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Today’s Format

• Introductions
• Presentation covering Wisconsin’s water quality modeling of Illinois’ 

Chain O’ Lakes TMDL
• Panel to address questions

• Both the recorded presentation and slides will be available on the 
DNR website

https://dnr.wi.gov/topic/TMDLs/FoxIllinois.html
or search “Fox Illinois River TMDL”

https://dnr.wi.gov/topic/TMDLs/FoxIllinois.html
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DNR Project Team and Sector Leads

Project Coordination: Eric Hettler1 & Kevin Kirsch1

Monitoring: Rachel Sabre1

Wastewater: Nick Lent1 & Nicole Krueger1

Stormwater: Samantha Katt2 & Pete Wood2 

Agriculture & Urban Nonpoint: Jesse Bennett2 

Modeling: Eric Hettler1 

1. Bureau of Water Quality (WY)

2. Bureau of Watershed Management (WT)



Key Partners in the TMDL Development Process



Fox Illinois River Basin TMDL
Water Quality Modeling of Illinois’ 

Chain O’ Lakes



Fox Illinois River Basin TMDL Background

Wisconsin’s Obligations to Protect Illinois’ Water Quality

Illinois Chain O’ Lakes Background

Grass Lake Modeling
 DNR Lake Modeling

Model Inputs
Model Calibration
Reductions

Next Steps

Presentation Outline



Fox Illinois TMDL Project Background



FOXIL TMDL Project Extents
Located in Southeast Wisconsin

Seven Distinct Watersheds
Fox River
Des Plaines River
North Lake
Headwaters Nippersink Creek North 
Branch Nippersink Creek
Channel Lake
North Mill Creek



TP & TSS Impairments – 303(d) List

11 named streams/rivers
9 lakes

7 named streams/rivers
1 impoundment (Fox River)

TP TSS



Total Maximum Daily Load (TMDL)
TMDL: Amount of a pollutant a waterbody can receive and still meet water 
quality standards

Above water 
quality criteria 
(concentration)

Meets water 
quality criteria
(concentration)

Load greater 
than the TMDL TMDL 



Total Maximum Daily Load (TMDL)
EPA requires that waters listed as impaired on Wisconsin’s 303d list have 
TMDLs developed

+ +

Nonpoint 
loads

Wasteload Allocation Margin of Safety

TMDL =
Load Allocation

Permitted 
point sources

Modeling 
assumptions



Grass Lake Modeling Report 



Grass Lake Modeling Report

Posted to FOXIL TMDL Website on May 14, 2025
(https://dnr.wisconsin.gov/topic/TMDLs/FOXIL)

Detailed explanation of lake modeling approach 
and results

Input accepted through June 20, 2025

https://dnr.wisconsin.gov/topic/TMDLs/FOXIL


Wisconsin’s Obligations to Protect 
Illinois’ Water Quality 

Section 2 of Report



The TMDL was Approved June 2020 covering 26 
lakes listed as impaired for total phosphorus based 
on Illinois’ 0.05 mg/L criterion.

Upper Fox River/Chain O’ Lakes TMDL



CWA Requirements for Downstream 
Waterbodies



“In an opinion emphasizing EPA’s discretion, Justice Stevens held that the Clean Water Act clearly 
authorized EPA to require that point sources in upstream states not violate the water quality 
standards in downstream states, and that the EPA’s interpretation of those standards governed.” 

 - February 27, 1992, memorandum from EPA Acting General Counsel

CWA Requirements for Downstream 
Waterbodies



“It is clear that the central goal of the CWA and EPA’s implementing 
regulations is to ensure that downstream States/Tribes are not 
subjected to pollutant loads from upstream or adjacent jurisdictions 
that cause or contribute to the impairment of downstream waters.”
 USEPA, Considerations for the Development of Multijurisdictional 
 TMDLs, 2012

Key Requirements:

1. IEPA cannot assign allocations or percent reductions to 
Wisconsin dischargers.

2. A TMDL developed by Wisconsin most be protective of 
the water quality criteria and standards of the Chain 
O’Lakes.   

CWA Requirements for Downstream 
Waterbodies



“It is clear that the central goal of the CWA and EPA’s implementing 
regulations is to ensure that downstream States/Tribes are not 
subjected to pollutant loads from upstream or adjacent jurisdictions 
that cause or contribute to the impairment of downstream waters.”
 USEPA, Considerations for the Development of Multijurisdictional 
 TMDLs, 2012

Key Requirements:

1. IEPA cannot assign allocations or percent reductions to 
Wisconsin dischargers.

2. A TMDL developed by Wisconsin most be protective of 
the water quality criteria and standards of the Chain 
O’Lakes.   

CWA Requirements for Downstream 
Waterbodies

Allocations and loading capacities outlined in Illinois 
EPA’s Chain O’ Lakes TMDL are not directly applicable to 
Wisconsin…..  

but flow and associated phosphorus loadings entering 
the Chain O’Lakes from Wisconsin must allow attainment 
of water quality criterion in Grass Lake.  



Illinois Chain O’ Lakes Background
Section 2 of Report



Upper Fox River/Chain O’ Lakes TMDL
Approved June 2020

TMDLs for 26 lakes having total phosphorus 
impairments (based on the 0.05 mg/L 
criterion)

Lakes evaluated using CDM Smith’s Simplified 
Lake Analysis Model (SLAM)
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• Fox River (WI) criterion: 100 µg/L
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attainment of criterion in Grass Lake

Grass Lake

Fox River 
Area to GL: 859 mi2
Area in WI: 857 mi2



Grass Lake TP Baseline and Allocations 
from Chain O’ Lakes TMDL

DT-35

Grass Lake

Initial Review: Fox River from Wisconsin 
would need to be less than natural 
background concentration (<20 µg/L)

Conclusion: Need to revisit lake modeling to 
check modeling assumptions and ensure 
consistency with the Fox Illinois River Basin 
TMDL



Justification for Updated Lake Modeling

1. Allocations Not Assigned for Wisconsin

2. Timeframe needs to be consistent with FOXIL TMDL

3. Baseline loads should be consistent with FOXIL TMDL SWAT+ model 

4. Lake modeling approach should be consistent with Wisconsin’s other TMDLs



DNR Lake Modeling
Section 3 and 4 of Report 



General Lake Modeling for TP

External Inputs: 
Flow & TP load Lake Parameters: 

Lake TP concentration ~
Volume & TP load

Release of TP 
from sedimentSettling of TP



DNR Approach: Jensen (2006)

Q, Pi V, Pl

Ps

RELSED Z

Q: Inflow volume
V: Lake volume
Z: Average lake depth

Pi: Inflow TP
Pl: In-Lake TP
Ps: Sediment TP

SED: TP sedimentation
REL: TP release



• Wisconsin River Basin TMDL & Upper 
Fox-Wolf Basin TMDL both address 
downstream lakes or reservoirs with 
more stringent water quality criteria. 

Wisconsin TMDLs with Downstream 
Waterbodies 



Grass Lake Model Inputs
Section 5 of Report



Grass Lake
Lake Marie

1

2
3

Drainage Area (mi2) % of Total

ID Waterbody Wisconsin Illinois Total Wisconsin Illinois
1 Fox River to DT-35 857 2 859 99.8% 0.2%

2 Grass Lake Direct Drainage 0 11 11 0.0% 100.0%

3 Lake Marie to Grass Lake* 15 21 36 41.0% 59.0%

Total to Grass Lake 872 34 906 96.2% 3.8%

*Note: ~49% of flow from Lake Marie is diverted to Bluff Lake

Grass Lake Connectivity

DT-35

Three drainage areas: 1. Fox River upstream of 
Station DT-35*, 2. direct drainage to Grass Lake, 
and 3. Lake Marie

Note: Illinois maintains a long-term water quality monitoring station on the 
Fox River between the Wisconsin Border and Grass Lake (DT-35)



Estimating TP Loads for Fox River at DT-35
Flow Data: 

Drainage-area 
ratio from USGS 
Fox River at New 
Munster

TP Data:          
DT-35 from EPA’s 
Water Quality 
Portal 0
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Load Data: Daily loads estimated 
from LOADEST



Estimating Flows and TP Loads from Lake 
Marie and Direct Drainage

Location

Annual 
Average 

Load 
(lb/yr) Source

Lake Marie 2,273 CDM Smith Lake 
Model

Direct 
Drainage 1,563 Export 

coefficients

Flow Data: 
Drainage-area 
ratio from USGS 
at Mill Creek

TP Data:          
Annual average 
loads reported 
in Chain O’ 
Lakes TMDL

Load Data: Daily loads estimated 
from annual loads



2001-2022

Map ID Waterbody

Average 
Annual TP 
Load (lb) % of Total

1 Fox River to DT-35 179,427 97.9%
2 Grass Lake Direct Drainage* 1,563 0.9%
3 Lake Marie* 2,273 1.2%

Total to Grass Lake 183,260 100%
* Loads from Chain O’ Lakes TMDL

Summary of Grass Lake Loading

Grass Lake
Lake Marie
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Fox River at DT-35 Grass Lake and Lake Marie

~98% of total load from Fox River



Grass Lake Jensen Model Inputs
1. External flows into Grass Lake

2. External TP loads into Grass 
Lake

3. Temperature of water and 
sediment in Grass Lake

4. Measured TP concentrations 
in Grass Lake
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Grass Lake Model Calibration
Section 6 of Report



Grass Lake Jensen Model Procedure
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Model Parameters
Ps: Initial sediment P
bS: P sedimentation constant
tS: Temperature dependence of 

P sedimentation
bF: Sediment P release
tF: Temperature dependence of 

sediment P release

Jensen Model
Estimate lake concentrations

Revise parameters until model fit is maximized

Model Inputs

Compare modeled and 
observed concentrations



Grass Lake Model Calibration Results

18 measurements: Every 
3-4 years between 2008 
and 2022

Three observations 
removed: Explanation in 
report

TP Concentration:
Observed: 0.111 mg/L
Predicted: 0.116 mg/L 0.00
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Grass Lake Model Calibration Results
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Grass Lake TP Reductions
Section 7



Approach for Applying IL Standard

TP Criterion: 0.05 mg/L

Meet at 90th percentile of 
all daily concentrations 

Illinois Administrative Code tit. 35, § Section 302.205

Chain O’ Lakes TMDL Section 2.3.1.1
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Results from the Reduction of External TP 
Loads
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0.143 mg/L 0.079mg/L 0.054 mg/L 0.051 mg/L 0.050 mg/L

Reduction in External Loads: 66.2%

Adjust external loads until 90th percentile of daily concentration in Grass Lake is 
below TP criterion



Summarized Results from Lake Modeling

External Loading
Baseline (2011-2022): 173,917 lb/yr
Loading Capacity: 58,784 lb/yr

Reduction in External Loads: 66.2%

Note: Phosphorus criterion for 90th 
percentile reached ~40 years after 
reductions



Summarized Results from Lake Modeling

External Loading
Baseline (2011-2022): 173,917 lb/yr
Loading Capacity: 58,784 lb/yr

Reduction in External Loads: 66.2%

Note: Phosphorus criterion for 90th 
percentile reached ~40 years after 
reductions

Immediate improvement 
when inputs reduced

Internal phosphorus 
stabilizes over time



Grass Lake Loading Capacity: 
Comparison to Chain O’ Lakes TMDL
Grass Lake: Illinois Chain O’ Lakes TMDL

Grass Lake: Wisconsin DNR Analysis

Reduction in external loads to 
Grass Lake

Reduction in external loads to 
Grass Lake

Loading 
Source

LC
(lb/day)

Current 
Load

(lbs/day)

Reduction 
Needed
(lbs/day)

Reduction 
Needed

(Percent)
Internal 22.1 29.4 7.3 25%
External 79.0 395.0 316.0 80%
Total 101.0 424.0 323.0 76%

Loading 
Source

LC
(lb/day)

Current 
Load

(lbs/day)

Reduction 
Needed
(lbs/day)

Reduction 
Needed

(Percent)
Internal 9.2 20.1 10.9 54.1%
External 160.9 476.2 315.2 66.2%
Total 170.2 496.3 326.1 65.7%



Next Steps: Allocations



Step 1: Identify Reductions to Meet 
Wisconsin Water Quality Criteria

Stream/River TP Criteria
Streams: 75 µg/L
Rivers: 100 µg/L

Lake TP Criteria
Shallow Headwater: 40 µg/L
Deep Headwater: 30 µg/L
Deep Seepage: 20 µg/L
Two-Story Fishery: 15 µg/L



Step 2: Identify Additional Reductions to 
Meet Grass Lake Criterion

Allowable Load from Fox River in 
Wisconsin:

57,261 lb/yr

Reduce loads beyond what is required 
to address Wisconsin criterion

57,261 lb/yr



Next Steps: Input



Modeling Report

Posted to FOXIL TMDL Website on May 14, 2025
(https://dnr.wisconsin.gov/topic/TMDLs/FOXIL)

Detailed explanation of lake modeling approach 
and results

Input accepted through June 20, 2025

https://dnr.wisconsin.gov/topic/TMDLs/FOXIL


Eric Hettler
Eric.Hettler@wisconsin.gov

Project Website: 
https://dnr.wisconsin.gov/topic/TMDLs/FOXIL 
or search for “Fox Illinois TMDL” on dnr.wi.gov
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