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Disclaimer

The Great Lakes Water Quality Agreement (GLWQA) is a non-regulatory agreement between
the U.S. and Canada, and criteria developed under its auspices are non-regulatory. The actions
identified in this document as needed to meet beneficial use impairment (BUI) delisting targets
are not subject to enforcement or regulatory actions. The actions identified in this Remedial
Action Plan (RAP) Update do not constitute a list of preapproved projects, nor is it a list of
projects simply related to BUIs or generally to improve the environment. Actions identified in this
document are directly related to removing a BUI and are needed to delist the Area of Concern
(AOC).
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This Remedial Action Plan (RAP), which serves as an update to the 2017 RAP, documents and
communicates progress made in the Milwaukee Estuary Area of Concern (AOC) (Figure 1) over
the last two years. This RAP also documents target revisions completed for nine of the eleven
beneficial use impairments (BUIs) in 2020, which are also found in Appendix G: 2020 Removal
Target Updates for the Milwaukee Estuary Area of Concern. The RAP shares the path forward
with our partners and stakeholders. The RAP includes a concise summary of BUI status and
tracks progress on specific actions that are important for reaching BUI removal targets. These
SDFWLRQV'™ tiggonGrastraion projects, monitoring and assessment projects, and
stakeholder engagement processes. As the primary agency with the responsibility to develop
and implement the RAP, the Wisconsin Department of Natural Resources (WDNR) Office of
Great Waters (OGW) and other WDNR programs are committed to making progress in
UHPHGLDWLQJ DQG UHVWRULQJ :LVFRQVLQIVWIUHDY QR3 BROFMWUWYH,
RAP must be a program of continuous improvement, evaluating its course as new information
and technology become available. Subsequent RAP updates will be produced as needed to
incorporate new information.

Remedial Action Plans are required by Annex 1 of the Great Lakes Water Quality Protocol of
2012 (which replaced the 1987 Protocol amending the Revised Great Lakes Water Quality
Agreement of 1978). The 2012 Protocol indicates that RAPs must include the following
elements:

1. Identification of beneficial use impairments (BUIs) and causes;

2. Criteria for the restoration of beneficial uses that take into account local conditions and
established in consultation with the local community;

3. Remedial measures to be taken, including identification of entities responsible for
implementing these measures;

4. A summary of the implementation of remedial measures taken and the status of the
beneficial use; and

5. A description of surveillance and monitoring processes to track the effectiveness of
remedial measures and confirm restoration of beneficial uses.
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Figure 1. The boundaries of the Milwaukee Estuary Area of Concern. For additional information about the

history of the AOC and a narrative description of the AOC boundary, please refer to previous RAP

documents which are available online: http:/ WDNR.wi.pov 6 HDUFK 30LOZDXNHH (VWXDU\ $2&" 5%
GRFXPHQWYV DUH VWRUHG RQ WKH 3$2& 30DQV" WDE

2



http://dnr.wi.gov/

Remedial Action Plan Update for the Milwaukee Estuary Area of Concern
August 2020

352*5(66 6800%5<

The WDNR and partners are working to improve conditions in the Milwaukee Estuary AOC.
During the past two years significant progress has been made, advancing sediment projects
towards remediation, completing assessments to gather information on BUI status and support
decision making to revise targets, forming and organizing work groups to further AOC progress,
and continuing to make progress on habitat restoration management actions. A summary of
progress is detailed below, with information on the status of each BUI included in the following
chapters. Details about projects in the AOC are included in Appendix C.

Sediment

Contaminated sediments contribute to seven out of the eleven BUIs in the Milwaukee Estuary
AOC (Table 1) and remediating contaminated sediment sites is necessary to address these
impairments. A map illustrating contaminated sediment progress in the AOC is included in
Figure 2. Since the last RAP Update, the following sediment related actions occurred. See the
Restrictions on Dredging Activities BUI section for more detailed information.

X Since 2017, WDNR and the U.S. Geological Survey (USGS), along with Milwaukee
Metropolitan Sewerage District (MMSD), have been working on a project to evaluate
non-point source polycyclic aromatic hydrocarbon (PAH) loading to the Milwaukee
Estuary. This information is valuable for AOC related sediment management action
planning. The assessment is being piloted in the Kinnickinnic River portion of the AOC.
The project consists of a few key components: 1) Construction of a PAH assessment
Source Loading and Management Model for Windows (WinSLAMM); 2) Collection of
stormwater samples for model calibration and verification; 3) Model prediction of PAH
loading to the project area; and 4) A mass balance approach to assess the significance
of urban nonpoint source contribution. As a result, sources can be identified as whether
urban runoff or others (i.e. spills) are more of concern for management purposes. USGS
collected stormwater runoff and combined sewer samples for analyses of PAHs and total
suspended solids (TSS). Model calibration is underway.

X In June 2018, a Sediment Work Group was formed by the partners involved in sediment
remediation in the Milwaukee Estuary AOC, which is facilitated by the City of Milwaukee.
The group includes the WDNR, United States Environmental Protection Agency
(USEPA) Great Lakes National Program Office (GLNPO), City of Milwaukee, Milwaukee
County Parks, MMSD, We Energies, Milwaukee Riverkeeper, Harbor District, Inc.,
Menomonee Valley Partners, and U.S. Army Corps of Engineers (USACE).

X In 2019, a focused feasibility study (FFS) for the Milwaukee and Menomonee (M&M)
River area was completed, and a preferred alternative was selected for remediation. As

3
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part of the cost analysis for this preferred alternative, an option was to transport the
material to a new material management facility adjacent to an existing facility.

X An Analysis of Dredged Material Management Alternatives for the Milwaukee Estuary
AOC Great Lakes Legacy Act Project(s) (Appendix H) was completed to evaluate the
cost of remediating the extent of known contamination in the AOC based on the
preferred alternative from the M&M FFS. In November 2019, this analysis underwent a
45-day public comment period. All feedback was in support of the preferred alternative
for constructing a new facility to manage dredged material.

X In 2019, the WDNR, the City of Milwaukee, including Port Milwaukee, and We Energies
formed a Design Technical Work Group to work on the pre-design investigation, design,
funding, and construction of the Dredged Material Management Facility (DMMF) in a
collaborative, efficient, and expedient manner.

x Sediment characterization continued in the Milwaukee Estuary AOC with the completion
of the report for the Milwaukee River Downstream (MRD) area in 2019.

X In 2018, USEPA GLNPO awarded the WDNR a multi-year grant to continue
investigation and characterization of areas in the Milwaukee Estuary and St. Louis River
AOCs. The first characterization project covered under this grant started in the South
Menomonee Canal (SMC) in Fall 2019. As part of the characterization, WDNR
performed a special study of Per- and polyfluoroalkyl substances (PFAS) in sediment
and surface water in the AOC. The news release and results from the work can be found
onlineon '159V ZHEVLWH

X Starting in 2019, the USEPA GLNPO tasked the USACE with providing technical
assistance and to perform an investigation of the navigation channel area of the
Kinnickinnic River. The USACE is currently working on the Field Sampling Plan (FSP)
and Quality Assurance Project Plan (QAPP) and expect to collect 50 cores, advancing to
native materials. Sampling is expected to start in Fall 2020.

X In January 2020, a $29.2 million Milwaukee Estuary AOC-wide project agreement was
signed between USEPA GLNPO, WDNR, City of Milwaukee, Milwaukee County Parks,
MMSD, and We Energies to cover FFS, pre-design investigation (PDI) and remedial
design (RD) of impacted sediments in the Estuary.

X In 2020, MMSD, the City of Milwaukee, and We Energies all began working on their in-
kind contributions to the project agreement, such as the Basin H PCB remediation
project, locating as-builts for sheet pile walls, and design of the 3™ Ward manufactured
gas plant (MGP) and Solvay Car Ferry Area, respectively.

x Superfund sites (Burnham Canal, Solvay Coke and Gas, Cedar Creek) are all underway
with different portions of the cleanups started or finished since the last RAP update.
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Management Action Implementation

In 2018 and 2019, major strides were made to determine the status of the Degradation of Fish
and Wildlife Populations BUI and develop a list of management actions to address the
impairment. More information about this extensive work can be found in the Degradation of Fish
and Wildlife Populations BUI section of this RAP. In addition, throughout the past two years,
progress has been made on planning and implementing the remaining management actions to
address the Loss of Fish and Wildlife Habitat BUI. The following is a summary of these projects.

Grand Trunk Wetland Restoration

Contaminated sediment issues in the channel adjacent to the wetland delayed work to complete
the engineering and design for this project. As a result, WDNR and the Redevelopment
Authority of the City of Milwaukee (RACM) have been working with the design consultant team
to solve material disposal issues. The final design for the wetland restoration is on track to be
completed by summer 2020. The goal is to put the project out for bid in Fall 2020.

Kinnickinnic River Corridor Habitat Rehabilitation

In early 2018, the engineering services and design for Phase | of this work was completed.
Phase | included limited habitat restoration work along the shoreline and in-river between 1-94
and Chase Avenue. It also included invasive species removal and rapid response treatment for
areas between Chase Avenue and W Becher Street. MMSD hired a consultant team to design
this work and the project was implemented in summer 2018. As part of this project, a pilot
aeration system and study were completed in late 2018. Phase Il restoration work will be
informed by results from the Kinnickinnic River Watershed floodplain study being led by MMSD
and sediment characterization work in the Kinnickinnic River. In 2020, project partners will take
steps toward selecting a preferred alternative for large-scale restoration in this stretch of the
river.

Burnham Canal Wetland Restoration

WDNR is working with MMSD to complete a wetland restoration in Burnham Canal, which is
also the location of a Superfund alternative site. MMSD previously partnered with USACE to
develop design plans for the wetland restoration project throughout the canal. WDNR obtained
funding to work with MMSD on implementing this project in two phases: wetland base
construction on the east side of the canal and wetland restoration construction. Wetland base
construction on the west side of the canal will be performed along with the Superfund
Alternative remedy construction by Miller Compressing. Specifications for the wetland base
construction began in 2018. MMSD hired an engineering consultant to complete a bid package
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for this first phase, based on the USACE design plans. The goal is to bid out the wetland base
construction in late 2020.

Estabrook Dam Fish Passage

Deconstruction of Estabrook Dam was successfully completed over the course of one
construction season in 2018. As part of the construction contract, vegetation maintenance will
continue through 2021 for disturbed areas. A conservation easement was placed at the site,
ensuring the area will be protected for the future. Final project closeout is expected in 2021.

Kletzsch Dam Fish Passage

In 2015, after consulting with Milwaukee County, the dam owner, WDNR applied for and
received funding to implement fish passage at Kletzsch Dam which was coordinated with other
public access improvements that Milwaukee County was pursuing in the park with funding from
the Nelson-Knowles Stewardship Program. In Fall 2017, the County hired a consultant team to
develop concept designs for a fish passage structure to provide aquatic connectivity at this site.
As these concept designs were developed, specific alternatives were selected to pursue more
in-depth design possibilities to address project limitations that were encountered. After many
alternatives were explored a nature-like fishway design was found to meet all project
requirements and was shared with the public during an informational meeting in January 2019.
Based on feedback from this meeting, the design team revisited the concept plan to address the
comments and concerns from the public. Through weekly project team meetings and
consultation with dam experts in southeast Wisconsin, the design team developed a second
alternative, an in-river fishway, that met all project requirements. In September 2019, a second
informational meeting was held. Feedback from this public meeting was incorporated into the
design plans. Approval of this concept plan was sought from the Milwaukee County Board of
Supervisor Parks, Energy & Environment Committee (PEEC). The item was tabled, and no
approval has been received as of this time. Project partners and community members will be
continuing discussions about the options for fish passage and site access improvements while
also working through the National Historic Preservation Act Section 106 process.

Little Menomonee River Corridor Restoration

In 2017, planning began for restoration throughout the Little Menomonee River Corridor/former
Moss-American Superfund Site, in coordination with Milwaukee County Parks. In 2019, the Little
Menomonee River Parkway Ecological Restoration and Management Plan (covering Sections 2-
6) was completed and will guide restoration efforts in this 6.5-mile-long riparian green space.
Restoration efforts for the first implementation phase of this project, from Fond du Lac Avenue
to Appleton Avenue (Section 5) and Good Hope Road to Fond du Lac Avenue (Section 4), are
to begin in 2020.
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South Shore Beach Rehabilitation

WDNR, working with Milwaukee County Parks, received Great Lakes Restoration Initiative
(GLRI) funding in late 2017 to develop design alternatives to address water quality and beach
closure issues at South Shore Beach. Concept designs for several alternatives were developed
and after input from stakeholders and the design team, a preferred design was selected. Design
plans and specifications were completed in December of 2019. Upon completion of a study,
being led by the University of Wisconsin +Milwaukee (UWM) School of Freshwater Sciences
(SFS), to identify management action recommendations for the other AOC beaches (Bradford
Beach, McKinley Beach, and Bayview Beach), WDNR and Milwaukee County Parks will seek
funding for implementing the selected alternative at South Shore Beach.

Assessments

In 2018 and 2019, multiple assessment projects were finished and final reporting completed.
Results from these assessments and proposed recommendations for future work informed
revisions for nine of the eleven BUIs in 2020 (Appendix G: 2020 Removal Target Updates for
the Milwaukee Estuary Area of Concern). A summary of each assessment is included in the list
below with additional information found in relevant BUI chapters of this RAP update.

X USGS published the interpretive report for the 2012 and 2014 plankton and benthos
sampling (Appendix ). More information can be found in the Degradation of Benthos and
Phytoplankton/Zooplankton sections of this RAP. The online version of the report can
also be found here.

X WDNR analyzed the citizen-based aesthetic monitoring information from 2017. The
results were presented at a Community Advisory Committee (CAC) meeting in June
2019. The final results are included in the Degradation of Aesthetics BUI section and
Appendix J of this RAP. Based on support from the Community Advisory Committee
(CAC) WDNR will recommend the removal of this BUI in 2020.

x UWM Field Station and Milwaukee County Parks completed a comprehensive wildlife
survey throughout the AOC from 2014-2017. This GLRI funded work mapped and
identified potential project opportunities and metrics for AOC population projects, which
will aid in BUI removal. More information can be found in the Degradation of Fish and
Wildlife Populations BUI section of this RAP.

X Ozaukee County Department of Planning & Parks (OCPP) and WDNR Fisheries Bureau
collected and analyzed fish community and habitat suitability data for the wadeable
portions of the AOC from 2015-2018. This work included a compilation of existing and
new data along with modeling for suitable habitat to assist with population project
planning. More information can be found in the Degradation of Fish and Wildlife
Populations BUI section of this RAP.
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x UWM SFS was funded by Fund for Lake Michigan (FFLM) and WDNR to complete fish
habitat mapping in the Milwaukee Harbor. This work was completed in 2018. More
information can be found in the Degradation of Fish and Wildlife Populations BUI section
of this RAP.

Assessments planned for 2020 include the following:

x  WDNR will complete the next round of fish consumption monitoring in the AOC, following
the upper estuary sediment cleanup projects that were completed in Lincoln Park and
Cedar Creek. Preliminary results should be available by the end of 2021.

x USGS will continue their long-term monitoring of tree swallows in the Milwaukee Estuary
AOC at five different locations.

x The McLellan Lab at the UWM SFS will investigate sources of Escherichia coli (E. coli)
at Milwaukee Estuary AOC beaches to refine the list of management actions necessary
to reduce beach closures and address portions of the Beach Closings (Recreational
Restrictions) target. Preliminary results and recommendations should be available in Fall
2020. More information can be found in the Beach Closings (Recreational Restrictions)
BUI section of this RAP.

Community Outreach

Community Advisory Committee (CAC)

Role $FW DV WKH FRPPXQLW\TV 3YRLFH LQ” WR WHKE& W RQSIBRBNHVV
and participate in the BUI removal process; devise and assist in implementation of strategies for

building public and community support; provide a forum for meaningful resident and stakeholder

input; advise state and federal agencies; share information with public.

Tasks: Develop community engagement opportunities and forums; Support the voice of all

community members including underserved groups and populations of color; Advocate for

project design elements based on community and non-profit voices; Provide letters of support at

various program milestones (i.e. target revisions, BUI removal recommendations);

Communicate and coordinate with Communications and Outreach Team and MAIT.

The CAC participated in activities and hosted community outreach events since the last RAP
update. These outreach events include hosting multiple CAC meetings (December 18, 2018;
June 27, 2019; January 21, 2020) and a public forum on upcoming efforts for sediment
remediation in the AOC (November 13, 2019). CAC Leadership Team (LT) members attended
the Great Lakes AOC Conference in Cleveland, OH (September 10-12, 2019) and presented at
the Clean Rivers, Clean Lake Conference in Milwaukee (November 14, 2019). The CAC LT also
attended project specific input sessions on South Shore Beach, Grand Trunk Wetland, and

9
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Kletzsch Dam Fish Passage. In June 2019, results from the 2015-2017 citizen-based

aesthetics monitoring efforts were presented to the CAC showing that the current $SHVWKHW LFV
% 8target is being met. The CAC voted to support the removal of the BUI. WDNR plans to

develop a removal recommendation package in 2020. Finally, in collaboration with Reflo, Inc.,

the CAC supported DQG KHOSHG GHYHORS [DQSPARWG W IRGIN @ERS] V
Community Map to provide a visual learning tool for the public focusing on the past, present

and future of the AOC.

Milwaukee Estuary AOC Communication and Outreach Team

Role: Collaborate with and advise the Milwaukee Estuary AOC communications consultant to

GHYHORS DQ HIIHFWLYH DQG FRQVLpWg®OW 3YRLFH RXW™ IRU WKH §
Tasks: Draft public/project communications plan and calendar; Develop communications and

outreach content with the intent for diversifying community engagement and increasing the

representation of stakeholders who are invested in the Milwaukee Estuary AOC; Develop

communications and outreach collateral; Communicate and coordinate efforts directly with the

CAC, technical work groups, and the MAIT.

Area of Concern Work Groups & Roles

In 2018 and 2019, the Milwaukee Estuary AOC developed several work groups, and added
more structure for stakeholders to provide the support necessary for this large and complex
AOC. The structure of currently active work groups is summarized below.

Management Action Implementation Team (MAIT)

Role: Assist in implementing management action lists through the Project Management (PM)
Subcommittee; ensure coordination between parties; achieve consensus on major decisions
that consider public input; work with CAC to share information with the public; ensure
coordination between primary partners; provide guidance on tactical documents

Tasks: Make recommendations for standardize language and terms for RFPs issued as part of
the AOC (i.e. community benefit criteria, local businesses, minority-owned business enterprises
(MBESs), and/or woman-owned business enterprises (WBES) etc.); Support alignment between
Communication and Outreach work group and the CAC; Ensure CAC is serving as a check and
balance for community voices; Define deliberate approaches to advance equity and social
justice in the Milwaukee Estuary AOC; Work with Project Management Team to design and
implement workforce development strategy; Stay up to date with timing of AOC actions
including major project thresholds, critical communication and outreach dates, and
board/commission meeting dates in order to identify beneficial outreach opportunities and
provide guidance to the Communication and Outreach work group.

10
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Project Management Team (MAIT subcommittee)

Role: Once targets are finalized and management action lists are developed by the technical
work groups, align project development between project managers, local sponsors, and
partners.

Tasks: Align components of active projects for efficiency and project success; Project scoping
and proposal development; Oversee all phases of planning, design and construction projects;
Allow for coordination between multiple projects; Provide information presentations to
stakeholder and community groups on projects; Support technical work groups as needed,;
Communicate and coordinate with the technical work groups, Communication and Outreach
group, the CAC, and MAIT.

Milwaukee Estuary AOC Technical Teams

Role: Provide technical expertise on AOC projects, prioritize actions, review/revise targets,
evaluate results of post-implementation monitoring, and provide technical recommendations for
BUI removal.
Tasks: Support development and prioritization of management action lists; Support the review
and revision of BUI targets; Evaluate monitoring results and provide recommendations for BUI
removal based on targets; Provide feedback and review of project deliverables. The following is
a list of the currently established technical teams. Work groups will be formed for other BUIs as
needed.

x Fish and Wildlife Technical Advisory Committee (Tech Team)
Beaches Work Group
Sediment Work Group
Milwaukee GLLA FS, PDI, and RD Project Agreement Team
Design Technical Work Group (DTWG) for the DMMF

X X X X

Next Steps

Below is a summary of next steps within the Milwaukee Estuary AOC. The following activities
are planned for 2020. Additional detailed information for the importance of these next steps can
be found in the subsequent RAP sections and/or appendices :

x Collaborate with the Beaches Work Group to select Beach Closings (Recreational
Restrictions) management actions based on data and recommendations from the UWM
SFS study.

X Begin planning and design of Degradation of Fish and Wildlife Populations management
actions.
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x Contract communication and outreach support services for the AOC. See Community
Outreach section for additional information for the roles and tasks of these support
services through the Communications and Outreach Team.

x Utilize water column toxicity sampling results, along with previous USGS assessments,
to determine the status of the Degradation of Phytoplankton and Zooplankton
Populations BUI.

x Form a work group to develop the assessment design and monitoring plan for the Bird or
Animal Deformities or Reproductive Problems BUI.

x Continue sediment characterization and evaluate data to determine where additional
cleanups might be necessary.

X Work with stakeholders to develop a framewaork for recording and reporting on diverse
and representative stakeholder and community engagement for decision making and
goal setting processes for the AOC.

x The MAIT is actively developing a strategy for addressing environmental justice and
improving the focus on equitable inclusion in the work of revitalizing the Milwaukee
Estuary AOC. Specific examples of things being considered for inclusion in this strategy
are: 1) modifications to hiring and procurement procedures for AOC projects, centering
equity and social/economic justice; and 2) incorporation of equity and social justice
related metrics into the measures of success for AOC projects and programs.

X Further develop team charters and work group structure in the Milwaukee Estuary AOC,
clarifying how groups interact and function with other stakeholder groups and the public.
This will provide a better communication pathway between AOC work groups. As part of
this work, steps will also be taken to increase demographic representation of the
stakeholder groups, where appropriate.

12
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Table 1. Current Status of Beneficial Use Impairments in the Milwaukee Estuary AOC.

Beneficial Use
Impairment

Beneficial
Use Remains
Impaired

Summary Status

Fish tumors or

The BUI was confirmed as impaired in 2014. More work needs to be done to control or eliminate the sources
of contaminants. Sites with elevated PAHs, PCBs, and other substances must be addressed. Sediment

dredging activities*

- Yes remediation projects are scheduled to be complete in 2024. Sampling for fish tumors will occur after
other deformities o . . e
remediation, and when time has passed to allow white suckers born post-remediation to reach sexual
maturity. A reassessment is tentatively scheduled for 2030.
. : Monitoring of tree swallows continues by USGS researchers. 2019 results confirm that there is an
Bird or animal . ; : X . A ) . .

g impairment. More sampling will occur in 2020 in five locations to build strong data sets before, during, and
deformities or L ) : - . ) . )
reproductive Yes after remediation. In early 2020, the ta_rget was revised to include additional trophl_c groups in the |_mpa|rment

" assessment. In 2020, a work group will be formed to develop the assessment design and monitoring plan for
problems !
this BUI.
Areas of the AOC contaminated with PCBs or other bio-accumulative chemicals of concern need
Restrictions on fish assessment and remediation to address this impairment. As contaminated sediments are addressed,
and wildlife Yes consumption advisories for fish and wildlife will be reassessed periodically until removal targets are met.
consumption* WDNR Fisheries Management sampling for the Milwaukee River and Cedar Creek is scheduled for 2020.
Waterfowl sampling will occur again after sediment cleanup is completed.
Work is being done to address harmful PCBs, PAHs, and heavy metals in contaminated hotspot project sites
such as Cedar Creek, Solvay Coke, Burnham Canal, M&M, and MRD. Sediment characterization continued
- in Fall 2019 within the SMC. Future characterization of remaining areas in the AOC is scheduled for 2020.
Restrictions on . o . - . .
Yes An analysis of dredged material disposal alternatives was prepared for the remaining contaminated sediment

in the AOC,; the best alternative was determined to manage material at a Dredged Material Management
Facility (DMMF). A public meeting was held on November 13, 2019, followed by a public comment period on
the alternatives fnalysis through January 9, 2020. Design of the DMMF is underway.
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Degradation of

Results of a USGS study on sediment-dwelling organisms was evaluated to determine the health of the
benthic community. This assessment showed that for the Milwaukee and Menomonee River subsites,
benthos was not statistically different from non-AOC reference sites. However, comparisons with historical
data did not show improvement in benthic assemblages in the lower estuary, and the subsites are dominated

benthos* Yes by pollution tolerant species. The lower estuary is highly modified by bulkhead walls and navigation channel
dredging; therefore, a high-quality benthic community is likely unachievable in this part of the AOC. The
target has been altered to reflect these findings and now focuses on the upper estuary benthic community.
Additional monitoring may be needed following sediment remediation and dredging projects.

; Results of the USGS plankton study indicate that phytoplankton populations are at acceptable levels with

Degradation of

phytoplankton and re;garc_is to richness, diversity, and tqtal densi'gy; and pverall, zooplanktor_l pop_ulations are doing well similar to

zooplankton Yes historic trends, but the Milwaukee River subsite continues to have low diversity when compared to hon-AOC

populations* reference sites. Assessment of water column toxicity for phytoplankton and zooplankton is planned for 2020.
There has been continued implementation of the habitat restoration projects identified in the 2015 Remedial

Loss of fish and Yes Action Plan. There were 11 projects identified and 5 are completed with the remaining projects at different

wildlife habitat* stages (i.e. planning, feasibility, design, implementation). Metrics, goals, and project specific criteria can be
found in Appendix D.

) _ A draft list for management actions of fish and wildlife populations has been completed. Through a

Degra_dapon of fish collaborative stakeholder process, 15 projects and 21 metrics were identified for meeting the target.

and wildlife Yes Summaries of these projects can be found in Appendix F. Metrics, goals, and criteria can be found in

populations* Appendix E.

. Milwaukee County continues working on beach improvements, focusing on South Shore Beach. In 2019, a
Beach 9'05”195 Beaches Work Group was convened to revise targets for this BUI and to determine management actions to
(recreational Yes

restrictions)*

meet those revised targets. Management actions will be determined after preliminary review of results
completed by the SFS McLellan Lab in 2020.
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Eutrophication or
undesirable algae

Yes

Work is still needed to further define the target and management actions for this BUI. Reviewing the Total
Maximum Daily Loads (TMDL) in Milwaukee and what is currently covered under regulatory permits will
assist in determining the next steps for this impairment. A working group will form in 2020 to start these
conversations. The target will be adjusted based on this new information.

Degradation of
aesthetics

Yes

Status of the Degradation of Aesthetics BUI was reviewed by stakeholders in 2019, and results were
presented at a June 2019 CAC meeting. The supporting majority voted to proceed with the removal process.
A BUI removal package will be prepared in 2020, making this the first BUI to be recommended for removal in
the Milwaukee Estuary AOC.

*BUI target updated in 2020.
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RESTRICTIONS ON DREDGING ACTIVITIES

Target (Updated 2020) Status

Removal of this BUI can occur when:
X Sediment and adjacent floodplain areas contaminated with legacy In Progress &
pollutants have been identified and remediated within the AOC. Action Needed
x  All remedial actions have been implemented following Wisconsin In Progress &
Administrative NR 700 rules series and statutory requirements. Action Needed
Status

This BUI remains impaired in the Milwaukee Estuary AOC. While significant progress continues
and a lot of work is happening in places that have already been identified for remediation, there
is still considerable work needed to determine contamination levels in remaining areas of the
AOC. This BUI target was revised in the 2020 Removal Target Updates for the Milwaukee
Estuary Area of Concern (Appendix G), which describes the changes and the reasons for
revising AOC targets.

Management Actions

Milwaukee Estuary AOC Project Agreement for Focused Feasibility Study, Pre-Design
Investigation, & Remedial Design of Impacted Sediments

In 2019, the Milwaukee Estuary AOC Sediment Working Group made significant progress
towards addressing contaminated sediments in the Milwaukee Estuary AOC. Through
discussions with all parties that participate in the work group, an application was submitted to
USEPA GLNPO in June 2019 by non-federal sponsors (WDNR, City of Milwaukee, Milwaukee
County Parks, Milwaukee Metropolitan Sewerage District, and We Energies) that encompasses
the remaining contaminated sediment in the AOC. This application is unigue and the first of its
kind to be proposed within the Great Lakes AOCs. The uniqueness of this approach allows work
in one area of the Milwaukee Estuary to leverage federal dollars in a different area, covering all
remaining contaminated sediment sites in the AOC under one agreement. On January 6, 2020 a
$29.2 million project agreement was signed, allowing certain sites to move into their next stages
(feasibility and design) that require non-federal sponsor cost share. Remedial action is not
included in this project agreement and will be included in a future amendment.
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Milwaukee Estuary AOC Contaminated Sediment Investigation

Work to characterize sediments throughout the AOC continued via the Great Lakes Legacy Act
(GLLA) Program in 2018 and 2019. Through the GLLA program, the state requests USEPA
GLNPO to investigate and characterize the extent of sediment contamination in the AOC, which
can position these areas for future cleanups. This work is usually completed by USEPA GLNPO
contractors at full federal expense and is dependent on funding levels. However, in 2018
USEPA GLNPO awarded the WDNR a multi-year grant and entered into a cooperative
agreement to execute the grant. Through this agreement, USEPA provides the funds for WDNR
staff to manage contracts (via Wis. Admin. Code ch. NR 734) to continue investigation and
characterization of the Milwaukee Estuary and St. Louis River AOCs zincluding the South
Menomonee Canal (SMC), selected areas of the Kinnickinnic River, inner and outer harbors,
and nearshore waters of the Milwaukee Estuary AOC. Characterization under this cooperative
agreement started in Fall 2019. Characterization in 2020 of the Milwaukee Estuary AOC will
include the Kinnickinnic River, inner and outer harbors, and nearshore waters of the AOC.
USACE will characterize sediment in the federal navigation channel areas of the Kinnickinnic
River and inner harbor, while WDNR will continue to work on the other areas. Results of this
investigation, combined with historical information, will be used to determine areas that require
remediation. Feasibility studies will be performed for those project areas identified, which will
subsequently be added to the list of management actions for sediment remediation.

South Menomonee Canal (SMC) Project Site

In Fall 2019, characterization work started in the SMC under the cooperative agreement
between WDNR and USEPA GLNPO. This work continued until conditions were such that
sampling was no longer feasible due to cold weather and freezing water. Preliminary data was
compiled and developed into a 50% Site Investigation Report (SIR) and will be used to
determine if any areas in the SMC will be considered for feasibility. The goal is to merge these
efforts into a future design that encompasses the FFS work that was completed for the M&M
project area. Both sites are adjacent and have the similar types of contaminants (PAHs and
heavy metals), although the SMC has PCBs and most of the M&M area did not. The final SIR
for this site investigation work is expected to be complete in 2020.

PFAS Special Study

In Fall 2019, DNR performed a special study of PFAS in sediment and surface water of the
AOC. Paired sediment and surface water samples were collected late last year at 14 locations
throughout the lower estuary in Milwaukee. The 14 locations were spread throughout the
Milwaukee River, Menomonee River, Kinnickinnic River, the inner and outer harbor, and Lake
Michigan in areas likely to be dredged and for background purposes to inform the management
of dredged material. The results of the sampling indicate the presence of PFAS in both
sediment and surface water samples. Results will not necessarily influence the extent of
sediment removal. Water extracted from dredged material will likely need to be permitted and
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treated with appropriate treatment technologies prior to discharge back to surface water. The
news release and results from the work can be found onlineon '159V ZHEVLWH

Milwaukee River Downstream (MRD) Project Site

In March 2017, a public meeting was held with landowners to share preliminary data for the
upstream floodplain areas. These data indicated that although the polychlorinated biphenyl
(PCB) levels in the floodplain soils are elevated, they are low enough that no risk to the public is
expected. The Wisconsin Department of Health Services (DHS) worked with local health
organizations to provide information and help people make wise decisions to minimize exposure
to PCBs and other chemicals in the sediment. Signs were posted along the corridor to inform
users of the conditions along the river. More information on the floodplain soil issue can be
found in the 2017 RAP Update.

In 2018, additional sampling was performed to further investigate and delineate the
contamination present in the sediments of Reach 4 and to perform ordinary high-water mark
(OHWM) surveys in Reaches 1-3 (Figure 3). A final SIR for the area between the former
Estabrook Dam and the confluence with the Menomonee River was completed in early 2020.
Results indicate a large amount of contaminated material in Reach 4, with some material
subject to the Toxic Substances Control Act (TSCA) of PCBs greater than 50 ppm. Current
estimates are that roughly 600,000 cubic yards (CY) of contaminated material are over 1 ppm
total PCBs in Reach 4, which is the largest known volume of contaminated material in the
Milwaukee Estuary AOC. For comparison purposes, the volume of material in this section of the
Milwaukee River is 3.5 times larger than the Lincoln Park Phase | & Il cleanup projects in the
Milwaukee Estuary AOC.

Next steps for this project include development of feasibility studies to look at remedial options
for two reaches, the former Estabrook Dam to the Former North Avenue Dam and the former
North Avenue Dam to the confluence with the Menomonee River. These feasibility studies will
provide more detailed contaminated sediment volume estimates and may involve additional
sampling to further delineate the footprint of TSCA level contamination. As this project
progresses, USEPA GLNPO is working with all non-federal sponsors under the AOC-wide
project agreement on the appropriate next steps for these sections of the Milwaukee River.

Milwaukee and Menomonee River (M&M) Project Site

In 2017, We Energies entered into a project agreement with USEPA GLNPO for a GLLA
betterment project in portions of the Milwaukee and Menomonee Rivers. The project includes a
remedial investigation and FFS to address sediments adjacent to two former coal gasification
facilities (West Side MGP and Third Ward MGP). We Energies, as part of an in-kind
contribution, hired a contractor to conduct sampling on the Milwaukee River portion of the
project area, which was completed in May 2017. GLNPO hired a consultant to prepare the FFS
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for the entire project area to determine options for remediation of the sediments. The project
area was separated into two operable units (OU1 and OU2; Figure 4). Additional sampling was
completed in late October and early November 2017. In 2018, data analysis was completed,
and a preferred alternative was selected for remediation. As part of the cost analysis for this
preferred alternative, an option was to transport the material to a new facility to manage
dredged material. As this project progresses, USEPA GLNPO is working with all non-federal
sponsors under the AOC-wide project agreement on the appropriate next steps for these
Operable Unit sections on the Milwaukee and Menomonee Rivers. In 2019 and 2020, We
Energies and GLNPO ended the M&M project agreement to sign on to the AOC-wide project
agreement.

Milwaukee Estuary AOC Dredged Material Management Facility (DMMF)

In 2019, We Energies acquired a Harbor Assistance Program (HAP) Grant from the Wisconsin
Department of Transportation (DOT) to design a new facility as part of an agreement with the
Port Milwaukee for use of existing dredged material disposal facility (DMDF) space. As a result,
WDNR developed an Analysis of Dredged Material Management Alternatives document for the
Milwaukee Estuary AOC GLLA Project(s), to further evaluate the cost of remediating the extent
of known contamination in the AOC based on the preferred alternative developed from the M&M
FFS. This document is attached as Appendix G to this RAP. The document was out for public
comment for 45 days and received support to pursue designing and eventually constructing a
new facility to address issues of sediment contamination in the Milwaukee Estuary AOC. The
design of this new facility, which is being called the Milwaukee Estuary AOC Dredged Material
Management Facility (DMMF), is underway and was included as part of an in-kind contribution
by We Energies in the January 6, 2020 AOC-wide Project Agreement. A group of technical
experts formed a Design Technical Work Group to collaboratively to develop the design of the
Milwaukee Estuary AOC DMMF.

Superfund Project Sites

Burnham Canal Superfund Alternative Site

Miller Compressing has continued planning for remediation at the Burnham Canal Superfund
Alternative site. The review and approval of design plans by the regulatory agencies is
complete. Additional steps through the NR 700 process are almost complete and will allow
Miller Compressing to start implementing their sediment management project in 2020.

Cedar Creek Superfund Alternative Site

Remediation is finished for a large portion of the Cedar Creek Superfund Alternative site by
contractors for Mercury Marine to address legacy contamination. Remediation of sediments for
the impounded areas of Operable Unit 2A (OU2A), from upstream to downstream, Ruck
Raceway, Columbia Pond, Wire and Nail Pond are complete. The remaining portion of Cedar
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Creek is Operable Unit 2B (OU2B) where a feasibility study is in progress to address the free-
flowing reaches of Cedar Creek.

Solvay Coke Superfund Alternative Site

In August 2016, the Milwaukee Solvay Coke and Gas Superfund Alternative Site Remedial
Investigation/Feasibility Study Group (RI/FS Group) submitted a Remedial Investigation Report.
Upland remedial action started in 2019 at the Solvay Coke Superfund Alternative site. Sediment
remedial investigation was completed under the Superfund program. We Energies and the
WDNR are currently working towards deferring the sediment portion of the site from Superfund
to WDNR jurisdiction. Future sediment remedial investigation, feasibility, and remedial action is
likely to be combined with the Kinnickinnic River portion of the AOC-wide project agreement.
Sampling is anticipated to be conducted by the end of summer 2020.

Moss-American Superfund Alternative Site

Post-remedial sampling and restoration work was implemented. This work consisted of up to
eight post-remedial rounds of groundwater sampling, installation of three access gates to
reduce vandalism and illegal dumping, refuse removal, remedial pad removal, remedial sheet
pile removal, and other remaining site restoration activities. As of May 2020, three groundwater
sampling rounds were completed, access gates were installed, and concrete pads and other
refuse were removed from the site. USEPA signed off on a five-year review on December 11,
20109.
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Michigan

Figure 4. Mllwaukee and Menomonee (M&M) River Project: Operable Unlts 1 and 2
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FISH TUMORS OR OTHER DEFORMITIES

Target (Updated 2020) Status

Removal of this BUI can occur when:

x Contaminated sediment sites within the AOC have been identified, and
implementation actions to remediate contaminated sites have been
completed.

In Progress &
Action Needed

x A fish health survey of resident benthic fish species, such as white suckers,
finds incidences of liver tumors to be less than the established Great Lakes
background rate (5% for white suckers) with 95 percent confidence.

OR, in cases where tumor rates exceed the established background rate:

X A comparison study of resident benthic fish, such as white suckers, of A
T Lo O ssessment
comparable age and maturity with fish at a reference site indicates that Complete
there is no statistically significant difference (with 95% confidence) in the (2015);

inciden f liver tumor.
cidence of liver tumo Reassess Post

OR, in cases where tumor rates are representing a decline: Sediment

. . . . Remediation
X Multiple years of assessments of resident benthic fish, such as white

suckers, indicate that incident rate of liver tumors is decreasing such that it
can be reasonably expected that incident rate of liver tumors is below Great
Lakes background rates or statistically comparable to a minimally impacted
reference site, with 95 percent confidence, once all fish exposed to
contaminated sediment have been naturally removed from the system.

Status

Based on fish tumor studies completed by USGS, West Virginia University, and University of
Wisconsin-Madison in 2013 and 2014, additional work will need to be done to control or
eliminate sources of legacy contaminants in the Milwaukee Estuary AOC before this BUI can be
removed. Results from these studies showed a higher rate (15%) than the expected background
rate (5%) for neoplastic liver tumors in the Great Lakes, as well as higher rates than an identical
evaluation of white suckers in the Root River (8.5%) in 2014 (Blazer et al., 2016). This
impairment will be re-assessed after sediment remediation, tentatively in 2030.

This BUI target was revised in the 2020 Removal Target Updates for the Milwaukee Estuary
Area of Concern (Appendix G), which describes the changes and the reasons for revising AOC
targets.
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Management Actions

Management actions for this impairment are those projects which control or eliminate
contaminants of concern from the AOC, as defined by the management action list for the
Restrictions on Dredging Activities BUI.

Additional Actions

X Reassess when sediment remediation is complete and time has passed to allow white
suckers born post-remediation to reach sexual maturity (3 years).
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BIRD OR ANIMAL DEFORMITIES OR REPRODUCTIVE PROBLEMS

Target (Updated 2020) Status

Removal of this BUI can occur when:

x Contaminated sediment sites within the AOC have been identified, and
implementation actions to remediate contaminated sites have been
completed.

In Progress &
Action Needed

x Contaminant levels (PCBs, PAHs, heavy metals) in egg, young, and/or
adult tissues for selected species (such as tree swallows AND fish-
eating birds or wildlife) are at or below the Lowest Observable Effect

Level (LOEL) for contaminants known to cause deformities or Assessment
reproductive suppression, or if higher than the LOEL, are not Complete
statistically different than those at a minimally impacted reference site (2015); In-
(with 95% confidence interval) over a 3-year-period. Progress
OR, where direct observation of bird and wildlife tissue data are not available: Assessment;
Reassess post
x  Fish within the AOC, and of a size and species considered prey for fish- sediment
eating birds or other fish-eating wildlife, have tissue contaminant remediation.

(PCBs, PAHSs, heavy metals) concentrations at or below the LOEL for
contaminants known to cause deformities or reproductive suppression
in fish-eating birds or wildlife, or if higher than the LOEL, are not
statistically different than those at a minimally impacted reference site
(with 95% confidence interval) over a 3-year period.

Status

USGS researchers have been using tree swallows as indicators of environmental contamination
in areas across the Great Lakes and United States; and to date, the tree swallow has been the
only species used to assess this BUI in the Milwaukee Estuary AOC (Custer et al., 2016).
However, future monitoring efforts for this BUI will include a variety of species (tree swallows
and fish-eating birds). Justification for this change in monitored species as part of the BUI target
revision can be found in the 2020 Removal Target Updates for the Milwaukee Estuary Area of
Concern (Appendix G).

Management Actions

Management actions for this impairment are those projects which control or eliminate
contaminants of concern from the AOC, as defined by the management action list for the
Restrictions on Dredging Activities BUI.
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Additional Actions
x Continue monitoring tree swallows for contaminant levels in the Milwaukee Estuary
AOC.

x Develop a monitoring strategy for fish-eating birds or other fish-eating wildlife in the
Milwaukee Estuary AOC.

x Form a work group in 2020, comprised of local and regional technical experts as well
as local stakeholders.
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RESTRICTIONS ON FISH AND WILDLIFE CONSUMPTION

Target (Updated 2020) Status

Removal of this BUI can occur when:

x Contaminated sediment sites within the AOC have been identified, and
implementation actions to remediate contaminated sites have been
completed.

In Progress &
Action Needed

Fish

X State fish tissue monitoring confirms that AOC waterbody-specific fish
consumption advisories are no longer needed for PCBs, mercury, dioxins,
and furans for waters inthe AOC.

OR In Progress &

Action Needed
x A multi-year comparison study of fish tissue contaminant levels demonstrates

that there is no statistically significant difference (with a 95% confidence
interval) in fish tissue concentrations in the AOC compared to fish tissue
concentrations in a representative non-AOC control site within the Lake
Michigan Basin.

o Assessment
Wildlife Complete
X There are no waterfowl consumption advisories for waterfowl due to (2015);
contamination originating within the AOC. Reassess Post
Remediation

Status

This BUI removal target was revised in 2020. Justification for the target revisions can be found
in the 2020 Removal Target Updates for the Milwaukee Estuary Area of Concern (Appendix G).

Fish

WDNR, in conjunction with the DHS, monitors fishes for contaminants from rivers within the
Milwaukee River basin (including the AOC, upon request). These monitoring efforts have been
occurring in waters of the state since the 1970s (Schrank, 2014), and includes analyses for
PCBs, mercury, dioxins, and furans. Consumption advisories are updated by WDNR and DHS
as needed based on sampling results. The Milwaukee Estuary AOC has a PCB consumption
advisory for resident and transient species, but no additional advisories pertaining to the AOC
(beyond the state-wide fish consumption advice that applies for mercury). WDNR Fisheries is
scheduled to sample the AOC in 2020.
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Wwildlife

In 2013-2015, wildlife consumption advisories were re-evaluated and determined to still be
necessary, with the addition of all diving ducks based on found PCB levels (Strom, 2016).
These findings and report can be found in Appendix F of the 2016 RAP Update. Another wildlife
consumption assessment will not be conducted until all sediment remediation is complete.

Management Actions

Management actions for this impairment are those projects which control or eliminate
contaminants of concern from the AOC, as defined by the management action list for the
Restrictions on Dredging Activities BUI.

Additional Actions

X Continue monitoring for contaminant levels in fishes in the Milwaukee Estuary AOC.
X Reassess waterfowl after contaminated sediment sites are remediated.
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DEGRADATION OF BENTHOS

Target (Updated 2020) Status

Removal of this BUI can occur when:

x Contaminated sediment sites within the AOC have been identified, and
implementation actions to remediate contaminated sites have been
completed.

In Progress &
Action Needed

X The benthic community of the Milwaukee Estuary AOC, excluding the highly
modified lower estuary (downstream of N. Humboldt Avenue on the
Milwaukee River; downstream of N 25th Street on the Menomonee River;
downstream of S Chase Avenue on the Kinnickinnic River, inner and outer
harbors) is statistically similar to a non-AOC reference site with similar
habitat.

In-Progress

Status

USGS completed sampling in 2012 and 2014 to assess both the planktonic and benthic
communities of the Lake Michigan AOCs and reference rivers and published a final report in
2019 (Scudder Eikenberry et al., 2019; Appendix I). The Menomonee River and Milwaukee
River subsites were compared to two reference sites, the Manitowoc River and Root River, and
also to a pre-determined set of Lake Michigan non-AOC comparison sites including the
Escanaba River in Michigan and the Oconto, Ahnapee, Kewaunee, Manitowoc, and Root Rivers
in Wisconsin (Scudder Eikenberry et al., 2019).

Results from this research support that benthic assemblages at the Milwaukee AOC subsites
are not degraded when compared to the two non-AOC reference sites. The Milwaukee River
and Menomonee River subsites were compared to the Manitowoc and Root River non-AOC
reference sites for benthic richness, diversity, total density, and Ephemeroptera-Plecoptera-
Trichoptera (EPT) density, EPT percent, EPT richness, and index of biotic integrity (IBI). The
Milwaukee River subsite was not significantly different from the average of the Manitowoc and
Root River reference sites for any benthos metric except for EPT density. The Milwaukee River
EPT density was higher (less degraded) than the reference sites. At the Menomonee River
subsite, total density of combined benthos was higher (less degraded) than at the two non-AOC
reference sites, but all other benthic measures were not statistically different from the reference
sites. However, benthic assemblages at the two subsites did differ in the relative abundance of
several pollution tolerant taxa xparticularly caddisfly at the Milwaukee River subsite and highly
tolerant oligochaetes at the Menomonee River subsite. Based on the data and results presented
in the USGS study, the target was revised in 2020 to shift the focus of this BUI to the upper
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estuary benthic community. Justification for the target revisions can be found in the 2020
Removal Target Updates for the Milwaukee Estuary Area of Concern (Appendix G).

At a minimum, sources of contamination to the benthic community within the AOC need to be
remediated. The status and condition of the upper estuary benthic community needs to be
determined. Next steps for this BUI are to take the compiled existing benthic sampling data from
the upper estuary in the AOC and evaluate benthic community health.

Management Actions

Management actions for this impairment are those projects which control or eliminate
contaminants of concern from the AOC, as defined by the management action list for the
Restrictions on Dredging Activities BUI.

Additional Actions

x Evaluate existing data in order to determine the status of the upper estuary benthic
community in comparison to a non-AOC reference site with similar habitat.
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DEGRADATION OF PHYTOPLANKTON AND ZOOPLANKTON
POPULATIONS

Target (Updated 2020) Status

Removal of this BUI can occur when:

x Phytoplankton and zooplankton bioassays confirm there is no toxicity in

) Action Needed
ambient waters.

X The phytoplankton and zooplankton communities within the site being
evaluated are statistically similar to a non-AOC reference site with similar
habitat.

Assessment
Complete (2019)

Status

USGS completed sampling in 2012 and 2014 to assess both the planktonic and benthic
communities of the Lake Michigan AOCs and reference rivers and published a final report in
2019 (Scudder Eikenberry et al., 2019; Appendix I). The Menomonee River and Milwaukee
River subsites were compared to two reference sites, the Manitowoc River and Root River, and
also to a pre-determined set of Lake Michigan non-AOC comparison sites including the
Escanaba River in Michigan and the Oconto, Ahnapee, Kewaunee, Manitowoc, and Root River
in Wisconsin (Scudder Eikenberry et al., 2019).

The results from this research showed that no metrics for zooplankton in the Milwaukee River
differed between the average of all non-AOC sites in 2014. Every metric for zooplankton was
similar between the Milwaukee River, Manitowoc River, and Root River except for density (lower
than the two reference sites). For phytoplankton in the Milwaukee and Menomonee River in
2014, there were no differences found when compared to all non-AOCs for richness, diversity,
or total density. The Menomonee River in 2014 was the same as the Milwaukee River in that no
metrics for zooplankton differed between the Menomonee River and the average of all non-AOC
sites, including no difference between the average of the Manitowoc and Root River. Overall the
key takeaway is that phytoplankton populations are at acceptable levels with regards to
richness, diversity, and total density; and overall, zooplankton populations are doing well but
continue to represent low diversity, similarly to historical trends (Scudder Eikenberry et al.,
2014, 2016, and 2019).

Based on the data and results presented in the USGS study, the target was revised in 2020 to
focus on phytoplankton and zooplankton bioassays in ambient waters of the AOC to confirm
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that there are no toxicity related issues that may be impacting these communities. Additional
information on the background of this BUI and the target revision can be found in the 2020
Removal Target Updates for the Milwaukee Estuary Area of Concern (Appendix G).

Management Actions

Management actions are not expected to be needed for this BUI. Factors such as nutrient
enrichment and toxicity due to sediment were removed from the target in 2020 as source control
measures. These type of management actions were determined to be addressed in separate
BUIs (Eutrophication or Undesirable Algae and Restrictions on Dredging Activities).

Additional Actions

X WDNR plans to collect water column toxicity samples in the Milwaukee Estuary AOC
during 2021 at multiple sample locations throughout the Milwaukee River, Menomonee

River, and Kinnickinnic River. Sampling for this work will most likely continue into
2022.
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LOSS OF FISH AND WILDLIFE HABITAT

Target (Updated 2020) Status

Removal of this BUI can occur when:

X Contaminated sediment sites within the AOC have been identified, and In Progress &
implementation actions to remediate contaminated sites have been completed. | Action Needed

x All management actions/projects have been identified and implemented. In Progress
x Post-implementation verification monitoring of the AOC shows that, in Future
consultation with the Fish and Wildlife Tech Team, the Wisconsin WDNR Assessment
concurs that the goals for this BUI, as identified in the RAP, have been met. Needed
Status

Significant progress has been made on this BUI in the past several years for habitat restoration
projects. A management action list of habitat projects was finalized in the 2015 RAP, and all
projects are underway (planning, design, or construction) or complete. Progress made on these
management actions can be found in the Progress Summary section of this RAP update.
WDNR applied for and received grant funding for several habitat management action projects
including: Kletzsch Dam Fish Passage, Grand Trunk Wetland Restoration, Little Menomonee
Corridor Restoration, Burnham Canal Wetland Restoration, Estabrook Dam Fish Passage, and
the Kinnickinnic River Habitat Rehabilitation. In the coming year, WDNR will work with partners
to continue making progress on these and other management actions.

This BUI removal target was revised in 2020. Justification for this change can be found in the
2020 Removal Target Updates for the Milwaukee Estuary Area of Concern (Appendix
G).Through the target revision process, WDNR determined, in collaboration with the Milwaukee
Estuary AOC Fish and Wildlife Technical Advisory Committee (Tech Team), that the Fish and
Wildlife Plan for the Milwaukee Estuary Area of Concern is not necessary and should be
removed from the target. However, a future verification monitoring plan will be developed for
both fish and wildlife BUIs to re-evaluate status after management action completion.

Management Actions

In addition to projects which control or eliminate legacy contaminants of concern from the AOC,
as defined by the management actions for the Restrictions on Dredging Activities BUI,
management actions for this impairment are habitat restoration projects that address one or
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more physical or biological habitat goals for the BUI. Details on these management actions are
in Appendix D of this RAP and will continue to be included as part of future RAP updates. Fish
and wildlife habitat project summaries and explanations for most of these projects can be found
in Appendix C of the 2015 RAP. These habitat restoration projects are necessary for removing
this impairment and enhancing habitat in the AOC. The following is a complete list of the habitat
restoration management actions. The actions that have been completed are italicized.
Implementation will continue for the projects that are underway.

X X X X X X

X X X X

X

Little Menomonee River Parkway Grassland Restoration (completed in 2015)
Burnham Canal Wetland Restoration (in design and bidding phase)

Grand Trunk Wetland Restoration (in design and bidding phase)

Milwaukee River Fish Habitat Enhancement and Expansion (completed in 2014)
Wheelhouse Gateway Riparian Restoration (completed in 2014)

Menomonee River Stream Management (Concrete Removal) Phases | & Il (completed in
2019)

Kletzsch Park Dam Fish Passage (in design phase)

Estabrook Dam Fish Passage (in maintenance and monitoring phase)

Five Low Flow Barriers on the Menomonee River (completed in 2016)

Kinnickinnic River Habitat Rehabilitation (Phase | completed in 2018; Phase Il
underway)

Little Menomonee River Corridor Restoration (in design and implementation phase)

Additional Actions

X

Post-implementation verification monitoring of the AOC to show that the goals for this
BUI, as identified in the RAP, have been met.
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DEGRADATION OF FISH AND WILDLIFE POPULATIONS

Target (Updated 2020) Status

Removal of this BUI can occur when:

X Contaminated sediment sites within the AOC have been identified, and In Progress &
implementation actions to remediate contaminated sites have been completed. | Action Needed

x All management actions/projects have been identified and implemented. Action Needed
x Post-implementation verification monitoring of the AOC shows that, in Future
consultation with the Fish and Wildlife Tech Team, the WDNR concurs that the
. . e " Assessment
goals for this BUI, as identified in the updated RAP to reflect current conditions, Needed

have been met.

Status
Assessments

Four assessments were funded and completed between 2014 to 2018 to determine the current
status of this BUI:

x A fish population assessment summary of historic densities and life history for the AOC
was completed by the USGS and WDNR in 2014 (Sullivan and Fayram, 2014). Based
on this summary, a non-wadeable fisheries population assessment (replicate of Holey
1984) was conducted from 2014-2016 by USGS (Sullivan, 2018).

x A wildlife population assessment summary of historic densities and life history for the
AOC was completed by UW-Milwaukee Field Station. Based on this summary, a
comprehensive wildlife survey throughout the AOC was ongoing from 2014-2017 by
UW-Milwaukee Field Station and Milwaukee County Parks (Casper and Robson, 2018).

X A fisheries and aquatic habitat study in the wadeable portions of the AOC from 2016-
2018 by Ozaukee County Planning and Parks (OCPP) (Struck et al., 2018).

x An assessment of fish habitat in the Milwaukee Harbor from 2015-2018 by UW SFS
(Dow, 2018).

Determining BUI Status and Management Actions

Results from the assessments mentioned above provided information for determining the status

of this BUI. Starting in 2018, the Tech Team met twice-a-month, for full day meetings to reach

agreement on updated target language, revised metrics to achieve the target, and a list of

management actions. The Tech Team generated 93 proposed metrics for BUI removal as part

of their recommendations. Many metrics were generated from the AOC-wide wildlife population
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assessment completed by UWM Field Station and Milwaukee County Parks. Through a
collaborative process, the Tech Team refined the metrics from 93 to 21 that would represent the
condition of fish and wildlife populations in the AOC, while allowing for flexibility based on

habitat type and species guild (Table 2).

To draft a list of management actions, recommendations from assessments and project
opportunities provided by Tech Team members were combined to develop a list of projects in

the AOC to address this impairment. 120 project opportunities were identified in five

geographical sub-areas of the AOC. These projects were initially given a low, medium, or high
priority ranking on overall importance. This narrowed the list down to 34 high priority projects.
Projects were then paired with the revised list of 21 metrics, to finalize a list of 15 projects
necessary to address the Degradation of Fish and Wildlife Populations BUI (Table 2).

Table 2. Breakdown of metrics and projects for the Degradation of Fish and Wildlife Populations BUI.

Previous

Revised

Location

# of projects

Fish

19

Lakefront and Outer Harbor

15

Breeding Birds

Migratory Birds

Bats

—

Mammals

Herptiles/Crayfish

Frogs

Turtles

Salamanders

Kinnickinnic River and Inner Harbor 4

Menomonee River 25

Little Menomonee River 13

Milwaukee River and Tributaries 41

98 (synthesized

TOTAL from 120)

High Priority 34

Draft Management Action List 15

Crayfish

Snakes

Mussels

TOTAL

O MNNOHINWOOO|~ ==~

| —
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Significant effort was expended by Tech Team members to sift through all these
recommendations and to develop projects with accompanying measurable, achievable, and
meaningful AOC-wide population metrics. Details on these projects, and the related goals and
metrics can be found in Appendix E of this RAP and will continue to be included as part of future
RAP updates. WDNR is planning on applying for funding for the initial stages (planning and
design) of these projects in 2020 to further develop the management actions and refine
implementation cost estimates for each project.

Additional information on the background of this BUI and the target revision can be found in the
2020 Removal Target Updates for the Milwaukee Estuary Area of Concern (Appendix G). The
Loss of Fish and Wildlife Habitat BUI, the Degradation of Fish and Wildlife Populations BUI, and
the draft Fish and Wildlife Plan for the Milwaukee Estuary Area of Concern that was developed
in 2015, were revisited based on information gathered for the status check and development of
management actions for the Degradation of Fish and Wildlife Populations BUI as part of this
process. Through the target revision process, WDNR determined, in collaboration with the Tech
Team, that the Fish and Wildlife Plan for the Milwaukee Estuary Area of Concern is not
necessary and should be removed from the target. However, a future verification monitoring
plan will be developed for both fish and wildlife BUIs to re-evaluate status after completion of
management actions.

Management Actions

In addition to projects which control or eliminate legacy contaminants of concern from the AOC,
as defined by the management actions for the Restrictions on Dredging Activities BUI,
management actions for this impairment are restoration projects that address one or more
species specific population metrics identified for the BUI. Details on these management actions,
and the related items are in Appendix E of this RAP and will continue to be included as part of
future RAP updates. Fish and wildlife population project summaries and explanations of each of
these projects can be found in Appendix F of this RAP. These population projects must be
completed in order to improve habitat to support a better population of fish and wildlife indicator
species and to remove this impairment. Below is a complete list of the population restoration
management actions. WDNR is aiming to start a handful of these projects in 2020.

x Enhancements to City of Mequon Parks and Ozaukee Washington Land Trust (OWLT)
Ville du Parc Property

Enhancements to Milwaukee River Greenway

Estabrook Falls and Fish Passage Improvements

Aquatic Enhancements to the Outer Harbor

Havenwoods State Forest Rehabilitation

X X X X
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x Wildlife Enhancements to Milwaukee County Grounds, Sanctuary Woods, MMSD
Basins, and Hoyt Park

Wildlife Enhancements to Kletzsch Park

Enhancements to Schlitz Audubon Cleaver Property

Enhancements to Menomonee River Parkway +Sections 5 and 6

Currie Park Fish Passage Improvements

Fisheries Improvements to Milwaukee River Downstream *E Cherry Street to N
Humboldt Avenue

Fisheries Improvements to Menomonee River +N 16™ Street to N 25" Street
Fish and Wildlife Enhancements to Little Menomonee River Parkway +Section 1
Wildlife Enhancements to Kohl Park

Fisheries Improvements to Lincoln Park Oxbow

X X X X X

X X X X

Additional Actions

x Post-implementation verification monitoring of the AOC to show that the goals for this
BUI, as identified in the RAP, have been met.
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BEACH CLOSINGS (RECREATIONAL RESTRICTIONS)

Target (Updated 2020) Status

Removal of this BUI can occur when:

X Known sources of bacterial contamination impacting the beaches in the AOC Assessment in
have been identified and, if feasible, have been controlled or treated to reduce | Progress & Action

possible exposures. Needed
x Stormwater outfalls in the AOC that discharge directly or influence beaches are A
. : ssessment
assessed to confirm that there are no human sources of sanitary sewage Needed

contamination.

X Municipalities within the AOC have adopted and are implementing storm water
reduction programs that include bacteria source reduction and illicit discharge Complete
elimination.

x Each public swimming beach within the AOC is open for at least 90% of the
swimming season (between Memorial Day and Labor Day) averaged over a
previous 5-year period based on Wisconsin Coastal Beach monitoring
protocols for E. coli monitoring and BMPs are in place.

OR

X 3XEOLF VZLPPLQJ EHDFKHV ZLWKLQ WKH $2& DU
recreational water quality criteria over a 3-year period. In Progress &

. . S . . Action Needed
OR, in cases where known sources of bacterial contamination impacting beaches in

the AOC have been controlled to the extent feasible and the above criteria cannot be
met:

X Each public swimming beach within the AOC is open during the swimming
season (between Memorial Day and Labor Day) at least as often as the
average of all non-AOC beaches in Milwaukee County over the same 5-year

period.
Currently Meeting
X No unpermitted discharges (combined or sanitary sewers in the Lower Target; Reassess
Milwaukee Estuary) at outfalls directly impacting AOC beaches during the After Management
swimming season (between Memorial Day and Labor Day) in a 3-year period. | Actions are

Completed

X Complete a plan that includes updates to existing advisory and closure
procedures for AOC beaches to reduce human health risk during and after In Progress
storm events.

Status

Milwaukee County has made progress on planning improvements to beaches in the AOC. The focus
for the past few years has been high bacteria levels at South Shore Beach, which is the most
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problematic beach in the AOC and throughout Lake Michigan. Milwaukee County Parks completed a
Master Plan and redesign of park elements. This led to a reconstruction of the parking lot and addition
of green infrastructure and other improvements to this area. Following this work, the planning moved
to focus on the beach area, continuing work to address high bacteria levels and beach closures.

In late 2017, WDNR received GLRI funds which were then awarded to the County in order to hire a
consultant team for the collection and analysis of data at South Shore Beach. The consultant team
provided concept and final design plans to address the high bacterial issues at South Shore Beach. In
September 2018, the County and WDNR held a public meeting to provide alternatives to the
swimming area of the beach at South Shore Park. Four recommended alternatives were provided at
this meeting for feedback from the public. These alternatives can be found on the Milwaukee County
Parks website. Based on feedback from this public meeting and additional public interfacing venues
(i.e. farmers market, local stakeholder meetings, etc.), the County and WDNR revisited the
recommended alternatives to select a preferred alternative. In early December 2019, another public
meeting was held to present the preferred alternative, and the complete design of this work is
expected to be done with appropriate permitting requirements in early 2020.

In 2019, a Beaches Work Group was formed for the Milwaukee Estuary AOC to revise targets for this
BUI as well as determine management actions to meet the revised targets. The collaborative work
group includes roughly 20 partners from the WDNR, Milwaukee County, City of Milwaukee, DHS,
UWM, USGS, USEPA GLNPO, MMSD, and other technical expert stakeholders. The work group
recommended a revised target for this BUI. As a result, this BUI removal target was revised in 2020.
Justification for this change can be found in the 2020 Removal Target Updates for the Milwaukee
Estuary Area of Concern (Appendix G). The Beaches Work Group also identified the need for
additional investigation of factors leading to poor water quality at beaches within the AOC to inform
management action recommendations at each beach.

To meet this need, the McLellan Lab at the UWM SFS will begin a beach assessment project in 2020.
The project will analyze inventoried water and sand samples to provide site-specific information about
sources of E. coli at beaches within the AOC. If needed, additional samples will be taken from outfalls
and AOC beaches (McKinley, Bradford, South Shore, and Bayview). This information and
recommendations from this work will be used by the WDNR, in collaboration with the McLellan Lab
and the Beaches Work Group, to develop a draft list of management actions for this BUI. A summary
of this proposed work can be found in Appendix K of this RAP.

Management Actions

x The only management action currently identified for this BUI is the rehabilitation of South
Shore Beach. Beach rehabilitation projects will be identified in 2020 after review of pertinent
information and data from the UWM SFS beaches investigation study.

40


https://county.milwaukee.gov/files/county/parks-department/Planning-Dept-Documents/PIMHandout.pdf
https://county.milwaukee.gov/files/county/parks-department/Planning-Dept-Documents/PIMHandout.pdf
https://county.milwaukee.gov/files/county/parks-department/Planning-Dept-Documents/PIM2112019PPT.PDF

Remedial Action Plan Update for the Milwaukee Estuary Area of Concern
August 2020

Additional Actions

X The McLellan Lab at the UWM SFS will be investigating sources of E. coli at Milwaukee
Estuary AOC beaches to refine management actions that will reduce the number of beach
closures and address portions of the Beach Closings (Recreational Restrictions) target.
Preliminary results and recommendations should be available in 2020.
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EUTROPHICATION OR UNDESIRABLE ALGAE

Target (Updated 2011) Status

Removal of this BUI can occur when:

X Total phosphorus (TP) concentrations within the AOC rivers, harbors, and
nearshore waters meet the criteria recommended for the State of Wisconsin, as
established by WDNR.

In Progress &
Action Needed

X When the results from the total maximum daily load study for phosphorus, total
suspended solids, and bacteria are completed for the Menomonee, Kinnickinnic, In Progress
and Milwaukee Rivers.

X Measures to meet the Total Maximum Daily Loading Implementation Plan are

being completed. Action Needed

X No water bodies within the AOC are included on the list of impaired waters due to

nutrients or excessive algal growths in the most recent WI Impaired Waters list. Action Needed

X Chlorophyll-a concentrations within the AOC lake and impoundment areas do not

exceed 4.0 pg/L. Unknown

X There are no beach closures in the AOC due to excessive nuisance algae growth. Unknown

Status

For the past twenty-plus years, extensive work has been done throughout the greater Milwaukee
River Basin to significantly reduce sediment and nutrient loading to the harbor/estuary and resulting

eutrophication. TMDL plans for total phosphorus (TP), TSS, and fecal coliform of the entire Milwaukee

Basin were drafted and submitted to USEPA to meet Section 303(d) Clean Water Act requirements

andUS(3$V LPSOHPHQWLQJ UHIJXODWLRQV DW86(&% BSSDEBWHG :LVFRQ

three TMDLs in the Milwaukee River Basin. These TMDLs cover the Milwaukee, Menomonee, and
Kinnickinnic River watersheds and the Milwaukee Harbor/Estuary.

Following the completion of the TMDL plan, a multi-partner initiative begun to develop an Integrated
Watershed Management strategy and framework across the TMDL area that facilitates collaborative
implementation of watershed best practices to meet TMDL goals. This initiative was captured in the
recently published DRAFT Milwaukee River Basin Water Quality Improvement Plan (WQIP) that was
required as part of the MMSD 2020 Wisconsin Pollutant Discharge Elimination System (WPDES)
permit reissuance. The WQIP builds on the TMDL Report, 9-.H\ (OHPHQW .( 30DQV
Regional Green Infrastructure and 2050 Facilities Plans, and a number of Southeastern Wisconsin
Regional Planning Commission (SEWRPC) plans. The WQIP focuses on implementing
recommendations from collective plans with monitoring to measure progress toward goals over time.
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The framework presented in the WQIP will encapsulate a collection of 9KE plans covering the entire
Milwaukee River Basin. The Kinnickinnic River Watershed Restoration Plan was approved in early
2020; the Menomonee River Watershed Restoration Plan is being finalized, with anticipated approval
in late 2020; and, a collection of Hydrologic Unit Codes (HUC) 10/12 based 9KE plans are nearing
completion for a major portion of the Milwaukee River Watershed. A draft 9KE plan covering three
HUC12 watersheds (Fredonia/Newburg) is currently under review by WDNR, while another 9KE plan
covering five HUC12 watersheds is being finalized this year.

While meeting the approved TMDLs for the Milwaukee River Basin and other watershed plans
remains an important goal that many resource professionals, agencies, and citizens continue to strive
for in the region, BUI removal targets that overlap existing permit or regulatory compliance functions
are beyond the AOC program framework. It is important to note that while the WDNR and AOC
program are currently trying to take a step back and revise the target for this impairment and develop
subsequent management actions to address the status of the AOC, many ongoing efforts are
underway to improve water quality within the AOC boundaries and surrounding landscape. WDNR will
continue to work with partners and stakeholders to review and revise the BUI removal target in 2020.
WDNR is expecting a draft list of management actions to be completed in 2021.

In order to achieve these goals, WDNR is planning to convene a Eutrophication Work Group. This
group will revisit the Eutrophication or Undesirable Algae BUI target to refine the outcomes that will
define success for the AOC program. Targets need to be viewed with the following attributes in mind:
Specific, Measurable, Achievable, Reasonable, Time-bound (SMART).

Reasons that targets may be justifiably revised include the following:

x New information has become available;

x Target language needed clarification and format consistency;

X The target reflects goals that go beyond the AOC program framework (e.g. overlap existing
permit or regulatory compliance program functions); and/or

X The scope of achievable activities within the AOC program has become better understood
as program implementation has occurred.

Management Actions

X Management actions have not been defined for this impairment. Management actions will be
determined after review of pertinent information and in consultation with stakeholders.

Additional Actions

x Establish a Eutrophication Work Group in 2020 to focus revising the BUI removal target and
drafting a list of management actions.
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DEGRADATION OF AESTHETICS

Target (Updated 2016) Status

This delisting target is consistent with Chapter NR 102, Wisconsin Administrative Code, Water Quality
Standards for Surface Waters. Delisting shall occur when monitoring data within the AOC and/or surveys
collected by multiple observers for any two consecutive year period indicates that water bodies in the AOC do
not exhibit unacceptable levels of the following properties in quantities which interfere with the Water Quality
Standards for Surface Waters:

a) Substances that will cause objectionable deposits on the shore or in the bed of a body | Assessment
of water shall not be present in such amounts as to interfere with public rights in waters of | Complete
the state.

b) Floating or submerged debris, oil, scum, or other material shall not be present in such Assessment

amounts as to interfere with public rights in waters of the state. Complete
¢) Materials producing color, odor, taste, or unsightliness shall not be present in such Assessment
amounts as to interfere with public rights in waters of the state. Complete

The following target will also be met to determine when restoration has occurred:

x Corrective action plans are in-place and being implemented for significant, No Corrective
persistent issues contributing to the degradation of aesthetics within the AOC Actions
identified via aesthetics monitoring/surveys. Anticipated

Status

The Degradation of Aesthetics BUI for the Milwaukee Estuary AOC stemmed from the poor visual
guality of the water resources and adjacent land (WDNR, 2012). The 1994 Milwaukee RAP identified
the likely causes of impairment to be surface water debris, oil and grease, and overdevelopment
along the Estuary (WDNR, 2012).

Milwaukee Estuary AOC stakeholders expressed a strong desire for a citizen-based monitoring
approach to assess the status of this BUI. The Alliance for the Great Lakes and the Urban Ecology
Center (UEC) coordinated citizen volunteers for a pilot Volunteer Aesthetics Monitoring Program in
2011. Using what was learned from the pilot program, protocols were updated in 2014 and Milwaukee
Riverkeeper coordinated citizen volunteers and assisted with data collection from 2015-2017 (WDNR,
2017).

The monitoring program from 2015-2017 focused on nine aesthetics monitoring stations, which 30
volunteers assessed throughout the year (WDNR, 2015; Figure 5). In 2016, the BUI target language
was adjusted to incorporate monitoring results collected by multiple observers, two consecutive
survey seasons, and identification of significant or persistent issues identified by the surveys (WDNR,
2016). The citizen-based aesthetics monitoring continued in 2017. Results from the aesthetics
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monitoring assessment show that the current target is being met. Following a presentation on the
assessment and results in June 2019, the Citizens Advisory Committee voted to support the removal
of this BUI. Supporting results can be found in Appendix J.

Management Actions

x No management actions are anticipated for this BUI.

Additional Actions

x Develop a removal recommendation package for the Degradation of Aesthetics BUI in 2020.
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Figure 5. Nine Aesthetic Monitoring Stations (Milwaukee River: North Avenue Pedestrian Bridge, Pere
Marquette Park; Menomonee River: Emmber Lane, Harley Davidson Museum; Kinnickinnic River: Lincoln
Avenue Bridge, Kinnickinnic Avenue Bridge; Beaches: Bradford Beach, South Shore Beach, Bayview Beach).
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Other Resources
Cedar Creek Superfund

Superfund Site: Background
Superfund Site: Reports and Documents
Superfund Site: Administrative Records

Moss-American Superfund

Superfund Site: Background
Superfund Site: Reports and Documents

Burnham Canal Superfund

Superfund Site: Background
Superfund Site: Reports and Documents
Superfund Site: Administrative Records

Blatz/Lincoln Park Legacy Clean-up

Kinnickinnic River Legacy Clean-up

Turning Basin Characterization Report

Menomonee River Characterization Report

Wildlife Consumption Advisory

Fish Consumption

Fish Consumption Advise for the Milwaukee Estuary Area of Concern
Eat your catch tmaking healthy choices

TMDL

Built on Water Documentary

Bay View/Grand Trunk Wetland Restoration
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Appendix A *List of Acronyms

Appendix B *Definitions

Appendix C £BUI Tracking Matrix

Appendix D *Loss of Fish and Wildlife Habitat Criteria

Appendix E +Degradation of Fish and Wildlife Populations Criteria

Appendix F £Degradation of Fish and Wildlife Populations Project Summaries

Appendix G +2020 Removal Target Updates for the Milwaukee Estuary Area of Concern

Appendix H *Analysis of Dredged Material Management Alternatives for the Milwaukee Estuary Area
of Concern Great Lakes Legacy Act Project(s)

Appendix | +2019 USGS Benthos and Plankton Publication

Appendix J +Degradation of Aesthetics BUI Results from 2015-2017 Volunteer Monitoring Program
Appendix K xUniversity of Wisconsin School of Freshwater Sciences Beach Closings Assessment for
Management Action Recommendations
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Appendix A xList of Acronyms

AOC Area of Concern

BUI Beneficial Use Impairment

CAC Community Advisory Committee

CY Cubic Yards

DHS Wisconsin Department of Health Services
DMDF Dredged Material Disposal Facility

DMMF Dredged Material Management Facility
DOT Department of Transportation

DTWG Design Technical Work Group

EPT Ephemeroptera, Plecoptera, and Tricoptera
FFLM Fund for Lake Michigan

FFS Focused Feasibility Study

FS Feasibility Study

FSP Field Sampling Plan

GLLA Great Lakes Legacy Act

GLNPO Great Lakes National Program Office
GLRI Great Lakes Restoration Initiative
GLWQA Great Lakes Water Quality Agreement
HAP Harbor Assistance Program

HUC Hydrologic Unit Codes

IBI Index of Biotic Integrity

LT Leadership Team

MAIT Management Action Implementation Team
MGP Manufactured Gas Plant

M&M Milwaukee and Menomonee

MMSD Milwaukee Metropolitan Sewerage District
MRD Milwaukee River Downstream

PAH Polycyclic aromatic hydrocarbon

PCB Polychlorinated biphenyl

PDI Pre-design Investigation

PFAS Per- and polyfluoroalkyl substances

PM Project Management

ppm Part per million

QAPP Quiality Assurance Project Plan

SEWRPC Southeastern Wisconsin Regional Planning Commission
OCPP Ozaukee County Planning & Parks

oGW Office of Great Waters

ou Operable Unit

PEEC Parks, Energy & Environment Committee
RACM Redevelopment Authority of the City of Milwaukee
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RAP Remedial Action Plan

RD Remedial Design

SFS School of Freshwater Sciences

SIR Site Investigation Report

SMART Specific, Measurable, Achievable, Reasonable, Time-bound
SMC South Menomonee Canal

SOW Scope of Work

SSCHC Sixteenth Street Community Health Center
SWWT Southeastern Wisconsin Watersheds Trust

TMDL Total Maximum Daily Load

TP Total phosphorus

TSCA Toxic Substances Control Act

TSS Total suspended solids

USACE U.S. Army Corps of Engineers

USEPA U.S. Environmental Protection Agency

USGS U.S. Geological Survey

USFWS U.S. Fish and Wildlife Service

UwWM University of Wisconsin +Milwaukee

WDNR Wisconsin Department of Natural Resources
WIinSLAMM  Windows Source Loading and Management Model
WPDES Wisconsin Pollutant Discharge Elimination System
WQIP Water Quality Improvement Plan

9KE 9 Key Element
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Appendix B xDefinitions

Area of Concern (AOC)

Defined by Annex 2 of the 2012 U.S.-Canada Great Lakes Water Quality Agreement (GLWQA) as a

3 JHRJUDSKLF DUHD GHVLJQDWHG E\ WKH 3DQW LRH VE AHIQHHU IHF ¥ D OQ X VLHAD |
occurred as a result of human actvLWLHY DW WKH ORFDO OHYHO ~ 7KHVH DUHDV D
FRQWDPL QD Wwfithe GreatLtdkzy, and the purpose of the AOC program is to bring these areas

to a point at which they are not environmentally degraded more than other comparable areas of the

Great Lakes. When that point has been reached, the AOC can be removed from the list of AOCs, or
SGHOLVWHG = 7KH be*fouad® aFDQ://binational.net/2012/09/05/2012-glwga-ageql/.

Beneficial Use Impairment (BUI)

Defined by the 2012 GLWQA as a reduction in the chemical, physical, or biological integrity of the
Waters of the Great Lakes sufficient to cause impairment to a designated use. A "beneficial use" is
any way that a water body can improve the quality of life for humans or for fish and wildlife (for
example, providing fish that are safe to eat). If the beneficial use is unavailable due to environmental
problems (for example if it is unsafe to eat the fish because of contamination) then that use is
impaired. The 1987 Great Lakes Water Quality Agreement amendment established the list of 14
possible beneficial use impairments; these 14 BUIs were reaffirmed in the 2012 GLWQA.

Removal Target
Specific goals and objectives established for beneficial use impairments, with measurable indicators
to track progress and determine when BUI removal can occur.

Escherichia coli  (E. coli)

A bacterium commonly found in natural bodies of water that serves as an indicator of possible
presence of other health risks in the water, such as bacteria, viruses, and other organisms. They can
often be linked to a specific source (i.e. humans, animals, etc).

Remedial Action Plan (RAP)

The 2012 Great Lakes Water Quality Agreement requireV 5SHPHGLDO $FWLRQ 30DQV WR EH
SHULRGLFDOO\ XSGDWHG DQG LPSOHRBQWWGI\RUKHDWKDPEXY B$368,
sources, document delisting targets, and list actions needed to reach those targets.

Total Maximum Daily Load (TMDL)

A TMDL is the amount of a pollutant a waterbody can receive and still meet water quality standards. It
can be thought of as a pollution "budget" for a water body or watershed that establishes the pollutant
reduction needed from each pollutant source to meet water quality goals.
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Appendix C £BUI Tracking Matrix

Note that projects listed in the table below are the next clearly delineated action steps that have been
identified by WDNR in collaboration with AOC partners and stakeholders to make progress toward
delisting the AOC. This list does not necessarily reflect all actions that will ultimately be needed to

remove impairments, and will be updated as more information is collected and as actions are
completed.
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. BUI Short Project Project . o . Project Project : Primary Funding Project Lead
HCEE N List Type Action Type (S ISR | (PIEEE SEWR Start Date | End Date S Source Organization
Assess Menomonee River BUI 1, BUI 3,
downstream of its confluence with BUI 4, BUI 5, . i Great Lakes Legacy
the Little Menomonee River 1o the BUI 6. BUI 7. Sediment | Remediation | COMPLETED Completed 2015 2016 Unknown Act [GLRI] USEPA
estuary BUI 14
gisvs(:’sslnﬁ)']%r:lﬁigsrbocl:rthseoﬁlt?\nICkmmC BUI'L, BUI S, In Progress
Menomonee Canal, Outer Harbor an BUI 4, BUI'S, Sediment | Remediation Screening Level (awarding 2019 2024 $3,300,000.00 Great Lakes Legacy WDNR
. BUI 6, BUI 7, Assessment Act [GLRI]
Nearshore Waters of the Milwaukee consultant)
BUI 14
Estuary
Assess the Milwaukee River BUI 1, BUI 3, In Progress
downstream (.)f Estabrook Dam to the BUI 4, BUI'S, Sediment | Remediation | Feasibility (Design planned| 2016 2024 Unknown Great Lakes Legacy USEPA
confluence with the Menomonee BUI 6, BUI 7, for 2021) Act [GLRI]
River BUI 14
Assess the Mllvyaukee River . BUI 1, BUI 3, .
downstream of its confluence with BUI 4 BUI 5 Established
Cedar Creek to the Milwaukee River ' "| Sediment | Remediation | Not Started (no action Unknown WDNR
. BUI 6, BUI 7,
Channels/Lincoln Park Great Lakes needed)
. BUI 14
Legacy Act projects
Assessment of Benthos and Planktol Fish and U.S. Environmental
in Wisconsin's Lake Michigan Areas | BUI 6, BUI 13 Wildlife Assessment | COMPLETED Completed 2013 2019 $414,300.00 Protection Agency | USGS
Concern [GLRI]
. . In Progress U.S. Environmental
Bay Vlevy-Grand Trunk Wetland BUI 14 F'.Sh _and Restoration | Project Design (Construction 2015 2024 $6,955,000.00 | Protection Agency | City of Milwaukee
Restoration Wildlife planned for
2021 [GLRI]
)
Benthos & Plankton BUIs Evaluation Fish and U.S. Environmental
Wisconsin's Lake Michigan Areas of | BUI 6, BUI 13 Wildlife Assessment | COMPLETED Completed 2011 2015 $451,500.00 Protection Agency | USGS

Concern

[GLRI]
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BUI 1, BUI 3, . .
BUI 4 BUI 5 Wisconsin Dept of
Blatz Pavilion Remediation BUI 6' BUI 7’ Sediment | Remediation | COMPLETED Completed 2005 2009 $1,300,000.00 | Natural Resources | WDNR
BUI 14 [Non-GLRI]
BUI 1, BUI 3, In Progress
Burnham Canal Superfund Alternativy BUI 4, BUI 5, . i Remedial (Construction Responsible Party
Remediation BUI 6, BUI 7,| Sediment | Remediation | |0 o ntation | planned for | 2012 Unknown [Non-GLRI]
BUI 14 2021)
. In Progress U.S. Environmental
. Fish and . . : (Construction ;
Burnham Canal Wetland Restoration BUI 14 Wildlife Restoration | Project Design planned for 2014 2028 $4,600,000.00 | Protection Agency | MMSD
2021) [GLRI]
BUI 1, BUI 3,
Cedar Creek Superfund Alternative | BUI 4, BUI 5, . o Remedial Responsible Party
Remediation BUI 6, BUI 7. Sediment | Remediation Implementation In Progress 2015 Unknown [Non-GLRI]
BUI 14
Contaminant exposure of tree Fish and U.S. Environmental
swallows in the Milwaukee Estuary: | BUI 5 Wildlife Assessment | COMPLETED Completed 2014 2017 $18,500.00 Protection Agency | USGS
An expansion of sites [GLRI]
Developing TMDLSs for the Milwauke U.S. Environmental
River, Menomonee River, Kinnickinn| BUI 8, BUI 10 Nonpoint | Assessment | COMPLETED Completed 2010 2017 $878,698.00 Protection Agency | MMSD
River and Milwaukee Estuary [GLRI]
Fish and I(Cepggt?osns U.S. Environmental
Estabrook Dam Fish Passage BUI 14 o Restoration | Implementation g 2017 2020 $2,070,202.00 | Protection Agency | MMSD
Wildlife maintenance [GLRI]
in progress)
Fish and U.S. Environmental
Fish Population Assessment BUI 3 Wildlife Assessment | COMPLETED Completed 2014 2017 $268,836.00 Protection Agency | WDNR

[GLRI]
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U.S. Environmental

Fisheries Population Target BUI 3 Fishand |\ ossment | COMPLETED | Completed | 10/1/2013 | 2014 $24,000.00 | Protection Agency | WDNR
Refinement Wildlife
[GLRI]
Identification and Quantification of U.S. Environmental
Sanitary Sewage Contamination in tf BUI 10 Nonpoint | Assessment | COMPLETED Completed 2014 2016 $502,266.00 Protection Agency | UW-M SFS
Milwaukee Estuary Area of Concern [GLRI]
In Progress .
T . . U.S. Environmental
K|nn|cI§|.nn|.c River Habitat BUI 14 F'Sh ?‘”d Restoration | Implementation Phase Il 2014 2024 Unknown Protection Agency | MMSD
Rehabilitation Wildlife planned to [GLRI]
start in 2021)
BUI 3, BUI 4, Great Lakes Legac
Kinnickinnic River Legacy BUI 5, BUI 6,| Sediment | Remediation | COMPLETED Completed 2005 2009 $22,400,000.00 9aC Usepa
Act [Non-GLRI]
BUI 7, BUI 14
Fish and In Progress U.S. Environmental Milwaukee Count
Kletzsch Dam Fish Passage BUI 14 o Restoration | Implementation | (Design on 2017 2020 $750,000.00 Protection Agency y
Wildlife Parks
hold) [GLRI]
BUI 1, BUI 3,
Lincoln Park/Milwaukee River BUI 4, BUI 5, . I Great Lakes Legacy
Channels Remediation-Phase 1 BUI 6, BUI 7. Sediment | Remediation | COMPLETED Completed 2011 2012 $27,919,434.00 Act [GLRI] USEPA
BUI 14
BUI 1, BUI 3,
Lincoln Park/Milwaukee River BUI 4, BUI 5, . I Great Lakes Legacy
Channels Remediation-Phase 2 BUI 6. BUI 7, Sediment | Remediation | COMPLETED Completed 2014 2017 $19,655,536.00 Act [GLRI] USEPA
BUI 14
In Progress .
. . . . U.S. Environmental| .
Litle Me_nomonee Corridor BUI 14 F'.Sh gnd Restoration | Implementation (Re.s.t(.)ranon 2015 2024 $2,100,000.00 | Protection Agency Milwaukee County
Restoration Wildlife activities Parks
[GLRI]
underway)
Little Menomonee Grassland Fish and U.S. Environmental
. BUI 14 s Restoration | COMPLETED Completed 2013 2015 $37,000.00 Protection Agency | Milwaukee County
Restoration Wildlife

[GLRI]
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BUI 1, BUI 3,
. . BUI 4, BUI 5, . i . Great Lakes Legacy
M&M/WE Energies Legacy Project BUI 6. BUI 7. Sediment | Remediation | Feasibility Completed 2016 2019 $1,715,000.00 Act [GLRI] USEPA
BUI 14
: Milwaukee
Menomonee River Concrete Removg Fish and Metropolitan
Upstream of Soo Line RR Bridge to ] BUI 14 o Restoration | COMPLETED Completed 2010 2019 $5,575,000.00 P _— MMSD
94 (Phase 1) Wildlife Sewerage District
[Non-GLRI]
Menomonee River Concrete Removg Fish and U.S. Armv Coros of
Upstream of Soo Line RR Bridge to ] BUI 14 o Restoration | COMPLETED Completed 2013 2019 $7,500,000.00 | =" y P USACE
Wildlife Engineers [GLRI]
94 (Phase 2)
Milwaukee Estuary AOC Aquatic Fish and U.S. Environmental
Habitat and Wadeable Fisheries BUI 3 Wildlife Assessment | COMPLETED Completed 2016 2018 $12,844.00 Protection Agency | WDNR
Assessment [Non-GLRI]

. . U.S. Environmental
Mllwaqkee Estuary Area Of. Concern BUI 3 F'.Sh _and Assessment | COMPLETED Completed 2017 2018 $49,000.00 Protection Agency | USGS
Fisheries and Aquatic Habitat Study Wildlife [GLRI]

. . . U.S. Environmental
Milwaukee Estuary Fish Tumor BUI 4 Fishand | ) cessment | COMPLETED | Completed | 2013 2015 $138,484.50 | Protection Agency | WDNR
Evaluation Wildlife

[GLRI]

. - . U.S. Environmental
Milwaukee Estuary Wildiife BUI 1 Fishand | \ocessment | COMPLETED | Completed | 2013 2016 $42,530.00 | Protection Agency | WDNR
Consumption Advisory Evaluation Wildlife [GLRI]

Fish and Fund for Lake
Milwaukee Harbor Habitat Mapping | BUI 3 Wildlife Assessment | COMPLETED Completed 2015 2018 $255,723.00 Michigan [Non- UW-M SFS
GLRI]

. . . . . Fund for Lake
Milwaukee River Fish Habitat BUI 14 Fishand | oo ioration | COMPLETED | Completed | 2014 2014 $63,310.00 | Michigan [Non- | WDNR
Enhancement and Expansion Wildlife

GLRI]
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BUI 1, BUI 3,
Moss-American/Little Menomonee | BUI 4, BUI 5, . i Responsible Party
Superfund BUI 6. BUI 7. Sediment | Remediation | COMPLETED Completed 1990 2009 Unknown [Non-GLRI]
BUI 14
Milwaukee
Removal of Five Low Flow Barriers ¢ g, 4 Fishand | oo gioration | COMPLETED | Completed | 2014 2016 $1,042,000.00 | Metropolitan o
the Menomonee River Wildlife Sewerage District
[Non-GLRI]
BUI 1, BUI 3,
Sediment characterization in KK Rivg BUI 4, BUI 5, . I Great Lakes Legacy
turning basin BUI 6, BUI 7. Sediment | Remediation | COMPLETED Completed 2015 2016 $400,000.00 Act [GLRI] USEPA
BUI 14
BUI 1, BUI 3,
Solvay Coke Superfund Alternative | BUI 4, BUI 5, . o Remedial Responsible Party
Remediation BUI 6. BUI 7. Sediment | Remediation Implementation In Progress 2012 Unknown [Non-GLRI]
BUI 14
In Progress U.S. Environmental| , .
e . . . e . Milwaukee County
South Shore Beach Rehabilitation BUI 10 Beaches | Restoration | Project Design (Permitting 2016 2025 $350,000.00 Protection Agency Parks
underway) [GLRI]
Volunteer Aesthetics Monitorin U.S. Environmental
9 BUI 11 Aesthetics | Assessment | COMPLETED Completed 2015 2017 $31,500.00 Protection Agency | WDNR
Program
[GLRI]
L . U.S. Environmental
Wheelhquse Gateway Riparian BUI 14 F'Sh _and Restoration | COMPLETED Completed 2013 2014 Unknown Protection Agency | RRF
Restoration Wildlife
[GLRI]
Fish and U.S. Environmental
Wildlife Population Assessment BUI 3 Wildlife Assessment | COMPLETED Completed 2014 2017 $409,997.00 Protection Agency | WDNR
[GLRI]
Fish and U.S. Environmental
Wildlife Population Target Refinemer BUI 3 Wildlife Assessment | COMPLETED Completed 2013 2014 $30,000.00 Protection Agency

[GLRI]
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BUI Number Key

BUI # BUI Name BUI# BUI Name

BUI1 Restrictions on Fish and Wildlife Consumption BUI 8 gggﬁﬁ Q;iztg)nn dol\r“ﬁrr;gﬁg rable Algae or Excessive Loading of
BUI2  Tainting of Fish and Wildlife Flavor BUI 9 §reosgLiacr:i]c;ns on Drinking Water Consumption or Taste and Odor
BUI 3  Degradation of Fish and Wildlife Populations BUI 10 Beach Closings and Body Contact Restrictions

BUI 4  Fish Tumors and Other Deformities BUI 11 Degradation of Aesthetics

BUI5 Bird or Animal Deformities or Reproductive Problems | BUI 12 Added Costs to Agriculture or Industry

BUI 6 Degradation of Benthos BUI 13 Degradation of Phytoplankton and Zooplankton Populations
BUI 7 Restrictions on Dredging Activities BUI 14 Loss of Fish and Wildlife Habitat
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Appendix D zxLoss of Fish and Wildlife Habitat Criteria

Habitat Project Criteria

Goals and Measures of Success for Fish and Wildlife Habitat for the Mi lwaukee

Estuary AOC (project specific goals are referenced in project summaries of the 2015 RAP; the previous
monitoring plan with the information below can be found in the 2013 RAP).

Physical/biological habitat primary goals:
1. (QKDQFH LPSURYH DTXDWLF KDELWDW E\«

A. ldentifying and enhancing fish spawning sites from Lake Michigan to the tributaries
and headwaters where opportunities exist (e.g., inner and outer harbors, Milwaukee
River downstream of the North Ave. Dam pedestrian bridge), and/or

B. Improving lateral connectivity by connecting aquatic habitat to floodplain wetland with
suitable hydroperiod from Lake Michigan to the tributaries and headwaters where
opportunities exist.

Measures of success:
x Amount (length) of habitat protected and/or created

x Amount (length) connected and functional as fish and aquatic organism
habitat

X Area of adjacent floodplain reconnected for the 2-yr and 5-yr events
Area of adjacent wetlands reconnected and/or restored/created

X Area of adjacent potentially restorable wetlands reconnected, as
applicable

X Number of existing critical habitat areas identified and protected, enhanced,
reconnected, or re-created

x

2. ,PSURYH DTXDWLF KDELWDW FRQQHFWLYLW\ E\«
A. Improving linear connectivity by restoring or enhancing fish and aquatic organism
passage from Lake Michigan to the tributaries and headwaters, and/or
B. Reconnecting high quality habitat downstream of the Bridge Street Dam
and Lepper Dam to the main stem rivers of the AOC in cases where that
habitat is directly connected to the estuary (i.e., there are no downstream
barriers from the proposed project site).

Measures of success:
x Amount (length) of concrete removed
X Number of impediments removed and/or retrofitted (e.g., bridge crossings or drop
structures)
x Amount of enclosed channel daylighted or retrofitted, number of tributary miles
connected to mainstem, or length of stream channel restored.

3. Enhance/improve terrestrial, semi-DTXDWLF DQG RU ULSDULDQ KDELWI
A. Expanding habitat buffer width to a minimum of 75 feet, and/or
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B. Where possible, expanding shoreline buffers up to 1,000 feet to meet core
habitat area needs for semi-aquatic species

Measures of success:

X Length of streams inventoried and area of potential suitable buffer habitat identified

X Length of streams with suitable buffer habitat width of 75 feet or greater
preserved or established

x Volume of historic fill and/or tons of trash removed from riparian areas

X Area of native wetland or upland suitable habitat reconstructed

X Area of Advanced ldentification of Wetland Disposal Areas (ADID wetlands),
upland within PEC, and/or 100-yr floodplain limits protected

X Area of exotic invasive species removed

4. Improve terrestrial riparian habitat connectivity by expanding riparian buffer
habitat quality and continuity.

Measures of success:

X Length of streams of continuous suitable buffer habitat widths of 75 feet or greater
preserved or established

X Number of riparian area crossings and/or impediments removed and/or
retrofitted to improve or restore continuity of riparian buffers, including
improvements to decrease resistance to animal movements

X Increase in suitable habitat patch size resulting from new connectivity

5. Protecting high-quality areas or environmentally sensitive lands, especially those
supporting rare and protected species.

Measures of success:
X Length of streams inventoried and area of potential buffer identified
X Length of streams or area of land protected

Physical/biological habitat secondary goals:
1. Moderate flow regimes to decrease flashiness
2. Provide and preserve sufficient baseflow

Measures of success:
x Area of groundwater recharge protected
X Improvement in flashiness index
x Number of flow deflectors installed, pipes cut back from streambank, or land area
treated by infiltration practices
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Table 1: Overarching primary goals for the management actions identified for the Loss of Fish and Wildlife Habitat BUI.
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Projects e q,-\@ A o T
Little Menomonee River Parkway Grassland Restoration X X
Bay View Wetland/Grand Trunk Wetland Restoration X X X X X
Burnham Canal Wetland Restoratian X X X
Milwaukee River Fish Habitat Enhancement and Expansion X
Wheelhouse Gateway Riparian Restoration X X
Menomaonee River Stream Management (Concrete Remaoval) X X
Phases 1 &2
Kletzsch Park Dam Fish Passage X X
Estabrook Dam Fish Passage X X
Five Low Flow Barriers on the Menomonee River X X
Kinnickinnic River Habitat Rehabilitation X X
Little Menomanee River Corridor Restoration X X X X X
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Criteria for Measuring Habitat BUI Project Specific Goals are Met
The Little Menomonee Parkway Grassland Restoration Project

X Enhance/improve terrestrial habitat by expanding buffer width to a minimum of 75 feet or
H[SDQGLQJ WKH EXIIHU ZLGWK WR T WR QMHER PHHW FRUH
x Enhance/improve terrestrial habitat by identifying and enhancing existing potentially
restorable habitat areas through fish and wildlife assessments (for portions of the LMR,
this process is already underway from a 2011 wildlife assessment).

Bay View Wetland/Grand Trunk Wetland Restoration

x Create and protect wetland habitat through the establishment of a functional seiche
wetland with suitable Northern Pike spawning habitat on site.

Spawning of Northern Pike demonstrated.

Physical establishment of a functional, fish eee, ephemeral wetland habitat on site,
occupied by ephemeral wetland dependent SLCI (e.g., amphibians, fairy shrimp).
A goal of 6.5 acres of wetland and habitat present on site.

Removing impediments to establish functional aquatic organism passage
Removing historic fill.

Creation or enhancement of upland buffer habitat surrounding wetland habitats.
An increase in the number of SLCI utilizing the site, as measured by appropriate
occupancy documentation.

X X

X X X X X

Burnham Canal Wetland Restoration Project

x Establishment of a functional seiche wetland with suitable Northern Pike spawning
habitat on site.

X Spawning of Northern Pike demonstrated.

X An increase of acres of wetland and other wildlife habitat present on site.

X Anincrease in the number of SLCI utilizing the site, as measured by appropriate
occupancy documentation.

x Creation of 7.5 acres of wetland habitat.

Milwaukee River Fish Habitat Enhancement and Expansion

x Completions of spawning reef (size).
x Evidence of native fish spawning.

Wheelhouse Gateway Riparian Restoration

X Approximately 650 feet of shoreline restored.
X 2.8 acres of restored habitat connected to over 800 acres of Greenway habitat
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Expand riparian buffer of at least 100 feet between hardscape and river and enhance the
quality of the buffer by replacing with native vegetation and habitat features.

Extend the continuity of natural shoreline by approximately 650 feet, connected to
existing natural shoreline.

Menomonee River Stream Management (Concrete Removal) Phases 1 & 2

X

Providing fish passage through this section of the river to allow access to upstream
spawning and rearing habitat.

Kletzsch Park Dam Fish Passage

X

X

Enable fish and aquatic life access to an additional 22 aaile of barrier free riverine habitat
and 2,400 acres of wetland habitat.

22 miles of tributary connected to the mainstem of the Milwaukee River, Milwaukee
Estuary and Lake Michigan.

One critical impediment retrofitted for fish and aquatic life passage.

One riparian area impediment retrofitted to improve continuity of riparian buffers,
including improvements to decrease resistance to animal movements.

Increase in suitable habitat patch size resulting from new connectivity.

Estabrook Dam Fish Passage

X X X X

X

Amount (length) connected as fish and aquatic organism habitat.

One impediment removed and/or retrofitted.

Number of tributary miles connected to mainstem.

One riparian area impediment removed and/or retrofitted to improve continuity of riparian
buffers, including improvements to decrease resistance to animal movements.

Increase in suitable habitat patch size resulting from new connectivity.

Five Low Flow Barriers on the Menomonee River

X X X X

Amount (length) connected as fish and aquatic organism habitat.
Five impediments removed and/or retrofitted.

Number of tributary miles connected to mainstem.

Increase in suitable habitat patch size resulting from new connectivity

Kinnickinnic River Habitat Rehabilitation

x

Improving linear connectivity of the Kinnickinnic River within the AOC and to the estuary.
Increase in suitable habitat patch size resulting from new connectivity

Creation or enhancement of upland buffer habitat surrounding along the riparian corridor
to improve connectivity.
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Little Menomonee Corridor Restoration

X X X X X

To protect the ecologically significant natural areas within the LMR Parkway.

Maintain and increase native plant and wildlife diversity.

Reduce the impact of invasive species.

Enhance and maintain the environmental corridor.

Implement restoration projects that are a priority for the Parks Dept. while also
addressing BUIs associated with the Milwaukee Estuary AOC.

Enhance fisheries habitat with low impact practices and procedures where appropriate.
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Appendix E tDegradation of Fish and Wildlife Populations Criteria

Populations Project Criteria

Goals and Measures of Success for Fish and Wildlife Populations for the Mi lwaukee
Estuary AOC
Physical/biological populations primary goals:

1. Improve the quality of terrestrial habitat types (i.e. forest, wetland, shrubland,
grassland, semi-aquatic, and upland/grassland) to support a better population of
wildlife indicator species:

Measures of Success:

X Species and area of exotic invasive species removed

X Amount (area or number) of native species planted to benefit wildlife indicator
species

X Number and species richness of wildlife indicator species found representing
breeding behavior for consecutive years

X Amount (area) of habitat types created, enhanced and/or protected

2. Improve the quality of aquatic habitat to support a better population of fish
indicator species:

Measures of Success:

x Amount (length or area) of fish habitat established or enhanced in the upper
reaches of the Milwaukee and Menomonee Rivers for lake sturgeon and northern
pike, respectively

x Amount (length or area) of fish habitat established or enhanced for indicator and
sub-indicator species

3. Improve connectivity between fish and wildlife populations by improving size and

connecting gaps or barriers of habitat types:

Measures of Success:

X
X

Amount (length or area) of fish habitat or stream channel enhanced or restored
Amount (length) of corridor habitat improved or reconnected
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Table 2: Overarching primary goals for the management actions identified for the Degradation of Fish and Wildlife Populations BUI.
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Projects ‘ AR o & ©
Enhancements to City of Meguon Parks and Ozaukee X X X
Washington Land Trust (OWLT) Ville du Parc Property
Enhancements to Milwaukee River Greenway Parks X X X
Estabrook Falls and Fish Passage Improvements X X X
Aquatic Enhancements to the Outer Harbor X X
Havenwoods State Forest Rehabilitation X X X
Wildlife Enhancements to Miwaukee County Grounds, X X
Sanctuary Woods, MMSD Basins, and Hoyt Park
Wildlife Enhancements to Kletzsch Park X X
Enhancements to Schiitz Audubon Cleaver Property X X X
Enhancements to Menomonee River Parkway - Sections 5
X X X

and 6
Currie Park Fish Passage Improvements X X
Fisheries Improvements to Milwaukee River Downstream - E X X
Cherry Street to N Humboldt Avenue
Fisheries Improvements to Menomonee River - N 16th to N X X
25th Street
Fish and Wildlife Enhancements to Little Menomonee River

) X X X
Parkway - Section 1
Wildlife Enhancements to Kohl Park X X
Fisheries Improvements to Lincoln Park Oxbow X X X

72



Remedial Action Plan Update for the Milwaukee Estuary Area of Concern
August 2020

Fish Metrics
Lower Milwaukee Estuary AOC

(Downstream of Humboldt Avenue on the Milwaukee River; Downstream of N 25™ Street on the
Menomonee River; Downstream of W Becher Street on the Kinnickinnic River)

A stated criterion of BUI removal for native fishes within the Lower Milwaukee Estuary AOC is a
100% increase in relative population abundance in four indicator species (lake sturgeon,
northern pike, greater redhorse, and smallmouth bass) AND an increase of any magnitude in
80% of native sub-indicator families (suckers, minnows and shiners, bullheads and catfishes,
sunfishes, and perches) to be considered AND an overall mean value from all large river IBI
VDPSOLQJ HIIRUWYV RI 3)DB@8OyJ" RU EHWWHU L H

Indicator Species
Sturgeons *lake sturgeon
Pikes xnorthern pike
Suckers tgreater redhorse
Sunfishes xsmallmouth bass

Sub-indicator Species

Suckers xgolden redhorse, shorthead redhorse, silver redhorse, longnose sucker, white sucker
Minnows and Shiners +Emerald shiner, golden shiner, spottail shiner, fathead minnow
Bullheads and Catfishes zblack bullhead, flathead catfish, channel catfish

Sunfishes xbluegill, green sunfish, pumpkinseed, black crappie, largemouth bass, rock bass
Perches zwalleye, yellow perch

Upper Milwaukee Estuary AOC

(Upstream of Humboldt Avenue on the Milwaukee River to Bridge Road on Cedar Creek; Upstream of N
25t Street on the Menomonee River to Brown Deer Road on the Little Menomonee River; No upper reach
for the Kinnickinnic River)

A stated criterion of BUI removal for native fishes within the Upper Milwaukee Estuary AOC is
the presence of the indicator species, lake sturgeon, utilizing spawning habitat in the upper
reaches of the Milwaukee River, AND the presence of the indicator species, northern pike,
utilizing spawning habitat in the upper reaches of the Menomonee River AND an overall mean

YDOXH IURP DOO ZDUPZDWHU ,%, VDPSWHQJIGH i WpPerR1 3*RRG”

reaches of the Milwaukee River AND an overall mean value from all warmwater IBl sampling
HITRUWY RI 3)DLU" 0 iktHaNiMied tdachedbf the Menomonee River.

*Fish metric boundaries for the Milwaukee Estuary AOC are shown on the next page.
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Miwaukee Esua C Fish Metric Boundaries
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*Upper and lower fish metric boundaries for the Milwaukee Estuary AOC
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Table 3: Upper and lower fish metrics for the Degradation of Fish and Wildlife Populations BUI management actions.
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Projects AN o) R R IR QR
Enhancements to City of Mequon Parks and Ozaukee X X
Washington Land Trust (OWLT) Ville du Parc Property
Enhancements to Milwaukee River Greenway Parks X X
Estabrook Falls and Fish Passage Improvements X X
Aquatic Enhancements to the Outer Harbor X X
Havenwoods State Forest Rehabilitation
Wildlife Enhancements to Milwaukee County Grounds,
Sanctuary Woods, MMSD Basins, and Hoyt Park
Wildlife Enhancements to Kletzsch Park
Enhancements to Schlitz Audubon Cleaver Property X X
Enhancements to Menomonee River Parkway - Sections 5 and X X
6
Currie Park Fish Passage Improvements X X
Fisheries Improvements to Milwaukee River Downstream - E X X X
Cherry Street to N Humboldt Avenue
Fisheries Improvements to Menomonee River - N 16th to N 25th
X X X

Street
Fish and Wildlife Enhancements to Littlie Menomonee River

) X X
Parkway - Section 1
Wildlife Enhancements to Kohl Park
Fisheries Improvements to Lincoln Park Oxbow X X

*Shaded rows are not applicable to this metric.
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References for Fish Metrics
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53204.

Lyons, J., Piette, R.R., and Niermeyer, K.W. 2001. Development, validation, and application of a
fish-EDVHG LQGH[ RI ELRWLF LOQWHJULW\ IRU :IMfsSRQovie QTY ODUJ
of the American Fisheries Society. 130: 1077-1094.
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Wildlife Metrics
Milwaukee Estuary AOC

Bats

There are no metrics for bats due to the risk of white-nose syndrome (WNS) and the anticipated
management for a long-term study to determine separate populations, which is outside of AOC
program capabilities. Regulatory programs provide institutional controls and limit bat take.
However, bats should be used as an additional justification for projects that have important bat
habitat and enhancements that are provided to support bat habitat should be incorporated as
necessary.

Breeding Birds
The breeding bird metrics are divided into five different habitat types as follows (Forest,
Wetland, Shrubland, Grassland, and Airspace/Urban):

x Forest, Wetland and Shrubland Habitat: At least 9 sites in the AOC support at least 3
breeding bird indicator species for each habitat type.

Forest Habitat Species tAmerican Woodcock, Veery, American Redstart, Bald Eagle, Red-
shouldered Hawk, Black-billed Cuckoo, Carolina Wren, Hooded Warbler, Yellow-breasted Chat,
Long-eared Owl, Acadian Flycatcher, Least Flycatcher, Merlin, Nashville Warbler, Ovenbird, Red
Crossbill, Red-headed Woodpecker, Wood Thrush, Yellow-billed Cuckoo

Wetland Habitat Species *American Woodcock, Veery, American Redstart, Bald Eagle, Red-
shouldered Hawk, Alder Flycatcher, Willow Flycatcher, Blue-winged Teal, Sedge Wren, American
Bittern, American Black Duck, Bank Swallow, Black-crowned Night-Heron, Common Gallinule,
Great Blue Heron, Great Egret, Least Bittern, Marsh Wren, Osprey, Pied-billed Grebe, Purple
Martin, Sora, Virginia Rail, Yellow-crowned Night-Heron

Shrubland Habitat Species +American Woodcock, Veery, Black-billed Cuckoo, Carolina Wren,
Hooded Warbler, Yellow-breasted Chat, Alder Flycatcher, Willow Flycatcher, Loggerhead Shrike,
Vesper Sparrow, Blue-winged Warbler, Brown Thrasher, White-eyed Vireo

x Grassland Habitat: At least 6 sites in the AOC support at least 2 breeding bird indicator
species.

Grassland Habitat Species +Long-eared Owl, Blue-winged Teal, Sedge Wren, Loggerhead
Shrike, Vesper Sparrow, American Kestrel, Bobolink, Dickcissel, Eastern Meadowlark, Field
6SDUURZ *UDVVKRSSHU 6SDUURZ +HQVORZYV 6SDUURZ :HVWHUQ 0

x Airspace/Urban Habitat: At least 9 sites support at least 1 breeding bird indicator
species.

Airspace/Urban Habitat Species +Purple Martin, Chimney Swift, Common Nighthawk
77



Remedial Action Plan Update for the Milwaukee Estuary Area of Concern
August 2020

Herptiles/Crayfish
The herptiles/crayfish metrics are divided into two different habitat types as follows (Semi-

aquatic Habitat, Upland/Grassland Habitat):

X Semi-aquatic Habitat: At least 30 sites in the AOC support at least 2 semi-aquatic guilds
(Crayfish, Salamanders, Frogs, Turtles). Of these 30 sites, indicator species should be

UHSUHVHQWHG DV IROORZV«
0 Atleast 10 sites support at least one crayfish species.
Crayfish Species =Devil Crayfish, Digger Crayfish, Prairie Crayfish

0 At least 15 sites support at least one frog species.
Frog Species +&RSHfV *UD\ 7TUHHIURJ *UD\ 7UHHIURJ :RRG )URJ

Boreal Chorus Frog, Northern Leopard Frog, Green Frog
0 At least 8 sites support Blue-spotted Salamanders.

0 At least 6 sites support at least one turtle species.
Turtle Species tEastern Spiny Softshell, Northern Map Turtle

X Upland/Grassland Habitat: At least 15 sites in the AOC support at least 2 different
indicator species of snakes.

Upland/Grassland Habitat Species + % XW OHU {V *D U W ldiJGateisNake, BaRterP
Milksnake, Midland Brownsnake, Northern Red-bellied Snake

Mammals
The mammal metrics are divided into three different habitat types as follows (Forest, Wetland,

Grassland):

x Forest and Wetland Habitat: At least 10 sites in the AOC support at least 2 mammal
indicator species for each habitat type.

Forest Habitat Species +American Beaver, American Mink, Eastern Fox Squirrel, Gray Fox,
North American River Otter, Southern Flying Squirrel

Wetland Habitat Species *American Beaver, American Mink, Common Muskrat, Least Weasel,
North American River Otter, Star-nosed Mole

X Grassland Habitat: At least 5 sites within the AOC support at least 1 mammal indicator
species.

Grassland Habitat Species tEastern Fox Squirrel, Gray Fox, Least Weasel

Mussels
There are no metrics for mussels due to the large-scale issues that need to be addressed to

incorporate mussels into this impairment. However, mussels should be used as an additional
justification for work adjacent to or near current mussel beds. They can also be an indication for
an indirect improvement through other BUI projects (i.e. fish and aquatic habitat, sediment).
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Table 4: Breeding bird metrics for the Degradation of Fish and Wildlife Populations BUI management actions.
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Projects Qo‘é: & gQO & © Y ?}@Q@a‘”
Enhan_cements to City of Mequon Earks and Ozaukee X X X X X
Washington Land Trust (OWLT) Ville du Parc Property
Enhancements to Milwaukee River Greenway Parks X X X X
Estabrook Falls and Fish Passage Improvements
Aquatic Enhancements to the Outer Harbor
Havenwoods State Forest Rehabilitation X X X X X
Wildlife Enhancements to Milwe_zukee County Grounds, X X X X X
Sanctuary Woods, MMSD Basins, and Hoyt Park
Wildlife Enhancements to Kletzsch Park X X X X
Enhancements to Schlitz Audubon Cleaver Property X X X X
Enhancements to Menomonee River Parkway - Sections 5 X X X X
and 6
Currie Park Fish Passage Improvements
Fisheries Improvements to Milwaukee River Downstream -
E Cherry Street to N Humboldt Avenue
Fisheries Improvements to Menomonee River - N 16th to N
25th Street
Fish and Wlldllf_e Enhancements to Little Menomonee River X X X X X
Parkway - Section 1
Wildlife Enhancements to Kohl Park X X X X X
Fisheries Improvements to Lincoln Park Oxbow

*Shaded rows are not applicable to this metric.
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Table 5: Herptile/crayfish metrics for the Degradation of Fish and Wildlife Populations BUI management actions.

- > rg} \\
2 99 & M S & &
,\\%(gj g,fg} < éﬁg g oQQOe c‘;\‘@&fé\b
N N
I ,@‘5\@"& £ F o
Q{b‘o \\‘,,Q fbé\(b (g} {b \!@‘ &(OQ ‘?}\ {\ab
O o2 e, U ) R
FEL & & & B R o
\R_&&v & & A & NI g 2?37?‘
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Enhar!cements to City of Mequon I_:’arks and Ozaukee X X X X
Washington Land Trust (OWLT) Ville du Parc Property
Enhancements to Milwaukee River Greenway Parks X X X X
Estabrook Falls and Fish Passage Improvements
Aquatic Enhancements to the Outer Harbor
Havenwoods State Forest Rehabilitation X X X
Wildlife Enhancements to Milwaukee County Grounds, Sanctuary X X X
Woods, MMSD Basins, and Hoyt Park
Wildlife Enhancements to Kletzsch Park X X X
Enhancements to Schlitz Audubon Cleaver Property X X X X X
Enhancements to Menomonee River Parkway - Sections 5 and 6 X X X X
Currie Park Fish Passage Improvements
Fisheries Improvements to Milwaukee River Downstream - E
Cherry Street to N Humboldt Avenue
Fisheries Improvements to Menomonee River - N 16th to N 25th
Street
Fish and Wlldllf_e Enhancements to Little Menomonee River X X X X
Parkway - Section 1
Wildlife Enhancements to Kohl Park X X X
Fisheries Improvements to Lincoln Park Oxbow X X X

*Shaded rows are not applicable to this metric.
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Table 6: Mammal metrics for the Degradation of Fish and Wildlife Populations BUI management actions.

@
@ X
] <L e
X . hiel o
\(\’\. 6\&6 éj\(\ > ¥ &\ &&fb
& & 2 L @
S 5 & O &
SIS N q,(Q S N
58 B EF
\afb\\éb ?}\e' \\% !\“‘?‘ %\
MFS PN SO
& s P
S ¥ Q >R
F N NN D2
X0 NN
. N 'Q-(-) & & & ¥
Projects «° KN &
Enhancements to City of Mequon Parks and Ozaukee X X X
Washington Land Trust (OWLT) Ville du Parc Property
Enhancements to Milwaukee River Greenway Parks X X
Estabrook Falls and Fish Passage Improvements
Aguatic Enhancements to the Outer Harbor
Havenwoods State Forest Rehabilitation X X X
Wildlife Enhancements to Milwaukee County Grounds, Sanctuary X X X
Woods, MMSD Basins, and Hoyt Park
Wildlife Enhancements to Kletzsch Park X X
Enhancements to Schiitz Audubon Cleaver Property X X
Enhancements to Menomonee River Parkway - Sections 5 and 6 X X
Currie Park Fish Passage Improvements
Fisheries Improvements to Milwaukee River Downstream - E
Cherry Street to N Humboldt Avenue
Fisheries Improvements to Menomonee River - N 16th to N 25th
Street
Fish and Wildlife Enhancements to Little Menomonee River
) X X X
Parkway - Section 1
Wildlife Enhancements to Kohl Park X X X
Fisheries Improvements to Lincoln Park Oxbow X X

*Shaded rows are not applicable to this metric.
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References for Wildlife Metrics

Casper, G.S. and Robson, J.L. 2018. Milwaukee Estuary Area of Concern Wildlife Population
Assessment Report. Technical report to Wisconsin Department of Natural Resources, Office of
Great Waters, 2300 N. Dr. Martin Luther King Jr. Dr., Milwaukee, WI 53212. 4 chapters with
appendices.

Casper, G.S. and Robson, J.L. 2018. Milwaukee Estuary AOC Bats, Breeding Birds, Herptiles,
Crayfish, Mammals, and Mussels Checklists.

Casper, G.S., Robson, J.L and Glasford, R. 2018. Chapter 3.1 Breeding Birds. 1-43: 7
appendices. In Casper, G.S. and Robson, J.L. 2018. Milwaukee Estuary Area of Concern
Wildlife Population Assessment Report. Technical report to Wisconsin Department of Natural
Resources, Office of Great Waters.

Casper, G.S. and Niemiller, M.L. 2018. Chapter 3.3 Bat Community Assessment. 1-43: 4
appendices. In Casper, G.S. and Robson, J.L. 2018. Milwaukee Estuary Area of Concern
Wildlife Population Assessment Report. Technical report to Wisconsin Department of Natural
Resources, Office of Great Waters.

Casper, G.S., Robson, J.L., Glasford, R., Mittermaier, B. and Kroening, K.M. 2018. Chapter 3.4
Mammals. 1-46: 4 appendices. In Casper, G.S. and Robson, J.L. 2018. Milwaukee Estuary
Area of Concern Wildlife Population Assessment Report. Technical report to Wisconsin
Department of Natural Resources, Office of Great Waters.

Casper, G.S., Robson, J.L and Glasford, R. 2018. Chapter 3.5/3.6 Amphibians and Reptiles. 1-
62: 3 appendices. In Casper, G.S. and Robson, J.L. 2018. Milwaukee Estuary Area of
Concern Wildlife Population Assessment Report. Technical report to Wisconsin Department of
Natural Resources, Office of Great Waters.

Casper, G.S. and Robson, J.L. 2018. Chapter 9 Crayfish. 1-25: 3 appendices. In Casper, G.S.,
Robson, J.L., Glasford, R., Mittermaier, B., Kroening, K.M. 2018. Milwaukee Estuary
Area of Concern Wildlife Population Assessment Report. Technical report to Wisconsin
Department of Natural Resources, Office of Great Waters.

Casper, G.S. and Robson, J.L. 2018. Chapter 10 Mussels. 1-37: 3 appendices. In Casper, G.S.
and Dare, J.M. 2018. Milwaukee Estuary Area of Concern Wildlife Population Assessment
Report. Technical report to Wisconsin Department of Natural Resources, Office of Great
Waters.
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Decision Tree Process for BUl Removal of Loss of Fish and Wildlife Habitat &
Degradation of Fish and Wildlife Populations

Following implementation of management actions, verification monitoring will occur to
determine if metrics are achieved. With verification monitoring results as the basis for
GLVFXVVLRQ WKH IROORZLQJ 3GHFLVLRQ WUHH™ DSSOLHV

Have all management actions been implemented?

Are we meeting the BUI removal target(s)?

AND

YES

l

Begin the BUI remov@rocess

Factors that will be considered when
evaluating options include but are not
limited to:

- How close are we to meeting the
BUI metrics?

o E.g., How many of the 21 are n(
meeting goals?

0 How close (or far away) is each
individual metric from meeting
its goal?

- Are factors beyond the scope of th
AOC program, and/or beyond our
ability to control within the region,
(e.g., climate change, invasiv
species, disease epidemics,
atmospheric deposition of
contaminants, population losses o
wintering grounds, etc.), potentially
influencing the metrics significantly

v

v

WDNR will consult with the Fish and Wildlife Tech
Team to evaluate the following options:

Option 1: Gather additional
information to explore possible
reasons this may be occurring.

Option 2: Update target(s) and/or
metrics based on new information.

Option 3: Consider if additional
(achievable, cost-effective) actions
would result in achieving the target(s)

The technical team may provide a formal
recommendation in writing to WDNR.

WDNR will determine the path forward with strong
lve] & 8]}v (}& 82 § Zv] o §
perspectives and any formal recommendations.
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Degradation of Fish and Wildlife Populations Project Summaries
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Degradation of Fish and Wildlife Populations
Project Summary

Project Title:Enhancements to City of Mequon Parks and Ozaukee Washington Land Trust (OWLT) Ville
du Parc Property

Project LocationRiverview Park, Villa Grove Park, Scout,fRivler Forest Nature Preserve, Shoreland
Nature Preserve, Willow Bay Nature Prese@@/LT Ville du Parc (VdP) Property

Project Sponsor(s)City of Mequon and Ozaukee Washington Land Trust
Project Landowner(s)City of Mequon, Ozaukee Washington Land Trust, Inc.

Background

Large habitat areas in the Milwaukee Estuary Area of Concern (AOC) that support a diverse number of
fish and wildlife are unique and dispersed throughout the region. Through the recentsetfh

determine management actions for the Degradation of Fish and Wildlife (F&W) Popsl8geneficial

Use Impairment (BUI) by the Milwaukee Estuary AOC Fish and Wildlife Technical Advisory @ommitte
(Tech Team), this stretch of the Milwaukee River has been determined as a key location in the
Milwaukee Estuary AOC that provides important habitat for many fish and wildlife ind&jeacies. The
process by which the F&W Tech Team determined management actions for the Degradation of F&W
Populations BUI included a rigorous selection of high priority projects in the Milwaukee E&@@rio
address this BUI. This site was determined to be extremely important for semi-aquatic habitat
associated species. This project site provides important habitat breeding and migratory birciatasso
with forest and wetland habitat. This project area also supports a wide variety of indicator mdamm
species, which is unique for the Milwaukee Estuary AOC.

City of Mequon Parks

The City of Mequon parks along the Milwaukee River stretch over a long, primary envitahmen
corridor in the Milwaukee Estuary Area of Concern (AOC) that support a diverse number of fish and
wildlife that are unique and dispersed throughout the region. This area on the Milwaukeedrovides
important floodplain forest, shrubland, grassland, wetland and aquatic habitat for many indicator
species in the Milwaukee Estuary AOC.

OWLT Ville du Parc (VdP) Property

OWLT VdP is one of the sites for this management action and carrying out thisgadgpoject will

enable informed implementation of enhancements to habitat that will address portions of the

Degradation of F&W Populations BUI goals and metfiibss 19-acre property is owned by OWLd an

was designated by the Southeastern Wisconsin Regional Planning Commission (SEWRPC) as an Aquatic
Area of Local Significance (AQ-3). The property was last surveyed in 1996 for vegetdatibrshowed

a variety of grassland and wetland habitat types, including 10-acres of shallow marsh, southern sedg
meadow, disturbed wet meadow, shrub-carr and southern wet-mesic lowland hardwood.

Collaboration with Partners

The City of Mequon is working with several partners on various aspects of park improverdent an
planning along the Milwaukee River and throughout their park system. ®bthese partners are
(& ] wgredips, and others are non-profit organizations involved with restoration projects aratirgs
throughout the County. In 2019, the City of Mequon revised their ComprehensiveReaneation and
Open Space Plan, which was previously completed in 2014 and is updated every fiv€hisgign
aims to address goals and objectives of the park system. Partners that play an important@akeukee
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Project Summary

County and this section of the Milwaukee River inclumg,are not limited to, Ozaukee County Planning
and Parks (OCPP), Milwaukee Metropolitan Sewerage District Greenseams Program, Ozaukee
Washington Land Trust (OWLT), Milwaukee River Advisory Committee and Milwaukeedpiaerke

Proposed Work

Plan and implement projects that are proposed through respective locatioedbasnagement plans,
while addressing portions of the Degradation of Fish and Wildlife BUI in the Milwaukee Est@amaA\O
part of this process, most of these sites were surveyed by the University of Wisddviimaukee Field
Station (UWMFS) during an AOC-wide populations study. Results from this work proypdeizhirn
information about species and habitat found along this section of the Milwaukee &ixgior.

Potential enhancements to benefit fish and wildlife populations in this area include remowaksfie
species, floodplain forest stand improvements due to loss of ash trees, improvemdmstéal savanna
and grassland habitat, enhancements to fruit- and/or nut-bearing shrubs, preservation and
enhancements to ephemeral wetlands, maintenance of aquatic buffer zones, and shoreline and
connectivity enhancements to provide higher quality fish habitat.

Estimated Timetable and Duration (Calendar Year)

Planning: Q1 2021 Q2 2022

x Design and Permitting: Q3 202232 2023

x Construction/Implementation: Q3 2028Q4 2024

X Maintenance and Vegetation Establishment: Q1 2023 2028

x

Estimated Project Budget & Funding
The total project costs for this project are approximately $1.9M.

Criteria for Measuring Project Goals are Met (Qualitative and/or Quartiia)

The overall goals of this project are to address the metrics that were set for the Milwaukee Es@ry
In doing so, the project will meet all three goals below (highlighted in greendtama measures of
success by an AOC-wide verification monitoring effort:

1. Improve the quality of terrestrial habitat types (forest, wetland, shrubland, grassland, semi-
aquatic, upland/grassland) to support a better population of wildlife indicator species:
X Species and area of exotic invasive species removed
X Amount (area or number) of native species planted to benefit wildlife indicator species
x Number and species richness of wildlife indicator species found representing breeding
behavior for consecutive years
X Amount (area) of habitat types created, enhanced and/or protected
2. Improve the quality of aquatic habitat to support a better population of fish indicator species:
x Amount (length or area) of fish habitat established or enhanced in the upper reaches of
the Milwaukee and Menomonee Rivers for lake sturgeon and northern pike,
respectively
x Amount (length or area) of fish habitat established or enhanced for indicator and sub-
indicator species
3. Improve connectivity between fish and wildlife populations by improving sizeeandecting
gaps or barriers of habitat types:
x Amount (length or area) of fish habitat or stream channel enhanced or restored
x Amount (length) of corridor habitat improved or reconnected
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Fish and Wildlife Metrics Addressed by Project

Assessments that are referenced in 2820 Removal Target Updatfes the Milwaukee Estuary Area of
Concerninclude those that were completed as part of the planning process. Metrics were reviewed and
agreed upon by the Tech Team to determine necessary steps and projects to remove this BUI. This
project will take part in addressing certain aspects of following metrics:

Upper Milwaukee Estuary AOC
(Upstream of Humboldt Avenue on the Milwaukee River to Bridge Road on@edkr Upstream of N 25th
Street on the Menomonee River to Brown Deer Road on the Little MenerRover; No upper reach for the
Kinnickinnic River)
X Presence of the indicator species, lake sturgeon, utilizing spawning habitat in the upper reaches
of the Milwaukee River
X V}IAEoou vAopu (E}u oo A EuA § E /_/}<Eu %D vEBSHF ESAI}( ~
the upper reaches of the Milwaukee River
Breeding Birds
X At least 9 sites in the AOC support at least 3 breeding bird indicator species for each habitat type
(Forest, Wetland, and Shrubland)
X At least 6 sites in the AOC support at least 2 grassland breeding bird indicator species
X At least 9 sites in the AOC support at least 1 Airspace/Urban breeding bird indicator species
Herptiles/Crayfish
X At least 30 sites in the AOC support at least 2 semi-aquatic guilds (Crayfish, Salamanders, Frogs,
Turtles).
0 Atleast 10 sites support at least one crayfish species
0 Atleast 15 sites support at least one frog species
0 At least 6 sites support at least one turtle species
X At least 15 sites in the AOC support at least 2 upland/grassland habitat species of snakes
Mammals
X At least 10 sites in the AOC support at least 2 mammal indicator species for each habitat type
(Forest and Wetland)
X At least 5 sites in the AOC support at least 1 grassland mammal indicator species

Project Rationale/Why Critical for BUI Removal

The process by the Milwaukee Estuary AOC Tech Team to determine management actions for the
Degradation of Fish and Wildlife Populations BUI included a rigorous selection pfibigy projects in

§Z DJ]oA pul Su EC K 8§} E +¢ 3Z]s h/X dZ]s BUUEZ|PZE K EB®]|SC -
project in the AOC. Out of the original 120 projects that were vetted by the Tech Teamsf8iUI, only

15 (or 12.5%) were deemed Tier 1, high priority. It was determined to be extremelytampfor semi-
aquatic habitat associated species. The large size of this project site provides important habitat for all
breeding and migratory birds, but specifically those associated with forest and wetland habitat. This
project area also supports a wide variety of indicator mammal species (bats included) jsunichue

for the Milwaukee Estuary AOC. It is well connected to the Milwaukee River corrida amaaject

that will greatly help meet the wildlife metrics for BUI removal.
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Necessary Project Elements
Elements for this project include:
X An invasive species and vegetation management plan with provisions made for long term
implementation
X A conservation easement or equivalent for permanent protection of this site
X A conservation plan or equivalent that addresses the habitat goals of the associated
parks/properties and the population goals for this stretch of the Milwaukee Estuary AOC
x Stakeholder and public input during all phases of the project
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Degradation of Fish and Wildlife Populations
Project Summary

Project Title:High Priority Milwaukee River Greenway Parks

Project LocationMilwaukee River Greenway: MKE River Parkt@gction 5, Riverside Park, Gordon
Park, Pleasant Valley Park, Kern Park, Hubbard Park, Lincoln Park

Project Sponsor:Milwaukee County Parks (MCP)
Project Landowner(s)Milwaukee County, Village of Shorewood

Background

The Milwaukee River Greenway is a long, contiguous seven-mile corridor (628 acresawff)arkihe
lower portions of the Milwaukee River in need of enhancements in order to improve astalished
refuge for diverse fish and wildlife (F&W) populations. There are 10 parks, containing a madidx of 2
acres of natural habitat, that make up the complexity of the Greenway, of which all but one, Hubbard
Park, is owned by Milwaukee County Parks. These include (upstream to downstream): larikcoln P
Estabrook Park, Hubbard Park, Kern Park, Pleasant Valley Park, Cambridge Woods, Gordon Park,
Riverside Park, Milwaukee River Parkwi&ection 5. All these parks except for Estabrook Park and
Cambridge Woods were determined to be a high priority for enhancements to address the Degradation
of F&W Populations BUI. This vital urban environmental corridor along the MilwaukerepRavides
important floodplain forest, upland forest, shrubland, wetland, and aquatic habitat for a diverse
assemblage of F&W. The corridor also acts as a critical location for migratory species that are using
these habitats during spring and autumn.

In the lower portions of the Milwaukee River Greenway, there are floodplains that were historically
under water when the North Avenue dam was still in place. When the dam was removed in 1997 the
water was lowered and settled into a more streamlined channel leaving contaminated sedimehe
floodplain. Some of the parks that are part of this restoration project have designated floodplains where
contamination was found as part of the current AOC-wide Great Lakes Legacy Act (GLLA) project
agreement for feasibility (FS) and remedial design (RD). These include (upstream to downstream):

Kern Park

Pleasant Valley Park

Gordon Park

Riverside Park

Milwaukee River ParkwaySection 5

X X X X X

Collaboration with Partners

Milwaukee County Parks is working with several partners on various aspects of park improvement and
planning along the Milwaukee River Greenway. These partners, Urban Ecology Center (UEC), River
Revitalization Foundation (RRF), and others are non-profit organizations that are inwittved

restoration projects and initiatives throughout the County. Recently, RRF, UEC, and MCP completed
biodiversity surveys in the Greenway, informing the development of a larger Greenway habitat plan.
This work, in combination with an AOC-wide, comprehensive fish and wildlife population styzbd hel
inform the necessary steps to address population impairments in the Milwaukee Estuary AOC. Other
partners that play an important role in the Greenway include but are not limited to tlea&woNature
Preserve, Village of Shorewood, Milwaukee Metropolitan Sewage District (MMSD), and Milwaukee
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Riverkeeper. The project landowner for the majority (98%, 618 out of 628 acres) of these pagks alo
the Greenway, Milwaukee County, has previously and continues to play an important role in
implementing management actions for BUIs in the Milwaukee Estuary AOC.

Proposed Work

This project will plan and implement recommended activities that are proposed to be acsbatpin
these parks through a corridor wide management plan, while addressing portions of the fish difd wild
populations BUI in the Milwaukee Estuary AOC that best represent improvements of the impacted
populations. As part of this process, these sites have been surveyed previously by Milwaukge Co
Parks many of the previously listed partners, and contractors. Results from this wildlife wtggtative
inventories, and habitat determinations and on-going park surveys provided imponfantiation

about species and existing habitat found along the greenRagommended enhancements to benefit
fish and wildlife populations in this area include but are not limited to the remoflvaivasive species
(plants only); upland and lowland forest stand improvements that restore the canopyasupy, and
herbaceous layer of the degraded woodlands found within this corridor within an engotoasards
planting fruit and nut bearing species;, improvements to the limited savanna and grassland habitat
through prescribed burns, enhancement seedings, and woody vegetation removal; Enhate@men
ephemeral wetlands and creation of potential additional ephemeral wetlands as part of the sediment
remediation in the floodplain flats, maintenance of aquatic buffer zones through selective and
appropriate reforestation of floodplain areas, and shoreline enhancements to prowgtierhguality fish
habitat.

Estimated Timetable and Duration (Calendar Year)

Planning: Q1 2020 Q2 2021

x Design and Permitting: Q3 202104 2022

x Construction/Implementation: Q1 2028Q4 2024

X Maintenance and Vegetation Establishment: Q1 20Zx 2028

x

Estimated Project Budget & Funding
The total project costs for this project are approximately $2.8M.

Criteria for Measuring Project Goals are Met (Qualitative and/or Quartiia)

The overall goals of this project are to address the metrics that were set for the Milwaukee EsQ@ry
In doing so, the project will meet all the goals below (highlighted in green)raowd sieasures of
success by an AOC wide verification monitoring effort:

1. Improve the quality of terrestrial habitat types (forest, wetland, shrubland, grassland, semi-
aqguatic, upland/grassland) to support a better population of wildlife indicator species:
X Species and area of exotic invasive species removed
X Amount (area or number) of native species planted to benefit wildlife indicator species
X Number and species richness of wildlife indicator species found representing breeding
behavior for consecutive years
X Amount (area) of habitat types created, enhanced and/or protected
2. Improve the quality of aquatic habitat to support a better population of fish indicator species:
x Amount (length or area) of fish habitat established or enhanced in the upper reaches of
the Milwaukee and Menomonee Rivers for lake sturgeon and northern pike,
respectively
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x Amount (length or area) of fish habitat established or enhanced for indicator and sub-
indicator species
3. Improve connectivity between fish and wildlife populations by improving size antecting
gaps or barriers of habitat types:
x Amount (length or area) of fish habitat or stream channel enhanced or restored
x Amount (length) of corridor habitat improved or reconnected

Fish and Wildlife Metrics Addressed by Project

Assessments that are referenced in @20 Removal Target Updaties the Milwaukee Estuary Area of
Concerninclude those that were completed as part of the planning process. Metrics were reviewed and
agreed upon by the Tech Team to determine necessary steps and projects to remove this BUI. This
project will take part in addressing certain aspects of following metrics:

Upper Milwaukee Estuary AOC
(Upstream of Humboldt Avenue on the Milwaukee River to Bridge Road on@edkr Upstream of N 25th
Street on the Menomonee River to Brown Deer Road on the Little MenerRdrer; No upper reach for the
Kinnickinnic River)
X Presence of the indicator species, lake sturgeon, utilizing spawning habitat in the upper reaches
of the Milwaukee River
x Anoveralm v A op (E}u 00 A EuA § E /| » u%o]vRE (pEEnili( ~'}} _
the upper reaches of the Milwaukee River
Breeding Birds
X At least 9 sites in the AOC support at least 3 breeding bird indicator species for each habitat type
(Forest, Wetland, and Shrubland)
X At least 9 sites in the AOC support at least 1 Airspace/Urban breeding bird indicator species
Herptiles/Crayfish
X At least 30 sites in the AOC support at least 2 semi-aquatic guilds (Crayfish, Salamanders, Frogs,
Turtles).
0 Atleast 10 sites support at least one crayfish species.
0 Atleast 15 sites support at least one frog species.
0 At least 6 sites support at least one turtle species.
X At least 15 sites in the AOC support at least 2 upland/grassland habitat species of snakes.
Mammals

X At least 10 sites in the AOC support at least 2 mammal indicator species for each habitat type
(Forest and Wetland)

Project Rationale/Why Critical for BUI Removal

The process by the Milwaukee Estuary AOC Tech Team to determine management actions for the
Degradation of Fish and Wildlife Populations BUI included a rigorous selection pfibigy projects in

§Z DJ]oA pl Sy EC K 8§} E oo 3Z]s h/X dZ]s %UEZ|PZ K EJB®]SC -
project in the AOC. Out of the original 120 projects that were vetted by the Tech TednsfBiUI, only

15 (or 12.5%) were deemed Tier 1, high priority. It was determined to be importantrforaspiatic

habitat associated species. The large size of this project site provides important habitat for forest and
wetland breeding birds and mammals (bats includd@djs project is well connected to the Milwaukee
River corridor and due to the goals, as well as metrics that it addresses, will greatly asisemoval

of this BUI. It also builds off all the work such as invasive species removals, refonsstatéscribed

burns, sediment contamination removal, prairie planting, and ephemeral wetland creatibhdsaeen

3
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undertaken over the last 10 years within the Greenway. This clearly shows that this project area has a
diverse partnership base that has already invested significant resources within the larger habitat
restoration project as resources have allowed.

Necessary Project Elements
Elements for this project include:
X An invasive species and vegetation management plan with provisions made for long term
implementation and management
X A conservation easement or equivalent for permanent protection of this site (i.e. non-
developable land, zoned parkland)
X A conservation plan or equivalent that addresses the habitat goals of the associated parks and
the population goals for this stretch of the Milwaukee Estuary AOC
x Stakeholder and public input during all phases of the project
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Project Title:Estabrook Falls and Fish Passage Improvements

Project LocationFormer North Avenue Dam to Estabrook Falls on the Milwaukee River
Project Sponsor:Milwaukee Metropolitan Sewerage District (MMSD)

Project Landowner:Milwaukee County

Background

Between 1870 and 1940 over 2-miles of the lower Milwaukee River were mineenfant production,

widened and deepened for flood control. A dam was constructed resulting in a shallow and silt-laden

103 acres impoundment. Dredge spoils were used to fill 150 acres of flood@dand for park and

road construction or inundated by the impoundment. Over 1 mile of deep meandering river habgat

lost and over 1 mile of channel is shallow pavement-like bedrock absent of fish cover. Thedjiaer

headwall (current Estabrook Falls) is a partial barrier to fish passage and access to spawning and nursery
habitat (Wawrzyn, 2014).

Following the removal of roughly 176,000 culaedg of contaminated sediment in Lincoln Park and its
vicinity, and removal of the Estabrook Park Dam in 20M8ilmaukee River Rehabilitation Alternatives
Analysis Technical Memorandusas completed in 2018 to look at alternatives for addressing these
impacts to fish habitat (Lee, 2018). This alternative analysis identified the following goals: derreasi
negative flood impacts; maximizing sustainability of the river reach with respect to sedimesporan
enhancing recreation opportunities; enhancing riparian landowner experience of the riveimizang
habitat requisites for fish and other wildlife populations; improving fish passage atreskaballs;
contribute to de-listing of Milwaukee Estuary AOC Beneficial Use Impairments (BUIs) related to
Degradation of F&W Populations and Loss of F&W Habitat (Lee, 2018).

Consistent with the goals for rehabilitating lake sturgeon populations in the Milwaukee River, thR WDN
located and quantified critical habitat and barriers to migration downstream and upstream of Estabrook
Falls and former Estabrook Park Dam abandoned and removed in 2018 (WDNR, 260i§joRce
emergent wetlands (e.g., marsh and wet meadow) once covered thousands of acres in the Milwaukee
Estuary and connecting rivers and were critical for various fish and wildlife life stages. Thiesel wet
cover types are currently absent in the estuary and lower river reaches. Some reaches of the former
Estabrook impoundment provide one of the best opportunities for rehabilitating eméngetiands for
phytophilic spawning fishes (i.e. northern pike) in close proximity to the MilwaukearisThe low-
gradient (0.3-0.59 m/km) and shallow (0.5-1.9 m) reaches upstream of the fampeundment are
dominated by silt, sand, and gravel substrate. These habitat features are near-optimum habitat for
larval/juvenile lake sturgeon (Daugherty et al., 2009).

Thus, fish passage along the Milwaukee River has been part of a larger initiative to allow native fish
species to move upstream for reproduction purposes and to build on previous investmengshyad
stakeholders in Milwaukee and Ozaukee County. This includes ongoing effortseviraghi solution for

fish passage at Kletzsch Park Dam, which was determined as a management action for the Loss of F&W
Habitat BUI. It also builds upon a fish bypass channel constructed at the Thiensville VillageePark;
removal of the North Avenue, Estabrook, Lime Kiln, and Chair Factory dams; the Semmagnioval

on Pigeon Creek; and the removal of numerous fish barrier culverts and other obstructions.
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During certain flow conditions on the Milwaukee River, native fish movememhiisited due to the
Estabrook Falls, and potentially restricts movement downstream at the ACM found in the stream reach
between the former North Avenue Dam and North Averaug at a historical wooden dam near
Chambers StreefAs a result, the Milwaukee Estuary AOC F&W Technical Advisory Committee (Tech
Team) established Estabrook Falls design and implementation, and investigation ahd@Wambers
Street Dam fish movement restrictions, as required actions for addressing the fish portion of the
population metrics for the Degradation of F&W Populations BUI. These three fish actionsundied

S}P SZ & v ] vs](] e N o3 (E}} & 00 VVEBIXZ W e« P /u% E}A u

Areas in the floodplain upstream of the former North Avenue Dam have prdyibasn determined to
contain contaminated sediments. Site investigation was completed in this area in 2019 anidoap
future feasibility study to look at the Milwaukee Rivdoodplains within the Milwaukee River
Downtown (MRD) reach from the former Estabrook Dam on the Milwaukee River to the confluigimce
the Menomonee River. While the planning study of the ACM movement restriction patitinis

project falls within the boundaries of the MRD Great Lakes Legacy Act (&hjed) igach, no sediment
characterization or remediation work will be completed as part of this project.

Collaboration with Partners

There will be collaboration between MMSD, DNR, Milwaukee County Parks, and other project

stakeholders, including but not limited to: River Revitalization Foundatidmaudkee Riverkeeper,

Milwaukee River Revitalization Group, Friends of Estabrook Park, and private landownerk theoug

life of the project to ensure its succe$dMSD and DNR will directly solicit input from Milwaukee County

Parks and the Tech Team as well as from the community through appropriate mutidie and

meetings. MMSD and DNR]Joo Z]PZo]PZ38 §Z % E}i S$[ %o E péhEffores.TReE Pz A E]
may include AOC newsletters, GovDelivery list serve updates, social media, webpages, andafradition

media

Proposed Work

Estabrook Falls

This waterfall is an artificial relic of the historic mining of the limestone bedrock invided about

100 years ago. Fish movement enhancements at Estabrook Falls will build off the current andspreviou
GLRI work invested in fish passage upstream at the Kletzsch and Estabrook Park Damsgedtitirst

this project were investigated as part of a MMSD project with a brief analysis completed tat limok

The Milwaukee River Rehabilitation Alternatives Analysis Technical Memoradopteted in 2018

(Lee, 2018). The goal for this project site is to plan, design, and implement improvemésts

movement restrictionsat Estabrook Falls.

Articulated Concrete Matting (ACM)
ACM was originally placed in selected areas in the floodplain and the entire bed ofeéhbetween the
former North Avenue Dam and North Avenue to protect the riverbed and shoreline when the former
North Avenue dam was removed. When the ACM was placed in the riverbed and the former North
Avenue dam was removed, the river was no longer a wide, low flow river above the dam. It now
. e« SZE}IUPZ AZ 3 u}+s 51 Z}o E+ 00 18X MENIhEdse8gd PUE T v
noticeale deterioration immediateo C (3§ & §Z U E ulA o]vsEZ o3 EOBI[PEZXS A »
This had the potential to cause fish movement restrictions due to velocity issues as wellessin ar
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where ACM had been found to be deteriorating. The goal for this project site is to completerdng
study that would involve developing and evaluating three feasible alternatives for thecparea. A no
action alternative would be included as one of the three alternatives if no fish movement restrici®on
found. Next steps for this project site will be determined based on evaluation of altezsativ

Chambers Street Dam

The Chambers Street Dam was originally constructed in the early 1850s to harvest itkefrom
Milwaukee River for refrigeration and drinking purposes. Since it was shut down in the 19@Bs, it h
been decommissioned and portions of the original wooden dam structure remains. This has the
potential to cause fish movement restrictions due to velocity issues as well as the remainoigrssu
on both sides of the shoreline. The goal for this project site is to complete a plannéhgtlsat would
involve developing and evaluating three feasible alternatives for the project Area action alternative
would be included as one of the three alternatives if no fish movement restriction was folexd steps
for this project site will be determined based on evaluation of alternatives.

Estimated Timetable and Duration (Calendar Year)
x Planning: Q1 2020 Q4 2020
x Design and Permitting: Q1 202101 2022
X Construction/Implementation: Q2 2022Q2 2024
X Maintenance and Vegetation Establishment: Q3 2022 2026

Estimated Project Budget & Funding
The total project costs for this project are approximatkB5sM.

Criteria for Measuring Project Goals are Met (Qualitative and/or Quantiva)

The overall goals of this project are to address the metrics that were set for the Milwaukee Es@ry
In doing so, the project will meet thevo goals below (highlighted in green) and show measures of
success by an AOC wide verification monitoring effort:

1. Improve the quality of terrestrial habitat types (i.e. forest, wetland, shrubland, grassland, semi
aquatic, and upland/grassland) to support a better population of wildlife indicator species:
X Species and area of exotic invasive species removed
X Amount (area or number) of native species planted to benefit wildlife indicator species
X Number and species richness of wildlife indicator species found representing breeding
behavior for consecutive years
X Amount (area) of habitat types created, enhanced, and/or protected
2. Improve the quality of aquatic habitat to support a better population of fish indicator species:

x Amount (length or area) of fish habitat established or enhanced in the upper reaches of

the Milwaukee and Menomonee Rivers for lake sturgeon and northern pike,
respectively

x Amount (length or area) of fish habitat established or enhanced for indicator and sub-
indicator species

3. Improve connectivity between fish and wildlife populations by improving size antecting
gaps or barriers of habitat types:
x Amount (length or area) of fish habitat or stream channel enhanced or restored
x Amount (length) of corridor habitat improved or reconnected
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Fish and Wildlife Metrics Addressed by Project

Assessments that are referenced in @20 Removal Target Updatis the Milwaukee Estuary Area of
Concerninclude those that were completed as part of the planning process. Metrics were reviewed and
agreed upon by the Tech Team to determine necessary steps and projects to remove this BUI. This
project will take part in addressing certain aspects of following metrics:

Upper Milwaukee Estuary AOC
(Upstream of Humboldt Avenue on the Milwaukee River to Bridge Road on Geslari@ystream of N
25th Street on the Menomonee River to Brown Deer Road on the Little MeeerRarer; No upper reach
for the Kinnickinnic River
X Presence of the indicator species, lake sturgeon, utilizing spawning habitat in the upper
reaches of the Milwaukee River
X VA Eoou vAou (E}u oo A EuA § E /_/}<EU%DIVE 3(Z}IES-
good (i.e. 51-65) in the upper reaches of the Milwaukee River

Project Rationale/Why Critical for BUI Removal

The process by the Milwaukee Estuary AOC Tech Team to determine management actions for the
Degradation of Fish and Wildlife Populations BUI included a rigorous selection pfibigy projects in

the Milwaukee Estuary AOC to address this BUI. This projectivag | e Nd] Ei_U Z]PZ % E]}E
project in the AOC. Out of the original 120 projects that were vetted by the Tech Tedmsf8tUI, only

15 (or 12.5%) were deemed Tier 1, high priority. It was determined to be important fouafish

indicator species (i.e. northern pike, lake sturgeon, greater redhorse, and smallmouth bass). This projec

also scored the highest out of all 34 high priority projects for addressing natural reproduttaleo

sturgeon in the Milwaukee Estuary AOC; as a result, it is essential to meet the metrics to remove th
Degradation of Fish and Wildlife Populations BUI.

Necessary Project Elements
Elements for this project include:
x Operation and maintenance of the Estabrook Falls fish passage to allow continued usage by
Milwaukee Estuary AOC fish
X Vegetation maintenance plan for Estabrook Falls
x Stakeholder and public input during all phases of the project

References:

Daugherty, D.J., Sutton, T.M., Elliott, R.F. 2009. Suitability Modeling of Lake Stdedpita in Five
Northern Lake Michigan Tributaries: Implications for Population RehabilitdRiestoration
Ecologyl17(2): 245-25710.1111/].1526-100X.2008.00368.x

Lee, B. 2018. Technical Memorandum RE: Milwaukee River Rehabilitation Alternatives Analysi
Milwaukee River Rehabilitation Project. Glendale, Milwaukee County, WI. Prepared for:
Milwaukee Metropolitan Sewerage District.

Wawryzn, W. 2014. A Management Plan for Restoring a Sustainable Population of Nokkemtire
Milwaukee Estuary Area of Concern (AOC). Wisconsin Department of Natural Resources. 1-91.
https://dnr.wi.gov/topic/fishing/documents/publications/MilwaukeeRiverNorthernBikeport. pdf

WDNR, 2006. Lake Michigan Lake Sturgeon Rehabilitation.
https://dnr.wi.gov/topic/fishing/lakemichigan/LakeSturgeon.html
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Figure 1. Project reaches for Estabrook Falls and Fish Passage Improvements
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Figure 2. Historical photo before North Avenue dam was removed.

Figure 3. Photo after North Avenue dam was removed.
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Project Title:Aquatic Enhancements to the Outer Harbor

Project LocationNearshore Outer Milwaukee Harb@mNW corner of Outer Harbor near Art Museum &
Veterans Park; Summerfest Lagoon

Project SponsorTBD
Project Landowner:State of Wisconsin, City of Milwaukee, Port Milwaukee, Milwaukee County

Background

The outer harbor of the Milwaukee Estuary Area of Concern (AOC) is an important transitional habitat that
is the interface between the inner harbor and Lake Michigan. Sediment and nutrients are carried from the
three tributaries that converge in the inner harbor and discharged under the Hoan Bridge into the outer
harbor. The outer harbor encompasses many different types of habitats and varying depths. The largest
area of littoral zone habitat in the outer harbor is a 30-acre site in the northwest corner neérthe

Museum, at the center of two biological hotspots (the Summerfest Lagoon and Green Breakwall) that were
previously identified by Dow, 2018 and Geisthardt, 2017, respectively. This 30-acre site provides sparse
macrophyte growth, minimal rocky habitat, and shallowing depths. While there are shallow watesdegpth
9ft) in this location, sunlight penetration and muck substrate are not conducive for magmgrowth

with macrophytes currently present in small isolated patchess&solated patches of rock/stone and
macrophyte habitat cover types provide limit spatial connectivity between the Discovery
World/Summerfest Lagoon and Veterans Park/McKinley Marina/Green Breakwall areas. Isolated patches of
habitat may reduce fish colonization rates and recruitment. Wave action may also be théuatortid

reduced macrophyte growth and sedimentation by fines over coarse substrates in this region.

The Summerfest Lagoon is a nursery habitat area that supports a large diversity of centrarchid species
(sunfishes) which, throughout the year, have been found foraging on the outer harben Breakwall site
(Figure 1; Geisthardt, 2017). The route in which these centrarchids travel to the Green Breakwall is
unknown, but it is believed that they follow the shoreline stretching from Discovery Wokleterans

Park. The existing features between these two locations is lacking in cover and provides a unigue
opportunity to increase near-shore, open water rock/stone and macrophyte habitat cover ayypkkabitat
connectivity to benefit multiple life stages of many species in the outer harbor.

The eastern shoreline of the Lagoon is supported by a shallow, sloping shoreline witladgoawning

Z 1838 v }A E (JE *puv(]*Z X ,}JA A EU 5Z @ G} Q] BFVv wE}F $Z & PHA
steep slope on the western shoreline. Currently, fishes that utilize this shoreline are reprpduciap of

armor stone and dead quagga mussels. However, this habitat is not optimal and the introduction of more

cover and substrate to help support better reproduction and recruitment is preferred. To further enhance

this biological hotspot, better connecting the eastern and western shorelines will allovofiabye

between different cover types and take advantage of both shorelines.

This Lagoon is well connected to Lake Michigan and often experiences temperature fluctuations due to
seasonal changes and abrupt events (i.e. upwelling and seiche) in the outer harbor as well as significant
water level fluctuations. For example, as of July 11, 2019, Lake Michigan water le\ets aerelevation

of 582 ft IGLD, which is 2.6 ft above the long-term monthly average for July (USA@E[r2Gomparison,

the record low of 576 ft was during the winter of 2012-2013 (USGS, 2019). A new spawnidgsigaa

must take into consideration these resiliency impacts and changes as part of project design.
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early detection team conducted surveys in the lower Milwaukee Estuary AOC. A total of 3GRiaddivi

points were surveyed using a variety of gears including Gillnets, paired fyke nets, cloverleaf traps, and day

and nighttime boat electrofishing. A total of 13,273 fish representing 58 species were surireteel

boundaries of this project, a total of 13 individual points were surveyed in the projectragptember of

fiioU 1ii6 v 1116 v pPPue3d }( 1116 C SZVANARA ["%pn B} EoC 3§ 3§]}v &
using a variety of gears (Figure 3). Combining the results of all gear types, a totB® dsB&epresenting

35 different species were surveyed. These were dominated by white sucker (23.7% of total fish caught),

round goby (14%), rock bass (12.4%), and yellow perch (10.5%), followed by @eWife largemouth

bass (7.6%), spottail shiners (6.5%), gizzard shad (6.3%), and bluegill (3.5%). Indicator specied 18%de u

of the total catch, dominated by smallmouth bass (1.1%) which were sampled in the amber ria

electrofishing in August and September. A total of 9 lake sturgeon were sampled ingilineys between

the break wall and outer harbor. Sub-indicator species represented 66% of the total catch and were

dominated by rock bass, yellow perch, largemouth bass, and spottail shiners (see percentages above).

Through the recent efforts to determine management actions for the Degradation of Fish andewildli
Populations Beneficial Use Impairment (BUI) by using available data, the Milwaukee Estuary AOC Fish and
Wildlife Technical Advisory Committee (Tech Team) have determined these sites@sakiens in the

Milwaukee Estuary AOC outer harbor that requires enhancements to benefit many fish indicator species.

Collaboration with Partners

The Wisconsin Department of Natural Resources (WIDN#RInning on determining the best course of

action for planning, design, and implementation of this project. Stakeholders that haverbasdved with
watercourse projects in the past for the Milwaukee Estuary AOC include the Milwaukee Metopolit
Sewerage District (MMSD), as well as the U.S. Army Corps of Engineers (I &A@Rortant for the
Wisconsin Department of Natural Resources (WDNR) to bring all stakeholders and partners inviblged to
table to discuss the improvement of fish nursery habitat and connectivity at these twodpsati the

outer harbor. These stakeholders include but are not limited to: Port Milwaukee/adilee County Parks,
UW-Milwaukee, Friends of Lakeshore State Park, Summerfest, Milwaukee Art Museum, Discovery World,
and the Western Lake Michigan Working Grolipere are multiple project landowners through lakebed
grant leases and navigational structures for these sites: State of Wisconsin, City of Milwaukee, Milwaukee
County, and USACE.

Proposed Work
Objective 1: Construction of aquatic habitat enhancements at Summerfest Lagoon.

Planning and design at the site is currently being led by the University of Wisconsin-Milvgalices of
Freshwater Sciences through a grant from Fund for Lake Michigan and the contractor Ramimll Gro
(JEuU EoC K[ E] v~ "' E ~¢urfertlyadiZB0% desigre with starting to apply for permits and
having conversations with WDNR, the City of Milwaukee, and the Milwaukee Metropolitan Sewerag
District (MMSD) to see who the applicant and primary owner of the habitat feature woutthbetérm.

The current design of the project has a cost estimate of roughly $1.2M. One of the current unknowns for
this site is the potential of sediment contamination in the Summerfest Lagoon. Impacts to projelihém
and implementer may result from extent of sediment contamination discovered in 2020.

Enhancements to this biological hotspot in the outer harbor includes expansion spdwening zones on
the western portion of the Summerfest Lagoon. A shallower shoreline would allow for a bletper and
provide additional cover to enhance what is sub-optimal nursery habitat. Introductiomsky habitat
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here could be staged as tiers, or shelves, to allow similar slopes as an inland lake anoral@mdes in

lake level fluctuations. Native macrophyte root stock and woody structures wouldalptaced along

these shelves to provide more cover for fish. This project would also include betteeat@n from the

western shoreline to the eastern shoreline through rocky and woody cover in order to spread spawning
habitat around the Lagoon, instead of just in "pocket” locations. One of the primary issues withpthisfty
project is the seiche effect that impacts this area and the impact of ice cover damage to any habitat feature
protruding above water level.

Objective 2Planning and design of aquatic habitat enhancements for the 30-acre site Art Museum site,
with other funding sources being sought out for construction.

The existing habitat in the shallow zone on the northern portion of the outer harbo#if®3srovides a

unique opportunity to increase nearshore and open water rock/stone and macrophyte habitat types.

The desigmof additional rock/stone cover for fish habitat may include barrier-like islandsatisatreduce

storm surged wave impacts to macrophyte beds near the Art Museum. As an example, thedargeaoie
Terrell's Island on Lake Butte des Morts was constructed to protect aquatic plants and historicatisetlan
while reducing sediment resuspension. In lieu of this one barrier island, several small islands could be
implemented, similar to the eyebrow island in front of the Art Museum. To make sure nuisanedomat

do not use these locations as nesting sites, emergent aquatic and terrestrial vegetation would be
considered around the perimeters of the islands. Native macrophyte root stock could baydplasted in
clusters to increase plant diversity and abundance and serve as a source of seed stock for expansion
Certain underwater groynes, that branch off from the determined island structures, could also be placed in
the outer harbor, helping to increase the surface area of the rocky structure and allow for more fish cover.
In addition, armor stone placed along the bare bulkhead shoreline of Veterans Park wouldcbettect

the proposed habitat and the Green Breakwall. Investigations of this shoreline would be completed to
address any stability issues.

Estimated Timetable and Duration (Calendar Yea

TIMEFRAME DELIVERABLES COMPLETED

January 2021t June 2022 x Complete Summerfest Lagoon design

X Construction (pending sediment
characterization)

X Art Museum site planning

July 2022t December 2024 X Summerfest Lagoon maintenance and
vegetation establishment

X Art Museum site planning, feasibility and
design

x Potential Art Museum implementation

Estimated Project Budget & Funding

Project costs are currently estimated at $2 million for the completion of design@mstraction at
Summerfest Lagoon and $3 million for planning/design at the Art Museum site rdjeetdead for these
site(s) will supply updated figures and project budget timelines for the work.
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Criteria for Measuring Project Goals are Met (Qualitative and/or Quantiva)

The overall goals of this project are to address the metrics that were set for the Milwaukee Es@@ryn
doing so, the project will meet the two of the three goals below (highlightegtéen) and show measures
of success by an AOC wide verification monitoring effort:

1. Improve the quality of terrestrial habitat types (i.e. forest, wetland, shrubland, grassland, semi
aquatic, and upland/grassland) to support a better population of wildlife indicator species:
X Species and area of exotic invasive species removed
X Amount (area or number) of native species planted to benefit wildlife indicator species
X Number and species richness of wildlife indicator species found representing breeding
behavior for consecutive years
X Amount (area) of habitat types created, enhanced and/or protected
2. Improve the quality of aquatic habitat to support a better population of fish indicator species:
X Amount (length or area) of fish habitat established or enhanced in the upper reaches of the
Milwaukee and Menomonee Rivers for lake sturgeon and northern pike, respectively
x Amount (length or area) of fish habitat established or enhanced for indicatorw#nd s
indicator species
3. Improve connectivity between fish and wildlife populations by improving size antecting gaps
or barriers of habitat types:
x Amount (length or area) of fish habitat or stream channel enhanced or restored
x Amount (length) of corridor habitat improved or reconnected

Fish and Wildlife Metrics Addressed by Project

Assessments that are referenced in @20 Removal Target Updatis the Milwaukee Estuary Area of
Concernnclude those that were completed as part of the planning process. Metrics were reviewed and
agreed upon by the Tech Team to determine necessary steps and projects to remove this BUI. This project
will take part in addressing certain aspects of following metrics:

Lower Milwaukee Estuary AOC
(Downstream of Humboldt Avenue on the Milwaukee River; Downstream of N 25h@trhe Menomonee
River; Downstream of W Becher Street on the Kinnickinnic River)

X A 100% increase in relative population density in four indicator species (i.e. lake sturgeon,
northern pike, greater redhorse, and smallmouth bass)

X An increase of any magnitude in 80% of native sub-indicator families (i.e. suckers, minnows
and shiners, bullheads and catfishes, sunfishes, and perches) to be considered

Project Rationale/Why Critical for BUI Removal

To address this BUI, the process was completed by the Milwaukee Estuary AOC Tech Team ttedetermi
management actions for the Degradation of Fish and Wildlife Populations BUI. The pnotedsd a

rigorous selection of high priority projects i@t D]o A pl Sp EC K X dZ]e % E}i 8§ A« E
i U Z]PZ % E]}E]SC %uEdfitheSoriginal 220 plojects that were vetted by the Tech Team for
this BUI, only 15 (or 12.5%) were deemed Tier 1, high priority. It was determined to be imgortalht

four fish indicator species (northern pike, lake sturgeon, greater redhorse, smallmouth bass). This project
also scored the highest in all 34 high priority projects for benefiting sub-indicator fislefamis a result,

this project provides the greatest enhancements for fish habitat and populations in the lowealkee
Estuary and the outer harbor. These enhancements were also associated with having the best possibl
benefit score. This project is essential to meet the metrics in the lower Milwaukee Estuashés fi
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therefore, is included as one of the management actions for the Degradation of Fish and Wildlife
Populations BUI.

Necessary Project Elements
Elements for this project include:
x Follow all safety designations for public recreation and navigational purposes
Design must be buildable, acceptable to landowners, and permittable by regulatory agencies
Stakeholder and public input during all phases of the project
vZ v v A% v SZ "puu @EbcHdn andPvdalug for spawning fishes
Include coastal resilience aspects to these project sites to ensure continued usage by focal species
and the function of these enhancements
X Include submergent and emergent vegetation cover types
0 Shoreline vegetation should be selected to maximize food resources for migratory birds

X
X
X
X
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Figure 1. Taken from Geisthardt, 2017 to show the study area of the Pilot Green Bréakijeail.
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O

Figure 2. Project sites for Aquatic Enhancements to the Outer Harbor.
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Figure 3. (left) Densities of indicator species surveyed by the USFWS Aguatic Invasive Species earl
detection team in the Outer Harbor project area from 2016-2019. (right) Densities of diglatior
species. Project boundaries are outlined in black.
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Project Title:Havenwoods State Forest Rehabilitation

Project LocationHavenwoods State Forest

Project SponsorWisconsin Department of Natural Resources
Project Landowner:State of Wisconsin

Background

HSF is a quiet 237-acre urban state forest, but it has had an exciting and diverse background that has
resulted in challenges for habitat management. The history of this property includes family leaiest
from the mid-1800s transitioning to the Milwaukee County House of Coorein the early 1900s. An
Army Disciplinary Barracks, Nike Missile site, and city landfill soon followed. Progtagbanization

almost did away with Havenwoods. Thanks to a small group of citizens, community leaders, and public
officials working together, this land was set aside as a green space in the middle of a large urban
community. In 1979, the Department of Natural Resources began restoration of the area. Deae to th
disruption of the site over the past 150 years, the landscape is scarred and subject to habitat
degradation and loss to invasive species.

In 2016-2017, a strategic alignment in the DNR provided different programs the need to develop
statewide habitat and recreation priorities on state properties to focus limited resources and maximiz
habitat and wildlife impacts. These priorities were developed by using a list of predeterminethcrite
While HSF fell lower on this list due to current site conditions, these planning activitiéstarel
enhancements will greatly contribute to increasing habitat management priorities. In addition,
educational and recreation opportunities at HSF are currently the main drivers for propertjitydapi

the public. Increasing the accessibility and usability of the property through habitat enhanceménts wil
also develop better educational and recreational opportunities.

Habitat Priority Present at HSF
Oak Forest (specifically 1 Yest with more areas enhanced as part of this
regeneration/perpetuation) project
Oak Savanna/woodlands 1 Yes
Remnant and planted prairie in histori 1 Yest with more areas enhanced as part of this
prairie areas project
Forested Wetlands (bottomland 5 Yes
hardwoods, floodplain and ash forest)
Hardwoods 2 Yes
Yest Lincoln Creek is a NR 102, 104 Cool-War
Warmwater Streams 2
Headwater

HSF was determined as a management action for the Degradation of F&W Populations BUI in the
Milwaukee Estuary AOC. Carrying out this project will enable informed implementation enhemtsem

to habitat that will address portions of the goals and metrics as part of this BUI. The property was last
surveyed into habitat management stands as part of the forestry management plan. No recent surveys
have been done for the entire property to the extent that will be covered underghbject.
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Through recent efforts to determine management actions for this BUI by the Milwaukee Estuary AOC
F&W Technical Advisory Committee (Tech Team), this project was determined to address all three
overall outcome goals for this BUI and portions of 12 specific output metrics for theThA@Gite has

been surveyed previously by the University of Milwaukee Field Station (UWMFS) from 24 to
Results from this AOC-wide wildlife study provided important information about curremitbons of
habitat that support a variety of species found on this property. HSF was determined to beamgor
upland/terrestrial habitat for snakes and semi-aquatic habitat for frogs. This project scored the best
possible cost-benefit score, as well as scoring the highest in all 34 high priority projdmtaéfiting

from enhancements to all habitat associated breeding bird populations (forest, wetland agéhss|
shrubland and airspace/urban). This area within the AOC is also serves as a very important pyoperty f
supporting forest, wetland, and grassland mammals.

Collaboration with Partners

DNR will collaborate with important stakeholders to survey the property and to develogstoration
management plan for this property. Within DNR itself, collaboration between Office of Great Waters,
Parks, Forestry, Wildlife, and NHC staff will be necessary for project success.

Since the designation of HSF there have been many important local partnerships to help address issues
and maintenance on the property. In 1975, a local environmental organization calledt§equodli

Quality of Life (EAQOL) solidified their relationship to HSF land by collaborating with cdifems the

Friends of Havenwoods (FOH). The FOH organizational goals are as follows: 1) help restore land at
Havenwoods, 2) promote and enhance the use of Havenwoods as an environmental education facility,

3) provide space and opportunities for community participation, and 4) raise funds for thegasp

Over the course of FOH history, many citizens have joined and become active in its goals, and a few
members have even remained since the early days. Along with FOH, other partnerships include those of
Milwaukee Metropolitan Sewerage District (MMSD), Johnson Controls, and the local Sierrae@tub Gr
Waters Group.

Proposed Work

This project will plan, design, and implement recommendations that are proposed to bef plet

future restoration management plan for this property. This includes implementing the proposed
activities, while addressing portions of the Degradation of Fish and Wildlifelations BUI in the
Milwaukee Estuary AOC and to produce a design that best represents improvements of the impacted
populations. As part of this process, this site has been surveyed previously by University Milwaldkee Fi
Station (UWFS). Results from this wildlife study provided important information about species and
habitat found on this property. Potential enhancements to benefit fish and wildlife popukaiin this

area include removal of invasive species, forest stand improvements due to loss of ash trees, backwate
pond improvements, preservation and enhancements to ephemeral wetlands and maintenance of
aquatic buffer zones.

Estimated Timetable and Duration
x Planning: Q1 2020 Q4 2021
x Design and Permitting)1 2022t Q3 2022
x Construction/Implementation: Q4 2022Q3 2024
X Maintenance and Vegetation Establishment: Q1 2023 2027
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Estimated Project Budget & Funding
The total project costs for this project is approximately $1M.

Criteria for Measuring Project Goals are Met (Qualitative and/or Quantive)
The overall goals of this project are to address the metrics that were set for the Milwaukee Es@ry

In doing so, the project will meet the all the goals below (highlighted in gaashlhow measures of
success by an AOC wide verification monitoring effort:

1. Improve the quality of terrestrial habitat types (forest, wetland, shrubland, grassland, semi-
aquatic, upland/grassland) to support a better population of wildlife indicator species:
X Species and area of exotic invasive species removed
X Amount (area or number) of native species planted to benefit wildlife indicator species
x Number and species richness of wildlife indicator species found representing breeding
behavior for consecutive years
X Amount (area) of habitat types created, enhanced and/or protected
2. Improve the quality of aquatic habitat to support a better population of fish indicator species:
x Amount (length or area) of fish habitat established or enhanced in the upper reaches of
the Milwaukee and Menomonee Rivers for Lake sturgeon and Northern pike,
respectively
x Amount (length or area) of fish habitat established or enhanced for indicator and sub-
indicator species
3. Improve connectivity between fish and wildlife populations by improving size antecting
gaps or barriers of habitat types:
X Amount (length or area) of fish habitat or stream channel enhanced or restored
x Amount (length) of corridor habitat improved or reconnected

Fish and Wildlife Metrics Addressed by Project

Assessments that are referenced in 2@20 Removal Target Updatls the Milwaukee Estuary Area of
Concernnclude those that were completed as part of the planning process. Metrics were reviewed and
agreed upon by the Tech Team to determine necessary steps and projects to remove this BUI. This
project will take part in addressing certain aspects of following metrics:

Breeding Birds

X At least 9 sites in the AOC support at least 3 breeding bird indicator species for each habitat type

(Forest, Wetland, and Shrubland)
X At least 6 sites in the AOC support at least 2 breeding bird grassland indicator species.

X At least 9 sites in the AOC support at least 1 breeding bird airspace/urban indicator species.
Herptiles/Crayfish

X At least 30 sites in the AOC support at least 2 semi-aquatic guilds (Crayfish, Salamanders, Frogs,

Turtles).

0 Atleast 10 sites support at least one crayfish species.
0 Atleast 15 sites support at least one frog species.

X At least 15 sites in the AOC support at least 2 upland/grassland habitat indicator snake species.
Mammals

X At least 10 sites in the AOC support at least 2 mammal indicator species for each habitat type
(Forest and Wetland)

X At least 5 sites within the AOC support at least 1 grassland mammal indicator species.
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Project Rationale/Why Ciritical for BUI Removal

The process by the Milwaukee Estuary AOC Tech Team to determine management actions for the
Degradation of Fish and Wildlife Populations BUI included a rigorous selection gfibidggy projects in
§Z DJ]oA pl Su EC K 5§} E e+ 5Z] h/X dZ]s %UEZ|PZ M EBE®]SC
project in the AOC. Out of the original 120 projects that were vetted by the Tech TedmsfBiil, only
15 (or 12.5%) were deemed Tier 1, high priority. It was determined to be important for
upland/terrestrial habitat for snakes and semi-aquatic habitat for frogs. This project also scoreesthe
possible cost-benefit score and scored the highest in all 34 high priority projects fefitenfrom
enhancements to all habitat associated breeding bird populations. It was also found to beantgor
forest mammals. The project is required to meet our metrics for removing the Datipacbf Fish and
Wildlife Populations BUI.

Necessary Project Elements
Elements for this project include:
X Aninvasive species and vegetation management plan with provisions made for long term
implementation
X An ecological restoration management plan or equivalent that addresses the habitat goals of the
Havenwoods State Forest and the population goals for this site of the Milwaukee Estuary AOC
x Stakeholder and public input during all phases of the project
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Project Title:Wildlife Enhancements to Milwaukee County Grounds, Sanctuary Woods, MMSD Basins
and Hoyt Park

Project LocationArea adjacent to and surrounding Milwaukee County Grounds Park
Project Sponsor:Milwaukee County Parks and MMSD
Project Landowner:Milwaukee County and MMSD

Background

Large habitat areas in the Milwaukee Estuary Area of Concern (AOC) that support a diverse number of
wildlife and fish are unique and dispersed throughout the region. Through recent effoditérmine
management actions (MA) for the Degradation of Fish and Wildlife Populations Barnd§ei

Impairment (BUI) by the Milwaukee Estuary AOC Fish and Wildlife Technical Advisory Corniegtiee (
Team), this site has been determined as a key location in the Milwaukee Estuary AOC that provides
important habitat for many wildlife indicator species. This 165-acre site on the iMienee River and

near the confluence with Underwood Creek comprises important habitat for numerous indgjzores

in the Milwaukee Estuary AOC, as well as being a well-documented autumn roosting area for migrating
monarch butterflies. Important habitat areas at this site include upland grassland, forest, shtuatah
wetland/emergent marsh.

Collaboration with Partners

Milwaukee County is working with several partners on various aspects of park improvement and

planning at Milwaukee County Grounds Park, Sanctuary Woods, and Hoyt Park. Some of these partners
E (E] v o[ PE}u% -+ v-profitorganizatiens inyelved with restoration projects and

initiatives throughout the County. It is important to the Wisconsin Departmematfiral Resources

(WNDR) to bring all stakeholders, partners and the landowners (Milwaukee County and MMSD) with an

invested interest and involvement in this region to discuss the improvement of wildlife habitais

large site along the Menomonee River. These stakeholders include but are not limNé&shomonee

Valley Partners, Milwaukee Riverkeeper, Friends of Monarch Trail, The Park People, and the City of

Wauwatosa.

Proposed Work

This project will plan and design project opportunities that proposes what is to be accompbistiked
property. dZ % E}i $[e %o E } %adlmdié hpvorigliglung the proposed activities, while

addressing portions of the fish and wildlife populations BUI in the Milwaukee Estuary A{@CtsPro

should be designed in a way in which they can be sustained by project partners while best representing
improvements of the impacted populations. As a part of this process, this site has beeyesubyestaff

from the University Milwaukee Field Station (UWFS) and Milwaukee County Parks. Results from this
wildlife study provided important information about species and habitats found on toisepty.

Potential enhancements to benefit wildlife populations in this area include removal of selasive

species populations, grassland/savanna enhancements focused on increasing forb diversity, forest stand
improvements such as reforestation and wildlife shrub planting, basin improvements anget

associated wildlife potentially creating small standing water pockets in the largerstiagprovide
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structural variability in water depths, preservation and enhancements to ephemeral wetlands and
maintenance of aquatic buffer zones through the installation of native plants.

Estimated Timetable and Duration (Calendar Year)

Planning: Q1 2021 Q2 2022

x Design and Permitting: Q3 2022)2 2023

x Construction/Implementation: Q3 2028Q4 2024

X Maintenance and Vegetation Establishment: Q1 20Zx 2028

x

Estimated Project Budget & Funding
The total project costs from this project are approximately $3.2M.

Criteria for Measuring Project Goals are Met (Qualitative and/or Quantive)

The overall goals of this project are to address the metrics that were set for the Milwaukee EsQ@ry
In doing so, the project will meet thevo goals below (highlighted in green) and show measures of
success by an AOC wide verification monitoring effort:

1. Improve the quality of terrestrial habitat types (i.e. forest, wetland, shrubland, grassland, semi
aquatic, and upland/grassland) to support a better population of wildlife indicator species:
X Species and area of exotic invasive species removed
X Amount (area or number) of native species planted to benefit wildlife indicator species
x Number and species richness of wildlife indicator species found representing breeding
behavior for consecutive years
X Amount (area) of habitat types created, enhanced and/or protected
2. Improve the quality of aquatic habitat to support a better population of fish indicator species:
x Amount (length or area) of fish habitat established or enhanced in the upper reaches of
the Milwaukee and Menomonee Rivers for lake sturgeon and northern pike,
respectively
x Amount (length or area) of fish habitat established or enhanced for indicatorw#nd s
indicator species
3. Improve connectivity between fish and wildlife populations by improving size antecting
gaps or barriers of habitat types:
x Amount (length or area) of fish habitat or stream channel enhanced or restored
x Amount (length) of corridor habitat improved or reconnected

Fish and Wildlife Metrics Addressed by Project

Assessments that are referenced in @20 Removal Target Updatls the Milwaukee Estuary Area of
Concernnclude those that were completed as part of the planning process. Metrics were reviewed and
agreed upon by the Tech Team to determine necessary steps and projects to remove this BUI. This
project will take part in addressing certain aspects of following metrics:

Breeding Birds

X At least 9 sites in the AOC support at least 3 breeding bird indicator species for each habitat type
(Forest, Wetland, and Shrubland).

X At least 6 sites in the AOC support at least 2 breeding bird grassland indicator species.

X At least 9 sites in the AOC support at least 1 breeding bird Airspace/Urban species.
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Herptiles/Crayfish

X At least 30 sites in the AOC support at least 2 semi-aquatic guilds (Crayfish, Salamanders, Frogs,
and Turtles).
0 Atleast 10 sites support at least 1 crayfish species.
0 Atleast 15 sites support at least 1 frog species.
X At least 15 sites in the AOC support at least 2 upland/grassland habitat indicator snake species.
Mammals
X At least 10 sites in the AOC support at least 2 mammal indicator species for each habitat type
(Forest and Wetland).
X At least 5 sites within the AOC support at least 1 grassland mammal indicator species.

Project Rationale/Why Critical for BUI Removal

The process by the Milwaukee Estuary AOC Tech Team to determine MAs for the Degradation of Fish
and Wildlife Populations BUI included a rigorous selection of high priority projet¢ts Mitwaukee

Estuary AOCdZ]e % E}i § A « E vl e« Nd] €& i_U Z]P DukelEE}dhgiSal % E}i S ]
120 projects that were vetted by the Tech Team for this BUI, only 15 (or 12.5%) were deemed Tier 1,

high priority. The proposed enhancements are important for semi-aquatic and upland/grhésibitat
associated species. The site also contains 53 species of flora and fauna that the Milwaukee County Parks
(primary site owner) lists as priority conservation species within Milwaukee County. Thsilsegé this

project (165 acres) provides important breeding habitat for forest, wetland, and grasslktifevand

migratory habitat for monarch butterflies and 159 species of birds documented using the site as part of
their annual lifecycle. The opportunity to restore and manage the grassland and savanna habitat types is
extremely rare in the Milwaukee Estuary AOC due to existing woodlands and urban development. This
project scored the best possible cost-benefit score and scored the second highest in all 34 high priori
projects for benefiting habitat-associated breeding-bird populations.

Necessary Project Elements
Elements for this project include:

X An invasive species and vegetation management plan with provisions made for long term
implementation

X A conservation easement or equivalent for permanent protection of this site (i.e. non-
developable land, zoned parkland)

X A conservation plan or equivalent that addresses the habitat goals of Milwaukee County
Grounds, Sanctuary Woods, and Hoyt Park and the population goals for this site of the
Milwaukee Estuary AOC

X An updated habitat management plan or equivalent for the MMSD basins

x Stakeholder and public input during all phases of the project
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Project Title:Wildlife Enhancements to Kletzsch Park
Project LocationKletzsch Park

Project Sponsor:Milwaukee County Parks

Project Landowner:Milwaukee County

Background

A large habitat area (86.2 acres) in the Milwaukee Estuary Area of Concern (AOC), directly adjacent to
the Milwaukee River, supports a diverse number of wildlife and fish that are unique and dispersed
throughout the region. This area on the Milwaukee River provides important grassland, forest,
shrubland, and wetland habitat for several indicator species in the Milwaukee Estuary AOC. Theough
recent efforts to determine management actions for the Degradation of Fish and Wildptda®ions
Beneficial Use Impairment (BUI) by the Milwaukee Estuary[A&®G and Wildlife Technical Advisory
Committee (Tech Team), this site has been determined as a key location in the Milwaukee Estuary AOC
that provides important habitat for many wildlife indicator species.

Collaboration with Partners

Milwaukee County is working with several partners on various aspects of park improvement and

planning at Kletzsch ParkZ]o *}u }( §Z ¢ % ESv E* E (E] v pfoRRE}u%U }5Z @
organizations that are involved with restoration projects and initiatives throughout the Colingy

project landowner for this site, Milwaukee County, has previously and continues to playartant

role in implementing management actions for BUls in the Milwaukee Estuary AOC.

Proposed Work

This project will plan and implement project opportunities that are proposed to be adigmg on this
property, while addressing portions of the fish and wildlife populations BUI in thveeMkee Estuary

AOC that best represents improvements of the impacted populations. As part of this process, this site
has been surveyed previously by Milwaukee County Parks. Results from this wildlife stumhygwidg
park surveys provided important information about species and habitat found on this fiyoper
Potential enhancements to benefit wildlife populations in this area include removal of selasive
species populatios, upland grassland/savanna enhancements by increasing native plant diversity
through conversion of cool season grassland to a diverse prairie seeding and marittgimgscribed
burns; upland and lowland forest stand improvements such as reforestation to mitigate sarepy

loss from emerald ash borer; preservation and enhancements of ephemeral wetlands by lengthening
hydro-periods; and maintenance of aquatic buffer zones through the installatinative plants.

Timetable and Duration

Planning: Q1 2021 Q4 2021

x Design and Permitting: Q1 20224 2022

x Construction/Implementation: Q1 2028Q4 2024

X Maintenance and Vegetation Establishment: Q1 20Zx 2028

x

Project Budget & Funding
The total project costs for this project is approximately $1.15M.
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Criteria for Measuring Project Goals are Met (Qualitative and/or Quantiva)

The overall goals of this project are to address the metrics that were set for the Milwaukee Es@@ry
In doing so, the project will meet the two goals below (highlighted in green) aowl sBfeasures of
success by an AOC wide verification monitoring effort:

1. Improve the quality of terrestrial habitat types (i.e. forest, wetland, shrubland, grassland, semi
aquatic, and upland/grassland) to support a better population of wildlife indicator species:
X Species and area of exotic invasive species removed
X Amount (area or number) of native species planted to benefit wildlife indicator species
x Number and species richness of wildlife indicator species found representing breeding
behavior for consecutive years
X Amount (area) of habitat types created, enhanced and/or protected
2. Improve the quality of aquatic habitat to support a better population of fish indicator species:
X Amount (length or area) of fish habitat established or enhanced in the upper reaches of
the Milwaukee and Menomonee Rivers for lake sturgeon and northern pike,
respectively
X Amount (length or area) of fish habitat established or enhanced for indicator and sub-
indicator species
3. Improve connectivity between fish and wildlife populations by improving size @muecting
gaps or barriers of habitat types:
x Amount (length or area) of fish habitat or stream channel enhanced or restored
x Amount (length) of corridor habitat improved or reconnected

Fish and Wildlife Metrics Addressed by Project

Assessments that are referenced in @20 Removal Target Updatis the Milwaukee Estuary Area of
Concernnclude those that were completed as part of the planning process. Metrics were reviewed and
agreed upon by the Tech Team to determine necessary steps and projects to remove this BUI. This
project will take part in addressing certain aspects of following metrics:

Breeding Birds
X At least 9 sites in the AOC support at least 3 breeding bird indicator species for each habitat type
(Forest, Wetland, and Shrubland)
X At least 6 sites in the AOC support at least 2 breeding bird grassland indicator species.
Herptiles/Crayfish
X At least 30 sites in the AOC support at least 2 semi-aquatic guilds (Crayfish, Salamanders, Frogs,
and Turtles).
0 Atleast 15 sites support at leakfrog species.
0 At least 6 sites support at leakturtle species.
Mammals

X At least 10 sites in the AOC support at least 2 mammal indicator species for each habitat type
(Forest and Wetland)

Project Rationale/Why Critical for BUI Removal

The process by the Milwaukee Estuary AOC Tech Team to determine management actions for the
Degradation of Fish and Wildlife Populations BUI included a rigorous selection pfibigfly projects i

the Milwaukee Estuary AOC to address said X dZ]s % E}i § A « E vl e Nd] B i_U Z]F
project in the AOC. Out of the original 120 projects that were vetted by the Tech Tedmsf8tUI, only
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15 (or 12.5%) were deemed Tier 1, high priority. It was determined to be importantrforaspiatic

habitat associated species. The site also contains 143 species of flora and fauna that the Milwaukee
County Parks (site owner) lists as priority conservation species within Milwaukee County. &lsisarg

of this project site provides important habitat for forest and wetland breeding and nugrdtirds (165
species documented using this site during a portion of their annual life cycle), and breedimygaisa

This park is part of the Milwaukee River corridor and is a required project to meet oufenrtditrics

for BUI removal. It also builds off the current project at Kletzsch Park for improved river access and fish
passage.

Necessary Project Elements
Elements for this project include:

X

Aninvasive species and vegetation management plan with provisions made for long term
implementation

A conservation easement or equivalent for permanent protection of this site (i.e. non-
developable land, zone parkland)

A conservation plan or equivalent that addresses the habitat goals of Kletzsch Park and the
population goals for this site of the Milwaukee Estuary AOC

Stakeholder and public input during all phases of the project



Degradation of Fish and Wildlife Populations
Project Summary



Degradation of Fish and Wildlife Populations
Project Summary

Project Title:Enhancements to Schlitz Audubon Cleaver Property
Project LocationSchlitz Audubon Nature CentéMilwaukee River
Project Sponsor:Schlitz Audubon

Project Landowner:National Audubon Society, Inc.

Background

Schlitz Audubon Nature Center and their staff are in the process of developing a conservation
management plan for their river site on the Milwaukee River. Through the recent effodistérmine
management actions for the Degradation of Fish and Wildlife Populations Beneficial Use kempairm

(BUI) by the Milwaukee Estuary Area of Concern (AOC) Fish and Wildlife Technical Advisory Committee
(Tech Team), this site on the Milwaukee River, has been determined as a key location in the Milwaukee
Estuary AOC that provides important habitat for many fish and wildlife indicator species.

Collaboration with Partners

The Wisconsin Department of Natural Resources are planning on working with the Schlitz Audubon
Nature Center and their partners on achieving the conservation goals of the Audubon Societi},aes
the AOC program to address the Degradation of Fish and Wildlife Populations BUI in the Milwaukee
Estuary AOC. These partners include but are not limited to Ozaukee County, River Revitalizatio
Foundation, Milwaukee Riverkeeper, and Village of River Hills.

Proposed Work

This project will plan and design project elements that are proposed to be part of the cemhplet
conservation management plan. This would include collaborating to address site managgmatnt
including portions of the fish and wildlife populations BUI in the Milwaukee Estuary A6 produce

a design that best represents improvements of the impacted populations. As part of this proéess, th
site has been surveyed previously by University Milwaukee Field Station (UMFS). Results from this
wildlife study provided important information about species and habitat found anhbperty.

Potential enhancements to benefit fish and wildlife populations in this area of the Milwaukee River
include removal of invasive species, forest stand improvements due to loss of ash treeBnsho
improvements, and preservation of ephemeral wetlands.

Estimated Timetable and Duration (Calendar Year)

Planning: Q1 2021 Q1 2022

x Design and Permitting: Q2 202291 2023

x Construction/Implementation: Q2 2028Q3 2024

X Maintenance and Vegetation Establishment: Q4 202#4 2028

x

Estimated Project Budget & Funding
Total project costs for this project are approximately $1.3M.

Criteria for Measuring Project Goals are Met (Qualitative and/or Quantiva)
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The overall goals of this project are to address the metrics that were set for the Milwaukee EsQ@ry
In doing so, the project will meet all the goals below (highlighted in green) and sleasures of
success by an AOC wide verification monitoring effort:

1. Improve the quality of terrestrial habitat types (forest, wetland, shrubland, grassland, semi-
aquatic, upland/grassland) to support a better population of wildlife indicator species:
X Species and area of exotic invasive species removed
X Amount (area or number) of native species planted to benefit wildlife indicator species
X Number and species richness of wildlife indicator species found representing breeding
behavior for consecutive years
X Amount (area) of habitat types created, enhanced and/or protected
2. Improve the quality of aquatic habitat to support a better population of fish indicator species:
x Amount (length or area) of fish habitat established or enhanced in the upper reaches of
the Milwaukee and Menomonee Rivers for Lake sturgeon and Northern pike,
respectively
x Amount (length or area) of fish habitat established or enhanced for indicator and sub-
indicator species
3. Improve connectivity between fish and wildlife populations by improving size antecting
gaps or barriers of habitat types:
x Amount (length or area) of fish habitat or stream channel enhanced or restored
x Amount (length) of corridor habitat improved or reconnected

Fish and Wildlife Metrics Addressed by Project

Assessments that are referenced in @20 Removal Target Updatis the Milwaukee Estuary Area of
Concernnclude those that were completed as part of the planning process. Metrics were reviewed and
agreed upon by the Tech Team to determine necessary steps and projects to remove this BUI. This
project will take part in addressing certain aspects of following metrics:

Upper Milwaukee Estuary AOC
(Upstream of Humboldt Avenue on the Milwaukee River to Bridge Road on@edkr Upstream of N 25th
Street on the Menomonee River to Brown Deer Road on the Little MenerRdrex; No upper reach for the
Kinnickinnic River)
x Presence of the indicator species, lake sturgeon, utilizing spawning habitat in the upper reaches
of the Milwaukee River
x AnoveralmearA opu (E}u 00 A EuA § € / / « u%o]vP K paBBFin}( ~'}} _ }
the upper reaches of the Milwaukee River
Breeding Birds
X At least 9 sites in the AOC support at least 3 breeding bird indicator species for each habitat type
(Forest, Wetland, and Shrubland)
X At least 6 sites in the AOC support at least 2 breeding bird grassland indicator species.
Herptiles/Crayfish
X At least 30 sites in the AOC support at least 2 semi-aquatic guilds (Crayfish, Salamanders, Frogs,
Turtles).
0 Atleast 10 sites support at least one crayfish species.
0 Atleast 15 sites support at least one frog species.
0 At least 8 sites support Blue-spotted salamanders.
0 Atleast 6 sites support at least one turtle species.
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X At least 15 sites in the AOC support at least 2 upland/grassland habitat indicator snake species.

Mammals

X Atleast 10 sites in the AOC support at least 2 mammal indicator species for each habitat type
(Forest and Wetland)

Project Rationale/Why Critical for BUI Removal

The process by the Milwaukee Estuary AOC Tech Team to determine management actions for the
Degradation of Fish and Wildlife Populations BUI included a rigorous selection pfibigy projects in

§Z DJ]oA pl Sy EC K 8§} E e+ 5Z]e h/X dZ]e %4 EZ¥POEtyA « E vl
project in the AOC. Out of the original 120 projects that were vetted by the Tech Tedmsf8UI, only

15 (or 12.5%) were deemed Tier 1, high priority. It was determined to be important &, fro
salamanders, wetland breeding birds and all four fish indicator species (northern pike, lake sturgeon,
greater redhorse, smallmouth bass). This project also scored the highest in all 34 hiti prigects

for addressing the semi-aquatic habitat impairment in the Milwaukee Estuary AOC.

Necessary Project Elements
Elements for this project include:
X An invasive species and vegetation management plan (aquatic and terrestrial) with provisions
made for long term implementation
X A conservation easement or equivalent for permanent protection of this site
X A conservation plan that addresses the habitat goals of the National Audubon Séuietgnd
the population goals for this site of the Milwaukee Estuary AOC
x Stakeholder and public input during all phases of the project
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Project Title:Enhancements to Menomonee River Parkw&ections 5 & 6

Project LocationMenomonee River ParkwatySection 5 (W Hampton Ave to W Capitol Dr) and Section
6 (N Mayfair Rd to W Burleigh St)

Project Sponsor:Milwaukee County Parks
Project Landowner:Milwaukee County

Background

These focus areas within the Menomonee River (MNR) Parkway provide important liraHitat

Menomonee River corridor. Menomonee River Parkvw&ection 5 encompass&85 acres of land,

most of which is covered by declining floodplain forest (from emerald ash borer) awairt® offline

wetlands, as well as ephemeral ponds. As a result, it provides important wetland, forest, am§ish

habitat for indicator species in the Milwaukee Estuary Area of Concern (AOC). This area has the potential
to become more valuable through much needed enhancements to the degraded forest canopyhthroug
replacing dead ash trees and the removal of invasive species

Menomonee River ParkwalySection 6 coverd3acres of natural habitat, which supports a diverse

group of indicator species not found anywhere else in the lower sections of the MamemRiver

Parkway. This provides important habitat for unique semi-aquatic species through fiireeoff-

ephemeral ponds. Preservation and enhancements to these valuable habitat types in the Milwaukee
Estuary AOC is vital for the Degradation of Fish and Wildlife (F&W) Populations Bedséicial

Impairment (BUI). This area has the potential to become more valuable through much needed
enhancements to the degraded forest canopy through replacing dead ash trees and removal of invasive
species.

Collaboration with Partners

Milwaukee County is working with several partners on various aspects of park improvement and

planning along the Menomonee River ParkwaZ]o <}u }( §Z ¢ % ESv Ee E (E&] v [ PC
are non-profit organizations and government entities that are involved with restoration projects and

initiatives throughout the County. It is important to the Wisconsin Departmematfiral Resources

(WNDR) to bring all stakeholders, partners, and landowner (Milwaukee Qauitityan invested

interest and involvement in this region to discuss the improvement of fish and wildlifeahalong the

Menomonee River.

Proposed Work

This project will plan and design project opportunities that are proposed to be accomptiahéis
property. This would include the proposed activities, while addressing portions of the F&W Popsilatio
BUI in the Milwaukee Estuary AOC and to produce a design that best represents improvements of the
impacted populations. As part of this process, these sites have been surveyed previously by the
University Milwaukee Field Station (UWFS), Ozaukee County Planning and Parks (dGRR)aakee
County Parks. Results from these studies provided important information about speciésaitat

found along this portion of the Menomonee River Parkway. Potential enhancements to biesteind
wildlife populations in this area include removal of select invasive species popslgorest stand
improvements such as reforestation and select canopy thinning due to the dexlash trees, basin
improvements to wetland associated wildlife and fishes to improve spawning haprtservation and
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enhancements to 18 off-line ephemeral wetlands, and maintenance of aquatic buffer zones tlinheugh
removal of debris jams and the installation of native plants.

Estimated Timetable and Duration (Calendar Year)
X Planning: Q1 2020 Q1 2022
x Design and Permitting: Q2 202201 2023
X Construction/Implementation: Q2 2028Q4 2024
X Maintenance and Vegetation Establishment: Q1 2023 2028

Estimated Project Budget & Funding
The total projects costs for this project are approximately $3.2M.

Criteria for Measuring Project Goals are Met (Qualitative and/or Quantiva)

The overall goals of this project are to address the metrics that were set for the Milwaukee EsQ@ry
In doing so, the project will meet all the goals below (highlighted in graxethshow measures of
success by an AOC wide verification monitoring effort:

1. Improve the quality of terrestrial habitat types (forest, wetland, shrubland, grassland, semi-
aquatic, upland/grassland) to support a better population of wildlife indicator species:
X Species and area of exotic invasive species removed
X Amount (area or number) of native species planted to benefit wildlife indicator species
x Number and species richness of wildlife indicator species found representing breeding
behavior for consecutive years
X Amount (area) of habitat types created, enhanced and/or protected
2. Improve the quality of aquatic habitat to support a better population of fish indicator species:
x Amount (length or area) of fish habitat established or enhanced in the upper reaches of
the Milwaukee and Menomonee Rivers for lake sturgeon and northern pike,
respectively
x Amount (length or area) of fish habitat established or enhanced for indicator and sub-
indicator species
3. Improve connectivity between fish and wildlife populations by improving size antecting
gaps or barriers of habitat types:
x Amount (length or area) of fish habitat or stream channel enhanced or restored
x Amount (length) of corridor habitat improved or reconnected

Fish and Wildlife Metrics Addressed by Project

Assessments that are referenced in @20 Removal Target Updatfes the Milwaukee Estuary Area of
Concernnclude those that were completed as part of the planning process. Metrics were reviewed and
agreed upon by the Tech Team to determine necessary steps and projects to remove this BUI. This
project will take part in addressing certain aspects of following metrics:

Upper Milwaukee Estuary AOC

(Upstream of Humboldt Avenue on the Milwaukee River to Bridge Road on@edkr Upstream of N 25th
Street on the Menomonee River to Brown Deer Road on the Little MenerRbrex; No upper reach for the
Kinnickinnic River)

x Presence of the indicator species, northern pike, utilizing spawning habitat in the upper reaches

of the Menomonee/Little Menomonee River

2
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X V}A Eoou vAop (E}u oo A EuA SFKaEr/ }E& u%dIEFO-i(}ESe }(
the upper reaches of the Menomonee River
Breeding Birds
X At least 9 sites in the AOC support at least 3 breeding bird indicator species for each habitat type
(Forest, Wetland, and Shrubland)
X At least 9 sites in the AOC support at least 1 breeding bird airspace/urban indicator species.
Herptiles/Crayfish
X At least 30 sites in the AOC support at least 2 semi-aquatic guilds (Crayfish, Salamanders, Frogs,
andTutles).
0 Atleast 10 sites support at leaktrayfish species.
0 Atleast 15 sites support at leakfrog species.
0 At least 8 sites support Blue-spotted Salamanders.
Mammals
X At least 10 sites in the AOC support at least 2 mammal indicator species for each habitat type
(Forest and Wetland)

Project Rationale/Why Critical for BUI Removal

The process by the Milwaukee Estuary AOC Tech Team to determine MAs for the Degradation of Fish
and Wildlife Populations BUI included a rigorous selection of high priority projetts Mitwaukee

Estuary AOC in order to addresXitdZ]e % E}i 5 A « E vl e Nd] E i_U K]JPZ % E&]}d
Out of the original 120 projects that were vetted by the Tech Team for this BUI, only 15 (or 12r8%) w
deemed Tier 1, high priority. It was determined to be extremely important for seatic habitat

indicator species (i.e. crayfish, frogs, and salamanders). This project also provides the best benefit for
forest and wetland habitat associated breeding and migratory birds (121 species documentethigsing
site as part of their annual lifecycle) and breeding and dispersing mamiinaliso scored the best

possible score for benefiting from enhancements to northern pike spawning habitat. It isowedated

to the Menomonee River corridor and has the potential to greatly help our wildlife metrics for BUI
removal. The site also contains 90 species of flora and fauna that the Milwaukee County Parks (site
owner) lists as priority conservation species within Milwaukee County.

Necessary Project Elements
Elements for this project include:
X An invasive species and vegetation management plan with provisions made for long term
implementation
X A conservation easement or equivalent for permanent protection of these sites (i.e. non-
developable land, zoned parkland)
X A conservation plan or equivalent that addresses the goals of Menomonee River Parkway
Sections 5 & 6 and the population goals for these sitdse Milwaukee Estuary AOC
x Stakeholder and public input during all phases of the project.
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Project Title:Currie Park Fish Passage
Project LocationCurrie Park Golf Course
Project SponsorDNR

Project Landowner:Milwaukee County

Background

The Menomonee River Watershed covers 136 square miles, originating in wetlands in southeastern
Washington County and flowing 28 miles south and east where it joins the MilwaukeguRiver

upstream from its confluence with Lake Michigan. The Menomonee River Watershed is 80% urbanized,
and has been impacted by past filling activities, development, river channelization, agricultural runoff,
and urban stormwater discharges. Despite this, most of the upper Menomonee River systemgontain
fair to good warm water fish habitat. The river system is now undergoing a renaissance with recent
removal of 4,000 feet of concrete channel downstream, as well as removal of four otheolevish
passage barriers and construction of one rock ramp in downstream Hoyt Park of Wauwatosa. This
previous work was completed by the Milwaukee Metropolitan Sewerage District in coordirvaitio

the WDNR as management actions for the Loss of F&W Habitat BUI. While this has addressed several
major barriers to fish migration, other fish passage barriers still exist in the watershed.

The implementation and completion of this project is necessary to address the status of the Diegrada
of F&W Populations BUI in the Milwaukee Estuary AOC. Through the recent efforts to determine
management actions for this BUI by the Milwaukee Estuary AOC Fish and Wildlife Technical Advisory
Committee (Tech Team), this project was determined to address two of the overall outcome goals for
this BUI and two specific output fish metrics for the Upper Milwaukee Estuary AOC. This site has been
surveyed previously by Ozaukee County Planning and Parks (OCPP) and MilwaukeegRivfor fish
passage improvements. Results from these assessments provided important information about species
native to the Menomonee River that would benefit from this work. These species include nopiketn
brook stickleback, central stoneroller, and fantail and Johnny daRemoving this impediment would
improve stream connectivity during these low flow conditions and improve edish passage for
approximately 10 miles along the main stem until the next major stream barrier in MemeenFalls. It

is estimated that the project would also enhance connectivity for several miledbofary streams

leading to the Menomonee River. When this fish passage impediment is removed, this $ite on t
Menomonee River will no longer deter movement of native fishes to move upstream dhairg

spawning season.

Collaboration with Partners

Milwaukee County is working with several partners on various aspects of park improvement and
planning along the Menomonee River and Little Menomonee River Parkway. While soresef th
partners are friend [ P E} 1% U } S Drakt-org@nizatipns and government entities that are
involved with restoration projects and initiatives throughout the County. It is importatiiéd/VDNR to
bring all stakeholders, partners, and landowner (Milwaukee County) with an invested interest and
involvement in this region to discuss the improvement of fish habitat and movement along the
Menomonee River.
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Proposed Work

This project will plan and implement the removal of a low-head concrete slab pedelstidge, the

middle access bridge at Currie Parkis golf course has three separate access bridges for golf carts and
foot traffic throughout the 18-hole course. The middle access bridge is a concrete pedestrgathed

also acts as a low-flow fish barrier that was historically placed on top of roughly a doakn sm
undersized culverts. Work will include removal of this bridge and stabilizatitire shoreline along the
Menomonee Riveto allow fish passage improvements. The removal would be implemented by the
WDNR Fisheries Operations Unit, who are experienced at removing these types of structures for fish
passage. The WDNR Fisheries team will rent the heavy equipment needed for the removal and contrac
the hauling of the debris material offsite. WDNR has already looked for an associated permit to this
bridge and found that this structure is in non-compliance. Removal of the fish passage impedithent
benefit fish populations by allowing easier movement upstream and contribute to achievimgpéhe of

this BUI and fish metrics for the Menomonee River in the Milwaukee Estuary AOC.

Estimated Timetable and Duration (Calendar Year)
X Planning: Q1 2020 Q4 2020
X Permitting: Q3 2020 & Q4 2020
X Construction/Implementation: Q1 2021 & Q2 2021
X Maintenance and Vegetation Establishment: Q3 2021 & Q4 2021

Estimated Project Budget & Funding
X Planning/Feasibility$5,000
x Permitting: $10,000
X Construction/Implementation: 40,000
X Maintenance: $5,000

Criteria for Measuring Project Goals are Met (Qualitative and/or Quantiva)

The overall goals of this project are to address the metrics that were set for the Milwaukee EsQ@ry
In doing so, the project will meet the two of the three goals below (highliginegieen) and show
measures of success by an AOC wide verification monitoring effort:

1. Improve the quality of terrestrial habitat types (i.e. forest, wetland, shrubland, grassland, semi
aqguatic, and upland/grassland) to support a better population of wildlife indicator species:

X Species and area of exotic invasive species removed

X Amount (area or number) of native species planted to benefit wildlife indicator species

x Number and species richness of wildlife indicator species found representing breeding
behavior for consecutive years

X Amount (area) of habitat types created, enhanced and/or protected

2. Improve the quality of aquatic habitat to support a better population of fish indicator species:

x Amount (length or area) of fish habitat established or enhanced in the upper reaches of
the Milwaukee and Menomonee Rivers for lake sturgeon and northern pike,
respectively

x Amount (length or area) of fish habitat established or enhanced for indicator and sub-
indicator species

3. Improve connectivity between fish and wildlife populations by improving sizeandecting
gaps or barriers of habitat types:

x Amount (length or area) of fish habitat or stream channel enhanced or restored

2
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x Amount (length) of corridor habitat improved or reconnected

Fish and Wildlife Metrics Addressed by Project

Assessments that are referenced in @20 Removal Target Updatis the Milwaukee Estuary Area of
Concernnclude those that were completed as part of the planning process. Metrics were reviewed and
agreed upon by the Tech Team to determine necessary steps and projects to remove this BUI. This
project will take part in addressing certain aspects of following metrics:

Upper Milwaukee Estuary AOC

(Upstream of Humboldt Avenue on the Milwaukee River to Bridge Road on@edkr Upstream of N 25th

Street on the Menomonee River to Brown Deer Road on the Little MenerRover; No upper reach for the

Kinnickinnic River)

x Presence of the indicator species, northern pike, utilizing spawning habitat in the upper reaches
of the Menomonee/Little Menomonee River

X V}A Eoou vAou (Elu oo A EuA SFar/ }& u%dIEONT(}ES. }( »
the upper reaches of the Menomonee River

Project Rationale/Why Critical for BUI Removal

The process by the Milwaukee Estuary AOC Tech Team to determine MAs for the Degradation of Fish

and Wildlife Populations BUI included a rigorous selection of high priority projet¢te Mitwaukee

Estuary AOC in order to address it. This project was ranked*asla® i_U Z]PZ % E]}E]SC % E}i
Out of the original 120 projects that were vetted by the Tech Team for this BUI, only 15 (or 12r8%) w
deemed Tier 1, high priority. It was determined to be extremely important and haddsiegossible

score for benefiting from enhancements to northern pike spawning habitat on the MenomRives.

Necessary Project Elements

Elements for this project include:

Removal of the low-head concrete bridge on the Menomonee River
Shoreline stabilization of the bridge abutments

Vegetation maintenance at the abutments and re-seeing of the access road
Stakeholder and public input during all phases of the project

X X X X
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Currie Park low-head concrete bridge on the Menomonee River during relatigblyvaiter a few days
after a rain event in Fall 2019.
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Sources of Data: Wisconsin DNR, Milwaukee County Parks, ESRI
Date Created: 01/13/2020
Projection: NAD_1983 HARN_Wisconsin_TM
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Project Title:Fisheries Improvements to Milwaukee River DownstregnCherry Street to N Humboldt
Avenue

Project LocationMilwaukee River Downstream (Reacht& Cherry Street to N Humboldt Avenue
Project Sponsor:Milwaukee Metropolitan Sewerage District (MMSD) or TBD
Project LandownersCity of Milwaukee and many private landowners

Background

The Lower Milwaukee Estuary in the Milwaukee Estuary Area of Concern (AOC) has limited fish habitat
and cover in its three tributaries (Milwaukee River, Menomonee River, and KinnacRiver). Pre-
historically, the natural productivity, functions, and values of the Milwaukee Estuamg @viven by
extensive and diverse aquatic primary producers, local sediment transport, and morphologedtad
vertical bulkheads, dredging for commercial navigation maintenance depth, sediment quality, and
greatly reduced light transparency currently limit rooted aquatic plants. These lower portidne o
tributaries are impacted by multiple river hydrology inputs (i.e. urban runoff, waroi/a@ter

discharge, combined sewage overflows, lake upwelling and seiche effects, etc.). Common seasonal
water temperatures and flow regimes are impedtby all these factors. The Milwaukee River, being the
largest and having the best water quality of the three tributaries, provides thegmgsntial to generate
better fish populations in the lower Milwaukee Estuary AOC. This section of the river is dairbgate
silt--much substrate and depths in most locations exceed the light penetrating photic zone. Other areas
along the shoreline have experienced considerable shoaling and in combination with improwed wat
guality provide potential habitat for macrophyte growth.

The Milwaukee River between E Cherry Street and N Humboldt Avenue is currently part of a Great Lakes
Legacy Act (GLLA) project. The characterization of this section of river has been complesddwardi

in reach four of Milwaukee River Downstream (MRD). Results from this characterizatioghtéghthat

reach four contains the most known remaining sediment contamination in the Milwaukearg#OC

(> 600,000 CY of sediments contain total PCB concentrations greater than 1mg/kg). A future focused
feasibility study (FFS), remedial design (RD) and action (RA) will be completed for this $¢lotigiver

under the GLLA. It is unknown at this time within the project summary if the fisheries improvement
project will be tied to the GLLA and post-remediation of MRD reach fmwever, if this project were

to be implemented through the Degradation of Fish and Wildlife Populations Beneficihppaiment

(BUI), work would not start until after this site is remediated with the selected alternative.

From 2016 to 2019, the USFWE v C &]+*Z v t]Jo o]( }ve EA §]}v K((] [* <u §]
Species early detection team conducted surveys in the lower Milwaukee Estuary AOC oA308&l

individual points were surveyed using a variety of gears including Gillnets, paired fyke netsgafoverl

traps, and day and nighttime boat electrofishing. A total of 13,273 fish representing 58 sgecies

surveyedA total of 11 individual points were surveyed in or near the project area from August and
September of 20168 T11id C $Z hAdQueti¢ Invasive Species early detection team using boat
electrofishing (Figure 2). A total of 593 fish representing 26 different species were surveyed. These were
dominated by common shiner (28.2% of total fish caught) and smallmouth bass (26.5%) fdiowed

golden redhorse (6.6%), white sucker (5.9%), sand shiner (4.7%), gizzard shad (3.5%), largemouth bass

(3.2%), emerald shiner (2.9%), bluntnose minnow (2.7%), and shorthead redhorse (2.3%). Indicator
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species made up 28.1% of the total catch, dominated by smallmouth bass (26.5%). Sub-indicésr spe
represented 29.2% of the total catch and were dominated by golden redhorse, white sucker, sand
shiner, and largemouth bass (see percentages above). Of the 3 sites surveyed within the physittal proj
boundary, a total of 46 fish were caught, 60.1% of which were sub-indicator species.

This project provides similar benefits to the Menomonee River project proposal, locateddeiN 16

to N 28" Street. Both of which enhance biological deserts (Dow, 2018) in the lower Milwaukee Estuary
that are commonly used for migratory spawning indicator fish (i.e. lake sturgeon, northern pike, and
greater redhorse). Through the recent efforts to determine management actions for the Degradation of
Fish and Wildlife Populations BUI by the Milwaukee Estuary AOC Fish and Wildlife Techisiagl Adv
Committee (Tech Team), this site has been determined as a key location in the Milwaukee Estuary AOC
that provides important habitat for many wildlife indicator species.

Collaboration with Partners

The Wisconsin Department of Natural Resources (WDNR) is planning on determining tbeuipssiof
action for planning, design, and implementation of this project. Stakeholders that haverbexveid

with watercourse projects in the past for the Milwaukee Estuary AOC include the Milwaukee
Metropolitan Sewerage District (MMSD), as well as the U.S. Army Corps of Engineers.((WBACE)
important for the WDNR to bring all stakeholders and partners involved to the table to discuss the
improvement of fish habitat and populations in the lower sections of the Milwaukee Rhere are
many private landowners on both shorelines between the E Cherry Street and N Humboldt Avenue
Bridges.

Proposed Work

The plan and design of this project will vary depending on the alternative that is selected fo
remediation in Reach 4 of the MRD project. The benefit of having this project implemented post-
remediation is the well-known information and data in this section of the Milwaukee .Rive
Implementing a fisheries project, bound by bulkhead steel sheet pilings, will require placing habitat
features in specific locations to generate the best water flow throughout the year, while staying within
regulations of the floodplain. Possible features include, but are not limited to: A meanderirmgrbott
morphology using clean, washed coarse gravels that benefit spawning fishes and set as submerged bars
with specific slopes and elevations to keep the flow in main channel; the addition ofysavel bars

along channel sides at appropriate varying elevations; establishment of native rooted senterg
emergent, and floating macrophytes in shallow bars; enhancement of larger rock material tdeprov
cover on staggered, alternating sides of the channel to increase water flow; and enhancements to
woody habitat by placing structures in combination with added boulders.

Timetable and Duration

Planning: Q1 2021 Q2 2022

x Design and Permitting: Q3 20222 2023

x Construction/Implementation: Q3 2028Q3 2024

X Maintenance and Vegetation Establishment: Q4 202#4 2026

x

Project Budget & Funding
The total project costs for this project are approximately $4.5M.
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Criteria for Measuring Project Goals are Met (Qualitative and/or Quantiva)

The overall goals of this project are to address the metrics that were set for the Milwaukee Es@@ry
In doing so, the project will meet thevo goals below (highlighted in green) and show measures of
success by an AOC wide verification monitoring effort:

1. Improve the quality of terrestrial habitat types (i.e. forest, wetland, shrubland, grassland, semi
aquatic, and upland/grassland) to support a better population of wildlife indicator species
X Species and area of exotic invasive species removed
X Amount (area or number) of native species planted to benefit wildlife indicator species
X Number and species richness of wildlife indicator species found representing breeding
behavior for consecutive years
X Amount (area) of habitat types created, enhanced and/or protected
2. Improve the quality of aquatic habitat to support a better population of fish indicator species:
X Amount (length or area) of fish habitat established or enhanced in the upper reaches of
the Milwaukee and Menomonee Rivers for lake sturgeon and northern pike,
respectively
x Amount (length or area) of fish habitat established or enhanced for indicator and sub-
indicator species
3. Improve connectivity between fish and wildlife populations by improving size antecting
gaps or barriers of habitat types:
x Amount (length or area) of fish habitat or stream channel enhanced or restored
x Amount (length) of corridor habitat improved or reconnected

Fish and Wildlife Metrics Addressed by Project

Assessments that are referenced in @20 Removal Target Updatis the Milwaukee Estuary Area of
Concernnclude those that were completed as part of the planning process. Metrics were reviewed and
agreed upon by the Tech Team to determine necessary steps and projects to remove this BUI. This
project will take part in addressing certain aspects of following metrics:

Lower Milwaukee Estuary AOC
(Downstream of Humboldt Avenue on the Milwaukee River; Downstream of N 25hdStrthe
Menomonee River; Downstream of W Becher Street on the Kinnickinnjc River
X A 100% increase in relative population density in four indicator species (i.e. lake
sturgeon, northern pike, greater redhorse, and smallmouth bass)
X Anincrease of any magnitude in 80% of native sub-indicator families (i.e. suckers,
minnows and shiners, bullheads and catfishes, sunfishes, and perches) to be considered
X An overall mean value from all large river IBl a0 JvP ((} &S }( "& J&_ }E 88
60)

Project Rationale/Why Critical for BUI Removal

The process by the Milwaukee Estuary AOC Tech Team to determine management actions for the
Degradation of Fish and Wildlife Populations BUI included a rigorous selectioh gfiligty projects in

§Z DJ]oA pul Sy EC K 8§} E +¢ 3Z]s h/X dZ]s YUUEZIPZE K EB®E]|SC -
project in the AOC. Out of the original 120 projects that were vetted by the Tech Tedmsf8UI, only

15 (or 12.5%) were deemed Tier 1, high priority. It was determined to be important foualisb

indicator species (i.e. northern pike, lake sturgeon, greater redhorse, and smallmouth bass). jébts pro

also scored the highest possible cost-benefit score for implementation. It provides bendltsub-

3
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indicator families in the metrics, but specifically focuses on suckers, minnows, and shiners. The benefits
to connecting fish populations are greatly enhancing cover in a section of the Milw&ikee which

has been previously described as a biological desert, is a major step for addressing the fish portion of
this BUI in the lower Milwaukee Estuary.

Necessary Project Elements

Elements for this project include:
X A conservation easement or equivalent for protection of this site (i.e. deauthorized channel)
X Implementation of fish enhancements post site remediation under the GLLA or this BUI
X Stakeholder and public input during all phases of the project
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Figure 1. Project site of Milwaukee RiveCherry to Humboldt Avenue
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Figure 2. (left) Densities of indicator species surveyed by the USFWS Aquatic Invasive Species early
detection team in and near the Cherry Street project area from 2016-2019. (right) Densities of sub-
indicator species. Project boundary is outlined in black.
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Project Title:Fisheries Improvements to Menomonee Rivéd 16" to N25" Street
Project LocationDeauthorized Section of Menomonee Riverg" to N 25" Street)
Project Sponsor:City of Milwaukee or TBD

Project LandownersCity of Milwaukee, Marquette University, Giuffre, LLC.

Background

The lower region of the Milwaukee Estuary Area of Concern (AOC) has limited fish habitat and cover in
its three tributaries (Milwaukee River, Menomonee River, and Kinnickinnic River).sRreehily, the
natural productivity, functions, and values of the Milwaukee Estuary were driven by esdearsi

diverse aquatic primary producers, local sediment transport, and morphology. Engineered vertical
bulkheads, dredging for commercial navigation maintenance depth, sediment quality, and greatly
reduced light transparency currently limit rooted aquatic plants. These lower portions ofibiokaries

are impacted by multiple river hydrology inputs (i.e. urban runoff, warm/cogdemdischarge,

combined sewage overflows, lake upwelling and seiche effects, etc.). Common seasonal water
temperatures and flow regimes are impadtby all these factors. The main channel of the Menomonee
River is deep (>15ft) up until the L 8treet bridge. A large portion of the main channel is bordered with
a hardened shoreline and provides limited surface area for fish habitat.

The Menomonee River, between thelld" to N 25" Street bridges, was previously de-certified as a
federal commercial navigation channel and had previously been part of a sediment enaatain and
focused feasibility study (FFS) for remediation. This section of the river contains the deseSide
Manufactured Gas Plant (MGP) Facility, which under the Great Lakes Legacy Act (GLLA) for the
Menomonee and Milwaukee (M&M) project will be remediated based on a selected alternd@tiie
portion of the project falls within Operable Unit 1 (OU1), which is 1.9 river milestfrei/est Canal
Street Bridge to the confluence with the Milwaukee River. Due to future sediment remedial d@giyn
and action (RA) in this section of the Menomonee River, this project has the potential to faltheder
Great Lakes Legacy Act (GLLA). If this project were to be implemented through the Deqgraidigithi
and Wildlife Populations Beneficial Use Impairmé@it), implementation would not start until after
this site is remediated with the selected alternative.

&E}u 1110 8} 11i6U 8Z h"&t" '"E v C &IEA ¥]}vI&K@I( [}vep 8] /vA «]A
Species early detection team conducted surveys in the lower Milwaukee Estuary AOCoA308&l

individual points were surveyed using a variety of gears including Gillnets, paired fyke netsgafoverl

traps, and day and nighttime boat electrofishing. A total of 13,273 fish representing 58 species

surveyed Only 1 boat electrofishing survey was conducted in this project area in September of 2016 by

the USEA[ «<u 8] /VA ¢]JA "% ]+ @EoC & SEPM D M +&)PHE Ei9XE » v3]VF
different species were surveyed. These were dominated by white sucker (54.5% of total fish caught)
followed by largemouth bass (13.4%), gizzard shad (10.7%), smallmouth bass (7.14%), peohpdias

bluegill (2.7%). Indicator species represented 7.14 % of the total catch and sub-indicator species
represented 77.7%) of the total catch. Of note, a total of 16 smallmouth bass were caught at 2 survey

sites just downstream from the project area (Figure 2).
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Areas such as this in the lower Milwaukee Estuary, especially on the Menomonee River,lzst the
options to implement a fisheries improvement project. Due to this uniopggortunity and the ability to
provide valuable habitat to address the fish portion of this BUI, the Milwaukee Estuary AOC Fish and
Wildlife Technical Advisory Committee (Tech Team) determined this site as a key locatiptetoent

a fisheries improvement project. Enhancement to this site on the Menomonee Riveraviltle better
surface area and cover for fish in a degraded and urbanized habitat.

Collaboration with Partners

The Wisconsin Department of Natural Resources (WDNR) is planning on determirbegttheurse of
action for planning, design, and implementation of this project. Stakeholders that haverhesved

with watercourse projects in the past for the Milwaukee Estuary AOC include the Milwaukee
Metropolitan Sewerage District (MMSity of Milwaukee, Milwaukee County and the U.S. Army Corps
of Engineers (USACE). It is important for the WDNR to bring all stakeholders and partieesl ito/the

table to discuss the improvement of fish habitat and populations in the lower sectiohg of t

Menomonee River. These include but are not limited to Menomonee Valley Partners, Mélsvauk
Riverkeeper, and Sixteenth Street Health Community Center. There are multiple private landowners on
both shorelines between thbl 16" and N25" Street Bridges.

Proposed Work

The plan and design of this project will vary depending on the alternative that is selected for
remediation in OU1 of the M&M project. The benefit of having this project implemented post-
remediation is the well-known information and data available in this section of the MeneeRiver.
Hydrologic modeling has been completed as part of the FFS for the M&M project. Dettomiof
scouring and deposition has been previously investigated for this project site. Shorelirigyshaloi
bulkhead structure conditions have been inspected. Implementing a fisheries project, bound by
bulkhead steel sheet pilings, will require placing habitat features in specific locations to generate the
best water flow throughout the year, while staying within regulations of thediiain. Possible features
include, but are not limited to:

X A meandering bottom morphology using clean, washed coarse gravels that benefit spawning
fishes and set as submerged bars with specific slopes and elevations to keep the flow in the
main channel

x The addition of sand/gravel bars along channel sides at appropriate varying elevation

Establishment of native rooted submergent, emergent, and floating macrophytes in shallow bars

x Enhancement of larger rock material to provide cover on staggered, alternating sides of t
channel to increase water flow

X Enhancements to woody habitat by placing structures in combination with added boulders.

x

Estimated Timetable and Duration (Calendar Year)
X Planning: Q1 2021 Q2 2022
x Design and Permitting: Q3 202232 2023
x Construction/Implementation: Q3 2028Q3 2024
X Maintenance and Vegetation Establishment: Q4 202Z#4 2026

Estimated Project Budget & Funding
The total project costs for this project are approximately $3M.
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Criteria for Measuring Project Goals are Met (Qualitative and/or Quantiva)

The overall goals of this project are to address the metrics that were set for the Milwaukee Es@@ry
In doing so, the project will meet the two goals below (highlighted in green) aowl sBfeasures of
success by an AOC wide verification monitoring effort:

1. Improve the quality of terrestrial habitat types (i.e. forest, wetland, shrubland, grassland, semi
aquatic, and upland/grassland) to support a better population of wildlife indicator spegies
X Species and area of exotic invasive species removed
X Amount (area or number) of native species planted to benefit wildlife indicator species
X Number and species richness of wildlife indicator species found representing breeding
behavior for consecutive years
X Amount (area) of habitat types created, enhanced, and/or protected
2. Improve the quality of aquatic habitat to support a better population of fish indicator species:
x Amount (length or area) of fish habitat established or enhanced in the upper reaches of
the Milwaukee and Menomonee Rivers for lake sturgeon and northern pike,
respectively
x Amount (length or area) of fish habitat established or enhanced for indicator and sub-
indicator species
3. Improve connectivity between fish and wildlife populations by improving size antecting
gaps or barriers of habitat types:
x Amount (length or area) of fish habitat or stream channel enhanced or restored
x Amount (length) of corridor habitat improved or reconnected

Fish and Wildlife Metrics Addressed by Project

Assessments that are referenced in @20 Removal Target Updatls the Milwaukee Estuary Area of
Concernnclude those that were completed as part of the planning process. Metrics were reviewed and
agreed upon by the Tech Team to determine necessary steps and projects to remove this BUI. This
project will take part in addressing certain aspects of following metrics:

Lower Milwaukee Estuary AOC
(Downstream of Humboldt Avenue on the Milwaukee River; Downstream of N 25th Street on the
Menomonee River; Downstream of W Becher Street on the Kinnickinnic River)
X A 100% increase in relative population density in four indicator species (i.e. lake sturgeon,
northern pike, greater redhorse, and smallmouth bass)
X Anincrease of any magnitude in 80% of native sub-indicator families (i.e. suckers, minnows
and shiners, bullheads and catfishes, sunfishes, and perches) to be considered
X Anoverallmeanvalu¢ E}u 00 o EP E]A E / / « u%o]vP ((paESs }( "& ]C
in the lower reaches of the Milwaukee Estuary

Project Rationale/Why Critical for BUI Removal

To address this BUI, the process was completed by the Milwaukee Estuary AOC Tech Team teedetermin
management actions for the Degradation of Fish and Wildlife Populations BUI. The pnotedsd a

rigorous selection of high priority projects in the Milwaukee Estuary AOC. This project was ranked as a
ANd] & T_U Z1PZ % & ] 1ADES Qubef@é iorigindvl 2projects that were vetted by the Tech
Team for this BUI, only 15 (or 12.5%) were deemed Tier 1, high priority. It was thetdrim be

important for three of the four fish indicator species (northern pike, greater redhorse, and smatimou
basst the fourth being lake sturgeon). The highest possible cost-benefit score for implenoanizs
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given to this project. It provides benefits to all sub-indicator families in the metrics, butfispgi

focuses on suckers, bullheads and catfishes, and sunfishes. The benefits to connecting fish populations
and greatly enhancing cover in a section of the Menomonee River, which has been previously described
as a biological desert, is a major step for addressing the fish portion of this BUI in the liwankée

Estuary.

Necessary Project Elements

Elements for this project include:
X A conservation easement or equivalent for protection of this site (i.e. deauthorized channel
X Implementation of fish enhancements post site remediation under the GLLA or this BUI
x Stakeholder and public input during all phases of the project
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Figure 1. Project site for Menomonee River6" to 25" Street.
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Figure 2. Densities of indicator species surveyed by the USFWS Aquatic Invasive Species early deteittiandeasrar the 16th/25th
street project area in 2016. Project boundary is outlined in black.
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Project Title:Fish and Wildlife Enhancements to Little Menomonee River Park@aygtion 1
Project LocationLittle Menomonee River ParkwaySection 1

Project Sponsor:Milwaukee County Parks

Project Landowner:Milwaukee County

Background

The Little Menomonee River Parkwagpection 1 is one of the largest (215.7 acres) and most important
habitats in the Milwaukee Estuary Area of Concern (AOC), and it supports a diverse number of fish and
wildlife. This area on the LMR provides important riparian forest, shrubland, grassland, andiwetlan
habitat for many indicator species in the Milwaukee Estuary AOC. It is also provides important migratory
stopover habitat for waterfowl (Documented: 18 species of ducks, 2 species of geese, 5 species of
cranes/herons/egrets, 5 species of grebes/rails, 4 species of gulls/terns, and 9 species of shorebirds) and
spawning habitat for Northern Pike. The site also contains 97 species of flora and fauna that the
Milwaukee County Parks (site owner) lists as priority conservation species within Milwaukeg.@ount
portion of the site is an old quarry that flooded and reverted to a variety of shallow water
wetlands/emergent marshland. Former gravel spoil piles in the wetlands offer one ohtha@as

within the AOC where turtles can potentially nest safely. These spoil piles are surrounded by water,
which block access for nest predators such as raccoons and skunks.

Through recent efforts to determine management actions for the Degradation of Fish andéildli
Populations BUI, the Milwaukee Estuary AOC Fish and Wildlife Technical Advisory Committee (Tech
Team) determined that this site is a key location in the Milwaukee Estuary AOC. It was determined to be
important for semi-aquatic habitat associated species. The large size of this project siteeprovi

important habitat for forest as well as wetland breeding birds and mammals. It is well conriecte=

LMR River corridor and is a crucial project to meet our wildlife and fish metrics for BUlale@ven

§Z]s *15 [* JA E+ A S0 v Z ]33 38U |3 ZE|A(+3FZ VEJEBP]P>DZ K ERE E] }C
the south. As the ecological engine for the entire LMR corridor to the south, it istampthat this site
receives much-needed enhancements to better support impaired reproducing populations within the
Milwaukee Estuary AOC. This site is also directly adjacent to the Milwaukee Estuary AOC boundary on
the LMR and provides the opportunity for earthwork habitat enhancemenmikich are limited in othe

areas of the LMR corridor due to location of the former Moss-American Superfund site dioeittty

south.

Collaboration with Partners

Current habitat restoration work that is being implemented directly north of W CountyRdael in the
LMR corridor includes Ozaukee County Planning and Parks (OCPP) projeittsaokeéd Metropolitan
Sewerage District (MMSD) Greenseams properties, as well as ongoing Milwaukee CountyaRairkg pl
for the LMR corridor directly to the south of this sifénis work is being developed as part of an
Ecological Restoration and Management Plan (ERMP) by Milwaukee County Parlksrandagement
action for the Loss of Fish and Wildlife Habitat Bldncompasses goals and objectives that can be
found in the draftFish and Wildlife Plafor the Milwaukee Estuary AOC. As a result, the project
landowner for this site, Milwaukee County, has previously and continues to play an impott&irt ro
implementing management actions for BUIs in the Milwaukee Estuary AOC.
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Proposed Work

This project will plan and implement project recommendations that are proposed to loengtished at
LMR Section 1, while addressing portions of the fish and wildlife populations BUNfiltrsaikee
Estuary AOC that best represents improvements of the impacted populations. As part of this process,
this site has been surveyed previously by Milwaukee County Parks. Results from tHes stildij and
on-going park surveys provided important information about species and habitat foutiti®property.
Potential enhancements to benefit wildlife populations in this area include: removalesftsevasive
species populations that could degrade the ecological functions of the wetlgraisland/savanna
enhancements through the removal of woody vegetatiopland and lowland forest stand
improvements such as reforestation and select forest thinning to improve canopy diversttgnd
creation through shallow scrapes and the installation of water control structamagtenance of
aquatic buffer zonesshoreline enhancements such as woody vegetation removal on turtle nesting
islands and potentially the installation of solar powered electric fencing to deter nest prepatmody
structure installations to provide higher quality fish habjsgmi-aquatic improvements through the
installation of native plantfor a variety of herptiles.

Estimated Timetable and Duration (Calendar Year)

Planning: Q1 2020 Q4 2021

x Design and Permitting: Q1 202204 2022

x Construction/Implementation: Q1 2028Q4 2024

X Maintenance and Vegetation Establishment: Q1 2023 2028

x

Estimated Project Budget & Funding
The total project costs for this project are approximately $6M.

Criteria for Measuring Project Goals are Met (Qualitative and/or Quantiva)

The overall goals of this project are to address the metrics that were set for the Milwaukee EsQ@ry
In doing so, the project will meet all the goals below (highlighted in green)raowd sieasures of
success by an AOC wide verification monitoring effort:

1. Improve the quality of terrestrial habitat types (i.e. forest, wetland, shrubland, grassland, semi
aquatic, and upland/grassland) to support a better population of wildlife indicator species:
X Species and area of exotic invasive species removed
X Amount (area or number) of native species planted to benefit wildlife indicator species
x Number and species richness of wildlife indicator species found representing breeding
behavior for consecutive years
X Amount (area) of habitat types created, enhanced and/or protected
2. Improve the quality of aquatic habitat to support a better population of fish indicator species:
x Amount (length or area) of fish habitat established or enhanced in the upper reaches of
the Milwaukee and Menomonee Rivers for lake sturgeon and northern pike,
respectively
x Amount (length or area) of fish habitat established or enhanced for indicatoranrd s
indicator species
3. Improve connectivity between fish and wildlife populations by improving size anmkcting
gaps or barriers of habitat types:
x Amount (length or area) of fish habitat or stream channel enhanced or restored
x Amount (length) of corridor habitat improved or reconnected
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Fish and Wildlife Metrics Addressed by Project

Assessments that are referenced in @20 Removal Target Updatfes the Milwaukee Estuary Area of
Concerninclude those that were completed as part of the planning process. Metrics were reviewed and
agreed upon by the Tech Team to determine necessary steps and projects to remove this BUI. This
project will take part in addressing certain aspects of following metrics:

Upper Milwaukee Estuary AOC

(Upstream of Humboldt Avenue on the Milwaukee River to Bridge Road on@edk; Upstream of N 25th

Street on the Menomonee River to Brown Deer Road on the Little MenerRover; No upper reach for the
Kinnickinnic River)

x Presence of the indicator species, northern pike, utilizing spawning habitat in the upper reaches
of the Menomonee/Little Menomonee River.
X V}A Eoou vAop (E}u oo A EuA SFKaEr/ }& u%d®IEFO-i(}ES }(
the upper reaches of the Menomonee River.
Breeding Birds
X At least 9 sites in the AOC support at least 3 breeding bird indicator species for each habitat type
(Forest, Wetland, and Shrubland).
X At least 6 sites in the AOC support at least 2 breeding bird grassland indicator species.
X At least 9 sites in the AOC support at least 1 breeding bird Airspace/Urban species.
Herptiles/Crayfish
X At least 30 sites in the AOC support at least 2 semi-aquatic guilds (Crayfish, Salamanders, Frogs,
and Turtles).
0 Atleast 10 sites support at leaktrayfish species.
0 Atleast 15 sites support at leakfrog species.
0 Atleast 6 sites support at leakturtle species.
X At least 15 sites in the AOC support at least 2 upland/grassland habitat indicator snake species.
Mammals

X At least 10 sites in the AOC support at least 2 mammal indicator species for each habitat type
(Forest and Wetland).

X At least 5 sites within the AOC support at least 1 grassland mammal indicator species.

Project Rationale/Why Critical for BUI Removal

The process by the Milwaukee Estuary AOC Tech Team to determine management actions for the
Degradation of Fish and Wildlife Populations BUI included a rigorous selection gfibidgfy projects in

the Milwaukee Estuary AOC to address said BUI. This grojg@ « E vl e Nd] €& i_U Z]JPZ % E]
project in the AOC. Out of the original 120 projects that were vetted by the Tech Tedmsf8tUI, only

15 (or 12.5%) were deemed Tier 1, high priority. It was determined to be importantrforasgiatic

habitat associated species. The large size of this project site provides important habitat foafovesit

aswetland breeding birds and mammals. It is well connected td #i&River corridor and is a crucial

project to meet our wildlife and fish metrics for BUI removal. %o E A]}p+0oC u v3]}v U P]JA v §Z]
diverse wetland habitats, it drives the biological diversity of the entire LMR AOC caorith@ south.

Habitat improvements could significantly increase those benefits at a cost/benefit ratio bkedy than

other habitat projects within the AOC. The site also contains 97 species of flora and fauna that the

Milwaukee County Parks (site owner) lists as priority conservation species within Milwaukeg.Coun

Necessary Project Elements
Elements for this project include:
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An invasive species and vegetation management plan (aquatic and terrestrial) with provisions
made for long term implementation.

A conservation easement or equivalent for permanent protection of this site (i.e. non-
developable land, zoned parkland).

A conservation plan or equivalent that addresses the goals of Little MenomoneetFSeetion

1 and the population goals for this site of the Milwaukee Estuary AOC.

Stakeholder and public input during all phases of the project.
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Project Title:Wildlife Enhancements to Kohl Park
Project LocationKohl Park

Project Sponsor:Milwaukee County Parks
Project Landowner:Milwaukee County

Background

The land that constitutes Kohl Park has been donated to the Milwaukee County Parkiseoseurse of

a decade, including the most recent and final donation in 2018, by the Herb Kohl family. The leased
agricultural lands contained within this site provide a unique opportunityttfe creaton of wildlife
enhancements that are to be implemented as part©Z  } g vi&dd[management plan and essential
actions to address the wildlife population impairments in the Milwaukee Estuary A@areern (AOC).
This large habitat area has the potential to support many more populations through restoedfats
included in this proposed project, because it is strategically located between other large publicly
protected parcels directly connecting it to the Milwaukee River Estuary AOC. Kohl Pa, maximity
to the Little Menomonee River (LMR), potentially provides important forest, shrublarsslgral, and
wetland habitat for Milwaukee Estuary AOC indicator species. Plans for this area include prairie
restoration, and the expansion of the forested/shrubland areas to fill-in a largerguants corridor on
the northern portion of Milwaukee County. It would also address known sediment and nutrient loading
into Trinity Creel a tributary of the Milwaukee River portion of the AOC.

Through the recent efforts to determine management actions for the Degradation of Fish atlifieWil
Populations Beneficial Use Impairment (BUI) by the Milwaukee Estuary AOC Fish and WildlieaTechni
Advisory Committee (Tech Team), this site has been determined as a key location in the Milwaukee
Estuary AOC that provides important habitat for many fish and wildlife indicator sp&bisssite is

within a 0.5mi buffer of the AOC boundary that was used in determining the status of this impairment
during the AOC-wide assessment. This project also provides a unique oppdituigitgund moving

work that other areas in the LMR corridor are limited due to previous superfund cleanugseffo

Collaboration with Partners

Nearby habitat restoration work is currently being implemented directly north of W CoumgyRoad in

the LMR corridor by the Ozaukee County Planning and Parks (OCPP) on Milwaukeelitetr

Sewerage District (MMSD) Greensedpreperties, ecological restoration activities on the adjacen
Mequon Nature Preserve, and the potential AOC restoration work on the section of the LMR between
County Line Road and Brown Deer Road which is also listed by the Fish & Wildlife Technargl Advis
Committee as ahigh priority_site for delisting BUIs. In addition, the Kohl Park restoration would

directly tie into and compliment the Milwaukee County Parks planning for the tiMridor below W

Brown Deer Road. This work is being developed as part of an Ecological Restoration and Management
Plan (ERMP) by Milwaukee County Parks and is a management action for the Loss of Wisdiignd

Habitat BUI. It encompasses goals and objectives that can be found in the draft Fish and Wildlife Plan fo
the Milwaukee Estuary AOC. As a result, the project landowner for this site, Milwaukee County, has
previously and continues to play an important role in implementing management adtorBUIs in the
Milwaukee Estuary AOC.
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Proposed Work

This project will plan and implement project opportunities that are proposed while addreadarge
portion of this BUI in the Milwaukee Estuary AOC that best represents improvements of thetdohpa
wildlife populations. As part of this process, this site has been surveyed previously by Mévzailkety
Parks. Results from this wildlife study and on-going park surveys provided impoftamation about
species and habitat found on this property. Potential enhancements to benefit wildlife pomdatio
this area include: control of select invasive species populatjmagie/oak savanna installation and
managementupland and lowland forest stand improvements such as reforestation and select thinning
to enhance canopy species diversiiyeservation and enhancements to ephemeral and permanent
wetlands through wetland scrapes and hydrological management pragsiess-aquatic and
upland/grassland improvements for a variety of herptiles through the conversion imuétgral fields to
grassland habitat and the removal of woody vegetation from existing grasslands.

Estimated Timetable and Duration (Calendar Year)

Planning: Q1 2021 Q2 2022

x Design and Permitting: Q3 20222 2023

x Construction/Implementation: Q3 2028Q4 2024

X Maintenance and Vegetation Establishment: Q1 20231 2028

x

Estimated Project Budget & Funding
The total project costs for this project are approximately $2.5M.

Criteria for Measuring Project Goals are Met (Qualitative and/or Quantiva)

The overalgoals of this project are to address the metrics that were set for the Milwaukee Estuary AOC.
In doing so, the project will meet the two goals below (highlighted in green) and steasures of

success by an AOC wide verification monitoring effort:

1. Improve the quality of terrestrial habitat types (i.e. forest, wetland, shrubland, grassland, semi
aquatic, and upland/grassland) to support a better population of wildlife indicator species:
X Species and area of exotic invasive species removed
X Amount (area or number) of native species planted to benefit wildlife indicator species
x Number and species richness of wildlife indicator species found representing breeding
behavior for consecutive years
X Amount (area) of habitat types created, enhanced and/or pragdct
2. Improve the quality of aquatic habitat to support a better population of fish indicator species:
x Amount (length or area) of fish habitat established or enhanced in the upper reaches of
the Milwaukee and Menomonee Rivers for Lake sturgeon and Northern pike,
respectively
x Amount (length or area) of fish habitat established or enhanced for indicator and sub-
indicator species
3. Improve connectivity between fish and wildlife populations by improving size antecting
gaps or barriers of habitat tyjgse
x Amount (length or area) of fish habitat or stream channel enhanced or restored
x Amount (length) of corridor habitat improved or reconnected
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Fish and Wildlife Metrics Addressed by Project

Assessments that are referenced in @20 Removal Target Updatfes the Milwaukee Estuary Area of
Concerrinclude those that were completed as part of the planning process. This project will taka part i
addressing certain aspects of following metrics:

Breeding Birds
X At least 9 sites in the AOC support at least 3 breeding bird indicator species for each habitat type
(Forest, Wetland, and Shrubland)
X At least 6 sites in the AOC support at least 2 breeding bird grassland indicator species
X At least 9 sites in the AOC support at least 1 breeding bird Airspace/Urban species
Herptiles/Crayfish
X At least 30 sites in the AOC support at least 2 semi-aquatic guilds (Crayfish, Salamanders, Frogs,
Turtles).
0 Atleast 10 sites support at least 1 crayfish species.
0 Atleast 15 sites support at least 1 frog species.
X At least 15 sites in the AOC support at least 2 upland/grassland habitat indicator snake species.
Mammals
X At least 10 sites in the AOC support at least 2 mammal indicator species for each habitat type
(Forest and Wetland).
X At least 5 sites within the AOC support at least 1 grassland mammal indicator species.

Project Rationale/Why Critical for BUI Removal

The process by the Milwaukee Estuary AOC Tech Team to determine management actions for the
Degradation of Fish and Wildlife Populations BUI included a rigorous selection gfibidgfy projects in

the Milwaukee Estuary AOC to address said BUI. This groj@ « & vl e Nd] € i_U Z]JPZ % E]
project in the AOC. Out of the original 120 projects that were vetted by the Tech Tedmsf8iUI, only

15 (or 12.5%) were deemed Tier 1, high priority. It was determined to be importantrforaspiatic and
upland/grassland habitat associated species (especially frogs and snakes). The large size of this project
site provides important habitat for forest, shrubland, and grassland breeding birds and aianmwhich
scored the highest potential benefit in all the high priority projects. It is well conneotéte LMR

corridor through LMR Section 1 and Joseph-Lichter Park. As previously mentioheBakk falls

between other large protected properties such as MMSD Greenseams parcels, Mequon Nature
Preserve, and the LMR Parkway. The creation of new habitat and restoration of existing habithak at

Park would complement other habitat areas and create a 1,143 acre habitat block, whiachheathe

largest habitat block within the AOC. In addition, the conversion of the leased agricultural lard at Ko
Park to grassland and savanna provides for a habitat type that is extremely rare in the AOGhdue to
predominance of woodlands and existing urban development.

Necessary Project Elements
Elements for this project include:
X An invasive species and vegetation management plant with provisions made for long term
implementation.
X A conservation easement or equivalent for permanent protection of this site (i.e. non-
developable land, zoned parkland).
X A conservation plan or equivalent that complements the County goals of KohdRétke
population goals for this site within the Milwaukee Estuary AOC.
x Stakeholder and public input during all phases of the project.
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Project Title:Fisheries Improvements to Lincoln Park Oxbow

Project Locationlincoln Park Oxbow (Estabrook Island to Oak Leaf Trail Crossing on Milwaukee River)
Project Sponsor:Milwaukee Metropolitan Sewerage District (MMSD)

Project Landowner:Milwaukee County

Background

Pre-historic emergent wetlandsd., marsh and wet meadow) once covered thousands of acres in the
Milwaukee Estuary and connecting rivers and were critical for various fish and wildlife liés.stdgse
wetland cover types are currently absent in the estuary and lower river reaches. Some reaches of the
former Estabrook impoundment provide one of the best opportunities for rehabilitating emergent
wetlands for phytophilic spawning fishes (i.e. northern pike) in close proximity to tlnealkee

Estuary. The low-gradient (0.3-0.59 m/km) and shallow (0.5-1.9 m) reaches upstrdasrfamer
impoundment are dominated by silt, sand, and gravel substrate. These habitat features are near-
optimum habitat for larval/juvenile lake sturgeon (Daugherty et al., 2009).

The Lincoln Park Oxbow and Estabrook Impoundment was rergeldiatwo phases (2012 and 2015) as
part of a GLLA cleanup project which removed roudfi6;000 cubic yards of contaminated sediments.

As the remediation work concluded, the GLLA project stabilized the shoreline and re-established

AP 3 3J}vX dZ '>> % E}i 3[c % E]Ju EC V(o pansithersis dodpporRingyto Z v
further enhance the large oxbow area for fish and wildlife populations. This project wouldi@those
enhancements and represents an important contribution to the overall effort of partners such as
Ozaukee County, Milwaukee County, Milwaukee Riverkeeper, Urban Ecology Center and others to
restore the Milwaukee River.

Previous concepts for what this stretch of the river may look like were developed ad partabitat
Rehabilitation Alternatives Analysis and can be found in a technical memorandum completed by
InterFluve (Lee, 2018), sponsored by MMSD. Prehistoric emergent wetlands, such as thosslgreviou
found at the Lincoln Park Oxbow, once covered thousands of acres in the Milwaukee Bstlary
connecting rivers that were critical for a diversity of fish and wildlife species. These weailaatdypes

are currently absent in the estuary and lower river reaches. This area of the Milwaukee River provides
the best opportunity for establishing emergent wetlands that will support all life stages of important fish
indicator species (i.e. northern pike, lake sturgeon, greater redhorse, and smallmouth bass) in close
proximity to the lower Milwaukee Estuary. Through the recent efforts to determine management
actions for the Degradation of F&W Populations BUI by the Milwaukee Estuary AOC F&W Technical
Advisory Committee (Tech Team), this stretch of the Milwaukee River has been determined as an
important location that if restored, would benefit numerous fish and wildlife indicator sgecie

This projecis important to address the status of the Degradation of F&W Populations BUI in the
Milwaukee Estuary AOC. The Tech Team determined that this project will address all three overall
outcome goals for this BUI and six output fish and wildlife metrics. This project scored the bigihafs
all 34 high priority projects for supporting the early life stages of lake sturgeon and scéreut af 10

for benefits referring to fish sub-indicator families (i.e. suckers, minnows and shiners, bullheads and
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catfishes, sunfishes, and perches). It also provides important semi-aquatic habitat for frogs and turtles,
as well as breeding and migratory bird habitat.

Collaboration with Partners

This project would specifically involve those that play an important role in bif@k and this section

of the Milwaukee River. The primary stakeholders that will be involved in this projeatiéntie
landowner, Milwaukee County Parks, the Friends group of Lincoln Park, Milwaukee Riverkeepies, and
Milwaukee River Rehabilitation Work Group.

Milwaukee County Parks is working with several partners on various aspects of park improvement and
planning along the Milwaukee River Greenway. While some of these partners, [i.e. Urban Emitey
(UEC), River Revitalization Foundation (RRF), Milwaukee River Advocates, and the Frierwla of Lin
Park] E (&E] v [ P E} % Yrdfg drg@bizati@ns thagtare involved with restoration projects

and initiatives throughout the county. Recently, RRF, UEC, University of Milwaekk8t&tion, and
Milwaukee County Parks completed biodiversity surveys in the Greenway. This work, in combination
with an AOC-wide, comprehensive F&W population study, helped inform the necessary steps to address
population impairments in the Milwaukee Estuary AOC. Other partners that play an important role in
the greenway include but are not limited tovthe Koenen Nature Preserve, Village of Shorewood,

MMSD, and Milwaukee Riverkeeper. The landowner for the majority of these parks along the greenway,
Milwaukee County, has previously and continues to play an important role in implementing
management actions for BUIs in the Milwaukee Estuary AOC.

Proposed Work

This project will plan, design, and implement project elements that are developed ththeg

alternatives analysis and feasibility study that are proposed to be accomplished in this part of the
Milwaukee River and Greenway, while addressing portions of the fish and wildlifeatiopsIBUI in the
Milwaukee Estuary AOC that best represent improvements of the impacted populations. As pé#st of th
process, this site has been surveyed previously by Milwaukee County Parks, rfampraviously

listed partners, and contractors. Results from this wildlife study, vegetative inventories, habitat
determinations and on-going park surveys provided important information about species and existing
habitat found in this section of the Greenway. Recommended benefits to fish and wildlifggpions in
this area includebut are not limited te-enhancing wetland and backwaters for spawning and juvenile
indicator and sub-indicator fish development (i.e. nursery habitat for juvenile lake sturgeon and
spawning habitat for northern pike); establish and maintain wetland vegetation; place wood flr ban
protection and localized scour development for fish and wildlife; shoreline and aqudtfis bu
improvements for stabilization and cover; turtle nesting habitat enhancement and mareageaend
addition of large rock in the river channel.

Estimated Timetable and Duration (Calendar Year)

Planning: Q1 2020 Q4 2020

x Design and Permitting: Q1 202101 2022

x Construction/Implementation: Q2 2022Q2 2024

X Maintenance and Vegetation Establishment: Q3 202#4 2027

x

Estimated Project Budget & Funding
The project total costs for this project are approximately $6M.
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Criteria for Measuring Project Goals are Met (Qualitative and/or Quantiva)

The overall goals of this project are to address the metrics that were set for the Milwaukee EsQ@ry
In doing so, the project will meet all the goals below (highlighted in green)raowd measures of
success by an AOC wide verification monitoring effort:

1. Improve the quality of terrestrial habitat types (i.e. forest, wetland, shrubland, grassland, semi
aquatic, and upland/grassland) to support a better population of wildlife indicator species
X Species and area of exotic invasive species removed
X Amount (area or number) of native species planted to benefit wildlife indicator species
x Number and species richness of wildlife indicator species found representing breeding
behavior for consecutive years
X Amount (area) of habitat types created, enhanced and/or protected
2. Improve the quality of aquatic habitat to support a better population of fish indicator species:
x Amount (length or area) of fish habitat established or enhanced in the upper reaches of
the Milwaukee and Menomonee Rivers for lake sturgeon and northern pike,
respectively
x Amount (length or area) of fish habitat established or enhanced for indicator and sub-
indicator species
3. Improve connectivity between fish and wildlife populations by improving size antecting
gaps or barriers of habitat types:
x Amount (length or area) of fish habitat or stream channel enhanced or restored
x Amount (length) of corridor habitat improved or reconnected

Fish and Wildlife Metrics Addressed by Project

Assessments that are referenced in @20 Removal Target Updatis the Milwaukee Estuary Area of
Concernnclude those that were completed as part of the planning process. Metrics were reviewed and
agreed upon by the Tech Team to determine necessary steps and projects to remove this BUI. This
project will take part in addressing certain aspects of following metrics:

Upper Milwaukee Estuary AOC
(Upstream of Humboldt Avenue on the Milwaukee River to Bridge Road on@edkr Upstream of N 25th
Street on the Menomonee River to Brown Deer Road on the Little MenerRdrex; No upper reach for the
Kinnickinnic River)
x Presence of the indicator species, lake sturgeon, utilizing spawning habitat in the upper reaches
of the Milwaukee River
X V}I}A Eoou vAou (Elu oo A EuA § E /_/}<Eu%hikdvgBod( (}ESe }( ™
(i.e. 51-65) in the upper reaches of the Milwaukee River
Herptiles/Crayfish
X At least 30 sites in the AOC support at least 2 semi-aquatic guilds (Crayfish, Salamanders, Frogs,
Turtles)
0 Atleast 15 sites support at least one frog species
0 At least 6 sites support at least one turtle species
Mammals
X At least 10 sites in the AOC support at least 2 mammal indicator species for each habitat type
(Forest and Wetland)



Degradation of Fish and Wildlife Populations
Project Summary

Project Rationale/Why Ciritical for BUI Removal

The process by the Milwaukee Estuary AOC Tech Team to determine management actions for the
Degradation of Fish and Wildlife Populations BUI included a rigorous selection gfibidgy projects in

§Z DJ]oA pl Su EC K 5§} E e+ 5Z] h/X dZ]s %UEZ|PZ M EBE®]SC
project in the AOC. Out of the original 120 projects that were vetted by the Tech Teamsf8itl, only

15 (or 12.5%) were deemed Tier 1, high priority. It was determined to be important fouafish

indicator species (i.e. northern pike, lake sturgeon, greater redhorse, and smallmouth bass). This projec
also scored the highest out of all 34 high priority projects for supporting the kfarlstages of lake

sturgeon in the Milwaukee Estuary AOC. This project scored a 9 out of 10 for benefits referring to fish
sub-indicator families (i.e. suckers, minnows and shiners, bullheads and catfishes, sunfishes and
perches). It also provides important semi-aquatic habitat for frogs and turtles, as well as breeding and
migratory bird habitat (152 bird species documented using the site as part of their aifaoatle). As a

resul, it is essential to meet the metrics to remove the Degradation of Fish and Wildlife Populations BUI.

Necessary Project Elements
Elements for this project include:
X Aninvasive species vegetation (terrestrial and aquatic) management plan with provisions made
for long term implementation at Lincoln Park Oxbow
X A conservation easement or equivalent for permanent protection of this site (i.e. non-
developable land, zoned parkland)
X A conservation plan or equivalent that addresses the goals of the Lincoln Park Oxbow and the
population goals for this site in the Milwaukee Estuary AOC
x Stakeholder and public input during all phases of the project
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EXECUTIVE SUMMARY

The Wisconsin Department of Natural Resources (DNR) Office of Great Waters (OGW) is
UHVSRQVLEOH IRU LPSOHPHQWLQJ :LVFRQVLQITYKIUFHKDWRI QRQFHU:
regulatory program aimed at restoring Beneficial Use Impairments (BUIs) in AOCs. This

program is intended to address legacy issues, such as problems caused by historical

contamination, and does not replace or supplant existing regulatory programs.

Removal targets are a key element of the AOC program. They define the end goal that
determines when BUIs can be considered adequately addressed for the AOC program, and
thus eligible to be removed. The targets inform the selection of monitoring approaches to
determine the status of the impairments and management actions to address them. Once all
BUIs have met their targets, the AOC can be formally delisted. It is important to note that the
BUI impairment determination is not the same as an impaired waters determination under the
Clean Water Act. Targets and actions must be consistent with state regulatory programs and
departmental policy.

In 2008, DNR engaged AOC stakeholders in establishing locally-derived removal targets and
published the document entitled, Delisting Targets for the Milwaukee Estuary Area of Concern.
These targets are AOC-specific rather than applicable statewide.

As part of the planning efforts to develop management action project lists for the Milwaukee
Estuary AOC, it became clear that many of the BUI removal targets require modification in order
to account for changes in the AOC since 2011, and to ensure they are meaningful, measurable,
and achievable.

CONSIDERATIONS FOR CHANGING REMOVAL TARGETS

Target changes should be made with the recognition that the AOC program is a framework for
achieving parity with conditions in similar areas that reflect impacts from development and
industrialization, but where the extent of the impacts did not rise to the designation of an AOC.
Targets need to be viewed with the following attributes in mind: Specific, Measurable,
Achievable, Reasonable, and Time-bound (SMART). Reasons that targets may be justifiably
revised include the following:

x New information has become available;
x Target language needed clarification and format consistency;

X The target reflects goals that go beyond the AOC program framework (e.g. overlap
existing permit or regulatory compliance program functions); and/or

X The scope of achievable activities within the AOC program has become better
understood as program implementation has occurred.

The targets were developed in concurrence-based processes and target changes require that
an opportunity for stakeholder input and comment be provided. The approach to developing
revisions and the opportunities for stakeholder input regarding the proposed changes may vary
depending on the BUI. As part of this document, proposed changes to each BUI will be
identified with one or more of the reasons stated above.



MILWAUKEE ESTUARY AOC HISTORY

The Milwaukee Estuary was designated as an AOC under the Great Lakes Water Quality
Agreement (GLWQA) in 1987. Milwaukee and 42 other areas were designated as AOCs due to
legacy contaminants and historical alterations to beneficial uses created by human
modifications to the environment for more than a century. The OLOZDXNHH (VWXDU\TV OLVW|
AOC was based on the presence or suspected presence of eleven out of the fourteen possible
BUIs in the GLWQA. Many of the BUIs relate to legacy sediment contamination in the waters of
the AOC from polychlorinated biphenyls (PCBs), polycyclic aromatic hydrocarbons (PAHs), and
metals. In accordance with the AOC Annex of the 1987 GLWQA, the DNR completed a Stage 1
Remedial Action Plan (RAP) in 1991 (DNR, 1991). The Milwaukee Estuary AOC boundary was
expanded in 2008 to the upper portions of the Menomonee and Milwaukee River watersheds to
include areas of legacy contamination in the Little Menomonee River, Lincoln Creek, and Cedar
Creek. To date, none of the BUIs have been removed. However, significant progress has been
made in addressing each of the eleven BUIs identified below:

Restrictions on Dredging Activities*

Fish Tumors or Other Deformities*

Bird or Animal Deformities or Reproduction Problems*
Restrictions on Fish and Wildlife Consumption*
Degradation of Benthos*

Degradation of Phytoplankton and Zooplankton Populations
Loss of Fish and Wildlife Habitat*

Degradation of Fish and Wildlife Populations*

Beach Closings (Recreational Restrictions)
Eutrophication or Undesirable Algae

Degradation of Aesthetics

X X X X X X X X X X X

*BUIs that are linked to contaminated sediment in the Milwaukee Estuary AOC.

NEXT STEPS

The DNR OGW team has and will continue to collaborate with stakeholders during the removal
target revision process to assure that measurable and achievable endpoints specific to the
Milwaukee Estuary AOC are defined. Coming to consensus on these revised targets allows for
identification of specific actions needed to address the BUIs.

Once these removal targets have been met, removal of the BUI will be recommended. After all
BUIs are removed, the AOC can be delisted. DNR will continue working in consultation with
stakeholders and the public on restoration of these waters.
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RESTRICTIONS ON DREDGING ACTIVITIES

Contaminated sediments being excavated from 2012-2015 in Lincoln Park (Phase | & Phase Il).
Around 171,500 yd? of sediments contaminated with PCBs, PAHs and heavy metals were removed.

Background

Local stakeholders and communities have been working together to successfully address
legacy contamination of the Milwaukee Estuary AOC for decades. The 1994 RAP listed 26
steps for contaminated sediment management, which provided the framework for previous
cleanup activities. Since then, updated RAPs, as well as mass balance (Baird and Associates,
1997) and transport (Steuer et al., 1999) studies have been used to guide the contaminated
sediment management strategy for the Milwaukee Estuary AOC. Stakeholders in the AOC have
been working on contaminated sediment remediation projects since the 1980s with the most
recent project at Lincoln Park on the Milwaukee River, completed in 2015.

Building on the past success of remediation efforts, local stakeholders formed a Sediment Work
Group in 2018. The group is facilitated by the City of Milwaukee and includes a diverse array of
stakeholders working to accelerate remediation progress. Several of the stakeholders proposed
a project agreement for a large-scale Great Lakes Legacy Act (GLLA) sediment remediation
project in 2018. The purpose of this large-scale project is to facilitate the coordination of
different projects at various stages of work throughout the entire AOC and enhance
opportunities to leverage resources for completing the projects. In 2019, a $29.2 million
Milwaukee Estuary AOC-wide project agreement was signed between US EPA Great Lakes
National Program Office (GLNPO), WDNR, City of Milwaukee, Milwaukee County Parks,
MMSD, and We Energies to cover focused feasibility studies, pre-design investigation, and
remedial design of impacted sediments in the Estuary. This project will be an integral part of
addressing remaining legacy contamination in the AOC as it includes significant portions of the
remaining contaminated sediment. The target for this BUI was revised to clarify target language
and criteria for eventual removal of this BUI.



Current Target: Restrictions on Dredging Activities Revised Target: Restrictions on Dredging Activities

Target (Updated 2011) Status Target (Updated 20 20) Status

Removal of this BUI can occur when:
. . - . Removal of this BUI can occur when:
x Contaminated sediment hotspots within and In Progress & Action
upstream from the AOC have been identified. Needed _ x Sediment and adjacent floodplain areas contaminated In Proaress &
X Implementation actions to remediate In Progress & Action with legacy pollutants have been identified and ~rog
contaminated sites have been completed. As a Needed remediated within the AOC. Action Needed
source control measure and for AOC remediation,
known contaminateq sites must be addressed x  All remedial actions have been implemented following InpP &
before BUI removal is possible. Wisconsin Administrative Code NR 700 rules series and A?ctic:ggl\rleesesded
X There are no special handling requirements of In Progress & Action statutory requirements.
material from routine navigational dredging Needed
due to contamination originating from
controllable sources within the AOC.

Revision Determination
Justifiable Reason: Target language needed clarification and format consistency.



FISH TUMORS OR OTHER DEFORMITIES

Researcher collecting neoplastic liver tumor samples from a white sucker
collected in the Milwaukee Estuary AOC. Previous tumor rates in the AOC are at
15% versus 8.5% at the Root River reference site.

Background

Liver tumors, particularly in benthic fish, have been well documented to be caused by environmental
contaminants, in particular PAHs (Rafferty et al., 2009; Pinkney et al., 2011). The fish tumor beneficial

use is considered impaired if incidence rate of fish tumors exceeds rates at background or reference

sites or if survey data confirm the presence of neoplastic or preneoplastic liver tumors in bullhead or

suckers (International Joint Commission, 1989). Target rates of 5% of neoplastic tumor incidence

were suggested for benthic species inthe Great / DNHV DV LQGLFDWLYH RI SHQYLURQP
(Baumann et al., 1996), although, due to association with PAHs, urban land uses may have higher

rates of neoplastic tumor incidence (Blazer et al., 2016).

In 2013, a fish tumor study (200 white suckers) was completed by the US Geological Survey (USGS),
West Virginia University (WVU), and University of Wisconsin-Madison to determine tumor rates within
the AOC. Results showed a higher rate (15%) than the expected background rate (5%) for neoplastic
fish tumors in the Great Lakes, as well as higher rates than an identical evaluation of white suckers in
the Root River (8.5%) in 2014. Results of these studies and comparison between the Milwaukee
Estuary AOC and Root River reference site were published in 2016 (Blazer et al., 2016).

These studies indicate additional work needs to be done to control or eliminate sources of
contaminants within the Milwaukee Estuary AOC. Future sampling to determine decreases in fish
tumor rates will occur after remediation has been completed. Additions were made to a revised target
below, altering the target language and criteria based on new available information.



Current Target: Fish Tumors or Other Deformities

x  All known major sources of PAHs and

chlorinated organic compounds within the
AOC and tributary watershed have been
controlled or eliminated.

A fish health survey of resident benthic fish
species, such as white suckers,

finds incidences of tumors or other deformities
at a statistically similar

incidence rate of minimally impacted reference
sites.

OR, in cases where tumors have been reported:
x A comparison study of resident benthic fish

such as white suckers of

comparable age and maturity, or of fish
species found with tumors in

previous fish health surveys in the AOC, with
fish at minimally impacted

reference sites indicate that there is no
statistically significant difference

(with 95% confidence) in the incidence of liver
tumors or deformities.

In Progress &
Action Needed

Assessment
Complete
(2015)
Reassess Post
Remediation

Assessment
Complete
(2015)
Reassess Post
Remediation

Revised Target: Fish Tumors or Other Deformities

Target (Updated 2011) Status Target (Updated 20 20) Status

Removal may occur if:

Revision Determination
Justifiable Reason: The scope of achievable activities within the AOC program has become better understood as program implementation has occurred.

New information has become available.

Target Language Changes
Specific language relating to other deformities was removed because neoplastic liver tumors are closely correlated with contaminants. Other pathogen deformities
can have a large list of causes not related to contaminants.
Removed language related to other fish species separate from our benthic resident indicator, white sucker. Other benthic species that are used for this BUI (brown
bullhead) are not available in the Milwaukee Estuary AOC.
Added a third case in which this BUI can be removed. By comparing rate of decrease between sampling events, the BUI can be removed if data suggests that tumor
rates will be at or below the reference site by the time fish that were exposed to contaminated sediment have been removed from the population.

X

X

Removal of this BUI can occur when:

X Contaminated sediment sites within the AOC have been identified, and In Progress
implementation actions to remediate contaminated sites have been & Action
completed. Needed
A fish health survey of resident benthic fish species, such as white
suckers, finds incidences of liver tumors to be less than the established
Great Lakes background rate (5% for white suckers) with 95 percent
confidence.

OR, in cases where tumor rates exceed the established background rate:
A comparison study of resident benthic fish, such as white suckers, of Assessment
comparable age and maturity with fish at a reference site indicates that Complete
there is no statistically significant difference (with 95% confidence) in the | (2015);
incidence of liver tumor. Reassess

. . . Post
OR, in cases where tumor rates are representing a decline: Sediment
Multiple years of assessments of resident benthic fish, such as white Remediation
suckers, indicate that incident rate of liver tumors is decreasing such that
it can be reasonably expected that incident rate of liver tumors is below
Great Lakes background rates or statistically comparable to a minimally
impacted reference site, with 95 percent confidence, once all fish
exposed to contaminated sediment have been naturally removed from
the system.




BIRD OR ANIMAL DEFORMITIES OR REPRODUCTI ON PROBLEMS

Tree swallow nesting in a monitoring box at Lakeshore State Park in the
Milwaukee Estuary AOC. Study by USGS from 2010-2015 determined
elevated levels of PCBs, PAHSs, dioxins, and furans (Custer et al., 2016).

Background

The 1994 RAP stated that this BUI was impaired due to contaminants like PCBs and heavy
metals that are found in AOC sediments which may have the potential to impair reproduction
and development in wildlife (King and Krynitsky, 1986; Scheuhammer, 1987). In 2011, research
on tree swallows began in the Great Lakes Region. These birds have historically been a primary
study species and are the suggested indicators of environmental contamination in areas across
the US (Custer and Custer, 2003). They feed on emergent aquatic insects near their nests
(within a few hundred meters) and offer the ability to assess bioavailability of metals and organic
pollutants from contaminated sediments into aquatic insects, and further up trophic levels.

As of the 2017 RAP, tree swallows have been the species of focus for monitoring efforts for the
Milwaukee Estuary AOC in relation to Approach 1 of the current target (updated in 2011).
Results from a 2010-2015 USGS study that includes sampling tree swallows in Milwaukee
Estuary AOC can be found in Appendix E of the 2017 RAP (Custer et al. 2016). Recently,
multiple lines of evidence for this BUI have been used in Michigan AOCs to also look at species
that represent higher trophic levels (Bush and Boer, 2015 and 2020). Fish-eating birds or wildlife
have been found to better represent the extent of reproductive and health effects caused by
contaminated sediments at higher trophic levels. Based on these results, a target revision was
made to also include fish-eating birds or wildlife to more accurately represent bioaccumulation
throughout the AOC as well as BUI recovery. In 2020, WDNR will pull together a group of
technical experts to develop a monitoring and assessment plan.



on Problems Revised Target: Bird or Animal Deformities or Reproducti on

Problems

Target (Updated 2011) Status Target (Updated 20 20) Status

This BUI can be removed if:

Current Target: Bird or Animal Deformities or Reproducti

Removal of this BUI can occur when:

X Studies conducted in the AOC indicate that the In Progress
beneficial use should notbe considered impaired, or | (2010- X Contaminated sediment sites within the AOC have been In Progress
2018) identified, and implementation actions to remediate & Action
x  If studies conducted in the AOC determine that TBD (based on contaminated sites have been completed. Needed
this use is impaired, then two approaches can be results of study)
considered for delisting: Contaminant levels (PCBs, PAHs, heavy metals) in egg, | Assessment
o Approach 1 *Observational Data and Direct young, and/or adult tissues for selected species (such as | Complete
Measurements of Birds and other Wildlife tree swallows AND fish-eating birds or wildlife) are at or (2015); In-
. ) below the Lowest Observable Effect Level (LOEL) for Progress
f Evaluate observational data of bird or other contaminants known to cause deformities or reproductive | Assessment;
animal deformities for a minimum of two suppression, or if higher than the LOEL, are not Reassess
successive monitoring cycles in indicator statistically different than those at a minimally impacted post
species identified in the initial studies as reference site (with 95% confidence interval) over a 3- sediment
exhibiting deformities or reproductive year-period. remediation.

problems. If deformity or reproductive
problem rates are not statistically different
than those at minimally impacted reference
sites (at a 95% confidence interval), or no
reproductive or deformity problems are
identified during the two successive
monitoring cycles, then the BUI can be
removed. If the rates within the AOC are
statistically higher than the reference site, it
may indicate a source from either within or
from outside the AOC. Therefore, if the rates
are statistically higher or the data are
insufficient for analysis to achieve agreed
XSRQ VWDWLVWLFDO SRZHU

f Evaluate tissue contaminant levels in egg,
young and/or adult wildlife. If contaminant
levels are lower than the Lowest
Observable Effect Level (LOEL) for that
species for a particular contaminant that are
not statistically different than those at
minimally impacted reference sites (at a
95% confidence interval), then the BUI can
be removed.

OR, where direct observation of bird and wildlife tissue data
are not available:

x  Fish within the AOC, and of a size and species
considered prey for fish-eating birds or other fish-eating
wildlife, have tissue contaminant (PCBs, PAHs, heavy
metals) concentrations at or below the LOEL for
contaminants known to cause deformities or reproductive
suppression in fish-eating birds or wildlife, or if higher
than the LOEL, are not statistically different than those at
a minimally impacted reference site (with 95% confidence
interval) over a 3-year period.




X Where direct observation of wildlife and TBD (based
wildlife tissue data are not available, the on results of
following approach should be used: Approach 1)

0 Approach 2 zFish Tissue Contaminant
Levels as an Indicator of Deformities or
Reproductive Problems

f If fish tissue concentrations of contaminants
known to cause deformities or reproductive
suppression identified in the AOC are at or
lower than the LOEL known to cause
reproductive or developmental problems in
fish-eating birds and mammals, the BUI can
be delisted, or

f If fish tissue concentrations of contaminants
known to cause deformities or reproductive
suppression identified in the AOC are not
statistically different than Lake Michigan (at
95% confidence interval with sufficient and
agreed upon statistical power), then the BUI
can be removed. Fish of a size and species
considered prey for the wildlife species
under consideration must be used for the
tissue data.

Revision Determination
Justifiable Reason: The scope of achievable activities within the AOC program has become better understood as program implementation has occurred.

New information has become available.

Target Language Changes

X

X X

X X X X

USGS has previously sampled tree swallows in the Milwaukee Estuary AOC. Since 2010, multiple sites in the AOC have been sampled each year. Data from
these sampling events show high levels of PAHs and heavy metals.

Removed the first two bullet points because status of AOC is better understood.

Included sediment contamination management actions to be implemented tas a source of bird or animal deformities BUI in the AOC.

Removed the Approach 1 and the first bullet point. The monitoring required to make this determination would be hard to achieve. The first bullet point and the
second are now combined and wording revised to make it more possible and meaningful towards representing both birds and wildlife.

Added clarifications around what type of contaminants are being assessed.

Added a multi-year monitoring approach that can help show improvement instead of just a single year of sampling.

Added fish eating birds or wildlife to both sections of the target to allow for sampling multiple trophic levels.

Added how to address if contaminant levels are found to be higher than the LOEL.



RESTRICTIONS ON FISH AND WILDLIFE CONSUMPTION

The Milwaukee Estuary AOC is included in a PCB fish consumption advisory
since 1976 that extends outside of the boundary to the upper portions of the
Menomonee and Kinnickinnic Rivers.

Background

Fish

Wisconsin DNR, in conjunction with the Department of Health Services (DHS), monitors fishes
for contaminants from rivers within the Milwaukee River basin (including the AOC, upon
request). These monitoring efforts have been occurring for waters of the state since the 1970s
(Schrank, 2014), and includes analyses for PCBs, mercury, dioxins, and furans. Consumption
advisories are updated by DNR and DHS as needed based on sampling results. The Milwaukee
Estuary AOC has a PCB consumption advisory for resident and transient species, but no
additional advisories pertaining to the AOC (beyond the state-wide fish consumption advice that
applies for mercury).

Updated information from previous and ongoing assessments for fishes in the AOC warranted a
target revision to include sediment remediation and alter language of unobtainable criteria.

Wildlife

The waterfowl consumption advisory, initially issued in 1987, was for certain species (mallard,
black ducks, scaup, and ruddy ducks) harvested in the Milwaukee Estuary AOC. A re-evaluation
of wildlife consumption advisories in 2013-2015 indicate that the current advisories for waterfowl
remain in effect and that all diving ducks are to be included as part of the consumption advisory
(Strom, 2016). Waterfowl consumption advisories will be reassessed after sediment remediation
occurs.



Current Target: Restrictions on Fish and Wildlife Consumption

Target (Updated 2011) Status

Fish

Approach to be used with current level of monitoring for
fish consumption advisories within the AOC (every five
years):

x All known man-made sources of BCOCs
(including PCBs, mercury, dioxins, and furans)
within the AOC and tributary watershed have
been controlled or eliminated; and

x  State fish tissue monitoring confirms that
waterbody-specific fish consumption
advisories are no longer needed for PCBs
for waters inthe AOC.

X Waters within the Milwaukee Estuary AOC are
not listed as impaired due to fish consumption
advisories in the most recent Clean Water Act
303(d) and 305(b) Wisconsin Water Quality
Report to Congress (submitted to USEPA
every two years).

Approach to be used with funding to support additional
monitoring:

X All known man-made sources BCOCs
(including PCBs, mercury, dioxins, and furans)
within the AOC and tributary watershed have
been controlled or eliminated; and

X A multi-year comparison study of fish tissue

contaminant levels demonstrates that there is
no statistically significant difference (with a
95% confidence interval) in fish tissue BCOC
concentrations in the AOC compared to fish
tissue BCOC concentrations in a
representative non- impacted control site
within the Lake Michigan Basin.

Wildlife

There are no waterfowl consumption advisories for

resident waterfowl due to contamination originating

within the AOC.

In Progress &
Action Needed

Action Needed

In Progress
(ongoing
monitoring)

In Progress &
Action Needed

TBD (based on
results of current
monitoring)

Assessment
Complete (2015)
Reassess Post
Remediation

Revised Target: Restrictions on Fish and Wildlife Consumption

Target (Updated 20 20)

Removal of this BUI can occur when:

Status

x Contaminated sediment sites within the AOC have been In Progress
identified, and implementation actions to remediate & Action
contaminated sites have been completed. Needed

Fish

X State fish tissue monitoring confirms that AOC
waterbody-specific fish consumption advisories are no
longer needed for PCBs, mercury, dioxins, and furans for
waters inthe AOC.

In Progress

OR & Action

x A multi-year comparison study of fish tissue contaminant | Needed
levels demonstrates that there is no statistically significant
difference (with a95% confidence interval) in fish tissue
concentrations in the AOC compared to fish tissue
concentrations in a representative hon-AOC control site
within the Lake Michigan Basin.

o Assessment
Wildlife Complete

X There are no waterfowl consumption advisories for (2015)
waterfowl due to contamination originating within the Reassess
AOC. Post

Remediation




Revision Determination
Justifiable Reason: The target reflects goals that go beyond the AOC program framework.

The scope of achievable activities within the AOC program has become better understood as program implementation has occurred.
New information has become available.

Target Language Changes

X

X
X
X

Removed the first sentence about identifying the approach that is currently used to monitor fish consumption advisories within the AOC.

Removed the acronym BCOCs (Biological Chemicals of Concern) where the contaminants are already referenced.

Removed 303(d) and 305(b) language because this designation is out of the AOC program framework.

5HPRYHG WKH 3DSSURDFK WR EH XVHG ZLYW K RQRLGURUILWY R \DXB RBWED Q 8 GWNA R 1@ Ry Isviels of@détal forRishF |
consumption advisories (comparing to a reference site or having the Milwaukee Estuary AOC be listed as no longer impaired). If needed, this will allow there to
still be a fish consumption advisory in effect when removing this BUI =if the fish tissue contaminant levels show no statistically significant difference between

the reference site.

State fish tissue monitoring confirms that AOC waterbody-VSHFLILF ILVK FRQVXPSWLRQ DGYLVRULHYVR WPH Y WWKLIDAW DYGH
(for mercury) or Lake Michigan (for PCBs) advisories.

10



DEGRADATION OF BENTHOS

USGS retrieving a Ponar dredge on the Menomonee River for a benthos community
sample in a multi-comparison study between AOCs and reference sites along the Western
Lake Michigan Shoreline (Scudder Eikenberry et al., 2014 and 2016).

Background

Benthic surveys conducted in the Menomonee (1979, 1984), Kinnickinnic (1977, 1978), and
Milwaukee (1975, 1980) Rivers revealed that benthos was dominated by populations of pollution
tolerant species (SEWRPC, 1981; SEWRPC 1987; DNR, 1991), leading to the degradation of
benthos designation in the Milwaukee Estuary AOC. Similar results were found again in 1990
where sampling of several locations throughout the original AOC boundary (Brooks and Kaster,
1992) showed dominance of pollution tolerant species.

In the most recent assessments completed by USGS in 2012 and 2014 (Scudder Eickenberry et
al., 2019), benthic assemblages did not improve in the past decades and are still dominated by
pollution tolerant species in the lower estuary. Harbor benthic communities are subjected to
regularly disturbed and altered physical conditions when compared to the upper portions of the
AOC (i.e. tributaries). The lower estuary and harbor contain poor substrate, water-quality
conditions, inadequate food resources, high sedimentation rates, and low dissolved oxygen
concentrations (DNR 1991, 1994, 2014). However, results from these assessments also
determined that benthic communities at subsites in the Menomonee and Milwaukee Rivers are
not t significantly different than those found at non-AOC reference sites.

Updated information and a better understanding of the benthic community in the AOC has
provided the need to update the current target. The lower estuary is highly modified by bulkhead
walls and navigation channel dredging; therefore, a high-quality benthic community is likely
unachievable in this part of the AOC. The target has been altered to reflect these findings and
now focuses on the upper estuary benthic community.

11



Current Target: Degradation of Benthos Revised Target: Degradation of Benthos

Target (Updated 2011) Status Target (Updated 20 20) NEWTS

Removal may occur if: Removal of this BUI can occur when:

X CKgr?mQuct%rga:(r)n ;rwe%ri\:nse%l:rces QCtFi’g?]gress & X Contaminated §ediment sitgs With_in the AOC hqve been Ilgrogress &
contamination and degraded Needed |dent|f|e_d, and |mplementat|on actions to remediate Action
benthos have been identified and contaminated sites have been completed. Needed
control measures implemented; and

. . X The benthic community of the Milwaukee Estuary AOC,

X All remediation actions for In Progress & excluding the highly modified lower estuary (downstream of N.
contaminated sedments are Action Humboldt Avenue on the Milwaukee River; downstream of N
completed and monitored _ Needed 25" Street on the Menomonee River; downstream of S Chase In-Progress
according to an approved plan; or Avenue on the Kinnickinnic River, inner and outer harbors) is

X The benthic community within Assessment statistically similar to a non-AOC reference site with similar
the site being evaluated is In Progress habitat.
statistically similar to a (2012-
reference site with similar 2017)

habitat and minimal sediment
contamination.

Revision Determination
Justifiable Reason: The scope of achievable activities within the AOC program has become better understood as program implementation has occurred.
New information has become available.

Target Language Changes
x Removed the second bullet point that references needing the remediation actions to be monitored according to an approved plan for this specific BUI.
Contaminated sediment remediation is already referenced in the first bullet point.
x Provided language to separate the highly modified lower estuary from the upper estuary. There is continual disturbance in the lower estuary from dredging
operations and other urban activities.

12



DEGRADATION OF PHYTOPLANKTON AND ZOOPLANKTON
POPULATIONS

USGS collecting phytoplankton with a vertical water sampler on the Menomonee River in
a multi-comparison study between AOCs and reference sites along the Western Lake
Michigan Shoreline (Scudder Eikenberry et al., 2014 and 2016).

Background

Historical surveys by MMSD in the Milwaukee Estuary from 1979 through 1988 indicated
decline of species richness and dominance of pollutant tolerant phytoplankton and zooplankton
species in the outer harbor when compared to the nearshore waters (MMSD, 1987; DNR, 1991,
DNR, 1994). These surveys were the basis for listing this BUI. Plankton communities rely on the
nutrient loading from the three rivers, Jones Island Wastewater Facility discharge, and other
point-source discharges (DNR, 1994). Other factors such as water quality, non-point sources,
predation, food availability, and physical habitat also play a role on plankton communities.

During 2012, the Degradation of Phytoplankton and Zooplankton Populations target was revised
to remove the requirement of the AOC to no longer be listed as impaired due to phytoplankton
and/or zooplankton toxicity being on the most recent Wisconsin Impaired Waters List. The basis
for the revision was that there were no considerations for listing waterbodies as impaired due to
plankton toxicity (DNR, 2013).

In 2012 and 2014, USGS sampled plankton populations in the AOC and appropriate reference
sites (Scudder Eikenberry et al., 2014, 2016, and 2019). These publications determined that
phytoplankton populations at the Menomonee and Milwaukee River subsites are not statistically
different compared to reference sites with regards to richness, diversity, and total density.
Overall, zooplankton populations are not different from reference sites but continue to have low
diversity, similarly to historical trends. As a result, the target is being proposed for revisions with
this current information.
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Current Target: Degradation of Phytoplankton and Zooplankton Revised Target: Degradation of Phytoplankton and Zooplankton

Populations Populations
Target (Updated 2012 Status Target (Updated 20 20) Status
A stepped approach is needed for delisting for this Removal of this BUI can occur when:
impairment:
1. The first step toward delisting will be to Assessment X Phytoplankton and zooplankton bioassays ;
: i " confirm there is no toxicity in ambient waters. | Action Needed
establish a baseline condition for the estuary In Progress ' ! XICIty 1 lentw -
to evaluate the extent of this impairment. (2012-
Phytoplankton and zooplankton community 2017) x  The phytoplankton and zooplankton
surveys should be conducted and compared communities within the site being evaluated Assessment
to a non-impacted or minimally impacted are statistically similar to a non-AOC reference | Complete (2019)
reference site to set the baseline condition. If site with similar habitat.
the community structure is statistically

different than the reference conditions, this
BUI should be considered impaired.

2. ldentify the factors leading to this impairment. Action Needed

a. Ambient water chemistry sampling (based on
should be conducted to determine if results of
nutrient enrichment is the main current
contributor. If nutrients are the main assessment)

contributor, sources causing nutrient
enrichment to the outer harbor and
nearshore waters are identified and
controlled.

b. If nutrient enrichment is not
considered the cause of the
impairment, conduct bioassays
to determine if ambient water
toxicity is causing impairment.

Revision Determination

Justifiable Reason: The scope of achievable activities within the AOC program has become better understood as program implementation has occurred.

New information has become available.
Target Language Changes
X  The previous target included performing the assessment and completing it to meet the first step of the target, without including any threshold or criteria.

X 7KH VHFRQG SRUWLRQ RI WKH SUHY LRX\R @VMRHBES U BRI R daké ol K &hkbient water toxicity is causing the

impairment. This was tied directly into identifying the impairment and more of an action than a specific target. Previously, WKLV ZDVQITW VRPHWKIL

the impairment itself. Therefore, targets were separated to those that need to be met in order to address this BUI.
X  Factors such as nutrient enrichment and toxicity due to sediment were removed from the target as source control measures. These type of measures and
management actions are addressed in separate BUIs (Eutrophication or Undesirable Algae and Restrictions on Dredging Activities).
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LOSS OF FISH AND WILDLIFE HABITAT

Previous efforts through surveys and planning have been completed in Little
Menomonee River Corridor with implementation efforts of restoration to occur in 2020.

Background

The 1991 and 1994 RAP identified this use as being impaired for critical fish and wildlife
habitats, respectively. This determination was made due to human modifications to the physical
environment with the hardening of shorelines, altering the conveyance of flow in the tributaries
and subsequently, the inner and outer harbors. It also referenced water quality issues due to
contaminated sediments, poor ambient water quality, and sediment/nutrient loading that further
degraded habitat availability. The only significant habitat referenced in the early 1990s was at
the parks along the near shore areas of Lake Michigan.

In 2011, Wisconsin DNR convened a technical team for Fish and Wildlife (F&W) related BUIs.
This team was tasked with assisting in the preparation of a fish and wildlife plan that establishes
measurable endpoints for the population and habitat BUIs. A goal of the team was to also utilize
previous data and plans collected within the AOC to help determine necessary projects that
address the status of both BUIs (see Degradation of Fish and Wildlife Populations).

In 2015, this F&W Tech Team completed project summaries for a management action list.
Eleven projects were identified and can be found in the 2015 RAP update. As of 2019, the F&W
Tech Team is now composed of 35 individuals representing 14 different federal, state, local, and
non-governmental organizations. Since 2017, five projects have been completed with the
remaining projects started but at different stages (i.e. planning, design, implementation).

With updated information on the status of the Degradation of Fish and Wildlife Populations BUI
in 2019, the F&W Tech Team determined that updating the Loss of Fish and Wildlife Habitat
BUI target would help keep all the goals, objectives, and metrics for both BUIs consistent. The
alteration of this target language does not change the management action list (see table below).
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Project Date (Status) Partner(s) Funding Source(s)
Little Menomonee R|ver Parkway 2013 *2015 MCP, WDNR GLRI
Grassland Restoration (complete)
Burnham Canal Wetland 2014 =*present MMSD, USACE, GLRI, USACE, FFLM,
Restoration (underway) FFLM, WDNR MMSD
Bay View Wetland/Grand Trunk 2015 *present City of Milwaukee, | GLRI, WCMP, SOGL,
Wetland Restoration (underway) HDI, WDNR FFLM, City of Milwaukee
Milwaukee River Fish Hab|.tat 2014 (complete) | WDNR, RRF FELM
Enhancement and Expansion
Wheelhouse Gateway Riparian 2013-2014 RRE. WDNR DNR Stewardship Fund,
Restoration (complete) ' FFLM, SOGL, RRF
Menomonee River Stream 2010-2019 MMSD, USACE, | GLRI, MMSD, USACE,
Management (Concrete Removal)

(complete) WDNR USFWS
Phases 1 & 2

2016 +present GLRI, DNR Stewardship
Kletzsch Park Dam Fish Passage (under;vpa ) MCP, WDNR Fund, DNR Municipal

Y Dam Grant, MCP

Estabrook Dam Fish Passage 2017 +2020 MMSD, WDNR GLRI, FFLM, WDNR

(underway)
Five Low Flow Barriers on the 2014 +2016 MMSD, SOGL, FFLM,
Menomonee River (complete) MMSD, WDNR NOAA

2014 tpresent
Kmmclg_nm_c River Habitat (Phase | MMSD, WDNR GLRI, MMSD, NOAA
Rehabilitation complete, Phase

Il underway)
Little Menomonee River Corridor 2017 +present MCP, WDNR GLRI
Restoration (underway)

FFLM zFund for Lake Michigan

GLRI *Great Lakes Restoration Initiative

HDI +Harbor District, Inc
MCP xMilwaukee County Parks

MMSD +Milwaukee Metropolitan Sewerage District

NOAA z=National Oceanic and Atmospheric Administration
RRF *River Revitalization Foundation

SOGL #Sustain Our Great Lakes

USACE zUnited States Army Corps of Engineers
USFWS +United States Fish and Wildlife Service
WCMP +Wisconsin Coastal Management Program
WDNR £Wisconsin Department of Natural Resources
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Current Target: Loss of Fish and Wildlife Habitat Revised Target: Loss of Fish and Wildlife Habitat

Target (Updated 2011) Status Target (Updated 20 20) Status

This BUI will be considered to be eligible for removal when the Removal of this BUI can occur when:
following have occurred:
x All contaminated sediment hotspots within the AOC In Progress x  Contaminated sediment sites within the AQC In
have been identified, and implementation actions to & Action have been identified, and implementation Progress
remediate contaminated sites have been completed. Needed actions to remediate contaminated sites & Action
have been completed. Needed
x Alocal fish and wildlife management and In Progress
rehabilitation plan has been compiled for the x Al management actions/projects have been In Proaress
estuary that: identified and implemented. 9
o Defines the causes of all habitat impairments within
the AOC x Post-implementation verification monitoring of
o Establishes site-specific habitat and the AOC shows that, in consultation with the Future
population targets for native indicator fish Fish and Wildlife Tech Team, the Wisconsin Assessment
and wildlife species within the AOC DNR concurs that the goals for this BUI, as Needed
o ldentifies all fish and wildlife habitat identified in the updated RAP to reflect
rehabilitation programs/activities within the AOC current conditions, have been met.

and establishes a mechanism to assure
coordination among all these

programs/activities, including identification of *Additional details about the goals and related metrics are available in

lead agencies WKH 3)XWXUH 5%$3 $SSHQGL[  VH F WdcB@nQ HD U
o Establishes a time table, funding mechanism, ) $3 % Q [ ne

and lead agency or organization responsibility
for all fish and wildlife habitat rehabilitation
activities needed within the AOC.

X The programs and actions necessary to accomplish | In Progress
the recommendations of the fish and wildlife habitat
plan are implemented and modified as need to ensure
continual improvement.

Revision Determination
Justifiable Reason: The scope of achievable activities within the AOC program has become better understood as program implementation has occurred.
New information has become available.
Target Language Changes
x Removed language about Degradation of Fish and Wildlife Populations in the text, as the management action lists were split between the two BUIs.
x Changed the language to specify reference to meet the overarching primary and secondary goals, and project specific goals.
X The Loss of Fish and Wildlife Habitat BUI overarching goals, project specific goals and measures of success will be listed as an Appendix in every RAP
update. An overarching table and bulleted list for each project was created to better represent the goals of these larger efforts.
X The management action list for this BUI that was finalized in 2016 does not change with the revised language.
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DEGRADATION OF FISH AND WILDLIFE POPULATIONS

A juvenile lake sturgeon in the Milwaukee Harbor near Discovery World. A stocking
program by Wisconsin DNR and Riveredge Nature Preserve, started in 2006,
releases lake sturgeon every year in September during the Sturgeon Festival.

Background

When listed as an AOC, fish and wildlife populations in the Estuary were severely degraded.
Pollutant tolerant fish species dominated surveys, indicative of the poor water quality conditions
and contaminants present in the AOC (Holey, 1984; DNR, 1991). Factors contributing to
historically poor water quality conditions included low dissolved oxygen and major contaminant
spills often resulting in fish kills (DNR, 1991). Lack of physical habitat, especially the loss of
wetlands and nearly-nonexistent natural areas along the streambanks in the harbor and rivers-
edge in the lower estuary contributed to declines in wildlife populations (DNR, 1994). In 2008,
studies completed to assess the ecological change in Milwaukee County concluded substantial
losses of wildlife species richness with estimated declines of amphibians (44%), reptiles (47%),
breeding birds (37%), and flora (37%) (Waller and Rooney, 2008).

Four assessments were funded and completed between 2014 to 2018 to determine the current
status:

1. Afish population assessment summary of historic densities and life history for the AOC
was completed by USGS and DNR in 2014 (Sullivan and Fayram, 2014). Based on this
summary, a non-wadeable fisheries population assessment (replicate of Holey 1984) from
2014-2016 by United States Geological Survey (USGS) (Sullivan, 2018).

2. A wildlife population assessment summary of historic densities and life history for the AOC
was completed by UW-Milwaukee Field Station. Based on this summary, a comprehensive
wildlife survey throughout the AOC from 2014-2017 by UW-Milwaukee Field Station and
Milwaukee County Dept. of Parks, Recreation and Culture (DPRC) (Casper and Robson,
2018).

3. Afisheries and aquatic habitat study in the wadeable portions of the AOC from 2016-2018
by Ozaukee County Planning and Parks (OCPP) (Struck et al. 2018).

4. An assessment of fish habitat in the Milwaukee Harbor from 2015-2018 by UW-Milwaukee
School of Freshwater Sciences (Dow, 2018).
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These baseline assessments provided information (proposed metrics and project
recommendations) for extensive discussions within the Milwaukee Estuary AOC F&W Tech
Team. Tech Team members were offered the opportunity to provide a list of projects that they
would want to see implemented in the AOC to address the BUI. This list of projects, separated
by geographical location, were ranked by priority on overall importance. These projects were
paired with the revised metrics and a list of projects were determined. Metrics and proposed
projects to address the status of this BUI were vetted in full day, every-other-week F&W Tech
Team meetings for approximately one year. The F&W Tech Team evaluated the science as well
as factors related to achievability and measurability to arrive at a list of projects, a suite of
revised metrics, and as a result, a recommended revision to the target.
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Current Target: Degradation of Fish and Wildlife Populations Revised Target: Degradation of Fish and Wildlife Populations

Target (Updated 2011) Status Target (Updated 20 20) Status

Fish Removal of this BUI can occur when:
This BUI will be considered to be eligible for removal
when the following have occurred: x  Contaminated sediment sites within the In Progress
x  All contaminated sediment hotspots within In AOC have been identified, and & Action
the AOC have been identified, and Progress implementation actions to remediate Needed
implementation actions to remediate & Action contaminated sites have been completed.
contaminated sites have been completed. Needed
x A local fish and wildlife management and In Progress x Al management ac'qons/prOJects have Action
rehabilitation plan has been compiled for been identified and implemented. Needed
the estuary that: . X Post-implementation verification
0 _Defln_es the causes of all population monitoring of the AOC shows that, in
impairments within the AOC consultation with the Fish and Wildlife Future
0 Estabhshes site specific Ipca] . Tech Team, the Wisconsin DNR Assessment
populatlon. targets for' natl\(e .mdlcator concurs that the goals for this BUI, as Needed
gsgcand wildlife species within the identified in the updated RAP to reflect
o lIdentifies all fish and wildlife population current condftions, have been met.
rehabilitation programs/activities within
the AOC and establishes a mechanism - ) ) i .
to assure coordination among all these *Additional details about the goals and related metrics are available in the
programs/activities, including })XWXUH 5$3 $SSHQGL[" VHFWLRQ QHDU WKH HQG RI
identification of lead and coordinative
agencies

0 Establishes a time table, funding
mechanism, and lead agency or
organization responsibility for all fish
and wildlife population activities
needed within the AOC.

0 The actions/projects necessary to
accomplish the recommendations of
the fish and wildlife management and
restoration plan are implemented.

X Populations for native indicator fish Unknown
species are statistically similar to
populations in reference sites with
similar habitat but little to no
contamination.
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Wildlife

Assess wildlife populations and the possible extent of | In Progress
any impairment within the AOC before setting specific

wildlife population targets.

Revision Determination
Justifiable Reason: The scope of achievable activities within the AOC program has become better understood as program implementation has occurred.
New information has become available.

Target Language Changes

X The previous targets for this BUI were previously put together in short notice and need to be updated with the known status for this BUI in the Milwaukee
Estuary AOC.

x Different sections referencing Fish and Wildlife were removed and tied the entire target language together.
x Unlike most AOCs, the Loss of Fish and Wildlife Habitat BUI for the Milwaukee Estuary AOC has its own management action list of projects. The

overarching goals and project specific goals with measures of success for these management actions can be found on page 39. They will also be
included as an Appendix in future RAP updates.
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BEACH CLOSIN GS (RECREATIONAL RESTRICTIONS)

South Shore Beach is one out of four Area of Concern beaches in Milwaukee. It is
by far the most researched and monitored beach throughout Lake Michigan due
to frequent advisories and closures caused by high levels of E. coli.

Background

There are no swimming beaches along the Milwaukee, Menomonee, and Kinnickinnic Rivers in
the AOC. However, there are four beaches along Lake Michigan in the nearshore waters of the
AOC that close periodically during the swimming season for high bacteria levels. These
beaches do not consistently meet water quality standards for recreation throughout the year
based on E. coli in water samples during the swimming season.

Early RAP documents stated that high bacteria levels and sewer overflows in the AOC caused

beach closings and recreational hazards. While sewer overflows can contribute to the closure of

beaches in the AOC, high bacterial counts from urban nonpoint pollution throughout the AOC

waterways often exceeded water quality standards for recreation. Since the early 1990s, sewer
RYHUIORZV KDYH GHFUHDVHG VXEVWDQWLDODXQQMBMWIMOAWEHHAF D X V H

In 2012, Milwaukee Riverkeeper and the Great Lakes WATER Institute analyzed data for
pathogen source identification (DNR, 2012). These assessments informed where the most
significant sources of bacteria are originating and, where achievable, procedures that could be
taken to reduce the harmful source of bacteria to the AOC waterways (DNR, 2012). From 2014-
2016, a bacterial source tracking study was conducted in the AOC to identify areas that posed a
risk to human health through exceeding water quality standards for recreation due to large
sources of contaminated urban stormwater (DNR, 2013).

Based on previous knowledge and research completed throughout the AOC on beaches and
recreational restrictions, this target warrants revisions to determine necessary management
actions that can be completed to address these issues.
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Current Target: Beach Closings (Recreational Restrictions) Revised Target: Beach Closings (Recreational Restrictions)

Target (Updated 2011 & 2012) Status Target (Updated 2020) Status

This BUI will be considered removed when: Removal of this BUI can occur when:
x  All known sources of bacterial contamination to the Assessment X Known sources of bacterial contamination
AOC and tributary watersheds have been identified in Progress impacting the beaches in the AOC have been | Assessment in
and, if feasible, have been controlled or treated to & Action identified, and if feasible, have been Progress &
reduce possible exposures; and Needed controlled or treated to reduce possible Action Needed
' . _ Unk exposures.
X ls\lgwtérrf eg?'gg%&‘ﬁeeglogveivﬁge{];:,%moiiﬁ':ferﬁ nxnown X S_tormwate_r outfalls in the AOC that discharge
within the AOC during the previous five year dlreqtly or influence beaches are assessed to Assessment
period. conf|rm that there are no hur_nan sources of Needed
sanitary sewage contamination.
x  All municipalities within the AOC have adopted Complete
and are implementing storm water reduction X Municipalities within the AOC have adopted
programs including an illicit discharge elimination and are implementing storm water reduction
program; and programs that include bacteria source Complete
x No water bodies within the AOC are included on the | In Progress reduction and illicit discharge elimination.
list of impaired wate_rs due to_ contamin_ation with & Action x Each public swimming beach within the AOC
pathogen_s or cher_mcals havmg a pul_)hc_ health Needed is open for at least 90% of the swimming
concern (_|.e., carcinogenic, mutagel_mc) in the most season (between Memorial Day and Labor
recen.t Wisconsin Impaired Waters list that is Day) averaged over a previous 5-year period
submitted to USEPA every two years; and based on Wisconsin Coastal Beach
X No local or state contact advisories related to the Unknown monitoring protocols for E. coli monitoring
presence of a chemical contaminant have been and BMPs are in place.
issued within the AOC during the previous five OR
years.
x No water bodies (including beaches) within the In Progress x  Public swimming beaches within the AOC are
AOC are included onthe list of impaired waters for & Action PHHWLQJ (331V UHFUHDWLI |, progress &
recreational restrictions in the most recent Needed criteria over a 3-year period. Action Needed
Wisconsin Impaired Waters list. OR, in cases where known sources of bacterial
X Implementation of the Milwaukee River Total In Progress contamination impacting beaches in the AOC
Maximum Daily Load Study for bacteria is complete. | & Action have been controlled to the extent feasible and
Needed the above criteria cannot be met:
x Each public swimming beach within the AOC
is open during the swimming season
(between Memorial Day and Labor Day) at
least as often as the average of all non-AOC
beaches in Milwaukee County over the same
5-year period.
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X No unpermitted discharges (combined or Currently

sanitary sewers in the Lower Milwaukee Meeting Target;
Estuary) at outfalls directly impacting AOC Reassess After
beaches during the swimming season Management
(between Memorial Day and Labor Day) in a Actions are
3-year period. Completed

X Complete a plan that includes updates to
existing advisory and closure procedures for
AOC beaches to reduce human health risks In Progress
during and after storm events.

Revision Determination
Justifiable Reason: The scope of achievable activities within the AOC program has become better understood as program implementation has occurred.

New information has become available.

Target Language Changes
X Removed language about no local or contact advisories related to the presence of a chemical contaminant. There are no known chemical contaminant

issues at existing beaches within this AOC. We are addressing source control measures by addressing bacterial contamination in the first bullet point that

remains as a target.

X Removed impaired waters language because this designation is out of the AOC program framework. It will be addressed through regulatory surface water

guality standards £305(b) and 303(d).
X Removed language about the TMDL. This is something that is covered through a separate program in the DNR.

X Changed language to a percentage of beach closures during the swimming season (90%) with input from how this relates to Great Lakes standards (95% is
thH VWDWHIV VWDWLVWLFVY RQ EHVW EHDFKKM RG WX HRH QAOLBWHI B W HWHK RQ FMIKGEY ¢ffoE td DeHUCEIthe W R

number of closings that will happen during the swimming season. This bullet would be that each beach is open for 90% of the swimming season.

x Addedtwooff UDPSV WR WKH WKUHVKROG 3XEOLF ¥Z& DRUH) P HHWERY ( 3BYWKLQ WHHUHDWL®REBR® ZL

year period or comparing each public swimming beach in the AOC to non-AOC public swimming beaches in Milwaukee County.
X Added the completion of a plan to better address how beaches in the AOC can be managed for storm events.
X While Beach Closings is the official BUI name in the Great Lakes Water Quality Agreement, recreational restrictions and partial body contact issues have

been major problems since the AOC designation. To provide clarify for these purposes and the reasoning behind initial designation, WDNR will refer to this

BUI for this AOC as Beach Closings (Recreational Restrictions).
x Note: A Beaches Work Group for the Milwaukee Estuary AOC, formed on October 7, 2019, was created to revisit the Milwaukee Estuary AOC Beach

Closing target and to determine important thresholds and/or milestones that will need to be met to eventually remove the BUI. This proposed determination

was made by the Work Group with available information pertaining to the Milwaukee Estuary AOC and AOC Program. This Work Group will be used in
future efforts to provide feedback as a technical team to ongoing and future beach projects within the Milwaukee Estuary AOC.

24



EUTROPHICATION OR UNDESIRABLE ALGAE

The Eutrophication or Undesirable Algae BUI designation for the Milwaukee Estuary
AOC was due to nutrient loading through non-point and point source pollution to the
tributaries that converge into the inner and outer harbors.

Background

The Milwaukee Estuary AOC was historically considered excessively eutrophic as a result of
high nutrient levels of phosphorus and nitrogen (DNR, 1991). High levels of these nutrients can
lead to nuisance algal blooms and oxygen depletion. Phosphorus, in excessive amounts,
causes an increase in algae and weed growth that results in triggering this eutrophication
process (DNR, 1991). Undesirable algal blooms occur in response to nutrient loading from
combined sewer overflows (CSO), sanitary sewer overflows (SSO), upstream and urban non-
point sources, and point sources from storm sewers. These blue-green algal blooms can often
occur after a rain event which reduces dissolved oxygen levels and increases turbidity. The
dramatic incline of algae growth, due to these high nutrient levels, is one of the reasons that this
AOC was considered excessively eutrophic (MMSD, 1992; DNR, 1994).

The lower portion of the Milwaukee Estuary has changed dramatically since the AOC was
designated. SSOs are no longer allowed and CSOs are now regulated through permits. These
HYHQWY KDYH DOVR GUDVWLFDOO\ GHFUHDVWYGHHASNKXY®HOQPSOHP|
system in the early 1990s and increase in urban green infrastructure practices. Four TMDLSs for
the Milwaukee River Basin (Menomonee, Milwaukee, Kinnickinnic, and Inner and Outer
harbors) have also been finalized (DNR, 2018). Implementation practices are underway to
reduce total suspended solids (TSS), phosphorus, and bacteria, which will contribute to meeting
the surface water quality standards. The lower estuary and nearshore waters also have
changed with the introduction of invasive dreissenid mussels to the Great Lakes. Overall, this
has changed Lake Michigan to become more oligotrophic, but the nearshore waters to the
Estuary remain more productive than offshore waters.

Target revisions are anticipated for this BUI in a future RAP update.
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Current Target: Eutrophication or Undesirable Algae Not Revised Target: Eutrophication or Undesirable Algae

Target (Updated 2011) Status Target (Update Pending) Status

Removal of this BUI can occur when:

X Total phosphorus (TP) concentrations within In Progress
the AOC rivers, harbors, and nearshore waters | & Action
meet the criteria recommended for the State of | Needed
Wisconsin, as established by WDNR.

X When the results from the total maximum daily | In Progress
load study for phosphorus, total suspended
solids, and bacteria are completed for the
Menomonee, Kinnickinnic, and Milwaukee

Rivers.
X Measures to meet the Total Maximum Daily Action Needed Target to be revised and published in a
tat
Cg%;:’gegﬂp ementation Plan are being future RAP update

X No water bodies within the AOC are included on | Action Needed
the list of impaired waters due to nutrients or
excessive algal growths in the most recent WI
Impaired Waters list.

X Chlorophyll-a concentrations within the AOC Unknown
lake and impoundment areas do not exceed
4.0 pg/L.

X There are no beach closures in the AOC due Unknown

to excessive nuisance algae growth.

Revision Determination
Justifiable Reason: The scope of achievable activities within the AOC program has become better understood as program implementation has occurred.
New information has become available.
Target Language Changes
X  This target will not be revised as part of this delisting targets document. However, it will be revised at a future date and published in a RAP update.
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DEGRADATION OF AESTHETICS

While this BUI is directly related to the historical issues that the AOC has had with surface
water quality and aesthetic appearances, many organizations have taken part in reducing the
amount of trash and pollution in the estuary (i.e. Milwaukee Riverkeeper, Milwaukee
Metropolitan Sewerage District, City of Milwaukee and others).

Background

The Degradation of Aesthetics BUI for the Milwaukee Estuary AOC stemmed originally from the
poor visual quality of the water resources and adjacent land (DNR, 2012). The likely causes of
the impairment, attributed in the 1994 Milwaukee RAP, were surface water debris, oil and
grease, and overdevelopment along the Estuary (DNR, 2012).

In discussing approaches to assess the status of this target, Milwaukee Estuary AOC
stakeholders expressed a strong desire for a citizen-based monitoring approach. The Alliance
for the Great Lakes and the Urban Ecology Center (UEC) coordinated citizen volunteers for a
pilot Volunteer Aesthetics Monitoring Program. Using what was learned from the pilot program,
protocols were updated in 2014. Milwaukee Riverkeeper took over as the volunteer coordinating
organization, and assisted with data collection from 2015-2017 (DNR, 2017).

The monitoring program from 2015-2017 focused on nine sites that 30 volunteers assessed
throughout the year (DNR, 2015). In 2016, the BUI target language was adjusted to incorporate
monitoring results done by multiple observers, two consecutive survey seasons, and
identification of significant or persistent issues identified by the surveys (DNR, 2016). The
citizen-based aesthetics monitoring continued in 2017. Results from the aesthetics monitoring
assessment show that the target is being met. Following a presentation on the assessment and
results in June 2019, the Citizens Advisory Committee (also known as Milwaukee Blue Crew),
voted to support the removal of this BUI.

As a result, no management actions are anticipated for this BUI and DNR is planning on
removing the BUI for the Milwaukee Estuary AOC in 2020.
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Current Target: Degradation of Aesthetics

Target (Updated 2016) Status

This delisting target is consistent with Chapter NR 102,
Wisconsin Administrative Code, Water Quality
Standards for Surface Waters. Delisting shall occur
when monitoring data within the AOC and/or surveys
collected by multiple observers for any two consecutive
year period indicates that water bodies in the AOC do
not exhibit unacceptable levels of the following
properties in quantities which interfere with the Water
Quality Standards for Surface Waters:

a) Substances that will cause objectionable
deposits on the shore or in the bed of a body
of water shall not be present in such amounts
as tointerfere with public rights in waters of
the state.

b) Floating or submerged debris, oil, scum,
or other material shall not be present in
such amounts as to interfere with public
rights in waters of the state.

¢) Materials producing color, odor, taste, or
unsightliness shall not be present in such
amounts as to interfere with public rights
in waters of the state.

The following target will also be met to determine when
restoration has occurred:

x Corrective action plans are in-place and being
implemented for significant, persistent issues
contributing to the degradation of aesthetics
within the AOC identified via aesthetics
monitoring/surveys.

Assessment
in Progress

Assessment
in Progress

Assessment
in Progress

Action Needed

No Changes: Degradation of Aesthetics

Target (Updated 2016) Status

This delisting target is consistent with Chapter NR 102,
Wisconsin Administrative Code, Water Quality
Standards for Surface Waters. Delisting shall occur
when monitoring data within the AOC and/or surveys
collected by multiple observers for any two consecutive
year period indicates that water bodies in the AOC do
not exhibit unacceptable levels of the following
properties in quantities which interfere with the Water
Quality Standards for Surface Waters:

a) Substances that will cause objectionable
deposits on the shore or in the bed of a body
of water shall not be present in such amounts
as tointerfere with public rights in waters of
the state.

b) Floating or submerged debris, oil, scum,
or other material shall not be present in
such amounts as to interfere with public
rights in waters of the state.

¢) Materials producing color, odor, taste, or
unsightliness shall not be present in such
amounts as to interfere with public rights
in waters of the state.

The following target will also be met to determine when
restoration has occurred:

x Corrective action plans are in-place and being
implemented for significant, persistent issues
contributing to the degradation of aesthetics
within the AOC identified via aesthetics

monitoring/surveys.

Assessment
Complete

Assessment
Complete

Assessment
Complete

No Corrective
Actions
Anticipated

No Revision Determination

Justifiable Reason: No revisions were determined necessary for this target as they were most recently revised and are currently being met.
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CONCLUSION

Since 1987, when the Milwaukee Estuary was designated as an AOC under the Great Lakes
Water Quality Agreement (GLWQA), many partners have worked to address the AOC
impairments. The proposed target revisions will further focus implementation efforts and guide
assessment activities to ensure BUI removal objectives have been met.

This document does not include a proposed revision for the Eutrophication or Undesirable Algae
BUI target. A target revision is needed and discussions with stakeholders will be held at a future
date. An updated target will be published with a future RAP update. This document also does
not include an update for the Degradation of Aesthetics BUI target, as it was updated in 2016
and is proposed for removal.

The proposed revisions for the remaining BUIs reflect input from multiple stakeholders and
represent an updated understanding of AOC conditions and program policies. They create the
foundation for an achievable, measurable, and meaningful implementation effort that will lead to
BUI removals. The revised targets will be incorporated into future RAP updates.

Once these delisting targets have been met, BUI removal can be recommended. After all BUIs
are removed, the AOC can be delisted. DNR will continue working in consultation with
stakeholders and the public on restoration of these waters.
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Future RAP Appendix: Loss of Fish and Wildlife Habitat

Habitat Project Criteria

Goals and Measures of Success for Fish and Wildlife Habitat for the Mi lwaukee

Estuary AOC (project specific goals are referenced in project summaries of the 2015 RAP; the previous
monitoring plan with the information below can be found in the 2013 RAP).

Physical/biological habitat primary goals:
1. (QKDQFH LPSURYH DTXDWLF KDELWDW E\«

A. Identifying and enhancing fish spawning sites from Lake Michigan to the
tributaries and headwaters where opportunities exist (e.g., inner and outer
harbors, Milwaukee River downstream of the North Ave. Dam pedestrian
bridge), and/or

B. Improving lateral connectivity by connecting aquatic habitat to floodplain
wetland with suitable hydroperiod from Lake Michigan to the tributaries
and headwaters where opportunities exist.

Measures of success:
x Amount (length) of habitat protected and/or created
x Amount (length) connected and functional as fish and aquatic organism
habitat
X Area of adjacent floodplain reconnected for the 2-yr and 5-yr events
Area of adjacent wetlands reconnected and/or restored/created
X Area of adjacent potentially restorable wetlands reconnected, as
applicable
x Number of existing critical habitat areas identified and protected,
enhanced, reconnected, or re-created

x

2. Improve aquatic habitat connectivity b \ «

A. Improving linear connectivity by restoring or enhancing fish and aquatic
organism passage from Lake Michigan to the tributaries and headwaters,
and/or

B. Reconnecting high quality habitat downstream of the Bridge Street Dam
and Lepper Dam to the main stem rivers of the AOC in cases where that
habitat is directly connected to the estuary (i.e., there are no downstream
barriers from the proposed project site).

Measures of success:
x Amount (length) of concrete removed
X Number of impediments removed and/or retrofitted (e.g., bridge
crossings or drop structures)
x Amount of enclosed channel daylighted or retrofitted, number of
tributary miles connected to mainstem, or length of stream channel
restored
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3. Enhance/improve terrestrial, semi-aquatic, and/orripariDQ KDELWDW E\«
A. Expanding habitat buffer width to a minimum of 75 feet, and/or
B. Where possible, expanding shoreline buffers up to 1,000 feet to meet core
habitat area needs for semi-aquatic species

Measures of success:

X Length of streams inventoried and area of potential suitable buffer
habitat identified

X Length of streams with suitable buffer habitat width of 75 feet or greater
preserved or established

X Volume of historic fill and/or tons of trash removed from riparian areas

X Area of native wetland or upland suitable habitat reconstructed

x Area of Advanced Identification of Wetland Disposal Areas (ADID
wetlands), upland within PEC, and/or 100-yr floodplain limits protected

X Area of exotic invasive species removed

4. Improve terrestrial riparian habitat connectivity by expanding riparian buffer
habitat quality and continuity.

Measures of success:

X Length of streams of continuous suitable buffer habitat widths of 75 feet
or greater preserved or established

X Number of riparian area crossings and/or impediments removed and/or
retrofitted to improve or restore continuity of riparian buffers, including
improvements to decrease resistance to animal movements

X Increase in suitable habitat patch size resulting from new connectivity

5. Protecting high-quality areas or environmentally sensitive lands, especially those
supporting rare and protected species.

Measures of success:
X Length of streams inventoried and area of potential buffer identified
X Length of streams or area of land protected

Physical/biological habitat secondary goals:
1. Moderate flow regimes to decrease flashiness
2. Provide and preserve sufficient baseflow

Measures of success:
x Area of groundwater recharge protected
X Improvement in flashiness index
x Number of flow deflectors installed, pipes cut back from streambank, or
land area treated by infiltration practices
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Table 1: Overarching primary goals for the management actions identified for the Loss of Fish and Wildlife Habitat BUI.
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Criteria for Measuring Habitat BUI Project Specific Goals are Met
The Little Menomonee Parkway Grassland Restoration Project

x Enhance/improve terrestrial habitat by expanding buffer width to a minimum of 75 feet or
H[SDQGLQJ WKH EXIIHU ZLGWK WR f WRHD @QHMBWHHW FRUH
x Enhance/improve terrestrial habitat by identifying and enhancing existing potentially
restorable habitat areas through fish and wildlife assessments (for portions of the LMR,
this process is already underway from a 2011 wildlife assessment).

Bay View Wetland/Grand Trunk Wetland Restoration

x Create and protect wetland habitat through the establishment of a functional seiche
wetland with suitable Northern Pike spawning habitat on site.

x Spawning of Northern Pike demonstrated.

Physical establishment of a functional, fish eee, ephemeral wetland habitat on site,

occupied by ephemeral wetland dependent SLCI (e.g., amphibians, fairy shrimp).

A goal of 6.5 acres of wetland and habitat present on site.

Removing impediments to establish functional aquatic organism passage

Removing historic fill.

Creation or enhancement of upland buffer habitat surrounding wetland habitats.

An increase in the number of SLCI utilizing the site, as measured by appropriate

occupancy documentation.

x

X X X X X

Burnham Canal Wetland Restoration Project

x Establishment of a functional seiche wetland with suitable Northern Pike spawning
habitat on site.

x Spawning of Northern Pike demonstrated.

X An increase of acres of wetland and other wildlife habitat present on site.

X Anincrease in the number of SLCI utilizing the site, as measured by appropriate
occupancy documentation.

x Creation of 7.5 acres of wetland habitat.

Milwaukee River Fish Habitat Enhancement and Expansion

x Completions of spawning reef (size).
x Evidence of native fish spawning.

Wheelhouse Gateway Riparian Restoration

X Approximately 650 feet of shoreline restored.

X 2.8 acres of restored habitat connected to over 800 acres of Greenway habitat

x Expand riparian buffer of at least 100 feet between hardscape and river and enhance the
quality of the buffer by replacing with native vegetation and habitat features.

x Extend the continuity of natural shoreline by approximately 650 feet, connected to
existing natural shoreline.
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Menomonee River Stream Management (Concrete Removal) Phases 1 & 2

X

Providing fish passage through this section of the river to allow access to upstream
spawning and rearing habitat.

Kletzsch Park Dam Fish Passage

X

X

Enable fish and aquatic life access to an additional 22 aaile of barrier free riverine habitat
and 2,400 acres of wetland habitat.

22 miles of tributary connected to the mainstem of the Milwaukee River, Milwaukee
Estuary and Lake Michigan.

One critical impediment retrofitted for fish and aquatic life passage.

One riparian area impediment retrofitted to improve continuity of riparian buffers,
including improvements to decrease resistance to animal movements.

Increase in suitable habitat patch size resulting from new connectivity.

Estabrook Dam Fish Passage

X X X X

X

Amount (length) connected as fish and aquatic organism habitat.

One impediment removed and/or retrofitted.

Number of tributary miles connected to mainstem.

One riparian area impediment removed and/or retrofitted to improve continuity of riparian
buffers, including improvements to decrease resistance to animal movements.

Increase in suitable habitat patch size resulting from new connectivity

Five Low Flow Barriers on the Menomonee River

X X X X

Amount (length) connected as fish and aquatic organism habitat.
Five impediments removed and/or retrofitted.

Number of tributary miles connected to mainstem.

Increase in suitable habitat patch size resulting from new connectivity

Kinnickinnic River Habitat Rehabilitation

x

Improving linear connectivity of the Kinnickinnic River within the AOC and to the estuary.
Increase in suitable habitat patch size resulting from new connectivity

Creation or enhancement of upland buffer habitat surrounding along the riparian corridor
to improve connectivity.

Little Menomonee Corridor Restoration

X X X X X

To protect the ecologically significant natural areas within the LMR Parkway.

Maintain and increase native plant and wildlife diversity.

Reduce the impact of invasive species.

Enhance and maintain the environmental corridor.

Implement restoration projects that are a priority for the Parks Dept. while also
addressing BUIs associated with the Milwaukee Estuary AOC.

Enhance fisheries habitat with low impact practices and procedures where appropriate.

37



Future RAP Appendix: Degradation of Fish and Wildlife Pop ulations

Populations Project Criteria
Goals and Measures of Success for Fish and Wildlife Populations for the Mi lwaukee
Estuary AOC

Physical/biological populations primary goals:

1.

Improve the quality of terrestrial habitat types (i.e. forest, wetland, shrubland,
grassland, semi-aquatic, and upland/grassland) to support a better population of
wildlife indicator species:

Measures of Success:
X Species and area of exotic invasive species removed
X Amount (area or number) of native species planted to benefit wildlife indicator
species
X Number and species richness of wildlife indicator species found representing
breeding behavior for consecutive years
X Amount (area) of habitat types created, enhanced and/or protected

Improve the quality of aquatic habitat to support a better population of fish
indicator species:

Measures of Success:

x Amount (length or area) of fish habitat established or enhanced in the upper
reaches of the Milwaukee and Menomonee Rivers for lake sturgeon and northern
pike, respectively

x Amount (length or area) of fish habitat established or enhanced for indicator and
sub-indicator species

Improve connectivity between fish and wildlife populations by improving size and
connecting gaps or barriers of habitat types:

Measures of Success:

x Amount (length or area) of fish habitat or stream channel enhanced or restored
x Amount (length) of corridor habitat improved or reconnected
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Table 2: Overarching primary goals for the management actions identified for the Degradation of Fish and Wildlife Populations BUI.
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Fish Metrics

Lower Milwaukee Estuary AOC
(Downstream of Humboldt Avenue on the Milwaukee River; Downstream of N 25™ Street on the
Menomonee River; Downstream of W Becher Street on the Kinnickinnic River)

A stated criterion of BUI removal for native fishes within the Lower Milwaukee Estuary AOC is a
100% increase in relative population abundance in four indicator species (lake sturgeon,
northern pike, greater redhorse, and smallmouth bass) AND an increase of any magnitude in
80% of native sub-indicator families (suckers, minnows and shiners, bullheads and catfishes,
sunfishes, and perches) to be considered AND an overall mean value from all large river IBI
VDPSOLQJ HIIRUWYV RI 3)DB@8OYJ" RU EHWWHU L H

Indicator Species

Sturgeons *lake sturgeon
Pikes xnorthern pike
Suckers zgreater redhorse
Sunfishes smallmouth bass

Sub-indicator Species

Suckers *golden redhorse, shorthead redhorse, silver redhorse, longnose sucker, white sucker
Minnows and Shiners +*Emerald shiner, golden shiner, spottail shiner, fathead minnow
Bullheads and Catfishes zblack bullhead, flathead catfish, channel catfish

Sunfishes z*bluegill, green sunfish, pumpkinseed, black crappie, largemouth bass, rock bass
Perches *walleye, yellow perch

Upper Milwaukee Estuary AOC

(Upstream of Humboldt Avenue on the Milwaukee River to Bridge Road on Cedar Creek; Upstream of N
25t Street on the Menomonee River to Brown Deer Road on the Little Menomonee River; No upper reach
for the Kinnickinnic River)

A stated criterion of BUI removal for native fishes within the Upper Milwaukee Estuary AOC is

the presence of the indicator species, lake sturgeon, utilizing spawning habitat in the upper

reaches of the Milwaukee River, AND the presence of the indicator species, northern pike,

utilizing spawning habitat in the upper reaches of the Menomonee River AND an overall mean

value from all warmwate U ,%, VDPSOLQJ HIIRUWYV RI 38R R®Gé RErEHWWHU L H
reaches of the Milwaukee River AND an overall mean value from all warmwater 1Bl sampling

HITRUWYV RI 3)DLU" RO ikttHeApged kdachedbf the Menomonee River.

*Fish metric boundaries for the Milwaukee Estuary AOC are shown on the next page.
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*Upper and lower fish metric boundaries for the Milwaukee Estuary AOC.
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Table 3: Upper and lower fish metrics for the Degradation of Fish and Wildlife Populations BUI management actions.

*Shaded rows are not applicable to this metric.
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Wildlife Metrics
Milwaukee Estuary AOC

Bats

There are no metrics for bats due to the risk of white-nose syndrome (WNS) and the anticipated
management for a long-term study to determine separate populations, which is outside of AOC
program capabilities. Regulatory programs provide institutional controls and limit bat take.
However, bats should be used as an additional justification for projects that have important bat
habitat and enhancements that are provided to support bat habitat should be incorporated as
necessary.

Breeding Birds
The breeding bird metrics are divided into five different habitat types as follows (Forest,
Wetland, Shrubland, Grassland, and Airspace/Urban):

x Forest, Wetland and Shrubland Habitat: At least 9 sites in the AOC support at least 3
breeding bird indicator species for each habitat type.

Forest Habitat Species +American Woodcock, Veery, American Redstart, Bald Eagle,
Red-shouldered Hawk, Black-billed Cuckoo, Carolina Wren, Hooded Warbler, Yellow-
breasted Chat, Long-eared Owl, Acadian Flycatcher, Least Flycatcher, Merlin, Nashville
Warbler, Ovenbird, Red Crossbill, Red-headed Woodpecker, Wood Thrush, Yellow-
billed Cuckoo

Wetland Habitat Species +American Woodcock, Veery, American Redstart, Bald Eagle,
Red-shouldered Hawk, Alder Flycatcher, Willow Flycatcher, Blue-winged Teal, Sedge
Wren, American Bittern, American Black Duck, Bank Swallow, Black-crowned Night-
Heron, Common Gallinule, Great Blue Heron, Great Egret, Least Bittern, Marsh Wren,
Osprey, Pied-billed Grebe, Purple Martin, Sora, Virginia Rail, Yellow-crowned Night-
Heron

Shrubland Habitat Species +American Woodcock, Veery, Black-billed Cuckoo, Carolina
Wren, Hooded Warbler, Yellow-breasted Chat, Alder Flycatcher, Willow Flycatcher,
Loggerhead Shrike, Vesper Sparrow, Blue-winged Warbler, Brown Thrasher, White-
eyed Vireo

x Grassland Habitat: At least 6 sites in the AOC support at least 2 breeding bird indicator
species.

Grassland Habitat Species *Long-eared Owl, Blue-winged Teal, Sedge Wren,
Loggerhead Shrike, Vesper Sparrow, American Kestrel, Bobolink, Dickcissel, Eastern
MHDGRZODUN )LHOG 6SDUURZ *UDVVKRSSHUHSNDHIWQR Z
Meadowlark

x Airspace/Urban Habitat: At least 9 sites support at least 1 breeding bird indicator
species.

Airspace/Urban Habitat Species zPurple Martin, Chimney Swift, Common Nighthawk
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Herptiles/Crayfish
The herptiles/crayfish metrics are divided into two different habitat types as follows (Semi-

aquatic Habitat, Upland/Grassland Habitat):

X Semi-aquatic Habitat: At least 30 sites in the AOC support at least 2 semi-aquatic guilds
(Crayfish, Salamanders, Frogs, Turtles). Of these 30 sites, indicator species should be

UHSUHVHQWHG DV IROORZV«
0 Atleast 10 sites support at least one crayfish species.
Crayfish Species +Devil Crayfish, Digger Crayfish, Prairie Crayfish

0 At least 15 sites support at least one frog species.
Frog Species +&RSHYV *UD\ 7UHHIURJ *UD\ 7UHHIURJ :RRG )U

Peeper, Boreal Chorus Frog, Northern Leopard Frog, Green Frog
0 At least 8 sites support Blue-spotted Salamanders.

0 At least 6 sites support at least one turtle species.
Turtle Species xEastern Spiny Softshell, Northern Map Turtle

X Upland/Grassland Habitat: At least 15 sites in the AOC support at least 2 different
indicator species of snakes.

Upland/Grassland Habitat Species + % XWOHUYfV *DUWHUVQDNH &RPPRQ *DL
Eastern Milksnake, Midland Brownsnake, Northern Red-bellied Snake

Mammals
The mammal metrics are divided into three different habitat types as follows (Forest, Wetland,
Grassland):
X Forest and Wetland Habitat: At least 10 sites in the AOC support at least 2 mammal
indicator species for each habitat type.

Forest Habitat Species +American Beaver, American Mink, Eastern Fox Squirrel,
Gray Fox, North American River Otter, Southern Flying Squirrel

Wetland Habitat Species +American Beaver, American Mink, Common Muskrat, Least
Weasel, North American River Otter, Star-nosed Mole

X Grassland Habitat: At least 5 sites within the AOC support at least 1 mammal indicator
species.

Grassland Habitat Species tEastern Fox Squirrel, Gray Fox, Least Weasel

Mussels
There are no metrics for mussels due to the large-scale issues that need to be addressed to

incorporate mussels into this impairment. However, mussels should be used as an additional
justification for work adjacent to or near current mussel beds. They can also be an indication for
an indirect improvement through other BUI projects (i.e. fish and aquatic habitat, sediment).

45



Table 4: Breeding bird metrics for the Degradation of Fish and Wildlife Populations BUI management actions.

*Shaded rows are not applicable to this metric.
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Table 5: Herptile/crayfish metrics for the Degradation of Fish and Wildlife Populations BUI management actions.

*Shaded rows are not applicable to this metric.
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Table 6: Mammal metrics for the Degradation of Fish and Wildlife Populations BUI management actions.

*Shaded rows are not applicable to this metric.
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References for Wildlife Metrics

Casper, G.S. and Robson, J.L. 2018. Milwaukee Estuary Area of Concern Wildlife Population
Assessment Report. Technical report to Wisconsin Department of Natural Resources,
Office of Great Waters, 2300 N. Dr. Martin Luther King Jr. Dr., Milwaukee, WI 53212. 4
chapters with appendices.

Casper, G.S. and Robson, J.L. 2018. Milwaukee Estuary AOC Bats, Breeding Birds, Herptiles,
Crayfish, Mammals, and Mussels Checklists.

Casper, G.S., Robson, J.L and Glasford, R. 2018. Chapter 3.1 Breeding Birds. 1-43: 7
appendices. In Casper, G.S. and Robson, J.L. 2018. Milwaukee Estuary Area of
Concern Wildlife Population Assessment Report. Technical report to Wisconsin
Department of Natural Resources, Office of Great Waters.

Casper, G.S. and Niemiller, M.L. 2018. Chapter 3.3 Bat Community Assessment. 1-43: 4
appendices. In Casper, G.S. and Robson, J.L. 2018. Milwaukee Estuary Area of
Concern Wildlife Population Assessment Report. Technical report to Wisconsin
Department of Natural Resources, Office of Great Waters.

Casper, G.S., Robson, J.L., Glasford, R., Mittermaier, B. and Kroening, K.M. 2018. Chapter 3.4
Mammals. 1-46: 4 appendices. In Casper, G.S. and Robson, J.L. 2018. Milwaukee
Estuary Area of Concern Wildlife Population Assessment Report. Technical report to
Wisconsin Department of Natural Resources, Office of Great Waters.

Casper, G.S., Robson, J.L and Glasford, R. 2018. Chapter 3.5/3.6 Amphibians and Reptiles. 1-
62: 3 appendices. In Casper, G.S. and Robson, J.L. 2018. Milwaukee Estuary Area of
Concern Wildlife Population Assessment Report. Technical report to Wisconsin
Department of Natural Resources, Office of Great Waters.

Casper, G.S. and Robson, J.L. 2018. Chapter 9 Crayfish. 1-25: 3 appendices. In Casper, G.S.,
Robson, J.L., Glasford, R., Mittermaier, B., Kroening, K.M. 2018. Milwaukee Estuary
Area of Concern Wildlife Population Assessment Report. Technical report to Wisconsin
Department of Natural Resources, Office of Great Waters.

Casper, G.S. and Robson, J.L. 2018. Chapter 10 Mussels. 1-37: 3 appendices. In Casper, G.S.
and Dare, J.M. 2018. Milwaukee Estuary Area of Concern Wildlife Population
Assessment Report. Technical report to Wisconsin Department of Natural Resources,
Office of Great Waters.
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Decision Tree Process for BUI Removal of Loss of Fish and Wildlife Habitat &
Degradation of Fish and Wildlife Populations

Following implementation of management actions, verification monitovigoccur to
determine if metrics are achieved. With verification monitoring results adsis for

discussion, the(}oo}AJvP ~

]']}V SE _ %0%00] W

Have all management actions been implemented?

Are we meeting the BUI removal target(s)?

AND

YES

|

Begin the BUI removal proces

Factors that will be considered when
evaluating options include but are not
limited to:

How close are we to meeting the

BUI metrics?

o E.g., How many of the 21 are n¢
meeting goals?

0 How close (or far away) is each
individual metric from meeting
its goal?

Are factors beyond the scope of th

AOC program, and/or beyond our

ability to control within the region,

(e.g., climate change, invasive

species, disease epidemics,

atmospheric deposition of

contaminants, population losses ol

wintering grounds, etc.), potentially

influencing the metrics significantly

v

v

DNR will consult with the Fish and Wildlife Tech
Team to evaluate the following options:

Option 1: Gather additional
information to explore possible
reasons this may be occurring.

Option 2: Update target(s) and/or
metrics based on new information.

Option 3: Consider if additional
(achievable, cost-effective) actions
would result in achieving the target(s)

The technical team may provide a formal
recommendation in writing to DNR.

DNR will determine the path forward with strong
}vel] & S]}v (}& 8§82 § Zv] o 8
perspectives and any formal recommendations.
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Analysis of Dredged Material Management Alternatives for the
Milwaukee Estuary Area of Concern
Great Lakes Legacy Act Project(s)

ThisAnalysiof Dredged Material Management Alternativesaluates three alternatives for
management of contaminated sedimeinbm dredging projects in the Milwaukee Estuary Area of
Concern (MKE AOC). These management alternatives are being contemplated by theldeake
of the Wisconsin Department of Natural Resources (DNR), Milwaukee Metropolitan Sewerage
District(MMSD) the City of Milwaukee and its divisions of the Redevelopment Authorityeo€ity
of Milwaukee and the Port Authority, Milwaukee County, We Energies, and the United States
Environmental Protection Agency (EPA) as part of Great Lakes Legacy Acp(@etis).
Management Alternatives include:

Alternative One (A1} No Action
Alternative Two (A2} Landfill Management
Alternative Three (A3) Dredged Material Management Facil{fMMF)

ThisAnalysisof Dredged Material Management Alternativése evaluation critea of Natural
ResourcesNR 722.07(4) Wisconsin (Wis.) Administration (Adm.) Code #melNational
Contingency Plan (40 CFR 300.430(e)@pwn as the nine criteria used in the Superfund process.

History

The MKE AOC has a long history of ecological degradation and pollutiomichlistischarges
resulted in sediment within the MKE AOC being contaminated with variotigguak, including
metals, Polychlorinated Biphenyls (PCBs), and Polynuclear arorydtoxhrbons (PAHS)

The DNR and EPA are committed to addressing elesesfiBial Use Impairments (BUIs)the MKE
AOCas described in the Remedial Action Plan Update (DNR,.ZDdmpaminated sediment is a
principal source of impairments for seven of the BUIs due to impacts on waddity, healthy
aquatic and fish habitats, fisheries, and safe consumption of fish ddtifevfor humans.
Meaningful progress on addressing the impacts of contaminated sediment in thdéndsgeen
made, but the downstream areas of the Milwaukee, Menomonee, and KinnickirveicsRiill hold
congderable quantities of legacy contamination. This contamination must be addressethtive
BUIs and ultimately delist the AOC.

The rivers in the MKE AOC were historically modified (straightened and dredgemjommodate
large vessel commercial shipping, making the estuary a settling basediarents. Over time,
sections of the rivers that were previously maintained by dredging were no lowgeled for deg
draft navigation, but the sediments and their associated contaminants remairMilivaukee,
Menomonee, Kinnickinnic Rivers, and inner and outer harbor coietween 1 to 2 million cubic
yards (CY) contaminated sediment. Future investigations will refine these estimates



The recently completed Focused Feasibility Study (FFS) for the Menomuhbilaaukee (M&M)
River project evaluated the use of a DMMF as a component of the remedy, as tyglicas landfill
disposal (Jacobs, 2019). For the M&M project, sediment volumes ranged.f0/800 to 400,000
CY ThisAnalysiof Dredged Material Management Alternativegpands the M&M FFS evaluation
to a larger scalevith a proposed facilitpf 46 acres and a capacity of 1.7 milllox

DMMF Background

ADMMFis neither a conventional wastewater treatment facility nor a conventioniid saste
facility. What makes it differens the physical and chemical (discussed later) properties of the
dredged material. Wastewater treatment facilities are designed to receive water witheleis| of
solids while solid waste facilities are designed to receive mestlgs with very little water.
Dredged sediments placed in nearsh@®BIMFs typically contain 10-50% solids (dry weight basis)
and closer to 10% when placed by hydraulic dredgimghich is discussed in later sections. An
effective DMMFmust therefore borrow features from both the wastewater treatment facility and
the solid waste facility in a combination that is unlike either (USACE).ZDieDMMFmust be
volumetrically large enough to meet both short-term storage capacityirequents, during filling
operations, and long-term requirements for the anticipated life. DMMFmust have sufficient
surface area and dike height with freeboard retention of fine-grained material totmaieffluent
and nearshore water quality.

Dredged Material Management Alternatives Description

Alternative One (A1) No Action

A no-action alternative is used for comparison only. Unierthere would be no actions conducted
to control contaminant exposure by dredging sediments and therefore anagementis required

All contaminated sediments would be left in the waterbody and subjechigpig erosional and
depositional forcesBUIs and fish consumption advisories would remain. Natural degradation of
contaminants would not occunimany lifetimes.

Alternative Two (A2} Landfill Management

A2 utilizes existing local facilities for the management of dredged matsedinient and debris)
For the purpose of this analysis,*S D v P u vs§[e K& 4ZagdfillafjwWr1l24 B 9355
Boundary Rd, Menomonee Falls, WI 53051 is used because it is the closegtRaeiiged material
would require dewatering and stabilizatidm meet transportation and landfill acceptance
requirements for free liquids using the paint filter test. The paint filter teshé United States
Ervironmental Protection Agency (EPA) approved test method (EPA 90958gtmuohe the
presence of free liquids in a representative sample of waste. In additmed enaterial strength
requirements are more stringent than the paint filter test

Once the material is accepted by the landfill and in their possestie material would be
managed consistent with th® v (]pam[of operationTh o v (]Joo[* %0 v rhdyy¥edE S]}v

1 Landfills have been requesting moisture content of less than 90%, a thdesh©0% less than the liquid limit, a minimum of
1,600 pounds per square foot of unconfined compressive strength and a minimumtsharfriction angle of 25 degrees or
minimum cohesive strength of 800 pounds per square foot from the consolidasedgal undrained shear strength test.
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to be updated to address the acceptance and management of this relatively largeevofum
dredged material. Dredged material management at the landfill would typicallydedumping
loads within a designated monofill area, grading the mateiyad bulldozer or excavator and, in
certain cases, may include use for daily cover within the landfi# landfill may place additional
dredged material or solid waste until the final grade is achieved. Intermesi@ateover would be
applied after reaching final grade, until the landfflnal cover system would be installed, and
vegetation would be established. In some cases, additional dewatering andzstadiimay need
to occur at the landfill during disposal and prior to placement of intermediaféal cover

The landfill ownewould operate and maintain the landfill and its contents into perpetuity.
Operation would include leachate and landfill gas collection systemelaswroundwater and
perimeter gas well monitoring. The landfill owner would be required e financal assurance
for Closure and Long -Term Care for 40 years.

For reference, the Orchard Ridge Landfill is currently the largest landfilscoWgin, and it
accepted 959,000 tons of wastes in 20THis is equivalent to about 1.6 million cubic yards of
wastes If the 1.7 million cubic yards of dredged materials were placed in the lanedilla2.5-year
period, the quantity of materials disposed in the landfill wouldéase by 70 percent during this
period. Placement of this quantity of dredged material in the landfill would alsseore permitted
capacity and speed up the need for a landfill expansion (or newillxial order to provide for
continued solid waste needs of the region.

Alternative Three (A3) DMMF

A3 would utilizea proposed near-shor®MMFdirectly adjacent and north of the existing Jones
Island Confined Disposal Facility (JIX@3KEhown on (Figure 1Proposed DMMF Area. The near-
shoreDMMFwould be an engineered structure for the containment of dredged material. The
proposed facility would take advantage of components of the existing JI-Cibié fwuthern
containment structure and the existing shoraibulkhead wall for the western containment
structure. The proposed DMMF would require northern and eastikas to be constructed for
containment on the remaining two sides.

The dikes are currently proposedith a crest elevation (top of the berm) of about 7.5 ft above
current Lake Michigan water levels, which currently at a historical g 6 ft lower than the
existing CDF. The proposed height would be resilient to long-term changake levels, while
leaving room for vertical expansion to levels similar to the existing CDF.

When the hydraulically dredged material is initially deposited inRIMMFby hydraulic dredging
methodsit would occupy several times its original volume. Polymers may be usessist with

inital flocculatior? and settling particularly as the available capacity in the DMMF is reduced. After
initial settlement, consolidation will occur as a function of time and the lowefen pressure
generated by the fill. Excess porewater pressures in the dredged matdtidissipate until it

2 The crest elevation will be determined in design.

3 Flocculation refers to the process by which fine particulates are caused tp ¢hgether, forming what is called a floc. The
floc may then float to the top of the liquid (creaming), settle to the bottom of theidl (sedimentation), or be readily filtered
from the liquid.
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reaches its appoximate original in-situ dengftgt the material was at in the waterbodyhe
material placed above the internBIMMFhigh water elevation may need to be managed with
active dewatering operations such as surface trenching. Adequate volume mpsei\bded during
the dredging operation to contain the total volume of sediment to be dredged, acecaufdar any
volume changes during placement.

Placement operations would need to be performed in a manner that meeisniehandling. Once
the DMMFisfilled and at final grade, a cap would be placed and vegdtdthe space could then
be used for shipping, Port Milwaukee operatioospublic space. ThHBMMFis anticipated to be
owned and operated by Port Milwaukee. Port Milwaukee would maintairDiBVIF into
perpetuity. The need for long term monitoring would be determined as part of permittie
DMMFE

Dredged Material Management Alternative Common Elements
Landfill andMMFmanagement have the following common elements:

Time and Production BRaGmmon Elements

Time is the critical common element to both alternatives (A2 and A8} intent of the
stakeholders is to implement all necessary management actions to addtéssassociated with
contaminated sediments by 2024, while keeping with the proposed prigl©®C designation in the
Great Lakes Restoration Initiative (GL&RIjon Planlll (EPA, 2019). Other than volume, time is the
single most important variable to manage in the MKE AOC. The timeline proposedJumit 2019
Legacy Application indicated that remediation would begin in the sunah2022. This leaves 2.5
years, until the end of 2024, to complete remediation. For this analysige2rs is used for both
the landfill andDMMFalternatives.

A 1.7 millionCYproject executed over a period of 2.5 years would require anagesannual
production rate of 680,000 CY per year and 2,125 CY pé(ttias/simplified assumption is used for
the following document). Further refinement of this assumption will be pentext in design to
account for construction details (e.g. first pass and residual dredging).

Dredging Technology Common Elements

DNRanticipates that hydraulic dredging will be the main dredging technology used MKE AOC
due to the limitations of the existing bridges that impede marine traffierd are 21 movable
bridges in the MKE AOC that cross the Menomonee, Kinnickinnic, andu{éde Rivers
(Milwaukee's NPR, 2019). These movable bridges would require coordima¢edhg for material
handling scows to support mechanical dredging. This would beaictipal at scaledue to the need
to open and close bridges several times a day over a period of 2.5 saiswulic dredging will
likely require a smaller supporting mechanical dredge for debrisfdosimplicity in this analysis,
the DNR assumes all material would be hydraulically dredged

Location Common Elements

4 Assuming 320 work days per yea
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Contaminated sediments are expected to be hydraulically dredged and pumpegeia@irom

the different rivers and reaches of the MKE AOC to the material processatigph. A material
processing location will be required for both alternatives (A2 and A3). TeengxlI-CDF is the
proposed processing location f82. The new DMMF would be the location for material processing
under A3. The difference in processing location between the proposed DMMF and tearexit

CDF is insignificant because they are adjacent. Therefore, the hydraulic dyedughine length is
about the same.

Water Treatment System Common Elements

Both A2 andA3 will require a temporary water treatment systémf enough capacity to support
hydraulic dredging at the desired production rate of 2,125 CY per day. Titetawill also need
the ability to direct discharge to Lake Michigan with a Wisconsiiut@ant Discharge Elimination
System (WPDES) permit for a new outfall. A combination of a one 8iamoleteér and one 12ach
diameter hydraulic dredge would provide about 2,400 CY/day of produatidirequire about
5,100 gallons per minuté&SPM of treatment capacity, without consideration of storage. The
hydraulic dredge(s) would be the primary source of water that woetdglire treatment. Water
would also be generated from other components of material processietyding:

Dewatering pad drainage from sediment
Backwash from the treatment system
Decontamination water

Precipitation

For this analysis, based on discussions with water treatment contrack®NRhas assumed that
awater treatment system would include lamella clarifiers, bag filters, gnashular activated
carbon. Regular sampling of wastewater discharge would be conductestifg that the
requirements for discharge are met. After startup, Discharge Monitoring Refiak&)would be
provided to the DNR on a weekly basis.

Post Placement Commolelments

For bothA2 andA3, once dredged material is placed in the final facility (either A2 oritA8puld
be contained within an engineered structure that would be designed, coctstiland managed for
that purpose.

Contaminants found in sedimentgenerally?, are relatively stable and persistehtydrophobic,
have low solubilityan affinity for organics, and bound with the finer solid particles @l and
clays). These properties are the reason that the legacy contaminants of metass, aPp@BAHs
remainintheD < K gediment (sometimes even more than a century after being released
instead of being diluted and dispersed)

5h3]o]l]vP D bes Istand Water Reclamation Facility is not an option because it producesavitertgrtilizer and

cannot accept any measurable amount of PCBs.

6 This analysis is not meant for non-aqueous phase liquid (NAPL),is/hichallenging material to manage and control. NAPL-
containing dredged materials wilkely be handled separately, with special provisions, such asralistabilized monolith

within the existing JI-CDF.
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The contemplated MKE AOC projects are generally near the mouth of the estuary, wiere th
Milwaukee, Menomonee, and Kinnickinnic Rivers merge and enter Lake Michiga@stliarine
conditions inherently create a depositional environment with higsircontent and organics

Per- and Polyfluoroalkyl Substances (PF&8nGn Elements

Per- and Polyfluoroalkyl Substan¢EBBAS) are a class of man-made chemicals that are ubiquitous
They are present in a myriad of consumer producidygrial uses, and environmental media. PFAS
are similar to typical sediment contaminants in that they are hydrophabdt persisternt however,
PFAS are starkly different in that they are more soluble and much mobde.

The DNR is unaware of any sediment sampleettfstr PFAS in the MKE AOQBwever, its fish
monitoring program has tested fish in] « } v « ] wjajor rivers (Fox, Menominee, Milwaukee,
Mississippi, Peshtigo, St. Louis, and Wisconsin as well asaghel@kes), including those located i
the MKE AOC. The Mississippi River data had the highest concentrBtiiRirst issued fish
consumption adviefor Perfluorooctanesulfonic acid (PFOS) in 2007 (Williams &i$cH2016)
Current fish consumption guidance for PFAS in Wisconsin is limitded8 Bnd the Mississippi
River When fish tissue was last tested in the MKE AOC, concentrations of PFAS did nat warran
issuance of a fish consumption advisory.

DNRplans to sample for PFAS in the MKE AOC to evaluate the presence of these shemical
sediment and surface water and to account for it in remediation dedigtectable concentrations
of PFAS in the MKE A@eE likely to be found. The science and knowledge of this class of
compounds is rapidly changing and evolving. Granular activaeodic has been found to be an
effective water treatment technology for many PFAS compounds. PFAS informatidoh likely be
necessary for both A2 anéi3 scenarios. PFAS data may be needed to determine disposal for the
water treatment system carbon units regardless of the alternative.

Dredged Material Management Alternative Differences

Landfills can only accept solid waste; hydraulically dredged sediroantet be directly
transported to a landfill as they contain too much water and will neetrstrength criteriaThe
high-water content sediment must be dewatered before being suitable for landféipdance.
Comparatively, ®MMFis itself designed to be part of the dewatering process and would not
require upland space and processing for this purpose. The infrasteuand additional work
needed to supporA2 is common to remedial dredging amekll understood.t is done in an
environmental protective manner and in compliance with applicable Idfs.main difference is in
costs whichare described in the following sections, which include differencesatemtreatment,
bag field setup, bag field management, stabilization, trucking, material handlindliMiFdesign
andconstruction.

Water Treatment Differences

7 The Milwaukee River Downstream Reach 4 investigation tested 40 samples for geztephrameters. Of these, 18 of the
40 (45%), classified as organic silt (OH) by the USCS classification system. Thsilisgareraged 80% finesgecific gravity

of 2.5 and dry density of 50 pounds per cubic foot. The second most frequent classifigatigguorly graded sand (SP) for 5 of
the 40 samples, which is 13%. The M&M Investigation duplicated the results ohfghewv sand content isedments.
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Because ®MMFitself is part of the dewatering process, the DNR expects that a smaller water
treatment system could be used, compared to what would be ndddeA2. A3 provides more
space for settling, substantial storage, buffering capaaeitsl, altogether more flexibility. However,
the conservative cost estimate assumes that the same water treatment size anuboents (other
than the geotextile tubes discussed in the following sections) would &e s water treatment
and therefore no cost difference is provided.

Bag Field Setup Differences

The M&M FFS identified geotextile bag dewateringA@arThe need for a bag field is a key
difference between A3 and2 A bag field and perimeter haul roads are necessary infrastructure to
support procesimg the sediment to be suitable for a landfilhis evaluation assumes that the
existingJFCDE, with about 20 acres of available upland space, would be utilized for dewatanid
sediment stabilization with AZ his is expected to be the largest area in the MKE AOC that would be
available for dewatering and stabilization. For consistency with the M&N ESanalysis

assumes the same liner system and unit ratesafb?-inch base layer of 3-inch diameter base-rock
a 6inch layer of ¥-inch gravel, a 6-inch sand bedding lay&8;@nce non-woven geotextile, and a
60-mil High-Density Polyethyle{HDPE) flexible membrane lin®&ased on the unit rates in the
M&M, with modifications provided by Jacobs for stacking the geotextilegubree high, the DNR
estimates the bag field setup would cost $7 millibH to supportA2 This analysis excludes the

cost for haul roads at thBMMFfrom this estimate foA2

Bag Field Management Differences

After the bag field and water treatment system are installibgy must be managed throughout the
dewatering process to suppoit2 Geotextile tube dewatering is a labor-intensive process
compared to passive dewatering indDMMFunder A3 Tubes would need to be deployed witH fil
ports and control valves installed. Polymers and flocculeatsld be used for settling with
continuous adjustment and quality control checks (note that polymeiffooculants will likely be
used with A3 as well). Additional tube maintenance would includestidigiand moving fill ports

and tubes, measuring tube fill level, vibrating and agitating the tube surfapeotoote

dewatering, and deploying and stacking more tubdse DNR estimates the costs for the geotextile
tubes'? and maintaining said tubésto be $13 million of additional cost to suppoi2.

8 The M&M FFS evaluated and identified about 12 acres of a series of adjacent popentied by the city of Milwaukeend
Department of Transportation located along the north shore of the Menomonee Rijacent to the 194 overpass bridge
(Figure 12). This is 40% less space available than the JI-CDF.

9 The liner system for the bag field would be determined in design oréogdhtractor.

10$1.8, $1.3, and $1.5 per square foot, respectively for grading and compacting, geotextieliraed

11848, $32, and $31 per cubic yard, respectively, for 3-inch diameter baserock, 3/4-inch gravedaaddadding layer

12 $36/lineal foot and 243,000 lineal ft based on a 75-ft circumference and 7 CY per lineal foot

13 $2.35 per cubic yard.
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Stabilization Differences

For stabilization, several synergistic effects drive the need for and amogtdhufization agents in
this analysis. Geotextile tubes need time for passive dewatering, orctie sf weeks to months.
However, the large dredged material volume and lack of available bag field spackdsito be
stacked for the total size of the project means that material would need contsibaul out. Thus,
the short construction time, large production volume (2,125 CY/day), high sittrgiaghic content
material requiring the use of polymers, and stringent landfill cured material strength
requirementsv asmentioned beforev means that the DNR would expect that amendments and
mixing would be necessary. The DINR assumed 10% by weight of amendment to the dewatered
dredged material based on the most recent experience at Wisconsin PubliceSdfeitner Green
Bay Manufactured Gas Planthe DNR estimates that stabilization would cost $15 million for the
amendment itself and another4® million for the mixing and loading to support landfill
management over the project size of 1.7 million cubic yards. This tot&&9 million.

In addition to the cost, Portland Cement, a common stabilization ageodyses Ceduring a
necessary part of the manufacturing process. Approximately 0.9 to@€ddre emitted for every
ton of Portland Cement produced (National Ready Mixed Concrete Association, P8d 290by
weight dosage rate would generate 240,000 tons of Portland Cement and P10, of C@

Trucking Differences

Trucking stabilized dredged material to the landfill and tipping fees are mdjeratices between
A2 andA3; trucking is not needed fok3 other than the construction of the facility, which is
discussed laterTrucks would be required to have sealed gates, a retractable tarp, and need
decontamination throughout the projecOver the life of the project, the DNR conservatively
estimates that 130,900 truck trigswould be required, which would be a total oB%nillion miles
driven and 1.2 million gallons of diesel fuel and dl&000 tons of related carbon dioxide
emission®®. The DNR estimates that trucking and landfill feesiiel cost $B0 million based o
unit rate of $48 per tonthe same unit rate as the M&M FFS.

Material Handling SummaBjifferences
This section summarizes the additionadterial handling differences betweeA2 andA3'6 :

1. Management of dredged material by dewatering in geotextile tubes includes manual
agitation by vibration, tending fill ports, and leveling the tubes (as discussed in the lohg fiel
management section).

Opening geotextile tubes.

3. Adding and mixing amendmén

Testing aged and mixed materials to determine if materials pass paint filter atetiad
strength criteria.

5. Loading dewatered and stabilized material into trucks.

6. Transporting treksfrom the existingMMFto the nearest landfill.

7. Trucks dumping the passing material at the landfill.

N

>

14 Assumes trucks average 20 tons per trip and a final density of 1.54 tons/CY after amendment
15 Assumes 22 pounds @@allon of diesel and 0.9 tor8Q/ton Portland CemenAmendment
16 Some of the handling below overlaps sections above, this is a summary.
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8. The landfill operator grading dumped material at the landfill.

DMMF Design and Construction Differences

A major difference betweeBDMMFand landfill alternatives is tha2is permitted and existing, and

the proposedA3 has not yet been constructetf remedial projects were ready for construction in

the MKE AOC, a landfill could be utilized sooner and allow a longer projetiodurThis would cut
down on amendments dosage rate, water treatment plant size, and the overall groduate.
However, remedial project(s) are not ready. No contaminated sediment project, as pag of th
Legacy Act applicatiohas completed design. The closest project in the remedial phase is the M&M
project, which identified Alterative 5: hydraulic dredging witNMMFdisposalasthe preferred
alternative.

The proposedMMFwould need to be designed, permitted, funded, and constructde. design
and construction process are expected to take, in total, two to feears. Preliminary cost
estimates have ranged greatly, from $12 million for the most cost-tffeoption ofa smaller-
volume rubble mound dike-based structure to the most expensive of gréhan $200 million for
double sheet pile walls fahe entire perimeter At the time of this writing, currently at the 30%
Design Stage, the DMMF design engineers (Foth) are estimating costs tdriandgs5 to $90
million depending on the type of structure and features.

Cost Summary Differees

This cost summary focuses on the differences in costs bet8eamd A2; it does not include
dredging.

Costs to support management at a landfill:

Bag field setup: $7 million
Geotextile Tubes and Tube Dewatering:  $13 million
Amendment at 10%: $15million
Mixing and Loading: $44 million
Trucking and Landfill Fee: I million

Total $200 million or $120CY

Costrange to supportbMMFuse:

Total 65 million to $90 million
$40/CY to $50LCY

Based on the assumptions in this analy#i8,is expected to cost $110 ®135 million or 55 to 7
less thanA2 On a unit rate basig\3 costs $70 to $80/CY less thA& This cost difference is largely
due to the reduction in material handling and landfill fees.

These cost results are consistent with the Jadobsdings in the M&M FFS, which identified
hydraulic dredging anBMMF disposal (AlternativeA) asthe most cost-effective alternative for



$16 milliont’. Hydraulic dredging witbMMFcosts were $33 million less (53% less) than for
mechanical dredging with landfill disposal (Alternative 5C) (CH2M, 2@1&)dition, the M&M FFS
estimated that hydraulic dredging witbMMF (5A) costs were $140/CY less than mechanical
dredging with landfill use (Alternative 5C)

Bird Use Differences

Both A2 andA3 will be used by birds, with the species and abundance changing daditity,
habitat, and food sources change. However, generally, there is less birdameand biodiversity
at A2, as discussed in these next two paragraphsA2and during filling, carrion birds, such as
crows and gulls, are attracted to municipal solid wasM&\\) as a food source. Daily cover is used
to limit available food sources and the abundance of bi@srion birds have the potential to be
exposed to pollutants from the dredged material, if daily cover is not plaagdhb dredged
material itself is not a significant food source. The bird species chahgecertain area, most
drastically at cell closure, when waste is no longer being accepted and the fiealsystem is
placed and vegetated. Typical vegetation is grassland, that can be the habitat for pheaskets
swallows, blackbirds, and numerous other native Wisconsirs§IBiNR, 2008).

While filling, A3 would be used by more water-going birds andatogy birds as a stopover and
resting point. ThRd®MMF[ ¢ ikes would create a sheltered water habitat in an otherwise
uninhabitable area that is used for rest and forage by many migratory arderésanseriforms
(ducks, geese, swans, magpie geese, screamers), passerines (swallonestars), pelecaniforme
(pelicans), seabirds, and shorebirds. The organic rich sediment andbeddrbm the estuary
quickly and prolifically vegetates to provide unique habifaicording to the Urban Ecology Center,
the existing JI- & Z - } u afehaven for several species of birds and possibly boasts the
largest historical bird list of any singlo} S]}v ]v t]e(UnbafpEcology Center, 2019). The JI-
CDHs part of the 2019 Brew City Birding Festival by the Urban Ecology Center.

A DMMFE polluted sedimentvould contain heavy metals, PCBs, oil, grease, PAHs and pesticides. A
Sentinel Duck Study was conducted at the JI-CDF in the summer of 1998rtuide if waterfowl

were accumulating contaminants from the JI-CDF. Game farm mallardselessed on thellCDF,
collected 70 days later, and were analyzed for total PCBs, metals, pestin@tl®RAHs. The study
concluded that ducks released into the JI-CDF did not accumulate significaehtrations of
contaminants as compared to field and background levels (DNR, 1994). TheoDNRxpet

similar bird usage with a newMMF-.

Per- and Polyfluoroalkyl Substances (PFAS) Difésrenc

For a proposed DMMF, this contaminant class, if present, will be evalaatadnigration pathway
through the dikesTreatment, such as activated carbon amendntsemay be added to the dike
structure. Other measures could incorporated into the overall di&sign to help address this
contaminant class; which is expected to be evaluated during design

17 Note thatM&M costs included all construction costs, including dredging.M&® FFS did not evaluate hydraulic dredging
with landfill disposal. However, it did evaluate mechanical dredging vath landfilland CDF use.
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Groundwater Monitoring Differences

The DNR requires on-going groundwater monitoring at landfills. Groundwateitoning is less
likely, for various reasons, to be requiredse®MMF. The need for groundwater monitoring would
be determined through the design process and documemetd DNR grant of low-hazard waste
exception There are materials in the MKE AOC that would need to be addressed withlspec
provisions, such as PAHSs in the form of for non-aqueous pleasdfliom former Manufactured
Gas Plants. These are planned to be stabilized in a monolith at the exisikran@@re excluded
from this analysis.

Analysis of Alternatives

ThisAnalysis oDredged MateriaManagementAlternativesusesthe evaluation criteria of
Natural Resourced\NR 722.07(4) Wisconsin (Wigidministration (Adm.) Code aritie National
Contingency Plan (40 CFR3 00.430(e)(9)), known as the nine criteria use8upéntind process
The criteria are grougd into the threshold, balancing and modifying criteria.

There is no flexibility in meeting the thresholderia; they must be metThe threshold criteria are:
compliarce with applicable federal, state, and local regulations; and overall protecfibmman
health and the environment.

Balancing criteria weighs the trade-offs between alternatives. A low ratingherbalancing
criterion can be compensated for by a high rating on another criterioe.fiVk balancing criteai
are: short and long-term effectiveness, reduction of toxicity, mobility duwe, implementability,
and cost.

Thee are two modifying criteria: state and community acceptance. The degreeceptance can
alter the weighting of alternatives under the modifying criteria. Further, inpuinfthe community
and the state can be used to adapt the Alternatives (A1, A2, and A3).

In addition to the nine criteria, before selecting an Alternative, sustainablerectidll be evaluated
with consideration of NRZ2.09(2m). In summary, the nine critenavhich are divided up into
three different sectionw are:

Threshold Criteria

1. Compliance with applicable federal, state, and local regulations and standard
2. Overall protection of human health and the environment
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Primary Balancing Criteria

3. Long-term effectiveness and permanette
4. Reduction of toxicity, mobility, or volurife
5. Sort-term effectivenes¥

6. Implementability*

7. Cost?

Modifying Criteria
8. Community acceptare
9. State acceptance

Recommendation

The DNR recommends A3. A3 meets the threshold criteria of being compliargpplicable

federal, state, and local reqatlons and standards as well as overall protection of human health and
the environment. For the balancing criteria, the short- and long-term effectivemedsction of
toxicity, mobility, or volume, and implementability of A2 and A3sneilar. The diffeence to the
balancing criteria is cost. A3 costs approximately3hiillion, or 70% less than A2. Additional costs
for A2 are associated with bag field setup and management, water treatment,izsdioih agents,
material handling, landfill tipping feeand trucking. The balancing criteria are intended to weigh

the trade-offs between alternatives; and because the cost difference fos #ubstantial it

overwhelms the similarity of the other balancing criteria.

In addition to the nine criteria, the DNd#so evaluated sustainability. A3 is more sustainable than
A2; it saves approximately 1.2 million gallons of diesel fuel feduaged hauling and 240,000 tons
of amendments. In total, this would reduce carbon emissions by 20ag@0over the useful lifef
the facility.

Community acceptance, a modifying criterion, will be considered as part dfSHaay public
comment period for thig\nalysis of Dredged Material Management Alternatise$ore issuing a
decision document.

In summary, the DNR recommends A3 because it meets the thresheldecrs similar to A2 for
most balancing criteriut has significantly lower costs and is more sustainable.

Decision document

A decision document will be issued at the close of4Balay public comment period with
additional details on the selected alternative.

18NR 722.07(4)(a)(1) Wis. Adm. Code

19NR 722.07(4)(2)aNR 722.07(4)(a)l.a. Wis. Adm. Code
20NR722.07(4)(a)(2) Wis. Adm. Code

21NR 722.07(4)(a)(3) Wis. Adm. Code

22NR 722.07(4)(b) Wis. Adm. Code
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Table 1: Detailed Comparison of Alternatives

Alternative 1 (Al) Alternative 2 (A2) Alternative 3 (A3)
Criterion No Action Landfill Disposal Dredged Material Management Facility (DMMF)
Threshold Criteria
1. Compliance with No action; therefore, not applicable. Use existing licensed landfills. Disposal of stabilized drec ADMMF would be designed, constructed, and filled with
applicable federal, state, material is expected to comply with all applicable federal, mostly hydraulically dredged material and operatad
and local regulations and state, and local requirements including the plan of compliance with all applicable federal, state, and local
standards operation, % ESu vS }( E SuCE(DBNR) «} uE requirements; as well as, additional requirements at the

approval letters, and facility requests for material strengtt request of the DNR. The DNR would provide approval
through low-hazardous waste exemption, would be
required to provide a 401-Water Quality Certification, anc
Wisconsin Pollutant Discharge Elimination System (WPLC

permit.
2. Overall protection of No action would be conducted to control contaminant Landfill disposal is a common dredging material Although not as common as landfill disposal, 35% of the
human health and the exposure. All contaminated sediments would be left in th management alternative that is protective of human heali total volume of material dredged to maintain Federal
environment waterbody. Beneficial Use Impairments (BUIs) and fish  and the environment. Contaminated sediments are projects in the United States is placed in DMMFs (USACI
consumption advisories would remain. Natural degradatic removed from a waterbody, conditioned for disposal, and 2015) The current DMMF material, as shown by the JI-ClI
of contaminants would not occur in a reasonable time. Tt placed in a facility that is designed, constructed, and investigation, has elevated levels of contamination (We
alternative does not provide overall protection of the managed to handle dredged materials with a high level o Energies, 2018Yhe proposed DMMFs would be designec
human health and the environment. protection. constructed, and managed specifically for contaminated

dredged material and provide a high level of protection.

Balancing Criteria

3. Long term effectiveness No action; therefore, this alternative is not effective in the Landfills are operated and maintained into perpetuity. A new DMMF would be operated and maintained into
and permanence long-term. Landfills are required to provide financial responsibility fo perpetuity by Port Milwaukee. The use of the DMMF itsel
the closure and long-term care of the landfill through NR for Port activities would generate revenue past closure. T
520 Wis. Adm. Code. is unlike a landfill that receives its revenue at the time of
acceptance through a tipping fee. @3 D]o A naVen[ie
from the DMMF itself would help the Port pay for any
required maintenance.
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Alternative 1 (Al)
Criterion No Action

Alternative 2 (A2) Alternative 3 (A3)
Landfill Disposal Dredged Material Management Facility (DMMF)

4. Reduction of toxicity, = No action; therefore, this alternative provides no reductio
mobility, or volume in toxicity, mobility or volume.

Landfill disposal will effectively eliminate the mobility of DMMF disposal will effectively eliminate the mobility of
contaminants of concern. Toxicity will be vastly reduced contaminants of concern. Toxicity will be vastly reduced
eliminating the routes of exposure to humans and the eliminating the routes of exposure to humans and the
environment. The volume of contamination will be reduc environment. The volume of contamination will be reduc
by dewatering and increased density of the dredge matel by dewatering and increased density of the dredge matel
In this alternative, the contaminated sediment are removt In this alternative, the contaminated sediment are remow
from the waterbody, conditioned for disposal, and placed from the waterbody and placed in a facility designed for t
a facility designed for the perpetual containment of waste perpetual containment of wastdbMMFs, with various
Landfills contain the contaminants through various methc methods, contain the contaminanto that they do not

so that they do not render: render unclearair, land or waters of the state, or making
the same injurious to public health, harmful for commerci
or recreational use, or deleterious to fish, bird, animal or
plant life. DMME are efficient, nuisance-free, and
environmentally acceptable dredged material manageme
facilities

Unclean air, land or waters of the statenaking
similar injurious to public health, harmful for
commercial or recreation use

Deleterious to fish, bird, animal or plant life

Landfills are efficient, nuisance-free, and environmentally
acceptable solid waste management procedures.

5. Short-term effectivenes: No action; therefore, this alternative is not effective in the
short-term.

Since this comparison is performed over the same time  gince this comparison is performed over the same scale
scale as the DMMF alternative, there are no differences i ihe |andfill. there are no differences in scope. The DMMF
scope. The main difference in short-term effectiveness is ywoyid result in significantly less truck traffic than landfil
much larger amount of truck traffic. Engineering and disposal. The effectives of a DMMF changes over time w
administrative controls would be implemented to mitigate {he worst-case condition being when the DMMF initially
short-term effects, risks, and impacts on local communitit giarts filling. Seiche, long term lake levels, and wind drive

associated with Landfill disposal, including: waves will drive water movement through the perimeter
Traffic planning to minimize the potential for vehic gikes, as well as other features that are used to control
accidents contaminant migration. The dredging material itself,
Proper construction quality assurance procedures comprisedas mostly the silts and organics, works to slow
such as covering materials in trucks, dust contaminant transport. Once full, there would be no wind
suppression, and limiting truck speed for on-site  driven transport for the DMMF area itself because it woul
haul routes. be land.

The short term has the potential to expose migratory bird
to bioaccumulating compounds. DNR game farm mallard
studies did not find significant accumulation of
contaminants compared to field and background levels
(DNR, 1994).

The short-term has the potential to expose carrion birds t
bioaccumulating compounds.



Alternative 1 (Al)

Criterion No Action

Alternative 2 (A2)
Landfill Disposal

Alternative 3 (A3)
Dredged Material Management Facility (DMMF)

6. Implementability

7. Cost No action; therefore, not applicable.

Modifying Criteria

No action; therefore, not applicable.

This is a proven technology. Local landfills are existing &
licensed. All services and necessary materials are readil
available and have been successfully implemented on
numerous similar projects. Dewatering and trucking
contaminated sediment is a well understood process.

$200 million, $120/cubic yard<C(y

DMMF disposal will require design, permitting, and
construction of the proposed DMMF. All services and
necessary materials are readily available to do this, but
because new DMMFs have not been permitted in Wiscor
f decades, there is less certainty about the process and
requirements.

$65 million, $40/cubic yards CY

8. Community Acceptance No action; therefore, not applicable.

9. State Acceptance

Sustainability

No action; therefore, not applicable.

No action; therefore, not applicable.

Existing licensed landfills, by statute, went through a pub
meeting to be able to accept dredged materials. Landfills
are used as an acceptable environmental management t

The DNR accepts landfills as an acceptable dredged mai
management alternative.

Less sustainable theamDMMF in that more truck trips,
diesel fuel, and amendments are needed. More sustainal
than a DMMF in that existing landfills are already
constructed and licensed. Although, with the volume of
material projected, it is expect that new cells or expansio
of existing landfill facilities would be needed.

Community acceptance for a new DMMF will be determir
through outreach and a proposed plafhere has not been
community opposition to the continued use of the existing
CDF.

The DNR would acceptDMMF that meets the threshold
criteria, our authority outlined in Table _, and a design th:
provides robust and compelling protection over the long-
term.

Over the useful life of the DMMF, this alternative would
save approximately 1.2 million gallons of diesel fuel due-
reduced hauling and 240,000 tons of amendments. In tot
this would reduce carbon emissions by 200,000 tons. Th
alternative uses 45 acres from Lake Michigan for
construction of the facility. The City has been granted, by
the Wisconsin State Legislature, the necessary lakebed ¢
Lake Michigan required for the proposed DMMF.
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Table 2: Proposed Milwaukee Estuary Dredged Material Management Facility

Authority and Requirements

What For

Agency or DNR Prograr

or Bureau

Code or Statute

An act that ceded submerged lands to the city of Milwaukee extending fifteen hut
feet into Lake Michigan between the harbor entrance and Russell Avenue (south
existing CDF) for dock and wharf purpose and railway terminals.

Lakebed Grant

Amends Chapter 358, granted and ceded submerged land to the City of Milwat
extending the area fifteen hundred feet into Lake Michigan between the harbc
entrance and Russel Avenue (south of the existing CDF). The land is to be usec
city for public slips, basins, docks, wharves, structures, roaglswhys, railroads, an
railways, railway terminals, and lake and rail facilities and spurs for sgippi

Lakebed Grant

Amends Chapter 358 of 1909 and Chapter 285 of 1923, ceded, granted andchedn

dry or submerged land under the waters of Lake Michigan to the city of Milwauke

improving, filling, and utilizing the same for harbor purposes and infaidwagation, ir
any manner the said city may deem expedient

Lakebed Grant

Review of an existing or proposed use of an existing lakebed grant is an integr
analysis action that does not require a separate environmental analysis process
existing or proposed use must be consistent with the purpose and uses ioh wie

grant was issued.

Environmental Analysis and Review Procedures

Exemption for submerged shorelands in Lake Michigan for the placing of struct

Exemption from Chapter 30 from the Chapter because the title has been granted by the state to a munigipe

oThe request for a public hearing under 30.208(3) is not applicable because Chay

Exempt from a request for public hearing under Chapter 3 is exempt per Chap 30.05

The Clean Water Act Section 401 regulates actives that may result in a dischar

Water Quality Certification .
Quality pollutants into the waters of the US.

Public noticing for public comment or a public informational hearing is not a
requirement. A public notice for a contested case hearing is a requirement per
299.05(4). The department shall provide notice of the decision to the applicant,
licensing or permitting agency, and known interested parties 310.14(2). Cause ot
its decision to be published by the applicant as a class | notice undere€B&p, and
shall identify the applicant and his or her address, describe the tycind its location
«§ 8§ §Z % ESuUu vS8[e S Eu]v S]}vU Vv %o %dHEES v ]3$
request a hearing under this chapter.

Water Quality Certification
Public Involvement

Low-hazard Waste Exemption from Regulation Dredge Material Management Facility

PCB Disposal - Required Public Meeting DNR cannot approve of the disposal of PCBa withliz meeting.

Watershed Wetlands &
Waterways

Watershed Wetlands &
Waterways

Watershed Wetlands &
Waterways

Watershed Wetlands &
Waterways

Watershed Wetlands &
Waterways

Watershed Wetlands &
Waterways

Watershed Wetlands &
Waterways

Watershed Wetlands &
Waterways

Waste and Materials
Management
Waste and Materials
Management

Chapter 358 of 1909

Chapter 285 of 1923

Chapter 381 of 1931

NR 150.20(2) &
NR 150.20(2)(a)19m

Chapter 30.05

Chapter 30.208(3)

NR 299

NR 299.05(4)

289.43(8)

289.54(2)




Table 2: Proposed Milwaukee Estuary Dredged Material Management Facility

Authority and Requirements
Agency or DNR Prograr

What For or Bureau Code or Statute
Permits for Water Pollutant Discharge Elimination ter . "
ermits for Water Polluta Ischarge Elimination Syste Base authority for permitting. Wastewater 283.31
(WPDES)
Water Quality Standards For use with the Clean Water Act Wastewater 281.15
Water Quality Standards For use with the Clean Water Act Wastewater NR 102
Surface water quality criteria for toxic substance For use with the Clean Water Wastewater NR 105
Calculating Water anhty Based Effluent Limitations for P¢ For use with the Clean Water Act Wastewater NR 106
Source Discharges to Surface Waters
Individual Permit requirement The General Permit excludes discharges of dredging wastewater from contamir Wastewater WPDES General Permit N
g sediment to waters classified as public water supply in ch. NR 104, ks Gedie WI-0046558-06
governs the submission of plans and specifications Provides DNR a 9Mweliaetito review plans and specifications. Wastewater NR 108

Two permits (1) for a new WWTP & (2) discharge through Sets forth the requirements for filing applications for the discharge permits requir

perimeter structure Ss. 283.31, Stats. Wastewater NR 200

NR 203.05 lists when a discretionary or mandatory hearing is required, the not
Public Participation for WPDES requirements in NR 203.06, the location (NR 203.07) requirements, who is entitle Wastewater NR 203
hearing NR 203.08 and other hearing information.

Sets forth the definitions applicable to and abbreviations used in chs. NR 200and

g . w NR 2
general conditions for all WPDES permits. astewater 05

General provisions for WPDES

Under Section 10, a Corps permit is required to do any work in, over er and
'‘Navigable Water of the U.S.' Waterbodies have been designated as '‘Navigable
of the U.S." based on their past, present or potential use for transportation fol
interstate commerce.

United States Army Corp
of Engineers (St. Paul 33 CFR 323
District)

Section 10 Rivers and Harbors Act

United States Army Corp
of Engineers (St. Paul 33 CFR 323
District)

Under Section 404, a Corps permit is required for the discharge of dredged or

Section 404 Clean Water Act material into waters of the U.S.




Table 2: Proposed Milwaukee Estuary Dredged Material Management Facility

Authority and Requirements

Agency or DNR Prograr
What For or Bureau Code or Statute

) : : United States Army Corp Section 14 of the Rivers ai
Any use or alteration that has the potential to impact the usefulness of a USACE y P

Section 408 : . . of Engineers (Detroit ~ Harbors Act of 1899 / 33
Works project is subject to the approval of USACE. District) USC 408
Lead federal agency will evaluate the effects of the federal action on properties | potential Corps
Section 106 National Historic Preservation Act in the Ngtonal. Reglster of Historic Places or eligible for such listing. Ir\ pnmgwg coc.)rdln.atlon with S_tate 36 CFR 800/ 33 CFR 3:
permit application, the Corps generally accepts lead federal compliance witt Historic Preservation App C
requirements of NHPA. Officer
Lead federal agency will evaluate the effects of the federal action on federally li potential Corps
Section 7 Endangered Species Act endangered and threatened species. In processing a permit application, the Ct consultation with US Fisl 16 U.S. Code 1536(3)
generally accepts lead federal compliance with requirements of ESA. and Wildlife
National Environmental Policy Act NEPA requires federal agencies to assess the environmental and related socie US Army Corps of 40 CFR Parts 1500-1508/
y economic effects of the federal action prior to making decisions. Engineers CFR 325 App B

Wisconsin Bureau of
Natural Heritage and NR 29
Conservation

: An Endangered Resources Review is required for projects that are conducted, fu
Endangered Resource Review Program .
or approved by the state that may result in impacts to endangered resource.

. . : Remediation &
Groundwater Quality protection of groundwater quality Redevelopment NR 140
Lake Michigan is a drinking water source for the City of Milwaukee. The Linnw
Water Treatment Plant draws water from an intake 6,565 feet from shore, five i
Safe Drinking Water Act north of the Milwaukee Harbor, where Lake Michigan is 62 feet deep. Howard A DNR
Water Treatment Plant draws water from an intake 11,767 feet from shore where

water depth is 57 feet deep.

42 U.S.C. 8300f et seq.
(1974)
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. MR-SD-R4-08 MR-SD-R4-09 USGS
MR-SD-R3-01 7 MR-SD-R4-06 Staff Gauge
MR-SD-R4-02
— MR-SD-R4-01
MR-SD-R3-05 Sediment removal within AQOIs followed by placement
of 0.5 feet of residual sand cover. AOI sediment removal
MR-SD-R3-03 elevations as follows:
MR-SD-R3-04: 572.8 (5.2 feet LWD)
4 SED103: 562.7 (15.3 feet LWD
A MR-SD-R4-10: 564(6 (13.5 feet LV\)/D) OU1 removal to 22 LWD downstream
= MR-SD-R5-01 = 551.5 (26.5 feet LWD) of 16th Street within authorized navigation
5 i i channel. No residual sand cover placement.
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MR-SD-R5-10 MR-SD-R5-11 MR-SD-R5-12
I T MR-SD-R5-14 MR-SD-R5-15
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Benthos and Plankton of Western Lake Michigan Areas
of Concern in Comparison to Non-Areas of Concern for
Selected Rivers and Harbors, 2012 and 2014

By Barbara C. Scudder Eikenberry, Hayley T. Olds, Daniel J. Burns, Amanda H. Bell, and James L. Carter

Abstract The U.S. Geological Survey collected benthos, plankton,
VHGLPHQW DQG ZDWHU WKUHH WLPHV £
Since their designation in the 1980s, Areas of Concern EHWZHHQ 0D\ DQG $XJXVW DW WKH $2& I
(AOCs)aroundtheGreatLakeshavebeenthefocusofmultﬁDULVRQ VLWHV ([FHSW IRU /RZHU *UHH
6WDWH DQG LQWHUQDWLRQDO FOHD®B®OXSERMIR P KvkDAwVY £ MiiH RYHWEEME- W HvAHE
decades of human activity resulted in severely contaminated@Q RQ $2&V ZLWK VLPLODU HQYLURQPHQW
VHGLPHQW ZDWHU TXDOLW)\ GHJUDGDVRILAG EPRAG RPI HWDUELL VD S\H URHU FIRTPYSIOW Hi
organisms, and impaired public use. Although individual Gre& XOWLYDULDWH VWDWLVWLFV EHWZHHQ
IDNH 6WDWHV KDG EHHQ ZRUNLGQJ WRRFQ@HRPOX P QG E PWEHHMDWHDAR BR2& DQG
URQPHQWDO FRQFHUQV WKHUH ZDVS$RAVKRESB QW RX®D LW H D Q30 O KW WIKH L W
FRRUGLQDWLRQ EHWZHHQ J)HGHUDO RIQW KW DWGHM LU RQIWLWE DG G &V VWKKH L
large and complex set of problems. The Great Lakes Ecosystegraded conditions compared to the non-AOC sites, several
WHP BURWHFWLRQ $FW ZDV SDVVHG pRQWULFYURVULHK@I$IRY FRRSSORW VLJIQL,
KHQVLYH PXOWL 6WDWH SODQQLQJ RAIS afdrhenlAOZYNH-£034. )bt GIHddrAOCSE %kafmivedV R
DFFHOHUDWH FOHDQXS DQG LPSURY R B RQWRR VRRW \ WKKIH S 2R GLMWHQ R P L «
D SDUWLFXODU IRFXV RQ  EHQH¢FLRQ XY i\ REPR WRHRQ YO ¥RESDUM VRQ VL
degradation of benthos and degradation of phytoplankton anfthness of taxa in insect orders Ephemeroptera-Plecoptera-
JRRSODQNWRQ SRSXODWLRQV 21 :LVARGYRRWHIN, PAANLHYXY\GRBHALHY D
DGMDFHQW WR /DNH OLFKLJDQ /RZHEJHWIBFE\l‘Q@UH%JYI-HB /CB%)WJL\JNL&FLDO V XE
*UHHQ %D\ DQG )R[ 5LYHU GKHER\‘]D&V\PWM P NHWIRQ WKH DVVH

&2 G Pl
(VWXDU\ ZKLFK LQFOXGHV WKH 0OLO H R, H
5LYHU .LQQLFNLQQLF 5LYHU DQG o%@ﬁ}%%EW£%gg%KgﬁgﬁiH% \éxj\ébvl
'LVFRQVLQ '"HSDUWPHQW RI 1DW.XUD 2% |§ I%NLV VI éngHQVLW\ RI |R
much of the cleanup on removal of contaminated sediment _ . .

IURP WKHVH $2&V EHFDXVH PDQ\ EHQ@WAQE%MHQ@WEW'B‘WG%‘W g combined phy-
ZHUH D UHVXOW RI FRQWDPLQDWHG B8 0P QW R LR 2R WU @ HEy WHEEPWR
guantitative assessments of the status of benthos and plankl%g& GLG RW GLUHU IURP WKH WZR QRQ
DW WKH $2&V ZHUH ODFNLQJ 7KHUHKRSFH YR | Wﬁ'UCPLEHthWﬁﬁ%WRRSODQN
decisions regarding the status of benthos and plankton at 6KHER\JDQ SLYHU $2& WKDQ DW WKH WZ
$2&V WKH 8 6 *HRORJLFDO 6XUYH\ sited R eemhingtipnof ghiyariate\gng nulgvariate statistics
'LVFRQVLQ 'HSDUWPHQW RI 1DWXUD & BRYIRXHUE HPVZD\1 W RpDDEDWKAWH-WKH VW
U.S. Environmental Protection Agency, Great Lakes NationaEODJH DW HDFK $2& DQG ZKHWKHU RU Q
3URJUDP 2vFH DVVHVVHG WKH FRQGUWRPRQHNV EGHYWRRWGERRQ/ 2R FRPSDUL
invertebrates) and plankton (zooplankton and phytoplanktorthis study provide multiple lines of evidence for evaluating the

at sites in the 4 AOCs and at 6 less-degraded comparison si&atus of aquatic communities at AOC sites in Wisconsin along
(hereafter referred to as “non-AOCs"). WKH ZHVWHUQ /DNH OLFKLJDQ VKRUHOL



2 Benthos and Plankton of Western Lake Michigan Areas of Concern in Comparison to Non-Areas of Concern

Introduction ZHEV EHQWKRYV DQG JRRSODQNWRQ DUH I
VK DTXDWLF ELUGY DQG RWKHU DQLPD

Aquatic biological communities have been used for mor@hytoplankton play a major role at the base of aquatic food
than a century as sentinels and endpoints for quantifying theZ HEV LQ ODUJH ULYHUV DQG ODNHV DQG
GHJUHH RI ZDWHU DQG VHGLPHQW Talpdomipateddm digjoms. B e pgragntpog of ¢Hatpms tegds
LPSURYHPHQW DIWHU UHPHGLDWLRQVNREAHWHPVMUHEHW W HHFRORYWILRQ DQG FK
FDO DVVHVVPHQWY DUH IHZ LQ UL Y HOMRERIANREDYDIBIGNKID AMiRANGE Y OregK aigae or
Great Lakes, especially along the shoreline of Lake Michigabk \DQREDFWHULD DOVR NQRZQ DV SEOXH .
&DQ¢HOG DQG RWKHUYV 6 FXG G HAD VIENDKQ BH UIHIWHD @Q/GRROWMKHRRQ GD U\ FRQV XF
2016a). Benthic invertebrates (organisms living near, on, or iR WK H U V 'LVFRQVLQ 'HSDUWPHQW RI
WKH ERWWRP RI D ZDWHUERG\ KHUH®BWHU UHIHUUHG WR DV 3EHQWKRV’
DUH FRQVLGHUHG JRRG LQGLFDWRUYV RA tel ¢ HAMehani2 Rt tolhe Gr&x aiked Buetér IQR4P O \
good indicators of sediment quality because they have direcity Agreement, the United States and Canada designated
FRQWDFW ZLWK WKH VHGLPHQW DUH RBMWQ\RY RRHEWOY\ §RASDYHG WHRQVLC
(VK DQG DUH FRQVWDQWO\ H[SRVH & WReRQ\EE HiBrghP(Rrei R Bdirk SRy v
ORZ GLVVROYHG R[\JHQ KLJK DPPRQ/_LI:h 9(§L§,m%u6 M/\prg d &DQDGD
FRQGLWLRQV ,Q JHQHUDO PXFK OHH ﬁﬁQs W*lﬁﬁ_'\{_iQ %D\

RO St [z L“LEWHELH*‘J’ 5 WWVD %VMV%BQ gNHH
Q G OH ULYHULQ W?Oﬁg %ﬁ% FHORPRBRAB sLvH
(eﬁ $2&YV DUH VHYH

HOOV DQG "HPRV _RRSOD(?h t fall tod mee quaryorectlvesote greementbecause

RWKHUV /DUVRQ DQG RWKHUYV

ton (hereafter referred to as “plankton,” mostly microscopic

RUJDQLVPV OLYLQJ LQ WKH ZDWHU Fﬁ?lo\&lﬁbl SHEN H BER R DO RREW EH

VRXUFHV IRU PDQ\ RUJDQLVPV DQG fPH'®: %W'P%%U'EES@T@EQW@@’LP@%W%WWG“G

quality. Together, benthos and plankton can provide a more degradation of phytoplankton and zooplankton populations.

FRPSOHWH DVVHVVPHQW RI FRQGLWTERYWRHIE BQ PERPL R R SRIVI RG QWP YR SRIHC

diation at Great Lakes river mouths and harbors than either t0 degraded sediment, benthos, and plankton at many AOCs.

benthos or plankton can alone. SHPRYDO RU UHPHGLDWLRQ RI FRQWDPLQ
'LWK WKH ORQJ SHULRG RI KXPDQDHNH¥WRORQLQFRIHDPWHPWHY SHVWRUDWLI

Great Lakes river mouths and harbors, characterization of th€ 2&V 5HFHQW GDWD DUH ODFNLQJ WR DV

taxa or abundances of aquatic organisms that should compdsmthos and plankton have recovered.

an unimpaired benthic or planktonic assemblage is a chal- In 2012 and 2014, the U.S. Geological Survey (USGS),

OHQJH $OVR WKH K\GURG\QDPLF HUuHFWRRISWHWBWILIRWI  LOWDKN MIKIFDQVFRQVLQ 'l

EH VLIQL,;FDQW EHFDXVH RI WKHLU SHRRIXRIAMYD V' 17Z8H @@ 6 WWHKH BUHBWLURQP

of seiche and tidal action that can periodically transport lake$ JHQF\ *UHDW /DNHV 1DWLRQDO 3URJUDP

ZDWHU DQG RUJDQLVPV XSULYHU- IRYstidy Bf\thdbénfhds\aMd Bi&hktbh\at 10 Hités i rMiekstand

OHVV WKH SULPDU\ HUHFW LV IURP WKGERWUXHEORYI WkH EHQWKBY PNEH 0L FK

SODQNWRQ LQ WKH ULYHU PRXWK DQ@EpKRYERY YDWHQHY IMWKRYREVY WANF W H U

this dynamic. in less-de aded sites hereafter referred to as “non-AOCs”)
SHODWLYHO\ GLYHUVH IDXQD ZL % e%Rﬁ{s‘@tu ;ﬂs%*c\érré/ct%%%\%rﬁaﬁ’e%mfr

RI YDULRXV WD[D LQ D KHDOWKA\ n§ YBRE IRV HCEWRAT RUXERW wKH DV

be expected in a temperate river mouth or harbor (Larson a
DQNWR DW IRX 'LVFRQVL 28&V Lut
others, 2013). A study of benthos at 50 nearshore reference © Q Q " Q Q $2&V GLu

VLWHV LQ ODNHV 6XSHULRU +XURQ Vg:cp %&Bﬁﬁ\?oﬂvyoﬁ HIPGHG VLW

DQG RWKHUV IRXQG WKDW WKH?2 ?f | SF?h nisseSS-d

PLGJHV ROLJRFKDHWHYV ELYDOYHV”“?S‘ %a&‘é‘ﬁ %‘7”3 B92 SUHEIYE qhfhedhgthos an
plankton at the 4 AOC sites and 6 non-AOC comparison sites

study found considerable variation in benthos across sites !

DQG LQGLFDWHG WKDW WKHUH zDV 2% Bhevz@lg‘j@'rﬂts%%t@bc%ﬁﬂaf‘%ﬁ'@é‘%%ﬂtﬁ)%m
ecosystem. The benthos of soft bottom sediment is usually the 2012 study (Scudder Eikenberry and Gtfers 2016a), as
GRPLQDWHG E\ ZRUPV ROLJRFKDHWHANOB PY PR HHWVW XMWY HRBR WKH $2&V IURP
PLGV ZLWK VRPH ELYDOYHV DQG R EFhayusrasimdar sampipgnretheds, ¢p\provide epntext
OHVV VR ZDWHU PLWHV ADWZRUPV Db@& HHORIQRRXW H GV &b D & DSH RBIYE VV L
WKH QXPEHU RI WD[D XVXDOO\ GH F UHImJaNAQQsVElategypvenaments, ciizemdook s ard the

JRU SODQNWRQ WKH ]RRS O D Q NJSREpVitovmEnaX Ry@eCtiorGABeP¢y@dn WsH Be Eesults of
rotifers and microcrustaceans, such as cladocerans and cogéis study in making their BUI status determinations and as
pods, and protozoans. As secondary producers in aquatic fdeakseline information for future studies.



Methods 3

MethOdS KLVWRULFDO PHDQ DQQXDO GLVFKDUJH"
WKLV UHDVRQ DQG EHFDXVH UHPHGLDW
A total of 4 AOC sites and 6 non-AOC comparison sites® KHERVIDQ SLYHU LQ EHQWKRV DQG

RQ WKH ZHVWHUQ VKRUH RI /DNH 0L@R'Ei‘[@%“52ﬁ”&'ﬁ?s\yﬁr@m‘%%’pﬁ@qtﬁ%s\ﬁ”ﬂ%
VWXG\ ¢J WDEOH $OWKRXJK D& VRRUBERPEHRU¢HUH
DORQJ WKH ZHVWHUQ /DNH OLFKLJD & WRWY REETOEPE of | Paehinessps ieorggnisms at
VRPH GHJUHH WKH QRQ $2&V VHOHF{NE YR ® ERPREBUY 9 Y H S\ k ARt VD P SC
AOCs have natural physical and chemical characteristics th QG LWV QRQ ¥ 2& F RPSDU L.V RQ 'V L.W H RC
are as close as possible to those of the AOCs, are presump( ereafter referred to as “MANI"). Water quality at each site

tively less degraded because they are not designated AOCSE bV VGSHHVI\:/ E UFP ll_:QR H ((53 XGFXV\L/JII)_ Q é HD VDV HGP EZOD[\)NJHHL
and are assumed to have biological assemblages similar to M ¢ Q Q Q

WKRVH WKDW ZRXOG EH SUHVHQW L& R8s }WYPQ\X/V‘Q%VH* WY RRE W k 1

VSHFL.F FRQWDPLQDWLRQ WKDW-ZDYV LGGDr-F W YRR UL &R KRé’H%/'iL:IE!QDERO
WLRQ DQG OLVWLQJ RI HDFK $2& 7kHWRLY (F\?rﬁéﬁ EVH WH%%@@\E DU ¢
WKH OHVV GHJUDGHG QRQ $2&V zHU MV kP RERT K '\Drr—Y EHB DQG *
ELRORJLFDO SRWHQWLDO WR WKH $§/&E< V?ﬁ é"é'i \// %«;H N@'&Z—@(WV Zt
WKH /RZHU OHQRPLQHH 5LYHU $2& D Y) H ZHL

WR DV 30(1,” DQG WKH /RZHU *UHHQB@)&@ Q?eg c&&sle g_e d(fploymentcondrtrons
VXEVLWH >KHUHDIWHU UHIHUUHG R/Hy JUDE VDPS

DW WKH )R[ 5LYHU QHDU $OORXH] $ 5} % F QHG LQWR

VDPSOHG LQ ORZHU *UHHQ %D\ RQéte( Q)’d'lﬁf\‘)“r?”t% By, E%Asma"

%D\ VXEVLWH KHUHDIWHU UHIHUUH gess B] ng*mcs po\,s\;ZR

EHQWKRY DQG SODQNWRQ DQG WKH t t e
IRU EHQWKRV RQO\ 7KH 6KHER\JDQ an” ?J thef PSVB ¢ r'n';g,shens
+
VLWH KHUHDIWHU UHIHUUHG WR DY’ / Ii LWH VDPSOH

(VWXDU\ $2& LV WKH ODUJHVW LVFR"(? M
geographic area, population size, and the complexity of its ache nvertebrates before being |scarded and the rest of
GUDLQDJH VIVWHP ,Q WKH OLOZDXNWﬁ'i\/: xr% % EB g DV ZDVKHG W
ZHUH FROOHFWHG DW VXEVLWHYV LQ EEUE lHV DQ
KHUHDIWHU UHIHUUHG WR DV 30,/5° + GHSORL\CHZGr
VXEVLWH KHUHDIWHU UHIHUUHG W
WKH OLOZDXNHH +DUERU  VXEVLWH ﬁ rgzﬁ'\PUFHKD'\D/QZFLw
30,/+° ZKLFK OLHV GRZQVWUHDP IU % \&6 H PHWHUV
WZR ULYHUV DQG WKH .LQQLFNLQQLE 5
WHUPV 30ORFDWLRQ" RU 3VXEVLWH" L ”%U oarpe Ltﬁfftei Qqﬁ\/op
WKDQ RQH DUHD ZDV VDPSOHG ZLW %rﬁ ’% 06 RU.
LQIRUPDWLRQ LV SURYLGHG HOVHZK
others, 2014, 2016b). compo |te into one samp e per s ason per srte ach dredge
DQG +' VDPSOH ZDV VWDLQHG ZLWK URV
ZLWK SHUFHQW EXUHUHG IRUPDOLQ 9%
Sample Collection and Processing VDPSOHV ZHUH LGHQWL/¢HG DQG FRXQW
5HVHDUFK ,QVWLWXWH DW WKH 8QLYHU\
'"HWDLOHG PHWKRG GHVFULSW LR QWS Ebvitoiimémal Dréxdc@hi Abkacy, RLEH) Sétiment
6FXGGHU (LNHQEHUU\ DQG RWKHUVVDPSOH¥ ZHUH BADO\JHG IRU VDQG VLO
EHQWKRYV DQG SODQNWRQ ZHUH F R QUDiveRsIty Bf@Viggonsir Spil akid IRldrit Ahaly Sis7 SH0ra o)
HYHQWY DERXW ZHHNV DSDUW LQ O\DKWHR XDK WKBO\L V¥®RIQ VR DGEWKIDWH /DERU |
DQG ODWH $XIXVW JRU VLPSOLFLWHN WKPHS Q/HW IDK) VO S GLEMWKH 86%*6 .HC
events are hereafter referred to as the “spring,” “summer,” al@IHQWHU 6HGLPHQW /DERUDWRU\ EHFD X\
3IDOO" VHDVRQDO VDPSOHV 8QOHVWRWKGINYZ LAHU M SHFDR @ MG GXIV\W RIKW K86 * 6 |
term plankton in this report implies zooplankton and phyto- D 92, FRPEXVWLRQ PHWKRG 8 6 *HRORJ
SODQNWRQ +LJK KHDW DQG GURXJK\W GXIRQW KVKH V X\ 18U FOYQG HDID® HV W L F
VDPSOLQJ SHULRGV LQ UHV X OW Heat ¢f @edirRt KdthplésV UHDP GLVFKDUJHV
DW VRPH VDPSOLQJ ORFDWLRQV ZKHQ BRE WS B HBOWRX K VW R WLH\D @ XFFHKDIDV W |
GLVFKDUJH 7KH VLWHV PRVW QR W Déharivtdbnu (@ Fdnhth ) Gobidtion potentialakditherefore, the
OLOZDXNHH (VWXDU\ VXEVLWH 0(12 DW® BRRAGKIKQYH DWBKDDWHY PD\- QRW U
PHDQ GLVFKDUJHV LQ ZHUH DERXMWLRUZ R5W KD UG U HRA OW KW \RR DN ISUR Y L G H
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Figure 1. Sampling sites and subsites investigated for the evaluation of benthic and planktonic assemblages at Wisconsin’s
4 Lake Michigan Areas of Concern and 6 non-Area of Concern comparison sites in Wisconsin and Michigan. Site and subsite
numbers with names are provided in table 1.
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Table 1. U.S. Geological Survey sampling locations at Wisconsin’s Lake Michigan Areas of Concern and non-Area of Concern
comparison sites in Wisconsin and Michigan, including site or subsite number, latitude, longitude, and drainage area.

>$00 ORFDWLRQV H[FHSW KLVWRULFDO *U HMMWIRID\ WD RSHO/H X HIUH VD ION RRZBIRISOHGH Q% D\ DIAED ) R|[

ZHUH FROOHFWHG RQO\ DW VXEVLWHYV *5((

DO D/P® S ©:15Q J EO R IVW E R DWZH. WRWU @ GVGKIHMLKRRJ U D SK L F

the addition of an alphabet letter to a site numbet. kd TXDUH NLORPHWHU 1$ QRW DSSOLFDEOH@

. Site or Latitudeé Longitudé . Comparison
Site or subsite name Abbreviated subsite (decimal (decimal Drainagé site or subsite
name number degrees) degrees) area (k) number
Areas of Concern
/IRZHU OHQRPLQHH 5LYHMENI 1 45.09810 i 10,490 5,6
/IRZHU *UHHQ %D\ DQG )RA5LYHW NA NA NA NA
/IRZHU *UHHQ %D\ 285 (( 44.57751 i 16,584 NA
*UHHQ %D\ +LVWRULGBO® 6 XEGBWH +44.56611 i 16,584 NA
*UHHQ %D\ +LVWRULEGBOS 6 XEGBWH 4454444 i 16,584 NA
*UHHQ %D\ +LVWRULGBO® 6 XEZBWSH 44.54861 i 16,584 NA
*UHHQ %D\ +LVWRULEBI® 6 XEGBISH 44.55972 i 16,584 NA
*UHHQ %D\ +LVWRULEBI® 6 XEGBWH 4457222 i 16,584 NA
JR[ 5LYHU QHDU $OORXH] 2b ) 24449499 i 16,178 7,8
6KHER\JDQ 5LYHU B5+(% 43.74887 i 1,043 8,9
OLOZDXNHH (VWXDU\ NA 4 NA NA NA NA
OLOZDXNHH 5LYHU 4a 0,/5 43.04789 i 1,779 9, 10
OHQRPRQHH 5LYHU MENO 4b 43.03220 i 381 9, 10
OLOZDXNHH +DUERU 4c 0,/+ 43.02501 i 2,193 NA
Non-Area of Concern comparison sites
(VFDQDED 5LYHU OLFKLESDA 5 45.77845 i 2,393
2FRQWR 5LYHU OCON 6 44.89198 i 2,502
$KQDSHH 5LYHU F+1$ 44.60979 i 274 2b
.HZDXQHH 5LYHU g:% 44.46073 i 354 2b, 3
ODQLWRZRF 5LYHU MANI 9 44.09190 i 1,341 3,4a, 4b
5RRW 5LYHU 52107 42.72866 i 514 4a, 4b

Vertical coordinate information is referenced to the North American Vertical Datum of 1988.
2+RUL]RQWDO FRRUGLQDWH LQIRUPDWLRQ LRIUHIHUHQFHG WR WKH 1RUWK $PHULFDQ 'DWXP
S'UDLQDJH DUHD GHWHUPLQHG XVLQJ +\GURHR DLFGBRWWHIRGHY DV GHVFULEHG LQ 6HD

DVVRFLDWHG ZLWK ¢¢UPHU DQG SR WHHMRD WE®&H OBKNM DAFRR-QWR AMUQ\DW BERYH W
VXEVWUDWH WKDQ H[LVWV DW D VLWIHHS2QK DGY D@ WD WHKR IQ X VR. Q\J DOPLBWD IHAVF Z E
VXEVWUDWHY LQ DVVHVVPHQWY LV WR BQ@LHPLYD OWK KM QRNHE VW YRH KREQW @X\U W |
GLUHUHQFHY DQG DOORZ WKH FRPSDBXEWD@ ROHWRZRQH]BRQR G FSARMCH QURIPD @ K
on a single consistent substrate across all sites. WKH LGHQWL,{FDWLRQ DQG FRXQWLQJ R
Samples of plankton for each site consisted of a planktgoyanobacteria or “blue-greens,” cryptomonads, desmids,

QHW VDPSOH WR FROOHFW ODUJHU |RIRGRAMINORQ WG Bl ¥ HOM RR IZER OBIQG J
ZDWHU VDPSOHYVY WR FROOHFW SK\W pladkidd, @in\&rRIgsis of R iRaBoPpHRl@oxale s aendedl ddtids

FROOHFWHG XVLQJ D —P PHVK SODTENdW RO Q@ HWVR OVIRZ HGHY HWIWSIHHD®HDG VRO L
from a depth of 5 meters (m) to the surface (U.S. Environ- mental Protection Agency, 2010d). Samples of zooplankton

PHQWDO 3URWHFWLRQ $JHQF\ F D,0Q GV EKHK\BNRBLOTDFENOMR@HBMKH ZPDWHVHU Y H C
OHVV WKDQ P PXOWLSOH WRZV ZHUBHUPNR® IJURFPOMKV WX WERWYH 6ARKW DOJD
ERWWRP WR WKH VXUIDFH XQWLO D DW WRW DIOVE R Q WIKQZ®W DWDHP $DERSU D W R U\
$ HPPHUHU YHUWLFDO ZDWHU VDPSORRSOIDWQXNWR® WR & RO MWRP\D AHHUWH LGH
RI ¢YH ZKROH ZDWHU VDPSOHV DW PIBH&EWK(QYWHRIQYPHYWDRPRURWHFWLRQ
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Analyses of chlorophyle 766 DQG 966 ZHUH GRDQWLDWS5WEOBGILFDWH VDPSOH GDWD 6+ (% LC
:LVFRQVLQ 6WDWH /DERUDWRU\ RI +XIWHQH Q$PRREBD QVRXEWOEHWZHHQ $2&V DQ
+HDOWK $VVRFLDWLRQ DQG RWKHUVSDULVRQWQHGWUBDEHIKLY DW D EURDG OHYF
site to all non-AOCs as a group across all seasons using the
PHDQV RI QRQ $2&V ALWKERPB D/HDARYY Zt
Data Analyses WKHQ QDUURZHG WR FRPSDULQJ HDFK $2¢

3RWHQWLDO GLUHUHQFHV LQ DVV Wé&) WEL I | \,ZJLVRQQVRL(\SVQ\Z/&DE
DQG QRQ $2&V ZHUH cUVW GHWHUPLON = Z L WX [PXeX V‘>A{§iro MoN-AOCS
EHWZHHQ \HDUV ([FHSW IRU WKH- /R O % R VXU RIS
NHH +DUERU VXEVLWHV HDFK $2& Vi MPNVAY ?b WKH $28& W
ZDV PDWFKHG WR WZR QRQ $2& VLWHN, Wﬂgl@/ﬂuz VI N GHJUDGHG

as “non-AOC comparison sites”) based on the similarity VLIQL:{FDQW GLUHUHQFH GRHV QRW LPSO
of available environmental data as described earlierinthe ", GHJUDGHG EXW WKDW LW ZDV QR
&

L¢
S0HWKRGV" VHFWLRQ 6RPH QRQ $2& i Q\I:-Vh XN GU ;
Vp 1] st 8q hBnadc? SHm¥feRsPédor compari-

RQH $2& LQ FRPSDULVRQV OHWULF s U H FRRPEWRGWURPOWEHE sSHU VLWH IRL
DVVHPEODJH GDWD IRU FRPSDULVRQYV, WAHH Q@ YL VBRY Q%VG\N\IEL[\P\VW&@_{ 7KH
PHWULFV XVHG IRU FRPSDULVRQV Z%&%WQIOV\HB&%QI\VL I&QIHHNZIWLJ(WKH VW
total number of taxa), the Shannon diversity index (Shan-  §p >4 U WKH DELOLW\ WR GHWHEW D WUXH
QRQ DQG WRWDO DEXQGDQFH SHQY WYy A& BLIEHHRRG FH HiLWY *RW
sampler data combined (hereafter referred to as “combined VRPH VWDWLVWLFDO FRPSDULVRQV EHW?
benthos”), zooplankton, and soft algae and diatoms combingd .o may have led to high variances and contributed to an
(hereafter referred to as “combined phytoplankton”). Addi- | o pELOLW\ WR GHWHEW GLUHUHQFHV EHW
WLRQDO PHWULFV ZHUH FRPSXWHG IE’.%’\/W“Y"D%H(Q—IW&RM VEBY B RWW YR G LuH U
included richness, density, and percentage of individuals in FRPSDULVRQ VLWHV +LJK YDULDELOLW\ L
LQV‘HFW RUGHUV‘(SKHPHURSWHUD SQUﬁﬁgvaI-[lb{/[p_ 7gth§ZS&V\(/HLk@ZWHU WKLV P
PD\ALHVY VWRQHALHV DQG FDGGLVALH$/WI|B\MEF(52’E2 LRKRG gy,@WSK\RQ/IWZDUH &OI
and a macroinvertebrate index of biotic integrity (IBl) based URXWLQHV ZHUH XVHG IRU PXOWLYDU
RQ +' VDPSOHU GDWD RQO\ 7KH ,%, ¢RVY 5Bk ERY RY W AW KsHODWLYH D
+' VDPSOHU GDWD IRU ODUJH QRQZREMAGO HRWWHEY Y IR\ IRY HEEHWHPG HuRUW D
(Weigel and Dimick, 2011). An IBI isamultimetricthatcom—WLQHV XVHG ZHUH ',9(56(2WR FDOFXOD
bines structural metrics (for example, richness, diversity, and VLPLODULW\ SHUFHQWDJH 6,03(5 2WR |
relative abundance), functional metrics (for example, feedingLQ WKH UHODWLYH DEXQGDQFHV RI WD[D
groups), and tolerance metrics (for example, percentage of non-AOC comparison sites, among primary and replicate sam-
tolerant taxa) to generate a numeric value that indicatesthe SOHY FROOHFWHG HDFK VHDVRQ DW 6+ (%
assemblage condition. The combination of structural and fung-x EVLWHV ZLWKLQ WKH /RZHU *UHHQ %D\
WLRQDO PHWULFV FDQ PDNH ,%,V-PRUFONUPHW Lo kb AOMONH B MHX B U\ R WV F
ULF IRU GH¢QLQJ GLUHUHQFHV RU F&RiRyJMDSRa RoANEIR mettkdd ba¥ed dR felativE dbun-
WR HYDOXDWH WKH EHQWKRV RI GHD QEHWKE P W B b B K LAHRQAPHQ WA RBEHO D JH
still in development. At present, no IBls exist for zooplanktonRUGLQDWLRQ SORWV Rl VLWHY DQG RU \
RU SK\WRSODQNWRQ LQ ULYHU PRXWHKY IRIDKDPWE R$1V2 6 WKHWRT IFRRUPHS D\UHHY HQV H P &
PHWULFV PXOWLPHWULFV ZHUH XV H &nd&hnples Gsthg SirrilkrityQnbtficEs@nVd BrBc¥diRéb&alo-
WKUHH PHWULFV ZHUH XVHG ZKHQ FREsSIEH &fdlysiSE RN RQ O0HDQV RI
PHWULF YDOXHV IRU QRQ $2&V ZHUH FDREXOMOMWF ZUWIKWR DQMPPFP\VHV ZLWK 3!
pling event (season). UHODWLYH DEXQGDQFH RI HDFK WD[RQ ZC

Pairedt WHVWYV ZHUH XVHG WR FRPSNDR FHWDOBEYWEKRINYZ HHHQUWK URRW WUDQVI
VLWHV &RPSDULVRQV ZHUH PDGH E®\EBZHHRUIH 8D QW RVEHHEFEMDRXWFRPHYV &C
RI DOO QRQ $2&V DQG EHWZHHQ $2&¥% BQO\VeKHMWIL WYRPRDWEBHKMWGE PDWUL[ ZDV |
QRQ $2& FRPSDULVRQ VLWHV 6RPH $tkafplésyaddHHdsd Ity hiltitEs formed the basis
ZLWK PRUH WKDQ RQH $2& n,Q(ZD®WO WKH,VYDHBSHPGVEIRM6,0 FRPSDULVRQV $ RQF
XQOHVV RWKHUZLVH VWDWHG XVH Rsl, WK B VWEMHRG 2 WIRI @ IHAWF D QP Q HIHWKWHV H[W H Q
to statistical values of probabilitp)less than (<) 0.05 in plankton varied across sites by sampling event and across
data comparisons. To satisfy conditions of normality, all totalVDPSOLQJ VHDVRQV 'LUHUHQFHV EHWZHH
GHQVLWLHYV IRU EHQWKRY DQG SO D @N\nti¢ated ByHnllivabiireltest rdgWit® dp YidtRsigrifyHdegrada-
(log, EHIRUH VWDWLVWLFDO FRPSDULWRRY EWWZH $28& VEDPS RO\ RGLKHUHQFHV |
GDWD WUDQVIRUPDWLRQV ZHUH G R Q@fHaxa Yhain HGthe®e R da3sénibMdgesBat ekdb XOLC in
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FRPSDULVRQ ZLWK WKH QRQ $2& FRED®MHLY R DVAWHVY D OMAL GRUHDWE EHW Z
UHVXOWY DOORZ IRU DQ HYDOXDWLR® MRS KRZ/ K QP OW H VR 19 0EAXI HW HRW PMHIOH)
DVVHPEODJHV DW HDFK $2& DQG LWYO(WZBQRW B & FRAKIDUYLNRQ %D\ DQG )R
VLWHY DUH DQG DLG LQ XQGHUVWD @RAHUGW KD QHMW HVKIHQ PP NRWZ RLEMV $SREW L
HYHU EHFDXVH ZH DVVXPHG WKDW Q@RG $2RHFUHS &R QB WWDIQH B H\DW KLIKH
DYDLODEOH QRQGHJUDGHG FRQG LW hdR-BOGxbrupaiiso ditasd JohhEoR Eid ofhiers( 2043y fpund
AOC and non-AOC assemblages may indicate that the AOCWKDW YDOXHV KLJKHU WKDQ PLFURVI
ZDV QRW PHHWLQJ H[SHFWDWLRQV FP LQKLELWHG WKH JURZWK RI PD\A\ OL
$PELJXRXV WD[D WD[D ZKRVH DEXQBBIQffHFRQUGX BWOREWWY ® WRQ(1, DQG R
PXOWLSOH DQG UHODWHG WD[RQRPLFROEIHDWR @ WUMW KWW VW &M HE RQWR SHY H
sample basis before calculating metrics and before completing HUHD IWHU UHIHUUHG WR DV 32&21° Z
multivariate analyses by distributing counts for the parent to DQG WKH PHDQ VSHFL¢{(F FRQGXF
WKH FKLOGUHQ SUHVHQW ZLWKLQ HRRK \$2\& H- REPIS\DHIG. \RROQ WKWV B U EKRIUW ER Q
of counts already assigned to each child, and removingthe KHUHDIWHU UHIHUUHG WR DV 3(6&%$" Z
FRXQWV IRU WKH SDUHQW &XuQH\ DQG RQWXKHOMDQ VSHFORFFKRQGXHWDQFH\
ZHUH SUHVHQW LQ WKH VDPSOH WKRBROFRX&Q WRPSDWH \ORQW ZWWX VPKHZHOO |
SDUHQW DV RULJLQDOO\ LGHQWL{H®RRKISVE&E ERPABYNUHRIR Y LGHHD\O LQHUAH. WR O
DPELJXRXV WD[D ZDV DSSOLHG WR WXHHPEHY WWX UV H\W GQ]R R SOHHH WRIKHU D W
WKHUH ZHUH QR DPELJXRXV VRIW D®XDE 0@ 2/ b@ /O FIOZIDXWNHH (VW XDU\ $
SODQNWRQ VR WKLV SURFHGXUH ZDWKHNHWGOR® FOH\FEBPSWRPYVRIQQWYWH YV  +L
phytoplankton. have implications for comparisons of plankton at these AOCs
5LFKQHVYV ZDV FRPSXWHG E\ W R WaDORMAOY/R\PAISOP siteslberause temperature is one
XQDPELJXRXV WD[D GLYHUVLW\ ZDVFREMXXRDWHGURZVWK W KHS QRBINNRRR
diversity index (inlog RQ UDZ DEXQGDQFHV RI Whip[ephyliawnd rugngnded solids (TSS and VSS) are
data standardization or transformation using all unambiguougdicators of algal biomass (table 3). Nondetections for VSS
WD[D 5LFKQHVV DQG GLYHUVLW\ zHd3ta inrsyroneex aneh fall @td/BENHa NN @ presivded test-
WKH WZR EHQWKLF VDPSOLQJ W\SHV2@IHEGH BOXHV VR WHitesgHindcaed tdt W H V
DV IRU WKH FRPELQHG GUHGJH DQGYP@XEHW MK VWKV pISROFBN X KHPHQWY ZHL
PDFURLQYHUWHEUDWH ,%, ZDV F D O RS FANIGARGOMPAASON BitesHn 2013/ 20840 3¢/
as described by Weigel and Dimick (2011). The 1Bl values oW KHUH ZHUH QR GLUHUHQFHV ZLWKLQ H
3VFRUHV” UDQJH IURP ZRUVW WR PREW DESWHKUWHYDSWRE WR WKHVH W
IROORZV YHU\ SRRU OHVV WKDQ R UesHlifer shtprephyleangsuspended golids indicates that the
IDLU  + JRRG # DQG H[FHOORRF DMYHRWHU WKDLRHYIWRQ GLG QRW
HTXDO WR 5LFKQHVV DQG GLYHURPI-MICS dHing thegp\PRICEH OF XODWHG VHSD
UDWHO\ IRU VRIW DOJDH DQG GLDWRP @tRQWQCbe?N?WRf(?Ubﬁﬂﬁ%/e@FPbQﬁe%‘@aYRu
combined phytoplankton (soft algae and diatoms combined).VLWHV DQG WKH 0,/+ VXEVLWH ZDV SDLL
SHODWLYH DEXQGDQFH RU GRPLQDQFRVAEIGWHYROGEPOP YuRKW H YK AR H-KDUDF
SK\WRSODQNWRQ ZDV FRPSXWHG IURP R PRWEHYDQY vk B UERQ IFFgVHQW

VRIW DOJDO GDWDVHW ZKLFK DOVRBOEBKBER S2A/NHP ﬁ%\MIEWL\LhQEQDWF%PR/RP
as a group. 5HVXOWY IRU VL]H IUDFWLRQ DQG RUJD

LOFOXGHG ZLWK UHVXOWY IRU EHQWKLF

Chemical and Physical Comparisons
between Areas of Concern and Non-
Area of Concern Sites

Condition of the Benthos and Plankton
of Areas of Concern in Comparison to

Non-Areas of Concerfor Selected

All physical and chemical data are available in ScudderRjvers and Harbors

(LNHQEHUU\N DQG RWKHUV - E 7TKHUH ZHUH QR GLuUHU
HQFHV EHWZHHQ \HDUV ZLWKLQ HDFK VL WHUYOEWHMVIHQ ZE WEKWKHRWS B &YW ®/WM&RD Q N
ZDWHU WHPSHUDWXUH S+ DQG VSHRY¥KPD®O XB®WEA &FM DFQRAPHS BIURHSIW RMS XWHG E
WKH 0,/+ VXEVLWH LQ WKH 0LOZD XN &kHlelai@axihbbndg? & indWlddaQdta comprising the
GSHFLC',‘F FRQGXFWDQFH DW 0,/+ ZDVIXIXBEKWUFLRQVVHRMEKIDQHY DW HDFK VLWH

UHAHFWLQJ GLUHUHQFHYV LQ WK W\RBHVDRG VRS DUBDRWHION RO WKH IROOR
GLVVROYHG PDMRU LRQV LQ WKH ZDrdatiebto fdQus on theRo@nithoR &F pRaRktbHl of a single AOC
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Table 2. Mean and standard deviation for water-quality measurements made in situ with a Yellow Springs Instrument sonde

at about a 1-meter depth in 2012 and 2014 at Areas of Concern and non-Area of Concern comparison sites in Wisconsin and
Michigan.

>7KH QXPEHU RI VDPSOHV LV IRU HDFKGPRKDBHD QEOWWR) G B UG ®HW LDFLRRLFUKRVLWPHQV SHU FHQ
RU PLQXV 0(1, /RZHU OHQRPLQHH 5LYHU )2;5 )RY %IDXHUQ GHRY BIOORIX M X EARLAMK *BHE6 6KHER\JID(
OLOZDXNHH 5LYHU 0(12 OHQRPRQHH 5LYHU 0,/+ OLOZBXNHH O4IDEZDRWN HO, /6BV VOXDU\DWXEVLWHY (6
5LYHU OLFK 2&21 2FRQWR 5LYHU $+1$ $KEODBSNHGLYSL ODQLWRIRG 5LYHU 5227 5RRW 5LYHU

2012 2014
Site Water temperature Specific Water temperature Specific
C) pH conductanceo C) pH conductanceo
(uS/cm at 25 °C) (uS/cm at 25 °C)
Areas of Concern
MENI
)2;5 “ “ “ “ “ “
6+ (%
0,/5 “ “ “ “ “ “
MENO
0,/+ “ “ “ “ “ “
Non-Area of Concern comparison sites

ESCA “ “ “ “ “ “
OCON . “ “ “ “ “
$+19% “ “ “ “ “ “
.(:$ “ “ “ “ “ “
MANI “ “ “ “ “ “
5227 “ “ “ “ “ “

of interest, and results for all comparisons are summarized. SHUFHQW VLPLODULW\ %HFDXVH RI WKI

%HFDXVH WKH *UHHQ %D\ VXEVLW H \Wi@anGamples, drhilaridesfdr fall corBirgd phytaplankton

to non-AOCs, they are presented in a separate section laterbHUH DOVR ORZ ,Q IRU H[DPSOH 1IDO

WKLV UHSRUW B5HVXOWVY DQG GDWDURUVWKHKHERDIAED EQY HWD BH LEAHPH)) DQG U

previously published (Scudder Eikenberry and others, 2014 dominated (more than 75 percent) by one colony-forming

2016a), and data for the 2014 sampling are provided in ScudsHQWULF WD[RQ EXW RYHUDOO WKHUH Z

der Eikenberry and others (2016b). densities in the replicate sample. Also, fall diatom densities in
Dreissena polymorph@ebra mussels), an invasive spe- WKH ODQLWRZRF S5LYHU SULPDU\ DQG UHS

FLHV LQ /DNH OLFKLJDQ DQG PDQ\ wall FRWIRPALRP WHSG HF\sBWHHIW RGRQ\ IRUP

many samples from the benthos and plankton. Althdrgfs- relative abundances for samples of combined phytoplankton

senaLQ WKH EHQWKLF VDPSOHYV ZHUHtﬁizWEéP WMR R LNV K S EVHOH WHRQHG W
ZHUH OLNHO\ JHEUD PXVV H&Mséa F D X ' § X BW RP téag beicaidd/ X OWV R

- -
HoLIHUY. Lo vopsoiy ri Irrso AR SN CRG pR, BEby HRENY En
mu_ssels: Because of extremely high numbers of zebr_a mus éR PELOHG SK\WRSODONWRO IRU HLWKHU
veligers in three samples of zooplankton, counts of this taxon

ZHUH HVWLPDWHG DW 0,/5 DQG 0,/+ PRUH WKDQ DW HDFK
DQG 5227 PRUH WKDQ LQ 1D OO Benthic Assemblage Comparisons between
/KHUH 2DV PLQLPDO YDULDELOLW&réé%%ﬁéoht@?@aHd*ﬁ&#-)iw%&é‘b‘fggncem

ZLWKLQ HDFK VHDVRQ IRU PRVW WD[RQRPLF JURXSV 3ULPDU\ D

UHSOLFDWH VDPSOHV ZHUH FROOHFWHT®BKBW MZWR KLIFWIAWY HBRE % DIQIGWIKWDYY ZDV
non-AOC comparison site, MANI. Within each site, replicate $2& DQG QRQ $2&V ZDV EDVHG RQ WKH FR
samples had Bray-Curtis similarities higher than 60 per- DQG +' VDPSOHYVY KHUHDIWHU UHIHUUHG V
FHQW H[FHSW IRU IDOO GLDWRP VD RM®O)HobeteKredrdset & pRaptalassemblageRt each site.



Condition of the Benthos and Plankton of Areas of Concern in Comparison to Non-Areas of Concern ¢

Table 3. Mean and standard deviation for chlorophylietal suspended solids, and volatile suspended solids for composited

water samples collected in 2012 and 2014 at Areas of Concern and non-Area of Concern comparison sites in Wisconsin and
Michigan.

>7KH OLPLW RI GHWHFWLRQ IRU VXVSHQGHG VIROLIGNFIKVP HDIQ/ D DIGH VAKPEGI D URS G B P BDW VR —J
PJ/ PLOOLJUDP SHU OLWHU 0(1, /RZHU OHQRPLGHMHUW IHD U $OORK IRJU MRZMW * YR:IBQ)RP\ DQG
6+(% B6KHER\JDQ 5LYHU 0,/5 OLOZDXNHH 5LYHU 0(12HBH@DRIFEFRRQHHN,358Y B 20,09 G DYZDXWH 0LOZ

(VWXDU\ VXEVLWHV (6&% (VFDQDED 5LYHU OLBKH Z3&YHWFRGWRHBDXKUHHS$SFLSHBIKQBPL, ODQLWR
5227 5RRW 5LYHU@

2012 2014
Site Chlorophylla su;r;())éilded SlYSO[!Ztri]Iged Chlorophylla susTr?éilded SlYSO[!Ztri]Iged
(/L) solids (mg/L) solids (mg/L) (/L) solids (mg/L)  solids (mg/L)
Areas of Concern
MENI “ “ “ “ “ 7.67
)2;5 . “ “ “ “ “
6+(% “ “ “ “ “ “
0,/5 “ “ “ “ “ “
MENO “ “ “ “ “ 17.0
0,/+ “ “ “ “ “ “
Non-Area of Concern comparison sites

ESCA “ “ “ “ 4 6.7
OCON “ 8.3
$+1% “ “ “ “ “ “
(1% “
MANI “ “ “ “ “ “
5227

(IFHSW IRU WKH ,%, PHWULF FRPS X polidalotibaRel bipheviylsRREOB3), Polgcheiie Bromatic hydro-
DOO PHWULFV XVHG LQ FRPSDULVRQNDUHERIK VR D GRR BNLFRIZAD HHWQ KR VRU FRDC
HYHQ WKRXJK PHWULFV ZHUH DOVR heRf Betas thSudiRglbatmiuichCehitd midi, @opper, lead,
sampler data (table 5). Benthic communities collected by  mercury, nickel, and zinc (U.S. Environmental Protection
GUHGJH LQ ZHUH GRPLQDWHG E\ RIGIQRFKDHW HW FR @WIUF HRS\DUWPHQW R
DQG RU PLGJHV SHUFHQW FKL U&@NRichig&n\DepattmaMtkoHEnvir@nhhéhtaHZRidity, 2011).

RI ROLJRFKDHWHYVY PRVW ZHUH LPPDMXGUI HEWLYHIPAIGH DWHR W KIDRV FRPSOHW
DVVHPEODJHVY FROOHFWHG E\ +-VDPBRHURZIHU OHERPHQGRPILYHU $2& DQG
nated by midges (38 percent) and oligochaetes (21 percent) L. QJ XSVWUHDP ZKHQ WKH VDPSOHYV ?
6WDWLVWLFDO FRPSDULVRQV EHWZHNEQDIREBNDDRIG RR ® $B&MVFRRUNVR 5LYHU VL
FRPELQHG EHQWKRYV LQGLFDWHG GLEHUHQ¥FKKN W2 R QR QR ¥ 2RRWIHVRINWAH-GH F W
YDOXHV IRU HYHU\ $2& 'LuHUHQFHVMERI YdaisedhdychBV/ dinYillr dRrkaXeQdedeRtérhpberatures
and distribution of combined benthic taxa at AOCs and DQG KLJKHU VQRZIDOO WKDQ WKH PRUH
QRQ $2&V LQ DUH VKRZQ LQ WKH 0'6 R3w QW Wt R QDFIRWMMR ORI\ $00 WKU
(as described in the “Data Analyses” section). More similar (hased on maximum daily mean temperatures less than about
samples appear closer together, indicating greater similarity, + f& ZLWK UHVXOWDQW ¢VK-DVVHPEO

and less similar samples plot farther apart. HUV (SVWHLOQ WKDW KDYH UHO
PRVWO\ VDQG DQG JUDYHO JODFLDWHG
Lower Menominee River Area of Concern SDUWV WKDW ARz RYHU EHGURFN 7KH 2

FOD\ VXU¢{FLDO GHSRVLWY WKDQ WKH R
7KH /RZHU OHQRPLQHH 5LYHU ZDVORHWVUIQBWHCGHBQ5REHUWVRQ DQG 6DDG
$2& EHFDXVH RI VHGLPHQW FRQWDPLYDBWILRQ WLOKK PMWHNHWYHE DQG XVHG IRU



10  Benthos and Plankton of Western Lake Michigan Areas of Concern in Comparison to Non-Areas of Concern

Table 4. Mean and standard deviation for sediment size fractions and volatile-on-ignition solids in bottom sediment collected
in 2012 and 2014 at Areas of Concern and non-Area of Concern comparison sites in Wisconsin and Michigan.

>7KH QXPEHU RI VDPSOHV LV IRU HDFK P/RZE WD QKEQRPDQB B (5E YGHY L'DWORE RYIPLQXV )2:;5 )R[ 5l
/RZHU *UHHQ %D\ DQG )R[ 5LYHU VXEVLWH 6+(% BKHBR12D QHELRMRIQ I9H % L¥IHWZ DOXNH H 5@ XD X N H H
0,/5 0(12 DQG 0,/+ DUH OLOZDXNHH (VWXDU\ VXEVLWHYV 2F(RQW R(\BEYEDEB+AI$Y $K QOISAHH 51&HU . (
.HZDXQHH 5LYHU 0$1, ODQLWRZRF 5LYHU 5227 5RRW 5LYHU@

2012 2014

Site Sand Silt Clay Volatile-on- Sand Silt Clay Volatile-on-
ignition solids

(percent) (percent) (percent) ignition solids (percent) (percent) (percent)

(percent) (percent)
Areas of Concern
MENI
)2;5 . “ “ . . “ “ “
6+ (%
0,/5 . “ “ “ . “ “ “
MENO
0,/+ “ “ “ “ “ “ “ “
Non-Area of Concern comparison sites
ESCA “ “ “ “ “ “ “ “
OCON “ . “ . “ “ “
$+1% “ “ “ “ 50 36 14 “
(0% “ “ “ “ 34 50 16 “
MANI “ “ “ “ “ “ “ “
5227 “ “ “ . “ “ “
19DOXHV IRU 6+(% LQ DUH IRU WKH UHSOLRDWHHVDWPISRIHJENBPSOH RI PLVVLQJ GDWD
other agriculture. Because of these similarities, the three rivegU PLW D JH HVSHFLDOO\ LI LW FRQWL

ZHUH H[SHFWHG WR KDYH VLPLODU BryaQit\matteF topvovisimEtdents fanbenthid greanints.
WKH VPDOOHU GUDLQDJH DUHDV RI WKERWVHDQDE®D D QB HMRMMM ZSHWHH P [HG IF
FRPSDUHG WR WKH /RZHU OHQRPLQHHHDHILWRR V7 K WV WR R I $ZRR/QWML QJ FRPELQI
GUHGJHG WKH ORZHU SDUW RI WKH YRELHR 5L URUWQDWRMANQ 5 LW\ D
2012 through 2014, and it is possible that one or more of theE HWZHHQ 0(1, DQG WKH PHDQ RI BPOO QRQ
GUHGJH VDPSOHV PD\ KDYH EHHQ DY N PWHE L. £PYPK LAY LQGLFDWLQJ D
EDUWK &LW\ RI 2FRQWR ZULWWHOQ F@@PﬁBW*&xGﬁ(Q/WWLHV %WHH ORZHU LQGL
WKRXJK WKH VDPSOHV ZHUH FROOHE ROG
RXWVLGH RI WKH DUHD ZKHUH PDSV V‘Q/ lepi % Jv}f@'g PADQ R
ZDV GRQH 1R GUHGJLQJ ZDV UHFRU u 21 ERWI

W\ DQG ULF
5LYHU GXULQJ + 5\DQ OF&RQH DQG WKHUHIRUH

RI'(QYLURQPHQWDO 4XDOLW\ ZULW VQGH'ﬁﬁD)é%GW W UHODWLYH WR PHD
Sediment size fraction and organic carbon content(estlFRPSDULVR VLWHYV 7KH PHDQ ,
PDWHG E\ 92, RI VROLGV LQ VHGLPHFQONPC‘;_bg(\QR GL'D"@)LGWR’\H/H\V'IQRUH LV LQ V\

0(1, DQG LWV WZR QRQ $2& FRPSDULYRAW LMY HW PERBAble 5 Rhe mearlBl for

6LPLODU WR (6&3$ DQG 2&21 WKH VXERMWUWMH PG 0de FRYSDULVRQ VLWHV LQ
SULPDULO\ KDUG VDQG SHUFHQW ziPlEKLRY NHGRPISQRWUCLYENAW FWRGLG QRYV
REWDLQ ZLWK WKH GUHGJH 92, DQDO\VHW DQIGLFRWHG HORKDO WPRXRQR WKW XQH[S
of organic matter in the samples. Substrate thatis mosty PHQW UHPHGLDWLRQ ZDV VWLOO RQJRLQ.
sand is a poor substrate for a variety of organisms (Woodand DPSOLQJ VLWH ZDV GRZQVWUHDP IURP F
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Condition of the Benthos and Plankton of Areas of Concern in Comparison to Non-Areas of Concern
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MENI FOXR SHEB MILR MENO MILH

ESCA OCON AHNA KEWA MANI ROOT

Sampling sites

[MENI, Lower Menominee River; FOXR, Fox River near Allouez sub&{eSigBygan River; MILR, Milwaukee River subsite; MENO, MenomareiBsite;
MILH, Milwaukee Harbor subsite; ESCA, Escanaba River; OCON, GeonHNA, Ahnapee River; KEWA, Kewaunee River; MANI, Manitowgc River
ROOT, Root River; FOXR is a Lower Green Bay and Fox River Area of ConcebisBYtENO, and MILH are Milwaukee Estuary Area of Concern subsites]

Sampling season
= Spring
Summer

A Fall

Range
— Standard deviation

= 1

Mean

Figure 2. Metric values for benthos from 4 Lake Michigan Areas of Concern and 6 non-Area of Concern compads@igitesss,
diversity, and total density of combined benthos (dredge and Hester-Dendy samples combiBeBplarderoptera-Plecoptera-

Trichoptera (EPT) density and EPT richness for combined benthos and the index of biotic integrity for Hester-Dendy samples.

1
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Sampling sites

[MENI, Lower Menominee River; FOXR, Fox River near Allouez sub&t{eSI8hBygan River; MILR, Milwaukee River subsite; MENO, MenomareiBSite;
MILH, Milwaukee Harbor subsite; ESCA, Escanaba River; OCON, QeonHNA, Ahnapee River; KEWA, Kewaunee River; MANI, Manitowqgc River
ROOT, Root River; FOXR is a Lower Green Bay and Fox River Area of ConceMisBYENO, and MILH are Milwaukee Estuary Area of Concern subsites]

Sampling season =" Range
) | —— Standard deviation
" Spring = Mean
Summer J.
A Fall

Figure 2. Metric values for benthos from 4 Lake Michigan Areas of Concern and 6 non-Area of Concern comparison sites.

A, Richness, diversity, and total density of combined benthos (dredge and Hester-Dendy samples comBineghieaneroptera-
Plecoptera-Trichoptera (EPT) density and EPT richness for combined benthos and the index of biotic integrity for Hester-Dendy
samples.—Continued



Condition of the Benthos and Plankton of Areas of Concern in Comparison to Non-Areas of Concern 1

A comparison of the benthic assemblage at MENI'to | ower Green Bay and Fox River Area of Concern
non-AOCs by multivariate ordination indicated that MENI

ZDV VLPLODU WR LWV WZR QRQ $2& FRPBBWKJRQVWRXWKYy WKH )R] SLYHU KLV\
(6&% DQG 2&21 JURXSHG WRJIHWKHUFRQWBPZ b PRRY G PRYHY SULPDULO)
VRXWKHUQ VLWHV LQ WKH 0'6 RUG L @B WANEYse ) AQR designajiog because aktheyyesulianty
FRPELQHA RQG ZKHQ VHDVRQV BHUH NURBODWGLEHQW FRQWDPLQDWLRQ K
7KH $126,0 UHVXOWV GLG QRW LQGL#@W%S LHY ﬁQR%H%mQ%UWRﬁOWXU
DVVHPEODJHV DW WKHVH VLWHYV EXW W\P)%@%W'-L E?EFDV\V/\R—H; D
SHUFHQW GLVVLPLODU IURP LWV H§P\HM’V HQW R
6,03(5 DQDO\VLYV IXUWKHU LQGLFDW BVVDD WU
XWLQJ PRVW WR WKLV GLVVLPLODUL ﬁm}é L@ % % ﬁy 59
theol|gochaete\|a|55|mple.x. 'LPPDV\/.XUH 7XEII_.(,FL IP L@HGLDWLRQ ZDV RQJRLQJ LQ W
chaetes, and the pea cl&isidium In spring 2014, densities )R 5LYHU $2& DW WKH WLPH RI VDPSOLC

of Nais simplexDW 2&21 ZHUH VHYHUDO WLHP VXKL WEP REWKH ZHVWHUQ VKR

MENI or ESCA.Nais simplexs considered moderately toler- that can truly compare to Green Bav. and therefore only the
DQW WR SROOXWLRQ %RGH DQG RW US\'f_YHU @'hﬁ("f—l WYL WH )2:5

UHODWLYH DEXQGDQFHV RI KLIKO\ ditUcBn%‘.!MsérPsﬁé%VMé%HtHs% @rLdenggéar@as
at MENI than at ESCA and OCOR:isidium ZDV FRPPRQLWHV RQ WKH $KQDSHH 5LYHU VDPSOL
at MENI in all seasons, absent at ESCA, and presentonlyinyRr pv 3$+1$° DQG .HZDXQHH 5LYHU VD
the fall at OCON. Pea clams suchRasidiumare moderately yUHIHUUHG WR DV 3.(:$° ZHUH FKRVHQ IR
tolerant and common in Lake Michigan and its tributaries, anfR[ 5LYHU EDVHG RQ VLPLODU FOLPDWH
some species can be locally abundant and found inavarietyp QG JHRORJ\ 7KH )R[ 5LYHU $KQDSHH 5
RI VXEVWUDWHV %DUERXU DQG RWKHWYWU DUH HDDWGZDUP GDMWNHH EDV-HG RQ
DQG RWKHUV 7KH\ DUH DQ LPSRHWDWWUIHR\R G UHRDYWHFHB WRAD @ VIKE R X W f
'RPLQDQFH RI EHQWKLF WD[D DW BQIDJHY /\RZDW D/Q® LFOMKIH UV (SVWH!
WR GRPLQDQFH DW LWV WZR QRQ-$2¥WRHPEPW WHKRIWVA RHW K QRXOK YBWGRPL
sons, midges had the highest relative abundance of all taxa &dHWODQGV 6XU¢(FLDO GHSRVLWY DUH J
MENI (more than 40 percent), ESCA (more than 30 percent), SREHUWVRQ DQG 6DDG
DQG 2&21 PRUH WKDQ SHUFHQW 2O0TKKRFPWROEMWHAD WHUPIW RZ55 LQ - ZDV F
erately abundant at all three sites, and abundances at MENIDJH R * SHUFHQW ZLWK VRPH VLOW
ZHUH KLJKHU LQ WKH VSULQJ DQG VRPONWPRZ WNRUPREWURMMB RUHDWKE FDUE
IDOO SHUFHQW ZKLFK OLNHO\ UHARAMA R IV RV | il QM X R B QMW PRO WaRkHAPHEP
RUJDQLVPV $EXQGDQFHV RI SHD FOBPUYFANGHELERASDVULYRQMBWWZHHQ )2;
LQ WKH IDOO WKDQ LQ WKH VSULQJ W@W%ﬁNmQJOEbQELMR?PE?@é’ FPRZHYHU UH
GLVALHV ZHUH UDUH RU DEVHQW LQ WKDWp '?/H@WPDWR%W%P\QQV( $ ZDV ‘

¥HEH

7RIHWKHU WKH\ FRPSULVHG = SHU*fS Ef Rt WR’ W P B [é)
LQ DOO WKUHH VHDVRQV DW 0(1, QY PH v{?'LBO\HkﬁQ/é%L AHH EHQW

+ SHUFHQW LQ WKH IDOO DW (6&$E &S % i;/v SKs \LAZZDV Y(LV UHSFEQUZWF
ZHUH IRXQG LQ ORZ DEXQGDQFH + %L&(g%\/él i%H* HH %D\ D
IURP 0(1, DQG (6&% DQG WKH\ ZHUH [EJE nHQ’ %\'N EA Q % Q
DQG RWKHU VLWHYVY =HEUD PXVVHO H
EXW ZHUH DEVHQW IURP VRPH VDPSS)éﬂB; H'iLH(g\/%%(? Hgé \%D%fd—l(b %Zﬁw\é
others (less than 3 percent). ULEKQH FRPSDULVRQV E|

[Q DGGLWLRQ WKHUH ZHUH GLuHHQRAN W Rr PN 55Y FHPLHIQRQ viwH

WKH WZR QRQ $2& FRPSDULVRQ VLW MV(/KiﬁDWR(\Q/ HULEW QB Y WRdDQ Dw $+1!
FRPELQHG EHQWKRV DW 0(1, © taBIQE (8P pPD\ALHV VWRQHALHV DQG FD
ZDV VLPLODU LQ KRZHYHU WKLV B 6 R W BB\ (Kb B HOWD B omane A i v L w
2&21 ‘ WKDQ DW (6&$ 7KHVH GprWBDHOARHK R WHRWKUFYH PDV\A\ WD[D ZI
KLIKOLJKW WKH IDFW WKDW VRPH QRR $d&RBRRS WH{WRAHVHWMRY I&l WHy )2:5 F
GLUHUHQW IURP HDFK RWKHU DQG WRPRIQMRAQ WHERZHADHW MXAXNIEWO\WKH VSU
GHJUDGHG DQG WKXV VLPLODU WR WHHIAYN $2XY WMKHR WIR WHZ RMEBMIH ZHUH IR
slightly degraded non-AOCs may not have been appropriateR) H WD[RQ LQ RQH VHDVRQ ZDV IRXQG |
comparison sites for assessing the degradation status of theb W )2:5 WZR WR WKUHH FD @BeumMa\ WD[D
respective AOCs. topsychen the spring and summer a@grnellus fraternus
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Table 6. Probability values for significance in paiteéests comparing metrics for benthos at Areas of Concern (AOCs) with the
mean of all non-AOCs or the mean of the two non-AOC comparison sites.

>$00 PHWULFV DUH IRU FRPELQHG EHQWKRUPERPELGHBHS WHGEH D QG H{HRIVEHLR WAFGCLQWHJIULW\ +
9DOXHV LQ EROG LWDOLFV LQGLFDWH WKH $2 & FeRWRRFSDUHGH WIKIH) RXPEQW CR | O/FOPHEW0 MAKRY QRQ L
0(1, /RZHU OHQRPLQHH 5LYHU (37 (SKHPHURSWHR D ELRWFIRFS WHW B JUUWMAK B S8 H VR 5B, HUQWGH U $0
*UHHQ %D\ DQG )R[ 5LYHU VXEVLWH 6+(% G6KHER\JD @BQRARQMH55I0YOZDXNHIDGGYNHUW2 WY 0LOZ
(VWXDU\ VXEVLWHV @

2012 2014
Metric ] )
AOC: non-AOC group AOC: non-AOC pair AOC: non-AOC group AOC: non-AOC pair
MENI site
5LFKQHVV 0.543 0.814 0.466 0.109
Diversity 0.371 0.844 0.043 0.722
Total density 0.025 0.313 0.023 0.206
EPT density 0.307 0.017 0.029 0.005
EPT percent 0.100 0.194 0.904 0.241
EPT richness 0.278 0.202 0.141 0.037
IBI 0.621 0.082 0.118 0.067
FOXR subsite
5LFKQHVV 0.585 0.582 0.509 0.378
Diversity 0.423 0.461 0.201 0.218
Total density 0.927 0.986 0.498 0.311
EPT density 0.064 0.263 0.499 0.141
EPT percent 0.126 0.041 0.651 0.197
EPT richness 0.008 0.464 0.171 0.038
IBI 0.895 0.208 0.379 0.319
SHEB site
5LFKQHVV 0.749 0.173 0.394 0.402
Diversity 0.117 0.499 0.268 0.806
Total density 0.731 0.606 0.162 0.570
EPT density 0.063 0.187 0.061 0.122
EPT percent 0.108 0.349 0.132 0.155
EPT richness 0.038 1.000 0.0003 1.000
IBI 0.012 1.000 0.370 0.423
MILR subsite
5LFKQHVV 0.059 0.256 0.822 0.547
Diversity 0.083 0.315 0.105 0.919
Total density 0.353 0.722 0.786 0.696
EPT density 0.423 0.825 0.209 0.013
EPT percent 0.088 0.414 0.787 0.288
EPT richness 0.019 0.015 0.429 0.080
IBI 0.115 0.130 0.253 0.149
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Table 6. Probability values for significance in paiteéests comparing metrics for benthos at Areas of Concern (AOCs) with the
mean of all non-AOCs or the mean of the two non-AOC comparison sites.—Continued

>$00 PHWULFV DUH IRU FRPELQHG EHQWKRUBPERPAKNLGHEHS WHWBKH DQ G H{HR/IWEHLWR WHFGLQWHJU L W\
9DOXHV LQ EROG LWDOLFV LQGLFDWH WKH $2 & RAWRRFYDZHGH WIKIH QXPEGW CR | OVFDZAHBWO MKD ¥ Q RC
0(1, /RZHU OHQRPLQHH 5LYHU (37 (SKHPHURSWHR D BELRHWWIRS WHWBJUULMWAKR 3,WHURY 5By HUQEHIU

*UHHQ %D\ DQG )R[ 5LYHU VXEVLWH 6+(% 6KHER\JDQ@BQRRBQHMHS5IOYOMZDXMH D GGYMHW2 W2 OLC
(VWXDU\ VXEVLWHV @

2012 2014
Metric ] )
AOC: non-AOC group AOC: non-AOC pair AOC: non-AOC group AOC: non-AOC pair
MENO subsite

5LFKQHVV 0.268 0.458 0.096 0.168
Diversity 0.037 0.238 0.004 0.158
Total density 0.048 0.114 0.039 0.043
EPT density 0.102 0.832 0.283 0.833
EPT percent 0.110 0.535 0.105 0.892
EPT richness 0.013 0.438 0.025 0.270
IBI 0.038 0.317 0.053 0.667

'Log,transformed data.

LQ DOO VHDVRQV $0W K RhedrKat@pkychktU H Q BligddékEek R thelhighest relative abundance in all

can vary in their tolerance to pollutic@yrnellus fraternus VHDVRQV LQ DW )2;5 PRUH WKDQ {

LV KLJKO\ WROHUDQW +LOVHQKRu ZDV YORUWODAUIRKVRLIKIHUDG@E .(:$ H[FHSW

ULFKQHVV LV D SRVLWLYH LQGLFDWRKH@ ®RH PHDQZHU HWLYKEBUZDBQ DEXQGDAQ
“ DQG WKLV VFRUH LV LQ WKH 2K H U \PRGHI DYWL\ QREXKBEAEIRSRYV\ PRUH Wi

WKDW LQFOXGHY DOO VFRUHV OHVV AWICEQDRUDW Ep DS WR G - (1§ HIWDEWHHQ W

7KH PHDQ ,%, IRU WKH WZR QRQ $2& IO BXYROBOM WRRSYLYEHG OHVV WKDC

DQG .(:$ zZDV RQO\ “ LQ 2QOP§§(7QQLDFQ4:(%"H9W )2:5 LQ ZHUH IRXQG
GLUHUHG EHWZHHQ DQG DW )5(-_$OkLD\)@|@ Q PIRKREXQGDQFH  SHUFHC
than 2012. A

Multivariate ordination indicated that the combined ben-

WKLF DVVHPEODJH DW )2;5 ZDV GLV\8héboyyas RI¥f Wie@ bIZonceR P DO O
RWKHU VLWHV LQ 0'6 RUGLQDWLRQ SORWY ZKHQ VHDVRQV ZHUH FRP

ELQHGA ¢ KRZHYHU ZLWK VHDVRQV VH ST BERKIP @ xFHPHiY $2& ZDV GHVLJ
DQG IDOO VDPSOHV DW )2;5 ZHUH O IS¢ apQuESBAMEtROMARIGatRn MR B, polycy-
$2& FRPSDULVRQ VLWHV $+1$ DQG .Cﬂ'%arow%"bF%dVWRrPP“?@rﬂPLh yy metals (Burzynski,

)2:5 VDP SO B). ANANOSIM indicated that the 2014 'LVFRQVLQ "HSDUWPHQW RI1 1DWXUD

EHQWKLF DVVHPEODJHYV DW )2;5 ZHU L@H@#PW\}%} PHE} ERQ ZDVLFRPS
DVVHPEODJHV DW LWV WZR QROQ $2&5L VBQ E W}\%;%J%H% (
6,03(5 WHVWLQJ LQGLFDWHG WKDW : H% E/Q o 0] 8 v(?ﬁo ' Q

R HFWHG IRU FRPS
. . . i . . LYHU $2& WKH VPDOOHVW $2& LQ :LVFI
higher relative abundances of oligochadtiesnodrilus cervix DQG ODQLWRZRF 5LYHUYV DUH QHDUE\ W1
Aulodrilus pigueti andBranchiura sowerbyiD W ) 2ifino- JDQ 5LYHU DQG VLWHV RQ WKHVH ULYH

drilus cervixis tolerant of highly polluted conditions includingga|ected because of similar climate (Albert, 1995), latitude,
HIWUHPHO\ HXWU R.$i§leckiafdB.Q@®EMYLRQYHRORJ\ DQG ODQG XVH 7KH ODQLWRZR
are also pollution tolerant but less so thacervix(Bodeand 5 YHU KDYH VLPLODU GUDL QDJH DUHDV
RWKHUYV 5RGULJXH] D@@ndtineQ R QilenelR@ ki@ UHVSHFWLYHO\ EXW WKH .}
sowerbyi LV FRPPRQ DURXQG WKH *UH D ¥ndiRriN32Y ki Xr'ereiB &/ U S REWiironmental Protection
reported until the 1930s and is possibly nonnative (Spencer $JHQF\ 6 XSHUIXQG VLWH RQ WKH 0DQLW
DQG +XGVRQ *UHDW /DNHV $T X Driviltfre U LRSS Enl/HoQrReXts] F&ddtion Agency,

cies Information System, 2018). 2019), but the river does not have an AOC designation.

similar from its non-AOC comparison sites, mostly because
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Similarity

Figure 3. Multidimensional scaling ordination plots for combined benthos (dredge and Hester-Dendy samples combined) at 4 Lake
Michigan Areas of Concern and 6 non-Area of Concern comparison sites, based on relative abundance with no rare or ambiguous taxa.
A, Seasons combined; aBg seasons separate. Distances between sites are representative of their similarity or dissimilarity to each

other. [The Fox River near Allouez is a subsite of the Green Bay and Fox River Area of Concern. The Milwaukee River and Menomonee
River are subsites of the Milwaukee Estuary Area of Concern]
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6XUsFLDO GHSRVLWYV IRU DOO WKUHWYSWILYYHUNQBUKILIKHN WWUILQ \WHOD I DZQAW B W

VRPH DUHDV RI VDQG DQG JUDYHO BdRifrHte\apvirg @ 42 QeEcebDriti@ fall. The ab@dance

WKUHH ULYHUV DUH ORZ JUDGLHQW RIQBLARA WKW RSIK BDW ®@RMVMWR W@\ SH

DJULFXOWXUDO ODQG DQG ZHWODQGV ZRWK HW E R § HFMWQ/G XX HKDIW W BRMALHV

PRXWK DQG DOO DUH ZDUP ZDWHU Ig$s\hatJ0/5 percent of the relative abundance at the three sites
6HGLPHQW SHUFHQWDJHV RI VLOWaDyG&seWUWJIJDQLF FDUERQ ZHUH

ORZHU DW 6+(% WKDQ DW 0%$1, DQ6 .(:$ LQ WKH SHUFHQW

DJHV RI FOD\ GLG QRW GLuUHU DQG @f 8 V GZHUH

KLJKHU DW 6+(% WDEOH 6HGLPH<%\/WB % %Wv r@ﬁ(?i/\%’

DYHUDJH RI  “ SHUFHQW IROORZHG gk WQ)VML b\ @ k% BN@PQB@ LQ WKH

FRQWHQW OHVV WKDQ SHUFHQW a?e%HlﬁFﬁb\éS BifechicrhfematiP WarBtbor? @&ti-

(:$ ZDV DERXW RQH WKLUG VDQG D QjgesRdd héﬁ@ﬁibta\@s@c‘ﬁ’a@éa%%hob‘ﬁéﬁ nd zinc
organic content. 6 (QYLURQPHQWDO 3URWHFWLRQ $JH
2Q0\ (37 ULFKQHVV GLUHUHG EHWHS*E)QJ\@PWQWQFQ WisW XA U 5sHVRXUFHYV
RI DOO QRQ $2&V DQG 6+(% ZDV OR{H{pL4ELDWPR® zDV RQJRLQJ GXULQJ ER
7KH ,%, ZDV ORZHU DW 6+(% WKDQ DM{BQAURHRRE PEELOPQNWRQ 7KH 0,/+ VXE

EXW QRW LQ DIWHU VHGLPHQW Utb'r%ﬁﬁdd%\é‘éédﬂs@oZ|R\§|25§1B§o@]b|éNtVanthere-
WKH PHDQ ,%, DW 6+(% ZDV “IRUHR WHYIXOWVYV\IRBRY/+ DUH GLVFXVVHC
UDWLQJ FDWHJRU\ DQG WKH PH@,st%QéR@(i’\QKWxW‘ZB\A@R/QZ%&&ﬂ FRPSDUH
FRPSDULVRQ VLWH VA Zablg 5). No metrigs) FRPSDULVRQ VLWHV 0$1, DQG WKH 5RR)
GLUHUHG EHWZHHQ 6+(% DQG WKH WZR @RS WHY RAHARBYHGRWR DV 35227 E
VLWHV .(:$ DQG 0%$1, B@able6). Meicsdid $OEHUW JHRORJ\ DQG ODQG XVH
QRW GLUHU EHWZHHQ DQG D Wb 61 % K IRVUXEPYHYVQIUH JODFLDWHG ZlI
GLUHUHQFHV ZHUH IRXQG EHWZHHQ gx {0 PRRWRIP IR BRQHEE® RRPDQG DQG JU
parison sites in 2014, postremediation. $00 WKHVH ULYHUVY KDYH DJULEXO\
Multivariate ordination using ANOSIM indicated thatthew UDQVLWLRQLQJ WR XUEDQ ODQG QHDU
DVVHPEODJH DW 6+(% IRU FRPEL@iHeH BHRONK BY ADBWVRE RyEHINH QW DUH VLPL
IURP WKH WZR QRQ $2& FRPSDULVRQVKHVIHOQRER PRI PMHU DQG 5RRW 5LYH
+RZHYHU WKH 0'6 RUGLQDWLRQ-SORDWHOGE$EDVWHH WKDW YOWNMUGUUMHUY ZD
HQFH ZDV GXH PRUH WR D GLUHUHQFFDEOWREZHBHQ WHPsSRAGWKBHYV JUHDWHU \
IRU VXPPHU D @GExég for the spring sampleat wpQWw ¢VK DVVHPEODJHV /\RQV DQG RW
6+(% UHODWLYH DEXQGDQFHV RI EHQ VWé&infeny\tbhidined ithidrl sdhl BAd@eBsléild &hb clay at
6+(% DQG 0$1, DV HYLGHQFHG E\ VD@ $9 i\ bDRUDWKHIYH oW H\VL27 EXW RUJIDC
WKDW SORWWHG FORVH WR HDFK RWADHUVR @ GOMAD E HWRAH HE WKHQVKUHH VLW
VHDVRQV ZHUH FPRPE&EIOQGKHES UHY XOWV EQEWHIOINHEW 0,/5 ZDV KLJKHU LQ W K
WKDW 6+(% ZDV SHUFHQW GLVVLPMN\DOWODUBRZLVWNWKZFHRBRY $;@&FRQWUDVW
comparison sites, mostly because of the mi@yptotendipes DQG PRUH VLOW DW 0(12 WKDQ DW 0%$1,
the oligochaet®aranais and zebra musselGlyptotendipes YDOXHV IRU RUJDQLF FDUERQ FRQWHQW
ZDV IRXQG LQ ORZ DEXQGDQFH RU ZBM UDFEHMIVRDN HP W I W/IOH) 6 +D0%W BXM2 ZDV KLJIK
ZDV DEXQGDQW DW .(:$ DQG XQFRPPRQRW.RBW ZOQYCORIMHDOW. Q$1, FRPSDUHG W
Glyptotendipess highly tolerant of pollution (Barbour and WKH VXEVWUDWH DW 0,/5 ZDV PRVW
others, 1999) and sofaranais %RGH DQG RWKHEZYWK ORZ RUJDQLF FDUERQ FRQWHQW
5RGULJXH] DQG 5H\PaRaSan®Rf@bramus- VXEVWUDWH DW 0(12 ZDV ORZHU LQ VDQ
VHOV ZHUH UHODWLYHO\ DEXQGDQWKD WK 6i+J % GE ¥ WOXWH U H* X GHRIFMROQVRD QG R L
DEVHQW DW 0%$1, DQG .(:% “ SHUFHQW WDEOH 7KH VHGLPHQ
Oligochaetes had the highest relative abundance ofall VLPLODU WR 0,/5 ZKHUHDV WKH VHGLPH
WD[D DW 6+(% PRUH WKDQ S HUF H&hWar toDAENOH OO DV DW .(:$
(more than 52 percent) and MANI (more than 88 percent). JRU EHQWKRY DW 0,/5 LQ QR PHW
7KH DEXQGDQFH RI ROLJRFKDHWHYV ZBW DRHAEVOW/ 5 @ QUK M KIS IPLHDIQDRIGD OO QF
KLIKHVW LQ WKH IDOO DW 6+(% EXWWEYLNVWADFLBBSRGLEAMHWRIHW®HLIWS DQG W
DEXQGDQFH DW .(:$ ROLJRFKDHWH BEXFRPGPH IDWR QML VBV 031, DQG 5227
RQO\ VOLJKWO\ ORZHU LQ WKH VXPPMHU5WBNQKL QKB KW RMIH QJ H@QE UWOBV RI
Although midges comprised 26 percent of the abundance atORZ DQG WKHUH ZHUH QR VWRQHALHV D
6+(% LQ VSULQJ PLGJH DEXQGD PRV WDNDREGQVALHNDEWURQRZ WR PRGHU
of that in other seasons (7 and 3 percent in summer and fallLlGHQV LW LHV RCykles$ fRRGBUSDWAQ,/5 UDQJIH!
UHVSHFWLYHO\ ,Q FRQWUDVW PLGUHRPEXQWRQFH. QDVYLRRXHDWW SO WWYHXDU
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KLIKHU (37 GHQVLWLHY DW 0,/5 FRPSD BN AR \OKH QDG BFRYW RWKHU VLWHYV
$V ZDV PHQWLRQHG HDUOLHU IRU WIGHR RIFFXQWHQB D OW & LY WQGER@(12 LQ
D W ) 2C5fraternusis considered to be highly tolerantto KLJKHVW UHODWLYH DEXQGDQFH IRU ROL.
SROOXWLRQ +LOVHQKRuU SOWKPRIKH(SVKDQFKGBSHMMHQW DQG WKH ORZHV
ZDV ORZHU WKDQ WKH PHDQ RI DOO WRRQ$2&YHRDFHOWO RPYLWKEHKWARH DEXQGI
QRQ $2& FRPSDULVRQ VLWHV QR GLUHDWR®GWM ZD IBHQBHLQN DW 0(12 7KLV D
'LYHUVLW\ ZDV ORZ DW D PHDQ RI VLPLYDBEGNVR 03$6XUBRUMLRKEONQ SHUFHQW
WKHUH ZDV QR GLUHAHWWAHHQ \HDUV WMD®, /5 BHUFHQW OLGJHV ZHUH IRXQG L
WKH ,%, ZKLFK DYHUDJHG * - LQ wkpDPJHUSSBRYOQWDWwW 0,/5 LQ ORZHU DE >
LQJ FDWHJRU\ DQG ) SRRU" WW L QlofeD Wi pREH LOWH DEXQGDQFH DW !
¢JA WDEOH 7KH PHDQ ,%, IRU WKH WIRFQRW R¢ FRFH 6XUSULVLQJIO\ FD
SDULVRQ VLWHV LQ ZbV ’ PHIY EPW IR SHOBWIHREDEXQGDQFH LQ \
EHWZHHQ DQG IRU DQ\ PHWUlngvgrtgd%tﬂaﬁiE'ercentatMENOorthe non-AOC com-
'LYHUVLW\ WRWDO GHQVLW\ DQGsf3y YRIOKQMYM\E LUAS pxvVHOV ZHUH D
EHWZHHQ 0(12 DQG WKH PHDQ RI DOQUQRQ FR&VolBRrRz DEXQGDQFH DW 0(12 0
ZHOO DV LQ 0(12 ZDV ORZHU IRU GLYHOI WHRRE, 37 HERK oG I1RU EHQWHE
QHVV DQG ZDV KLJKHU IRU WRWDO GHQWM U IR Y
VLW\ ZDV KLJKO\ VL QL ¢ FDIR iable 6). FJ_\'?/Y‘\QMS'%L Vv ¥V2LV8V'\‘/[\J %ﬁebu*%KpQLHv\\x
2Q0\ WRWDO GHQVLW\ GLUHUHG EH v%r?&é{/ Q%QH HURSWHUD 30H
WKH WZR QRQ $2& FRPSDULVRQ VLWHY LQ v VOV G LVALHY
0(12 ZDV KLJKHU 7KH KLJKHU GHQVLW) J}ﬁ'(ﬁ)% Duéh- {étg VXEVWUDWH VD
of higher densities for oligochaetes, especially highly toleranl\OC
Limnodrilus cervixLimnodrilus KR G P H Laniirdinbature ’
7XEL¢(¢FLQDH 7KH PHDQ ,%, ZDV UDWHG 3YHU\ SRRU" LQ DQG

bw * DQG - UHVSHFWLYP|ankidRieVASSEmBlal& Eorfparisons between
DW 0(12 ZDV ORZHU WKDQ WKH PHD%%SEcggaﬂ%gn%% XidrRAreas of Concern

WKH UHODWLRQ ZDV QR Wp=DX%3)Y&hdV L

WKH PHDQ RI WKH WZR QRQ $2& FRPSDYRVRE YILWRHN M2 AR YBWK G228 DoG
*YHU SRRU" LQ DQG DW ) FFPrQsGDUL\'}Rn% VLWHV ZHUH PDGH IRU JRRSH
UHVSHFWLYHO\ 7KHUH ZDV QR GLuHgHQ Rk ENR Hgae andddBms combined). The

for any metrics at MENO.
YRU PXOWLYDULDWH RUGLQDWLR%DaHW%Uq‘If@\Q F\BPS%’P/ZUBHIG@H/% FLea\F%&gHHSc%/e\S/ GLY
DV D GLVWLQFW JURXSLQJ DZD\ IUR zgﬂ%ﬁ" é@'ﬁ%im&ﬁ? uEh A0V Lo -
RU VLPLODU LQ PDNHXS WWRedpedialiyl. Q or zebrér‘%ussel veligers (means of 65, 17, and 13 percent

WKH VXPPHU DQG | B)OTbe XNIFS8/Oridivated J . . .

WKDW 0,/5 ZDV  SHUFHQW GLVVLPL?é) 63'13‘3&“ "sgls,p t@gig)j g%NOS'Md'd”g”e"ea'
PRVWO\ EHFDXVH RI GLUHUHQFHV LQ |_‘1'|<%'||1_5| &E R A '}X\&VBVRE‘QEEZEJFHRVPSEE
clamPisidium the oligochaetdulodrilus plurisetaand the

F D G GQyvhallus fraternusAbundances dPisidiumand VLEO\ EHFPXV_H WKHUH ZHUH R'WHQ ORZ
A. pluriseta ZHUH UHODWLYHO\ KLJK DW (AP CamRafisan §itgs ey 7oppsiekton as indicated by
VXPPHU ZKHQ FRPSDUHG WR WKH 0R%Z IPiX YR QY D%@I—R#FCH*QPWLRQ SORYV

WKHVH WZR WD[D D\W. ﬁﬁdmuﬁ)l)@VSlmd%at'V‘e abundances of taxa making up the assemblages at each
LQ KLJKHU DEXQGDQFH DW 0,/5 WKD®&2% kiQ WRER $BQ ERWK WKH QRQ $2& F

parison sitesAulodrilus plurisetas moderately tolerant of ~ Signify degradation. Assemblages of phytoplankton at most
SROOXWLRQ %RGH DQG RWKHUV VLYK £ i RSL RIS &V DWRPV IR
2011) and so i€. fraternus(Barbour and others, 1999). In  cryptophytes (means of 33-, 28-, and 22-percent abundance

WKH DVVHPEODJH RI FRPELQHG ®¢al,vierRPRAUVENY Paifed WV HAYWV LQGLFDWHG QR C
GLUHUHQW IURP LWV WZR QRQ $2& ARgigrophylle F@® @MW WBWLBQARU 766 DQG 9¢€
5227 6,03(5 UHVXOWV LQGLFDWHG W\RESsandiheip ngreADC compansop €86y in 2014, indicating
GLVVLPLODU IURP WKHVH VLWHV SUWKDWL®KEHFRAD R IRG LUK WHRESFOHPVQ NW R Q
in the abundances of oligochaet&s|odrilus plurisetaand WKH VLWHV 7KLV ¢QGLQJ ZDV VXSSRUWH
llyodrilus templetoniand midges in thBolypedilum halterale ing densities of phytoplankton at sites. Missing data for VSS
JURXS 7KHUH ZDV D KA pKiit&tlabtBX QG QFWZR VHDVRQV DW 0(1, DQG 0(12 SUHFC
summer and fall and a lack bftempletoniand theP. halterale analyses. Detailed assessments of planktonic assemblages at
group at MENO. each AOC are provided in this section.
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Lower Menominee River Area of Concern andKlebsormidium The toxin-forming cyanobacterium
Microcystis aeruginosaZDV QRW IRXQG DW 0(1, EXW

JRU JRRSODQNWRQ DW 0(1, PHWUDL®NV(64&6 PV 2@RUHIQBMMEZNKROPHU DQG R
HLWKHU WKH PHDQ RI DOO QRQ $2& VYo RddeWitK tbuRdaftes. Rre Vet dididgte@Briana
$2& FRPSDULVRQ VLWHV (6&%$ DQG 2&BY¥Y RRPPRYMEMIH (1, LQ VXPPHU DQG RWK

7KLV ¢QGLQJ ZDV VLPLODU WR ZRHIQDQR R HERQEMHOEH UI) RWKHU VHDVR
IRXQG /DVWO\ QR GLUHUHQFHV ZHUGIL RXKRRE AHWEEWIQQW DD G6&$ DQG DW OR
2014 metrics for zooplankton at MENI. 7KLV FKDLQ IRUPLQJ GLDWRP ZDV WKRXJK

7KHUH ZHUH QR GLUHUHQFHV LQ WKB ANMWHKPEDW BIKVVBHFRRKMY EHIRUH EHLQJ
plankton at MENI, ESCA, and OCON in 2014, based on  in areas of the Great Lakes Basin beginning several decades
UHVXOWY RI WKH $126,0 ZLWK DOO WKRHRXZH WG SORMWWLQJI DGVDO WMORUWRE
HDFK RWKHU LQ D WLJKW JURXSLQJ EutopeKd the @Ydai ales isksuspect@dddNtheRoQcus€h BVt
ZKHQ VHDVRQV ZHUH). Wihseasahsigepaiate, T. pseudonanin the region (Mills and others, 1993). In other
the spring assemblage at MENI also had higher similarityto SDUWV RI WKH ZRUOG WKLV WD[RQ LV LQ
the spring assemblage at OCON than to the spring assem- ZKHUH WKHUH DUH KLJK QXWULHQW FRQF
EODJH DW (B&$<HW 6,03(5 UHVXOWYV high@GHemidaMoxyGendenmad (Weckstrom and Juggins,
0(1, DQG LWV WZR QRQ $2& FRPSDULVRQ8VA WHYR @R ULH D OS 61 XJFHD\W 7TKH ¢ Ol
dissimilar, based mostly on the relative abundances of zebralgaKlebsormidium D FRVPRSROLWDQ JHQXV ZD\
PXVVHO YHOLJHUYV LdzadheZéh@setabdvthé) R Vélnidey samples at MENI but absent from ESCA and OCON
bdelloid rotiferPhilodina =HEUD PXVVHO Y HO Land om Zprng endfaNsah@lés at MENI. It is a cosmopoli-
IURP DOO WKUHH VLWHYV LQ WKH VSUWDQ DGXXHEXWSUGNQQY W EQ WLKRH) IDZYAKOV B k
ORZ DEXQGDQFHV DEXQGDQFHV LQ @XPPXOW HUUMHGPXWK BUHWHQ BDMW LQ D ZLGH
MENI and ESCA than at OCON. The rotifertenuisetazDV KDYH KDPSHUHG DVVLIJQPHQW RI DQ\ SRO
in higher abundance at MENI compared to ESCA and OCOMNnNd others, 2008).
Although abundances &hilodina ZHUH VLPLODU VHDMRROBBALODQFH RI ]JRRSODQNWRQ URW
DW 0(1, DQG 2&21 DEXQGDQFHV DW r¢ladyg abundeAcePdyig atbsRaseng at MENI in 2014, rang-
overall.Philodinais commonly found in the benthos near  ing from 93 percent in the spring to 66 percent in the summer
river mouths in the Great Lakes (Stemberger, 1979), but thisand back to 81 percent in the fall. Second in abundance in the
WD[RQ DQG RWKHU EGHOORLG URWLVXPVY W £ HWKH] B BB N R X2\HVCHIO NYGIROAQ HRU Vb O
the rotifer groups because they are fragile and can be damagglera mussel veligers ranged from 25 to 45 percent at MENI
ZLWK VRPH FROOHFWLRQ PHWKR-GV andBBCA ®IpestipatyHptoantprised aGls2Abp@cent at
VSKHULF $GPLQLVWUDWLRQ Lecane 5RWI2AHUNRUGF RKEH- QHIGXYK\WRSODQNWRQ FL
DUH FRPPRQ LQ VKDOORZ DUHDV DV @RIROLR D QW XMWY REKIWFRES HDV WIKIHFR/ SULQJ
as river mouths and Great Lakes harbors in late spring througfRUH WKDQ D SHUFHQW DEXQGDQFH D
fall (Stemberger, 1979). GRPLQDQW JURXS LQ WKH VXPPHU ZLWK C
Metrics for combined phytoplankton at MENI did not 'LDWRPV ZHUH VHFRQG LQ SHUFHQW DEXC
GLUHU IURP HLWKHU WKH PHDQ RI DOROQRO GG &AURIWRRK\WHIYQZRU WK FRQG L
WZR QRQ $2& FRPSDULVRQ VLWHV symmenpptprasiand crygtophitesthare gensnally high food
KLIJKHU LQ WKDQ LQ WDEOH YDR&HE WKL P T2OMWR FFRKIORLVPYV 6WHZDU
WKH GLDWRP ULFKQH\W¥0.BD.DideisilK HU L Q
DQG WRWDO GHQVLW\ RI FRPELQHG S@%%ﬁ%ﬂ%?ﬁ&g@ %%%é%lgf
EHWZHHQ \HDUV HYHQ WKRXJK GLDV\'T k LI Hr %ncem
2014. OHWULFV IRU IRRSODQNWRQ GLG QRW (
$V ZDV IRXQG LQ PXOWLYDULDW Harldl @8 feav I\l i JADR &% 20 DI QOMmNWVtReQlensity of
the assemblage of combined phytoplankton at MENI did Nnot|RRSODQNWRQ GLUHUHG EHWZHHQ )2;5 DC
GLUHU IURP (6&% DQG 2&21 EDVHG RQRWK#P & HRREGWYLRRYKHWHY $+1$ DQG .(
$126,0 7KH DVVHPEODJH IRU 0(1, ZDWDPRRAH VLPLOKDLD&® BRZHU GHQVLW\ ZKLF
OCON and both sites plotted close together in the MDS ordiZDV GHJUDGHG DW )2;5 UHODWLYH WR WK
QDWLRQ ORMHYHDYV (6&$ SORWWHG/ BQWLVGW |URWDEIONVEHQVLWLHY LQ IDO
WZR VLWHY DQG DOO RWKHU VDPSOMXIQWHWY )X,GGHUVFRSUDRREDWVK B \GHNMDLOQMA
DVVHPEODJH DW (6&%$ :KHQ H[DPLQ HGsninaWbKgiddtridWR QW ZH®IMH VHYHUDO WLPHYV
UbwH VDPSOHV LQ DOO VHDVRQV DWREQIDXIHYHSVLPLODDQWBR WKRYEBLYLGXDC
DW 0(1, ZKHUHDV WKRVH DW (6&% GImi@UHGEGHVSREVERYHOVLWKN WRWDO GHQVL\
.JB 6,03(5 UHVXOWY LQGLFDWHG WK/ QOXSOHUSLORGXGHG DYHUDJHG
2&21 ZHUH SHUFHQW GLVVLPLGODU DBEBRNBKGV FDRAWKX®D\ORDQ MIKKHK®YHVEHHQ KLJKH
ence ofMicrocystis aeruginosal halassiosirgpseudonana because large amounts of cyanobacteria made concentrating
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Sampling sites

[MENI, Lower Menominee River; FOXR, Fox River near Allouez sub&{eSI8thBygan River; MILR, Milwaukee River subsite; MENO, MenomareiBSite;
MILH, Milwaukee Harbor subsite; ESCA, Escanaba River; OCON, QeonoHNA, Ahnapee River; KEWA, Kewaunee River; MANI, Manitowgc River
ROOT, Root River; FOXR is a Lower Green Bay and Fox River Area of ConceMIisBY9ENO, and MILH are Milwaukee Estuary Area of Concern subsites]

Sampling season -- Range
) | — Standard deviation
= Spring == Mean
Summer J.
A Fall

Figure 4. Metrics for zooplankton at 4 Lake Michigan Areas of Concern and 6 non-Area of Concern comparisanosipgankton

richness;B, zooplankton diversity; a@lzooplankton density.
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Table 8. Probability values for significance in paiteédsts comparing metrics for zooplankton at Areas of Concern (AOCs) with
the mean of all non-AOCs or the mean of the two non-AOC comparison sites.

>)RU JRRSODQNWRQ LQ KLJK DOJD O FRW QI U \SSRIMIHORUBIWENEATH QMALRHFD WDRGQ GRHY IRU $KQDSHH
DQG DOO )R[ 5LYHU VDPSOHV WKHUHIRUH BRWPBW UILMRQ VH & VLWK HFRHP SDWIHARBWF ONEHBIRYRH W
EROG LWDOLFV LQGLFDWH WKH $2& PHWULFV SBUHG/ LW®H;GRREWI) RRY BB SOKVQLQYRQ @ ZBRVOFRRP S |
OHQRPLQHH 5LYHU )2;5 )R[ 5LYHU QHDU $0 O RNHY XBRZEWH* U BH@b %®K HERGJIYRY 5LYHU 0,/5 0LOZDX
0(12 OHQRPRQHH 5LYHU 0,/5 DQG 0(12 DUH OLOZDXNHH (VWXDU\ VXEVLWHV @

2012 2014
Metric ) )
AOC: non-AOC group AOC: non-AOC pair AOC: non-AOC group AOC: non-AOC pair
MENI site
5LFKQHVYV 0.249 0.225 0.503 0.889
Diversity 0.366 0.854 0.391 0.733
Density 0.092 0.131 0.072 0.107
FOXR subsite
5LFKQHVYV 0.508 0.362 0.223 0.186
Diversity 0.354 0.924 0.620 0.594
Density 0.341 0.818 0.112 0.046
SHEB site
5LFKQHVV 0.964 0.900 0.635 0.703
Diversity 0.460 0.432 0.074 0.0099
Density 0.477 0.428 0.861 0.863
MILR subsite
5LFKQHVYV 0.984 0.974 0.981 0.504
Diversity 0.144 0.178 0.570 0.488
Density 0.010 0.159 0.148 0.016
MENO subsite
5LFKQHVV 0.585 0.721 0.982 0.130
Diversity 0.055 0.105 0.759 0.417
Density 0.123 0.532 0.275 0.929

WKH VDPSOH GLVFXOW IRU WKH ODERNWWRHSD UODWHOFIDRRBEDFKHU VD@ HV LQ
FHOOV LPSHGHG WKH LGHQWL¢FDWLRIKDYRQ WV R R QAL @HDCRHLMAE RWQLWKLHY $2RE QP )2
WKH RQO\ URWLIHU TXD QAghlanthGa ZD VG IKHQ&RDW GH WHUHGRP LWV WZR QRQ $2& F
priodonta )RU WKLV UHDVRQ FRPSDULVBQE Z(L$K DR QKRAY B\QWBKH 0'6 RUGLQDWL
EHWZHHQ \HDUV DW )2;5 HI[A QOrivxddhisc U/RIW IVIRIQW HH BERirastdt magy have been because
7KH WRWDO GHQVLW\ RI JRRSODQNWRIQKZDKX KHDWHRWYDOQ YDWREQROLQ\ DW DOO
DW )2;5 LI QDXSOL lp<B.Bly it RotiFO X GMIGVW LQGLFDWHG WKDW DVVHPEODJHV R
QDXSOLL ZHUH LQFOXGHG ULFKQHV¥+D® GDRLGY HUS/ ZWU K6 L G SHIRW HRIW HIL VV LP L
EHWZHHQ DQG DW )2;5 OHWUEMHF DKWY H RP ELQHGE BEFHYV L QBKdiBF DEXQGD
WRSODQNWRQ GLG QRW GLUHU EHW ZQH\Q F)2 OF kB @eRd Eba Ak tdCondcKilds Britt@n@s
RI DOO QRQ $2&V RU WKH PHDQ RI| W% H DFEKR RYRQY RO FRPABUNRKROEG DQW DW $+
VLWHV ¢ WDEOH $OWKRXJIK ULFKQZDAW GRIWHRWHICQBW ®SK\WV WKDQ D S
WRSODQNWRQ DW )2;5 LQ GLG QRWE WGLQIH D Q GRAD § RRAHRIRIEdsSa ID\E WP IRQ W
ULFKQHVV LQ ZDV KLIJKHU WKDQ WEKXQREEHIQVRD VD 0D, NR@ BQOVVHDVRQV HVE
/IDVWO\ PHWULFV IRU FRPELQHG SK\IVR SSOHUNHVOR\Q UGHLCE WiRANVHHGA B ¥ (DCOD/QRFPIR U H
EHWZHHQ DQG DW )2;5 DEXQGDQW LQ WKH VSULQJ DQG VXPPHU I
JRU PXOWLYDULDWH DQDO\VHV RIIURPSHIGNIVQREQZIMWKHQ D RZ DEXQGDQFH L(
DVVHPEODJH LQ SORWWHG PRVW.ESRYRIWL W R \$ + BBt DG XMCOcasEaV



Condition of the Benthos and Plankton of Areas of Concern in Comparison to Non-Areas of Concern 3

Similarity

- ?

Figure 5. Multidimensional scaling ordination plots for zooplankton at 4 Lake Michigan Areas of Concern and 6 non-Area of Concern
comparison sites, based on relative abundance (fourth-root transformed) with no rare or ambiguduS¢asmns combined; aBg
seasons separate. [The Fox River near Allouez is a subsite of the Green Bay and Fox River Area of Concern. The Milwaukee River a

Menomonee River are subsites of the Milwaukee Estuary Area of Concern]
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Sampling sites

[MENI, Lower Menominee River; FOXR, Fox River near Allouez sub&{eSI8#Bygan River; MILR, Milwaukee River subsite; MENO, Menoma@rexiBsite;
MILH, Milwaukee Harbor subsite; ESCA, Escanaba River; OCON, QeonoHNA, Ahnapee River; KEWA, Kewaunee River; MANI, Manitowgc River
ROOQOT, Root River; FOXR is a Lower Green Bay and Fox River Area of ConcekMisBYNENO, and MILH are Milwaukee Estuary Area of Concern subsites]

Sampling season - Range
. | — Standard deviation
= Spring L Mean
Summer J.
A Fall

Figure 6. Metrics for combined (soft algae and diatoms) at 4 Lake Michigan Areas of Concern and 6 non-Area of Concern comparison
sites.A, Combined phytoplankton richneBscombined phytoplankton diversity; @dombined phytoplankton density.
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Table 9. Probability values for significance in paitddsts comparing metrics for combined phytoplankton (soft algae and

diatoms combined) at each Area of Concern (AOC) with the mean of all non-AOCs or the mean of the two non-AOC comparison
sites.

>9DOXHV LQ EROG LWDOLFV LQGLFDWH WKH @282 8WWRBPBSWD ZHG H ¥ 6J QLI A D &8 VR\HO RVZKH W ZBIQ H F
QXPEHU RI VDPSOHV LV LQ DOO FRPSDULYVRQM QM RAUPRHGF B PS\DU LOR Q \ FDAHU | RIQRRLQHH 5LYH
QHDU $0O0RXH] /RZHU *UHHQ %D\ DQG )R[ 5LY®,U5VXEQZWKN HaH 6% Y BKHBRA2D QHELRMRIQHH 5LYHU
0(12 DUH OLOZDXNHH (VWXDU\ VXEVLWHV @

2012 2014
Metric
AOC: non-AOC group AOC: non-AOC pair AOC: non-AOC group AOC: non-AOC pair
MENI site
S5LFKQHVYV 0.285 0.782 0.909 0.972
Diversity 0.664 0.608 0.827 0.968
Density 0.033 0.687 0.075 0.090
FOXR subsite
S5LFKQHVYV 0.027 0.110 0.339 0.131
Diversity 0.555 0.401 0.093 0.134
Density 0.346 0.988 0.059 0.430
SHEB site
S5LFKQHVYV 0.225 0.082 0.591 0.391
Diversity 0.849 0.238 0.940 0.565
Density 0.337 0.422 0.204 0.535
MILR subsite
S5LFKQHVV 0.188 0.407 0.981 0.469
Diversity 0.223 0.047 0.241 0.434
Density 0.336 0.071 0.104 0.441
MENO subsite
S5LFKQHVYV 0.678 0.908 0.265 0.989
Diversity 0.065 0.278 0.163 0.498
Density 0.091 0.390 0.067 0.733

""RXEOH VTXDUHG WUDQVIRUPHG GDWD
26TXDUHG WUDQWIRUPHG GDWD

ZHUH FDWHJRUL]HG DV LQGLFDWR UWHRIDK\L J K B\ 2DNMV U RSSHKULAFH RR\Q G L WALIRFQ\O D U
by Gannon and Stemberger (1948ratellamay be the most the presence of the cyanobacteriMiicrocystis aeruginosa
FRPPRQ JHQXV RI IUHVKZDWHU OL P Qhe YdeR alg&®canbddésidsd. @l the/diaddtBuvodiraw K U H H
species often cooccur in the Great Lakes (Stemberger, 197%onstruensand these three taxa contributed to most of the
Conochilus unicornisSUHIHUY FRROHU ZDWH G MWHRPHODWXWHEZ HIVZ B HQV W KlidroV XEV L W't
can be found in moderately eutrophic to oligotrophic condi- cystis aeruginosaZDV GHWHFWHG DW )2;5 EXW (
tions (Gannon and Stemberger, 1978). .(:$ ScenedesmuZ DV SUHVHQW LQ D PXFK OF
$V ZDV VHHQ ZLWK WKH JRRSODQMWR)Q : F PREL QHGWHKD Y MW $+1$ ZKHUH I
SODQNWRQ DW )2;5 SORWWHG QH D U a&bundaniriRalbsedsbnb. Phe ge@dknEdeskhis common
DzD\ IURP DOO RWKHU VLWHV LQA)WKHRW 6 RUCGH) DWGRWRBBRAMBHELHY DUH WR
Examining seasons separately, the summer and fall sampled QRUJDQLF QLWURJHQ :HKU DQG 6KHDW
IRU )2;5 SORWWHG DZD\ IURP $+1$% DRabrosfrahconSimea©BHOWKR XJIK IRXQG LQ ORZ LC
ZLWK WKH H[FHSWLRQ RI WIBHThPOO f+4 ¥ DREOH:$¢ ZDV DEVHQW IURP )2;5 7K
$126,0 LOQGLFDWHG WKDW RQO\ WKH DWVHPEFEQDLK HDW R2HXWRIXRB RUF FRQGLWI
DOO IRXU $2&V GLUHUHG IURP LWV QRIOPINV¥RAESWDODEVRIQ WHLWHR/P )2;5 ZKHU
$+1$ DQG .(p$ 7KH 6,03(5 WHVW eQrGphiE © Wype@utrophic.
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Similarity

Figure 7. Multidimensional scaling ordination plots for combined phytoplankton (soft algae and diatoms) at 4 Lake Michigan Areas
of Concern and 6 non-Area of Concern comparison sites, based on relative abundance (fourth-root transformed) with no rare or
ambiguous taxa@, Seasons combined; aBgseasons separate. [The Fox River near Allouez is a subsite of the Green Bay and Fox
River Area of Concern. The Milwaukee River and Menomonee River are subsites of the Milwaukee Estuary Area of Concern]
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5RWLIHUV ZHUH WKH GRPLQDQW WEPRIDRIPQ WERNANGS(|&tata &\t dtifér present only
JRRSODQNWRQ DW )2;5 LQ WRLQ YHBUEQWZONCPIRWUIHYWKDQ WZLFH DV D
DEXQGDQFH 6HFRQG LQ DEXQGDQFHRASWDH IFGFW R PU KN WIXRH Q RSyndhad&as RP S D
copepods (16 percent), zebra mussels (12 percent), and-cladoBRPPRQ LQ WKH *UHDW /DNHV DQG LV W
erans (8 percent) in the spring, summer, and fall, respectivelgpecies have a higher abundance in the fall through the spring
&\DQREDFWHULD ZHUH WKH GRPLQDQ@WHIU RXFP KH S BWKXRIFHE DN RRRDW U * D Q
)2;5 LQ DOO VHDVRQV LQ ZLWK BRiddergdtKIDR). SHUFHQW RI
the relative abundance. In eutrophic conditions, cyanobacte- $Q $126,0 ZLWK FRPELQHG SK\WRSOD!
ULD WHQG WR GRPLQDWH 6SULQJ F\WRR BDD/FAMIREDD ZHH DM/ R YW G\L & KHRW G L
toxin producerf\nabaenaandMicrocystisaeruginosa(36 FRPSDULVRQ VLWHV .(:$DQG 0%1, ,Q W
and 27 percent, respectivelPnabaenalLV D ¢ ODPHQWRRWY OFRW ZLWK VHDVRQV FRPELQHG
DQG WKH JHQXV LV IRXQG ZRUOGZLEZDV:RIQWDQGKHEKABYW RU OHVV GLVVLPL
Microcystis aeruginosaZ DV WKH GRPLQDQW F\PRWRH GHW M UR X® DL&).\Ivi Bhe. MTES ogdination
VXPPHU DQG IDOO ZLWK PRUH WKSIDQRW ZHWRHQHIWD RRWKMHERWD®H LW ZD
algal abundance. It is a coccoid and colonial organism,andiZDV GLVWLQFW DQG WKH VSULQJ DQG V
is an indicator of eutrophic conditions (Porter, 2008). Diatom® QG LWV WZR QRQ $2& FRPSDULBIRQ VLYV
ZHUH VHFRQG LQ DEXQGDQFH WR F\DBQRBED RWN X DIV VD QGGW KHWH.Q KD SHUFH
HVW GLDWRP DEXQGDQFHV ZHUH LQ MKW VQGLY KD W ZRSHRG HQY FRAPSBWUWLYVR
ZKLFK DEXQGDQFHV ZHUH SHUFHQRHEQ XWHHRVY XFLRIHW BDQBHM OQ WKH DEXQC
samples. samples. The diatoulacoseira muzzanensscounted for

38 percent of density in the fall for combined phytoplankton

Sheb River A fC DW 6+(% 2WKHUZLVH WKLV WD[RQ ZDV
eboygan River Aréa of Loncern GDQFH DW 6+(% VLPLODU WR WKH WD[R

OHWULFV IRU JRRSODQNWRQ GLG %g%%%Tfu%entWW%m@a@"ed#ce%mfh'ghmta'
DQG WKH PHDQ RI DOO QRQ $2&V L QPhosphorus (Portgy gGo@).The gregp fdggosormidium ZD V
GLYHUVLW\ GLUHUHG EHWZHHQ 6+(%D§dd§'(?_‘0(/\}%fR6C§h°/ k@ PRPRPVHDVRQV EX
SDULVRQ VLWHV .(p$ DQA Q$1, DWR 6e+a(t%eden5|tyatMANI|nthe all.
ZDV UDWHG DV GHJUDGHG IRU GLYHUVL5\B\W'~'J"UV\ﬁBEéQDWHGYPE¥9ﬁPQFH L
GLG QRW GLUHU LQ ,Q DGGOQRMR %LYHL\!\'?E’V'@PI:'%R' IBREODQNWRQ LQ W
GLUHU EHWZHHQ SULPDU\ DQG UHSO £Hw %soﬁ'v |'fJ'T52(P->V\(NKJH*¥§HFWLYHO\
ER\JDQ 5LYHU $2& 6FXGGHU (LNHQES ’U"L‘ﬁ(e‘ﬂ)%?/‘@ /6¢ knHhg {@ll 2014 samples (73 percent).
DQG LW DYHUDJHG UHODWLYHO\ ORZ B H W IKH G%BL@HD\/@MVLIW\P[RQRF
IRU FRPELQHG SK\WRSODQNWRQ GLqu'&QcPWH‘Wﬁ%#&WKH PHDQPERIG  SHUFH
DOO QRQ $2&V RU WKH PHDQ RI WKHG\NEEQbe §§%'R‘P—>'%@6"L'\/LFQQDOO VHDVRQ
VLWHV LQ N WDEOH 7 K H U @Pyngapc W-*Sh D (e SREE /f 38 PaFFS Ly Regyly as high
DQG DW 6+(% IRU PHWULFV zE‘WW@tWL 'PF%“?%?%%%‘?I@M%K& UHHQ DO
combined phytoplankton. LWK WKH KLJKHVW DEXQGDQFH LW LV
JRU PXOWLYDULDWH DQDO\VHV zEW”l%SIOe F}{l@@@'@%‘?ﬁ%ﬁ'@”@?ﬁ'%&ﬂmge” (Wehr and
GDQFHV DQ $126,0 LQGLFDWHG WKHSBUWPMBEOoDIH3BWYWH Y% cLG
QRW GLUHU IURP .(:$ DQG 0$1, ,Q WKH 0'6 RUGLQDWLRQ SORW
VSULQJ VDPSOHV IRU 6+(% .(:$ DQ%H\%Uk\ééE%ﬂd%}/"Nﬁéﬁ'ﬁfConce
VLPLODULW\ E\ SORWWLQJ FORVH WR HDFK RWKHU "KRZHYHU GLUHUHQFHYV
LQ WKH FRPPXQLWLHY ZHUH LQ WKH VX$PRHSD D QGRIP\D @LWDP SBBVSREN ZHUH F
(:3 ZKLFK SORWWHG DZD\ IURP A6+ (9 IDK) GVOMSX D U3 J$2& ZLWK UHVSHFW WR RQ
andB 7KH DVVHPEODJHV Rl JRRSODQNWRQODW .7KHDIMGY BPEODJIHV RI-SODQNW
averaged a 65-percent dissimilarity to each other,andthe FXVVHG ODWHU LQ D VHSDUDWH VHFWLF
JRRSODQNWRQ DW 6+(% ZDV SHUFWQ®WY &LWWLPLROWD O, MROWE&H W2RZHUH 0$1,
QRQ $2& FRPSDULVRQ VLWHV 7KH GLVYRPLRRSIODQENWRIHBY ®+(3%DQG 0(12 |
DQG LWV WZR QRQ $2& FRPSDULVRQULFNVHFLZBY HP®R \EW O\Z BHBDXYH RQG WKH F
the rotiferSynchaeta IROORZHG E\ JHEUD PXVWHDEGOH O L JHYW\ DMKEH GHQVLW\ RI JRRSO|
the rotiferEuchlanis dilatataSynchaetaZDV PLQRYU L@ DEX@G WKH WZR QRQ $2& FRPSDULVRC
GDQFH LQ WKH VSULQJ DW 0$1, DQG LI DGXDIMOORBEZAUQRWKMH G5 LWR DDA ZDV U
DEXQGDQW LQ WKH VSULQJ RQO\ DWIRWUS$GBQGLMA R D YRRISIKIHUNMR Q ¢ J W
DEXQGDQFH LQ WKH VXPPHU DW 6+ (% LVF KQ®& \DAWDWY KHGR WH BIWVLW X R IVLR\RS\O D Q N
=HEUD PXVVHO YHOLJHUV ZHUH SUH¥H@QW®&HH@DOO,L® DVXG 00lQ0 DLW K (P HDQ U
DQG 0$1, ZHUH DEVHQW DW .(:$ D Q®tizandaslightyihlgi@k diezsinFad MENO. Metrics did not
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GLUHU EHWZHHQ 0(12 DQG WKH PHDQ IRW DD @ HLRQ PR RILP WEKBU GHVSLWH WK
PHDQ RI WKH WZR QRQ $2& FRPSDULNMBQ ¥2WHVYHUQHIDWRQIFRELIKWO\ 0,/5 DI
ELQHG SK\WRSODQNWRQ QR GLuHUHQAd ZIBYURKQOW EdiW&UIHQo@IUFKJHVSHFWL‘
QHVV GLYHUVLW\ RU WRWDO GHQVIgWy IRUp g IRMRB(VZ WRY Idstepli&nosV KH G L
¢J WDEOH ZKHQ FRPSDUHG WRm@@tQu&g Ysegﬁegrf§/ %crgthcPﬁggatwe abun-

ULFKQHVV ZHUH “ DW 0,/5 FRPS
0(12 QDQG DYHUDJH GLYHUVLW\ ZDV éﬂ?# VD M GRY RQOV  SHUI
7KHUH ZHUH QR GLUHUHQFHV EHWZzHBHOC coppagson siteg, [Rs EFE‘IE' ?‘F?'U'“”'”d'cator
FRPELQHG SK\WRSODQNWRQ DW 0, /50f|-_@lt|jr0@I@|§ sonditions resulting from high nitrogen and high

,Q RUGLQDWLRQV RI ]RRSODQNWF@'@SUWU@(B@TQD@J@&OWlt@iQﬂ (the cyanobacterium

WKH $126,0 LQGLFDWHG QR GLuWerisroopedi 2DR B 0V HRQRWGDW 5227 DW D UHO
5227 ,Q WKH 0'6 RUGLQDWLRQ SORWQHDWIOWWDNVWQRHVRRELQHWG WKDQ 0,/5 RU (
0,/5 DQG 5227 SORWWHG QHDU H D F KalBorihtlidatoroieufidghz ddkdiGons (Porter, 2008). The
081, SORWWHG GLVWDQW). ¢ eMDBVV WkPU@DWD[(RIQ FRQWULEXWLQJ PRVW WR V
RUGLQDWLRQ SORW ZLWK VHDVRQV ¥H§ Hw Y SAR & ¥ BPSQHMRIFAb UL VRO
0,/5 DQG 0(12 ZHUH VLPLODU WR HD R RWEH AR SARWWHERERW HFwWHG Dw

0$1, DQG 5227 VSULQJ VDPSOHV ZL RY /
DQG 0(12 B.JO0,/5 DQG 5227 DOVR soﬂ’@@ﬁﬁg% E')P gﬁQFFPLQ WKH VSULQJ D

RWKHU LQ WKH VXPPHU DQG IDGO EX %h'%‘BOﬂS\WWc?%*?%“i‘”@i‘@@i\ass'os'ra
FLDOO\ LQ WKH VXPPHU 5227 LV FOFZ\HWUW@—W%JB%&Wd'k_GezPBdW WR LWV GLVV
ODWLWXGH FRPSDUHG WR 0%$1, ZKLMPRAOE qoaksarsitehitksahia iocrNgneyeZ Yo ® W D
GLUHUHQFHV LQ ZDWHU WHPSHUDW XHLH\K H & X BXWE MWL © R QAR ZL EDENXIQEIDIQFEH DW

WRU 2YHUDOO LQ ZDWHU W H P S Hld-BOCXbhipRrisdnsites, 45D DHDW/IY KRV Ki#il- ZHLV VAR.
WKDQ DW 0$1, DW “ GHJUHHV &HQVL VG Z&S HREB HQAY RI WKH UHODWLYH DE
FRPSDUHG WR “ 2& IRU 0$1, ZDWxw WP SEYRYWURY DWVORZ DEXQGDQFH
0(12 ZHUH KLJKHU WKDQ DW 0$17 Lw%térﬁlza%a are |nd|cators of hypereutrophic conditions (high

’ 2& IRU 0(12 FRPSDUHG WR total r‘ﬁt Sphorus)Eand moderately high salinity

DQG  * 2& IRU 5227 WDEOH Rkl LG
WKDW D SHUFHQW GLUHUHQFH EHWZH’H vlv ® 005‘§NHU FKORULC

DQG WKH WZR QRQ $2& FRPSDULVRQ VLW 5 EH\VW\)’\’NW\%‘M%H)@/@PLQDQFH RI
of zebra mussel veligers and the rotifEtghlanisdilatata DQG 0(12 LQ URWLIHUV ZHUH GRPLQD
andProales The spring-only rotiferE. dilatata ZDV LQ KY3KHQJ DQG VXPPHU ZLWK PRUH WKDQ D
DEXQGDQFH DW 0$1, DQG 5227 DQG QHDOQGCWARUH WKDKQ X DWHUFHQW DEXQC
5227 WKDQ DW 0$1, 2GGO\ WKRXJK rhusEd\Rligers ¢ompr@ed idateltlian @8vpercent of the density
ZHUH DEXQGDQW LQ IDOO DW 0,/% Q0810 ODIRR $SODOQNWKHY DW 0,/5 EXW ZHUH
ZHUH DEVHQW IURP DOO VDPSOHVQRWHIHE2 FFRRRXIKIVWEWRIH WKH GRPLQDQ
musselvellgersarﬂ dilatata DOVR ZHUH DPRQJ \)0/%#'" |\BB% WWU@)‘”’J_Z SHUEHOW ZLWK UR
WD[D FRQWULEXWLQJ WR WKH SHU H \
0(12 DQG WKH WZR QRQ $2&ofoBWMSD U m@%%%\%fﬁ: meéw LQF JURXS |
unicornis ZDV WKH SULPDU\ WD[RQ FRQ L{E I% \é \HI\\/ETQB \P\W_FQL Q
larity for MENO. AlthoughC. unicornis Z D V GHWHFW YHOA LDWRPV ZHUH WKH GRPI
DEXQGDQFH DW WKH QRQ $2&V LW FME'B%'UERV’F‘H@“‘#D“@'L?WWKEP@W\PEW”U but crypto
thirds of the relative abundance in summer at MERQuni- SK\WHV ZHUH WKH GRPLQDQW JURXS LQ V
cornis SUHIHUV FRROHU ZDWHU WH P S HRoth haxelgengrallp pgb feod/vaue fr goquatiqoxganisms
in moderately eutrophic to oligotrophic conditions (Gannon 6WHZDUW DQG :HW]HO
and Stemberger, 1978). Out of all four AOCs assessed for plankton, only the

7KH $126,0 ZLWK FRPELQHG SK\WRSQ/PEREYWBRHVNOAKR IRRSODQNWRQ DW WKH
LQGLFDWHG QR GLUHUHQFHYV EHWZHFva%éi/B\Hl-Pii\RQﬁ Msélzﬁu *UHHQ %D\ $28&

WZR QRQ $2& FRPSDULVRQ VLWHVIR b% WKH WZR QRQ

WLRQ SORW ZLWK VHDVRQV FRPELQ
QHDU HDFK RWKHU ZLWK DW OHDVW%%Qqé(l-?/t/,lg‘—%El/:;2 gwﬁ\m %@&&HU DW
EHWZHHQ WKHLU BV VO(FE DG \622 3 gog benthos com ine ytoplankton diatoms and

WHG GLVWDQW IURP 0,/5 DQG 0$1, EXW'WHDUI BB F R W6 KW R\IDQ SLYHU $:
VHDVRQV VHSDUDWH IDOO VDPSOHWMUWZGH_@\BQQW HFEESWKHVIBO Y MWHiBYE oK
IRU 5227 ZDV PRVW GLUHUHQW SORWRRSQIDQINWRIEQWQIURPZDB ® RMKHDOW WKH
V D P S O HB). Sprng and summer samples for allfour WKDQ DW WKH WZR QRQ $2& FRPSDULVRQ
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Table 10. Summary of metric comparisons for benthos and plankton collected by the U.S. Geological Survey at Areas of Concern
(AOCs) and non-AOC comparison sites in 2014, indicating where AOC metrics were significantly lower than non-AOC metrics.

>0HWULFV IRU EHQWKRY DUH IRU FRPELQH®&W GRH GMKHDIQIG HIl \RW EURWQ B \L @D MIJ HWR ,%, ZKLF
'"HQG\ VDPSOHV RQO\ OHWULFV IRU SK\WR SDODX 8 WRW RPU K5 DRAUD F RVBKEH. QKB EN B IR/ WQRBOHY LV L
FRPSDULVRQV DUH IRU ORJ WUDQVIRUPHG G ¥®KHFH U,R S RAHUWD BHOHRFRLISQWHHHU DL YBIIUF KRB3WHUD ) 2
$OORXH] /RZHU *UHHQ %D\ DQG )R[ 5LYHU VXEVLWXNH6+#6%YEBKHBRN\2D QHEIRMHRIQ WH/ HLYHQWZDD,/5 D
DUH OLOZDXNHH (VWXDU\ VXEVLWHV @

2012 2014
Metric . ;
AOC: non-AOC group AOC: non-AOC pair AOC: non-AOC group AOC: non-AOC pair
Benthos
5LFKQHVYV None None None None
Diversity MENO None MENO None
Total density MENI None MENI None
EPT density None MENI MENI MENI
EPT percent None )2;5 None None
EPT richness )2;5 6+(% O0,/5 0,/5 6+(% 0(12 MENI
MENO
1BI 6+(% 0(12 None None None
Zooplanktoh
S5LFKQHVV None None None None
Diversity None None None 6+ (%
Total density 0,/5 None None )2;5 0,/5
Combined phytoplankton
5LFKQHVV None None None None
Diversity None None None None
Total density None None None None
1)RU ]JRRSODQNWRQ LQ KLJK DOJDO FRW QW VU \SARHAHHEP RGBS @ QX P PHMWALRRSRHV IRU $KQDS

DQG DOO )R[ 5LYHU VDPSOHV WKHUHIRUH RWKKHRRPBWULNBRWYY IRU WKHVH VLWHYV H[FOXGHG

Overview of Benthos and Plankton in Lower all three seasons in 2012 and 2014. In 2014 only, dredge sam-

Green Bay and Milwaukee Harbor SOHV IRU EHQWKRY ZHUH FROOHFWHG D
in Green Bay in all three seasons. Assemblages of benthos and

$OWKRXJK VXEVLWHV LQ ORZHU éﬁﬁ%&MQ +§HUHY FlﬁfchUHG DPRQJ WKH

%D\ +LVWRULFDO 6XEVLWH =+ >KHUi—r|‘ ﬁvﬁkﬁ%%g’wwﬁvgbe%“m ss and

*UHHQ %D\ +LVWRULFDO 6XEVLWH > UHHMW‘H\U Ql-CﬂH"(?uH@ Kg ORZHVW |
30 ‘@ *UHHQ %D\ +LVWRULFDO 6XE\] WabH hQH/%J[b\ WHYV WL
WR DV 3*% ‘@ *UHHQ %D\ +LVWRULFY cYVE'é'%Q@%ﬁHDQ Y LE)Q GLYHUV
UHIHUUHG WR DV 3*% ‘@ DQG *UHH 2Ly UHG WR DO
>SKHUHDIWHU UHIHUUHG WR DV %% '” "f_af? W%tﬁ”qf" Semg'?geﬁ

ERU 0,/+ ZHUH QRW LQFOXGHG LQ dFIWm tg'ﬂ% m{*/pgpggegv .

coological ataessment of the benthos and plankdon that can s KH )RI 5L werue N% ZDV HDVW RI WKH
9 P ®"DQQHO RQ D VKRDO ZHVW RI 3RLQW $

used for BUI evaluations and comparison to historical studle]s_, DWHULDO ZDV GRPLQDWHG E\ VDQG $¢

at the AOCs. *UHHQ %D\ VXEVLWHV ZHUH GRPLQDWHG
ZDV GRPLQDWHG E\ PLGJHV LQ WKH VSU
Lower Green Bay than 61 percent) and by zebra mussels in the fall (58 percent).

*% ZDV DOVR GRPLQDWHG E\ |JHEUD PX"
:LWKLQ WKH /RZHU *UHHQ %D\ DQ &%)R[ZDBLVY 8 B FLE&DIWthE diams in the fall. The
VDPSOHV IRU EHQWKRYVY GUHGJH RQ®12PQ@GLQ G DRINWH® W KD W RMRCOHWHHF WHHIBH  (
IURP *UHHQ %D\ DW RQH VXEVLWH *eihic@dddnblagBs@dieced & GBRLIQAMMpagson to all
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Table 11. Richness, diversity, and density values for

o KR U P H}L XuddHilud limnobiuds an indicator of mod-
benthos collected by dredge at Green Bay subsites in 2014.

erately eutrophic conditions and it is tolerant of moderate
>%HQWKLF VDPSOHV ZHUH QRW FROOHFWHG legels of pgjlgtieny/d\PEUR 6 JHLODPE o R W PIH Z\RW B GLZ L G
ZHUH FROOHFWHG LQ *5(( /RZHU *UHHQ Y@L VYWEYLENXWWRQUHMQR FDQ EH ORFDOO\ DEX
ZA;/D\ +*LJ/|.\|NHRU|§/FDRO+ fév'f/\éb\’l\_’EDé 6;?VLV’\;L¢HH9 % BR\its Y %Hlbﬁatg(léiéﬁd‘% Holerance to pollution, salinity,
G;EVLWH © *O% *UHHQ %D\ +LVWRULFDO exél(}qw %it'?ophkoy\"‘ﬁ)}"p'e edffophic” conditions (Bode

KHUV 5RGULJXH] DQG 5H\QRO
RQ $126,0 DQG 6,03(5 UHVXOWYVY WKH UHP|

Season Richness Dyersﬂ;i Density sites can be placed into 2 general groupings: GB03, GBO05,
GREE subsite DQG *5(( KDG VLPLODU DVVHPEODJHV DQ!
Spring 21 1.22 15,740 VLPLODU DV YV HPREADP ThtWVenthit assemblage
Summer 15 1.72 14,082 LQ WKH )R[ 5LYHU ZDV PRVW VLPLODU WR
PRGHUDWHO\ VLPLODU WR *% 7KH EHQW
DOO 22 1.81 10,115
) . ' ZDV PRVW GLUHUHQW IURP *% DQG *%
GBO3 subsite )2;:5 DQG *% ZHUH PDLQO\ &¥adictWKH ROLJ
Spring 23 2.23 9,165 ura sowerbyandAulodrilus piguetiand the midge species of
Summer 26 218 10,510 the genuryptochironomusAll three taxa are highly tolerant
RI SROOXWLRQ %DUERXU DQG RWKHUV
DOO 26 1.92 8,546
) . : 5RGULJXH] DQG 5H\QROGVRQ "Lu
GBOS subsite )2:5 DQG *% ZHUH PQddQadyta@sdsH W R
Spring 24 2.23 7,653 JHEUD PXVVHOV DQG LEe&Dtaiyadustss?7 XEL ¢ FL(
sSummer 18 207 13.316 PRGHUDWHO\ SROOXWLRQ WROHUDQW DQ
considered to be highly tolerant (Barbour and others, 1999).
DOO 17 1.77 12,105
) . ' 6DPSOHV IRU EHQWKRY ZHUH QRW FROOH!
GBO8 subsite VR FRPSDULVRQV FRXOG QRW EH PDGH EF
Spring 9 1.30 8,903 $W WKH RQO\ *UHHQ %D\ VLWH ZKHUH ¢
Summer 1 0.96 12,015 ZHUH VDPSOHG *5(( QHLWKHU WKH ULFK
RI ]JRRSODQNWRQ GLUHUHG EHWZHHQ [
DOO 11 0.94 9,388
) . : GHQVLW\ ZzDV KLJKHU LQ , Q WKH (
GB16 subsite URWLIHUV WR SHUFHQW ZLWK FRSHSE
Spring 14 1.52 8,852 overall. The rotifelSynchaetazDV GRPLQDQW LQ VSULC
Summer 12 1.61 5,370 SHUFHQW IROORDZSbeGhrE\/ulg’a_msm URWLIHU
)DO O 13 108 7.003 summer 2014 (17 percent), and copepod nauplii in fall 2014

(23 percent). The rotiféferatella crassaZDV VHFRQG LQ GF

GB17 subsite nance in spring and fall 2014.

Spring 7 0.30 5,772 The richness, diversity, and total density of combined

Summer 7 1.36 1,594 SK\WRSODQNWRQ DW *5(( GLG QRW GLuHU
EXW WKH WRWDO GHQVLW\ ZDV TXLWt

)DOO o 1.48 4z HDFK \HDU , WK H GQRPLQDQW JURXS

I5LFKQHVYVY ZDV FRPSXWHG DV WKH QXPEHU RI X@/LﬁXH gPI[QFLIQd\WH Z’EWI,@I-WKH KLIJIKHVW DE

“Shannon diversity index, calculated as_log 'LDWRPV ZHUH VHFRQG LQ DEXQGDQFH

*Density values are in count per square meter. seasons. The cyanobacteritfanktolyngbyazDV GRPLQDQW

in spring and fall 2014 (35 and 28 percent, respectively), and
AphanocapsaZzDV GRPLQDQW LQ VXPPHU
RWKHU *UHHQ %D\ DQG )R[ 5LYHU VLAHPRPRQAHDQ GRPVYDMICAHULY W XPPHU DQG II
EHWZHHQ DVVHPEODJHV LQ *% D Q GrolfuceiMirrveystis derugifbbiéRll b 22 \pdda@r®), and the
JR[ 5LYHU VLWHYVY UDQJHG IURP S Htoxhb@dkicer-Rnabaeié Rade Go-bubEree@ Wf the total algal
*% DFFRUGLQJ WR D 6,03(5 WHVW GHL@BIHNVNY SFYBVLRIJWKH $OVR LIQQ IDOO
genusCladotanytarsusccounted for the most dissimilarity SURGXFLQJ DOJDH ZHUH SUHVHQW DW *5(
among all sites, explaining 5.9 to 11 percent of total dissimi-abundance foAphanizomenon issatschenkoidPlanktothrix
ODULW\ 5HODWLYH DEXQGDQFHV RIThesE teBultB dndardd@evthélfighty ButrQpiGcharadtéirof
SHUFHQW RI GLVVLPLODULWLHV EHW HIQHY DD VALMPKE O/BXHH M A®H @ FRQFHUQ RI
DQG DOO RWKHU VLWHYV 'LVVLPLO D Ulooms Nuch-hyghey oA déikirabovisAticP desndMicfoZ H U H
DOVR FRPPRQO\ GXH WR GLuUHUHQ F HYstis @rwikesab K X QG D Q POV VRIIDW IR RN UJID@D D\
midge taxaRrocladiusandChironomu$ and oligochaete taxa FDWH WKH )R[ 5LYHU DV D SRWHQWLDO VF
LPPDWXUH 7AuBdrgus limhbliilsandLimnodrilus  to Green Bay. As an additional indicator of nutrients in the
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Similarity

3

Figure 8. Multidimensional scaling ordination plots for the benthos collected by dredge at the Green Bay and Lower Fox River Area c

Concern, based on relative abundance (fourth-root transformed) with no rare or ambigudysSeasons combined; aBjd seasons

separate.
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YR[ 5LYHU DQG *UHHQ %D\ awdhtenPadDQ FKORWRBR\DQ SRVVLEO\ UHAHFWLQ:
WLRQ ZDV —J/ LQ *UHHQ %D\ FRPSDBNMGKWRLQ —J 7KK WHKHKQHVV RI GLDWR
IDOO DW WKH )R[ 5LYHU VXEVLWH )21R ([FHEZVWKXWQ LHYHUWDW IHRP WKH  FRPSE
ZDWHUVKHG KDYH EHHQ D GHFDGHYV DRQU LFK@AHUQRIRU WKHLE2 & DQGQ FRQWU

WKH ZDWHUVKHG VRIW DOJDH ZzDV QRW GLUHUHQW EHWZHH

GHQVLW\ RI FRPELQHG SK\WRSODQNWRQ

. \HDUV ,Q GLDWRPV ZHUH GRPLQDQW
Milwaukee Harbor cent). Green algae became dominant in the summer (44 per-

%HQWKRV DQG SODQNWRQ LQ oLOZDXNMHHRPYREUHCZRUFLODWRPYV DQG WKHQ
sampledatonesitenearthemouthbytheUSGSstreamgag% FDPH GRPLQDQ\_N D_‘]DLQ LQ WKH IDOO
OLOZDXNHH 5LYHU DW ORXWK DW 0L 89 R8pa-Althopgp abgeyy in gppng gnd summer 2014, cya-
,VODQG 86*6 VWDWLRQ YR U BODSHRIR REGAMALRMMER e BJaiggiRgnuis ZD V.- W K H
QHVV GLYHUVLW\ DQG GHQVLW\ RI BIEem Pi%at@ﬁ'%t{)@r%&é"@ﬂv%Q/'%HQB’@OWPSSOC"
WKH ,%, GLG QRW GLuUHU EHWZHHQ DW LWK @DEDYUD WHQ\GHXWURSKLFE FRCQ
PHDQ ,%, DFURVV \HDUV ZDV «  Syslestophanes ipvsiaiyg O WK HyRVW FRPPRQ GL
3ISRRU” FDWHJRU\ )RU GRPLQDQFH L% 2lkane fhig gerrigiaxenip RINAICHHf high nutrient

nditions (Porter, 2008). The dominant green alga in the sum-

chaetes had the highest percentages of relative abundance ﬁg N 4
97, and 69 percent in the spring, summer, and fall, respec- U SHUFHQW ZDV WdelsqgraidumH Q WR XV

WLYHO\ ZKLFK ZHUH PRVWO\ GXH WRSLPP®X ¥ WHZAEV ML QQHLPSREWR QW LQ V
PXVVHOV ZHUH SHUFHQW RI WKH DEXQGDQFH LQ WKH IDOO OLGJHV
comprised less than 10 percent of the total abundance. The
PRVW FRPPRQ PLGJHV DW 0,/+Di@- CBRIparisé@nm toiHistorical Data
tendipesParatendipesandCricotopus/Orthocladiusgenera
that are moderately to highly tolerant of pollution (Barbour Although many studies of benthos and plankton have
DQG RWKHUV 6LOW ZDV GRPLQRRQWQLERGH LBH®WHP WM PK/IFJDQ IHZ KDYH
ZKLFK YDULHG E\ VHDVRQ DQG \HDU Rl Hrdh&Wrs, B Wiokt $rhidde StidiesMardt con-
VXEVWUDWH ZDV D PL[ Rl VDQG D Q Giolht19 e dntakisPedtife®oréiaMtitdive BiRp2dn R |
clay (42, 38, and 20 percent, respectively). The organic carb¢'lh [RQRPLF UHVROXWLRQ DQG FKDQJHV LC
FRQWHQW DV HVWLPDWHG E\ 92, VDRERHY RRMU WHRFLQWHEKBBO\LMRU WK H
moderate relative to other sampled sites. SUREOHPV ZLWK XVLQJ KLVWRULFDO GDW
JRU JRRSODQNWRQ WKHUH ZHUH QBHCY WrDBMARTO EBWRVH Q; HOG FROOHFW
DQG IRU ULFKQHVV GLYHUVLWYWRAH GH QNG LW Op/ge IF¥poLw\ DVVXU
2014 only, although rotifers dominated the assemblage in the\SURFHGXUHV DUH QRW DOZD\V UHSRUWHC
spring and summer (76 and 98 percent), zebra mussel veliggtsy\w ZHHQ WKH FXUUHQW VWXG\ DQG VRPF
GRPLQDWHG LQ WKH IDOO  SHUFHQMe, akdthes&cdriiariRdhddicaddre¥delt foixRH AOC in
SDWWHUQ WR 0,/5 WKDW \HDU 7KH RRVI B EXQR R @Y H RYEHEW W 0'HhwD FRPS
LQ VSULQJSynchae@YV SHUFHQW IROOREZHGFR\ RWKHYH GLVFXVVHG ODVW EHFDX
rotifers, and less than 1 percent consisted of nonrotifer taxa;ncjuded.
The rotiferKeratellacrassazDV GRPLQDQW LQ VXPPHU
S H U F H @Wchagtadtkind (20 percen$ynchaeta ) )
ZDV DOVR GRPLQDQW LQ VSULQJ Benthig Assemblage KompadsonsHx Qther
VHO YHOLJHUV ZHUH QHDUO\ DV DEXS{lik@W DQG WKLV UHODWLRQ ZDV
RSSRVLWH LQ WKH VXPPHU ZLWK JHEUD PXVVHO YHOLJHUYVY EHLQJ WKH
most abundanKeratella crassazDV GRPLQDQW L Q |Dnahe current study, the predominant benthic taxa in bot-
and zebra mussel veligers comprised nearly a quarter of theWRP VHGLPHQW DW DOO VDPSOHG VLWHYV
overall abundancé&ynchaetas a pollution-tolerant rotifer oligochaetes and midges. The richness, diversity, and den-
that is common in the Great Lakes and has higher abundancéd W\ DV ZHOO DV WKH SROOXWLRQ WROH!
LQ WKH IDOO WKURXJK WKH VSUL Q J amiirg Gites.DMMtiple indeipdéh Salrtigtindié s<dutihly thHe W 0s
F R R Rerhtellais a common rotifer and several species canD Q G V RI WKH /RZHU OHQRPLQHH 5LYHL
FRRFFXU LQ WKH *UHDW /DNHV *D Q @&h@ntbd3 &s gr¥déhinanilyJpbhution-tolerant oligochaetes
Stemberger, 1979). DQG PLGJHV ZKLFK ZHUH ORZ LQ DEXQGD
7KH ULFKQHVV RI FRPELQHG SK\WRLS/OKW @& NVWKRQHBW PH OQOWZBKHPLFDO FRQFHQ\
higher in 2014 than in 2012 because of higher diatom richne$sW UDWH :LVFRQVLQ 'HSDUWPHQW RI 1DW
LQ KRZHYHU ODERUDWRU\ SURFHMVALLQ (YPWRE XKDBEK EZ L & BW\DK H X O\ DV F
GLDWRP VDPSOHV IURP 0,/+ PD\ KBS B URMRRHNUN. ERX WL B @&/ XMRD O/ KIHW R XUFHV DQ
GLUHUHQFH $OVR VSHFL¢{F FRQGXFRIDIIAMXW @ ,3H\ZRXUKHM HU ,Q WKH FXU
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ZDV SRRU DW 0(1, DQG RUJDQLVP G Hdalactedin GreerzBayin 2@ RahHidbxag&na@ HDUH IRX QG
DOO QRQ $2&V LQ DQG SOWKRRIKUPABQ\ WD [BWDABLOHY LQ $ UHWXU
pollution tolerant, the dominance by taxa other than oligo- VLJQDO LPSURYHPHQW WR WKH EHQWKR
chaetes and the common presence of the Blaidiumin all 5LYHU $2&
seasons in 2014 are good results for MENI and may indicate ~ Comparisons across years for benthic assemblages in
that conditions are improving. WKH 6KHER\JDQ 5LYHU $2& DUH GLVFXOV
%HQWKLF LQYHUWHEUDWHY RI *UKB QH%DHNHD@ G RYXKH )RYBREHMUQ '"HSDUWPH
KDYH VKRZQ LPSURYHPHQWYV ZLWK WQIR)HA S1@@ysn Z8Wudihy di2d@E&sartgleslidurdQnvshature
UHPHGLDWLRQ HuURUWY EXW UHPDLQ7XEQHRDYDMH BRRRIURFKDE WHYV PIDVGMRXE P
FDO VWXGLHV RI *UHHQ %D\ LQGLFD®HGWKKB VD \ZKHRE OIDMW D WVPHHR/NY\M G KIDE R\
WKH IDOO DQG ZLQWHU + WKH Eah@analyRe¥ oRd sithsetbf thRse itésHietepmB&\that there
KDG IHZ SRSXODWLRQV RI ROLJRFK DANJHHV MDXQ/GV P 7 R Hivs bt FrRLSHSRAG 12 HH LENRE/D MU L
WKH PRXWK RI WKH )R[ 5LYHU :LVFRdd@usSaark EWS &iviroRrmant\@dhsultBng, Inc., and
Water Pollution and others, 1939). In the early 1950s, Surbelational Oceanic and Atmospheric Administration, 1998). In
and Cooley (1952) found a large increase in the abundance W KH FXUUHQW VWXG\ LPPDWXUH 7XELygl
WKHVH WZR JURXSV RI LQYHUWH E U Dnwrel tian 8X e EEéhtUofEn@ Ien&ik Rv@ritebrates in dredge
KRZHYHU %HUWUDQG DQG RWKHUV VDP SIGCHIL BOWGHE W KIKW VHBPURQD@J ROL.
GLUHUHQFHYV PD\ KDYH DGGHG WR Wik the ®letaHt $pe e H K RLUGP HARS\ZISDIQF2014,
EHWZHHQ WKH WZR VWXGLHV %HUWKIDIX® \DWR RHWIDKW LPPDWIKULH K XEL¢FLQ
ZDV DOVR IRXQG LQ WKH FXUUHQW WIWahG38 geteehivdf ReXBEnthE X Ghe spXindR sulvhieH and
IRZHU *UHHQ %D\ DQG )R[ 5LYHU $ 2 &allReszGivelyKardd Eel ligiykidtevany RR G P H IZ\DW H U L
EH ORZ LQ GLYHUVLW\ DQG SUHGRPLIQDQY OWKHRBERRYYG RW WROHRJIFKDHWH IR
DQW 7XEL,{FLQDH ROLJRFKDHWH ZRUFRPBERCGHBLEBHBW KIRONGHG MRG GLuHU 11U
RWKHUV %DOFK DQG RWKHUV parisopHiesitvaD DL, addithe DerBic@s3etblage (3 expected
&RQWURO $GPLQLVWUDWLRQ + R R LICPCGEHUR DK G LHKHWIRRH EHFDXVH VHGL
, QWHJUDWHG 3DSHU 6HUYLFHV ,QF completediXROEHU DQG &RROH\

:LVFRQVLQ '"HSDUWPHQW RI 1DWXUDRUSWYXRXALFHAD XNHH (VWXDU\ $2& EH
Wisconsin State Committee on Water Pollution and others, QRW VHHP WR KDYH LPSURYHG LQ UHFH
1939). The change from rocky to soft, silty bottom substratesnent remediation is still in progress. Benthic studies in the late
DORQJ ZLWK LQFUHDVHV LQ WR[LQV DQWGDL@FE HDDMHYV LY ORXQR\ORQ GLYHUYV
HYHQWY LQ WKH ORZHU )R[ 5LYHU DGR C@XVW\RL R R 2M R C*RUHH@WHOW D (PHBULP D U L (
WKH ULYHUYV PRXWK ZDV DFFRPSDQZBXNEHHDDRKD QHR RMRWKH &EHWQHWKRW KD W
from a mix of tolerant and intolerant taxa, to mostly tolerant FRQWDPLQDQWY SRRU VXEVWUDWH DQC
taxa, to a lack of even tolerant taxa (Balch and others, 1956)nadequate food resources (Wisconsin Department of Natural
7KH UHVXOWY RI WKH FXUUHQW VWXEHWRXIUFBIWKRZHG SU®WHMUNIOR\RQQIWKH
FKDHWHY DQG VHFRQGDULO\ PLGJHWNWXBW DWWRKMHXY RZHRQWH®EO @ ZIDN K KL
VXEVLWH *% D VDQG\ + SHUFHQWZ GAXNVROY HGNRIQEHY FRQFHQWUDWLF

DQG RWKHUV E VLWH ZKHUH PLGRH YDAHXUIUHD G RFFH\QRDXQMWF HDWQ G ,Q WKH FX
HLWKHU ROLJRFKDHWHY RU SHD FODGPLVY BAYH YV HWAXEDGR BIRZDEXW LORWS ORQHU W
DQG VXPPHU % X U UR ZHegpgeR@ \ A\ QddisdN &ites, almost complete dominance (86 to 99 percent)

ZKLFK DUH UHIHUUHG WR DV 3¢ VK ALF\VR GRUI RAKHDHHQV $6\D \Z B VHNR XKEH RQ GUHGJ
DGXOWY ZHUH RQFH DEXQGDQW LQ WIH WXNHRGEXNMWGHFDL QH® RPRE@®HH 5L
increasing pollution (Surber and Cooley, 1952). In 1938 and WKH OLOZDXNHH +DUERU O0,/+ +LJKO\ V
1939,Hexagenia ODUYDH ZHUH IRXQG LQ ORD[@PHRONUW IGRPLQDEUM EOHWKHVH- VDPSO
VDPSOHV RI /RZHU *UHHQ %D\ :LVFR&iNgtiat he/dadbf ghBde Bdsénilddes has changed little
RQ :DWHU 3ROOXWLRQ DQG RWKHU Vover recent deeddés. PD\ALHYV ZHUH

also collected at 16 of 51 stations in surveys of Green Bay $W VHYHUDO $2&V WKH +' GBWD IRU
E\ %DOFK DQG RWKHUV EXW ZHUH QW OAWNXEE) HZOAUFHR BROMHFMWHGEE LTXD QW L W
ODWHU \HDUV %DOO DQG RWKHUV ITURPLWKRIQVLEY) %WESDLQVAHJQWOR*:'15@ DQ
IDWXUDO 5HVRXUFHYV HexdgemaK H FX3UIKHDOQWL FV W KRR RQLWRULQJ /DERUDWRU
ZHUH IRXQG LQ RQO\ LQ GUHGJH D\ PeSADHHYWH QMR BROQ WIBQ XQ SXE GDWD
LWV WZR QRQ $2& FRPSDULVRQ VLWMMEBRY B QP W&2FVDIQQERP +' VDPSOHU GIL
WKLV WD[RQ ZDV IRXQG LQ LQ RQO\ WK SBH W RA SWOKKN FXQ WK@®W VWXG\ ZH
PHU +' VDPSOHV IURP WKH ODQLWRZRB G VWUG\0SDOXBRSIRUQE' UHODWLYH DE
VLWH DQG WKH 6KHER\JDQ 5LYHU 6&ollekied iy ABigeLapd Dinick/(P011) @iBg kiRildd methods
IDOO GUHGJH VDPSOH IURP 0(1, QR nedPRSarHa/AOR ldcdibh® itkeRsiminiét oriall of 2003
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DQG RU OHWKRGV XVLQJ +' VD HmSI938 bnd 198D faviKdH oBp¥adktbh €yl as rotifers and

VWXG\ ZHUH EDVHG RQ PHWKRGV GHFIFRUWEHGXVQ BHHMHQEVDAHU H RKVKND © O\ SUH YV
(2011), and the same laboratory processed both sets of sangonsin State Committee on Water Pollution and others, 1939).
SOHV $126,0 WHVWV GLG QRW L QG L EBEwtddibsgn the [128ad fetiiFdtifeér abQndant® MgKer than
DVVHPEODJHVY EHWZHHQ VXPPHU DQ® KDWORV DRRGIOHHY RREBUW K H XAXWNLDIHHDA V LQ
VWXG\ DQG WKLYV KLVWRULFDO GDWDVHWQ DG GILWKRRIH ALQ E IRA/QK-HHUX/D V | DX @
EHWZHHQ WKH WZR VWXGLHV IRU P H8384h). frva siueybf Wrkdn Bay Andl bedr th@ Rauth of the

QHH 5LYHU $2& WKH :HLJHO DQG 'LP)FANSLYHUVXWPPHH SK¥W RSODQNWR® IRXQG L

VFRUH ZDV IDLU LQ ,Q WKH Fcrndin St@enConmities on \Wader RalliRiohHkhvd aihwrs, 1939)
0(1, ZHUH YHU\ SRRU LQ VSULQJ DQFEOXGSERBRRRV\POIXPIPHWRPY DQG F\DQRE
DQG IDOO LQ ,%, VFRUHV LQ tZeHayik produ&RR&ANizdr@nansiten sQryeys found the

and summer and 15 (very poor) in fall. At the Sheboygan plankton to be dominated by cyanobacteria and small crus-
5LYHU $2& WKH SHUFHQWDJH RI (37WREBHPQEXEBWERDXLWK I WWROH IRRG YDO

PHU FRPSDUHG ZLWK VXPPHU D @Ediedd the plankderingtimed980s found green algae
ZKHQ YDOXHV ZHUH OHVV WKDQ SERIF H@QMQ W KDHV SFHXUFKH QW D JBIHRIIFEBQW L Q W
LQGLYLGXDOV ZDV SHUFHQW LQ VKIPPUHUHQ % DX Hs ISHKUAFIH@Q W Q GHRWKH UV L

RI LQVHFWYV SULPDULO\ JDWKHUHU WVUSH LOQEHPW\EUDDRXV\SHOF HEOIWH. QUVW IR
FRPSDUHG ZLWK VXPPHU DQG IDOO DQGZEHBDPHOXEXQGHHW 'H 6WDVLR D
W R SHUFHQW DQG ZLWK YDOXHV7K®ILU KWXH S HWUHWORYHUQG DELOLW\ WR
/IDVWO\ ,%,V IRU DW WKH 6 KHER\UQ QVK|Hy B D\$RR UAZHHOD WIHK HUWK D FKDQJH
than for 2003 but still very poor at 10 and 15 for summerand® OJDH WR F\DQREDFWHULD ZLWK ODUJH
fall 2014, respectively, compared to 5 in 2003. Metric val-  of cyanobacteri&dnabaenandMicrocystisand an increase in
XHV ZHUH VLPLODU EHWZHHQ D Qtlee biovolpnwg apd chlorgpRyA | pikytoplankton (De Sta-
WKH ,%, IRU VXPPHU ZDV | D L Usio ang Sieig,-RLd. dn\the purrenksiudy at the Green Bay
of higher richness from insects. Weigel and Dimick (2011) VXEVLWH *5(( WKH NidDoQsREabrEgmosd) L X P
VWDWH WKDW WKHLU QRQZDGDEOH tpmprised 2bandp pemanyof thettorrRdprsity ofpio+H
WR DQ ,%, GHWHUPLQHG DW XSVW U Hbrkton meummer andfalv2814 [ respectvRIEDoslisR Q V
EHFDXVH WKH ,%, WHQGV WR XQGHUN®RAQVWWHIWKZLYWK VR KLIKFX¥YWOLIDQW FF
ARZV VXFK DV WKRVH IRXQG G R ZQ Voxig ¢y@pbastariainchvdingprimzemeRrossatschenkoi
UDWH WKHP ORZHU ,%, YDOXHV ZL WYabgenya@Piapkteiimxalseiopntrimised 3o 6 percentafH G
as poor for a large river system (poor rating ranges from 20 t/ KH GHQVLW\ LQ DW *5((
KRZHYHU D ODUJH ULYHU ,%, PD\ QRWMHEH. D ¥ WHP WIRCDFRXUDWHKOW WKHUH .
rate them. A benthic IBI for river mouths and harbors may beW LRQ RQ SODQNWRQLF DVVHPEODJHV LQ
PRUH YDOXDEOH ZLWK WKH DG G LW L#&dnlatenpgbtications hayeobesmiendather than$ e $i
information for oligochaetes given their importance in these research completed as part of the current study and a study by
ecosystems and the range in environmental preferences. The OGV DQG RWKHUV ZKLFK ZDV GRQH
large river 1Bl used in the current study includes oligochaetegrrent study using the same methods. Olds and others (2017)
because they contribute to the proportion of noninsects, but 'l RXQG RQO\ WKH GLYHUVLW\ RI WKH JRRS
QRW ZLWK UHJDUG WR WROHUDQFH RU(YX WKW LRRRDWYIINKROMZR QRQ $2& FRPSDU

0$1, MXVW DV ZDV IRXQG IRU LQ WKH

_ , 7KH DQG GDWD IRU SODQNWRQ |
Planktonic Assemblage Comparisons to Other NHH (VW XDU\ $2& ZHUH FRPSDUHG WR GD\
Studies WKH OLOZDXNHH OHWURSROLWDQ 6HZHUD

(ULF :DOGPHU 006' HOHFWURQLF ¢OHV S|
+LVWRULFDO VWXGLHV LQ WKH 203D Th&MMSD/cdliéted XobplahkRehtnd phytoplankton
OHQRPLQHH 5LYHU GLG QRW LQGLFDSHULRSDEDBHQ WUWRIP W K HWSKOUDRMN k LQ V
WRQLF DVVHPEODJH LQ WKH $2& ZL Vi ublrid YnSthidd$\faikly Binfldr @ Wd3é>Us€dinQhé durrent
except for zooplankton in the turning basin and the 8th Street WX G\ 6SHFL¢{FDOO\ WKH 006' FROOHFW#F
VOLS ZKHUH WR[LF HuHFWYV LQ ELR BO/MDNashpHHEikidn hBtXdQrepake@ to the &3\um mesh in the
WKH :"15 :LVFRQVLQ 'HSDUWPHQW RFXDWXQW O/ WXER XDIFWK YHUWLFDO KDXOV
DQG OLFKLJDQ '"HSDUWPHQW RI1 1D W XNWKH \BXHYIRXUBF IBK\WRS®P QEIMWWREY ZHUH FRC
ORUH UHFHQW VWXGLHV RI SODQDNRSRIHUQEWWHGHRIWK DBY MW VSHFL,HG
QHH 5LYHU ZHUH QRW IRXQG in the outer harbor and nearshore areas of Lake Michigan near
,Q WKH /RZHU *UHHQ %D\ DQG -)R[ BBLLOYHX$I2HH VERKMY SSODHONMLWH 16 DOVR F
WRQ DVVHPEODJH VWLOO UHAHFWV WKH HKMHFWVZRY SEPBGH® RQSRODRXRWLRQ I
EXW QRZ DOVR LV WURXEOHG E\ HQ/YDWKEMH $WHFEAHV URWMWRUVFDQGYPWRXSHSR G\
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]JRRSODQNWRQ SUHVHQW LQ VDPSOI—guﬁ-ﬁHa@,]andicoﬁ(ﬁwgiUhgv ZHUH
the dominant (59 to 75 percent) zooplankton in all seasons
DW WKH OLOZDXNHH +DUERU VXEVLWH £ benthos}fﬂ%gtﬁc\{iﬂ'\yéhedrg‘fgsyaq%d plankton
PXVVHO YHOLJHUV ZHUH VXEGRPLQQZ@ Iahk%nandp {3 nﬁtaﬁi\/ﬂ%fgc%r}éin’s4Areasof
DQG FODGRFHUDQV ZHUH RQO\ RLORURIERGHOHGWY RIoWEKRPYVEL jDq zHU|
EODJH ,Q Ry 20 i 5 B RO M BT SR A Mo stes
) X i edfter r a - in ! This
LQ WKH VSULQJ DQG VXPPHU EXW THRBrd: (tbfdd B ab FhGhbabEYYin 461 dhdWdiH! Thi
dominant (78 percent) zooplankton in the fall. With regard to,  \, IROORZHG E\ DQ DVVHVVPHQW RI W|
VSHFL¢F URiiallehgisstaZ [DV GRPLQDQW GXMEQ@JEXWLRQ RI WD[D DV ZHOO DV FR
* ZLWK V Syadhaetemttlla andBrachio-  yhe health of aquatic communities in those samples. Except for
no longer a dominant rotifer and the previouslysubdominantEHQWKRV GUHGJH DQG DUWL:FLDO VXE
WD[D EHFDPH PRUH D Byichee@MONgdW Jn tombined ph toplankton (soft algae and diatoms com-
ZDV WKH GRPLQDQW URWLIHU LQ VSHLEH® Qi NPPRIAS b U HEQ GuHOW LV WLF D O
VXPPHU DRG WRJHWKHU WKHVH ﬁMWZM%%é%%gW%ﬁs@ULWRDdWWWHv
common zooplankton to the dominant zebra mussel veligers  The status of assemblages of benthos and plankton at the

in fall 2014 (totaling 15 percent). At NS 28, the dominant $2& VLWHY DQG VXEVLWHV PD\ EH VXPPI
FRSHSRG WD[D GXULQJ + ZHUH "_ZbEAQRSRLG FRSHSRGV DQG

XQLGHQWL{HG LPPDWXUH FRSHSRGV2QDXSOLL DQG FRSHSRGLGV RU

FRSHSRGLWHV GXULQJ + WKH FRSHSRGV ZHUH SUHGRPL
nantly nauplii and the taxdBiacyclops thomasa cyclopoid ~ Lower Menominee River AOC site (MENI)
FRSHSRG 7KH FRSHSRG WD[D LQ ZHUH JURVVO\ VLPLODU WR

+ ZLWK QDXSOLL DQG F\FORSRLBeRBESRGLWHY GRPLQDQW DQG
FDODQRLG FRSHSRGLWHV VXEGRPLQDQW 8QLGHQWL:;HG LPPDWXUH

FRSHSRGV QDXSOLL ZHUH WKH GRPLQIRRWEFMBRbHELPIEChptdraVTVEROplarY (EFY)

DQG F\FORSRLG FRSHSRGLWHV ZHUH YoXdnBdRPer? ReRnbssloReovhBikkk Behthos dif-
DQG IDOO KRZHYHU DGXOW IHPDOHV RI Wik & \RORS RkH PRHIRES REWKH WZR
Eucyclopslegansand the calanoid copepé&ulirytemora VLWHV WKH (VFDQDED 5LYHU OLFK
DYyQIZHUH VXEGRPLQDQW LQ VXPPHU sPUSDRWLFRVG FRI$@ DQG WKH 2F
SRGV D EHQWKLF WD[RQ ZHUH ¢UVW UHSRBWHGLYRWKHWH >BRPS@H %RWK
LQ ORZ DEXQGDQFH DQG WKHVH FRSHSRGNUAHB R ZAUHWHK®Y WWH #FBDQ RI W
LQ DQG LQ ORZ DEXQGDQFH :LWKLD WIKHR OO GRFHBBO@VZHUH WKHUHI
Bosmina longirostrisZDV WKH GRPLQDQW WD[RQ LRREAPHIWEWKLY VWXG\ GLG QRW LQ
VDPSOHV DV ZHOO DV DOO VHDVRQV LQ (10 @GwWiBW uRb R COWRRI YDV FRP
in 2014.Ceriodaphnia lacustrisndDiaphanosoma birgei DQG VR UHVXOWV RI WKH FXUUHQW

ZHUH VXEGRPLQDQW LQ WKH VXPPHU D Q Gtatlhd @fthe postréRediatidrtt¥semblage.
UHVSHFWLYHO\ ZKHUHDV VXEGRPLQDQW WD[D ZHUH GLVWULEXWHG IDLUO\
evenly across all four taxa in the fall of 2014. * IR EHQWKLF PHWULFV GLUHUHG EHW

In the MMSD samples of phytoplankton collected near MENI.
0,/+ GLDWRPV DQG JUHHQ DOJDH ZHUH JHQH
DOJDO JURXS IROORZHG E\ F\DQREDFle)bnglg%\Pr% l\_ﬁllt ;a/:\:/d_a an \SIQWD[RC
GHSHQGLQJ RQ WKH VHDVRQ ,Q GLD g'ﬁ "GN EFE) Evﬁ\%K 5LGJ
JURXS SHUFHQW LQ WKH VSULQJ FU\SWRSK\WHYV ZH ¥ Lo
(50 percent) in the summer, and green algae (37 percent) and
F\DQREDFWHULD SHUFHQW ZHUH FRGRPLQDQW LQ WKH IDOO ,Q
GLDWRPV ZHUH WKH GRPLQDQW#'Hrﬁ(ﬁ] LQ WKH VSULQJ DQG IDOO
DQG SHUFHQW UHVSHFWLYHO\ JUHHQ DOJDH ZHUH GRPLQDQW
(44 percent) in the summer (primarkyebsormidiury, and « No metrics for zooplankton or combined phytoplank-

cryptophytes decreased from 30 percent in the spring to only WRQ GLUHUHG EHWZHHQ 0(1, DQG

SHUFHQW LQ WKH IDOO &\DQREDFWHde?npzdhgynl-git&%\lgoiBXQG LQ
VDPSOHV 'LDWRP WD[D ZHUH LGHQWL/HG LQ DERXW RQH WKLUG RI WKH

MMSD samples and, in those samples, dominant taxa varied ¢ Only the richness of combined phytoplankton dif-
E\ VHDVRQ DQG \HDU VR FRPSDULVRQV ZIMNWKHESHPLZAKQ DWRIPQWD[D DW 0(1
DUH GLVFXOW DQG ZHUH QRW DWWHPSW Highé£ i 014,
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e ,Q WKH JRRSODQNWRQ URWLIHUV ZHBH WKWERBREDQDNGWR QVDQR F\DQRED
nomic group during all seasons in 2014 at MENI. GRPLQDQW WD[D DW )2;5 LQ DOO VHL

) ) 6SULQJ F\DQREDFWHULD ZHUH PRV W
* In the phytoplankton, dominance varied by season at AnabaenaandMicrocystis aeruginosaandM. aeru-

0(1, WKH KLIJKHVW DEXQGDQFHV 'Rtéin'ééé\ﬁﬂ\&ﬁﬁ/’k\ B ¥ it W F\ADQREDFW
detected in the spring and fall, and the highest abun- DQG IDOO ZLWK PRUH WKDQ SH
GDQFHV IRU JUHHQ DOJDH ZHUH GH WgaFablidandeQrn¢ dohhinéreE &t Hdemful algae
XQGHUVFRUHV WKH KLJKO\ HXWURSK
) ) 5LYHU DQG LV D VI\IPSWRP RI ODUJHU
LOWGI’ Green Bay and FOX RIVGI‘ AOC—FOX RIVGI’ for h|gh concentrations of nutrients.

near Allouez subsite (FOXR)

Benthos Sheboygan River AOC site (SHEB)

« JRU RQO\ WKH (37 ULFKQHV\B&NthASPELQHG EHQWKRYV
GLUHUHG EHWZHHQ )2;5 DQG WKH PHDQ Rl WKH WZR QRQ
$2& FRPSDULVRQ VLWHV WKH $KQDBRABWVYLEVQIRY $FRPELQHG EHQWKRYV
FRPSDULVRQ VLWH >$+1$@ DQG WKHWAR REIHH2% FRBESDULVRQ VLWHV W
QRQ $2& FRPSDULVRQ VLWH >.(:$@ QR BRVYOBWVRQ VLWH >.(:$@ D
)2;5 ZDV KLJKHU 7KH KLJKHU (37 ULPRO@UWRLRFFSHEHU QRQ $2& FRPSDUL
WR EH IURP WKH SUHVHQFH RI WzZR P& X AYQuD[D LQFOXG

ing a highly tolerant taxon and a moderately tolerant  , 1R PHWULFV IRU FRPELQHG EHQWKRV

taxon. DQG DW 6+(%
* (37 ULFKQHVV ZDV KLJKHU DW )2:5.LQ| jk WKKOHRDQW LPPDWXUH 7XEL¢F
2012. ZHUH GRPLQDQW DW 6+(% DQG WKH k

» Multivariate analyses indicated that the 2014 combined /I.LPQRGULOXV KBUPMEKMVEHRPLQDQW P
EHQWKRY DW )2:5 GLUHUHG IURP WKUIRPHEPHE g2

comparison sites, mostly because of higher relative « 7KH EHQWKLF DVVHPEODJH DW 6+ (% G
abundances of three pollution-tolerant oligochaete WZR QRQ $2& FRPSDULVRQ VLWHYV 71
taxa. because the highly tolerant oligochaPtranaisand

« 20LJRFKDHWHVY ZHUH E\ IDU WKH GRP\ivél_Bng{bEgﬂleB[FEé% @%S\TVUDHWD\flﬁaGV\?ZQRW
JURXS DW )2:5 LQ DQG VHGLPHQW, kP4 FehehiHh/Rdkrant midgiyptotendi-
ZDV RQJRLQJ GXULQJ VDPSOLQJ pes ZDV DEVHQW RU QHDUO\ VR DW 6+

mon to abundant at the non-AOC comparison sites.

Plankton

)RU JRRSODQNWRQ LQ RQO\%'%%(EPDW\ GLUHUHG EHWZHHQ

)2;5 DQG WKH PHDQ RI WKH -WZR QR&@Z&Q|§§8§ MWRO LO RQO\ GLYH !
VRQ VLWHV )2;5 ZDV ORZHU DQG WKENWAHMKP W+kQ@ DFE® WK PHDQ RI wk
WKDW WKH DVVHPEODJH RI JRRSODQNMWRY PW/ RrEG SVERYV GLYHUVLW\ ZDV

degraded relative to the non-AOCs. ZDV UDWHG DV GHJUDGHG
* JRU JRRSODQNWRQ LQ URWLIHUVE RAYHHY YK HE RRPORRPY DEXQGDQFH RI
WD[RQRPLF JURXS LQ DOO VHDVRQVIPYE)IEXPPHU VDPSOHV RI ]JRRSOD

OHWULFV IRU FRPELQHG sK\WRSODQ@QE8”??‘?_'ée"éeﬁs\ﬁ/o'@rlabeﬂﬁpundame'”fa"
EHWZHHQ )2:5 DQG WKH WZR QRQ $2% FRPSDULVRQ
sites. - )RU FRPELQHG SK\WRSODQNWRQ LQ

HG EHWZHHQ 6+(% DQG WKH P!

GL
7KH FRPELQHG SK\WRSODQNWRQ DVVME%%EOPS%S)
GLUHUHG IURP LWV WZR QRQ $2& FRPSDULVRQ VLWHV 2XW

RI DOO IRXU $2&V H[DPLQHG WKLY ZDW RKWH RQUH WE&H GRPLQDQRW DOJDO
ZKLFK WKLV ZDV WUXH SODQNWRQ DW 6+(% LQ
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Milwaukee Estuary AOC—Milwaukee River « $W 0(12 LQ GLDWRPV ZHUH WKH
: : - QRPLF JURXS LQ VSULQJ F\DQREDF
Sl\ljleSI\lltg(MlLR) and Menomonee River subsite 'O VXPPHU DQG JUHHO DOJDH ZHU
( ) ,Q VXPPDU\ IRU EHQWKRV RQO\ WKH
5LYHU $2& GLUHUHG IURP LWV WZR QRQ

Benthos the density and richness of taxa in insect orders Ephemerop-
WHUD 30HFRSWHUD 7ULFKRSWHUD PD\A
« $W 0,/5 LQ RQO\ (37 GHQVLWGEIRWLFHRPELLRHEHRPELQHG EHQWKRYV GUHC

EHQWKRY GLUHUHG IURP WKH PYDRSRIHW KAHWHROKRRQ B DWW WKH-$2& )RU
FRPSDULVRQ VLWHV 0$1, DQG W&BJIJHRRM G LURRY QRINWRQ DW W-KH )R] !
$2& FRPSDULVRQ VLWH >5227@ VIDMM LOQ/WEBVRZHU *UHHQ %D\ $2& DQ(
KLIKHU OHVV GHJUDGHG KRZIBYHHU W& HURR KAHH (37 VGAHR) QRQ $2& FRP
VLW\ DW 0,/5 PD\ KDYH EHH®@ EHRBR$OVHD RNWRIK Z0H/QVRZHU DW ERWK $2&
WLHV RI D SROOXWLRQ WR OH U bepthosrpdEanbingd pitytaplankten (soft algae and diatoms)
DW WKH 6KHER\JDQ 5LYHU $2& GLG QRW
* At MENO in 2014, only the total density of combined ¢ 2 g FRPSDULVRQ VLWHV KRZHYHU WKH
EHQWKRY GLUHUHG IURP WKH PH®Q RIzWY¥ H WZIRUQIRW WX& 6KHER\IJDQ 51
FRPSDULVRQ VLWHV DQG LW ZIWZRLIRBU$ 2@HARPEBHUIUDRH G/ LWHYV
DW 0(12 7KH KLJKHU WRWDO GHQ Mla¥¥dsdméhtddfle2olddicdl status, it is important to
because of higher densities for oligochaetes, espe- FRQVLGHU WKH HuUHFW WKDW DQ LQYDVI
cially some taxa that have a high pollution tolerancemussel can have on the benthic and planktonic assemblages

included in the current study. Thou%'h seldom a component of
* 7KH EHQWKLF DVVHPEODJHV DW fR BREWKRY Gl WRIWG vHGLPHQW [HEL

IURP WKH WZR QRQ $2& FRPSDULKNKRQ NVWHY EXYHPSOHUV DQG WKE
RI' GLUHUHQFHV LQ WKH UH O D Wig§etoRFoiddt@RHe biEhktoR in thé&iriiirath2 @heboygan

taxa. Pea clams, a tolerant oligochaete, and atoleragty yHU $2 & DQG DW WKH OLOZDXNHH 5LY
FDGGLVA\ ZHUH IRXQG LQ KLIKEB ONEXKIR G\PRXBUR W 2R,/ 2WKHU VWXGLHV }
D WROHUDQW ROLJRFKDHWH ZDYuHPVR E&Jd W& KHIKUIHHO BXRGCHPREHR] 5LYH
DW 0(12 EXW DQRWKHU ROLJRF KOKHHWHDD Q GWIX B HGRIHHAIHHBERY WKDW DQ LQ
absent from MENO. reduce values for metrics such as richness, diversity, density,

DV?G LQGH[ RI ELRWLF LQWHJULW\ ,%, |
© 7TKHUH ZDV QR GLUHUHQFH LQ PHRWY RO GHWFANERFLHWPR®Xx06 EH VHSDU

IRU FRPELQHG EHQWKRYV DWy,0y/c3nfiHinftich %r remediation and could hinder or even
prevent the ability of ecosystems to recover after remediation
HuRUWYV

Plankton The non-AOCs selected as comparison sites in this study
ZHUH VHOHFWHG EHFDXVH D WKH\ ZHU
* 7KH WRWDO GHQVLW\ RI |RRSODQNWRRDRFKkDYBN¥WHARMWPKY 0DQG XV
0,/5 WKDQ WKH PHDQ RI WKH WHR@ROSEBWRPWRUWKH $2&V E-WKH\ D
VRQ VLWHV VR 0,/5 ZDV UDWHGORYH-RIVDGH @ LRWLSHQ YKWMUH WKH $2&'

1R PHWULFY IRV JRRSODONWRQ BUTHTAT BEYRTHR IR WREY oo =)
WZR QRQ $2& FRPSDULVRQ VLW{HNGy § ,QGLQJ RI QR VWDWLVWLFDO Gl
« )RU |RRSODQNWRQ LQ URW L B ¥ 220 Y HWERBY oO'GW LWt DQG WKH WZF
0,/5 DQG 0(12 LQ WKH VSULQJ DFERE ngteaipat t #E‘ﬁ‘lﬁorP'a”kton'cassemb'ageata”
PXVVHO YHOLJHUV ZHUH GRPLQ WY@WW)—EIW&@%WOL%VRPH DVSHFW
EXW ZHUH DEVHQW IURP 0(12 &RIHRRSY& Y WdpRY VXEVLWH ZDV ORZH

ZHUH WKH GRPLQDQW WD[RQRPBQ\J;{,%\%%E%\, &\%%8%%‘%%28&2\%?53

MENO. WKHPVHOYHYV WKLV SRWHQWLDOGO\ VXS

YRU FRPELQHG SK\WRSODQNWRQWLRQ DV ip\WQ Ubi2Ry V& WHQRWM RUWXQDWHO
GLUHU IRU 0,/5 RU 0(12 IURP WK BHDWVRE BT W XRR GLVFHUQ WKDW DC

non-AOC comparison sites. QRQ $2&V KRZHYHU WKH ZHLJKW RI HY]
PHWULFV UHSUHVHQWLQJ WKH DVVHPEO
« $W 0,/5 LQ GLDWRPV ZHUH WKHHGRPBIOQDQWHWWERQW LQ WKLV VWXG\

nomic group in all seasons. ODUJH GLUHUHQFHY EHWZHHQ $2& DQG (
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PD\ LOQGLFDWH WKDW WKH $2& ZDV QRWOGHHWLQJ&RBNFWB DW LLHDQWO HRY RR5 &
Lastly, there are likely physical, chemical, and biological fac- - $ &RUFRUDQ + ) DQG +RNH-5 $
WRUV LQAXHQFLQJ WKH DVVHPEODJHWWK® R | D386 E H\RRPG WM IGH PHF@®WSM RV ROLJ
WKLV UHSRUW DV ZHOO DV EH\RQG WKRRFFREGHVRIQ$R & GHERUQWWRUROWYWG (HOG
,W LV FULWLFDO WR FRQVLGHU D YIRXUWHW\ORR IP HDNKHWHW \Z KOH)G BRIXDWLF 6F
SDULQJ DVVHPEODJHYV DW DQ $2& ZLWX RQH RU PRBHVYH\GY 1KRN HPIEEGKG/ GRLD
sites because some measures address only a single aspect of R U J I .
the assemblage. Use of structural measures that relate to the .
UHODWLYH QXPEHUV RI GLUHUHOW R¥BpBEVPYV & RIPH[DPSARYHLE¥KEHYVDQRG 5
diversity, and relative abundance) and functional measures 1995, Macroinvertebrate community structure and sediment
WKDW UHODWH WR WKH UROH RU SU HRPASSXJSHIE MR teqrshais alessef R ABay p v
(for example, environmental tolerances) is important in any FDQ *UHDW /DNHV -RXUQDO RT *UHDW /I
complete assessment of ecological status. An aquatic assem- QR S * >$OVRVDW Y O DEHOHRDW
EODJH FDQ FKDQJH LQ PDQ\ ZD\V ZLWRRXW D VLJQL;(;@DQW FKDQJH

LQ ULFKQHVV RU VWUXFWXUDO GLYHPYSWR ¥XNFKoBY KSR KRRV H WREHYBRW o
WD[D UHSODFH OHVV WROHUDQW WDTR RY, ¢KHQ7IUHHQ BAIERFUFB\® QR xa LA

bacteria replace diatoms. An IBl is a multimetric that com- Green Bay: Madison, Wis., The Institute of Paper Chemis-
bines structural and functional measures and may therefore (., 4nd the Wisconsir; Cor’r;mittee on Water Pollution, 74 p.
EH D PRUH HuUHFWLYH PHDVXUH WR XVH IRU GH,QLQJ GLUHUHQFHV RU

change. The benthic IBI for river mouths and harbors may b€&o DOO - 5 +DUULYV 9% DQG 3DWWHUVRC(
PRUH YDOXDEOH ZLWK WKH DGGLWLRQRR I5 LYRIRN/'IHR BHDUWH DWQRE "W RIB ) U% @Q\FAD W H U
information for oligochaetes because of their importancein  UHYLHZ ODGLVRQ :LV :LVFRQVLQ 'HSD
these ecosystems and the range in environmental preferencesSHVR XUFHV % XUHDX RI :DWHU 5HVRXUFH
for this large and diverse group of organisms. At present, there%o XUHD X RI )LVK ODQDJHPHQW >YDULRXYV
are no planktonic IBls for use in river mouths or harbors. ) o

These assessments at Wisconsin’s four AOCs along thdarbour, M.T., Gerritsen, J., Snyder, B.D., and Stribling, J.B.,
ZHVWHUQ VKRUHOLQH RI /DNH OLFKLIDQ S2PRHSGHRLE DHY RVR i@ W xTHRW RFROV
the current status of assemblages of benthos and plankton in ZDGHDEOH ULYHUV :DVKLQJWRQ & 8
relation to other rivers and harbors along the same shoreline. SURWHFWLRQ $JHQF\ 2vFH RI :DWHU (3%
$VVHVVPHQWYV XVLQJ D FRPELQDWLRQ R VRWFEYPS ¥R WLFV ZLWK

FRPSXWHG ELRORJLFDO PHWULFV DV, QR B & XO W b¥HD UL D Wih ® QRQ\WV HV
ZLWK DVVHPEODJH DEXQGDQFH GDWDZLDQAﬁ_HEPN\H—@Mgth FRW WWUH 80

DT_XD\_NLF DVVHPEODJH DW HDFK $2& ZWGQVW@?UI%QIW JUBBVW@FQ &EJH 3URJUDP
parison sites. Methods and results for the current study shouldyog

have application to evaluations of benthic and planktonic

assemblages in other Great Lakes river mouths and harbors%» RGH 5 : 1RYDN 0 $ $EHOH / ( +HLW]
6PLWK $ - 4XDOLW\ DVVXUDQFH ZR
FDO VWUHDP PRQLWRULQJ LQ 1HZ <RUN
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Degradation of Aesthetics BUI Results from 2015-2017 Volunteer
Monitoring Program
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The volunteer monitoring program resulted in completion of 1,416 total swy{490 in 2015, 562 in

2016, and 454 in 2017). A ranking system was utilized to assess overall aesthetic impedgsmand
guestions regarding recreational effects as a result of the presence of objectionable substances were
assigned a point value (Figures 1A and 1B). Volunteer monitors were required to rank the overall
aesthetic impression of the site as: very pleasing (rank = 0), somewhat pleasing I)ankuatral (rank

= 2), somewhat displeasing (rank = 3), or very displeasing (ranlkgx dyerall aesthetic assessment

score was also calculated for each survey that included adding the points for seven yes or ramguesti
regarding whether or not objectionable substances would prevent the respondent from recreating in
the water; if the respondent indicated that the objectionable substance would prevent them from
recreating in the water, a score of 1 was given; if the objectionable substance was not present or did not
prevent the respondent from recreating in the water a score of 0 was given. Mean overall aesthetic
impression and assessment scores were calculated for each site allowing the comparisons to be made
among sites (higher scores indicated a more aesthetically displeasing site). In additBowes#ealso
assessed individually by examining specific aesthetic parameters and calculating the percentysf surve
that were chosen as aesthetically displeasing (i.e. if yes was selected for invasive species in 3 of 4
surveys the percent would be 75%). Histograms were plotted to examine the aesthetingters

within each site and to compare the spatial trends across all sites and.year

In order to develop site-based management recommendations, several criteria for identifyingrproble
areas were developed to determine if any stations required any management actions to be undertaken
to meet the BUI target:

x The arithmetic meanoverallasSZ §] Ju% & e¢*]J}v €& vie }( H T

x dZ @&]S5Zu 8] u v ee eeu vs e }E }(HO

x M8 ¢ Al1SZ Jv]Al H O 3Z 8] % E u s ESZAB])5 o0@&C d%]q] *]vP ]v H
of total surveys.

Results of the aesthetic monitoring survey within the Milwaukee Estuary AOC between 2015-2017
showed that aesthetic impression score and assessment score were below the action criteria score that
requires a management action for any of the sites. Also, none of the percentage mean for which a
parameter was selected for being * % 0 +]vP A(Rigit®é #)9The overall mean assessment score
across all sites surveyed was 0.51, which was significantly below the action criteria scé{fégafd 3)

The overall mean aesthetic impression score across the sites throughout the surved/ypasid.13,

which was also below the action criteria score of 3 (Figure 4).



Figure 1A. Milwaukee Volunteer Aesthetics Monitoring Program Survey Forms with Scorin@@2@)5-



Figure 1B. Milwaukee Volunteer Aesthetics Monitoring Program Survey Forms with Scoring (2015-20
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Figure 2. Percentage mean for all aesthetics parameters at each site within the Milwatikasy BOC. The black line indicates the threshold at which
management actions would be needed for a specific site.
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Figure 3. Mean assessment scores for all Milwaukee Estuary AOC survey sitésck heehindicates the threshold at which management actions would be
needed for a specific site.
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Figure 4. Mean aesthetic impression scores for all Milwaukee Estuary AOC survey sitéacK tiee indicates the threshold at which management actions
would be needed for a specific site.
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Beach Closings Assessment for Management Action Recommendations

Brief Project Description:

The McLellan Lab at the University of Wisconsin-Milwaukee (UWM) will analyze new and archiared wat
and sand samples, conduct bacterial pollution flow modeling analysis, and will statisticajyeatata

to provide site-specific information about sourcesssicherichia cofk. colj at beaches within the
Milwaukee Estuary AOC. This information will be used by the Wisconsin Department of Natural
Resources (WDNR), in collaboration with the McLellan Lab, to develop a recommendéd li
management actions for the Beach Closings (Recreational Restrictions) beneficial use emtpdkoh)

for the AOC. Additionally, these partners, in collaboration with the City of Milwauke¢hHeal

Department and South Milwaukee Health Department, will refine existing decision criterias tha
protective of public health, for closure of AOC beaches after combined sewer overflow (CSO), sanitary
sewer overflow (SSO), blending, and rain events have occurred

Outcome(s):

a. Determine and refine the management action list for the Beach Closings (Recreational
Restrictions) BUI in the Milwaukee Estuary AOC, which will ultimately reduce closures of public
swimming beaches within the AOC.

b. Provide information for the City of Milwaukee Health Department and South Milwaukee Health
Department to develop a beach advisory and closure plan that is protective of pahlib.h

Both outcomes will meet portions of the 20 Beach Closings (Recreational Restrictions) revised target.

Project Background/Purpose:
One of the eleven BUIs in the Milwaukee Estuary AOC is the Beach Closings/Recreationadifi&estricti

BUI. This BUI is listed as impaired due to high bacterial levels and sewer overflows in the AOC, which has

caused beach closings and recreational hazards. Certain monitoring components of the ref2sed 20
target for the Beach Closings/Recreational Restrictiongtitwill be addressed by this project are:

x Known sources of bacterial contamination impacting the beaches in the AOC have been
identified, and if feasible, have been controlled or treated to reduce possible exposures.
AND

x Stormwater outfalls in the AOC that discharge directly or influence beaches are assessed to
confirm that there are no human sources of sanitary sewage contamination.

x Each public swimming beach within the A®Gpen for at least 90% of the swimming season
(between Memorial Day and Labor Day) averaged over a previous 5-year period based on
Wisconsin Coastal Beach monitoring protocolsEocolimonitoring and BMPs are in place.

OR
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criteria over a 3-year period.
OR, in cases where known sources of bacterial contamination impacting beaches in the AOC
have been controlled to the extent feasible and the above criteria cannot be met:

x Each public swimming beach within the AOC is open during the swimming season (between
Memorial Day and Labor Day) at least as often as the average of all non-AOC beaches in
Milwaukee County over the same 5-year period.

AND




x Complete a plan that includes updates to existing advisory and closure procedures for AOC
beaches to reduce human health risks during and after storm events.

There are four public swimming beaches within the AOC: Bradford Beach, Bay View Park Beach,
McKinley Beach, and South Shore Beach. Currently, the only beach that meets these components of the
drafted target is Bay View Park Beach. From 2010-2018, AOC beaches were open 92% (Bay View Park
Beach); 76% (Bradford Beach); 63% (McKinley Beach); and 44% (South Shore Beach) of the swimming
season, respectively. These beach closures are due to the preselBsehafrichia colE. colj in the

swimming areas of those beaches. Bay View beach is monitored once per week by the City of Racine,
and advisories are issued by the South Milwaukee Health Department. Other AOC beaches are
monitored 35 times per week by University of WiscondiMilwaukee, and advisories are issued by the
City of Milwaukee Health Department. While monitoring is in place at the beaches, locationespecifi
decision criteria to post advisories or closures at beaches within the AOC after rainfall, overflow, or
blending events needs improvement to be protective of public health.

Previous work by the McLellan lab at the University of Wisconsin-Milwaukee charadtér&zspatial
distribution of E. colifrom river plumes into Lake Michigan and compared thig.toolidensities found

at shoreline beach sites. Their work found that under heavy rain events and CSO conditions,
contamination can reach all the AOC beaches, but on many days during the beach Eeastileyels

are elevated only near the shoreline within 10 meters of the beach and show very low concestration
offshore (7-9). Additional work identified possible sourcek ofoliat the beaches. Many beaches are
impacted by gull waste, but underlying contamination from human sources exists undencertai
conditions (3,6). Stormwater outfalls are often located near public swimming beaches acting asoli
source from both surface water runoff and, recurrently, from sewage discharge due to cross
connections or leaking sanitary sewers (10). Additionally, the McLellan lab has found that beach sand
can act as a reservoir f&. colithat can then be washed into the water due to wave action or rainfall
(1,3). Survival dE. coliin sand at Milwaukee beaches is directly related to sand moisture (1), and
additional studies from other Great Lakes beaches indicate this is a common phenomenon (4,5,11).

The Wisconsin DNR is currently working to develop the management action list for the Beach
Closings/Recreational Restrictions BUI in the Milwaukee Estuary AOC. Using work by treanNédi_el

from 2001-2016, WDNR have identified relocation of the publicly accessifiieming area at South

Shore as one management action, but remaining management actions for all four AOC beaches remain
in development. The proposed work will refine specific management actions to be taken at the beaches
to reduce the number of advisories and closures to meet the BUI target.

This assessment will refine the management action list at the AOC beaches and refine decision factors
for preemptive closures of those beaches to protect public health. Completing both tasks wiliydirec
lead to meeting the goals of the BUI removal criteria.

Proposed Work:

Objective 1: Investigate sourcesmofcoliat the Milwaukee AOC beaches to refine a list of management
actions that will reduce the number of beach closures and address ?@B@ach Closings/Recreational
Restrictions revised target.

The McLellan lab at UW-Milwaukee has monitored the AOC beaches yearly and archived samples to be
analyzed for source specific indicators. Additionally, existing data collected by the lab can kedtmly



characterize the dynamics at the beaches and to gauge the influence of offshore versus shoreline
sources. Approximatley 6,500 samples have been collected from beach surface water, beach sand,
beach outfalls, and lake/harbor surface water within the AOC for other projects. The McLellan lab will
analyze stored samples and combine with existing data to answer the following sub-objectives:

1.1. Determine the sources of contamination at AOC beaches iheolievels are highiThe
McLellan lab will perform an initial data review of surface water during each of four conditions:
low-flow, rain, CSO, and post-CSO samples for each beach. They will also perform quantitative
polymerase chain reaction (qPCR) analysis on 240 archived samples to determine the
distribution of human, gull, dog, and/or ruminant bacterial genetic markers in samples with
highE. colplate count levels. Comparing bacterial sources between sampling sub-sets will help
identify sources oE. coliat the beaches during different weather conditions.

1.2. Investigate local outfalls near or adjacent to AOC beaches to identify outfalls of concern for
human contamination at the beach. This portion of the project will involve the revigast
data, analysis of archived samples, and additional sample collections in spring and early
summer of 2020.

1.3. Investigate sand reservoirs and sand water interacti@reta at Bradford and McKinley
beaches will be analyzed to determine the effect of rain or wave action, and subsequently wet
sand, on the levels &. colithat are detected in sand and water. Literature shows thatolin
sand at beaches can lead to high levels in the water, leading to a beach closure (1,3). This work
will determine if the beach slope, proximity to water table, or sand characteristics at the
beaches leads t&. coliburden. Possible management actions that could be encouraged or
ruled out include beach nourishment and re-gradange-sloping to reduce sané. coliburden
at the beaches.

1.4. Analyze water quality trends before and after remediation projects at Bradford and South
Shore beaches and develop general pre- and post- monitoring recommendatiahéved data
before and after the Bradford beach rain garden installation will be analyzed to characterize
water quality trends over time and characterize the effectiveness of those measures to reduce
E. coliat Bradford beach. Similarly, using two years worth of data after the green parking lot
construction at South Shore Beach, the McLellan lab will characterize reductiéneadtievels
post-project implementation. This analysis will consider annual weather patterns and lake
levels to make a determination on the effectivess of these actions and their possittess at
other AOC beaches.

Objective 2: Use past and new data collection to improve criteria used by the City of Milwaukee Health
Department and South Milwaukee Health Department when determining pre-emptive closures of AOC
beaches after rainfall, CSO, SSO, and blending eviédnssobjective specifically helps to meet the
component of the target for managing human health risk during extreme storm events.

The McLellan lab will use information from Objective 1 and additional information collect@djective

2 to better evaluate when beaches should be closed to protect public health. This informatidue wil
shared with City of Milwaukee Health Department and South Milwaukee Health Department to aid in
the refinement of existing criteria:



2.1 The McLellan lab will use archived data from 20 rain events and 5 CSO events, where ISCO
sampling captured concentrations of human and cattle markers across hydrographs, to model
bacterial pollution movement from the Milwaukee Estuary to AOC beaches in different
meteorological conditions (2).

2.2 Examine CSO beach and lake surveys to compare levels of human marker before, during, and
after a CSO. Identifying patterns of human marker will inform a set of improved decision
criteria on when to close AOC beaches during and after CSO, SSO, and blending events.

2.3 Using results from Objective 1, 2.1, and 2.2, the McLellan lab will work collaboratitteihe
City of Milwaukee Health Department, South Milwaukee Health Department, and the WDNR
Beach Program Manager to refine existing decision criteria for AOC beach closures that is
protective of public health.

Collaboration with Partners:

Ongoing projects with the Milwaukee Metropolitan Sewerage District (MMSD) and Wisceas@rént
will add supporting information (data and analyses) that will be useful for the modelohgaard
investigations in Objective 1.

Outputs/Deliverables:

X An interim project presentation given to the Milwaukee AOC Beaches Work Group that includes
the following elements:
a. A preliminary summary of results and data interpretation
b. A recommendation of management actions for each AOC beach
X An interim report detailing recommended management actions for each AOC beach
x A final project portfolio that includes the following elements:
a. All project data
b. A summary of results and data interpretation from analysis of archived data and newly
collected data
i. Final Report
ii. Fact sheet on water quality at Bradford Beach and South Shore beaches before
and after non-AOC management actions
iii. AOC beaches Best Management Practices (BMP) Policy brief that includes
refined decision criteria for AOC beach closures
iv. Preliminary estuary/nearshore flow model for bacterial pollution
c. Management action recommendations for each AOC beach
2. Peer-reviewed publication(s)
3. Presentation(s) at local and/or national venues/conferences on project results
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