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Nutrient Loading from the Fox River has been shown 
to drive Algal blooms and anoxia in Green Bay
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Previous work by the USGS has shown ~50% of the 
load comes from Lake Winnebago

~50%

Outlet of 
Lake 
Winnebago



Updated data indicate that Winnebago contributes 
closer to 60%

55%65%

Outlet of Lake 
Winnebago

Preliminary Data

All Analyses are in Draft Form



Algal Blooms in Lake Winnebago – 2010 example

All 4 Lakes are on the Wisconsin DNR’s Impaired Waters List 



Assessment of the hydrology, water quality, and response to simulated 
changes in phosphorus loading of the Winnebago Pool Lakes, Wisconsin



Specific Goals of Winnebago Pool Study
1. Determine how water quality of each of the pool 

lakes responds to changes in phosphorus input, 
and what types of load reductions are needed to 
delist the Pool Lakes.

2. Evaluate the current (primarily 2009-11) water 
quality of the four Winnebago Pool lakes.

3. Determine if there are long-term trends in water 
quality.

4. Quantify the current water and phosphorus 
budgets for the lakes (including internal 
phosphorus loading).



Specific Goals of Winnebago Pool Study
1. Evaluate the current (primarily 2009-11) water 

quality of the four Winnebago Pool lakes.
2. Determine if there are long-term trends in water 

quality.



Lake Sampling – By Wisconsin DNR

Sampling 
Locations
Over past several 
years

Sampling
Biweekly April-Sept

For: 
Temp/DO Profiles
Secchi
TP
N Series
Chl

Data Collection:
Primarily WDNR



Total Phosphorus - Winnebago (Center)
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Winnebago acts like a typical shallow lake, with concentrations increasing 
throughout summer

Preliminary Data

All Analyses are in Draft Form
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Total Phosphorus - Throughout Winnebago

Center
South
North

3 Year Averages

> On Average pretty similar throughout the lake.

Preliminary Data

All Analyses are in Draft Form



Total Phosphorus - Lakes
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> On Average pretty similar throughout all four lakes.

Preliminary Data

All Analyses are in Draft Form



Chlorophyll a - Lakes

0

25

50

75

100

125

150

Jan-09 May-09 Sep-09 Jan-10 May-10 Sep-10 Jan-11 May-11 Sep-11

C
hl

or
op

hy
ll 

a,
 u

g/
L

Center
South
North
Poygan
Winneconne
Butte Des Morts

> Winnebago has less algae than the other three lakes.

Preliminary Data

All Analyses are in Draft Form



Secchi Depth - Lakes
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> On Average water clarity is better in Winnebago than the other 3 lakes.

Preliminary Data

All Analyses are in Draft Form



June-Aug May-Sept June-Aug May-Sept

North 0.080 0.091 North 66.1 67.4
Center 0.083 0.089 Center 67.0 67.6
South 0.087 0.094 South 67.7 68.6
Lake Average 0.083 0.091 Lake Average 66.9 67.9
Outlet Average 0.102 0.093 Outlet Average 69.4 67.6

North 1.18 1.17 North 59.5 59.8
Center 1.14 1.12 Center 59.9 60.5
South 1.43 1.22 South 56.7 59.8
Lake Average 1.25 1.17 Lake Average 58.7 60.0

North 27.4 28.8 North 60.0 59.5
Center 28.9 30.2 Center 61.2 61.2
South 19.9 23.9 South 58.0 58.9
Lake Average 25.4 27.6 Lake Average 59.7 59.9
Outlet Average 24.6 22.4 Outlet Average 54.9 55.3

North 1.145 1.222 North 56.1 57.0
Center 1.181 1.226 Center 56.6 57.2
South 1.075 1.171 South 55.2 56.5
Lake Average 1.134 1.206 Lake Average 56.0 56.9
Outlet Average 1.276 1.208 Outlet Average 57.6 56.7

North 0.017 0.020
Center 0.020 0.024
South 0.034 0.031
Lake Average 0.024 0.025
Outlet Average 0.044 0.037

Total Nitrogen, ug/L TSI - Total Nitrogen

Dissolved Phosphorus, ug/L

Overall Averages For 2009-11

Chlorophyll a, ug/L TSI - Chlorophyll a

Total Phosphorus, mg/L TSI - Total Phosphorus

Secchi, meters TSI - Secchi

Preliminary Data



June-Aug May-Sept June-Aug May-Sept

Poygan 0.094 0.090 Poygan 68.8 68.0
Winneconne 0.088 0.084 Winneconne 67.9 67.3
Butte des Morts 0.100 0.099 Butte des Morts 70.1 70.0
Winn. Fox Inlet 0.103 0.095 Winn. Fox Inlet 70.6 69.2
Winnebago 0.083 0.091 Winnebago 66.9 67.9
Outlet 0.102 0.093 Outlet 69.4 67.6

Poygan 0.72 0.65 Poygan 65.3 66.9
Winneconne 0.73 0.65 Winneconne 65.2 66.9
Butte des Morts 0.57 0.54 Butte des Morts 68.7 69.5
Winnebago 1.25 1.17 Winnebago 58.7 60.0

Poygan 32.4 38.5 Poygan 62.4 64.6
Winneconne 37.7 40.6 Winneconne 63.5 65.1
Butte des Morts 45.8 52.2 Butte des Morts 66.9 68.3
Winn. Fox Inlet 35.6 43.0 Winn. Fox Inlet 62.8 65.4
Winnebago 25.4 27.6 Winnebago 59.7 59.9
Outlet 24.6 22.4 Outlet 54.9 55.3

Poygan 1.520 1.498 Poygan 60.3 60.1
Winneconne 1.419 1.416 Winneconne 59.3 59.2
Butte des Morts 1.656 1.612 Butte des Morts 61.6 61.2
Winn. Fox Inlet 1.723 1.621 Winn. Fox Inlet 62.0 61.2
Winnebago 1.134 1.206 Winnebago 56.6 57.2
Outlet 1.276 1.208 Outlet 57.6 56.7

Poygan 0.013 0.009
Winneconne 0.007 0.005
Butte des Morts 0.004 0.004
Winn. Fox Inlet 0.007 0.003
Winnebago 0.024 0.025
Outlet 0.044 0.037

Total Phosphorus, mg/L

Total Nitrogen, ug/L

Secchi, meters

Dissolved Phosphorus, ug/L

Chlorophyll a, ug/L TSI - Chlorophyll a

Overall Averages For 2009-11

TSI - Total Phosphorus

TSI - Secchi

TSI - Total Nitrogen

Preliminary Data



Lake 
Winnebago:

Interannual 
Variability and 
Long-term Changes

Average of 3 parts 
of Lake
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Long-Term Trends in the Water Quality of Lake Winnebago
Lakewide Average
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* Based on June-August Water Quality

Preliminary Data



Specific Goals of Winnebago Pool Study
1. Evaluate the current (primarily 2009-11) water 

quality of the four Winnebago Pool lakes.
2. Determine if there are long-term trends in water 

quality.
3. Quantify the current water and phosphorus 

budgets for the lakes (including internal 
phosphorus loading).

4. Determine how water quality of each of the pool 
lakes respond to changes in phosphorus input, and 
what types of load reductions are needed to delist 
the Pool Lakes.



Most of the Phosphorus comes with water, 
so we first we need a good water budget:

Water Budget
Change in Storage  = Inputs – Outputs

Precipitation
Oshkosh Met Station

Surface water
Fox R + 

Fond du Lac R
extrapolated

Evaporation
Farnsworth

Ground water – Feinstein Model

S =  P + QI + GN – E



Total Water Inputs to Lake Winnebago
Annual

Fox River
82.4%

Fond du Lac 
River
2.8%

Near Shore
6.1%

Precipitation
8.5%

Groundwater
0.2%

Inputs of Water to Lake Winnebago

Preliminary Data



Net P Input =  P + GW + S + PS + QI + IInternal – Qo
Δ

 

Concentration

Phosphorus Budget

Precipitation
Conc. From nearby 
lake study

Inflow
Monitored 
and Modeled

Outflow
MonitoredGround Water

Conc. From nearby 
lake study

Septic 
Systems
Modeled here based on # 

nearshore residents

Point Sources – 
DNR estimates



Forested wetland
Other

Water-Quality Studies in the 
Fox-Wolf Basin

Streamflow

Water Quality

Water and Phosphorus Budgets

Streamflow/Water Quality this study



Estimating Loads at the Monitoring Sites –
Using a Regression Approach

Daily Concentration = f (flow, seasonality, time trend)

Ln (Conc) = a ln (Q) + b sin (jday/365) + c cos (jday/365) + 
d (decimal year) + e

Form of the Fluxmaster Load Model





Average Total Annual Phosphorus Loading  (2009-2011)
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Preliminary Data



SPARROW (USGS) Results

Phosphorus Input from Ungaged Areas



Average Annual Total Annual Phosphorus Loading 
Surface-Water Runoff (2009-2011)
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Internal Phosphorus Loading – By USGS 

Core Locations

Sampling
Sediment Cores

 Cores collected 
Aug. 2010

 P Release – 
aerobic and 
anaerobic
Conducted by the 
SLOH



What is added from the Lake Sediments?
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Preliminary Data



Lake Sampling – By USGS 

Core Locations

Buoy
Weather Station
Temp/DO
Profiles





0m

1m

0.5m

2m

3m

4m

6m

5m

Lake Winnebago 
Buoy

Temperature and DO Sensors

Temperature Sensor

Expected Depth – 6.5 m
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Temperature and Dissolved oxygen in Lake Winnebago – May-Oct, 2012

Internal Loading from May 1 – Sept 30: 
Aerobic Diffusion > 32,000 kg

Preliminary Data

All Analyses are in Draft Form



Total Phosphorus Inputs
Annual

Fox River
65.3%

Fond du Lac 
River
6.9%

Near Shore
14.8%

Precipitation
3.0%

Groundwater
0.1%

Point Sources
3.6%

Septic 
Systems

0.1%

Internal 
Sediments-

Diffusive
6.3%

** Internal Loading based on Aerobic Release Rates

Inputs of Phosphorus Into Lake Winnebago

Total Ave. Annual P Load – 502,000 kg
Preliminary 
Data



Specific Goals of Winnebago Pool Study
1. Evaluate the current (primarily 2009-11) water 

quality of the four Winnebago Pool lakes.
2. Determine if there are long-term trends in water 

quality.
3. Quantify the current water and phosphorus 

budgets for the lakes (including internal 
phosphorus loading).

4. Determine how water quality of each of the pool 
lakes respond to changes in phosphorus input, and 
what types of load reductions are needed to delist 
the Pool Lakes.



Wisconsin Lake Modeling Suite Applied to Lake Winnebago

All applicable models underestimate Inlake P concentrations
> Internal Loading underestimated

Preliminary Results



Army Corps’ BATHTUB Program

Preliminary Results

Looks like Internal Loading is underestimated in Lake Winnebago.



Daily Mass Balance Model (developed just for this study)
Predicted Changes in Phosphorus Concentrations
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Predicted P Conc - Diffusion Only

Looks like Internal Loading is way underestimated.

Preliminary Results



Net P Input =  P + GW + S + PS + QI – Qo + Internal
Δ

 

Concentration

Phosphorus Budget

Precipitation
Conc. From nearby 
lake study

Inflow
Monitored 
and Modeled

Outflow
MonitoredGround Water

Conc. From nearby 
lake study

Septic 
Systems
Modeled here based on # 

nearshore residents

Point Sources – 
DNR estimates

Revisit Internal Loading – Additional input from Internal 
Loading because of  Physical Mixing of the Sediments
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Predicted Changes in Phosphorus Concentrations based on 
Daily Mass Balance Model

Internal Loading:  32,000 kg > 160,000 kg

Preliminary Results



Total Phosphorus Inputs
Average Annual

Fox River
52.1%

Internal 
Sediments-

Mixing
20.2%

Internal 
Sediments-

Diffusive
5.1%

Septic 
Systems

0.1%

Point Sources
2.9%

Groundwater
0.1%

Precipitation
2.4% Near Shore

11.8%

Fond du Lac 
River
5.5%

** Internal Loading based on 
Aerobic Release Rates and Mixing

Annual Inputs of Phosphorus Into Lake Winnebago

Total Ave. Annual P Load – 629,000 kg
** Internal Loading represents 35% of the 
growing season loading

Preliminary 
Data



Net P Input =  P + GW + S + PS + QI – Qo + Internal
Δ

 

Concentration

Phosphorus Budget

Precipitation
Conc. From nearby 
lake study

Inflow
Monitored 
and Modeled

Outflow
MonitoredGround Water

Conc. From nearby 
lake study

Septic 
Systems
Modeled here based on # 

nearshore residents

Point Sources – 
DNR estimates



Ungaged Input

Stream Gage

Schematic for the Eutrophication 
Model Bathtub 

(Simulations of Winnebago Pools)
IN PROGRESS 

Phosphorus loading

Direct Tributary Input

Internal Loading
Groundwater Loading

Fox River

Wolf 
River

Butte des 
Morts
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Example--Simulating the effects of Changes  in Phosphorus Loading with Bathtub

*** Not for the Winnebago Pool Lakes



Example--Simulating the effects of Changes  in Phosphorus Loading with Bathtub



Steps from here:
1.Finalize watershed modeling.
2.Finalize external loading to lake.
3.Finalize internal loading to lake.
4.Develop Response Curves.
5.Run Specific Scenarios. 



SWAT Preliminary Results

Refinements in Phosphorus Input from Ungaged Areas

SPARROW (USGS) Results



Steps from here:
1. Finalize 

watershed 
loading.

2. Finalize external 
loading to lake.

3. Finalize internal 
loading to lake.

4. Develop 
Response Curves.

5. Run Specific 
Scenarios. 



Hydrology, water quality, and response in 
the Winnebago Pool Lakes to changes in 

phosphorus loading

Dale Robertson
608-821-3867
dzrobert@usgs.gov

Questions??
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