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 Review draft Chapter 1

 Review draft Chapter 2

 Review draft Chapter 3

 Presentation by Dr. Julie Kinzelman, City 
of Racine Public Health Department
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Chapter 1

Introduction
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 This chapter describes:
• The purpose of the plan

−Brief watershed description

−USEPA 9 Key Element watershed plan requirements

• The planning process

−Focus issues

−Advisory Group

−Outreach

• Plan format and organization
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USEPA Nine Key Elements

1. Identify pollutant sources 
to be controlled

2. Estimates of load 
reductions from 
management measures

3. Description of 
management measures to 
implement and critical 
areas

4. Estimates of amounts of 
technical and financial 
assistance needed

5. Information and 
education component

6. Implementation schedule

7. Description of interim 
milestones for 
determining whether the 
plan is being implemented

8. Criteria for determining 
whether load reductions 
are being achieved

9. A monitoring component
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USEPA Nine Key Elements

1. Identify pollutant sources 
to be controlled

2. Estimates of load 
reductions from 
management measures

3. Description of 
management measures to 
implement and critical 
areas

First 3 elements characterize and set 
goals to address pollution sources
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USEPA Nine Key Elements

1. Identify pollutant sources 
to be controlled

2. Estimates of load 
reductions from 
management measures

3. Description of 
management measures to 
implement and critical 
areas

4. Estimates of amounts of 
technical and financial 
assistance needed

5. Information and 
education component

6. Implementation schedule

7. Description of interim 
milestones for 
determining whether the 
plan is being implemented

8. Criteria for determining 
whether load reductions 
are being achieved

9. A monitoring component

Remaining 6 elements determine 
specific resources and criteria to 
implement and evaluate the plan.
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 Plan focus issues
• Water quality

• Recreational access and use

• Habitat conditions

• Targeted stormwater drainage 
and flooding issues

 The plan will also address the status of 
the Mill Pond and the associated dam



Serving the Counties of Kenosha, Milwaukee, Ozaukee, Racine, Walworth, Washington, and Waukesha

9

Chapter 2

Prior and Ongoing Studies, 
Plans, Projects, and Programs

Serving the Counties of Kenosha, Milwaukee, Ozaukee, Racine, Walworth, Washington, and Waukesha

Chapter 2

10

 This chapter:
• Summarizes the recommendations from the 

regional water quality management plan update 
(RWQMPU) for Oak Creek

• Assesses implementation status of 
recommendations from the RWQMPU

• Collates and reviews related plans for the Oak 
Creek watershed that address the watershed 
restoration plan (WRP) focus issues 

• Reviews recent projects in the watershed that 
address the WRP focus issues

• Reviews programs and initiatives that are active 
or available in the Oak Creek watershed
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 The RWQMPU made recommendations 
in eight broad areas:
• Land use

• Point source pollution abatement

• Rural nonpoint source pollution abatement

• Urban nonpoint source pollution abatement

• Instream water quality management

• Inland lake water quality management

• Auxiliary water quality management measures

• Groundwater management
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 Examples of recommendations:
• Land use

−Develop according to approved local land use plans

−Preserve environmental corridors, natural areas, and 
the most productive farmland

• Urban nonpoint source pollution abatement

−Chloride reduction, fertilizer management, and pet 
litter management programs

• Instream water quality management

−Restore wetlands, woodlands and grasslands adjacent 
to stream channels
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 Examples of recommendations:
• Inland lake water quality management

−Conduct aquatic plant surveys when conducting 
aquatic plant management

• Auxiliary water quality management measures

−Household hazardous waste and unused 
pharmaceutical collection programs

−Water quality monitoring

• Groundwater management

−Protect important groundwater recharge areas

Serving the Counties of Kenosha, Milwaukee, Ozaukee, Racine, Walworth, Washington, and Waukesha

Chapter 2

14

 Implementation of recommendations:
• Recommendations that reflect existing, ongoing 

regulatory requirements

−Regulation of sewage treatment plant and industrial 
discharges through the Wisconsin Pollutant Discharge 
Elimination System permit program

−State ban on phosphorus-containing fertilizers

−County and municipal pet waste ordinances

−State, MMSD, and municipal construction erosion 
control ordinances
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 Implementation of recommendations:
• Recommendations that are in various stages of 

implementation

−Construct and maintain local sanitary sewer systems

−Preserve environmental corridors and natural areas

−Household hazardous waste and unused 
pharmaceutical collection programs

−Water quality monitoring programs

−Remove abandoned bridges and culverts
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 Implementation of recommendations:
• Recommendations not yet implemented

−Consider changes in municipal water system 
corrosion control to reduce phosphorus loading

−Convert marginally productive agricultural 
lands to wetland or prairie conditions

−Implement waterfowl control programs, where needed
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 Collation and Review of Related Plans
• Land use plans

• Stormwater drainage, stormwater management, 
and flood control plans

• Sanitary sewer service area plans

• Environmental plans

−Water quality, water supply, natural areas green 
infrastructure, comprehensive watershed plans

• Park and open space planning
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 Examples of Related Plans
• Regional plans – Land use, water quality, park and open 

space

• Watershed plans – RWQMPU, WDNR watershed plans

• MMSD plans – Watercourse, green infrastructure, and 
conservation plans

• Milwaukee County plans – Park and open space, land and 
water resource management plans

• Local municipality plans – Land use, parks, stormwater
management plans

• Plans for individual sites – Park restoration plans
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 Review of Recent Projects
• 1000 Friends of Wisconsin audit of municipal codes and 

ordinances for barriers to use of green infrastructure

• Drexel Town Square development

−Wetland and prairie restoration

− Stormwater ponds, floating islands, bioswales, permeable pavement

• Grant Park Bioblitz

− Survey of all species present at the site in June 2016
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 Programs Active or Available in the Watershed
• MMSD Greenseams

−Voluntary purchases of undeveloped lands for flood 
storage/control

• Citizen-based/Community-based monitoring programs

−Monitoring of water quality and organisms

• Education programs

−Respect Our Waters – stormwater education

−Nature centers



Serving the Counties of Kenosha, Milwaukee, Ozaukee, Racine, Walworth, Washington, and Waukesha

21

Chapter 3

Characterization of the Watershed
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“….Riverine systems are intimately coupled with and 
created by characteristics of their catchment basins, or 

watersheds.”

--“A New Approach to Save America’s River Ecosystems”
Dopplet, Scurlock, Frissell, and Karr
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 This chapter presents information on human-
made and natural features of the watershed…..
• Human-Made Features

− Subwatersheds

− Assessment Areas

− Civil Divisions

− Demographics

− Land Use

− Impervious Surface

− Sanitary Sewer Service 
Areas

• Natural Features

− Climate

− Pre-Settlement Vegetation

− Topography

− Geology

− Soils

− Land Slopes

− Environmental Corridors and 
Natural Areas

− Groundwater
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Map 3.2
Assessment Areas
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Map 3.4
Floodplain 
Designations
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Map 3.7
Existing Land Use: 2015

Map 3.8
Percent Urban Land Uses: 2015
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Map 3.9
Planned Land Use: 2050

Map 3.10
Percent Urban Land Uses: 2050
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Map 3.11
Ag Lands, Open 
Lands and 
Woodlands 
Projected to be 
Urban Development 
Under Planned 2050 
Conditions
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Map 3.15
Hydrologic Soil Groups

Map 3.16
Soil Slopes and Erodible Lands
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Map 3.17
Environmental 
Corridors: 2015
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Map 3.18
Natural Areas and 
Critical Species 
Habitat Sites
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Figure 3.6
Comparison of 
Surface Water 
Features from 
Historical Maps

Historical 1837 Plat Map Historical 1891 USGS Map

Historical 1958 USGS Map
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 Chapter 3 Helps Us….
• Learn the “Lay of the Land”
• Look Into the Past, Present, and the Future
• Begins to Reveal Problem Areas as well as Highest 

Quality Areas
• Provides Some of the Information Necessary to  

Quantify the Impairments of the Watershed
• Begins to Open Doors to Solutions to Those 

Impairments
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 Detailed inventory of the state of the
watershed 
• By Chapter 3 assessment areas

• Water quality – standards, monitoring data,  
impairments, loading calculations

• Current flow conditions – flooding, stormwater

• Habitat – field surveys for stream and biota

• Recreational access and use – current amenities 
and use
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 Sources of monitoring data  

• Wisconsin DNR 

• US Geological Survey

• Milwaukee Metropolitan Sewerage District

• City of Racine Public Health Department

• SEWRPC

• Other relevant water quality and natural 
resources data sources 
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 Communication

• SEWRPC website for Draft chapters, meeting materials, 
and providing comments

www.sewrpc.org/OakCreekWRP

 Comment sheets are available 

 Contact

• Laura Herrick – Chief Environmental Engineer 
262-953-3224 or lherrick@sewrpc.org
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Oak Creek Watershed 
Assessment

City of Racine Public Health Department

Adrian Koski, Lanae Turner, Kwabena Boateng, Jacob Jozefowski

Dr. Julie Kinzelman, Dr. Jessica Orlofske

Study Components

•Main stem and tributary surface water quality 
assessment

•Mill Pond Dam impoundment assessment

• Stormwater outfall assessment

•Macroinvertebrate survey

•Nearshore Lake Michigan water quality assessment
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Identifying Sources of Pollution

•Visual Observation
•Site Surveys (indicators + conditions)
•Source Tracking

Chemical & Microbial Indicators

• pH
• Temperature
• Turbidity
• Conductivity
• Detergents
• Chlorine
• Copper
• Phenols
• Nutrients
• E. coli
• Microbial Source Tracking Markers
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Surface Water Quality Assessment

• 19 surface water monitoring sites (Nov 2015 – June 2016)
• Water temperature, total suspended solids, turbidity, total phosphorus, total nitrogen, 
organic nitrogen, inorganic nitrogen, dissolved oxygen, pH, specific conductivity

• E. coli (6/29/15‐8/29/16)

• 16/19 surface water monitoring sites assessed for habitat conditions

• 12/19 surface water monitoring sites were assessed for 
macroinvertebrates using the Hilsenhoff (Family Level) Biotic Index 
(Oct 2015)

• 3/16 surface water monitoring sites were assessed for biological 
oxygen demand (BOD)(July 2015 – Aug 2016).
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Decision Tree Approach

Jozefowski, et al. 2016

High 
IC?

OFs? Eroded 
stream banks 
/ lack of 
buffer strip?

Low to Medium Priority ‐
Reduce storm water runoff, look for     

opportunities for infiltration systems,    
filter strips, rain gardens, etc.

YesNo

Low Priority –

Look at localised 
areas of 
improvement 

Low to Medium 
Priority ‐ Consider 
stream bank 
improvements. e.g. 
buffer strips

Low Priority –

Look at localised 
areas of 
improvement

Medium Priority‐

Reduce runoff in 
local area, 
consider stream 
bank 
improvements 

No

E. coli 
exceedance > 
40% with 
24hr PPT?

No Yes
Storm water 
outfalls 
nearby with 
DWF?

Major priority –
Monitor OF if not 
already. Investigate 
source(s) of DWF 
and eliminate.

Med to High Priority ‐
Reduce storm water 
runoff, add rain 
gardens, buffer/filter 
strips as appropriate, 

Impervious 
surfaces? 
Insufficient 
buffer strip?

Yes

YesNo

E. coli 
exceedance 
>40% in dry 
weather & 
>50%  with 
24hr PPT?

No Yes

SITE NAME

Strong association 
between E. coli & 24hr 
rainfall? (R2>0.60)

Strong association 
between E. coli & 

48 hr PPT?
(R2>0.5)

E. coli 
exceedance > 
50% within 
24hr PPT? 

Medium Priority –
Implement storm 
water runoff 
management, 
improve sites 
upstream

Template decision tree developed from correlation of water quality parameters, 
environmental parameters and physical assessments
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Key:
IC = Impervious Cover

OF = Stormwater outfall

DWF = Dry‐weather flow

PPT = Precipitation

R² = Degree of Determination 

(Regression)
__ =Decision Tree Path

Municipality:

South Milwaukee

Milwaukee

Oak Creek

Franklin Southwood Dr.

Storm water 
outfalls nearby 
with DWF? 
Nearby leaky 

septic systems?

E. coli 
exceedance >   
25%?

High 
IC?

E. coli 
exceedance 
> 50% in 
24hr PPT? Pollution from 

upstream sites? 
Insufficient 
buffer strips?

Low priority: 
Look at localized 

areas for 
improvement

Medium
priority: Reduce 
runoff in local 
area, consider 
stream bank 
improvements

Low priority:  
Reduce stormwater 
runoff‐ infiltration 

systems/buffers, etc.

Low priority:  
Consider stream 

bank improvements‐
vegetative/buffer 

Major priority : 
Monitor OF if not 

already.  Investigate 
source of DWF and 

eliminate.

Med‐ High priority: 
Reduce storm water 

runoff through 
buffer/filter strips as 

appropriate

Eroded stream 
banks/ lack of 
buffer strip?

Yes
No

No Yes

No

OF 
nearby?

E. coli 
exceedance
> 40% in dry 
weather? 

Yes

E. coli 
responds to 
24 hr PPT?

Yes

Low priority: 
Look at localized 

areas for 
improvement

No

Filter Name

Filter Date 

of Sample

Filtration 

Volume (ml)

Bacteroides 

CN/100 ml

Lachnospiraceae 

CN/100 ml

Southwood OF E 1/25/2016 200 231 1584

15th Ave OF 2/1/2016 100 3395 26748

15th Ave OF 2/8/2016 100 1113 11381

Southwood OF E 2/8/2016 100 <1 2715

Human Bacteroides Genetic Marker

High > 5000 CN/100 mL

Moderate 1000 ‐ 5000 CN/100 mL

Low < 1000 CN/100 mL
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Mill Pond Dam Impoundment Assessment

• June – August 2015/Additional samples in 2016

• Samples were collected weekly or semi‐weekly from 7 locations
• Water temperature, pH, specific conductivity, DO (concentration and percent 
saturation), TSS, turbidity/transparency and E. coli

• Nutrients (total nitrogen/nitrogenous components and total 
phosphorus) assessed once

• Chlorophyll‐a assessed once from each location

• Additional TSS samples were collected from June 2015 through 
August 2016 and evaluated to determine the flux of suspended solids 
into and out of the dam impoundment

Is the Dam Impoundment Supportive of 
Recreational Uses?
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2015 Measurements

Changes over Time

91.7% of samples collected from the Mill Pond Dam impoundment exceeded recreational water quality standards
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Recommendations

Does the Dam Impoundment Sequester 
Upstream Pollutants?
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Sampling Locations

Results



12/26/2018

11

Results (cont.)

Nutrient Loading
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Stormwater Outfall Assessment

• 111 stormwater outfalls were considered
• 106/111 were selected for field surveys

• Determination of dry weather flow and photo‐documentation

• 31/111 were noted to have dry weather flow
• 24/31 of which were selected for additional testing
• Water temperature, turbidity, pH, specific conductivity, total chlorine, detergents, 
copper, phenols, and E. coli

• Monitoring occurred from Dec 2015 to Aug 2016
• 91 samples representative of dry weather flow and 50 categorized as wet weather 
discharge (n = 141)

• Microbial source tracking markers (human‐specific Bacteroides and 
Lachnospiraceae)
• Provide supportive information for illicit discharge investigations
• Is there a likely sewage source?

Outfall 105
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Results ‐ Chlorine

• Total residual chlorine (mg/l) was measured in 140/141 stormwater 
outfalls samples collected from 24 outfalls

• 90 samples were collected during dry weather and 50 samples during 
wet weather flow

• Median residual chlorine concentrations ranged from below the level 
of detection to 0.56 mg/l. 

• 50% or more of the samples collected from Outfalls 24, 52, and 70 
exceeded the residual chlorine guideline value of 0.10 mg/l.

Results – Detergents (Surfactants)

• Detergents concentrations (mg/l linear alkylbenzene sulfonate 
equivalent) were measured in 140/141 stormwater outfall samples 
from 24 outfalls

• 90 samples were collected during dry weather flow and the remaining 
50 samples during wet weather

• 53 samples had detergent concentrations above the detection limit

• Median detergent concentrations ranged from below the level of 
detection to 0.25 mg/l

• Six water samples from four outfalls exceeded the guideline value of 
≥0.50 mg/l
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Stormwater Outfall Results

• Most stormwater outfall samples were within state standards or 
recommended guidelines for turbidity, pH, water temperature, 
copper, and phenols

• Some outfalls exceeded state standards or recommended guidelines 
for specific conductivity (4 outfalls), chlorine (3 outfalls), detergents 
(6 outfalls), E. coli (11 outfalls), and microbial source tracking markers 
(14 outfalls) 

• Results were analyzed collectively utilizing a weight of evidence 
approach in order to classify outfalls as either high (6 outfalls), 
medium (15 outfalls), or low (3 outfalls) priority for future 
investigations and remediation

Recommendations
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Macroinvertebrate Survey

• 12 surface water sites were quantitatively assessed using Hilsenhoff (Family 
Level) Biotic Index (October 2015)

• Sites were selected for sampling based on accessibility and the presence of 
sufficient water depth and flow to meet the minimum number of 
invertebrates required for the WI DNR sampling guidelines (WDNR 2000)
• Distributed throughout the watershed, including the mainstem, branches and
tributaries

• Locations immediately above and below the Mill Pond Dam

• Water chemistry assessed during each sampling event (pH, dissolved 
oxygen (%), and conductivity (μS/cm) using a calibrated YSI 556 
Multiparameter Meter

Survey Results

• 7,632 aquatic invertebrates were collected

• Arranged geographically from upstream to downstream, little
variation seen in invertebrate abundance until immediately upstream 
and downstream of dam impoundment

• Many moderate to high tolerance (high HBI = lower water quality)
• E.g. Oak Leaf Trail

• Few sensitive and less tolerant (low HBI = higher water quality)
• E.g. culvert riffle off of Nicholson Avenue and immediately below dam

• Overall…substantial to severe impairment when compared to regional 
reference streams
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Nearshore Lake Michigan Water Quality

• Regulatory BEACH Act samples collected from mid‐May to August 
each year of study

• Determination of Oak Creek as a potential pollution source impacting 
nearshore recreational water quality

• Community Profiling
• Look for relational similarities in environmental samples

• May provide indications as to common sources

• Conducted in conjunction with UWM School of Freshwater Sciences (2016)
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Beach E. coli (green) vs. Sewage (red)

M
ic
ro
b
ia
l S
o
u
rc
e 
Tr
ac
ki
n
g

Beach E. coli (green) vs. Canine (red)
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Beach E. coli (green) vs. Gull (red)

M
ic
ro
b
ia
l S
o
u
rc
e 
Tr
ac
ki
n
g

Community Profiling
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Ryan Newton, UWM SFS

Samples are distinguished first by sample type (Lake MI, river, & sand)
Sample are distinguished by date within each of the sample type categories
Seven bridges is highly variable and very different from the other data & appears to be heavily sewage contaminated

Thank You for Listening!!
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