNR flow locations have flow removed for iced over periods. 



4) Statistical Model 
for estimate daily concentration 

Primary model inputs include: 
1) Discharge record 

2) Water chemistry samples 

Presenter
Presentation Notes
In the next step, the discharge record and water chemistry samples are used to develop a statistics model which provides daily concentration of phosphorus and sediment. This model was developed by DNR and relied on the framework of USGS’s LOADEST program. 



5) Daily concentration
Ahnapee Daily TP concentration

Stream criteria

TP samples

Predicted 
concentration

Presenter
Presentation Notes
Completion of the statistical model then provides an estimate of daily phosphorus and sediment concentration. Here is an example from the Ahnapee. The pick dots represent water chemistry samples and the black line is the predicted phosphorus concentration. The blue line shows the stream phosphorus criteria of 0.075 was inserted for reference. 



5) Daily concentration 
Ahnapee continuous TP concentration

Stream criteria

TP samples

Predicted 
concentration

Ice Ice Ice

Presenter
Presentation Notes
As noted before it was not possible to obtain reliable estimates of streamflow, and subsequently concentration during iced over periods due to effects of ice on the rating curve. 



6) Daily Load

Ice Ice Ice

Presenter
Presentation Notes
Lastly, the combination of daily concentration with the discharge record provides daily loads, which represents the amount or mass of phosphorus or sediment transported by a stream.



6) Daily loads
Load is driven by flow

Grey lines = flow

Ice Ice Ice

Presenter
Presentation Notes
Something interesting to note is that load is often driven by flow. Meaning the more flow a system has on a give day, it is also likely to have more load. You can see this occurring by overlaying the load (the red line) over flow (the grey line). Notice how the spikes in flow and load often coincide. This helps illustrate why getting accurate high flow measurements, such as those obtained with the ADCP, is necessary for developing reliable load estimates. 



Stage

Flow Measurements

Rating Curve

Water Chemistry Samples

Statistical Modeling

Data Collection and Analysis Process

1 2 3
Data Collection

456

Discharge Record (hourly discharge)

Daily concentrationDaily Load

Presenter
Presentation Notes
This concludes the summary on the collection and analysis of the stream monitoring data. The data sets in yellow indicate their use for watershed model calibration. 



Impairment listing process

Rivers 
100 μg/L

Streams 1

75 μg/L

Reservoirs
Not Stratified = 40 
μg/L

Stratified = 30 μg/L

Inland Lakes2

Ranges from 
15-30 μg/L

Great Lakes
Lake Michigan = 7 
μg/L

Lake Superior = 5 
μg/L 

Numeric phosphorus criteria (NR 102.06) 

1) Criteria based on waterbody type and hydrology

2) Minimum of 6 samples across growing season

3) Calculation of median (streams) or mean (lakes) and 80% confidence interval

4) Impairment determination based on Lower Confidence Limit (LCL)

1Excludes streams designated as ‘limited aquatic life’ according to NR 102.06(3)(a).  Excludes Ephemeral Streams. 
2Excludes wetlands and lakes less than 5 acres

Total Phosphorus

Presenter
Presentation Notes
Before getting into results of the water body impairments and monitoring data we will take two more slides to overview the impairment listing process for Total phosphorus and Total suspended solids. The first step is identifying the water bodies numeric criteria which is outlined in NR102. The criteria varies based on water body type. Second, a minimum of 6 samples is needed across the growing season. Next, the median or mean is calculated depending on the water body type, as well as an 80 % confidence interval. Then the confidence interval is compared with the phosphorus criteria. If the lower confidence limit is above the criteria as circle in the top right, then in waterbody fulfills the criteria needed for phosphorus impairment listing. 



• Narrative criteria
• In section NR 102.04(1) 

• TSS Impacts
• Turbidity
• Habitat degradation 

Impairment listing process
Sediment & TSS

Presenter
Presentation Notes
The impairment listing process is different for sediment & TSS than phosphorus, as sediment & TSS impairments are guided by the narrative water quality criteria in NR 102. A TMDL may be developed to be protective of the narrative criteria specified in Wisconsin Administrative Code NR 102.04(1), to create water quality conditions that protect from harm to humans, fish and other aquatic life.  There is a strong correlation of excess TSS and degraded biota and habitat in streams and rivers. Turbid waters created by excess TSS concentrations reduce light penetration, which can adversely affect aquatic organisms. As these types of impacts are observed in a water body, it may be eligible for a sediment & TSS impairment listing  and subsequent development of a TMDL.



Kewaunee Model Basin

Green Bay

Two Rivers

Kewaunee

Luxemburg

Mishicot

Algoma

Ahnapee

Stony

Kewaunee 

Twin

Denmark



Stony

Ahnapee

Silver

Rio

Kewaunee

Casco

Luxemburg

School

Krok
Tribs to 
East Twin

East Twin

Trib to Lk. MI

Jambo

West Twin

Devils

Trib to 
Devils

Neshota
Black

Denmark

Twin Hill

Trib to
Neshota

Sturgeon Bay

Green Bay

Maribel

Kellnersville

Francis Creek

Denmark

Mischicot

Two Rivers

Kewaunee

Casco

Luxemburg

Forestville

Algoma

Harpt
Lake

Shea
Lake

2020 draft Impaired Waters

• Phosphorus
• Sediment/TSS

Total Phosphorus

Total Suspended Solids/Sediment

Total Phosphorus & 
Total Suspended Solids/Sediment

2020 draft impaired waters list Kewaunee Model Basin

Except ephemeral streams and those listed as 
‘Limited Aquatic Life’ in NR 104

Stream Criteria 0.075 mg/L :
All other streams & rivers

Phosphorus Water Quality Criteria

Molash

Presenter
Presentation Notes
Let take a detailed look at the impaired waters in this area. The maps show the phosphorus and sediment impaired water proposed for the 2020 list. Starting in the north, stony creek is impaired for phosphorus in the headwaters and sediment in the lower reaches. The Ahnapee is impaired for phosphorus from the Forestville mill pond to the mouth. Other TP listing include the Rio creek, flowing in to the silver. In the Kewaunee watershed nearly the entire Kewaunee river phosphorus impaired its listed tributaries include school creek, Luxemburg Creek an a short lower section of Casco creek. In the East river watershed there are a few unnamed tributaries in the headwaters , Krok creek, and Jambo. the entirety of the east twin is proposed for phosphorus impairment listing. In the west twin watershed a majority of the tributaries are phosphorus impaired as well as the entirety of the west twin. Lastly there are two lakes to be listed for phosphorus, Shea lake and Harpt lake. 



Sturgeon Bay

Green Bay

Maribel

Kellnersville

Francis Creek

Denmark

Mischicot

Two Rivers

Kewaunee

Casco

Luxemburg

Forestville

Algoma

Ahnapee at Washington

Stony at Rosewood

Ahnapee at CTH H

Ahnapee at CTH J

Silver at Willow

Neshota at CTH BB

Kewaunee at CTH F

Kewaunee at Hillside

Black at CTH BB

West Twin at CTH VV

East Twin at CTH J

East Twin at Steiners Corners

Molash at CTH O

Devils at CTH R

Monitoring Locations

Kewaunee Basin
Chemistry (13)
Flow (6) 



Phosphorus
Growing season median
mg/L

Sturgeon Bay

Green Bay

Maribel

Kellnersville

Francis Creek

Denmark

Two Rivers

Kewaunee

Casco

Luxemburg

Forestville

Algoma

Ahnapee at Washington

Stony at Rosewood

Ahnapee at CTH H

Silver at Willow

Neshota at CTH BB

Kewaunee at CTH F

Black at CTH BB

West Twin at CTH VV

East Twin at CTH J

East Twin at Steiners Corners

Molash at CTH O

Devils at CTH R

0.12

0.24

0.11

0.14

0.18

Kewaunee
at Hillside

0.10
0.19

0.09

0.06

0.06

0.11

0.11

0.17

0.06

0.06

0.09

0.10

0.11

0.11

0.11

0.12

0.14

0.17

0.18

0.19

0.24

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Ahnapee - County H (30)

Ahnapee - Washington Rd (57)

Stony - Rosewood Rd (12)

East Twin - CTH J (30)

Kewaunee - CTH F (18)

East Twin - Steiners Corners Rd (42)

West Twin - CTH V (41)

Silver - Willow Dr (55)

Devils - CTH R (22)

Black Creek - CTH BB (31)

Neshota - CTH BB (24)

Molash - CTH O (22)

Kewaunee - Hillside Rd (29)

Site (sample number)

Median (mg/L)
Growing season
Error bars represent Q1 and Q3 

Sturgeon Bay

Green Bay

Maribel

Kellnersville

Francis Creek

Denmark

Two Rivers

Kewaunee

Casco

Luxemburg

Forestville

Algoma

Ahnapee at Washington

Stony at Rosewood

Ahnapee at CTH H

Silver at Willow

Neshota at CTH BB

Kewaunee at CTH F

Black at CTH BB

West Twin at CTH VV

East Twin at CTH J

East Twin at Steiners Corners

Molash at CTH O

Devils at CTH R

0.12

0.24

0.11

0.14

0.18

Kewaunee
at Hillside

0.11
0.19

0.09

0.06

0.06

0.11

0.10

0.17

Stream criteria 0.075 mg/L

Presenter
Presentation Notes
Here are phosphorus water sample results. First lets get oriented. The graph and map are showing the same data. They both show median growing season phosphorus concentrations. The growing season includes sample from May 1st – Oct 31. On the graph, the size of the circle is relates the median concentration. The solid line on the graph shows the phosphorus criteria of .075 which applies to all streams and rivers in the area. Some notable results are all sites having a median concertation above the criteria except both locations in the Ahnapee. Additionally the Kewaunee and West twin rivers showed higher phosphorus concentrations in the headwaters whereas the Ahnapee and east twin show similar concentrations in both the headwaters and lower reaches. 



1.7

2.1

3.5

3.5

3.9

4.1

5.8

6.0

6.6

7.3

8.9

9.4

10.0

0 10 20 30 40 50 60

Stony - Rosewood Rd (12)

Molash - CTH O (22)

East Twin - CTH J (24)

Black Creek - CTH BB (24)

Devils - CTH R (22)

Ahnapee - County H (30)

Silver - Willow Dr (55)

Kewaunee - CTH F (15)

West Twin - CTH V (41)

Ahnapee - Washington Rd (57)

East Twin - Steiners Corners Rd (42)

Neshota - CTH BB (24)

Kewaunee - Hillside Rd (29)

Total Suspended Solids
Growing season median
mg/L

  
Site (sample number)

Luxemburg

Sturgeon Bay

Green Bay

Maribel

Kellnersville

Francis Creek

Denmark

Two Rivers

Kewaunee

Casco

Forestville

Algoma

Ahnapee at Washington

Stony at Rosewood

Ahnapee at CTH H

Silver at Willow

Neshota at CTH BB

Kewaunee at CTH F

Black 
at CTH BB

West Twin at CTH VV

East Twin at CTH J

East Twin at Steiners Corners

Molash at CTH O

Devils at CTH R

5.8

6.6

9.4

Kewaunee
at Hillside

2.1

1.7

7.3

6.0

8.9

3.5

3.5

4.1

10.0

3.9

Median (mg/L)
Growing season
Error bars represent Q1 and Q3 

TMDL development target 12 mg/L

Presenter
Presentation Notes
Now moving to Total Suspended solids. We again have median growing season concentration in both figures. 
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2.1

3.5

3.5

3.9

4.1

5.8

6.0

6.6

7.3

8.9

9.4

10.0

0 10 20 30 40 50 60

Stony - Rosewood Rd (12)

Molash - CTH O (22)

East Twin - CTH J (24)

Black Creek - CTH BB (24)

Devils - CTH R (22)

Ahnapee - County H (30)

Silver - Willow Dr (55)

Kewaunee - CTH F (15)

West Twin - CTH V (41)

Ahnapee - Washington Rd (57)

East Twin - Steiners Corners Rd (42)

Neshota - CTH BB (24)

Kewaunee - Hillside Rd (29)

Total Suspended Solids
Growing season median
mg/L

  
Site (sample number)

Luxemburg

Sturgeon Bay

Green Bay

Maribel

Kellnersville

Francis Creek

Denmark

Two Rivers

Kewaunee

Casco

Forestville

Algoma

Ahnapee at Washington

Stony at Rosewood

Ahnapee at CTH H

Silver at Willow

Neshota at CTH BB

Kewaunee at CTH F

Black 
at CTH BB

West Twin at CTH VV

East Twin at CTH J

East Twin at Steiners Corners

Molash at CTH O

Devils at CTH R

5.8

6.6

9.4

Kewaunee
at Hillside

2.1

1.7

7.3

6.0

8.9

3.5

3.5

4.1

10.0

3.9

Median (mg/L)
Growing season
Error bars represent Q1 and Q3 

TMDL development target 12 mg/L

Presenter
Presentation Notes
Let's momentarily focus on the TMDL development criteria for TSS of 12 mg/L. While there is not a numeric water quality criteria in administrative code for TSS, there is an established TMDL development criteria of 12 mg/L. This criteria was developed using a similar dataset a process as that done for the phosphorus criteria in code. The TSS development criteria of 12 mg/L has been incorporated into other large TMDL efforts in Wisconsin such as the Upper Fox/ Wolf TMDL and Milwaukee River TMDL.  
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Stony - Rosewood Rd (12)

Molash - CTH O (22)

East Twin - CTH J (24)

Black Creek - CTH BB (24)

Devils - CTH R (22)

Ahnapee - County H (30)

Silver - Willow Dr (55)

Kewaunee - CTH F (15)

West Twin - CTH V (41)

Ahnapee - Washington Rd (57)

East Twin - Steiners Corners Rd (42)

Neshota - CTH BB (24)

Kewaunee - Hillside Rd (29)

Total Suspended Solids
Growing season median
mg/L

  
Site (sample number)

Luxemburg

Sturgeon Bay

Green Bay

Maribel

Kellnersville

Francis Creek

Denmark

Two Rivers

Kewaunee

Casco

Forestville

Algoma

Ahnapee at Washington

Stony at Rosewood

Ahnapee at CTH H

Silver at Willow

Neshota at CTH BB

Kewaunee at CTH F

Black 
at CTH BB

West Twin at CTH VV

East Twin at CTH J

East Twin at Steiners Corners

Molash at CTH O

Devils at CTH R

5.8

6.6

9.4

Kewaunee
at Hillside

2.1

1.7

7.3

6.0

8.9

3.5

3.5

4.1

10.0

3.9

Median (mg/L)
Growing season
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Now getting back to results. You’ll notice that all median growing season concentrations are below the 12 mg/L development target. A few areas show higher concentrations such as the Neshota River and the upper reaches of the Kewaunee. However there is not as much evidence for a trend of higher TSS in the headwaters, which was seen with phosphorus in some watersheds in this area. 
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Now on to Nitrogen results. There has not been a TMDL developed for nitrogen in Wisconsin, and therefore a nitrogen target has not been established. A reminder that  NE Lakeshore TMDL will not be establishing TMDL values or allocations for nitrogen but rather looking at relationships between nitrogen, land use , and water quality. As a frame of reference EPA states that a total nitrogen concentration of 2 – 6 mg/L is acceptable for surface waters. In this area, all most sites are within this range. The upper Ahnapee and Stony are actually just below the range, while the upper East twin river, at 7.3, Is over this range. 



Kewaunee Model Basin 
Chemistry Summary

Phosphorus
Median concentrations above criteria all locations except the Ahnapee
Some watersheds showed higher concentrations in the headwaters than the mouths

Nitrogen
All sites at 4 mg/L or less, except the upper East Twin River, at 7 mg/L

TSS
All sites below the TMDL development target of 12 mg/L
No clear trend between headwater and mouth concentrations 
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Presentation Notes
In summary we see that median phosphorus concentrations were primarily above criteria, except at the Ahnapee locations. Some watershed showed higher concentration in the headwaters than the mouths. For TSS all sites were below the TMDL development target of 12 mg/L, and there was not clear trend between concentration and monitoring location. For nitrogen all sites had 4 mg/L or less except the upper east Twin River at 7 mg/L 



What is a stream load?
Amount of a substance carried by a stream
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We’ll now transition in to show some of the stream load amounts, but first lets review what a stream load represents. A stream load is the amount of a substance carried by a stream. A phosphorus load could be visually represented  by theoretically catching all phosphorus particles flowing past a certain point. If you then remove water from these capture particles, you could imagine being left with a pile of phosphorus, which would represent the stream load. 



Stream load and stream flow are related
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Presentation Notes
One more thing to keep in mind is that stream load and stream flow are related. Here we have the daily load timeseries for the west twin river, with the load in blue, overlaid by the hourly discharge record. You’ll notice how the peaks in flow coincide with peaks in load. Therefore, peaks in load often coincide with spring melt or storm events. 
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Presentation Notes
Lets look at the yearly average phosphorus loads. The loads in blue are sites within the Kewaunee model basin. The other TMDL sites are in grey for references. The number in parenthesis next to each station name represents how many years of data is included in the result. As we saw, average yearly loads are going to be heavily influenced by the inherent size and flow of the river. Never the less, it is still useful to look at average yearly loads. The Ahnapee had the lowest P load for all NEL sites Next was silver, headwaters of the Kewaunee, East twin, Lower Kewaunee, finally west twin river. These loading values generally coincide with the size of the stream. To adjust for the size of the stream, loads can be look at on a per acre basis. Meaning load divided by watershed area. Colors were kept the same for each site in the map so you notice even after adjusting for watershed area , the higher flowing streams had higher loads per acre as colors still general go from light do dark. The exception to this is the upper Kewaunee site at hillside road, which shows the highest loading rating in the Kewaunee mode basin. 
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Presentation Notes
Now results for TSS loads. The Ahnapee again had the lowest average yearly load for TSS, followed by a similar of site order to what we saw with phosphorus. When adjusting for watershed area, loading rates still generally coincided with watershed size as colors still go from light on top to dark on bottom. 
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Lets take a detailed look at the impaired waters in this area. The maps show the phosphorus and sediment impaired water proposed for the 2020 list. Starting in the South branch of the Manitowoc the entirety of this stream is listed for phosphorus, as is a majority of stony creek, an unnamed tributary to the Manitowoc is listed for Sediment. Pine Creek flowing in to the Manitowoc and Killsnake is also proposed for listing. The North Branch of the Manitowoc is listed for total phosphorus and sediment impairment. Mud Creek in Reedsville and the other Sothern mud creek are proposed. The lower reaches of the Manitowoc main stem also have phosphorus listing. The lower part of the branch and an unnamed tributary to the branch have TP impairments. Along the Lake Michigan, you see a number of tributaries listed. If you are familiar with pine creek that flows from Carsten's lake to lake Michigan you will notice that it is proposed for delisting in 2020. This is not because of water quality improvement, rather there was an error in listing it in prior years because its no subject to phosphorus criteria a outline in administrative code NR 104. However, a TMDL will still be develop for pine creek as it is anticipated to be removed from NR 104 in subsequent years. 
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Presentation Notes
There are a number of phosphorus impaired lakes in the Manitowoc model basin. There are no lakes here listed for sediment impairment. Starting on the left in the cal-man lakes area- Round, Boot, Long, Becker, and Bullhead lakes are  listed for phosphorus impairment. Calumet County Land and Water Department has already developed a 9KE plan for the Round, Boot, Long and Becker lakes, which a significant step for the TMDL implementation phase. On the right we have a group of lakes including English, Carsten’s Hartlaub,  Weyers, Gass and Silver. Manitowoc Land and Water Conservation department has also developed a 9KE plan which includes the watershed for Gass, Hartlaub, Weyers, and Carsten's lake.  Incase you familiar with other TMDLs in Wisconsin, I will beefily mention how lakes sometimes drive TMDL goals. Because all lakes and reservoirs have a lower phosphorus criteria than streams, as outline in NR 102. TMDL allocations  in stream and rivers upstream of lake or reservoirs must be set to be protective of the more restrictive lake criteria downstream. However, since you’ll notice how each of these in the NE Lakeshore TMDL are a headwater areas, there will not be situations in this TMDL where upstream criteria becomes more restrictive due to down stream lakes and rivers. 
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Now into results of the phosphorus water sampling. This map and graph are showing the same data – both show median growing season concentration. The growing season includes samples from May – Oct. On the graph the solid line show the stream criteria and the river criteria is noted for the location it applies to. On the map, the size of the circle corrections to the chemistry value. Overall we see that median concentrations are above the their phosphorus criteria. The monitoring locations at the Branch river shows some of the lower concentration. Though they are still above criteria. 
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For TSS, approximately half the sites are below the TMDL development target and half are above. Generally smaller tributaries and the branch river, show the lower tss concentrations.
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Presentation Notes
Median total nitrogen concentrations are within the EPAs acceptable range of 2 – 6 mg per L. Some of the smaller tributaries to Lake Michigan show the highest total N concentrations. 



Manitowoc Model Basin 
Chemistry Summary

Phosphorus
Median concentrations above criteria all locations 
Branch River locations showed lowest median concentrations 

Nitrogen
• Generally, higher concentrations in the smaller tributaries 

TSS
Approximately ½ sites above TMDL criteria and half below
Generally, lower concentrations in smaller tributaries and the Branch River



Yearly Total Phosphorus Load

Silver

227,856 

161,375 

91,020 

83,297 

65,511 

57,585 

51,880 

50,788 

50,103 

45,920 

41,685 

39,415 

37,861 

37,843 

22,268 

19,045 

15,932 

15,927 

14,462 

13,485 

4,944 

0 50,000 100,000 150,000 200,000 250,000

Manitowoc -  CTH JJ  (4)

Sheboygan - Esslingen Park (3.7)

Onion - Ourtown Rd (1.4)

West Twin - CTH V (1.8)

Sheboygan - HWY 57 (1.6)

Kewaunee - CTH F (4.1)

Manitowoc S. Branch - Lemke Rd (1.5)

Pigeon - Mill Rd (0.5)

Sauk - Mink Ranch Rd (1.7)

Branch - N Union Rd (1.9)

East Twin - Steiners Corners Rd (1.9)

Sheboygan - Palm Tree Rd (0.8)

Kewaunee - Hillside Rd (0.7)

Pigeon - CTH A and River Rd (1.6)

Mud - Hilltop Rd (1.9)

Mullet - Sumac Rd (1.5)

Killsnake - Lemke Rd (1.8)

Silver - Willow Dr (2.6)

Point Creek at CTH LS (1)

Sevenmile -CTH LS (1.9)

Ahnapee - Washington Rd (2.2)
Silver

2.5 

1.5 

1.4 

1.2 

1.0 

0.9 

0.9 

0.8 

0.8 

0.8 

0.7 

0.7 

0.7 

0.7 

0.6 

0.6 

0.6 

0.5 

0.5 

0.4 

0.1 

0 1 2 3

Sauk - Mink Ranch Rd (1.7)

Onion - Ourtown Rd (1.4)

Point Creek at CTH LS (1)

Pigeon - CTH A and River Rd (1.6)

Pigeon - Mill Rd (0.5)

Mud - Hilltop Rd (1.9)

Kewaunee - Hillside Rd (0.7)

Sevenmile -CTH LS (1.9)

West Twin - CTH V (1.8)

Sheboygan - Palm Tree Rd (0.8)

Manitowoc S. Branch - Lemke Rd (1.5)

Manitowoc -  CTH JJ  (4)

Kewaunee - CTH F (4.1)

Branch - N Union Rd (1.9)

Sheboygan - Esslingen Park (3.7)

East Twin - Steiners Corners Rd (1.9)

Sheboygan - HWY 57 (1.6)

Killsnake - Lemke Rd (1.8)

Silver - Willow Dr (2.6)

Mullet - Sumac Rd (1.5)

Ahnapee - Washington Rd (2.2)

Silver

Average yearly TP load (lb) Average yearly TP load (lb) per acre

Presenter
Presentation Notes
Now moving on to total phosphorus load results. Locations in the Manitowoc Model basin are highlighted in blue. The remaining northeast lakeshore locations are shown for reference. For the Manitowoc model basin, silver creek at LS had the lowest average yearly total phosphorus loads followed by point creek, killsnkae river, mud creek, branch river, south branch of the Manitowoc at the lastly the Manitowoc near the mouth at county JJ which had the highest yearly load of any monitoring location. These loads mainly correspond with watershead size. When adjusting the average yearly load for waterhead size, you’ll notice that for the Manitowoc Basin many of the larger rivers had a lower load per acre than  the smaller streams, hence the darker colored sites at the top of the graph. 
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Presenter
Presentation Notes
For yearly TSS loads in the Manitowoc basin there is some difference in the order of sites between total phosphorus and Total suspended solids. The lowest yearly TSS load was measured in the killsnake river followed by mud creek, silver creek, point creek, south branch of the Manitowoc, Branch and lastly near the mouth of the Manitowoc at county JJ– which comes out as the highest TSS load for all sties in the NE Lakesrhoe area. When adjust for watershed size, yhere again is some different in the order of sites. The highest yearly loads do not have the highest yearly load per acres. 
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Presenter
Presentation Notes
We will now look in detail at the impaired water in the Sheboygan Model basin. This map is showing the draft 2020 impaired waters listings. Starting in the pigeon river watershed there is an unnamed tributary to he meeme river listed for both total phosphorous and tss, the meeme river is listed for phosphorus as is downstream in the pigeon and fischer creek. Grandma creek is listed for both phosphorus and sediment.  In the Sheboygan river watershed, the upper reaches of the Sheboygan river are listed for phosphorus impairments, is the majority of the mullet river and the onion river. There is an unnamed tributary to the onion river with a TSS listing. The shenoygan river then has phosphorus impairment listing for the lower reach from the onion river to the mouth The lower reaches of the black river are listed for TP Lastly the majority of sucker and Sauk creek have phosphorus impairments. In the Sheboygan model basin there are not lakes listed for phosphorus or sediment impairments. The majority of streams are rivers are covered by the stream phosphorus criteria except for the Sheboygan river from the Sheboygan marsh to the mouth, which has the river criteria of 0.1 mg/L
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Presenter
Presentation Notes
Now we will review the water chemistry monitoring results. The graph on the left is showing median growing season concentration. Growing season includes samples from May – Oct. The graph also includes the stream criteria for sites where it applies and the river criteria for sites where it applies. On the map the size of the dot correlates to the median concentration value. You will notice that all sites had a median concentration above their criteria. And the highest concentrations were observed in the Black River and Sauk Creek. 
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Presenter
Presentation Notes
TSS concentration were variable though out the watershed, with a majority of sites having a median concentration below the TMDL development target. The lowest concentrations were measured a sucker creek and the black river. Locations with medians exceeding the TMDL development target included onion at our town road, Sheboygan near the mouth and sauk creek. 
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Presenter
Presentation Notes
Nitrogen concentrations in the Sheboygan model basin were well within or below the epa acceptable range. Concentration only range from 1 to 3 mg /L



Sheboygan Model Basin 
Chemistry Summary

Phosphorus
All locations had median concentration above the criteria
Lowest concentrations in the Sheboygan and Mullet, highest in Lk. MI Tribs

Nitrogen
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TSS
A majority of locations had a TSS concentration below the TMDL 
development target. 
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Presenter
Presentation Notes
Now moving into total phosphorus loads. The sites highlighted in blue represent the Sheboygan model basin sites. The lowest average yearly load was observed in the mullet followed by the upstream pigeon, the upstream Sheboygan site at palm tree, Sauk creek, the downstream pigeon location, the middle Sheboygan locations, the onion, and Sheboygan near the mouth. When adjust these yearly loads for watershed area there is some difference in the order of sites. The mullet is still has the lowest load per acres, which is followed by the middle and lower Sheboygan locations. The highest phosphorus load per acre was for all NE lakeshore sites was found at sauk creek. 
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Presenter
Presentation Notes
And lastly, total suspended soil loads. We see a fairly similar order of site’s yearly average TSS to that of their yearly average TP load. The main difference is the upstream Sheboygan site having the lowest TSS load rather than the mullet. When averaging loads for watershed area there is a difference in the order of sites loads. Sheboygan at palm tree had one of the lowest TSS loading rates per acre. Where as the onion, sauke and downstream pigeon had some of the highest TSS loading rates per acre. 



Phosphorus mg/L
Growing Season Medians
~2017-2019

Presenter
Presentation Notes
To help summarize, we will now look at the chemistry data from all sites. Displayed where are the median growing season phosphorus concentrations. Note that the darkness of the color does not relate to the concentration, it relates the N to S location of the monitoring location. The solid line of the left is the stream criteria which applies the majority of monitoring locations. On the right ins the river criteria which applies only to the lower Manitowoc river and two Sheboygan river locations. Generally you will notice that phosphorus concentrations are lowed in the Kewaunee model basin. High in the Manitowoc model basin, and a bit variable in the Sheboygan model basin. This figure helps highlight that stream for nearly every chemistry monitoring location either was already listed or is proposed to be listed for TP impairment. Again, this reflects the increased monitoring effort from this  project and not a sudden change in water quality conditions. 
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Growing Season Medians
~2017-2019

Presenter
Presentation Notes
Here are TSS concentration across the Study area with the TMDL develop target placed on the graph. Again color does not related to the concentration. Generally you see that concentrations are lowest in the Kewaunee, a bit higher in the Sheboygan and highest in the Manitowoc model basin. 
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Contact information

Kim Oldenborg – NE Lakeshore TMDL Project Coordinator
Kimberly.Oldenborg@Wisconsin.gov

Keith Marquardt - NE Region TMDL Coordinator
KeithA.Marquardt@Wisconsin.gov

Kevin Kirsch- Statewide TMDL Coordinator
Kevin.Kirsch@Wisconsin.gov
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