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A Note on Terminology
The original NOAA/ARRA grant application referred to all structures impeding the passage of
aquatic life passage as “barriers”. For clarification, Ozaukee County staff currently defines a
“barrier” as a structure that prevents the passage of aquatic organisms in all flow conditions at all
times of the year. An “impediment” is a structure that can impede the passage of aquatic
organisms in some, but not all, flow conditions throughout the year. In most cases, the term
“impediment” has replaced “barrier” when referring to these structures in general.
The original NOAA/ARRA grant application categorized all “Tributary Barriers” as either a
“culvert” or “conservation corps” barrier. A “culvert” barrier is a structure that can only be
removed or remediated with heavy equipment. A “conservation corps” barrier is a structure that
can be removed or remediated with hand labor and hand tools. For clarification, Ozaukee County
staff has generally replaced the term “culvert” with “large-scale” and “conservation corps” with
“small-scale” within portions of this document.
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Executive Summary
In 2009 and 2010, the Ozaukee County Planning and Parks Department received a combined
$5,246,850 in grant funding from American Recovery and Reinvestment Act (ARRA)
administered through the National Oceanic and Atmospheric Administration (NOAA) to
develop, refine, and implement a comprehensive, watershed-wide solution to aquatic
fragmentation – a “Fish Passage in the Milwaukee River Watershed” program (Program).
Anthropogenic impacts generally diminish the biological integrity and interconnectivity of
rivers, lakes, perennial and intermittent streams, floodplains and wetlands. Areas offering
distinctly different physical and biological conditions become isolated and fragmented,
preventing many species from successfully utilizing remnant, high-quality, life-cycle-requisite
habitat. This program identifed and restored full life-cycle access to naturally occurring refuge,
spawning, and feeding habitat in the Milwaukee River Watershed (900 miles2) by identifying
impediments to native fish migration, and developing solutions to remove or remediate
impediments. Native potadramous fish species were the measure of habitat desirability and
accessibility. Ingress and egress to these sites were equally considered.
In addition to improving existing ecological resources, the Program enhanced social and
economic benefits for Ozaukee County and Wisconsin communities. Specifically, the Program
supported or created a significant number of American jobs during its design and construction
phase, provided meaningful employment and training to disadvantaged urban youth, improved
public access to prized game species and water-based recreational opportunities, created and
retained jobs by promoting tourism and recreation, and offered significant investment in local
infrastructure.
Remediation work was supported by NOAA, funded through ARRA, and was carried out by a
unique alliance of local government agencies, non-profit organizations, volunteer and
community service groups, and private/for-profit companies. Upon project completion in
September 2013, the Program removed or remediated 162 impediments to fish and aquatic life
passage, actively and passively reconnecting a total of 378 river and stream miles, including the
active reconnection of 51 stream miles to the Milwaukee Estuary Area of Concern and Lake
Michigan. In addition, Program results allowed for fish and aquatic life access to 5,149 of acres
of high quality wetland habitat. The successes of this Program directly resulted in leveraging
approximately $3.2 million in additional Federal, State, local, non-profit, and private grants to
continue aquatic connectivity improvements in Ozaukee County, the Milwaukee River
Watershed, and the Lake Michigan Basin, establishing a national model for a comprehensive
solution to aquatic fragmentation.

Problem Addressed
Human-induced changes have compromised, or in some cases eliminated, the abundance and
self-sustaining nature of many Great Lakes migratory fish populations. The loss of fish
populations has caused financial and quality of life losses, including the factors listed below.
• loss of a nationally significant commercial fisheries for a long list of desirable species
• significant depression of catch rates for many remaining commercial species
• compromised subsistence and recreational fisheries
• socioeconomic and ecological losses on many levels
7

Fish Migration and Requisite Habitat
Fish migrate for a variety of reasons including spawning, refuge, and feeding. Migrations of
commercially important and well-known anadromous (live in salt water, migrate to spawn in
fresh water) species have attracted attention for generations. Human-induced changes can make
critical habitat inaccessible or unsuitable and deplete migration runs and populations over time.
The commercial importance and popularity of many of these species make these changes
tangible to many and led to efforts to stabilize and/or replenish these stocks. Though these
remedial activities sometimes yield mixed results, refining and improving performance of
anadromous fish migration strategies has been an ongoing topic of research and development for
generations.
Potamodromous fish (live in fresh water, migrate to spawn in fresh water) migrations have
attracted far less attention than those occuring in saltwater coastal areas. Nevertheless, such
migrations are equally critical to many species’ survival and have also been adversely affected
by the degradation, fragmentation and destruction of habitat and blocked access to remaining
critical habitat areas. Many of the fish species native to the Great Lakes are adfluvial (live in
lakes, migrate to flowing water), requiring unfettered access to specific habitat types not
available in the lake itself, estuaries, or the commonly heavily developed lower reaches of large
rivers or major tribuary streams.
A number of common misconceptions exist regarding fish migration. Salmon are often thought
by many to be typical examples of migrating fish because of their popularity. Salmon are
extremely powerful swimmers and leapers, have powerful affinity to the streams in which they
were born, and require very specific conditions to successfully propogate. A long list of fish
species exhibit some, but not all of these tendencies. Native Great Lakes fish are generally not
powerful swimmers and many will not leap to pass obstacles. As opposed to many salmonids,
most migrate in the spring of the year when water is cold and velocities are high, and the young
of the year return to the lake when water levels are decreasing or low.
Many Great Lakes species spawn in wetlands, ditches, seasonally flooded areas, and very small
streams and habitat that can commonly be overlooked and under appreciated. Others require
sandy or gravelly stream bottoms, large cobble, or creviced bedrock. Some species require one
habitat type for spawning, and a very different type of habitat for young-of-the-year
development. A large variety of accessible habitat is critically important to maintaining or
restoring the rich species diversity originally present in the Great Lakes watershed. Moreover,
many native Great Lakes fish exhibit great fidelity to their streams, including obscure and underappreciated habitat areas.
Tributary streams that enter the Milwaukee River in Ozaukee County drain large areas of
desirable, legally protected, naturally-occurring aquatic habitat needed by these species. Though
this habitat is now commonly protected, current policies do not emphasize its importance in the
larger watershed ecosystem. Consequently, even though desirable habitat is available, it is not
always functionally accessible to fish and other aquatic organisms ascending from the Lake
Michigan, the Milwaukee River Estuary, and/or the Milwaukee River itself. Although excellent
habitat often abounds in the region, it is often biologically disfunctional or physically
inaccessible to lake-resident fish on account of migration impediments (linear connectivity –
8

e.g., the ability for fish and aquatic life to move within a stream channel) such as various sized
and often functionally obsolete dams, biologically impassable road and stream crossings, debris,
pervious fill, and deteriorated channel morphology (lateral connectivty – the ability for fish and
aquatic life to move outside the stream channel and access high quality floodplain, wetland and
riparian areas during seasonal or other flooding events).
The Program also helped address several beneficial use impairments (BUIs) associated with the
Milwaukee Estuary Area of Concern, including degraded fish and wildlife populations,
degradation of aesthetics, degradation of benthos, and loss of fish and wildlife habitat. The
Milwaukee Estuary Remedial Action Plan recognized that degradation of fish and wildlife
habitat and degradation of fish and wildlife populations are closely linked. In addition, the lower
portions of the Milwaukee Estuary AOC are extensively modified for navigation and are
routinely dredged, so opportunities to improve habitat in these areas is limited. Therefore, actions
to improve access to more suitable areas for spawning upstream improve the chances for success
to enhance the native species that live in the estuary such as northern pike. The delisting targets
for these impairments will rely on development of a comprehensive fish and wildlife
management plan for the AOC and suitable habitat areas upstream. This project benefits much of
the expanded AOC.

Aquatic Organism Passage Impediments and Native Fish Swimming
Performance
Land-use changes in Ozaukee County, and throughout the Milwaukee Metropolitan Area of
southeastern Wisconsin, have diminished the biological integrity and interconnectivity of rivers,
lakes, streams, floodplains, and wetlands. Impediments on the Milwaukee River main stem and
tributary stream in Ozaukee County impede and/or preclude upstream migration of some, and in
some cases, all, lake resident adfluvial fish. Various sized dams, biologically impassable
culverts, debris, pervious fill, invasive vegetation, and deteriorated channel morphology are
examples of artificial impediments to fish passage that exist throughout the region. Impediments
fragment waterways and isolate important habitats, preventing many native species from
reaching remnant, high-quality, life cycle requisite habitat areas. Many of Milwaukee River
Watershed’s desirable remnant and native fish species (e.g., northern pike) are short distance
“burst” (less than 15 seconds) and low velocity (less than two-three feet per second) swimmers,
poor at “prolonged” swimming and jumping (less than eight inches), and require frequent rest
areas. Thus, northern pike swimming limitations make them especially susceptible to
impediments. Because other target species are considered to be more capable to pass migration
impediments, we designed our inventory to identify structures problematic to northern pike
ingress/egress. Similarly, our remediation plans also considered these criteria. Basically, if
northern pike can pass, all other target species should be able to pass.
During 2006, a $15,000 Wisconsin Coastal Management Program grant to Ozaukee County
funded a habitat and impediment inventory on 11 Ozaukee County streams. This inventory
yielded approximately 100 suspected impediments to northern pike passage and 29 areas of
potential northern pike spawning habitat. This study was used as a basis to inventory additional
streams and prioritize and finalize the list of 45 “large scale – public works” and 114 “small
scale – conservation corps” impediments ultimately addressed under this Program. A full
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description of inventory methods is included in the “Inventory of Habitat and Impediments”
section of this report.

Relevance of Program to Addressing Habitat
The Milwaukee Estuary Remedial Action Plan recognized that degradation of fish and wildlife
habitat and degradation of fish and wildlife populations are closely linked. In addition, the lower
portions of the Milwaukee Estuary AOC are extensively modified for navigation and are
routinely dredged, so opportunities to improve habitat in these areas is limited. Therefore, actions
to improve access to existing more suitable areas for spawning upstream will improve the
chances for success to enhance the native species that live in the estuary such as northern pike,
walleye and lake sturgeon. Restoring access to existing high-quality natural habitat generally
costs less and is usually more productive than restoring severely degraded habitat or constructing
artificial habitat. Reconnecting isolated portions of watersheds improves biological and genetic
diversity of aquatic communities including river resident and adfluvial fish species, and other
organism that depend upon these fish for part of their life cycles (e.g, mussels). Combined, such
actions increase ecological connectivity, reduce fragmentation and increase the sustainability of
imperiled species, a large assemblage of popular game and forage fish, and other aquatic
organisms. Locations within and upstream of the Program area provide large tracts of naturally
occurring suitable habitat. Target species in this stretch include game fish (including walleye,
northern pike, smallmouth bass, channel catfish, and a variety of panfish), two threatened species
(the greater redhorse and the long ear sunfish), two endangered species (striped shiner and the
ellipse mussel) and the lake sturgeon (a listed species of special concern in Wisconsin). The
Wisconsin Department of Natural Resources (WDNR) has an ongoing restoration operation for
lake sturgeon at Riveredge Nature Center, which includes a sturgeon rearing and imprinting
facility in Newburg (river mile 55, and within the Program area) approximately 23 miles
upstream of the Bridge Street Dam.
The goal of this Program was to create a more sustainable fish population along the near-shore
areas of Lake Michigan, the Milwaukee River and its estuary by enabling isolated, naturallyoccuring fish stocks to reach historical, more extensive and higher quality spawning and rearing
habitats. In turn, Program activities will ultimately:
• Improve genetic and biological diversity of existing aquatic life communities, helping
assure long-term vitality of remaining stocks
• Restore the biological and ecological function of protected, yet isolated, high-quality
habitat throughout the watershed
• Help supplant the need for artificial stocking, and creation of artificial habitat in areas
without access to certain habitat types
• Improve success of natural spawning and recruitment within existing habitat
• Help bolster the population of desirable recreational species and their accessibility to
anglers along existing public access points
• Bolster mussel populations by allowing fish free access to previously isolated stream
segments
• Create and maintain jobs and associated spending in the local economy
• Provide job training opportunities to Program interns, volunteers, and local and regional
conservation corps
• Recruit and utilize volunteers
10

•
•
•
•
•
•
•
•

Complete multiple local Civic projects (e.g., public access to rivers, streams, wetlands)
Eliminate or diminish documented safety hazards
Add tangible value to the millions of dollars and thousands of volunteer hours already
devoted to reaching the project goals
Attract increased tourism through improved recreational fishing opportunities
Materially contribute to four of the eleven BUI delisting targets for the Milwaukee
Estuary AOC
Increase volunteer participation and environmental learning and education (e.g., through
hands-on involvement)
Develop strategies, skills and techniques that can be used to assist similar projects in
other parts of the country
Invest in local infrastructure and long-term sustainability

Program Timeline
On April 3, 2009, the Ozaukee County Environment and Land Use Committee authorized the
Ozaukee County Planning and Parks Department (Department) to submit a grant application to
NOAA for the removal of fish passage impediments in the Milwaukee River Watershed in
Ozaukee County. On April 6, 2009, the Department, with the support of several Program
partners, submitted a grant application to the National Marine Fisheries Service (NOAA
Fisheries), NOAA (Department of Commerce) entitled “Re-Establishing Fish Passage Between
119,000 Acres of the Milwaukee River Watershed and the Milwaukee Estuary Area of Concern”
under the “NOAA Coastal and Marine Habitat Restoration Project Grants under the American
Recovery and Reinvestment Act” funding opportunity. On July 1, 2009, NOAA announced that
Ozaukee County was awarded $4,710,500 million in ARRA funding for its “Fish Passage in the
Milwaukee River Watershed” Program. This project was one of 50 in the nation, one of three in
the Great Lakes Basin, and the only one in Wisconsin to receive funding under this opportunity.
The Ozaukee County Environment and Land Use Committee recommended accepting this award
at its July 2, 2009 meeting and the Ozaukee County Board of Supervisors formally accepted this
award at its July 15, 2009 meeting.

NEPA Development and Approval Process
A timely and concise Environmental Assessment was originally prepared and submitted to
NOAA on July 29, 2009. After review, NOAA informed the County that a full National
Environmental Protection Act (NEPA) analysis of all project activities was required before any
on-the-ground work could commence. Ozaukee County and its consultant, Stantec (formerly
Bonestroo, Rosene, Anderlik and Associates) and NOAA staff subsequently completed a full
NEPA for NOAA consideration. The NEPA included a full inventory and study of project
impacts to archeological, cultural, and historically significant resources within the project areas,
a study on impacts to federal and state threatened and endangered species and other regulatory
environmental reviews and analyses. A summary of the four main focus areas as outlined in the
NEPA is as follows:
The project consists of four main focus areas, which result in five different Proposed
Actions (because there are two different Proposed Action alternatives for Bridge Street
Dam). These focus areas include the following:
11

a. Mequon-Thiensville Dam (MT Dam)/Mequon-Thiensville Dam Fishway (MT
FW): Proposed Action is to make modifications to the dam and fishway for
aquatic invasive species (AIS) control, aesthetics and to improve site access
for viewing the MT FW.
The project will provide fish passage through inlet/outlet grading, AIS
controls for the fishway and dam, a pedestrian bridge and fencing between
public and private property.
b. Lime Kiln Dam (LK Dam): Proposed Action is to remove the LK Dam on the
Milwaukee River in the Village of Grafton
c. Bridge Street Dam (BS Dam): Proposed Actions are to either construct a
fishway (BS FW) at the BS Dam on the Milwaukee River in the Village of
Grafton or to remove the dam and restore the natural river channel at this
location (BS R)
d. Other Barriers: Proposed Action is to remove or modify approximately 100
Other Barriers at stream crossings in tributaries to the Milwaukee River in
Ozaukee County. This Proposed Action includes a Public Works component
for the removal or modification of hydraulic structures (OB PW). A second
component includes removal of Other Barriers to fish passage by
Conservation Corps (OB CC) personnel. The Conservation Corps projects
will include removal of barriers to fish passage with hand labor and small
equipment (railroad ballast in the stream bed, fallen logs, etc.)
The project directly contributes to the stated long-term goals of Ozaukee County
and its communities – specifically, to restore viability to the natural fishery of the
Milwaukee River and its tributaries.
e. The alternative to the Proposed Actions is no action. Under the No Action
Alternative, the project will not remove barriers to fish passage, and highquality habitat will remain isolated and unable to reach its full ecological
potential. As a result, aquatic habitat will remain fragmented, decreasing the
health and abundance of a host of desirable fish species, including several
that are specifically targeted for protection or restoration (e.g., lake sturgeon,
striped shiner, the threatened greater redhorse and long ear sunfish). Of the
two alternatives analyzed, the Proposed Action best meets the purpose and
need for action.
The significance of the Proposed Action was analyzed based on the NAO 216-6 criteria and
Council on Environmental Quality’s (CEQ’s) context and intensity criteria. The Proposed Action
was not reasonably expected to cause significant adverse impact to the Milwaukee River and its
tributaries in Ozaukee County, WI, the Milwaukee Estuary and Lake Michigan aquatic habitat
with regard to the various resource areas evaluated as part of this assessment. All known
beneficial and adverse impacts of the Proposed Action were addressed to reach the conclusion of
no significant impacts. Therefore, an environmental impact statement (EIS) for this action was
not necessary. As such, in compliance with the National Environmental Policy Act, a Finding of
No Significant Impact (FONSI) was prepared for the Fish Passage for the Milwaukee River
Watershed Program and formally authorized and issued by NOAA on January 21, 2010.
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Large-Scale Impediments - Regulatory Agency and Permitting Coordination
The County held an agency coordination kickoff meeting on July 6, 2009. Representatives from
the WDNR and Bonestroo were in attendance. Agenda items included a general project
overview, discussion on project timelines, and permitting discussion for all major project
elements, including MT Dam, LK Dam, BS Dam, and large and small-scale impediment
removals. WDNR staff recommended that the County submit conceptual designs for large-scale
impediments and suggested that a single group permit could be likely be issued for most largescale impediment sites to expedite the overall permitting process instead of issuing unique
permits for each site. A subsequent municipal/agency coordination meeting was held on July 30,
2009 with representatives from the WDNR and several local municipalities, with similar agenda
items to those discussed during the July 6, 2009 meeting. Following guidance provided at these
meetings, Bonestroo staff prepared conceptual plans for all dam and large-scale impediment
sites, and submitted five conceptual plans to WDNR to be used as a “trial” permitting submittal
in anticipation of group permitting. In addition, a comprehensive spreadsheet of all large scale
project sites was submitted to provide additional information to WDNR staff about upcoming
permitting needs. On August 19, 2009, WDNR staff indicated that significant additional
information for each project site (including site survey data, hydraulic and hydrologic modeling,
detailed project narratives, and culvert sizing methodology data) would be required in order to
determine which WDNR permit would be required for each large-scale impediment site. In
general, this level of detail required the development of full project plans for each large-scale
impediment site, which impacted available budget and timeline. A final regulatory meeting was
held on November 16, 2009, where WDNR indicated that each project would require a unique
permit instead of covering multiple project sites under group, or “bulk” permitting as originally
indicated by WDNR. These additional, unanticipated planset and permitting requirements greatly
impacted overall project budget and timeline.

Supplemental Funding
On May 6, 2010, the Planning and Parks Department formally submitted a supplemental funding
request to NOAA staff (Attachment B) to reach or improve Program goals (formal Ozaukee
County Environment and Land Use Committee approval to submit was granted on March 5,
2010). The request addressed unanticipated monetary deficiencies caused by:
• Complying with the National Environmental Policy Act (NEPA) “full” environmental
assessment (EA) process rather than the “timely and concise” format.
o The unanticipated full NEPA process resulted in a significant amount of funding
to be reallocated from overall contractual funds.
• Complying with newly stipulated Wisconsin Department of Natural Resources (WDNR)
and United States Fish and Wildlife Service (USFWS) aquatic invasive species (AIS)
requirements.
o MT Dam: inclusion of AIS prevention measures to the extent practical.
o BS Dam: inclusion of additional hydraulic engineering analysis and AIS
prevention measures (engineering and design).
• Complex site conditions, design, engineering and/or construction requirements
unforeseen/unknown at the time of the original grant application.
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o STH 57/Trinity Creek Crossing: Unanticipated tasks included design of a bypass
lane, a full geotechnical analysis, and supplemental hydraulic analysis of modified
outlet works at floodwater detention dams on Trinity Creek.
o Staff Shortages and Furloughs: Budget-induced furloughs from State partners
(WDNR, WisDOT), County, and municipal staff led to significant labor shortages
and associated schedule delays in meeting full NEPA EA requirements.
Engineering, design, surveying, and permitting tasks were postponed, resulting in
the loss of one of the two program prime construction seasons (late summer/fall
2009).
o Bridge Street Dam Feasibility Study: The Village of Grafton requested that
Ozaukee County assist with reviewing existing historical documents, collect and
interpret field data, and prepare exhibits and renderings based on field information
to aid the Village of Grafton in their presentation of the Bridge Street Dam
alternatives at public informational meetings. With NOAA approval, a detailed
feasibility study and concept drawings were completed to examine the logistics of
two fish passage alternatives (e.g., incorporation of a fishway or reclaiming the
free-flowing river through dam removal). Allotting additional consultant and
County labor, materials and resources delayed permitting, monitoring,
engineering and design, and general work planning.
o Bridge Street Easement or Barge Construction Access: At the time of grant
submittal, the Village of Grafton stated and believed that the fish passage program
work would have rights to both the fee simple land owned by the Village of
Grafton at the overlook and the public access easement along the newly-built
riverwalk and existing abutment area along the west side of the dam. The Village
had been questioned about their right of access and/or construction for fish
passage purposes along this easement. The Village attorney and staff indicated the
potential for negotiation of easement access fees with the adjacent landowners. If
these negotiations could not be completed, barge construction from the public
waterway would have to occur as access from other locations was restricted or
unavailable. Therefore, there was the possibility of unanticipated nominal
easement acquisition fees for permanent limited easements, temporary limited
easements, or additional construction costs for barge construction access/staging.
o Discovery of Second, Older Dam: An old wood crib dam was discovered
upstream of the existing Bridge Street Dam during the Bridge Street Dam
feasibility study. This second dam impacted fishway construction logistics.
Additional funds were necessary to cover construction costs to accommodate for
this previously unknown structure.
o Lime Kiln Dam Removal Alternatives Analysis: After requisite WDNR and US
Army Corps of Engineers (USACOE) dam abandonment and removal permit
applications were submitted, the USACOE informed the County of a new “zero
sediment loss during dam removal” criterion. A thorough Alternatives Analysis
that included field data collection and analysis was completed and submitted to
the USACOE to supplement the abandonment permit application. This process
required significant consultant and county staff time, labor, and materials.
o MT Dam Fishway Area Sediment Management: The Mequon-Thiensville Dam
Fish Passage Phase I project was bid anticipating that existing millrace sediment,
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along the north shore of the MT Dam, would be incorporated with a nominal
amount of fill material from two other City of Mequon projects to grade and
construct the fishway. When the Contractors hauled the material to the site they
discovered that the existing sediment was too soft and saturated to place the fill
and grade the site. County staff subsequently confirmed that some areas were
underlain by 4 to 8 feet of unsuitable sediment, and calculated that 6700 cubic
yards of unsuitable sediment were present. The City paid for removing/disposing
the sediment and hauling in clean “fill quality clay” to replace the soft sediment
that was removed. The millrace required dewatering prior to sediment removal,
which was delayed by weeks of inclement weather. As such, significant USFWS
funds (intended solely for Phase I construction elements) were used to manage
these unanticipated costs. With NOAA approval, several Phase I items were
shifted into Phase II funding elements as they were related to fishway
construction. These constraints delayed the entire Program timeline and impacted
overall Phase II construction funds.
Extending and/or expanding ecological and recreational use monitoring following
impediment removals.
o A number of factors affected the logistics, scope, and technical merit of the
monitoring described in the 2009 grant request. Completing the full NEPA and
numerous other unforeseen challenges consumed all available staff time for a
significant period of time, causing other important program work to be deferred.
This time reallocation delayed equipment, data collection planning, and supplies
acquisition and spring field work. Unanticipated WDNR budget deficits and
furloughs reduced original partner staff and equipment commitments to general
Program assistance, staff training, long-term monitoring and field support. The
WDNR routinely completes fish inventories in the Program and downstream
areas. However, immediate WDNR work plans (through 2010) in the Program
area were abbreviated and would not comprehensively document the effectiveness
of the proposed project, including information on the upstream dispersal distances
of potamodromous species and the actual number of target fish species present.
o The supplemental funding request included the following modifications to the
originally proposed monitoring plan:
 Extend fish monitoring as described in the original grant submittal with
the incorporation of larval netting through early summer 2011.
 Complete construction of MT and Bridge Street Dam fishways as
anticipated, but keep the regulatory-agency mandated gates closed until
approximately January/February 2011.
 Develop an environmental DNA (eDNA) sample library reflective of
seasons and geography.

The supplemental funding request submittal was approved by the County Natural
Committee on March 5, 2010 and subsequently approved by NOAA staff on May 7,
supplemental funding was recommended for acceptance by the County Natural
Committee on August 6, 2010 and formally accepted by the Ozaukee County
September 7, 2010.
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2011 No-Cost Time Extension
The original project end date as listed in the award documents was June 30, 2011. After
discussions with NOAA staff in early 2011, Ozaukee County submitted a formal no-cost time
extension request (Attachment D) to NOAA staff on May 23, 2011. The request extended the
project period from July 1, 2011 through December 31, 2012, outlined remaining work to be
completed and addressed scheduling deficiencies caused by:
• Complying with the National Environmental Policy Act (NEPA) “full” environmental
assessment (EA) process rather than the “timely and concise” format
• Complying with the Wisconsin Department of Natural Resources (WDNR) and United
States Fish and Wildlife Service (USFWS) aquatic invasive species (AIS) mandates
• Engineering and construction requirements that were unforeseen/unknown at the time of
the original grant application
• Completing requisite ecological monitoring following impediment removals
The 2011 no-cost time extension was formally approved by NOAA on June 6, 2011.

Program Scope Change
Fish passage at the Bridge Street Dam was an original Program goal. However, due to
unforeseen WDNR permitting restrictions, fish passage at this site per original Program goals
was determined unobtainable. Further discussion on this issue can be found under the “Bridge
Street Dam” section in this document. As such, Ozaukee County prepared and submitted a
project scope change request (Attachment C) to NOAA staff on December 2, 2011 to continue
fish passage, aquatic connectivity, and education and outreach activities in the Milwaukee River
Watershed using remaining contractual funds originally obligated to the Bridge Street Dam
project. Specifically, the revised proposed scope of work included:
• Completion of eight “public works” projects in five of the original Program streams
• Completion of an additional twelve projects in nine new Program streams
• Final restoration of the Lime Kiln project area
• Removal of the Newburg Dam on the Milwaukee River upstream of the Bridge Street
Dam
• Development of a viral hemorrhagic septicemia virus (VHSv) assay for future monitoring
in the Milwaukee River Watershed
• Continuation of education and outreach activities
o Installation of an additional above-ground camera and long-term bandwidth
support at the Mequon-Thiensville Fishway
o Installation of permanent educational signage at the MT, LKD, and Newburg
Dam project sites, including additional historic signage at all sites.
The implementation plan for five major Program components as included in the scope change
narrative is summarized below:
Completion of seven “public works” projects in four of the original Program streams – The
Ozaukee County Highway Department through local-force account work and/or contractors
selected through public bidding processes will replace six culverts on three of the original
Program streams as part of this scope change. Other activities will include final restoration
at project sites. Design, engineering, and permitting are largely completed for each of these
crossings through NOAA/ARRA funds. In addition to the standard traffic and hydraulic
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related criteria requisite to culvert selection and installation, the Highway Department will
consult the US Army Corps of Engineers, Wisconsin Department of Natural Resources, U.S.
Fish and Wildlife Service, and other guidance manuals describing installation of “fish
friendly” stream crossings. In general, the following additional fish passage criteria based
on the abilities of northern pike were used in the design:
• Identify and regrade any artificially maintained stream channel slopes immediately
upstream and downstream of the stream crossing. Examples include old crossing
component debris and bedding material. All impediments necessitating leaping behavior
will be removed. No cascading water conditions of any kind may exist.
• Water velocities must remain below two feet per second for structures exceeding 20 feet
in length using flow rates typical of spring runoff.
• No structures should attain water velocities greater than four feet per second for any
length and for a full array of expected flow events.
• In general, structures will either be installed well below bed grade or backfilled with
coarse substrate and have a slope of less than 1%. Preference will be given to arched,
bottomless culverts or clear span bridges.
• Deposits of natural or man-made debris will be removed and actions taken to help assure
that debris does not accumulate in a short period of time.
• Care will be taken to assure adequate depth of flow during typical flow conditions. These
actions include shaping and sizing structures adequately and assuring that water does
not infiltrate bedding material thereby bypassing the water-filled portion of the structure.
Completion of an additional twelve projects on nine new Program streams – Ozaukee County
has identified fish passage impediments on nine additional Milwaukee River tributaries that
require remediation. These streams occur throughout the County and contain many of the
same types of impediments addressed in the original NOAA/ARRA Program streams (e.g.,
improperly placed culverts, low-head dams, foot crossings, invasive vegetation stands, etc.).
Included in these twelve projects are ten “public works” projects and two “conservation
corps” projects.
Ozaukee County will obtain the services of a qualified consultant for engineering, design,
and permitting of all “public works” impediments. The Ozaukee County Highway
Department throughout local force account work and/or contractors selected through the
public bidding process will perform construction activities for these remediations. All
replacement structures will be engineered and installed to meet the design criteria listed in
the previous section.
The Milwaukee Community Service Corps and/or the Wisconsin Youth Conservation Corps
will perform all “conservation corps” impediment remediations. These projects will
generally not be subject to detailed design work, and instead will be remedied by field
expedient methods developed by a trained crew leader. Best management practices for
erosion control, vegetation and debris removal, safety, and other factors will mimic those
used for other County-run public park and highway projects.
Final restoration of the Lime Kiln project area – Ozaukee County removed the Lime Kiln
Dam in the Village of Grafton in 2010. Subsequent project activities included seeding,
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matting, and tree plantings for erosion control, as well as installation of a pedestrian bridge
for public access. Ozaukee County will complete remaining restoration activities at the site,
including regrading and runoff control for improvement of public access.
Removal of the Newburg Dam – On October 27, 2011, the Village of Newburg Board of
Trustees unanimously approved partnership with the County to remove the mainstem
Milwaukee River Dam in the Village of Newburg. The County will obtain the services of a
qualified consultant to design, engineer, and permit the dam removal project. Through a
separate project, Ozaukee County has obtained detailed information on the extent and
location of soft sediment accretions within the impoundment, allowing for efficient sediment
planning and management throughout the dam removal project. The project will include
removal of the current structure, as well as restoration and landscaping of the construction
area and the new land exposed following impoundment dewatering. The County and project
partners will also design and install a dry fire hydrant system to replace the existing dry
hydrant system used by the Newburg Fire Department in the Village of Newburg and
surrounding municipalities for fire suppression.
Continuation of education and outreach activities – The County will continue education and
outreach activities as an integral component of this scope change. These activities will
generally include presentations, publication and distribution of educational handouts, and
social marketing. Specific education and outreach updates for this scope change are as
follows:
• Installation of an additional above-ground camera and long-term bandwidth support at
MT Fishway – The County will install an additional camera at the MT Fishway and fund
requisite bandwidth upgrades to allow for online streaming of the video feed. The
additional camera will allow for improved monitoring of the fishway and the lump sum
bandwidth upgrade will ensure public access to the online video stream for the life of the
current County contract with Time Warner Cable (through 2015).
• Installation of permanent educational signage at the MT, LKD, and Newburg Dam
Program sites – The County will design and install permanent educational signage
depicting historical and fish passage information for MT, LKD, and Newburg Dams.
• Development of a viral hemorrhagic septicemia virus (VHSv) assay for future detection
in the Milwaukee River Watershed – The County originally contracted the services of
eDNA Solutions to facilitate detection of upstream passage of chinook salmon through
the BS Fishway. Since the BS project will not be implemented, the County will work with
eDNA Solutions to develop a PCR-based VHSv assay for future usage in the Milwaukee
River Watershed and to complete obligated funds under this existing contract. This
technique will allow for very swift turnaround of fish tissue tests, in contrast to the
current 30-day wait associated with the VHSv test utilized by WDNR and other agencies.
NOAA approved the scope change request on January 9, 2012. A revised NEPA was required to
accommodate for the additional Program sites, and Ozaukee County proceeded with the requisite
screening with the WDNR for the natural heritage inventory (NHI) and with an archeological
firm to complete the cultural and historical resource reviews for State Historic Preservation
Office clearance. NOAA subsequently issued a FONSI and revised NEPA on July 2, 2012 for
the scope change projects.
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2012 No-Cost Time Extension
After discussion with NOAA staff in fall of 2012, Ozaukee County submitted a second formal
no-cost time extension request (Attachment E) to NOAA staff on December 3, 2012. The request
extended the project period from January 1, 2013 through September 30, 2013, outlined
remaining work to be completed and addressed scheduling deficiencies caused by:
• Project Scope Change Resultant from the Bridge Street Dam Fishway Project WDNR
Permit. As outlined in the NOAA/ARRA Grant Scope Change request on 11/21/11,
significant portions of the approved scope change involved funding originally allocated
to the Bridge Street (BS) Dam fishway project in the Village of Grafton. The BS Dam
project included detailed alternatives analyses, a robust public outreach and information
initiative, multi-agency regulatory involvement and oversight, and extensive engineering,
hydrological, hydraulic, and biological research and design, including input from a
number of nationally-recognized fish passage experts. Aquatic invasive species (AIS) and
VHSv concerns raised by regulatory authorities, particularly the WDNR, were addressed
throughout the National Environmental Policy Act (NEPA) documentation and
conceptual and preliminary design and engineering phases. All regulatory concerns raised
were met through design and/or risk management planning and shared with the agencies
providing oversight. The BS Dam Fishway design was nearly complete, and requisite
local approval and federal permits were issued. Requisite state permits were applied for at
60% and 90% completion, and all requested information was provided to the WDNR. On
September 2, 2011, the WDNR issued a permit for fish passage at the BS Dam
conditional upon the construction and operation of an active trap and sort facility that
would only allow lake sturgeon to pass. On September 19, 2011, the Village of Grafton
Board passed a resolution denying acceptance of the WDNR Ch. 31 permit, citing
onerous permit conditions that were beyond the original expectation of fishway design,
installation, and operation, and that construction of the fishway per permit conditions
would expose the Village to significant financial and potential legal liabilities. As such
(after consultation with NOAA staff), the County determined the BS Dam project would
not be constructed with existing NOAA/ARRA funding. Thus, the scope change request
detailed how remaining contractual funds originally allocated to the BSD Dam project
would be reallocated to the Newburg Dam removal and restoration project, completion of
twelve additional “public works” projects on nine new project streams, and additional
monitoring (eDNA assay development and MT Fishway video monitoring).
• Completion of final educational sign design for the three dam sites. Permanent
educational signage discussing fish passage at the major dam project sites were part of
the original project scope. Subsequently, dam owners (e.g. Village of Thiensville, City of
Mequon, Village of Grafton, Village of Newburg) and the Wisconsin State Historic
Preservation Office requested development and installation of additional signage to
discuss each dam’s historical significance, impact to industry, and cultural influence. The
County had developed fish passage and historical signage for the MT Fishway and LKD
removal projects, and were 50% complete in developing Newburg Dam signage. There
would be significant cost savings by ordering all signage at one time from the
manufacturer, and these signs were eventually ordered upon completion of Newburg
Dam sign development.
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Delays in locating a suitable manufacturer of pre-cast concrete box culverts. Several of
the twelve new public works sites as noted under the scope change required a concrete
box culvert design to accommodate unique field conditions, landowner needs, and
permitting requirements. Specifically, concrete boxes require less head cover to avoid
filling in a floodplain in certain situations and are available in a variety of dimensions to
accommodate unique field conditions such as potential utility conflicts. Once we
determined the suitability of concrete boxes for multiple sites, we had to select a vendor
capable of manufacturing custom culvert designs in multi-part sections that the Ozaukee
County Highway Department could lift and place. In addition, the delivery of these
culverts was delayed due to the manufacturing time associated with specialized “made to
order” designs.
Delayed publication of laboratory methods on which the VHSv assay will be based. The
County originally contracted the services of eDNA Solutions to facilitate detection of
upstream passage of Chinook salmon through the BS Fishway. Since the BS Dam project
would not be implemented, the County worked with eDNA Solutions to develop a PCRbased VHSv assay for future usage in the Milwaukee River Watershed and to complete
obligated funds under this existing contract. This technique will allow for very swift
turnaround of fish tissue tests, in contrast to the current 30-day wait associated with the
VHSv test utilized by WDNR and other agencies. Development of the VHSv assay was
significantly delayed pending publication of the preferred detection method by Dr. Niels
Olesen and co-authors. Consultation with local VHSv experts indicated Dr. Olesen’s
method is more comprehensive and able to reliably detect multiple strains of the virus.
Upon receipt of the published method, eDNA Solutions staff began assembling the
necessary control samples and initiating assay development.

The 2012 no-cost time extension request was formally approved by NOAA staff on December
18, 2012.

Program Master List
A Program master list as included in the original grant application and scope change request
application is included as Attachment O. The master list includes a brief description of each
project site, including tributary name, site name, remediation approach, remediation, category,
applicable comments, and a detailed engineering and design, permitting (as applicable) and
construction timeline. It is important to note that all Program sites as included in the original
grant scope were ultimately addressed with the exception of four sites on the south branch of
Hawthorne Drive Creek (originally named Girl Scout Camp Creek). Impediments on this
tributary included a constricting culvert at a railroad crossing (PB 6). Preliminary concept
designs for PB 6 indicated that lateral boring and jacking would be necessary to construct a
culvert crossing suitable for fish passage. However, preliminary cost estimates for these activities
indicated that the boring and jacking could cost up to $300,000, not including culvert materials
costs, which would have greatly impacted remaining contractual funds under the tributary
impediments budget. Remediating PB 6 would provide access to less than 1,500’ linear feet of
stream channel and limited wetland habitat. After discussions with NOAA staff, it was
determined that the budget impacts associated with completing PB 6 outweighed the ecological
benefits and the four impediments on the south branch of Hawthorne Drive Creek were removed
from the Program scope. To accommodate for the removal of these sites and reach/improve upon
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Program ecological measures (including number of impediments removed and miles of stream
channel reconnected), Ozaukee County received NOAA approval to use contractual funds to
remove 28 logjam impediments on Pigeon Creek located upstream of the original WCMP
inventory. As such, the Program master list includes all original Program sites (including the four
impediments on the south branch of Hawthorne Drive Creek that were not completed), the
additional Pigeon Creek logjam sites, and the scope change sites.
The inventory efforts described below were used as a basis for the original scope of work as
outlined in the grant application which proposed the removal or remediation of three large dams
on the Milwaukee River and 46 “culvert” sites and 84 “conservation corps” sites on seven
tributary streams to the Milwaukee River. Approximately 11 of the original “culvert” sites were
either removed from the Program scope (e.g. south branch of Hawthorne Drive Creek as
described above, or after further investigation not deemed a full impediment) or reclassified as a
“conservation corps” site after further analysis. Multiple sites were naturally removed or
removed by others between grant application and grant award date. In addition, additional smallscale sites were inventoried and removed or remediated during fieldwork that were not identified
on the original or scope change master list (e.g., originally identified as a single log jam
impediment but after further investigation re-classified as multiple “sub-impediments”).
Combined, the formal inclusion of 28 additional “small-scale corps” sites on Pigeon Creek, 10
“large-scale” scope change sites and two “small-scale” scope change sites culminated in a total
of 162 impediments ultimately addressed under this Program – three large dams on the mainstem
Milwaukee River, and 45 “large-scale” and 114 “small-scale” sites on 17 tributary streams to the
mainstem Milwaukee River.

Inventory of Habitat and Impediments
Initial Impediment and Habitat Inventory
During 2006, a $15,000 Wisconsin Coastal Management Program (WCMP) grant to Ozaukee
County funded a habitat and impediment inventory on 11 Ozaukee County streams, entitled
“Stream Passage Impediments and Aquatic Habitat Fragmentation Inventory – Milwaukee River
and Lake Michigan Tributary Streams, Ozaukee County, WI.” This inventory and report was
completed by Northern Environmental and Ozaukee County staff. This initial Program and
subsequent inventory efforts identified suspected impediments to northern pike passage and
areas of potential northern pike spawning habitat. The 11 Program streams were chosen to
concentrate effort on streams that had potential to host migrating northern pike, were not known
to have naturally occurring impediments at the study onset, and were distributed throughout the
entire County. Both remote and “on-the-ground” methods were developed, refined, and used on
each of the 11 Program streams to:
• Identify “potential sites” (i.e., sites where an impediment may exist) to northern pike
passage (i.e. adult access during typical spring high-flow conditions or larval egress
during lower-flow conditions)
• Investigate potential sites to locate “suspected impediments” (i.e., those likely to impede
adult or juvenile northern pike passage under certain conditions)
High-resolution photographs (typically scaled 1 inch: 300 feet) were the primary resource used
to remotely locate potential sites. Suspected impediments generally included:
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•
•
•
•

Small dams
Impassable culverts
Pervious channel fill
Lined channels

•
•
•
•

Channels lost to infiltration or
dispersion
Constricted channels
Channels choked by excessively
dense vegetation
Debris jams

Northern pike spawn on vegetation growing on streambeds and banks. As such, densely
vegetated stream banks and both floodplain and the shallow littoral zone of wetlands and ponds
with good stream connectivity (lateral connectivity) are all habitat potentially targeted by
spawning northern pike. Areas suspected to provide this habitat type were identified during aerial
photograph inspection and listed for confirmation. Field inspection and/or local resident
interviews were used to confirm the areas that either met the general criteria of northern pike
spawning habitat or were recently/historically observed to host spawning northern pike.
Inspecting aerial photographs yielded a list of potential sites for each Program stream. The sites
were either confirmed or refuted that a stream impediment existed at these locations by
combining direct field inspection and interviews of property owners and/or residents. At the time
of the study, no definitive information existed to accurately define the conditions constituting an
impediment to northern pike passage. Suspected impediments were identified using knowledge
of northern pike swimming and jumping criteria and qualitative assessment of the structure.
Potential spawning areas were identified by qualitative assessments of:
• Channel connectivity to riparian areas (e.g. floodplain and wetlands) during regular high
flows (i.e., channel entrenchment)
• Herbaceous hydrophytic vegetation density in the channel, on banks or floodplain, or in a
littoral area
• Regular riparian flooding (e.g., evidenced by watermarks on trees, drainage patterns, etc.)
In total, 29 areas of potential northern pike spawning habitat and 100 confirmed suspected
impediments to northern pike passage were identified. The study confirmed a considerable
degree of stream habitat fragmentation resulting from impediments to aquatic life passage in the
eleven study streams. Suspected impediments were generally categorized as:
Naturally Occurring
• Log, debris, and sediment jams
• High-gradient reaches
• Infiltration to groundwater
• Channel dispersion in wetlands
Indirect Consequences of Human Changes to a Watershed
• Channel loss to excessive sediment aggradation in agricultural areas
• Entrenchment resulting from channelization and development
• Channel loss to densely ingrown invasive vegetation
Direct Result of Human Actions
Project activities supported by an American Recovery and Reinvestment Act grant administered by the
National Oceanic and Atmospheric Administration entitled, “Re-Establishing Fish Passage Between
119,000 Acres of the Milwaukee River Watershed and the Milwaukee Estuary Area of Concern/Lake
Michigan” (Award Number NA09NMF4630290).

•
•
•
•
•
•

Small dams
Improperly designed/installed culverts
Pervious fill deposits
Artificially lined channels
Channel constricting bridge abutments
Debris jams and channel aggradation at crossings

As discussed above, this initial study provided the basis for the list of original Program sites.

Road and Stream Crossing Assessment Protocols
In April 2010, Ozaukee County and consultant staff attended a two-day “Road/Stream Crossings
– Inventory, Assessment, Design and Construction Workshop” in Green Bay, WI hosted by the
University of Wisconsin Extension, The Nature Conservancy, and the U.S. Forest Service.
Workshop topics included an introduction to stream morphology, the effects of habitat
fragmentation, examples of a variety of road/stream crossings and road maintenance problems,
Wisconsin laws and policy related to road/stream crossings, techniques and tools to estimate the
magnitude of the problem, how to quickly gather site data to identify problems and prioritize
projects, how to design a stream crossings in low and high gradient streams systems, and
construction techniques. The workshop also included a field trip in which participants would
actively identify impediments using standard assessment protocols and multiple road/stream
crossing design exercises. This workshop provided the basis for formalizing field inventory
protocols for large-scale impediments and developing a quantitative assessment for determining
whether a structure is an impediment. Ozaukee County staff subsequently used these assessment
protocols to identify and prioritize impediment sites under the 2011 Program scope change.
In December 2011, the Lake Michigan Technical Committee hosted a “Great Lakes Aquatic
Connectivity Workgroup” where multiple federal, state, county, and local government agencies
met with non-profit and other groups from the Great Lakes Basin met to discuss general concepts
of watershed connectivity and fish passage. The inventory protocols as provided under the Road
and Stream Crossing Workshop were further refined at this workshop and informally adopted by
multiple organizations. As part of a USEPA/GLRI grant that includes aquatic connectivity
projects, Ozaukee County formalized its inventory protocols to include a “Tier I Rapid
Orthophoto Assessment” and a “Tier II Field Assessment Method” for large-scale impediment
sites. These protocols represent a logical progression and refinement of techniques adopted from
the initial WCMP inventory, the 2010 “Road and Stream Crossing Workshop,” and the 2011
“Great Lakes Aquatic Connectivity Workgroup”. A summary of Ozaukee County’s protocols as
listed in the Quality Assurance Project Plan for the USEPA/GLRI grant is included under the
“Future Plans” heading of this report.

MT Dam Fishway
The Mequon-Thiensville Dam (MT Dam) is located on the Milwaukee River approximately 20
RM upstream of the river’s confluence with Lake Michigan. The original dam was constructed
out of timber in 1842 to provide hydropower for a local grist mill and was documented as having
been breached and rebuilt several times. A concrete dam was constructed in 1886. The current
dam has a hydraulic height and structural height of 6 feet and 13 feet, respectively and forms a
700- acre and 5.5-mile long impoundment. The spillway is 210 feet wide and is constructed of
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sheet pile, concrete and stone. At the time of grant submittal, a 6 feet by 6 feet gated opening in
the spillways north or right abutment discharged to a 750 feet long millrace formed by an earthen
berm that separated the millrace from the Milwaukee River. Flow from the millrace discharged
through a 12-inch diameter culvert and excavated earthen channel before discharging to the
Milwaukee River. The millrace gate was in poor condition and was generally inoperable. The
MT Dam, including the millrace, is owned by the Village of Thiensville and jointly operated and
maintained by the Village of Thiensville and City of Mequon. Most of the frontage along the
impoundment is located in the City of Mequon. The MT Dam was not a complete impediment to
fish movement between Lake Michigan, Milwaukee River Estuary, river or tributary
environments. The MT Dam is occasionally submerged for extended periods of time thereby
enabling limited opportunities for fish passage beyond the dam.
At the time of grant submittal, detailed planning and design (Phase I) for fish passage was in
progress for approximately two years under a project funded through a consortium of
government agencies and organizations including the City of Mequon, the Village of Thiensville,
the Wisconsin Coastal Management Program, Great Lakes Protection Fund, the U.S Fish and
Wildlife Service, and labor, donations and technical assistance by the WDNR. Original design
plans were jointly developed by the City of Mequon, WDNR, and Marquette University
engineering students. The project required research on a variety of different types of information
to complete preliminary and final designs, including a review of successful fish passage designs
from around the world, detailed topographic and site survey, hydraulic and hydrologic modeling,
meetings with regional experts concerning fishway and stream design, placement of the fish
passage entrance to maximize attractant flow, and native fish swimming performance criteria.

Alternatives
As part of the NEPA and State Environmental Assessment (EA), multiple alternatives for fish
passage at the MT Dam were analyzed for fish passage effectiveness, aquatic invasive species
and fish pathogens, and feasibility and local acceptance. Alternatives included:
Alternative 1: “Do nothing.” This alternative would make no changes to the existing MT Dam,
and the existing and relatively infrequent opportunities for fish passage under moderate to high
river flow events would be unchanged, therefore not meeting fish passage or Program goals at
this site.
Alternative 2: “Maintain dam and millrace – construct fishway along Milwaukee River’s north
shoreline and adjoining millrace earthen embankment and public property.” This alternative
would involve the construction of a fishway adjacent to the former millrace area within the
Milwaukee River, retaining and maintaining the dam. This alternative was not selected as the
fishway entrance would be too far removed from proper attractant flow.
Alternative 3: “Maintain dam and millrace – construct fishway along the Milwaukee River’s
south shoreline and private property.” This alternative was not selected as the fishway in this
location would not be effective in passing fish and the amount and location of fill would increase
floodwater elevations for the 1% recurring flood interval.
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Alternative 4: “Maintain dam and millrace – construct rock-ramp fishway along entire width of
Milwaukee River and MT dam spillway along public and private properties.” This alternative
was not selected primarily due to the anticipated capital costs for construction and purchasing or
easing additional private lands.
Alternative 5: “Abandon and remove dam and millrace.” This alternative would be the most
effective alternative for passing fish. Prior to grant application, the complete removal of the dam
was considered and evaluated for its environmental impact. The MT Dam had been determined
to not have reached the end of its engineered life and adequate funds were not available to
manage dam removal issues, particularly the means and costs pertaining to managing
accumulated sediment. Impoundments, including the MT Dam impoundment, accumulate
sediments over time. Using best available information at that time, conservative estimates
suggested the MT impoundment may have accumulated between five hundred thousand cubic
yards and one million cubic yards of sediment. The quantity and quality of accumulated
sediment can be detrimental to the environment should that sediment be released as a result of
dam failure, drawdown, or improperly funded and managed dam removal. In addition, decision
makers in the Village of Thiensville and City of Mequon as well as residents of those
communities routinely voiced opposition to removing the MT Dam. Concerns about reduced
property values, changes to aesthetics, and lost recreational uses, most notably power boat usage,
were some of the dominant and recurring arguments against this alternative. Given those
limitations, removal of the MT dam was not considered a viable option at that time.
Alternative 6: “Maintain dam and construct fishway in the millrace.” This was the preferred
alternative, as it sufficiently met all review criteria, including cost-effectiveness.

Methodology
It was determined that the most logical placement for the fishway was in the former millrace
area, which was a ponded area filled with sediment. The initial designs completed by the City of
Mequon, WDNR, and Marquette University engineering students were further refined into
detailed plans and specifications by Bonestroo, Inc. The Phase I designs detailed the construction
of a rock lined, moderate gradient and stepped riffle-pool-run nature-like “fishway” that mimics
natural stream channel characteristics found along the Milwaukee River and accommodates for
native fish swimming and leaping abilities. Specifically, the fishway design criteria included a
maximum velocity of 2 fps or less, a fishway channel water slope of less than 0.5%, and pool
and riffle water depths greater than 4 feet and 1.5 feet, respectively under a full range of river
discharges up to and including the estimated annual recurring discharge interval. The following
design information is adopted from the design narrative and WDNR approved Environmental
Assessment:
“The proposed fish passage alternative would be constructed in the upper 2 acre of the
existing 800 foot long 2.6 acre) millrace. The fishway will be 1180 feet long. The length
and alignment of the fishway will be slightly meandering to approximate the aesthetics of
a meandering stream. The initial 600 foot length of fishway will flow west where after it
will enter a 180- degree bend and flow east toward the spillway. The fishway will include
eight stepped riffles formed by vertically driven sheet pile and faced with appropriately
sized rip rap rock. Four-inch diameter drain holes will be cut into the sheet pile below the
rip rap to provide oxygenated interstitial flow, provide flow during ice covered periods
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and provide additional drawdown of the pool during maintenance. The stepped riffles
will be spaced approximately 120 feet apart. A 20 foot by 30 foot pool will be
constructed behind each stepped riffle to provide a resting area for passing fish. Top
width of riffle and pool reaches is 10 feet. The transition between top of riffle and the
resting pool will be an abrupt slope to enable fish to quickly descend to deeper and more
quiescent water. Typical water depth in pools will be 4 feet, 2 feet in runs and 1.5 feet in
riffles. The head difference between each successive stepped riffle-pool will be
approximately 0.8 feet, and an overall gradient for the fishway of 0.4%. Rip rap will be
placed at a gradual slope below each stepped riffle to enable fish passage under the
lowest expected flow. Boulders will be placed in riffles and runs to provide cover and
velocity breaks. The submerged side walls and channel bottom of the fishway will be
graded to a 3 to 1 slope and lined with 6 to 8-in angular rock. Larger angular rock ranging
from 12 to 18-inches will line the submerged side walls of bends and pools. Up to 6inches of the millraces earthen embankment would be removed in order to mitigate flood
water elevation increases resulting from the placement of fishway construction fill in the
floodplain. The existing 6 foot by 6 foot millrace opening will remain and serve as the
source of water to operate the fishway and serve as the upstream fish exit into the
impoundment. The millrace gate will be modified or replaced to enable the fishway to be
closed and dewatered for servicing, or to prevent passage of fish. The fishway entrance
will be constructed by creating a breach in the earthen millrace embankment
approximately 25 feet from the dam’s right or north abutment. The location of the
fishway entrance near the spillway is intended to take advantage of dominant flows
passing over the spillway and the linear funnel effect to attract fish to the fishway
entrance.
The spillway elevation at the existing “fish ramp” and left dam abutment will be
increased to be equal to the remainder of the spillway elevation. These spillway elevation
changes are intended to equalize flow across the spillway and provide more attracting
flow toward the fishway entrance. Rip rap will be added to the spillways scour hole to
eliminate the boil and resulting mortality to fish larvae. The rip rap will provide
secondary benefits for stabilizing the dam and abating the boil hazard for recreational
boaters. To accommodate construction of the fishway, the 6 foot by 6 foot millrace
sliding gate will be removed and temporarily sealed-off using plywood or similar
material to prevent in-flow from the Milwaukee River. The millrace will be de-watered
by installing three connected de-watering sumps. Water will be pumped into filter bags
for removing suspended solids prior to discharging to the Milwaukee River. A permit to
discharge treated sump water was approved by the WDNR. The millrace sump and pump
operation will be operated for the duration of the construction phase, as needed. Once
sufficiently de-watered, the millrace will be filled with approximately 3,500-cy of clean
earth fill free of man-made debris. Dewatering the millrace, and filling and grading from
east to west is intended to encourage wildlife to move toward better habitat. The fill will
be compacted and excavated to a grade that approximates the planned dimensions of the
fishway. The lower limits of the fill and fishway will include a sheet pile wall separating
the fishway fill from the remainder of the millrace. An 8-in diameter PVC pipe will be
installed between the first pool and headwall located between the fishway and remainder
of the millrace. The diverted water will flow at a rate of approximately 1 cfs and is
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intended to satisfy the desire of some private landowners adjoining the millrace to
maintain the aesthetics of an ephemeral pool. The inlet to the PVC pipe will be screened
to prevent fish and unwanted debris from being passed downstream or clogging the pipe.
The 38 inch by 24 inch elliptic storm sewer that drains a local road and currently
discharges at the head of the millrace will be maintained. However, two in-series basins
will be excavated below the sewer outlet to trap some particulates before overflowing
into the fishway. Stormwater will pass through 3 foot diameter peat logs filter media
located at the outlet of each basin to trap additional particulate pollutants.
The millrace and fishway would be located entirely within the confines of lands already
owned and managed by the Village of Thiensville. No additional private or public lands
would be directly affected nor would additional lands be needed to purchased or eased to
locate, construct or operate and maintain the fishway”.

Phase I Construction
The Phase I construction activities as described above were ongoing in 2009. The NOAA grant
application requested contractual funds to address budgeting shortfalls associated completion of
all proposed activities. The proposed “Phase II” activities included finalizing the fishway inlet
and outlet, modifying the existing fishway and MT Dam to provide additional AIS control
enhancements (including, as necessary, a potential trap and sort facility, a steel lip on the dam
spillway, and or a steel grate at the fishway exit), repairs to the dam for elimination of slack flow
at the left abutment, installation of a pedestrian bridge for access, and fencing for aesthetics and
to separate pedestrians from the fishway.
The Phase I project was bid anticipating that existing millrace sediment, along the north shore of
the MT Dam, would be incorporated with a nominal amount of fill material from two other City
of Mequon projects to grade and construct the fishway. When contractors hauled the material to
the site they discovered that the existing sediment was too soft and saturated to place the fill and
grade the site. County staff subsequently confirmed through field sediment poling that some
areas were underlain by 4 to 8 feet of unsuitable sediment, and calculated that 6,700 cubic yards
of unsuitable sediment were present. The City paid for removing/disposing the sediment and
hauling in “fill quality clay” to replace the soft sediment that was removed. The millrace required
dewatering prior to sediment removal, which was delayed by weeks of inclement weather. As
such, significant USFWS funds (intended solely for Phase I construction elements) were used to
manage these unanticipated costs. With NOAA approval, contractual funds originally obligated
to Phase II elements were shifted into Phase I elements as they were directly related to fishway
construction. These constraints delayed the entire Program timeline and impacted overall Phase
II construction funds. The grant’s target date for the start of MT Dam fishway construction was
September 1, 2009. The actual start date of construction for Phase I was October 1, 2009. All
design considerations as described above were followed, with the exception of shortening the
overall fishway with from 1,180’ to approximately 800’. Adjacent landowners to the east and
west ends of the fishway both requested that water features abutting their properties be retained
for aesthetics. After consideration, it was determined that a shorter linear length of the fishway
could still meet fish passage and flow criteria, which would allow for construction of an isolated
overflow pond at the west end of the fishway. In addition, a large pool was created immediately
upstream of the easternmost weir to accommodate for a sediment trap and water feature.
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Stormwater runoff from the adjacent Village Park parking runoff flows into this pool, which acts
as a sediment retention basin. A stormwater pipe was constructed on the north end of the fishway
connecting and supplying water from this pool to the stormwater pond at the west end of the
fishway. Thus, landowner requests to have a “water feature” adjacent to their properties were
met.

Aquatic Invasive Species Considerations
Concurrent to Phase I and Phase II planning at MT Dam, the Village of Grafton passed a
referendum to retain the Bridge Street Dam (BS Dam) and support construction of a fishway.
The BS Dam was deemed a full impediment to fish and Aquatic Invasive Species (AIS) passage.
Since the MT Dam was passable to fish (and therefore AIS) under certain conditions prior to any
modifications, it was determined that additional AIS controls (including a trap and sort facility
and steel lip on the dam) was unnecessary.

Phase II Construction
The final Phase II project scope as listed in the advertisement for bids included: installation of
steel and vinyl sheet piling, channel grading, filling scour holes, modifications to the existing
fish slide, seating and replacing the existing gate and mechanism, and installation of a pedestrian
bridge together with erosion control and restoration. The work also included an alternate bid for
the repair of the existing dam abutments (which included elevation modifications to improve the
attractant flow through the fishway). The bid for Phase II construction was awarded by the
Ozaukee County Public Works Committee on June 17, 2010 to McMullen and Pitz Construction
Co. A notice to proceed was issued and a pre-construction meeting was held on July 13, 2010
and construction started immediately after.
Following the installation of a sheet pile coffer dam and dewatering of the area, several
previously unknown structural issues were identified associated with the south abutment and
“fish slide.” On August 20, 2010, McMullen and Pitz, Bonestroo and Ozaukee County staff met
onsite and Bonestroo structural engineers completed a formal site inspection. The Bonestroo
field observation report noted water seepage through the fish slide and abutment, large voids
within the fishway, low strength of the crest and downstream face of the fish slide, and
deterioration of the concrete joint between the main dam spillway crest and fish slide.
Recommendations included filling in the voids beneath the fish slide crest and downstream face
with grout to prevent water from flowing beneath it, and the installation of additional sheet piling
seepage cut-off walls and new concrete facing on the south abutment (as was currently
proposed). Ozaukee County approved a formal change order to accommodate for the grout
placement under the fishway and this work was significantly completed by December 31, 2010.
On September 22, 2010, the fishway was fully opened for the first time. After flowing for several
days, County and Village of Thiensville staff noted erosion occurring on the fishway spine,
particularly near the rock weirs. This was likely due to unsuitable soils used for fill and poor
compaction rates during cold temperatures in winter of 2010. WDNR and Alieus Engineering
staff assessed the high stress areas and developed an erosion control and weir modification
strategy to reduce velocities and to armor areas eroding as a result of high velocities and
unsuitable fill. This strategy included widening select areas of the fishway channel, modifying
the rock weirs, and installing extra erosion control (staked bio-logs and erosion matting) at select
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areas. These modifications were completed on November 16, 2010 with significant support from
WDNR fisheries staff (who supplied a mini-excavator and equipment operator), the Village of
Thiensville, Ozaukee County, Bonestroo, the Milwaukee Community Service Corps, Alieus
Engineering, and several volunteers.
Construction activities were significantly completed by January 4, 2011 and a final walk-through
and punch list was completed on January 5, 2011. The punch list identified minor grading and
erosion control activities remaining associated with the south abutment, re-installation of signage
through the park, and minor repairs to the gabion baskets, asphalt parking lot, and fencing in
Village Park. These repairs were significantly completed in April 2011. In March and April
2011, Village and County staff observed additional minor erosion control issues at the fishway
associated with high spring flows and area flooding. The Village of Thiensville completed
ongoing erosion control maintenance throughout 2011.
The disturbed area immediately surrounding the fishway was originally planted with native
wetland and prairie seed and live stakes (e.g., dogwood and willow). During 2011 and 2012 a
significant amount of invasive vegetation growth was observed. As such, the Village of
Thiensville organized a volunteer day on September 6, 2012 to control the invasive vegetation
and complete additional live staking plantings. Six volunteers and five Village of Thiensville
staff donated approximately 44 hours during this event. A subsequent volunteer event was held
on September 15, 2012. This volunteer interest was the impetus for a “Friends of the Fishway”
group organized by the Village of Thiensville, which held multiple volunteers events in 2013
managing the fishway vegetation.
Project Results
This project met the goals and objectives outlined in the original NOAA grant application by
reconnecting approximately 10 mainstem river miles to the Lime Kiln Dam, and allowing fish
access to a total of 30 mainstem river miles from Lake Michigan to the Lime Kiln Dam. Public
access to the river was improved. Sediment transport, water quality, and some recreation (e.g.,
canoeing and kayaking) were not improved. The Village and the City still retain financial and
safety liabilities associated with dam ownership and ongoing maintenance. Total NOAA/ARRA
contribution: $390,865.

Materials Used
Materials used at the MT Fishway and dam repair project included:
• Earthen fill and topsoil (fishway, south dam abutment, and all other disturbed areas)
• Various sized angular riprap (fishway exit, fishway weirs, south dam abutment repairs)
• Grout and concrete (fishway crest and downslope face and voids, south dam abutment
repairs, joint between the main dam spillway crest and fish slide crest)
• 8” PVC pipe (stormwater pipe between the first sediment basin/fishway pool and the
pond at the west end of the fishway)
• Bio-logs with wooden stakes (throughout the fishway)
• Steel sheet pile (the upper 1/3 of the fishway spine, temporary coffer dam)
• Vinyl sheet pile (fishway weirs)
• Steel gate (fishway exit)
• Native seeding and live staking (throughout the fishway and adjacent disturbed areas)
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•
•
•
•

Spilt rail fence (surrounding fishway area and separating it from the adjacent riverwalk)
Wood and steel pedestrian bridge (spanning fishway entrance)
Camera and enclosure (installed within concrete box culvert at fishway exit)
Educational signage

Lime Kiln Dam
The Lime Kiln Dam (LK Dam) is located on the Milwaukee River approximately 30 RM
upstream of the river’s confluence with Lake Michigan. The dam was originally constructed to
provide power to the adjacent lime quarry and kiln operations. The original dam was constructed
out of timber and earthen backfill built into the abutting limestone walls and solid bedrock island
that defined the river channel. Around 1915, the dam was reconstruction with concrete and
additional earthen backfill, reaching a hydraulic height of eight feet. The LK Dam’s 60 foot long
spillway created a five acre impoundment with an average depth of five feet and maximum water
depth of nine feet. In addition, a raceway with concrete walls was constructed west of the
bedrock island to divert the river’s flow, increase velocity, and power a machinery house that
spanned the raceway walls. The machinery house supplied power to an air compressing engine
that operated the drills in the quarry and to power the tram cars up the incline to the kilns. The
company continued its lime production through the turn of the century when its operations were
purchased by the Tews Lime and Cement Company. As the country’s need for the product
dwindled in the early twentieth century, the lime production at this site decreased until the mid1920’s when operations ceased. In the early 1960’s, the Village of Grafton acquired the site,
paying $6,000 annually over ten years to the Tews Lime and Cement Company, and filled the
former millrace with concrete debris and earthen fill. During this time, the dam began to fail. In
1963, repairs were made to the Lime Kiln Dam to prevent further damage. Following an August
2008 dam safety inspection by the WDNR, the Village was informed by the WDNR that
structural repairs to the dam would be needed to comply with current state dam safety standards
and sound engineering practices, as well as to address new floodplain regulations. The Dam was
located adjacent to the Village’s Lime Kiln Park and the impoundment was surrounded by
residential parcels. The LK Dam was not a complete impediment to fish movement between
Lake Michigan, Milwaukee River Estuary, river or tributary environments. The LK Dam was
occasionally submerged for extended periods of time, thereby enabling limited opportunities for
fish passage beyond the dam. Thus, the dam was not considered a impediment to AIS or VHSv.

Alternatives
At the time of grant submittal, the Village of Grafton had chosen dam removal as the most cost
effective and environmentally sound alternative to complying with State dam safety standards
and had publicized this intent. As such, the only alternative to full dam removal that was
thoroughly investigated in the NEPA and State EA was the “no action” alternative, which would
involve leaving the dam in place. This alternative would have resulted in the greatest negative
environmental and socio-economic impacts when compared to the removal alternative. The noaction alternative did not meet the purpose of the NOAA grant as the dam would continue to be
an impediment to fish passage, as well as pose a long-term financial liability for the Village of
Grafton as dam owner. Subsequently, additional alternatives were analyzed and discussed as part
of the “Lime Kiln Dam Practicable Alternatives Analysis” report requested by USACOE.
Additional details regarding these alternatives can be found under the “Sediment Analysis” topic
of this section.
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Methodology
Bonestroo, Inc. completed the final design and engineering plans for the full removal and
restoration of the LK Dam. The plans called for access and staging within Lime Kiln Park, a
slow impoundment drawdown to minimize scour and re-suspension of sediments and turbidity
effects, removal of the spillway and backfill materials, demolition of the dam working east to
west, some channel contouring as necessary to achieve fish passage objectives, restoration of the
channel in the former spillway, and restoration of the impoundment area.

Permitting
Upon receipt of final plans and specifications, the County proceeded with requisite WDNR,
USACOE, and Village permitting activities. The WDNR WEPA Environmental Assessment was
completed and certified in January 2010 and the WDNR abandonment permit was issued on
January 25, 2010. Details of the USACOE permitting process are included in the next section.
Sediment Analysis
As part of the design and engineering process, Ozaukee County and Bonestroo, Inc. staff
completed detailed sediment poling and estimated the volume of fine textured silt-clay-sand –
fine gravel sediment in the Lime Kiln impoundment to be approximately 3,880 cubic yards
ranging in thickness from 0 to 4.5 feet The majority of the fine textured sediment was located
along a reach extending 550 feet upstream of the dam and east of the existing impoundment
centerline. The native substrate along the Lime Kiln impoundment is similar to what is known to
be present along the free-flowing reaches of the Milwaukee River in Grafton, primarily coarse
alluvial gravel, cobble and boulder, and fractured bedrock. Fractured bedrock can be observed
along the steep confining shorelines along the Lime Kiln impoundment and former Chair Factory
impoundment. The permit application materials noted that following removal of the dam, the
majority of this sediment would remain submerged as submerged lateral and center bars, and
others exposed as terrestrial or future wetland soils. An estimated 500 cubic yards of the
sediment could have been displaced downstream of the former dam due to scour. The WDNR
and Ozaukee County staff collected a core sample along a single transect upstream of the Lime
Kiln Dam and in the impoundment in August 2009. The core sample was divided into three
segments based on color and texture. Each segment was analyzed for a variety of inorganic and
organic chemical constituents below. Typical of impoundment’s located in developed watersheds
and as evidenced by the sediment volumes above, the Lime Kiln impoundment had become a
depositional area for fine textured soils. While eroded uncontaminated upland soils were the
primary source of these sediment deposits, these clay-silt textured sediments and organic matter
have an affinity for absorbing pollutants also discharged from point and non-point sources of
pollution. The results of this physical and chemical analysis indicated that the concentration of
two common organic chemical compounds known as polyaromatic hydrocarbons (PAHs) and
polychlorinated biphenyls (PCBs) were relatively low or less than the analytical detection limits.
The sediment analysis also included tests for the presence of seven heavy metals. Overall, the
sediment contained in the Lime Kiln impoundment was not deemed hazard to human health and
the environment. The permit narrative noted that following removal of the Lime Kiln Dam, the
remaining sediments could be safely managed in-place using a variety of practices including
engineered (e.g., rip rap), bioengineered (vegetative cover), or combination of practices. The
State EA indicated if sediment was removed from the newly flowing river channel, it could be
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placed onto the exposed sediment and managed accordingly, and that no special “capping” of the
sediment was required. Once the sediment was sufficiently dried and vegetated, there would be
no special restrictions on access or use of the area. If sediment was removed from the former
impoundment, it could be disposed of at a landfill and used as daily cover for the landfill waste.
After review the permit application materials, the USACOE indicated they needed to comply
with a “0% sediment release policy” and requested an additional alternatives analysis to justify
the dam removal alternative and to identify additional methods to manage and minimize
sediment transport during construction. The alternatives analysis study was jointly completed by
Department staff and Bonestroo. This study discussed alternatives including:
Partial Retention: This was eliminated from consideration because it failed to achieve the
Village’s goal to eliminate liability (e.g., public safety) and financial burdens related to
owning, maintaining, and operating the Dam. It would also have required extensive
design, permitting, and construction activities warranting considerable, unwanted cost.
Finally, the dam would have continued to inhibit fish passage, thus negating Ozaukee
County’s goal to improve fish passage in the Milwaukee River Watershed.
Dredging (Prior to Dam Removal): This was eliminated from consideration because of
logistical unfeasibility (including meeting an expedited schedule mandated by the
NOAA/ARRA grant), exorbitant cost, and the inevitability of re-suspending and
transporting fines prior to dam removal. The LK Dam impoundment was topographically
isolated in a narrow bedrock ravine. It was also largely surrounded by private residential
homes and wooded, private property. Combined, this made large-scale dredging and
associated activities (i.e., heavy equipment access/egress, spoil dewatering and transport,
off-site disposal, etc.) undesirable and unfeasible. It would have also dramatically,
unnecessarily, and unacceptably increased project cost. Hydraulically dredging (including
planning, permitting, transporting, and potential soil quality analyses) the anticipated
restored channel would have cost an estimated $187,500. The logistics of spoils
dewatering and suitable disposal only magnify the difficulties associated with dredging.
Finally, dredging itself would have unnecessarily re-suspended fine sediments. Much of
this material would have remained in place following dam removal if dredging was
avoided and, for the sake of safety, dredging would have to likely occur during periods of
low flow when high suspended sediment loading and associated turbidity effects were
abnormal.
Planned/Controlled Drawdown, Floodplain Restoration, and Dam Removal (Preferred
Alternative): The preferred alternative included: a planned, incremental impoundment
drawdown prior to dam removal followed by natural sediment transport from areas of
newly reclaimed channel to artificially “sediment starved” reaches, and stabilization and
restoration of newly exposed floodplain. This alternative was technically and logistically
feasible and restored natural sediment transport and benthic habitat conditions while
minimizing the total sediment quantity released below the dam. Further, it was cost
effective and achieved all project goals. Sediment quality was not a concern based on
laboratory analysis and WDNR findings (WDNR 2010), and accreted sediment could
remain in newly formed floodplain areas without impact to human health or property.
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Do Nothing (Leave Dam in Place): This was eliminated from consideration because it
failed to achieve the Village’s goal to eliminate financial burdens and public safety
liabilities related to the Dam. The Village was not interested in this alternative and by
State and Federal law the Village (owner) was not be required to maintain the dam in
perpetuity. This alternative also fails to achieve the Program goal of improving fish
passage in the Milwaukee River Watershed.
Fish Passage Structure: This was eliminated from consideration because it failed to
achieve the Village’s goal to eliminate financial burdens and public safety liabilities
related to the dam. Although a fishway could have been constructed, the Dam would still
have required extensive repairs and maintenance. The Village was not interested in this
alternative and by State and Federal law the Village (owner) was not be required to
maintain the dam in perpetuity.
This alternatives analysis also included a “Substrate Composition/Embeddedness Analysis and
Potential Sediment Transport Evaluation.” Substrate in two comparable river reaches was studied
to evaluate the influence of the Lime Kiln Dam on river sediment transport dynamics. The
channel flows over fractured dolomite bedrock in both reaches and each have similar gradients.
By contrasting the findings, the report quantified the influence of LK Dam channel substrate.
The collected data suggested that fine sediment abundance downstream of the LK Dam had been
diminished. This supports the following theories regarding the Milwaukee River immediately
downstream of LK Dam:
1.
2.
3.
4.

Fine sediment supply is lacking
Bed load transport has been artificially altered
Unnatural (i.e., armored) substrate characteristics prevail
Benthic habitat heterogeneity loss persists

The evaluation concluded that fine sediment (i.e., sand, silt, etc.) transport was artificially
diminished downstream of Lime Kiln Dam, and that removing the dam and allowing a portion of
the sediment detained in the impoundment to transport downstream could alleviate some of this
deficiency. This alleviation combined with continual, improved sediment transport
characteristics following dam removal could benefit channel stability, benthic habitat
heterogeneity, and biota downstream of the dam following its removal. Based on these
conclusions, the following were included as recommendations:
1.
2.
3.
4.
5.
6.
7.

Site Access and Erosion Control Best Management Practice Implementation
Planned/Controlled Impoundment Drawdown
Incremental Dam Removal
Natural Channel Reestablishment
Floodplain Stabilization and Restoration
Channel Stabilization
Proper Debris/Rubble Management and Removal

33

The USACOE accepted this study as complete on April 16, 2010 and issued a permit to
discharge dredged or fill material to the Milwaukee River on October 10, 2010. The
authorization included the release of approximately 2,500 cubic yards of sediment from behind
the dam that would result in a discharge of dredged or fill material in downstream waters.
State Historic Preservation Office Coordination
On April 27, 2010, USACOE informed Department staff that additional archeological analysis
was required to determine if the entire site was eligible for listing on the National Register of
Historic Places (NRHP). Ozaukee County contracted with the Great Lakes Archeological
Research Center (GLARC) to perform this work. GLARC completed its literature and field study
in May 2010 and provided a recommendation of no listing to USACOE on June 10, 2010.
USACOE subsequently concurred with the GLARC report and forwarded the study to the State
Historic Preservation Office (SHPO). SHPO responded on August 16, 2010 indicating that they
disagreed with the USACOE and GLARC findings that the site was not eligible for inclusion in
the NRHP, and suggested that a Memorandum of Agreement (MOA) should be executed
between SHPO, the USACOE, and Village of Grafton that included provisions for a public
interpretation plan and listing the site in the NRHP. SHPO also requested that portions of the
dam be retained as a historic structure. The Village of Grafton responded that the WDNR dam
removal permit required that all dam structures be removed and that retaining a portion was not a
feasible option. After further discussions, the final MOA was modified to contain the following
provisions:
A. The Village shall prepare a NRHP nomination for the Milwaukee Falls Lime
Company (original dam owner) and have that property listed on the NRHP.
B. The Village shall develop an interpretation plan pertaining to the Milwaukee Falls
Lime Company that will be located in Lime Kiln Park.
C. The Village shall make a reasonable, good faith effort to leave a portion of the Lime
Kiln Dam in place as a means of interpreting the overall site layout and function.
The MOA was subsequently signed by all parties on September 20, 2010 and the USACOE
permit was issued on October 7, 2010. SHPO subsequently approved Ozaukee County’s
permanent education and outreach signage as the “interpretation plan” and the Village of Grafton
proceeded with NRHP applications. The Milwaukee Falls Lime Company and Lime Kiln Park
were formally listed on the NRHP and the State Register of Historic Places in January 2012.

Construction Activities
Ozaukee County proceeded with a public bidding process for dam removal and site restoration
activities and opened bids on September 7, 2010. Bids ranged from $193,000 to $852,000, which
were in excess of the engineers estimate and projections from the original NOAA grant budget.
On September 23, 2010, the Ozaukee County Public Works Committee voted to reject all bids.
Local force-account work (Ozaukee County Highway Department) commenced in early October
2010. Original plans called for dewatering of the impoundment through an existing 42”
corrugated metal pipe extending through the former raceway. Upon further excavation, it was
determined that this culvert was significantly blocked with rubble and lacked adequate capacity
to fully dewater the impoundment. Ozaukee County and Bonestroo staff performed archival
research and found several documents and photographs suggesting that the original raceway was
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constructed with concrete walls. Work crews removed concrete, rubble, and other fill from the
former raceway structure and exposed the original concrete raceway walls between the west
shoreline and bedrock island, which were still intact and structurally sound. Crews then installed
two large culverts (originally purchased and subsequently used for road/stream crossings) to
provide a bypass channel. A gravel crossing was placed over the culverts to provide access to the
bedrock island and dam structure during the dam removal process. Impoundment draw-down
began on October 29, 2010 and complete river discharge bypassing was achieved on November
1, 2010, fully exposing the dam structure. WDNR and USACOE permit conditions required a
slow impoundment drawdown so crews continued to modify the inlet of the bypass channel over
several days to gradually pass more flow. Concrete jersey barriers were placed downstream of
the bypass culverts to minimize sediment loss.
Fracturing the Dam
Crews began removing concrete and rubble behind the dam structure, but soon realized that the
dam’s concrete face was reinforced with rebar, railroad rails and other materials. Moreover, a
previously unknown large concrete footing at the base of the dam was discovered. It was
determined that available local force equipment was inadequate to fully fracture the dam.
Multiple options were explored, including hydraulic hammering or blasting. After further
investigation, it was determined that hydraulic hammering could take several weeks, cause
significant noise pollution, and significantly impact overall project costs. As such, Ozaukee
County further investigated the possibility of fracturing the dam using a series of controlled
blasts. SX Blasting, Inc., a regional blasting company, was contacted and their experts prepared a
blasting plan for WDNR consideration. This plan included a stability analysis and pre-blast
inspection of surrounding areas and structures. As noted above, the dam was located adjacent to
Lime Kiln Park owned by the Village of Grafton, so this area could be cordoned to exclude
onlookers. No structures were identified downstream and all upstream structures adjacent to the
channel were residences located upslope several hundred feet away from the river and protected
by forested riparian areas. WDNR subsequently approved the fracturing of the dam with a series
of controlled blasts. On November 15, 2010, SX Blasting, Inc. proceeded with drilling pilot
holes in the eastern third of the dam crest, placing charges in each pilot hole, and setting off the
charges. A rubber tire mat “blanket” was placed over the immediate blast area to focus the blast
into the structure for maximum effect and to minimize the amount of airborne debris. Ozaukee
County and Village of Grafton staff cordoned off people within the blast zone. The initial blast
breached the eastern third of the dam structure and Highway Department crews proceed to
remove the concrete and steel rubble with heavy equipment and dump trucks. SX Blasting and
the Highway Department repeated this process two additional times until the dam structure was
completely fractured and removed. In addition to the rebar, other reinforcement materials were
uncovered including steel railroad rails and metal tractor parts. The dam was fully removed by
November 19, 2010. The concrete apron over the bedrock island, gravel overlay, and bypass
culverts were removed during the week of November 22, 2010 and final west bank site grading,
frost seeding, and grading was completed by December 9, 2010.
As noted above, the SHPO/USACOE/Village of Grafton MOA indicated that a portion of the
dam be retained to the extent practical. Ozaukee County and the Village of Grafton agreed that
leaving the raceway walls in place after removal would meet MOA requirements, minimize
debris removal and grading, reduce overall costs, and could continue to act as a “retaining wall”
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to support the steep west bank grade. In addition, Ozaukee County designed a wooden pedestrian
bridge to span the retained concrete raceway walls to improve public access to the river and
recreation opportunities, including fishing. The bridge was installed by the Ozaukee County
Highway Department in late October 2011 and Program staff has routinely observed people
accessing the bedrock island and river for fishing and hiking using this structure. Furthermore, a
wooden split-rail fence was installed to prevent access to the steep slopes on the western bank.
Restoration
Program staff mapped the newly exposed sediment within the former impoundment immediately
after impoundment drawdown in preparation for restoration activities. It was estimated that
approximately one acre of exposed sediment located primarily along the former eastern shoreline
remained after the impoundment drawdown and dam removal. In addition, a significant amount
of debris was discovered within the stream channel and on these sediment areas. Program staff
worked with the Milwaukee Community Service Corps (MCSC) in late November 2010 and
removed approximately 5 cubic yards of anthropogenic debris from the former impoundment.
Portions of the exposed sediment and west bank adjacent to the raceway walls were frost seeded
and mulched by the MCSC and Program staff in early December 2010. In June of 2011, Program
staff and the MCSC constructed and installed fabric-encapsulated soil (FES) lifts along the east
“new” shoreline and completed additional native seeding and tree planting in this area. Trees
were protected with wire tree cages to prevent wildlife damage. The FES lift was protected with
a “stone toe” constructed using cobble and boulders from the stream channel. A similar stone toe
was constructed at the bottom of the west bank. Additional restoration activities included
incorporating additional topsoil fill on the west bank and upslope areas, additional native seeding
and tree planting, and protection with hydro-mulch. A drainage swale was constructed in the
upslope area to accommodate stormwater runoff from the Lime Kiln Park road and adjacent culde-sac. In addition, a paved access path from the cul-de-sac/parking area to the pedestrian bridge
was constructed in July 2013 to ensure the bridge was handicap-accessible. By fall of 2011,
significant vegetation and tree growth was observed on the exposed sediment on the eastern
shoreline, fully stabilizing the site. The tree cages were removed in fall of 2013.
Project Results
This project met original NOAA grant goals and objectives by reconnecting approximately two
miles of mainstem river up to the BS Dam, and allowing for full access to 12 mainstem river
miles between MT Dam and BS Dam. Water quality, sediment transport, and recreational
opportunities (e.g. canoeing, kayaking, access to the river, upstream fishing) were significantly
improved, and the Village’s ongoing financial and safety liabilities were removed. Total NOAA
contribution: $208,756.
Materials Used
Materials used at the Lime Kiln Dam removal and restoration project included:
• Erosion matting and hydro-mulch
• Earthen fill and topsoil
• Native prairie seeding and live staking
• Steel tree cages
• Wooden pedestrian bridge
• Concrete raceway walls (retained)
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Asphalt access path
8” PVC pipe for stormwater swale drainage
Native cobble and boulders
Permanent education and outreach signage

Bridge Street Dam
The Bridge Street Dam (BS Dam) is located 32 miles upstream of the river’s confluence with
Lake Michigan. The original Bridge Street Dam was authorized in 1847 and while the actual
design and construction date is not known, records indicate the original owner of the dam was a
Mr. Johnson in 1862. The original dam consisted of a rock filled wood crib structure. The
original dam completely and partially failed in 1881 and 1905, respectively. Remnants of the
original dam are located approximately 30 feet upstream of the current dam spillway. The
current dam consists of a concrete, hollow-arched structure built in 1918. The original adjoining
millrace was previously filled and abandoned. This millrace was a source for power generation
used in a milling and woolen works. The spillway is supported by concrete buttresses on the
downstream side of the structure and is built into abutting limestone walls. The crest is 164 feet
wide by 17 feet high and did not include a controlled overflow. It creates a small 33 acre
impoundment with a maximum water depth of less than 12 feet A public riverwalk currently
rests on top of the former millrace. The dam foundations have been placed on rock and the
embankments on both sides of the river upstream of the dam are low earthen embankments.
Downstream of the dam for approximately 100 feet are tall exposed bedrock embankments. The
BS Dam has a structural height of 17 feet and a hydraulic height of 12 feet and is owned by the
Village of Grafton. In August of 2008 and July of 2009, WDNR staff completed structural and
safety inspections and at the dam an issued a letter to the Village of Grafton indicating it had
assigned a significant hazard rating assessment on the Bridge Street Dam due to downstream
structures within the dam failure floodplain. The letter required that the Village hire a WIregistered engineer to investigate the spillway capacity of the dam under NR 333 requirements
and submit the study for WDNR approval. Consulting engineers (Bonestroo) and WDNR staff
subsequently determined that significant modifications or full replacement would be required to
meet NR 333.07. At the time of grant award, the Village of Grafton was willing to discussing
multiple alternatives to meet fish passage objectives and/or remove the Village’s ongoing
liability.
Preliminary plans considered a passive fishway on the west side of the Bridge Street Dam.
Ultimately, ownership uncertainty along the west shoreline resulted in completion of a passive
fishway design for the east side of the Bridge Street Dam. However, the design was not
constructed due to unforeseen WDNR permit conditions. The development of the fishway design
was a complex process involving a detailed alternatives analyses, a robust public outreach and
information initiative, multi-agency regulatory oversight, and extensive engineering, hydrologic,
hydraulic, and biologic research and design, including input from a number of nationallyrecognized fish passage experts. Significant issues included AIS concerns, a public referendum,
evolving regulatory positions, detailed risk analysis assessments, and a host of other concerns.
Each of the above issues was concurrent, interrelated, and played a key role in shaping the final
designs. As such, we have provided a general timeline of salient issues below.
•

8/26/2008: WDNR inspects the Dam as part of routine inspection schedule.
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11/3/2008: Village of Grafton Board (Board) Meeting: Village Engineer recommends the
approval of a fish ladder at the Dam.
11/19/2008: Village Board of Public Works Meeting: The Board of Public Works passes
a motion recommending that the Board support fish passage construction at the Dam.
12/1/2008: The Board passes a motion to support fish passage construction at the Dam.
6/22/2009: Project partners (including WDNR staff) initiate NEPA.
6/30/2009: NOAA award announcement.
7/6/2009: Agency kickoff meeting with WDNR staff.
7/7/2009: WDNR conducts a site visit at the Dam as part of routine inspection schedule.
7/13/2009: Public Works Board Meeting: Board of Public Works recommends the
Village Board approve Dam removal.
7/13/2009: WDNR letter to the Village: WDNR requires certain actions regarding the
Dam based on the August 26, 2008 and July 7, 2009 WDNR inspections, including:
o An updated Emergency Action Plan by December 31, 2010
o An Inspection, Operation and Maintenance plan by July 31, 2010
o Have the concrete face portion of the dam and the walkway below it inspected for
integrity by July 31, 2010
o The plunge pool area inspected for scour by July 31, 2010.
o The WDNR letter also requested the Village maintain a dense stand of vegetation
to stabilize the ground at the left (east) abutment following the removal last year
of the trees and overgrowth.
7/16/2009: WDNR letter to the Village: The WDNR assigned a Significant Hazard rating
assessment on the Bridge St. Dam due to downstream structures within the dam failure
floodplain. The current dam configuration is deemed unable to safely pass the 500-year
flood without overtopping. The letter requires the Village hire a WI-registered engineer
to investigate the spillway capacity of the dam under NR333 requirements and submit the
study for WDNR approval. Consulting engineers (Bonestroo) and WDNR staff
subsequently determine the existing dam cannot be altered to meet NR 333.07 because
significant modification or replacement would be required.
7/30/2009: Municipal coordination kickoff meeting with WDNR staff.
8/3/2009: Public Hearing before the Village Board of Grafton: The meeting’s purpose is
to consider Dam removal in light of the elevated costs to repair its structural problems.
County staff indicates that eligibility of using grant funding for Dam removal had not
been confirmed by NOAA. Bonestroo consultants review the status of the Dam and
impoundment. WDNR staff discusses anticipated environmental changes stemming from
Dam removal.
8/6/2009: U.S Fish and Wildlife letter to WDNR includes the following (sections
underlined for emphasis): “Upon inspection by the (U.S. Fish and Wildlife) Service, the
Bridge Street Dam on the Milwaukee River was determined to be the first effective
barrier to sea lamprey migration on the system. There are many other existing dams
below the Bridge Street Dam, but they have been either partially or fully removed,
breached, or modified to provide fish passage for non-jumping species and therefore do
not effectively block sea lamprey migration. In the past, the Service has concurred with
removals on this system as long as the Bridge Street Dam remained as a sea lamprey
barrier, largely due to the high quality spawning and larval sea lamprey habitat located
upstream of the Bridge Street Dam. The Service does not support full removal of the
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Bridge Street Dam due to the significant risk of sea lamprey recruitment in the upper
Milwaukee River watershed and associated assessment and treatment costs. However,
given the lack of historical recruitment in this watershed and other tributaries in this
area of Lake Michigan, we would support construction of a fishway at the Bridge Street
Dam. The fishway must be constructed so that it can be easily modified to block sea
lampreys via stop logs or gates in the event that recruitment is detected above the
barrier. The Service will be surveying the system once every four years to monitor for
recruitment if the barrier is removed or modified in any way.”
8/10/2009: Ozaukee County receives NOAA approval to allocate funding to perform
Dam removal feasibility study and associated engineering and design.
9/09: A “Save the Dam” group (group) comprised of local business owners, residents,
and other concerned entities begin a website and compose fliers to garner support for
retaining the Dam and impoundment.
10/19/2009: Bonestroo delivers its “Preliminary Synopsis of Study Methods and
Findings: Bridge St. Dam Fish Passage Feasibility Study” report to the County. This
report evaluates the potential effects of removing Bridge Street Dam, including:
o Identifying factors of particular interest to project stakeholders
o Collection of new on-the-ground data
o Locating and interpreting historical information and relevant previous research
findings
o Identifying comparable projects for execution strategies, costs, and post-project
reflections
o Applying these findings to develop a conceptual model of each fish passage
alternative and renderings
10/22/2009: Public Hearing before the Village Board of Grafton: The meeting’s purpose
is public review and comment on the proposed Dam removal. Bonestroo, WDNR staff
(Brent Binder, Will Wawrzyn) and the County present alternatives for repairing or
replacing the dam and discuss potential impacts to the impoundment, river channel,
fisheries, sediments, habitat, water quality, floodplain impacts, and invasive species
concerns if the dam were removed. Ozaukee County also confirms that grant funds could
be applied for dam removal and restoration projects.
10/27/2009: Great Lakes Fishery Commission letter to the Village: “The Village of
Grafton faces a rare opportunity to help control the invasive sea lamprey and enhance the
Lake Michigan fishery as it considers plans for the Bridge St. Dam on the Milwaukee
River…I [Dr. C. I. Goddard, GLFC] encourage the Village and County to approve the
construction of the proposed fishway and maintain the Bridge St. Dam. With this action
you will protect the lake’s ecosystem and fisheries by preventing the Milwaukee River
from potentially becoming a new source of sea lampreys.”
10/27/2009: U.S. Fish and Wildlife Service letter to the Village: “Upon inspection by the
Service, the Bridge Street Dam on the Milwaukee River was determined to be the first
effective barrier to sea lamprey migration on the system. On August 3, 2009, the Village
Board of Grafton was provided with a courtesy copy of a letter delivered to the WDNR
stating that the Service does not support full removal of the Bridge St. Dam due to the
significant risk of sea lamprey recruitment in the upper Milwaukee River watershed and
associated assessment and treatment costs.”
10/29/2009: The Village Clerk receives a Notice of Intent to Circulate Advisory
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Referendum Petition from Save the Dam. The notice gives the individuals who desire to
circulate a petition 20 days to do so. During the 20 days, a minimum of 1,556 valid
signatures must be obtained. If unsuccessful, the requirement of the Village Board to hold
an advisory referendum is moot. Key verbiage in the referendum question is “Should the
Bridge Street Dam be preserved until at least 2019?” The petition identifies that this
notice of intent does not preclude the Village from making a decision to build a fish
ladder. The Village is precluded from taking action during this 20 day period on the
option to remove the dam (with or without NOAA grant funding).
10/29/2009: Special Village Board Meeting: The original purpose of the meeting is to
take action based on the information collected at the 10/22/09 public hearing. Board
action cannot take place because the Notice of Intent was submitted before the meeting.
Documents on invasive species information are distributed and the meeting is opened up
for public comments. Jessica Barber from the U.S. Fish and Wildlife Service presents
lamprey information and answers audience questions.
11/11/2009: WDNR initiates Bridge Street Dam fact sheet development with project
team.
11/18/2009: Village Clerk receives a Petition for Direct Legislation regarding the
preservation of the Dam.
11/18/2009: Village, County, WDNR, NOAA, and USFWS jointly issue “Bridge Street
Dam: Question & Answer Fact Sheets on Aquatic Invasive Species, Dam Safety,
Fisheries Management, Recreation, and Water Quality For the Bridge Street Dam” to
address public concerns regarding, amongst other things, AIS and the “decision tree”
protocol used to guide dam and fish passage projects in a manner that balances AIS
concerns. This document specifically states that where the Dam is a complete barrier to
AIS and VHS where a fishway is being installed the Department recommends that the
fishway be designed with a gate that can be closed anytime. Contributors include:
o Brent Binder, WDNR Dam Safety Engineer
o Brad Eggold, WDNR Fisheries Team Supervisor
o Jessica Barber, USFWS Sea Lamprey Management Program
o Andrew Struck, Ozaukee County Planning and Parks Department Director
o Karla Trampus, NOAA Natural Resources Specialist
11/30/2009: Special Village Board Meeting: The Village Board’s options at the
11/30/2009 meeting are listed below:
o Action 1: Adopt the requested Resolution, based upon the submittal of 2,383
valid signatures, for the preservation of the Bridge Street Dam until at least 2019.
If this option is chosen, no further action was required by the Village Board, at
this time.
o Action 2: Do not adopt the resolution but submit the matter to the electorate of
the Village of Grafton. As indicated in Section 9.20 of the Wisconsin Statutes, the
first opportunity for this matter to go to the electorate is at the April 6, 2010
spring election.
o Action 3: Do not adopt the resolution but, by a three-fourths vote (6 of 7) of the
members-elect, set a Special Election to present this matter to the electorate of the
Village of Grafton.
o The Board does not move to vote on the Action 1. The matter is submitted to the
electorate of the Village of Grafton on the April 6, 2010 spring election (Action
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1/22/2010: Full NEPA/(Environmental Assessment (EA) issued by NOAA, which
includes detailed WDNR AIS/VHS control strategies as drafted by WDNR staff and as
explained in the “Bridge Street Dam: Question & Answer Fact Sheets on Aquatic
Invasive Species, Dam Safety, Fisheries Management, Recreation, and Water Quality For
the Bridge Street Dam.”
4/6/2010: Village residents vote to retain dam and incorporate a fishway.
5/19/2010 County and Bonestroo provide a public information meeting, including a 40minute long project status update and 1-hour long question and answer session, at the
Village.
5/2010: Bonestroo continues developing multiple conceptual alternatives for fish passage
6/7/2010: Village Board vote to approve preferred east side alternative.
6/10/2010: County and Bonestroo complete a full alternatives analysis for fish passage at
the BS Dam. The alternatives are presented below:

Alternatives Analysis
Alternative A: No Action
This alternative involved leaving the dam in its current condition. The proposed fishway
alternative would not be constructed. No other alternative described herein that would
enable fish passage would be pursued. The Village of Grafton would continue to operate
and maintain the Bridge Street Dam according to state and federal dam safety standards.
Under this alternative, the project would not remove a significant impediment to fish
passage, and high-quality habitat will remain isolated and unable to reach its full
ecological potential. As a result, aquatic habitat would remain fragmented, decreasing the
health and abundance of a host of desirable fish species, including several that are
specifically targeting for protection or restoration (e.g., lake sturgeon, striped shiner, the
threatened greater redhorse and long ear sunfish). This alternative did not support recent
program efforts to improve fish passage throughout the watershed, including the
construction of a fishway at the Thiensville Mequon Dam, the recent removal of the Lime
Kiln Dam, the reconstruction of approximately 45 road and stream crossings and the
removal of over 110 small-scale impediments to fish passage on 9 tributary streams. At
the time, approximately 80% of the complete or planned fish passage impediment work
under the NOAA/ARRA funding was associated with projects upstream of the BSD. This
alternative did not meet the purpose of the NOAA grant and the goals of a variety of fish
and other water-based management plans. As such, this alternative was eliminated from
further consideration.
Alternative B: Dam Removal
Channel restoration and dam removal met the goals of the overall project and the goals
for reestablishing fish passage at the BSD location. The Village of Grafton initiated
consideration for dam removal in 2008. However, this process culminated in an April
2010 binding referendum in which the populace voted to retain the dam. Thus,
Alternative B was eliminated from further consideration.
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Alternative C: West Side Fishway Construction
A west side construction alternative was considered in great detail. This alternative
focused all activity on a singular area of the Bridge Street Dam impoundment – the west
shoreline extending from the dam to an area just south of Highway 60. The fishway
construction would have utilized portions of the abandoned millrace located under the
existing riverwalk area. Benefits to west side placement included increased public
viewing along the existing riverwalk, addressing west side abutment mortar and structural
concerns, and the potential reduction of riverwalk flooding.
Numerous significant concerns with this alternative were identified during a thorough
analysis. The Milwaukee River thalweg runs along the west shoreline. This area is the
deepest part of the channel and has sustained high velocity flow. Construction in these
conditions poses significant, undesirable difficulties. Requisite total impoundment
dewatering and construction site isolation would have added significant risk, additional
cost, and impact the timeline. This alternative would have used portions of the abandoned
mill race, of which the current structural conditions are unknown. Additional engineering
studies and a structural stability analysis would have elevated overall project costs. The
upstream end of the structure (fishway exit) would have to have been completed adjacent
to and possibly on private property. Initial discussions with this owner indicated a lack of
support for this alternative. This location provided only extremely limited space and
Village ownership/easements were uncertain. Considerable development had occurred on
the impoundment’s western shore, and construction access and staging would have had to
be completed from Bridge St, potentially closing traffic lanes for prolonged periods. In
addition, this location provided no room for a future “trap and sort” facility in the event
AIS are identified in the area. Northern Pike, the program’s target species, require a
design slope of less than 2% and suitable water velocities (i.e., less than two feet/second)
to effectively pass through the fishway. These criteria yield a total structure length greater
what is available at the impoundment’s west side. A “cast in place” concrete pour at this
location would have been necessary, requiring additional expenses. This location
prohibits incorporating physical elements of a more natural fishway (pools and riffles),
which is desired over predominantly enclosed structures. The structure would also have
required demolition and replacement of the existing riverwalk and overlook area, adding
considerable costs to the overall project. Locating the fishway in the thalweg could have
resulted in considerable debris accumulation and unacceptable, ongoing maintenance
issues. A comparison of Alternatives C and D were presented to the Village of Grafton
Board on May 19, 2010. The Village Board voted unanimously to approve Alternative D
(i.e., the east side construction alternative, see below). Alternative C was eliminated from
further consideration given the feasibility concerns and anticipated, elevated construction
costs as noted above.
Alternative D: East Side Fishway Construction
Alternative D, East Side Fishway Construction, was both approved by the Village of
Grafton Board and chosen as the preferred alternative. This alternative focused all
activity on a singular area of the BSD impoundment – the east shoreline extending from
the BSD to an area north of State Highway 60. Identified concerns at this location include
fractured bedrock near the dam, structure extension under the State Highway 60 Bridge,
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accommodating two storm sewer outfalls on the north and south sides of State Highway
60, and modification of existing shoreline adjacent to private properties. The parcel north
of Highway 60 is Village owned parkland, providing room to accommodate a fishway
meeting target species design slope and velocity criteria. The additional room would have
allowed for incorporation of a desired series of natural-like pools and riffles. The open-air
section required less concrete and would improve fishway function and decrease project
costs. The east-side alternative met stated Wisconsin Department of Natural Resources
goals in allowing for natural shoreline adjacent to the buried box section to be retained.
The east side has shallower reservoir water depths, allowing easier construction access
and site dewatering. In addition, there was less potential for debris accumulation by
locating the fishway outside the thalweg. Only a partial impoundment drawdown would
have been required for construction. The existing rock crib dam could have acted as a
coffer dam and be utilized to isolate the construction site. The public park at the upstream
end could have allowed for adequate room for a trap & sort facility, if needed, and was an
ideal location for public viewing, education and outreach opportunities. The public land
at the fishway outlet would have accommodated for easy maintenance access. In addition,
the park provided for adequate staging for construction equipment and materials.
Breaching and repairing the east abutment and a single buttress would have helped rectify
documented structural deficiencies in that portion of BSD, as well as accommodated a
potential future additional spillway wall to increase spillway capacity as required by
Wisconsin State Code NR 333. Additional spillway capacity could reduce the riverwalk
flooding duration on the west side. Finally, Ozaukee County had established private
property owner participation through existing and new temporary construction easements.
As discussed above, Alternatives C and D were presented to the Village of Grafton Board
on May 19, 2010. The Village Board voted unanimously to approve Alternative D. This
decision and the analysis as described both above and in the NEPA document clearly
indicated Alternative D as the preferred alternative to ensure fish passage at BS Dam.
12-5/2010: Ozaukee County, Bonestroo, and the three affected private landowners on the
east side of the impoundment between HWY 60 and Bridge Street meet multiple times to
discuss conceptual plans for an east side fishway. In May 2010, each landowner signs
temporary limited easements for the construction of a fishway.
7/2/2010: County and Bonestroo discuss concept design for an east side fishway with Dr.
Alex Haro, of the S.O. Conte Anadromous Fish Research Center.
8/9/2010: County coordinates a meeting and conference call of fish passage experts and
pertinent regulatory agency representatives to discuss the Bridge Street Fishway design
features and constraints to ensure best possible design is achieved. Participants include:
o Jessica Barber, USFWS Sea Lamprey Control Program
o Greg Klingler, USFWS Sea Lamprey Control Program
o Alex Haro, USGS S.O. Conte Anadromous Fish Research Center Research
Ecologist
o Nick Utrup, USFWS Lake Sturgeon Hydro Project Coordinator
o Anthony Jernigan, Army Corps of Engineers Project Manager
o Kathi Kramasz, WDNR Water Management Specialist
o Brent Binder, WDNR Dam Safety Engineer
o Andrew Struck, Ozaukee County Planning & Parks Department Director
o Matt Aho, Ozaukee County Fish Passage Program Manager
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o Ryan McCone, Ozaukee County Fish Passage Program Assistant
o Gale Holloway, Professional Engineer with Alieus Engineering, LLC
o Marty Melchior, Stream Ecologist with Inter-Fluve, Inc.
o Andy Selle, Fisheries Biologist and Hydraulic Engineer with Inter-Fluve, Inc.
o Dale Buser, Principal Hydrologist with Bonestroo Inc.
o Chad Davison, Project Engineer with Bonestroo, Inc.
8/10/2010: Dr. Alex Haro (USGS S.O. Conte Anadromous Fish Research Center
Research Ecologist), Mr. Nick Utrup (USFWS Lake Sturgeon Hydro Project
Coordinator), and Mr. Gale Holloway (Professional Engineer, Alieus Engineering LLC)
each provide additional expert feedback regarding the draft east-side fishway conceptual
design and design alternatives.
8/17/2010: The County receives a written letter from Will Wawrzyn that contains his
professional feedback and suggestions for the fishway, framed within the context of
specific design and performance objectives, that includes discussion of AIS as well as
text regarding day lighting in enclosed structures provided by Dr. Tom Slawski
(Southeastern Wisconsin Regional Planning Commission Principal Planner)
8/22/2010: Dr. Luther Aadland (MN DNR Program Consultant for the Stream Habitat
Program) provides expert input and feedback regarding the draft east-side fishway
conceptual design.
9/9/2010: The County requests (email from Matt Aho to Sharon Gayan) WDNR
assistance including:
o Fisheries, dam and floodplain safety, and water resources staff participation in
any upcoming agency meetings to review design plans. This would include
providing feedback appropriate to the level of current design, streamlining the
permitting process.
o Prior to final H&H analysis, the County would appreciate WDNR fisheries staff
feedback on the “passability” – both upstream and downstream – of the most
current design. The County strongly believes that WDNR fisheries staff can play
a critical role in the final design to ensure passability of Milwaukee River species,
as they have the most comprehensive and intimate knowledge of the resource.
o Department comment on AIS considerations.
o Monitoring assistance in the impoundment area (before and after construction).
9/23/2010: County and Bonestroo staff provide an informational presentation regarding
the fishway design and its development to County Supervisors and the public, including
several “Save the Dam” members, at a County Public Works Committee meeting. A
question and answer session was included.
9/29/2010: County coordinates a meeting to discuss the completed fishway hydraulics
analysis as well as fishway design challenges. These challenged include, but are not
limited to, technical fish passage concerns, available budget, site constraints, and design
alternatives. The goal is to determine a suitable path forward that helps to ensure the best
possible design (given inherent challenges) is achieved. Meeting attendees include:
o Dave Murphy, Village of Grafton
o Beth Wentzel, Inter-Fluve
o Marty Melchior, Inter-Fluve
o Chad Davison, Bonestroo
o Phil Caswell, Bonestroo
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o Dale Buser, Bonestroo
o Hiedi Wall, Bonestroo
o Gale Holloway, Alieus Engineering
o Mike Chelminski, Stantec
o Will Wawrzyn, WDNR
o Andrew Struck, Ozaukee County
o Matt Aho, Ozaukee County
o Katherine Disterhaft, Ozaukee County
o Ryan McCone, Ozaukee County
10/4/2010: WDNR states that they do not have a firm position on the matter of VHS and
that WDNR staff from Madison have directed WDNR staff involved in the fishway
design be excluded from the permitting process. The County states that WDNR support
for the project is essential because tremendous resources (e.g., time and funds) are being
expended to make the fishway a reality. The County provides the WDNR with conceptual
fishway designs via email subsequent to the meeting.
10/12/2010: The County receives WDNR (Brad Eggold and Will Wawrzyn) comments
regarding control of AIS with flashboards that allow the fishway to be “closed” and the
Dam’s barrier function to be completely restored if/when such actions become necessary.
11/11/2010: County meeting with WDNR at which WDNR requests an Operations,
Maintenance, and Risk Management (OMRM) Plan be submitted with the 60% plans.
11/15/2010: Public Hearing before the Village Board of Grafton: County and Bonestroo
staff provide a public presentation of the fishway design status and provide feedback
during a question and answer session.
11/22/2010: Tanya Meyer confirms that the Village can request a public information
meeting once the joint Chapters 30 & 31 permit application and EA are deemed
complete. Further, she states that the permit review will include a 30-day public notice
period and that the meeting announcement can be included in the public notice.
12/6/2010: Public Hearing before the Village Board of Grafton: Village Board approves
the 60% complete fishway design and engineering.
12/9/2010: Darrell Hofland (Village Administrator) confirms that no further Village
Board approvals are required and specifies that the Village Engineer will need to review
and approve the final design and engineering plans.
12/10/2010: The County submits a draft OMRM Plan to the WDNR for review. The
County integrates revisions suggested by Brad Eggold into the draft OMRM Plan
submitted to WDNR on 12/13/2010.
12/13/2010: The County and Village submit requisite permit applications, 60% designs,
and pertinent ancillary documents to the WDNR. A copy is also submitted to the USFWS
for their review and comment.
o Ancillary documents include:
 A detailed alternatives analysis (as described above).
 A detailed narrative on fishway construction procedures.
 A fishway operations plan, describing routine inspection and maintenance,
operational dates, inspection schedules, and access points for operational
features.
 A risk management plan, detailing monitoring procedures and decision
protocols for VHSv, Sea Lamprey, Asian Carp, and Round Goby. This
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plan also provided detailed recurrence intervals of hydraulic separation
distance between the dam crest and tailwater pool contrasted to the leaping
abilities of fish species of interest (salmonids), which showed that multiple
salmonid species (which are susceptible to VHSv) would be able to leap
the dam under a variety of flow conditions. This study is included as an
attachment under the “Monitoring Summary” section.
12/20/2010: The County receives additional OMRM suggestions from WDNR.
12/21/2010: The County speaks with WDNR and is told that the WDNR had not yet
started writing the fisheries portion of the State EA.
12/27/2010: The County submits revised OMRM including suggestions from Brad
Eggold as an addendum to the 12/13/2010 60% plan submittal.
1/24/2011: The County receives WDNR comments regarding the 60% plan submittal,
fishway design, and ancillary documents.
2/15/2011: The Army Corps of Engineers approves the fishway construction.
3/25/2011: The County submits to the WDNR:
o 90% Design Plan Sets
o Pertinent ancillary documents
o Formal responses to all comments regarding the 60% designs and ancillary
documents proffered by the WDNR and USFWS

Design Methodology
The 90% plans propose a passive fishway to follow the east shoreline of the
impoundment from Riverfront Park north of Hwy 60 through the dam. A portion of the
dam’s left abutment and spillway would be breached to construct and extend the fishway
through the dam spillway. Fish would enter the fishway just downstream of the dam so
that there are sufficient attractant flows to lure fish into the structure. They will exit the
fishway at the upper limits of the fishway located in the existing impoundment. The
fishway exit is designed to deflect and/or prevent downstream debris accumulation. The
fishway would be approximately 620 feet long with an internal width of 8 feet and an
external width of 10 feet in the 3 or 4 sided sections with a larger width where the east
bank will be used as the fishway bank as well. The fishway will be a concrete raceway
that mimics the local river including natural coarse substrate, surface water slope,
frequent resting pools, and compound weirs (riffles) that allow fish to swim through, as
opposed to “jump” through, when ascending the fishway over a full range of river flows.
There will be a series of concrete baffles constructed on the floor of the fishway but these
will be buried by the substrate rock so they will not be visible. The first 230’ from the
dam to the north will be an enclosed concrete box, cast in place. There will be a daylight
structure to allow some natural light into the enclosed section. This part of the fishway
will be underwater during normal water level conditions. After 230’, the fishway
becomes a 3-sided open air structure. The east side will blend into the newly graded bank
area, but the west side (toward the impoundment) will be a concrete wall that extends
above the normal water level. Other than under the Hwy 60 bridge, fill will be added to
the west side of the fishway to hide the concrete wall and to provide a more natural
shoreline. This bank will be riprapped at the toe and planted with seed and live plantings.
Although the project is considered a passive fishway, it includes features to actively
manage Aquatic Invasive Species (AIS), including round goby and sea lamprey, should
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they approach the Bridge Street Dam fishway. They include stop logs that would be
inserted to cease flow through the fishway and prevent the passage of all fishes (at both
the upstream and downstream ends of the fishway); and an elongated pool at the upper
limits of the fishway where a fish “trap-sort” facility could be constructed if and when a
decision is made to operate it. Once the fishway is constructed the dam embankment will
be rebuilt. The Village of Grafton has hired Bonestroo independently to study and
prepare a plan that will increase the spillway capacity as part of the reconstruction as one
step to meeting the dam spillway capacity requirements. The current plan slightly lowers
and lengthens the eastern embankment to provide additional capacity.
Program Responses to WDNR Concerns
• 4/5/2011: The County receives a phone call from WDNR indicating the WDNR’s
preliminary decision to not support a passive fishway project.
• 4/6/2011: The County and WDNR staff participates in a conference call regarding the
preliminary WDNR permitting decision. WDNR indicates that they would not support
the fishway project due to their concerns about VHS and round gobies and their
unwillingness to commit to monitoring for round gobies. WDNR also states that they
belive healthy northern pike populations already exist upstream and downstream of the
Dam and cite data that, in their opinion, supports that theory. In addition, WDNR
expresses reservations about the effectiveness of the fishway design. WDNR staff
indicate they had not fully reviewed the Program’s formal responses to 60% comments or
the 90% design plans for the fishway.
• 5/5/2011: The County responds with a letter of transmittal to NOAA, WDNR, and
Village that contains several supporting documents described below:
Program Response to NR. 40 and Review of WDNR Supported Fish Passage Projects
• Throughout the planning and permitting of the future Bridge Street fishway, the Ozaukee
County (County) Milwaukee River Watershed Fish Passage Program (Program) has
incorporated design features, consulted scientific literature, and compiled and presented
supporting documents to address concerns related to the passage of aquatic invasive
species (AIS). During an April 6th conference call involving County and Wisconsin
Department of Natural Resources (WDNR) staff, WDNR indicated they are concerned
with legal obligations under Wisconsin Administrative Code Chapter NR 40: Invasive
Species Identification, Classification and Control (WDNR 2010a). Randy Schumacher,
Regional Fisheries Coordinator for WDNR, stated, “we do not knowingly allow aquatic
invasives access to new habitat.” Mike Staggs, Director of the Bureau of Fisheries
Management for WDNR also cited concerns related to “… knowingly allowing the
transport of invasive species, defined under NR 40,” and that, “we really can’t knowingly
permit something where the primary purpose would be linked to potentially moving AIS
species, unless we had some pretty good assurance that isn’t going to happen.” However,
none of the AIS of concern mentioned by WDNR have been found at or near Bridge
Street Dam. The Program’s submittal of 90%-complete design plans on March 25th, 2011
depicts the inclusion of two sets of stop logs to prevent all AIS movement through the
fishway should AIS become an imminent threat and an area for incorporating a future
trap and sort facility in the Bridge Street fishway should it become necessary. These
design features are congruent with the previously submitted Operation, Maintenance and
Risk Management (OMRM) Plan, a plan that proposed a comprehensive monitoring
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strategy and specific, detailed decision criteria related to potential AIS/VHS migration
upstream.
Department staff have reviewed NR 40 and based on portions referred to by WDNR, the
fishway design and monitoring strategy proposed, as well as recent WDNR-approved fish
passage projects similar in concept and function and the general lack of applicability of
NR 40 to fish passage projects, it is the position of the Department that the language of
NR 40 does not preclude construction of the Bridge Street fishway, particularly in light of
the significant safeguards adopted by the Program in regard to AIS/VHS passage.
The language contained in Chapter NR 40 discusses the active transport of AIS through
live wells, bait buckets, the aquarium trade, illegal stocking, etc. As such, NR 40 appears
to have no application to the permitting or construction of fish passage structures
targeting improvement to native fish passage between existing, life-stage critical habitats.
Given the current absence of species of concern in the 25 miles of river downstream of
the Bridge Street Dam, the multiple barriers between the Bridge Street dam and the area
now infested (e.g. Estabrook dam), purpose-built safeguards within the Bridge Street
fishway design and the tiered monitoring strategy proposed by the Department, it is clear
that the Department has incorporated expert advice and regulatory agency feedback to
produce significant preventative measures against the incidental introduction of AIS
upstream of the current Bridge Street Dam.
WDNR has permitted and supported numerous recent fish passage projects in Wisconsin
that have the potential to “knowingly allow aquatic invasives access to new habitat”.
Based on available information, none of the following projects is accompanied by the
safeguard features or comprehensive AIS/VHS monitoring effort as proposed by the
Department for the future Bridge Street fishway.
Combined, the NR 40 excerpts and example WDNR fish passage projects noted above
demonstrate the WDNR’s established precedence toward improving fish passage
throughout the state. It is the Department’s position that NR 40 does not address passive
fish passage through a fishway structure and is inapplicable to determine Bridge Street
fishway permitting decisions.
Program Response to WDNR AIS/VHS Concerns
Throughout the planning and design of the Bridge Street fishway, the Wisconsin
Department of Natural Resources (WDNR), United States Fish and Wildlife Service
(USFWS), and other groups have raised concerns regarding the upstream passage of
aquatic invasive species (AIS). Though the list of concerning AIS species has changed
and grown during the fishway design process, the Ozaukee County (County) Planning
and Parks Department Fish Passage Program (Program) and its partners have addressed
each concern through a combination of scientific literature research, modeling, and
significant design components to demonstrate not only the absence of a complete AIS
barrier at the current Bridge Street Dam, but also the ability to selectively restore current
dam function following the completion of the fishway.
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On November 11, 2010, WDNR staff from requested that the Program and partners
complete an Operations, Maintenance, and Risk Management (OMRM) Plan to address
AIS/viral hemorrhagic septicemia (VHS). Following revisions based on feedback from
Fisheries Team Supervisor Brad Eggold, the Program submitted a draft OMRM Plan for
wider WDNR review on December 27, 2010. The plan addressed the current status of
various AIS in the Milwaukee River Watershed, as well as a specific, tiered monitoring
approach and decision tree following the completion of the Bridge Street fishway. The
OMRM plan was not resubmitted with the 90% design plan package provided for
regulatory review on March 25, 2011 due to a lack of additional WDNR comment.
During a conference call with County staff on April 6, 2011, WDNR Regional Fisheries
Coordinator Randy Schumacher raised concerns regarding AIS/VHS and the Bridge
Street fishway. Specifically, Mr. Schumacher cited the possibility of round goby
colonization upstream of Bridge Street, as well as the transfer of VHS upstream by
infected gobies and/or gizzard shad.
The following contains additional information collected by Program staff to re-address
WDNR concerns, as well as excerpts from documents in the 90% design plan package
and the April 6, 2011 conference call.
Based on the available literature and previously submitted documents, it is the position of
the Department that concerns related to AIS and/or VHS passage at the future Bridge
Street fishway are mitigated by the hydraulics of the Milwaukee River system downstream
of the Bridge Street dam, the low occurrence of VHS in gizzard shad, the passability of
the current Bridge Street Dam, and the proposal of a tiered monitoring approach.
Based on the poor swimming performance of round goby, the presence of various dams
downstream, and the design of the Bridge Street fishway, it is the position of the
Department that round goby are unlikely to surpass existing structures or successfully
navigate the Bridge Street fishway.
Given the previous statement regarding the Program’s position on the inability of round
goby to surmount existing hydraulic barriers in the Milwaukee River, it is the position of
the Department that supporting diverse, robust populations of native piscivorous fish
species in the Watershed will help curb the spread and/or population growth of round
goby. The Bridge Street fishway enhances the ability to maintain self-sustaining stocks of
predatory species in the lower Milwaukee River and estuary, helping to provide
additional potential for population control in areas now known to contain large
populations of round goby. The effect of predatory control is likely to increase as
populations of various species (e.g., northern pike, walleye, and smallmouth bass)
continue to improve through the future work of WDNR, the County, and other agencies
and partners.
Based on the available literature and previously submitted documents, it is the position of
the Department that concerns related to gizzard shad/VHS passage at the future Bridge
Street fishway are mitigated by the inconclusive and inconsistent role of VHS infection in
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recent gizzard shad die-off, the passability of the current Bridge Street Dam by other
VHS susceptible species, and the previously proposed tiered monitoring approach.
Program Response to WDNR Bridge Street Fish Data Spreadsheet
During the April 6, 2011 conference call with Ozaukee County (County) Planning and
Parks Department Fish Passage Program (Program) staff, Wisconsin Department of
Natural Resources (WDNR) Regional Fisheries Coordinator Randy Schumacher
questioned the need for a fish passage structure at Bridge Street Dam based on the results
of recent WDNR wadeable monitoring above and below the current dam. Mr.
Schumacher stated that “the northern pike population above Grafton is in better shape
than the northern pike population below,” and that, “we didn’t see anything that cried out
for the absolute need of a fish passageway.”
A provisional comprehensive review of WDNR baseline fisheries data from the
Milwaukee River (entitled A Management Plan for Restoring a Sustainable Population of
Northern Pike in the Milwaukee Estuary Area of Concern) indicates that, “northern pike
populations in the Milwaukee Estuary and connecting rivers are well below expectations
for state-wide waters,” and that, “absent access to suitable wetland spawning habitat,
northern pike abundance would remain below expectations” (W. Wawrzyn, WDNR,
personal communication regarding provisional report).
Based on significant difference detected in smallmouth bass sampled upstream and
downstream of BSD and small sample size concerns in the northern pike data, it is the
position of the Department that the need for fish passage is indeed present. Furthermore,
the diverse fish community upstream of BSD displays the ease with which Program target
species should be able to re-colonize upstream habitat.
Program Response to WDNR Citation of Mallen-Cooper 1999
In the Bridge Street Dam Fishway 60% plan review response memorandum dated
January 25, 2011, Wisconsin Department of Natural Resources (WDNR) Regional
Fisheries Coordinator Randy Schumacher cited the findings of Mallen-Cooper (1999)
when questioning the anticipated effectiveness of the enclosed portion of the proposed
fishway, as well as overall fishway planning and design. As part of the 90% design plan
submittal on March 25, 2011, Fish Passage Program (Program) staff and partners
garnered information from scientific literature and Ozaukee County (County) fisheries
survey results to indicate that native Wisconsin fish species readily pass through
relatively dark, enclosed structures. Mr. Schumacher raised the same concerns during a
conference call with County staff on April 6, 2011, at which time he indicated that he had
not fully reviewed the Program response to his citation of Mallen-Cooper (1999).
Citing Mallen-Cooper (1999) to question the likely effectiveness of the Bridge Street
fishway is insufficient for various reasons, including: species composition, hydraulics,
and fishway planning/design.
•

Species composition
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o Mallen-Cooper (1999) collected seven native Australian species and four nonnative species during the Torrumbarry Weir study (Table 1). Of these eleven
species sampled, only three are known to occur in the Milwaukee River
Watershed or Lake Michigan (e.g., brown trout, common carp, and goldfish).
 The Program has repeatedly
identified northern pike,
walleye, and lake sturgeon as
the target species for fish
passage at the future Bridge
Street fishway. None of the
native species listed by
Mallen-Cooper (1999) bear
resemblance to Program target
species in body morphology
or swimming ability
(FishBase 2011; Inter-Fluve
2011).
o The complete lack of similarity
Table 1. Species sampled by Mallenbetween the species sampled by
Cooper (1999).
Mallen-Cooper (1999) and the target
species identified for passage at the future Bridge Street fishway prevents any
direct comparison of the study results to the anticipated performance of the
Bridge Street fishway as determined through computer modeling (Inter-Fluve
2011).
o A more appropriate comparison would be the findings of Schwalme et al. (1985)
during their evaluation of three fishway designs in Alberta. This study indicated
that northern pike readily passed through a fishway of very similar design to the
future Bridge Street fishway, as did other Wisconsin native species including
yellow perch, white sucker, longnose sucker, spottail shiner, and lake whitefish.
Among other similarities, the fishway features an enclosed entry, as well as an
entryway running directly through the face of the dam (Figure 1).
Fishway entrance

Figure 1. Dam on the Lesser Slave River
51 in Alberta where fishway design
and fish passage were evaluated by Schwalme et al. (1985).

•

Hydraulics
o Mallen-Cooper (1999) determined the maximum baffle water velocity negotiated
by 95% (NV95) of fish for each species assessed for swimming performance in
this study. Even the weakest species had an NV95 value of 1.83 meters/second
(6.00 feet/second). Turbulence calculated within the pools of the weir averaged
105 W/m3.
 The Program has repeatedly cited northern pike as the main target species
during fishway design, due to the relatively poor swimming performance
of this species compared to other target species (i.e., if northern pike can
pass, other target species
can as well). Northern
pike are shown to suffer
decreased swimming
performance in velocities
approaching 4 feet/second
and higher (Figure 2;
Inter-Fluve 2011; UWEX
and WDNR, no date).
The turbulence values
cited by Mallen-Cooper
(1999) are also higher
than those recommended
for efficient passage of
northern pike (Larinier
Figure 2. Swimming performance of
1998; Peake 2008).
various Wisconsin fish species (UWEX
 As stated in the 90%
and WDNR, no date).
design plan submittal, the
Bridge Street fishway was specifically designed to minimize velocities
through the relatively short baffle riffle sections of the fishway, while also
providing plentiful resting pools between each riffle, to offer northern pike
and other target species the opportunity to ascend the structure in intervals
during spring spawning migration runs (Inter-Fluve 2011).
o The comparison of basic hydraulic data at the Torrumbarry Weir and the future
Bridge Street fishway displays the strong disparity between the two fishway
designs. This disparity casts serious doubt on the applicability of MallenCooper’s (1999) findings regarding the passability of Program target species
through the future Bridge Street fishway.

•

Fishway Planning/Design
o Mallen-Cooper (1999) cites four key elements to planning a fishway. These are:
 1) Identifying the migrating species and life stages (and sizes)
o Throughout the Bridge Street fishway design and permitting
process, the Program has clearly cited not only the target species
for fish passage in the Milwaukee River Watershed (e.g., northern
pike, lake sturgeon, and walleye), but also the fact that the structure
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is built principally to facilitate upstream passage of adult fish
during spawning migrations (Inter-Fluve 2011). The structure is
built to accommodate fish ranging in size up to adult lake sturgeon.
 2) Testing these fish in an experimental fishway
o Testing swimming performance of target species prior to design or
construction of a fishway is extremely rare and prohibitively
expensive. As part of the Bridge Street fishway design process, the
Program contracted a consultant to model the hydrologic and
hydraulic characteristics of the fishway design and compare them
to known swimming performance metrics of the target species
(Inter-Fluve 2011). The results of this HEC-RAS modeling and a
digital copy of all model files were included in the 90% design plan
submittal.
 3) Designing and building the fishway
o Throughout the design process for the Bridge Street fishway,
Program staff and partners readily incorporated the feedback and
design suggestions of various experts to the degree practicable.
These experts included staff from WDNR, USFWS, NOAA, and
USACOE, along with Gale Holloway (Professional Engineer,
Alieus Engineering), Luther Aadland (Natural Resources Program
Consultant, Minnesota Department of Natural Resources), and
engineering staff from multiple consulting firms.
 4) Quantitatively assessing the fishway
o Program staff and partners have undertaken a sizable tagging effort
accompanying fish monitoring activities in the Milwaukee River
Watershed. All fish larger than 8 inches sampled during Program
monitoring activities downstream of the Bridge Street Dam have
received a numbered floy tag. Local WDNR fisheries staff have
also allowed Program staff to assist with their recent fisheries
monitoring activities, of which tagging was a major component.
This effort, along with upcoming tagging and eDNA monitoring
activities, will allow the Program and monitoring agencies to
confirm fish passage upstream following fishway construction.
o The four steps listed by Mallen-Cooper (1999) for successful design and
implementation of fish passage have clearly been addressed by Program staff and
partners throughout the development of the Bridge Street fishway plans.
o Mallen-Cooper (1999) also states that “avoiding tunnels when developing
fishways for nonsalmonid fishes would appear to be an appropriate cautious
measure.” The author makes this statement following the discussion of results
from an experimental tunnel used in his study, as well as the citation of several
other fish passage studies.
 The experimental tunnel
assessed in Mallen-Cooper
(1999) was created by laying
black plastic over three pools of
the fishway. The plastic cover
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Figure 3. Conceptual design of the
entrance to the Bridge Street fishway.

completely prevented light penetration in the experimental tunnel (M.
Mallen-Cooper, Fishway Consulting Services, personal communication).
The future Bridge Street fishway is specifically designed with a daylight
structure halfway along the enclosed portion of the fishway, as well as a
seawall that prevents tunnel submersion during typical Milwaukee River
flows (Figure 3).
 The supporting literature cited by Mallen-Cooper (1999) to indicate the
reluctance of certain fish species to pass through tunnels dealt mainly with
submerged tunnels and species of the family Clupeidae (i.e., herrings and
shads). No species of this family of fish is listed among the Program target
species for fish passage at the future Bridge Street fishway.
o The “tunnels” cited by Mallen-Cooper (1999) have clear dissimilarity to the
design proposed for the Bridge Street fishway. The avoidance of these submerged
enclosures by species dissimilar to the target species identified by the Program
bears little to no relevance to the performance of the future Bridge Street fishway.
WDNR-Approved Fish Passage Utilizing Darkened Enclosures
Some locations necessitate the usage of enclosed fish passage structures, including
Eighteen Mile Creek in Bayfield County. In 2000, the Wisconsin Department of
Transportation (WDOT) and WDNR collaborated on a fish passage structure for brown
trout and brook trout (WDNR 2008).
•

•

WDNR personnel directed WDOT
designers to incorporate several baffles
and resting pools throughout the structure
(Figure 4) to provide brown trout and
brook trout the opportunity to pass
through the 300-foot long dark culvert.
o WDNR staff collected and tagged
trout in Eighteen Mile Creek and
performed recapture sampling
several weeks later to assess
upstream movement through the
culvert.
o The results of the study indicated
that fish readily migrated upstream Figure 4. WDNR and WisDOT fish
and downstream through the
passage structure at Eighteen Mile Creek.
passage structure (WDNR 2008).
The WDNR-designed fish passage structure on Eighteen Mile Creek displays stark
similarities to the enclosed portion of the proposed Bridge Street fishway. In fact, the
WDNR structure features a much longer darkened enclosure due to a complete lack of
daylight structures. Therefore, the proposed design of the Bridge Street fishway is neither
unique, nor unlikely to pass fish, given the past approval and success of similar WDNR
fish passage structures.
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Program Response to Monitoring Uncertainty Following Construction
On November 11, 2010, as part of the design and permitting process for the future Bridge
Street fishway, the Wisconsin Department of Natural Resources (WDNR) requested that
the Ozaukee County (County) Fish Passage Program (Program) develop an Operation,
Maintenance and Risk Management (OMRM) Plan. The County submitted a draft
OMRM Plan to WDNR for review on December 10, 2010. Following feedback from
WDNR Fisheries Team Supervisor Brad Eggold, the County submitted a revised OMRM
Plan as an addendum to the previously submitted 60% design plans for the Bridge Street
fishway.
The County was not informed of further WDNR review until a conference call between
WDNR and County staff on April 6, 2011. During the conference call, WDNR Regional
Fisheries Coordinator Randy Schumacher expressed concern that the, “Operational Plan
depended heavily on the Department of Natural Resources to follow, for example, the
progression of round goby upstream in the Milwaukee River. And, unfortunately, that is a
commitment of work and time that we cannot make.” Mr. Eggold’s review of the
OMRM Plan on December 20, 2010 specifically suggested the County use, “WDNR
baseline monitoring results for initial detect in the Milwaukee River,” for Asian carp,
round goby, etc. (B. Eggold, WDNR, personal communication). During the April 6th
conference call, Mr. Schumacher further stated that, “of course, if there is no fishway
built, then that monitoring, although it’s important, the entire river is open to gobies and
they, in our opinion, will eventually get to Grafton. And there isn’t much we can do about
that.”
County staff feels that the monitoring of aquatic invasive species (AIS) is essential,
regardless of the supposed inevitability of their upstream migration. While monitoring for
AIS and viral hemorrhagic septicemia (VHS) can reasonably be expected to fall under the
authority and responsibility of WDNR, the Program nonetheless gathered information on
an alternative monitoring approach for the Milwaukee River Watershed. The sections
below detail the current and upcoming monitoring for AIS in the Milwaukee River, as
well as the ease and affordability of an environmental DNA (eDNA) monitoring
approach for round goby and VHS.
Based on the AIS monitoring efforts currently underway in the Milwaukee River and the
affordability of eDNA monitoring for detection of movement of AIS upstream, it is the
position of the Program that reliable, affordable AIS/VHS monitoring is readily
available, that monitoring the progression or lack of progression of AIS in this river
system is vitally important and valuable to the entire Great Lakes region, and therefore
should only encourage the permitting and construction of the future Bridge Street
fishway.
Based on current and upcoming AIS monitoring in the Milwaukee River Watershed, it is
the position of the Program that several agencies and groups are already taking an
active role in monitoring for specific AIS to prevent or control their colonization of new
habitats.
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Based on the cost-effectiveness of eDNA monitoring, as well as its significant usage by
management agencies for detection of AIS, it is the position of the Program that this
monitoring approach offers a reliable and attractive alternative to traditional AIS/VHS
monitoring on the Milwaukee River following the construction of the future Bridge Street
fishway.
•

•

05/9/2011: The County and WDNR staff meets to discuss the fishway and AIS concerns.
Also in attendance are Village of Grafton and NOAA staff. WDNR again raises concerns
related primarily to AIS/VHS passage upstream of Bridge Street Dam. WDNR staff
agrees with the County that eDNA monitoring for invasive species may be sufficient,
though VHS concerns remain. If dam is eventually rebuilt without a fishway, WDNR
recommends installing operable gates for floodwater release. The Village of Grafton
indicates that they intend on bringing the dam into compliance as soon as possible.
5/18/2011: County and WDNR conference call regarding County and NOAA request for
a formal permit decision.

Program Response to Draft Environmental Assessments
• 6/10/2011: County receives draft EA from WDNR.
• 6/11/2011: County and Bonestroo provide written comments to WDNR regarding the
“…significant errors, omissions, and deficiencies” included in the Department’s
6/10/2011 draft Environmental Assessment and attached suggested revised EA text and
the Bridge Street Fishway Development timeline.
• 6/13/2011: WDNR issues a tentative dam modification permit denial for the fishway
project and the notice of a public information meeting for the project.
• 6/17/2011: County and Village receive revised WDNR draft Environmental Assessment.
• 6/23/2011: County and Bonestroo provide written comments to WDNR regarding the
“…significant errors, omissions, and deficiencies… previously identified and brought to
WDNR’s attention…” included in the department’s 6/17/2011 revised draft
Environmental Assessment. Text from the letter is included below:
Ozaukee County (County) received the revised draft Environmental Assessment
(EA) prepared by the Wisconsin Department of Natural Resources (WDNR) for
the Village of Grafton’s (Village) Bridge Street Fishway permit for dam
modification (i.e., Chapters 30 and 31) on June 20, 2011. We have fully reviewed
the EA and regulatory justification for the tentative permit denial. The EA
includes significant inaccuracies, omissions, and deficiencies, many of which had
been previously indentified and brought to WDNR’s attention by Ozaukee County
and its partners in the last review letter. Further, WDNR has not provided
adequate regulatory justification for tentative denial of the permit for dam
modification. Many overarching, fundamental issues pertaining to WDNR’s
tentative permit denial remain unaddressed and/or unresolved in the EA. These
items seriously call into question:
•

The regulatory authority and scientific justification cited by WDNR for its
tentative decision to deny the permit for dam modification
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•
•

WDNR’s legacy of direct involvement in the Bridge Street Fishway project and
requisite dam modifications to comply with NR333
The WDNR’s selective exclusion of relevant, factual County comments on the
revised draft EA and inaccurately representing information about Asian carp,
round gobies, the existing fish communities above and below Bridge Street Dam,
and anticipated fish passage through the Bridge Street Fishway.
These issues are discussed thoroughly below.

1. The revised draft EA cites NR 20.03 (18), NR 20.14 (9), and NR 40, Wisconsin
Administrative Code and references those codes as:
a. Justification of Bridge Street Dam as a “regulatory barrier”
b. Providing WDNR regulatory authority to prohibit dam modifications to
the Bridge Street Dam under Ch. 31 due to AIS/VHS concerns.
The June 14, 2011 draft EA comments submitted by the County to WDNR
present the cited codes and clearly show they do not define a “regulatory barrier”,
and do not apply to the Bridge Street Fishway project or the permit for dam
modification. Its application by the WDNR was neither justified nor altered in the
revised draft EA and remains erroneous. The Village has applied for a Ch. 31 dam
modification permit, and AIS concerns do not pertain to dam modification permit
decisions. The Village, County, and National Oceanic and Atmospheric
Administration (NOAA) have, on multiple occasions, directly requested that
WDNR justify its tentative permit denial decision using applicable regulatory
codes. To date, WDNR has failed to do so.
The Fishway also serves as a raceway and spillway for the Bridge Street Dam.
WDNR issued an order to the Village of July 16, 2009 to modify their dam at
Bridge Street to comply with NR333 Wisconsin Administrative Code and the
fishway, raceway, and spillway accommodates this order by partly addressing the
spillway capacity for the 500-year base flood elevation.
2. WDNR was an integral, engaged, and informed partner in the Fish Passage
Program, including the Bridge Street Fishway component, since its inception.
Specifically, WDNR took part in a grant proposal development meeting on March
25, 2009. Direct WDNR involvement in this and five other 2009 meetings as
documented in the project timeline provided by the County was deleted by
WDNR prior to the timeline’s inclusion in the revised draft EA’s Summary Of
Issue Identification Activities (EA Section 28). WDNR inserted text inferring that
their involvement in the project didn’t begin until after the grant application had
been written and awarded. Specifically:
“7/1/2009 – Ozaukee County notifies the Department of the awarded project titled
“Fish Passage for the Milwaukee River Watershed’”
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Further, specific involvement by WDNR personnel in addressing AIS/VHS
concerns nearly 1½ years ago (January 22, 2010) was removed from EA Section
28 during WDNR revision of the draft EA. Text specifically removed from the
January 22, 2010 timeline entry included:
“… WDNR AIS/VHS control strategies as drafted by Brad Eggold and Will
Wawrzyn… and as portrayed in the ‘Bridge Street Dam: Question & Answer Fact
Sheets on Aquatic Invasive Species, Dam Safety, Fisheries Management,
Recreation, and Water Quality for the Bridge Street Dam.’”
3. To date, the County has invested approximately $300,000 of National Oceanic
and Atmospheric Administration (NOAA) American Recovery and Reinvestment
Act (ARRA) funding in design, modeling, engineering, staff time, and public
outreach for the Bridge Street Fishway as part of a $5.2-million ARRA funded
Milwaukee River Watershed Fish Passage Program (Program). Fishway
construction alone will invest a total of $1.3 million in the local economy, support
job creation and/or maintenance, and provide necessary infrastructure
improvements that facilitate expanded economic growth in Ozaukee and
surrounding counties, while reducing local tax payer investment in the Bridge
Street Dam. Approximately 50% of total Program’s project sites are located
upstream of the dam, representing on the ground restoration and infrastructure
improvements of over $1.5 million. Denial of a dam modification permit is
directly and unacceptably detrimental to the local economy and disregards federal
funds already expended in the watershed.
4. Section 12 of the draft EA and revised EA contains interpretation of fish
community data presented as fact by WDNR. As portrayed, it diminishes the
anticipated economic, recreational, and ecological benefits the Fishway will
provide in Grafton and other Ozaukee and Washington County communities
located upstream of the Bridge Street Dam. The County finds WDNR’s
conclusions inaccurate or unfounded and provided written documentation of these
findings (including justification) to WDNR on multiple occasions. To date,
WDNR has not acknowledged these County responses or included unbiased
summaries in the EA’s. Appropriate WDNR responses would have been either a
revision to EA Section 12 that more accurately reflects the data at hand and/or an
open disclosure that the findings presented in EA Section12 are WDNR opinion.
The County’s findings and conclusions should be fully presented.
5. Asian carp have been a headline AIS across the Great Lakes Region for well over
a year. On March 22, 2011 the WDNR announced that no evidence of Asian Carp
had been found in samples collected in November 2010 from the Milwaukee
River, Milwaukee Harbor, and several area sub-basins and waterbodies. Further,
there is no scientific evidence to date that Asian carp have colonized Lake
Michigan. Despite these facts, the Aquatic Invasive Species (AIS) component of
revised draft EA Section 12 highlights that a white amur Asian carp
(Ctenopharyngodon idella; grass carp) was captured in the Milwaukee River
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during 2011. The County shares WDNR’s concerns about AIS, and advocates for
appropriate, proactive AIS management strategies (i.e., the Bridge Street Fishway
design includes specific WDNR requested features for managing AIS). However,
this EA inclusion by WDNR is misleading. As documented in a 1984 report by
Mark Holey entitled Milwaukee Harbor Estuary Fish Survey and Toxic Substance
Evaluation, 1983, grass carp have been sampled by WDNR in the Milwaukee
River as far back as 1983. The County brought this information to WDNR’s
attention as part of the County’s June 14, 2011 draft EA review comments.
However, this information has also been excluded by WDNR from the revised
draft EA.
6. The Invasive Species portions of revised draft EA Section 17 states:
“If gobies are within a certain distance of the Bridge Street Dam, the fishway
might never be opened or would have to be shut down.”
This statement has been promoted as recently as June 21, 2011 by Mr. Randy
Schumacher in the press. Gobies have been present in the Milwaukee River since
the late 1990’s and have not colonized the river more than 7 miles upstream from
its terminus, have never been found more than 10 miles upstream from the
terminus, and may very well never make it to the Bridge Street Dam (located 32
miles upstream from the river terminus), nor pass through the fishway itself. This
scenario of limited upstream migration by round gobies in the Milwaukee River is
consistent with the scientific literature repeatedly cited in County response
documents and included by WDNR in the revised EA. There is no significant
reason to suspect that the Bridge Street Fishway will not be open for decades or
more to come.
In addition to the issues above, a considerable number of County comments were
altered or ignored by WDNR while revising the draft EA. Attachment 1 is a
summary of County comments that WDNR did not include or adequately address
in the revised draft EA. As it stands, the current revised draft EA is inaccurate,
deficient, and not fit for publication.
•

•

•

6/27/2011: Ozaukee County Natural Resources Committee unanimously approves
“Resolution directed to Wisconsin Department of Natural Resources (WDNR) requesting
immediate issuance of the Ch. 31 Dam Modification Permit for Construction of the
Fishway, Raceway, and Spillway at the Bridge Street Dam in the Village of Grafton.”
6/27/2011: WDNR, County, Village, partner organizations, and members of public
participate in a Public Information Meeting regarding the Fishway and tentative WDNR
permit denial. WDNR received questions and comments from the County, Village,
partner organizations, and the public. The vast majority of comment providers support the
Bridge Street Dam Fishway as proposed for WDNR permitting.
7/5/2011: The Village Board does not approve a resolution regarding DNR issuance of
Chapter 31 Dam Modification Permit for construction of the fishway, raceway and
spillway at Bridge Street Dam.
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•

•
•

•

7/6/2011: Ozaukee County Board approves “Resolution directed to Wisconsin
Department of Natural Resources (WDNR) requesting immediate issuance of the Ch. 31
Dam Modification Permit for Construction of the Fishway, Raceway, and Spillway at the
Bridge Street Dam in the Village of Grafton.”
7/25/2011: The County emails WDNR indicating willingness to further design, engineer,
and bid a trap and sort facility as a passive instream facility auxiliary to the free flowing
fishway.
7/28/2011: County, Village and WDNR meet to discuss a trap and sort facility and permit
conditions. It is agreed that WDNR will provide a draft permit to the County and Village
for consideration, review, and modification. The WDNR also states it is their intent to
issue a permit with conditions that are mutually agreeable to the WDNR, Village, and
County.
8/4/2011: The Village issue a letter to WDNR indicating that the WDNR proceed with its
review of the fish passage design as submitted, noting that the Village Board is not
supportive of amending the design of the fish passage to add a trap and sort facility.

WDNR Permit Issuance
• 9/2/2011: The WDNR issues a permit for an “active” fishway with a trap and sort facility
requirement. Specific permit language is included below:
1.

The Fishway must be operated as a trap-and-sort fishway unless the owner
and operator are notified, in writing, by the Department that the facility may
be operated as a passive fishway.
2. When operated as a trap-and-sort fishway, all species passed upstream of the
dam must be approved by the Department in writing.
• The intent of this condition is to safeguard against spreading the fish
disease VHS upstream and to stop the spread of AIS. Although the
Federal government maintains a list of species known to be susceptible
to VHS, the Department believes that fish species closely related to
those on the federal list, but not yet tested for their susceptibility to
VHS, may also be VHS carriers.
• At present the only approved species is Lake Sturgeon, Acipenser
fulvescens, which recent, unpublished, scientific studies have
determined to not carry VHS.
• Should VHS be confirmed anywhere in the Milwaukee River system
upstream of the Bridge Street Dam, the Department and the owner and
operator of the facility shall meet to develop an operational plan for
the fishway. The current status of AIS in the Milwaukee River shall be
reviewed and the list of approved species that can be passed shall be
revised.
• Should VHS be confirmed anywhere in the Milwaukee River system
upstream of the Bride Street Dam, the fish passage may be operated in
a passive fashion provided that downstream reaches are adequately
monitored for the presence or absence of invasive species. Monitoring
may be provided by the federal, state or local government, but must be
performed on a species specific basis and at a frequency to assure the
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invasive species will not be passed upstream. Prior to the fishway
being operated in a passive fashion, monitoring plans must be
approved by the Department in writing.
3. When in trap-and-sort mode and impoundment water levels rise to within 0.25
feet of spilling over the west vertical wall at the upstream end of the fishway,
gates must be closed in descending order from upstream to downstream to
completely dewater the fishway before water overtops the west vertical
fishway wall.
4. When the fishway is not operated, it shall be closed and remain so until
approval is given by the Department to operate the fishway.
5. Plans and specifications for the revised trap-and-sort fishway must be
submitted to the Department for a dam plan approval prior to construction.
Plans and specifications shall also include structural stability, floodplain, and
geotechnical analysis, project schedule, and construction easements. Both the
Department Dam Safety and Fisheries Programs must approve the design,
construction, and operation of the trap-and-sort facility.
•

•

9/19/11: The Village Board passes a resolution stating that the Village Board finds
conditions placed on the Chapter 31 dam modification permit to be onerous, beyond its
original expectation of the design and installation of the fishway, and expose the Village
to significant financial and potential legal liabilities related to the fishway, and denies
acceptance of the Chapter 31 permit.
8/16/12: Bonestroo provides final design plans and specifications for a passive fishway as
originally intended.

Construction of the Bridge Street Dam fishway did not ultimately occur due to the Village’s
rejection of the WNDR permit and onerous restrictions within the permit. Contractual funds
obligated towards construction of the fishway were reallocated under the approved Program
Scope Change request. Total NOAA contractual contribution: $210,647 (not including staff time
and other material costs).

Newburg Dam
The Newburg Dam (ND) is located on the Milwaukee River approximately 57 RM upstream of
the river’s confluence with Lake Michigan. The original log dam constructed in 1848 was about
eight feet tall and 135 feet long and was used to power a saw and feed mill. The dam produced a
head of water approximately 12 feet high. In 1912 the original timber crib washed out. The
Koenig brothers acquired the water rights, and rebuilt the dam spillway and head gate in
concrete. In 1942, ice broke through a 20 feet long section of the dam. The damage was repaired
using earth, rubble, and telephone poles. In 1947, the head gate broke and was rebuilt by the
local fire department. The rubble spillway continued to hold, and a concrete cap was built on top
of the dam in 1958. By that time the dam crest was 150 feet long with a structural height of
approximately four and a half feet. It created a small seven acre impoundment with a maximum
water depth of less than eight feet A portion of the original millrace remained, was rock-lined,
and flowed through a box culvert under CTH MY. Two 36 inch culverts with sheet metal covers
were located within the southern face of the dam for potential impoundment water management.
There was a small “stilling basin” immediately downstream of CTH MY within the millrace that
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the Newburg Fire Department (NFD) maintained and used as a water source for a dry hydrant. In
1978, the retaining wall on the right bank was rebuilt. In 1991, the NFD transferred ownership of
the ND to the Village of Newburg. The existing dam was comprised of an earthen berm (CTH
CTH MY), partial floodplain fill and a vertical drop spillway composed of a reinforced concrete
cap over miscellaneous fill materials. The run-of-river cast in place concrete spillway had a
hydraulic head of five feet with an additional five to six foot drop over the riffle downstream.
The dam was 125 long, with an approximate 20-30 feet wide base and adjacent concrete and
grouted stone abutments. The land upstream of CTH MY is a Village-owned park and the land
downstream of CTH MY is a park owned by the Newburg Fire Department. In 2006, the County
Highway MY bridge over the dam was rebuilt. The bridge was not structurally connected to the
dam, but the presence of the dam very close to the bridge did require the need to place grouted
riprap in some locations on the west abutment. With removal of the dam, the riprap would need
to be augmented. The side channel was maintained and routed through a new 12 feet by 10 feet
box culvert. The stormsewers that ran along the road and had been discharging to the previous
culvert were modified to discharge to the new box culvert near the downstream end. In 2009, the
Village was informed by the WDNR that structural repairs to the dam would be needed to
comply with current state dam safety standards and sound engineering practices. The dam was
not a full barrier to fish movement as it was occasionally submerged for extended periods of time
and located upstream of the BS Dam. Thus, the dam was not considered a barrier to AIS or
VHSv passage.

Alternatives
Ozaukee County had several discussions with Village of Newburg staff and elected officials on
fish passage options at the ND prior to and after the formal Program Scope change was approved
by NOAA. The Program Scope change would allow the reallocation of NOAA/ARRA grant
dollars from Bridge Street Dam to the Newburg Dam. In February 2011, the Village Board of
Trustees approved a letter of support for a NOAA grant for Ozaukee County to conduct
engineering and design for fish passage at the dam. On October 13, 2011, Ozaukee County
presented multiple options for fish passage to the Village Board of Trustees under the
NOAA/ARRA funding. Simply repairing the dam with no fish passage option was not
considered, as it would not meet NOAA/ARRA grant fish passage goals. Alternatives included:
• Alternative 1: Dam Removal
o In this alternative, the dam structure is completely removed. It offers the most
benefit for fish and aquatic life passage, restores sediment transport to the river,
improves water quality, recreational opportunities (e.g., canoeing, kayaking, and
upstream fishing), and removes the Village’s financial and safety liability. All
exposed (e.g., impoundment area) and disturbed areas would be fully restored.
Under this scenario Ozaukee County would manage the entire project, including
requisite design and engineering, permitting, bidding, and construction
oversight) and a dry hydrant would be built to accommodate for the loss of the
existing dry hydrant in the raceway.
• Alternative 2: Dam Removal with Rock Ramp Replacement
o In this alternative, the dam structure is completely or partially removed and
replaced with a rock ramp. The impoundment is retained by a series of cascading
rock weirs. All exposed or disturbed areas would be fully restored. Ozaukee
County would manage the dam removal portion of the project, including
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•

requisite design and engineering, permitting, bidding, and construction
oversight, and the Village would fund the rock ramp design and engineering,
design, and construction. The Village’s financial and safety liability would be
removed only if the dam was fully removed. A dry hydrant would be built to
accommodate for the loss of the existing dry hydrant in the raceway. This
alternative would not significantly improve sediment transport function, water
quality, or recreational opportunities (e.g., canoeing, kayaking, upstream
fishing).
Alternative 3: Fishway Construction
o In this alternative, the Village would fund and complete all required repairs to
the dam, and Ozaukee County would manage the fishway portion of the project,
including requisite design and engineering, permitting, bidding, and construction
oversight. The Village’s financial and safety liability would remain. A passive
fishway would be constructed using portions of the existing raceway. A dry
hydrant would be built to accommodate for the loss of the existing dry hydrant in
the raceway. This alternative would not improve sediment transport function,
water quality, or recreational opportunities (e.g., canoeing, kayaking, upstream
fishing).

Ozaukee County presented these options again at the Village’s Board of Trustees meeting on
October 27, 2011, and the Board unanimously passed a motion to proceed with the use of
NOAA/ARRA funds for a full dam removal project and enter into a Memorandum of
Understanding with Ozaukee County.

Methodology
Ozaukee County subsequently retained the professional services of Interfluve for design and
engineering, bidding support, and construction oversight. Interfluve included Clark Dietz as a
sub-consultant for fire suppression engineering and design.
Dry Hydrant Design and Engineering
The County, Village, Interfluve, Clark Dietz, and NFD met at the NFD hall on February 2, 2012
to discuss options for fire suppression. Alternatives included a wellpoint system, horizontal dry
hydrants, a high capacity well, and cisterns. NFD provided pumping capacity criteria to Clark
Dietz. Ozaukee County suggested a series of dry hydrants would be the most cost-effective
option. Grant funding for the dry hydrant construction was based on the low cost option to meet
requirements. From February 2012 through March 2012, Clark Dietz and Ozaukee County
worked closely with the NFD to design and engineer four-dry hydrants that would be placed
downstream of the dam throughout Fireman’s park. These designs were approved by NFD on
March 2, 2012 and the County proceeded with requisite WDNR permitting. On May 9, 2012, the
County and WDNR held a public informational meeting on the overall project. NFD expressed
new concerns about the dry hydrant elevation on the plansets to ensure adequate submersion and
impacts from sedimentation to the hydrant intakes. Interfluve and the County agreed to modify
intake elevations and construct two scour holes where possible at the intakes, and subsequently
issued a plan revision that was accepted by WDNR.
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Sediment Transport Study
County staff completed sediment poling activities and a “Substrate Composition Analysis and
Potential Sediment Transport Evaluation” study from October – December 2011 in preparation
and in anticipation of USACOE permitting requirements associated with a dam removal project.
Benthic substrate in three comparable Milwaukee River reaches was studied to evaluate the
influence of Newburg Dam and its impoundment on river sediment transport dynamics. These
reaches each flow over natural, alluvial substrates and have similar gradients. By comparing and
contrasting findings, the report elucidated differences between the benthic substrates upstream
and downstream of the Newburg Dam and impoundment. Further, soft sediment poling data
collected in the impoundment during 2011 was compared to the anticipated channel dimensions
(based on historical orthophotography during impoundment drawn down) following dam
removal to quantitatively estimate the amount of bedload and suspended sediment potentially
transported from the impoundment. Based on the 2011 poling data and the historical river
channel location and dimensions, the study anticipated approximately 14,250 cubic yards (9,716
tons) of fine river sediment would transport from approximately 3.2 acres of the former
impoundment following dam removal. Of that total amount, approximately 42% (6,000 cubic
yards, 9,658 tons) would transport as bed load and 58% (8,250 cubic yards, 58 tons) would
transport as suspended load. Based on comparison of benthic surface composition upstream and
downstream of Newburg Dam, approximately 9,200 cubic yards (14,810 tons) of bedload
sediment deposition would be required to return the first 6,370 linear feet (14.9 acres) of channel
downstream of the dam to reference reach conditions. This equates to 1.5-times the amount of
bedload sediment expected to transport from the impoundment following dam removal.
Similarly, restoring suspended load transport from the former impoundment would provide a
portion of the sediment necessary to curb current floodplain degradation and resume natural
sediment deposition functions. In summary, the report concluded:
Fine sediment (e.g., gravel, sand, silt, muck, etc.) transport was artificially diminished
downstream of Newburg Dam. Removing the dam and allowing a portion of the sediment
detained in the impoundment to transport downstream would alleviate some of this deficiency.
This alleviation combined with continual, improved sediment transport characteristics following
dam removal could benefit channel stability, benthic habitat heterogeneity, and biota
downstream of the dam following its removal. Based on these conclusions, the following were
recommended:
1.
2.
3.
4.
5.
6.
7.

Site Access and Erosion Control Best Management Practice Implementation
Planned/Controlled Impoundment Drawdown
Incremental Dam Removal
Natural Channel Reestablishment
Floodplain Stabilization and Restoration
Channel Stabilization
Proper Debris/Rubble Management and Removal

The WDNR operates a streamside sturgeon rearing facility at the Riveredge Nature Center
approximately 1.5 miles downstream of the Newburg Dam. The facility intakes and filters
Milwaukee River water, and WDNR staff expressed concern about suspended sediment
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negatively impacting the filtration system during the dam removal project. County staff
subsequently installed a turbidity barrier around the facility water intake prior to construction
activities. WDNR staff reported elevated turbidity readings in the facility during the duration of
the project but these levels did not impact facility equipment or the sturgeon. The turbidity
barrier was removed several weeks after final construction activities were completed.
Dam Removal and Site Restoration Design and Engineering
After Ozaukee County Natural Resource Committee approval on December 6, 2011 to proceed
with an Interfluve contract award, Interfluve proceeded with site surveying and hydraulic and
hydrologic modeling to guide the design work. On May 1, 2012 Interfluve issued a draft design
report. Pertinent “Project Design” sections of the report are included below:
Project Design
The removal of the Newburg Dam and restoration of the impounded reach will require an
adaptive management approach due to anticipated changes to the current bathymetry of
the impoundment during dewatering. The project design generally includes slow
drawdown of the impoundment, excavation of a portion of accumulated sediment, passive
development of a new channel and attendant floodplain through most of the former
impoundment, stabilization of banks immediately upstream of the existing dam, and
restoration of floodplain and riparian vegetation. The existing foot bridge and excavated
concrete spillway and retaining walls along the right bank and within the existing side
channel will be disposed of offsite. Sediment excavated from the impoundment will be
reused within the project area. Additional complexity is incorporated into the design with
the proposed multiuse trail that is proposed through the existing box culvert. This trail
will also function as a channel conveying flood waters during high flow events.
Sediment Management
As detailed in the Sediment Management Plan, we propose minimizing excavation within
the channel except as necessary to address sediment quality concerns. Sediment within
the active channel will move downstream to add smaller grained substrate to the
sediment-starved reaches below. As DNR staff recommended, we are proposing to
remove sediments from within the active channel area immediately upstream from the
dam to the extent practical due to concentrations of cadmium that exceed the probable
effects concentration (PEC). We propose a slow impoundment drawdown and as soon as
bank sediments are dry enough to access material in the center of the active channel, we
propose excavation of the sediment and reuse in the area shown on the plan set. This
material will be covered with at least 6 inches of cleaner fill that is either excavated on
site or imported from offsite. A 6 inch cap over this proposed reuse area will require
1100 cubic yards of material. This will be available from the excavation associated with
park space modifications. Additional details associated with bank and floodplain
treatments to stabilize the areas nearest the bridge are described in the sections below.
Proposed Hydraulic Conditions and Bank Treatments
HEC-RAS models were developed that reflect the main channel and the overflow channel
under the proposed conditions. The dam was removed from the existing conditions model
and shear stresses in the impoundment were reviewed to determine the extent to which
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the river will have sufficient power to move sediment in the impoundment. Based on
Ozaukee County’s field investigations, most of the sediment in the anticipated channel is
sand, which requires very little force to move. We determined that the flood flows would
have capacity to move sand to the full depth of accumulation. Although Ozaukee
County’s investigation did not include recording the material encountered at the depth of
refusal (the harder surface beneath the accumulated sediment), we expect that this
material is primarily larger gravels, cobbles, and/or bedrock in the main channel,
consistent with the upstream and downstream substrate, and potentially more cohesive
fine grained material in the former floodplain area. Therefore, we expect the channel to
carve through the impounded sand to the observed depth of refusal. The time required to
move the sediment to this depth will depend on actual flows in the river over the next few
years. We similarly examined shear stresses with respect to the ultimate width of the
anticipated channel. The County field investigations did not identify clear former banks
at higher elevations than the former channel. The shear stresses in the channel at higher
flows are sufficient to move sand and fines, so if a hard former bank edge is not
encountered as the channel deepens and widens, the channel may continue to widen
beyond the channel width observed upstream and downstream. However, as vegetation
becomes established on the exposed sediment, the banks and floodplain will become more
stable. Therefore, if left alone, the evolution of the channel through the impoundment
would depend largely on the extent to which vegetation becomes established before the
development of a flood large enough to transport unvegetated material. Given our
proposal to facilitate the rapid establishment of vegetation, we used upstream and
downstream analogs to define the likely width of the channel and incorporated that width
into the proposed conditions model. The box culvert under the highway that carries the
former raceway channel flow under County Highway MY is proposed to remain open and
be used as part of a multiuse trail connecting the two park spaces. It will also serve as a
side channel during high floods. Therefore, it was modeled to determine the flows that
will pass through it and the depths and erosive forces of those flows to ensure that the
banks are adequately protected. To maximize the time during which the trail is safely
passable for people, as desired by the project partners, more frequent flows will be
prevented from entering by construction of a shallow berm between the river and the
culvert with a minimum elevation at the trail that is greater than the 5 yr flood elevation
in the river. This will also reduce the quantity of flow entering the side channel during
extreme floods.
Impounded Bend in the River Upstream of the Dam
Although water levels will drop following dam removal, the bridge and the steep grade
control riffle downstream of the bridge will continue to back up water in the reach
upstream of the bridge during flood flows (see Figure 6). Therefore velocities and shear
stresses will not increase as much as they would if the bridge and riffle were not there.
Because stresses are higher on outer bends of the river, we compared the pre-removal
conditions at the bend at the upper end of the impoundment with conditions in the same
location after removal. Under existing impounded conditions, the river is only capable of
transporting material on the order of 1.4 inches in this area, even during the 100 yr flood
event. After dam removal, the river will be able to transport material that is on the order
of 3.5 inches. If material of this size is not encountered during natural evacuation of the
66

impounded sediment and if vegetation is not allowed to establish before large flow
events, the outer bank in this area would be expected to erode. To increase initial
stability as additional vegetation becomes established along this bend, we propose
incorporating logs with root wads into the bank and pool. This large woody debris will
provide habitat and encourage localized scouring to maintain the pool depth, in addition
to providing protection for the bank toe. These logs must extend below the hard bottom
elevation in the impoundment to ensure that impounded sediments are not washed out
beneath them, leaving them perched or subject to rolling into the channel. Care must be
taken to ensure that sufficient soil covers these logs to prevent buoyant forces from
dislodging them.
Banks Just Upstream of Bridge
Immediately upstream from the bridge, we propose active construction and protection of
stream banks. To determine the size, strength, and quantity of material required to do so,
incipient motion and scour depth calculations were performed. Size of material that the
stream can transport in this area is included in Table 5. The scour calculations were
performed based on Pemberton and Lara (1984), conservatively assuming that bed
material is sand (2 mm). The Lacey method of calculating scour depth predicted a depth
of less than 2 ft, while the Blench method predicted scour depths of just over 4 feet Since
neither method accounts for presence of a bridge downstream slowing flood waters and
because larger material will likely be encountered at the former channel bed elevations,
these equations likely overestimate the depth of scour. If the bed material that is
encountered is 2 inch, the predicted scour depths decreases to 1 – 3.6 ft, but this still does
not incorporate the backwater effect of the bridge. We will proceed conservatively and
assume a 2.5 ft depth of scour is possible, but if large substrate is encountered at the bed
elevation during impoundment drawdown, this may be revised. Downstream of the
pedestrian water access on the right bank, limestone block toe is proposed to provide a
stable walking area along the water’s edge during low flow. This treatment will also be
less subject to vandalism than smaller cobbles which often are thrown into water in park
settings. Rounded natural stone toe is proposed on the left bank and upstream of the
water access on the right bank. Applying safety factors and incorporating an adjustment
for use of rounded material, the stone gradation proposed for the toe protection is
detailed in Table 6. Filter material will be placed between the stone and the bank to
prevent bank sediments from piping through the stone toe.
Bank Grading
Upstream of the FES lifts, we are proposing bank grading only where necessary to
address steep banks that may develop during dewatering. We propose making this
determination in the field. We have identified the low area adjacent to the existing right
bank as an area for potentially reusing excess material removed from the channel banks.
Reusing material here addresses the landowner concern regarding stagnant water
pooling in the area and avoids costs associated with hauling material offsite. This is also
the area proposed for reuse of material excavated near the dam, and it will require at
least 6 inches of clean cover as described above. This represents no net reduction in
flood storage area because it is material removed from within the proposed wetted cross
section. Further, none of this area has been available as flood storage because it is all
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currently inundated at all times. All disturbed areas outside of the FES lift stretch will be
mulched and seeded with cover crop species and planted and seeded as described below.
Bridge Abutments and Gas Line
The bridge location requires scrutiny to ensure that erosive forces do not cause problems
for the bridge or the gas line that runs under the downstream edge of the bridge. The
bridge abutments consist of grouted rip rap to the depth of bedrock, and the center pier
on the bridge is anchored in bedrock with grouted riprap providing further protection
from scour. The left side of the dam is too close the bridge abutment to allow grouted
riprap to be placed at a 1.5:1 or flatter slope. Therefore, when the dam is removed, this
slope will be augmented with additional grouted riprap. This treatment will be competent
at much larger shears than the anticipated shears of 3.1 lb/sf during the 100 yr event. The
bed material over the gas line is predominantly large boulders and rubble from previous
demolition at the site. Table 5 includes a comparison of existing conditions and
anticipated conditions following removal of the dam, and indicates that although the
capacity of the river to move material in this area will increase, the material currently
present in the vicinity will be sufficient to maintain the integrity of infrastructure. There
is currently consideration of moving the gas line to an alternate location to reduce risk of
exposing this pipe due to increasing stresses during high flows. If the pipe is not moved,
additional protection with a large boulder weir downstream of the pipeline will be
sufficient to protect this pipe even during extreme events.
Side channel
The proposed multiuse trail will be unlike any natural channel but will need to maintain
stability as it carries flood flows that spill into it and through the existing box culvert.
The trail will be a hard smooth surface and at a 5% slope it will be relatively steep for a
flow conveyance route. Therefore special consideration is warranted for materials
proposed adjacent to the trail and up the banks. Although shear stresses in the channel
remain less than 2 lb/sf, the velocities will exceed 12 ft/s throughout the upper portion of
the channel during the highest flows. As water becomes backed up by the box culvert
hydraulic jumps will occur at most flows, as seen in the water surface elevation profiles
(Figure 9). Because this channel is unlike a natural stream, many of the methods for
determining stone size for incipient motion are not reliable. The USACOE method for
sizing rip rap in steep channels (2% - 10%) was used to estimate rock size required.
Using this method we determined that a D50 of 2.4 – 3.1 ft would be necessary. Angular
rock is recommended for this application. Given the large stone size needed and the need
to achieve desired aesthetics in the park, we propose use of large limestone block
material. This material needs to be placed flush against the paved trail to minimize risk
of scour between the trail edge and the stone. It should extend at least two feet above the
trail surface. Above the stone the banks should slope gently back and be protected with
densely rooted native vegetation.
Floodplain Stabilization and Revegetation Design
All exposed or disturbed areas will be seeded and planted with native vegetation, with
the exception that disturbed areas within the existing manicured park space will be
reseeded with turf grass. Much of the exposed area is proposed to be planted with native
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floodplain forest species. To address adjacent landowner interests, the area immediately
upstream of the bridge is proposed to be seeded with wet meadow grasses and forbs with
only a few native floodplain trees incorporated close to the anticipated banks to provide
additional root mass. A larger wet meadow area is also proposed further upstream in the
floodplain on the right bank to address landowner interests in having multiple vegetative
communities for educational purposes. In the floodplain forest, trees are proposed at
approximately 36 ft spacing, and shrubs are proposed at 25 ft spacing for a total average
spacing of 20 feet Species are detailed in the specifications.

Permitting
Ozaukee County completed requisite archeological, cultural, and endangered species studies for
USACOE/SHPO and WDNR approvals and for a revised NEPA immediately upon notification
of the Scope Change approval. The County submitted a dry hydrant permit application to WDNR
and USACOE on February 17, 2012, received the WDNR permit on February 29, 2012, and the
USACOE permit on May 5, 2012. 60% plans and permit applications were submitted to WDNR
and USACOE in late March 2012 to initiate the State EA process. On May 9, 2012, the County
and WDNR held a joint public informational meeting at the NFD hall. The WDNR issued the
dam abandonment permit on June 8, 2012 and the USACOE issued the sediment discharge
permit on July 11, 2012.
Sediment Contamination Analysis
Ozaukee County and Interfluve contacted WDNR staff immediately upon completion of the
Village of Newburg and Ozaukee County MOU regarding requisite sediment contamination
sampling and analysis. WDNR staff recommended laboratory analysis of three cores taken from
the thalweg at various distances upstream of the dam. Sediment coring and laboratory analysis
completed in late November 2011 indicated elevated levels of cadmium. On February 21, 2012,
WDNR staff subsequently requested that ten additional sediment cores be collected and analyzed
for Total Cadmium and Sediment Size from the impoundment and surrounding reaches. This
additional analysis was completed in late February 2012 and provided to WDNR immediately
upon receipt. WDNR subsequently provided sediment management recommendations and
requested the recommendations be incorporated into a formal sediment management plan. This
plan contained the following management recommendations:
The proposed sediment management strategy for the Newburg Dam removal incorporates
multiple strategies designed to minimize the migration of accumulated sediment with high
cadmium concentrations to downstream waters, while allowing cleaner accumulated
sediments to move downstream and enrich the sediment starved river reach below the
dam. The following measures are proposed:
a. Plan construction for low flow period.
Construction of the dam removal project will be planned to begin during a period of
predicted low flow. Advanced planning will be emphasized to ensure that the
construction window will be as short as possible, minimizing the duration of exposed
soils.
b. Draw down the impoundment slowly.
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c.

d.

e.

f.

WDNR staff indicated that a slow drawdown of the impoundment will be required to
minimize migration of material nearest the dam. The drawdown will be achieved by
removing gates on the existing culverts through the dam one at a time to ensure a
slow drawdown. The upstream invert of the culverts was reported in the historical
inspection file to be 836.2 when constructed in 1913. The downstream invert of the
culverts was surveyed in 2012 and found to be at an elevation of 835.8. Comparing
this elevation to the profile on sheet 5 and the cross sections on sheet 4 of the plan
set, it is clear that most of the sediment near the gates is below this elevation.
Excavate impounded sediment.
After drawing down the impoundment and allowing bank sediments to dry enough to
drive equipment on them, accumulated sediment in the active channel immediately
upstream of the dam to station 15+43 (approximately 180 ft upstream of the dam)
will be mechanically excavated (approximately 2,310 cubic yards). This material will
be placed in the sediment reuse location shown in the plan set and covered with a
minimum of 6 inches of clean material.
Stabilize the banks and floodplain near the dam.
WDNR staff requested that the sediment outside the active channel, but within the
impoundment nearest the dam be stabilized quickly due to potential presence of high
cadmium concentrations. We propose constructing banks in this area with a stone toe
and fabric encapsulated soil (FES) lifts as shown in the plan set, to maximize the
immediate stability of this material following dam removal. The stone toe will extend
below the depth of scour to protect the channel banks from erosion and establish a
solid base on which to build the proposed fabric encapsulated soil lifts. Above the
stone toe, FES lifts are proposed. In constructing FES lifts, impoundment sediments
are excavated, and the bottom layer of soil is installed and stabilized, followed by
additional layers up to the proposed floodplain elevation. The soils are compacted to
ensure structural soundness, and topsoil (and seed) is placed on what will be the
outer exposed faces. The lifts are constructed using an outer woven coconut fiber
(coir) net that provides the structural support and inner woven coir that prevents
piping loss of soils. The fabrics last about 1-3 years depending on frequency of
inundation and drying. By the time the fabrics are degraded, vegetation is well
established and roots hold the soil in place. At the top of the lifts, erosion control
fabric is proposed to extend to the existing edge of the impoundment to further
minimize the movement of the soil closest to the dam.
Leave grade control riffle downstream of the dam in place.
Downstream of the dam, debris from previous structures and stone placed under the
bridge creates a grade control riffle that will minimize risk of a head cut progressing
up the river. Due in part to the presence of a gas line at an unknown elevation under
this riffle, most of this material is proposed to be left in place. Additionally,
backwatering effects of the bridge at high flows limit the hydraulic gradient and
shear stresses that will be imposed on banks in the former impoundment.
Stabilize exposed floodplain and upland soils.
All exposed floodplain areas and disturbed areas will be seeded with native upland
vegetation. Portions of the floodplain are expected to be inundated approximately
once every 1-2 years. This inundation frequency will allow for the establishment of
graminoids, forbs, shrubs, and trees tolerant of periodic flooding. Immediate post70

construction stabilization of the final exposed floodplain surface will include seeding
and mulch. Erosion control fabric will be applied to exposed floodplain areas in the
lower 180 ft of the impoundment as indicated on the plan set and described above. In
the lower impoundment areas, the targeted vegetation community will be dominated
by grasses, forbs and shrubs, with only a few trees along the banks, compatible with
landowner requests and low shear stresses expected on these banks. Further
upstream, the target community will be floodplain forest. By following the steps
outlined above and implementing standard best management practices to minimize
sediments leaving the site through construction site stormwater runoff, sediment will
be managed to meet the project objectives.
The WDNR’s solid waste program formally approved the sediment management plan on April 6,
2011.

Construction Activities
The County and Interfluve initiated the public bidding process in May 2012 and four bids were
publically opened and read aloud on June 4, 2012. The engineers estimate for all project
activities (base bid items + additive bid items) was approximately $600,000, and total bids
ranged from $688,055 to $936,880. A contract was awarded to Solutions 101 at the June 7, 2012
Natural Resources Committee meeting and a pre-construction meeting was held on July 6, 2012.
Solutions 101 subsequently began staging equipment and materials onsite while waiting for the
USACOE permit issuance. In June of 2012, We Energies relocated the buried gas line by
installing it to the CTH MY bridge.
Dry Hydrant Construction
Replacement dry hydrants needed to be installed and tested prior to dewatering the impoundment
and abandoning flow through the raceway. The dry hydrant construction project was publically
bid and a contractor was selected at the March 7, 2012 Ozaukee County Natural Resource
Committee meeting. However, the selected contractor informed Ozaukee County staff that it had
submitted erroneous bid pricing and formally withdrew its bid. As such, local-force account
work substantially completed the construction of hydrants #3 and #4 (the two most downstream
hydrants) the week of June 4, 2012. The NFD tested these hydrants on June 13, 2012, and issued
a statement to the County concurring that the water volume at hydrants #3 and #4 were sufficient
to meet the NFD needs and that the County could proceed with the dam removal project, and
confirmed that the existing dry hydrant in the raceway would no longer be operable. Concurrent
to dam removal and site restoration activities completed by Solutions 101, local-force account
work completed construction of dry hydrants #1 and #2 on September 28, 2012.
Impoundment Drawdown & Dam Fracturing
With approval from the NFD and the Village of Newburg, local-force account work removed the
flashboards at the raceway entrance and lowered the dry hydrant pool outlet to begin lowering
the impoundment. This removal resulted in about a 6 inch drop in water levels. On June 14, 2012
local-force account work removed the covers over the dewatering culverts in the face of the dam,
which initiated impoundment drawdown and provided additional time to dry out exposed
sediments in the impoundment prior to the main dam removal and sediment management
construction activities. The cover removal dropped impoundment levels enough to fully expose
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the dam crest and divert all water through the dewatering culverts. On August 1, Solutions 101
began notched the dam and removed the dewatering culverts using an excavator with a vibratory
hammer, which further dropped impoundment levels. The dam was fully removed by September
4, 2012.
Sediment Management
On August 13, 2012, Solutions 101 began excavation of sediment immediately behind the dam
(approximately 2,310 cubic yards) extending approximately 150 feet upstream using a long-arm
excavator. The sediment was then trucked to the sediment reuse area on the south shore of the
former impoundment and spread using a conveyor belt. The sediment reuse area was capped
with six inches of clean fill, seeded, mulched, and planted with native live stakes during the
week of November 14, 2011.
CTH MY Bridge Protection
Per the project design manual and multiple meetings with the Washington County Highway
Department, additional riprap was required around the center bridge pier immediately
downstream of the former dam location. In addition, the Washington County Highway
Department requested that additional grout be placed into and over the existing riprap at both
bridge abutments. On July 20, 2012, Washington County staff completed a pre-construction
structural and safety inspection on the bridge. This work was largely completed the week of
October 17, 2012, which was observed by and subsequently approved by Washington County.
Downstream Channel Grading
After dam removal, it became apparent that a significant amount of concrete debris still remained
immediately downstream of the former dam location. In addition, there were large accumulations
of fieldstone and cobble which posed a potential impediment to fish passage under low-flow
conditions. The County subsequently instructed Solutions 101 to remove the concrete debris
(trucked offsite with assistance from the Ozaukee County Highway Department) and reuse the
native materials as riprap to further armor the bridge abutments and central pier. In addition, the
south side of the channel at and downstream of the former dam location was graded to function
as the primary low flow channel, and the north side of the channel was graded to function as a
high flow channel.
Bank Protection
Per the design manual, FES lifts planted with native vegetation were constructed on both sides of
the stream channel immediately upstream of the former dam. On the north bank, the FES lifts
were protected by smaller sized cobble and riprap placed at the FES lift base. On the south bank,
the FES lifts were protected by small-sized cobble and riprap upstream of the canoe/kayak
launch, and with limestone block downstream of the canoe/kayak launch due to higher
anticipated sheer stresses. The limestone block also offers the public a stable walking area to
access the river.
Park Grading and Public Access Amenities
Park Grading
During the dam removal phase the Village-owned park was largely used for equipment and
materials staging. Once the dam removal and bank protection was largely complete, Solutions
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101 completed general grading of the park areas and construction of multiple public access
amenities. A berm was created extending from CTH MY west towards the pedestrian overlook to
prevent flood flows from the new park area. This berm was designed to overtop at approximately
the five year recurrence interval. All areas were graded per elevations noted on the plansets.
Pedestrian Underpass and Multi-Use Trail
Filling in and abandoning the raceway culvert under CTH MY was originally considered, but it
was determined this option was too cost prohibitive and technically challenging to place and
compact the necessary fill. After further discussions, the County proposed modifying the
raceway culvert into a pedestrian underpass and linking this structure to a multi-use recreation
trail. After the raceway was fully dewatered a significant amount of riprap grouted to the
concrete culvert floor was discovered. This grouted riprap had to be hammered out before the
new floor could be poured at the correct grade and elevation for proper drainage. In addition, a
trench protected by a steel grate was created in the raceway floor to accommodate stormwater
flows from an existing stormwater pipe penetrating the raceway culvert near the downstream
end. A paved 10 feet wide handicap-accessible trail was constructed extending east from the
underpass that ultimately connects to the paved path that continues through Fireman’s Park, and
extending west from the raceway through the Village park that terminates at the observation
platform. On the upstream end the trail is framed by limestone blocks that also act as a “retaining
wall” as in some sections, the trail is set at a lower elevation than the surrounding grade. A
drainage swale downstream of the underpass was constructed in the former raceway area and
protected with various sized cobble and additional limestone block to accommodate stormwater
and high water flows from the raceway. The Village of Newburg and Ozaukee County installed
removable steel bollards and “no motorized vehicles” signage at the entrance and exit to the
underpass to prevent motorized vehicle access.
Canoe/Kayak Launch
A canoe/kayak launch was constructed immediately adjacent to the observation platform. This
launch is framed by limestone block and FES lifts and offers paddlers a convenient takeout/putin location. A gravel path was constructed that connects the launch to the multi-use trail.
Observation Platform
A hexagon-shaped observation platform approximately 16 feet x 14 feet was constructed with
treated lumber and poured concrete foundation piers. This platform is located at the western edge
of the Village park adjacent to the stream bank. The multi-use trail terminates at the handicapaccessible platform, which includes 3.5 feet high railings. The observation platform offers some
fishing opportunities and views of the impoundment area and newly reconnected and restored
river channel. It is also the location of the permanent education and outreach signage. The
platform was constructed approximately 1 feet higher than originally planned to protect the
structure from high water events and ice damage.
Osprey Platform
During project planning and construction, County and Village staff routinely noticed osprey
presence around the river. Because they eat only live fish, ospreys reside and perch
predominately along rivers, lakes, and coastlines during their nesting, migration, and winter
periods. Osprey pairs can habituate quickly to human activity such as houses, highways, or boats.
Natural nest sites include trees, cliffs, and ground sites on predator-free islands in generally open
73

areas. In general, constructed osprey nests should be the tallest structure within a 150 feet
diameter. As the former impoundment is essentially “wide open” and osprey are known to be
present in the area, and osprey platform was constructed in the former impoundment on the south
side of the new river channel. It was built and placed by the Ozaukee County Highway
Department in the winter of 2012 using telephone poles and an aluminum platform structure
donated by the American Transmission Company. The plans were largely based off
recommendations from the New Jersey Division of Fish and Wildlife, and the Conserve Wildlife
Foundation of New Jersey. The osprey platform is easily viewed from the observation platform.
Restoration
On October 10, 2012, County staff and the Milwaukee Community Service Corps removed a
significant amount of trash and invasive species from the former impoundment area. The project
plans generally categorized the various planting zones as:
1. Floodplain Forest
2. Wet Meadow with Broadly Spaced Native Trees
3. Upland Park
4. Hayfield
All exposed or disturbed areas were seeded and planted with native vegetation, with the
exception of select disturbed areas within the existing manicured park space that was reseeded
with turf grass. Other select areas within the parks were reseeded with native prairie grasses and
flowers. Significant portions of the manicured park areas were also covered with straw mulch
and/or erosion blankets. To address adjacent landowner interests, the area immediately upstream
of the bridge was seeded with wet meadow grasses and forbs with only a few native floodplain
trees incorporated close to the anticipated banks to provide additional root mass. A summary of
the tree plantings with location descriptions is provided below:
•
•
•
•
•
•

41 Swamp White Oak ( Quercus bicolor) planted in the former impoundment area
22 Tamarack (Larix laricin) planted in the former impoundment area
3 Yellow Birch (Betula alleghaniensis) planted in the former impoundment area
8 Bur Oak (Quercus macrocarpa) and 3 Swamp White Oak (Quercus bicolor) planted in
Fireman’s Park
12 Bur Oak (Quercus macrocarpa) planted in Fritz Faulkner’s Park
Approximately 200 Balsam Poplar (Populus balsamifera) live stakes planted in the
sediment reuse area and southern river bank in the former impoundment

The trees were planted by Applied Ecological Services and the live stakes and yellow birch were
planted by Ozaukee County and Green Tree Tree Care in November of 2012. The tamarack and
yellow birch trees were protected with steel tree cages installed by County staff. Some balsam
poplar live stakes planted near the shoreline were lost in the spring of 2013 due to high water
flows and unstable stream banks. As of fall of 2013, the majority of planted trees had survived
and appeared healthy. In addition, County staff observed very rapid native vegetation growth in
the new impoundment from the existing seed bank, including nut sedge, smart weed, willow,
cottonwood, dogwood, and several other tree species. By summer of 2013 the former
impoundment area had been fully restored and stabilized. On November 11, 2013, the County
provided the Village with a “Vegetation Maintenance Plan.” This plan is intended to establish a
74

guide for vegetation management of the dam removal and impoundment restoration project. It
includes information and general care guidelines for each general planting zone and plant species
and as-built construction plans.
Project Results
The final site walkthrough and punchlist was completed on November 11, 2012, and all punchlist
items were significantly completed by the end of 2012. Throughout 2013, County staff
monitored the condition of the trees and vegetation, preforming minor maintenance as necessary.
This project met original NOAA grant goals and objectives by reconnecting approximately 13
miles of mainstem river up to the Barton Dam in West Bend, and allowing for full access to 37
mainstem river miles between the Bridge Street Dam and Barton Dam. Water quality, sediment
transport, and recreational opportunities (e.g. canoeing, kayaking, access to the river, upstream
fishing) were significantly improved, and the Village’s ongoing financial and safety liabilities
were removed. Total NOAA contribution: $714,489.
Materials Used
• Erosion matting and straw mulch
• Earthen fill and topsoil
• Native seeding, tree planting, and live staking
• Steel tree cages
• Wooden observation platform
• Limestone blocks
• Various sized riprap and grout
• A variety of pipe and fittings associated with the dry hydrant construction
• Concrete raceway culvert (restored, modified and retained)
• Asphalt access path
• Poured concrete in pedestrian underpass
• Steel grate for stormwater drainage in pedestrian underpass
• Native cobble and boulders
• Steel bollards
• “No Motorized Vehicles” signage
• Permanent education and outreach signage

Tributary Impediments
As noted under the “Program Master List” category of this report, the original scope of work as
outlined in the grant application proposed the removal or remediation of 46 “culvert” (large
scale) sites and 84 “conservation corps” (small scale) sites on seven tributary streams to the
Milwaukee River. Approximately 11 of the original large scale sites were either removed from
the Program scope (e.g. south branch of Hawthorne Drive Creek, or after further investigation
not deemed a full impediment) or reclassified as a small scale site after further analysis. The
inclusion of 28 additional small scale sites on Pigeon Creek, 10 large scale scope change sites
and two small scale sites sites culminated in a total of 159 “tributary” impediments ultimately
addressed under this project: 45 large scale and 114 small scale sites on 17 tributary streams to
the mainstem Milwaukee River.
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Landowner Coordination and Site Access
Tributary impediments were located on either private or public-owned lands. Some removal or
remediation projects also included temporary impacts to both private and public properties (e.g.,
when a culvert replacement project extended past the public right of way). Some impediments
were located in remote areas surrounded by private properties. Although inventorying
impediments had largely been done by legally accessing sites via the waterways, permission
from landowners was necessary for County, WDNR, and consultant staff to access the site for
data collection, complete requisite permitting, and physically remove or remediate the identified
impediments. Most private landowners did not understand the basic concepts of aquatic
connectivity or were aware that an impediment even existed on their property, and several
landowners were initially reluctant to allow entry. Thus, a significant amount of landowner
education and outreach and relationship development was required in order to receive their
permission. Staff developed general landowner coordination procedures to secure their
cooperation and access as described below:
1. Collect Landowner Information: All impediments were initially located with a GPS unit
or through detailed ortho-photo analysis. Staff overlaid location information on GIS
parcel data layers to determine land ownership. Staff also utilized existing “institutional”
staff knowledge from Program partners and other County staff to gain additional
information on how best to approach each landowner. Landowner contact lists were
developed using GIS and parcel data.
2. Landowner Informational Mailing: Staff mailed an informational packet to each
impediment landowner containing a cover letter generally describing the Program and
noting that staff would be following up with the landowner in the near future to discuss
the project in greater detail. The packet also contained a Program brochure and business
cards.
3. Landowner Phone Call: Staff then called the landowners to discuss the impediment
remediation in greater detail. It was stressed that each site was an essential component of
a larger program to comprehensively reconnect aquatic habitat on a watershed-wide
scale. It was important that staff was knowledgeable about the general property,
impediment site, proposed remediation plans, potential access routes, and general
construction issues (e.g., timeframe, equipment, work crew, level of disturbance, etc.).
Staff also needed to be very clear on the project goals, but also willing to compromise if
necessary. It became clear that many landowners wanted to cooperate to improve stream
conditions and access to habitat, but were concerned safety liability of work crews, longterm access to the site, and any long-term cost impacts. In many cases staff gained critical
information regarding access routes, impediment use, and other issues that directly
guided plan development. Many landowners also wanted to discuss other
environmentally—related issues or concerns associated with their property or in the
general area.
4. Site Visit: When possible, staff coordinated a site visit with the owner and if possible, a
representative of the Conservation Corps or Ozaukee County Highway Department. This
provided an opportunity to document access routes and pre-construction conditions, share
before and after photos of similar sites (as available), mark access routes, discuss any
other landowner concerns and restoration goals, collect additional information (anecdotal
evidence or observations on historical fish movement in the immediate area,
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undocumented impediments), and encourage and engage in active landowner support of
the Program.
5. Complete Construction Access Forms: Staff would then prepare and provide a landowner
construction access form that detailed the work to be completed including a description
of access routes, construction timeframe, methods and materials to be used, and that all
areas would be restored to pre-disturbance conditions. The forms clearly stated that the
landowner would be held harmless against any worker injury or environmental damage
that may occur. In some cases, the access forms were further modified to reflect unique
site conditions or concerns. All access forms were vetted and approved by the County’s
Corporation Counsel.
6. Construction Coordination and Follow Up: Staff was in constant contact with the
landowners during the construction process to ensure all expectations were being met and
to address any unforeseen issues. After construction, Staff would issue a thank you letter
with photos to document pre-and post-construction conditions. The overall goal with
these efforts was to establish a good working relationship and encourage future
partnerships and engagement.
This process was also largely followed for sites located on public property (e.g. municipalities).
The County worked with 9 cities, villages and towns on a variety of projects. In most cases,
municipalities were very supportive of the proposed projects as several had issued a letter of
support for the NOAA grant application. Many culvert impediments were in need of repair or
replacement and the grant funds offered a direct and immediate investment in local
infrastructure, as well as improving aesthetics. In total, County staff worked with approximately
101 landowners on the tributary impediment projects.

Small Scale Impediments
In general, small scale impediments included log and/or debris jams, pervious fill deposits (e.g.,
railroad ballast), wooden bridges or other landowner-constructed stream crossings, and reaches
of invasive vegetation (e.g., reed canary grass and invasive cattails). The majority of these sites
did not required detailed design, engineering, or permitting as little ground disturbing activity
was anticipated or required. Some impediment removals (e.g., railroad ballast removals) did
require a WDNR Ch. 30 general permit if the project required removal of more than 3 cubic
yards of material from the stream. Small scale impediments were removed or remediated largely
with hand labor and hand tools by County staff, multiple youth conservation corps including the
Milwaukee Community Service Corps (MCSC), the Wisconsin Youth Conservation Corps
(WisCorps), an AmeriCorps National Civilian Conservation Corps (NCCC), private landowners,
and volunteers. Staff developed a general small scale impediment removal field manual to guide
field procedures and safety concerns. This manual included a Program background, staff contact
information, tools and materials, site access and landowner contacts, site conditions, types of
impediments and best management conditions, procedures for removal documentation, and site
safety concerns.
Tools and Materials: The County initially loaned the MCSC tools necessary for impediment
removal. These included, but were not limited to, cameras, chainsaws, machetes, brush-cutters,
brush-cutting power trimmers, shovels, rakes, pruning saws, bailing twine, wheelbarrows, tarps,
flagging, paint, gloves, waders, hip-boots, mud boots, and safety equipment/gear. The MCSC
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was also encouraged to provide their own equipment to meet immediate needs. The WisCorps
and AmeriCorps NCCC provided their own tools and supplies to complete impediment
removals.
Site Conditions: Staff made every effort to ensure that work crews and volunteers were working
in safe conditions, and did not allow work in extreme weather or stream conditions. However,
crews experienced a variety of field conditions while working on impediment removal sites. The
majority of work was performed within creek channels and floodplains. Water depth, velocity,
and temperature varied depending on season, site location, type of impediment, and other factors.
In general, water depths ranged from less than a few inches during dry summer conditions to 5-6
feet during spring flooding. Portions of creeks were frozen in the winter months, and icethickness and conditions varied. Water velocities were often significant during high-flow
conditions. Creek banks and bottoms were slippery, muddy, and/or inconvenient to access or
traverse. Various portions of the creeks were densely vegetated and visibility severely limited.
The structure of the creek bottom ranged from rocky or stone to mud or sand. In general, Corps
crews were expected to work in all weather conditions and dress appropriately.
Types of Impediments and Best Management Practices: The following information is adopted
from the above-referenced field manual:
Impediments to fish and aquatic life passage come in several forms, including Dams,
Perched Culverts, Debris/Log Jams, Sediment Accumulation, Railroad Ballast Deposits,
Riprap Deposits, Stone Deposits, and Channel Lost to Invasive Species/Vegetation
Overgrowth. Work crews will be working specifically on impediments that can be
removed with hand tools (chainsaws, shovels, cutting tools, etc.). In many areas the
crews will be required to restore disturbed areas with seeding.
Debris/Log Jams: These impediments can be naturally occurring or can be a result of
human-influenced activity. Debris and log jams may range in size from a single log to a
large accumulation of woody debris hundreds of feet long. Some sediment and debris
may accumulate within or upstream of a jam. Work to remove jams varies. Some logs
may be lifted out by hand, but many will require chainsaws and other tools to cut them
into smaller sizes for removal. Unless specified by County staff, log jam debris should be
dispersed discretely in the floodplain areas where it won’t wash away during storm/flood
events. Some logs may also be placed parallel to creek banks to aid bank stabilization.
Stream team input should be obtained before logs are left along the banks of a
impediment site and the appropriate distance away from the channel in the floodplain.
Sediment Accumulations: Fine sediment, such as silt, sand, and gravel can accumulate in
and around culverts or other obstructions and increase vegetative growth. These
impediments will be removed with shovels and rakes and the sediment should be scraped
to a depth consistent with the natural channel bottom. Dredged sediment must be
properly disposed off-site.
Railroad Ballast Deposits: Railroad companies routinely dump ballast, or medium size
stone, along railroad beds. It is packed between, below, and around the ties to help water
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drain and keep vegetation that might interfere with the track structure from growing.
Most importantly, it holds the track in place as trains roll by. It is typically made of
crushed stone, although ballast has sometimes consisted of other, less suitable materials.
Unfortunately, train engineers dump ballast along the entire railroad grade and this
crushed stone falls through the railroad ties of open deck bridges. These deposits are
usually easily identifiable underneath and/or on each side of a railroad bridge and may
be present in depths of 0-3 feet. The ballast should be removed to a depth consistent with
the natural channel bottom and deposited off-site.
Riprap Deposits: Riprap is rock (e.g., commonly granite, limestone or occasionally
concrete rubble from building and paving demolition) or other material placed along
shorelines, streambeds, bridge abutments, pilings and other shoreline structures to
protect them from erosion. Riprap is sometimes misplaced or washes away from intended
areas and deposits in a creek channel. Riprap can easily be removed by hand or with
shovels, pry-bars, and other tools to re-expose the natural channel bottom. When
possible, it is best to return riprap to its point of origin (e.g., banks of road crossings,
bridge abutments, etc.). Otherwise, it must be properly disposed offsite.
Deposits of Natural Stone: Small footbridges and creek crossings are a common reason
that humans have collected stones and re-deposited them in creek channels. These
impediments should be removed by hand or with shovels and rakes and can either be
properly disposed offsite or redistributed sparsely in the floodplain (at least 15’ from the
creek banks or far enough away from the channel that it won’t get washed back in during
storm/flood events). County staff must be consulted before any materials are redistributed
in the floodplain.
Channel Lost to Invasive Species/Vegetation Overgrowth: Numerous impediments are
caused by overgrown vegetation (e.g., reed canary grass, glossy/common buckthorn,
cattails, and sandbar willow). Overgrown brush in the creek channels or on the banks
will be cut and distributed sparely in the floodplain or properly disposed offsite,
depending on landowner preference. The following procedures indicate proper
management of overgrown brush:
•
•
•
•
•
•

Simply pull/cut/trim invasive vegetation from the channel bed
Cut and trim invasive vegetation on channel banks without destabilizing the banks
Make an effort to leave root masses in the outside (concave side) banks of
meanders for erosion protection
Beyond (outside) of the banks, leave most shrubs/brush in place for stream
shading (can trim as needed though)
Any logs (particularly those of large diameter) in the channel that are not
contributing to the impediment or likely to create a new impediment should be left
in-place to provide/maintain microhabitats
Treatment with Garlon 4 (i.e., Trichlopyr) and/or Roundup can be used on top of
the banks (outside the OHWM) in areas where quick re-growth is likely. To better
coordinate field work, cut stems can be flagged and treated subsequently (1 or 2
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field staff needed at most). Treatment would be done by Program staff in
coordination with site supervisors or by certified corpsmembers.
The following procedures will be used for management of reed canary grass and cattails:
• Pull/cut (i.e., by hand or powered brush thinner) invasive vegetation within the
channels/banks
o Within the channel, cattail removal will be done by pulling the entire
plant and roots or cutting all stems below the water surface (the
deeper below the water surface the better). Cattails within 1’ of the
creek banks should be cut close to the ground, but not too close as to
encourage soil erosion. Multiple cuttings maybe required throughout
the year
o Seeding with native species may be done at sites previously dominated
by reed canary grass
• Leave remaining wetland/floodplain areas outside the defined channel alone
(these areas may be potential spawning habitats)
• Disperse/dispose the cut/pulled vegetation in the floodplain (or off site,
depending on landowner preference)
• Supplement pulling/cutting with Rodeo spot treatments at culvert inlets/outlets or
other impediment-prone areas if it is felt that will benefit a specific site if directed
by Program staff. All areas that need treatment should be flagged with surveyors
ribbon.
Site Restoration: It is important that all disturbed sites are fully restored to minimize
erosion, invasive species re-growth, and satisfy landowner agreements. Restoration can
include seeding, erosion controls (silt fences, erosion matting, etc.) or physical repair of
disturbed areas (tire ruts). Site-specific restoration techniques will be directed by
Program staff.
Impediment Debris Removal: Every effort will be made to secure landowner permission
to leave impediment debris on site. However, some landowners may request complete
removal of debris before allowing work crews on their property, and some Wisconsin
Department of Natural Resources permit requirements dictate complete removal of
materials if it cannot be returned to the place of origin (railroad ballast, concrete slabs,
riprap). In the event debris must be entirely removed from the site, County staff will
coordinate with site supervisors to determine the quantity and type of materials for
transport.
Removal Documentation: All steps of the small scale removal processes were documented to
ensure good communication and work planning between staff and field crews, all permit
requirements (as applicable) were met, and landowners were kept up-to-date on removal
activities. Staff prepared a “Impediment Removal Modification Record”, which included sitespecific information including the site name(s), landowner contacts, geographic coordinates,
access routes, and other pertinent information. The remainder of the form was the work crew
leader’s responsibility and documented dates/times of work, the progress of each work session,
crew rosters and total labor hours, contacts with landowners or the general public, access route
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disturbances, material disposal notes, and other items. Copies of completed and ongoing forms
were submitted weekly to Program staff via fax, emailed pdf, or hard copy. Original copies with
the site supervisor’s signature were submitted once the site was complete. Numerous photos
were taken throughout the removal processes and documented on the Impediment Removal
Modification Form. Work crews were expected to take photos of access routes, impediments
before construction, impediment removal during construction, disposal locations of impediment
debris, any disturbed areas including access routes, and the site after the impediment was
removed. Photos were clearly labeled to include the date and site information. Site supervisors
were expected to upload progress photos to an ftp site on a routine basis and contact Program
staff for immediate download.
In total, 114 small scale impediments were removed or remediated, which improved water
quality, sediment transport function, and aesthetics. For reporting and categorization, small scale
impediments were considered either a “miscellaneous impediment – log jam/fill deposit” or
“invasive vegetation”. Small scale impediment removals provided for natural fish passage
conditions. However, some impediments may reform naturally (sedimentation, invasive
vegetation regrowth, log/debris jam formation) or by human action (railroad ballast deposits).
Costs ranged from $0 – $12,000 per site depending on type and scale of impediment.

Large Scale Impediments
Design and Engineering
Large scale impediments included low-flow dams, improperly placed or sized road and stream
crossing culverts or bridges, improperly placed stone ford crossings, and other miscellaneous
structures. In general, large scale impediment removals or remediations required detailed design,
engineering, hydraulic and hydraulic modeling, and permitting due to the scope and scale of the
projects. Professional services for design, engineering, and modeling were completed by
Bonestroo for most original large-scale sites and Kapur and Associates for most scope change
sites. County staff preformed the majority of all requisite Federal, State, County, and local
permitting. Design and engineering not requiring detailed modeling at select sites were
completed by County staff.
For most road/stream crossings, the designs generally followed U.S. Forest Service stream
crossing protocols and, to the degree practicable, guided by bankfull channel cross section
measurements taken in stable, representative reaches (preferably upstream of the crossing)
considered consistent with the anticipated, natural channel morphology of Program streams.
County staff provided the consultants with these measurements taken during the Tier II
inventories. In addition to the standard traffic and hydraulic related criteria requisite to culvert
selection and installation, the following additional criteria were followed to the extent practical:
• Crossing flow velocities passable to native fish species (i.e., generally two feet per
second or less or as demonstrated by FishXing or another accepted method) must be
achieved by each proposed design for all stream discharges conducive to fish passage
within Program streams.
• Inlet and outlet perching and excessively shallow flows in the structure must be
eliminated.
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•
•
•
•
•
•
•
•
•
•

Additional design considerations should include vehicular transport, sediment transport,
riparian corridor continuity for herptiles and other wildlife, site topography, utility
conflicts, safety, aesthetics, and other attendant issues.
Identify and regrade any artificially maintained stream channel slopes immediately
upstream and downstream of the stream crossing.
All impediments necessitating leaping behavior will be removed. No cascading water
conditions of any kind may exist.
Water velocities must remain below two feet per second for structures exceeding 20 feet
in length using flow rates typical of spring runoff.
No structures should attain water velocities greater than four feet per second for any
length and for a full array of expected flow events.
In general, structures will either be installed well below bed grade, backfilled with coarse
substrate, and have a slope of less than 1%.
Deposits of natural or man-made debris will be removed and actions taken to help assure
that debris does not accumulate in a short period of time.
Care will be taken to assure adequate depth of flow during typical flow conditions. These
actions include shaping and sizing structures adequately and assuring that water does not
infiltrate bedding material thereby bypassing the water-filled portion of the structure.
Hydraulic and hydrologic studies must demonstrate either no change or a decrease to the
flood elevation as well as acceptable flow velocities through the proposed structure.
Strong preference will be given to clear-span bridges or buried or open-bottom, singlebarrel designs and structures infilled with appropriately-sized porous stone material.

The culmination of these criteria largely determined the type, size, and placement of the
proposed structure. Final plans for each project site were required to include all pertinent
information to meet regulatory permit requirements. At a minimum, this required:
a. Detailed hydrologic and hydraulic analyses
b. 1% occurrence, 50% occurrence, and 100% occurrence rain event elevations at
the crossing and supporting data from modeling (if required)
c. Plan, profile, and cross-section views of the culvert/crossing design, including
locations of all utilities and right-of-way
d. The upstream and downstream longitudinal profile and alignment of the stream
bed and on any reference reaches as necessary to guide designs per USFS
protocols and Program recommendations
e. Upstream and downstream cross sections used for crossing design
f. Any required dredging, riprap, and/or roadway alterations
g. Culvert or bridge sizing methodology description
h. Details for proposed coffer dams, stream diversions, dewatering measures, on site
materials storage and staging areas, and sediment controls
i. Area of disturbance delineation and area estimation
j. Erosion control (temporary and permanent) and restoration plan
k. Clear identification of all utilities within project limits and recommendations on
whether utilities will need relocation
l. Property ownership information
m. Traffic control and/or roadway restoration plans
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n. Replacement of guardrails, signage, and side slope grading plans
o. A Professional Engineer (Licensed by the State of Wisconsin) stamp on plan sets
and all pertinent ancillary documents
Digital and hardcopy plan sets were provided to Ozaukee County, requisite local municipalities
and pertinent regulatory agencies. County staff worked closely with consultants to ensure all
plans met requisite criteria for all anticipated permitting as well as traffic, safety, and landowner
use needs.
Permitting
All original and scope change Program sites were addressed in the original NEPA or revised
NEPA as a result of the scope change. In general, each large scale Program site required Federal
(USACOE general Section 404), State (WDNR/WisDOT Trans 207, WDNR Ch. 30 general,
individual, or miscellaneous structure, WDNR NR 216 stormwater), County (Ozaukee County
Land and Water Management Shoreland Zoning permit), and/or local (municipal stormwater or
site disturbance) permits. The majority of this permitting was completed by County staff, with
technical consultant assistance as necessary.
Project Categories, Materials Used, and Construction Techniques
As noted above, addressing design criteria largely determined the type, size, and placement of
the proposed structure or type of remediation plan. In general, most large scale sites were
categorized as a Federal/State Highway Crossing, County/Local Road Crossing, Other Crossing
– Culvert, Other Crossing – Open Span Bridge, Other Crossing – Stone Ford, Full Structural
Removal, or Low Head Dam Modification. Culvert materials included elliptical or round
corrugated metal pipes, corrugated aluminum box culverts with headwalls, wingwalls, and
deadman anchors, a bottomless aluminum arch culvert, cast-in-place concrete box culverts with
baffles, and pre-cast concrete box culverts with headwalls and wingwalls.
Federal/State Highway Crossing: The Program addressed two federal or state highway crossings.
The Trinity Creek/State Highway 57 (TC PB 2) crossing was a full culvert replacement that
involved a state-let process with additional design, engineering, and permitting coordination
which affected timeline. This was a complex design that accommodated significant flood flows,
public utilities, and high traffic volumes. The project was publically bid and resulted in a new
cast-in-place concrete box structure with concrete baffles poured to the culvert floor and a series
of up and downstream rock cross vanes to stabilize the stream bed and direct flow to and
backwater the structure. The Ulao Creek/I-43 (UC PB 10) crossing involved significant sediment
and woody debris accumulations blocking impeding flow and function at three culverts under I43. A full structural replacement or significant structural modifications were not cost effective or
practical approaches at this site. With coordination from the WDNR, the preferred alternative
involved removal of accumulated sediment downstream and providing a water diversion
structure to encourage adequate base flow depths in the primary culvert. This was completed by
local force account work (Ozaukee County Highway Department) under a cooperative
maintenance agreement with the Wisconsin Department of Transportation. These projects
restored fish passage during a full range of flow events (spring floods, baseflow, etc.), emulated
natural stream conditions (to the extent practical) and minimized impacts to the roads through
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proper sizing, improved sediment transport and water quality, and reduced owner maintenance
expenses. Costs ranged from $5,000 to $506,000 per site.
County/Local Road Crossing: With the exception of the Mole Creek/County Highway O (MC
PB 2) crossing, all county and local road crossings were completed by local force account work.
The MC PB 2 project was publically bid and involved the excavation of a large corrugated metal
pipe partially encased in concrete reinforced with rebar (likely remnants of a former concrete box
culvert) and installation of a 24 feet wide open bottom corrugated aluminum arch culvert. In
addition, this site required significant stream grading (e.g., rock cross-vanes and bands) both
within and upstream and downstream of the culvert to ensure proper water velocities and overall
slope met native fish passage criteria. This site was publically bid due to anticipated timeline and
equipment needs that could not be met by local force account work. Elliptical or round metal
pipes, corrugated aluminum box culverts with headwalls and wingwalls, pre-cast concrete boxes
with headwalls or wingwalls, or rock cross-vane structures to backwater existing or new culvert
structures were all used at the remaining county/local road crossing sites. Most of the existing
culverts were significantly degraded and needed replacement. These 18 projects provided fish
passage during a full range of flow events (spring floods, baseflow, etc.), emulated natural
stream conditions, minimizing flooding concerns and impacts to the road through proper sizing,
improved sediment transport and water quality, and reduced ongoing maintenance expenses.
Costs ranged from $3,000 to $580,000 per site.
Full Structural Removal: When possible, a full structural removal was preferred. A full structural
removal was completed on a low head dam on Fredonia Creek (FC PB 8). This dam was located
on private property and had been identified by the WDNR as requiring an engineering study to
determine compliance with state dam safety and floodplain standards. After several discussions,
the landowner agreed to partner with the County on a full dam removal and stream restoration
project. The entire dam was fully removed and the immediate disturbed area was fully restored.
The seed bank in the small impoundment contributed to rapid vegetation growth within months
after removal. Full structural removals provide for natural fish passage conditions, improved
sediment transport and water quality, and the removal of ongoing landowner maintenance and
liability. Total cost: $20,000.
Low-Head Dam Modification: Low-head dam modifications were completed when full structural
removals were not possible. Four low-head dam modifications were completed under NOAA
funding, including one on Lac Du Cours Creek (LDC PB4) and three on Trinity Creek (TC PB
3A, TC PB 3B, TC PB5). LDC PB4 is located at the outlet to Lac Du Cours, a small lake (former
rock quarry) surrounded by private residences in the City of Mequon. Lac Du Cours drains to
Lac Du Cours Creek and a small low-head dam with flashboards was constructed to control lake
water levels. This structure was degraded and was an impediment to fish passage under most
flow conditions. After multiple discussions with the Lac Du Cours homeowners association, a
low-head dam modification was chosen as the preferred alternative as residents were
uncomfortable moving forward with a full dam removal project. The design included
reconstruction of the dam structure and stream bed, and installation of several rock cross-vane
structures to backwater the dam and provide for fish passage in low flow conditions. The three
low-head dams on Trinity Creek were all located in a new stormwater retention area in an
industrial area in the City of Mequon that was also designed by the City, WDNR, and others to
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provide for northern pike spawning habitat. However, metal gates were installed each dam’s
spillway, the spillway elevation was significantly higher than the stream bed, and a significant
amount of rip-rap was placed immediately downstream of each dam at elevations above the
stream bed. These features prevented native fish movement under most flow conditions. Full
dam removal was not approved by the City as it uses the stormwater ponds to help address total
suspended solids reduction goals as part of its municipal WDNR stormwater permits. As such,
the design included a lowering of the spillway elevation, removal of the steel grates, removal of
the downstream riprap, and some regarding of the stream channel. Low-head dam modifications
provided fish passage during a greater range of flow events (spring floods, baseflow, etc) but still
resulted in ongoing landowner maintenance and regulatory liability. Costs ranged from $5,000 to
$50,000 per site.
Other Crossing – Culvert: These culvert crossings generally refer to impediments located on
private properties. Designs were selected after close coordination with the landowner to
determine current and future use of the crossing in conjunction with detailed hydraulic and
hydrologic modeling. All private culvert crossings were completed by local force account work.
Elliptical or round metal pipes, corrugated aluminum box culverts with headwalls and wingwalls,
pre-cast concrete boxes with headwalls or wingwalls, or rock cross vane structures to backwater
existing or new culvert structures were all used at the remaining county/local road crossing sites.
Most of the existing culverts were significantly degraded and needed replacement. These 12
projects provided fish passage during a full range of flow events (spring floods, baseflow, etc.),
emulated natural stream conditions, minimizing flooding concerns and impacts to the crossing
through proper sizing, improved sediment transport and water quality, and reduced ongoing
maintenance expenses. Costs ranged from $3,000 to $50,000 per site.
Other Crossing – Open Span Bridge: An open span bridge was the next preferred alternative if a
full structural removal or stone ford crossing was not possible at a culvert crossing site. Three
open span bridges were constructed on private properties to provide for fish passage while still
meeting landowner use requirements. The designs were engineered and constructed by local
force account work using treated lumber. The bridges were sized to approximate bankfull
dimensions and extra supporting stringers or concrete abutments were included to accommodate
heavier equipment use or larger spans. The open span bridges provided for near-natural like fish
passage conditions during a full range of flow events (spring floods, baseflow, etc), improved
sediment transport and water quality, and reduced ongoing maintenance expenses. Costs ranged
from $8,000 to $15,000 per site.
Other Crossing – Stone Ford: If full structural removal was not an option then replacement with
a stone ford was the preferred alternative. Five stone ford structures were constructed by local
force account work on private properties. The designs were engineered by Kapur or with
assistance from the Ozaukee County Land and Water Management Department using guidance
from the Natural Resources Conservation Service. This involved a removal of the impediment
and construction of a stabilized area set at or below the normal stream bed elevation to provide a
crossing for people, livestock, equipment, or vehicles. The fords were constructed using larger
sized rock as a base and smaller sized stone as a top dressing, sized appropriately to avoid
washouts under a variety of flows. Trail approaches were graded at a slope to meet landowner
crossing needs, but blended to meet existing bank conditions where possible. Stone ford
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crossings provided for fish passage conditions during a full range of flow events (spring floods,
baseflow, etc), improved sediment transport and water quality, and reduced ongoing maintenance
expenses. Costs ranged from $6,000 to $9,000 per site.
All materials and supplies used in all construction activities followed all ARRA requirements,
including “Made in America” requirements.

Targets Achieved
The original grant application included multiple ecological and socio-economic performance
measures and/or goals. To the extent practical, County staff routinely tracked and reported on all
performance measures through quarterly and semi-annual federal reporting, and continually
updated NOAA program offices on overall progress to date. The following sections summarize
pertinent measures and goals included in the original grant narrative and/or those included as
metrics in the semi-annual reporting form.

Job Creation
Original job creation estimates included both labor hours and expenditures directly associated
with the NOAA funding award, as well as ancillary labor created as a result of the NOAA
funding. For example, it was originally assumed that labor hours supported by the NOAA
funding (e.g., vendor labor hours associated with supplying materials to a contractor working
under a contract funded by NOAA) would be included in addition to direct labor hours funded by
NOAA (e.g., Ozaukee County staff labor). However, after discussions with NOAA staff and
subsequent memos, the labor reporting criteria were clarified. As such, final reporting only
included labor hours and wages directly supported by the NOAA funding.
All Ozaukee County staff labor hours were tracked using internal spreadsheets. Consultants and
contractors (including local force account contractual work) were required to submit detailed
labor reports associated with pay requests, including certified payroll records. County staff
routinely updated overall labor tracking spreadsheets upon receipt of payroll records and the
Director performed multiple quality control and quality assurance checks as part of each
quarterly and semi-annual report. Labor hours (actual hours and full time equivalent) and
expenditures were tracked and categorized using the North American Industry Classification
System (NAICS) codes. The following table provides a summary of labor hour goals and
progress achieved under NOAA funding:
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Metric
Total Labor Hours
NAICS 237310
NAICS 541330
NAICS 541620
NAICS 541690
NAICS 541990
NAICS 813312
NAICS 924120
Total

Job Creation Measures
Measure
Goal
Hours
59,861
Dollars
$1,226,825.00
Dollars
$375,000.00
Dollars
$150,000.00
Dollars
$82,500.00
Dollars
$83,580.00
Dollars
$409,027.00
Dollars
$385,193.00
$2,712,125.00

Actual
65,814
$831,414.53
$599,562.21
$195,421.89
$191,981.20
$111,372.85
$321,539.56
$569,275.00
$2,820,567.24

In addition, NOAA funding directly created or supported 13 Ozaukee County intern positions
and directly contributed to approximately 7,986 paid labor hours to the Milwaukee Community
Service Corps and the Wisconsin Youth Conservation Corps, providing significant hands-on job
training and career development opportunities.

Ecological Performance Measure 1: Habitat Restored (Reconnected)
The original grant application noted that the great size of reconnected watershed and the long
length of newly accessible stream miles assure that a wide variety of habitat types will be
accessible including nearly 14,000 acres of wetland habitat. These calculations assumed
connection to wetlands associated with 50 miles of navigable streams in Washington and
Sheboygan Counties. As noted above, NOAA and County staff further refined the reconnected
stream miles calculations during the Program scope change to include “active” and ‘passive”
stream miles on select streams. A “wetland acres reconnected” metric was not formally included
in the semi-annual reporting. Staff has calculated that approximately 5,149 acres of wetlands
hydrologically connected to the “active” reconnected stream miles were made accessible through
the impediment removals.

Ecological Performance Measure 2: Increased Abundance of Target Species
Prior to Program implementation, native potadromous fish species from the estuary and Lake
Michigan were documented migrating upstream to the MT Dam, but rarely beyond. Target
species as listed in the grant narrative and semi-annual reporting forms included gamefish
species (walleye, northern pike, smallmouth bass, channel catfish and a variety of panfish), state
threatened species (greater redhorse and long ear sunfish), state endangered species (striped
shiner and ellipse mussel), and state species of special concern (lake sturgeon). The Program
included modest funding for training, and gear needed to identify fish passage from previously
isolated segments. As discussed in the “monitoring” section, fish passage monitoring was both
qualitative and quantitative in nature and focused on identifying species in waters formerly
precluded from migration. Through these monitoring activities, in particular, larval monitoring,
staff demonstrated an increased abundance of target species (e.g., northern pike) in select
Program streams. Successful natural reproduction of northern pike occurred the very next
spawning season after impediment removal in multiple Program streams. In addition, Program
staff and Program partners have documented the successful upstream passage of 36 fish species
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via an underwater camera in the Mequon-Thiensville Fishway, including all target species listed
above (with the exception of lake sturgeon). This specific measure was not formally included or
tracked in the semi-annual reporting forms, however, “presence or absence” of target species at
identified impediments was tracked on the semi-annual reporting forms. A summary of this
information is provided below.
Increased Abundance of Target Species
Project
Objective/Goal Description
Target
Actual Explanation

Presence/Absence of target
species between MT Dam and
Lime Kiln

Presence/Absence of target
species between Lime Kiln and
Bridge Street Dam

Presence/Absence of target
species upstream of Bridge Street
Dam

Presence/Absence of target
species along small tributaries

Present

Northern Pike detected in MT Fishway
11/16/10. Target species detected via
Present underwater camera in 2011.

Present

Program/WDNR monitoring on 6/14/10
indicated presence of Greater Redhorse
Present and Smallmouth Bass.

Present

Program/WDNR monitoring on 6/14/10
indicated presence of Greater Redhorse
Present and Smallmouth Bass.

Present

Presence of target species on 6 of 9
Program Creeks, validating passability
Present design standards for all creeks.

Ecological Performance Measure 3: Impact on Status of Listed Species or
Species of Concern
As discussed in the grant narrative, the Milwaukee River is a reservoir of two state threatened
fish (greater redhorse, longear sunfish), one state species of special concern (lake sturgeon), and
at least two state endangered species (striped shiner, ellipse mussel). Re-establishing free
upstream, downstream, and tributary connectivity benefits all species by allowing the various
organisms access to high-quality habitat for various important life cycles (e.g., spawning, larval
stage development, feeding, refuge). Several greater redhorse have been documented on the
fishway camera since 2011. The connectivity projects completed through this funding,
particularly those on the mainstem Milwaukee River, have reconnected vast reaches of high
quality spawning habitat, thereby directly mitigating the long-standing effects of habitat
fragmentation in the Milwaukee River Watershed. Quantitative data was not produced as part of
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the present study to demonstrate performance of this measure. This measure was not formally
included or tracked in the semi-annual reporting forms.

Ecological Performance Measure 4: Changes in Recreational Angling Use
Monitoring activities to address this performance measure were largely qualitative through
angler creel surveys. More information on this monitoring activity is included in the
“monitoring” section. This measure was not formally included or tracked in the semi-annual
reporting form.

Ecological Performance Measure 5: Stream Miles Made Accessible to
Potamodromous Fish
The project’s purpose and original stated goal was to reconnect, not restore, suitable habitat in
158 miles of rivers and significant streams to full-life-cycle biological importance. This overall
stream mile goal was revised after the scope to change to reflect active (e.g., stream miles
directly reconnected on the same waterbody as a result of impediment removal or remediation)
or passive (e.g., stream miles passively reconnected on hydrologically connected streams to
waterbody with impediment removals) calculations both upstream and downstream of the Bridge
Street Dam. The following table lists the active and passive stream miles goals for various
Program elements. All Program targets were met.
Stream Miles Reconnected
Objective
Project Target
Actual
Restored fish passage on Milwaukee River between Lake
Michigan confluence and MT Dam
20
20
Restored fish passage on Milwaukee River between MT Dam
and Lime Kiln Dam

10

10

Restored fish passage on Milwaukee River from Lime Kiln
Dam to Bridge Street Dam

2

2

19.08

19.08

36

36

24.25

24.25

13

13

Restored fish passage on Milwaukee River tributaries upstream
of Bridge Street Dam (passive)

223.7

223.7

Restored fish passage on Milwaukee River tributaries upstream
of Bridge Street Dam (active)

28.42

28.42

Restored fish passage on Milwaukee River tributaries (Cedar
Creek Watershed)
Totals

2.09
378.54

2.09
378.54

Restored fish passage on Milwaukee River tributaries
downstream of Bridge Street Dam (active)
Restored fish passage on Milwaukee River tributaries
downstream of Bridge Street Dam (passive)
Restored fish passage on Milwaukee River between Bridge
Street Dam and Newburg Dam
Restored fish passage on Milwaukee River between Newburg
Dam and Barton Dam
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Ecological Performance Measure 6: Site Passability
Site passability was demonstrated through a combination of active and passive monitoring,
visual observations, and confirming impediment removal or remediation designs met fish
passage criteria. Successful upstream passage was demonstrated at multiple project sites using
mark-recapture electrofishing in which fish were fin-clipped downstream of an existing
impediment and recaptured upstream following impediment removal. In addition, 36 fish species
and several wildlife species were documented passing through the Mequon-Thiensville Fishway
via an underwater camera installed by the U.S. Fish and Wildlife Service and the Village of
Thiensville. This performance measure was formally included and tracked in the semi-annual
reporting forms. A summary of metrics and outcomes from the semi-annual report form is
included below:
Site Passability at Impediments
Objective/Goal Description
Project Target
Actual Explanation
MT Dam fishway permanently
opened 12/27/10. Open river
Site passability at MT Dam
Yes
Yes
to LKD.
LKD removed 11/17/10,
restored fish passage to Bridge
Site passability at Lime Kiln Dam
Yes
Yes
Street Dam.
Newburg Dam removed
Site passability at Newburg Dam
Yes
Yes
9/4/12.
Full passability on all Program
streams. 159 impediments
Site passability at small tributaries
Yes
Yes
removed.

Socioeconomic Performance Measure 1: Number of Volunteers:
Approximately 226 volunteers worked on Program activities, including small scale impediment
removals (multiple “miscellaneous impediment” removals), native vegetation plantings,
assistance at multiple education and outreach events, environmental monitoring (creel and visual
surveys, mark and re-capture electrofishing, fyke netting, larval trapping, online MT Fishway
camera monitoring) and other tasks. After receiving indication of significant citizen and
volunteer interest in managing invasive vegetation and native plantings at the MT Fishway, the
Village of Thiensville coordinated and established a “Friends of the MT Fishway” volunteer
group. This group continues to provide critical assistance in managing the vegetation at the MT
Fishway, holding multiple work days in 2012 and 2013. The County also recruited many
volunteers through the Ozaukee County Volunteer Center.

Socioeconomic Performance Measure 2: Number of Volunteer Hours:
Approximately 226 volunteers donated 1,975 hours to Program activities as described above.

Socioeconomic Performance Measure 3: Will a Civic Project be Associated with
the Barrier Removal (Yes/No):
Yes. Approximately 22 of the projects (MT Fishway, BS Dam fishway design, Lime Kiln Dam
Removal, and the Newburg Dam Removal) were associated with civic improvements. The MT
90

Fishway project enhanced ongoing efforts to improve the aesthetics of Thiensville Village Park
(which adjoins the project area) through the construction of a pedestrian bridge and split rail
fencing along the existing riverwalk. An additional pedestrian bridge was built over the fishway
by the Village of Thiensville in 2013 to connect the west end of the riverwalk to the downtown
area, contributing to plans for revitalization of what will be known as the “Civic Campus” and
“Historic Village” portions of a combined “Mequon-Thiensville Town Center.” The Civic
Campus will include development of a major riverfront park immediately downstream and on the
same side of the river as the Fishway. The project also improved recreational opportunities and
public access to the river.
The LKD removal project removed the Village of Grafton’s ongoing financial and regulatory
liability associated with dam ownership and enhanced aesthetics, improved public parkland,
increased public access, provided upstream public vistas, and inproved public recreational
opportunities through construction of the pedestrian bridge, park improvements, and split rail
fence and restoration of riparian areas throughout Lime Kiln Park. In addition, the project
resulted in the designation of the Lime Kiln Park area on the National Register of Historic Places
and the State Register of Historic Places.
The ND removal project removed the Village of Newburg’s ongoing financial and regulatory
liability associated with dam ownership. It improved the infrastructure of the CTH MY bridge
(owned and maintained by Washington County), enhanced aesthetics, improved park areas,
increase public river access and public recreational opportunities through construction of a multiuse recreational trail, pedestrian underpass, observation platform, Osprey nest platform, and
canoe/kayak launch and restoration of adjacent riparian areas through Village and Fire
Department-owned parks.
Multiple “Federal/State Highway” and “County/Local Road Crossings”, “Other Crossing – Stone
Ford”, and “Low-Head Dam Modifications” sites collectively resulted in the completion of
multiple civic projects. As noted above, most culverts identified as impediments were severely
structurally degraded and reaching the end of their useful lifespan. The NOAA funds for
replacing or remediating county or municipally-owned crossings represented a direct investment
of approximately $4.2 million in local infrastructure, thereby offsetting the local tax levy.

Socioeconomic Performance Measure 4: Costs for Barrier Remaining in Place:
Without project funding, the goal to remove fish impediments on a comprehensive watershedwide scale would not have been achieved, meaning that potamodromous fish stocks in the lower
Milwaukee River and estuary and the near-shore waters of Lake Michigan would need to be
sustained using hatchery raised fish. Lake sturgeon, a species of special concern recently
reintroduced into the river, would not have access to desirable spawning areas upstream of the
impediments to be removed as part of this project. The goal to re-establish self-sustaining
populations would have been greatly jeopardized. Resident threatened and endangered species
would also continue to suffer the effects of habitat fragmentation, a situation which normally
leads to declining populations and health, and is possibly related to their current scarcity.
Gamefish populations would have likely persisted, but would not be able to utilize the available
natural resource base to its fullest potential. Lastly, angling opportunities would remain well
below their full potential on account of depressed fish populations and comparatively limited
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public accessibility. In addition, as noted above, owners of road/stream crossing and dam
impediments would continue to face ongoing financial, safety, and regulatory burdens.

Socioeconomic Performance Measure 5: Will Barrier Removal Eliminate or
Diminish a Documented Safety Hazard (Yes/No):
Yes. The MT, LK, and Newburg dams were safety concerns for boaters. Numerous rescues have
occurred over the past several years as a result of boats stuck on or going over the dams and
becoming trapped in the undertow. The MT Fishway project resulted in placement of large riprap at the base of the MT dam to minimize unsafe “boil and roll” conditions. Shortly after project
completion, a boater went over the MT dam and capsized his boat. The boater was able to grab
onto the large riprap, avoiding the dangerous boil and roll conditions, until rescuers arrive. The
Village of Thiensville Fire Department credits this riprap as likely saving this man’s life. The
removal of the LK and Newburg Dams permanently and completely removed significant
navigation hazards ongoing financial and regulatory liability.

Environmental Monitoring
A comprehensive monitoring report, including results, is included in Attachment N. Ecological
monitoring was designed to achieve, in part or whole, several goals set forth in the grant
narrative. The narrative defines these goals to varying degrees loosely arranged under the
following Ecological Performance Measures:
•
•
•
•
•
•

Habitat Restored (Reconnected)
Increased Abundance of Target Species
Impact on Status of Listed Species or Species of Concern
Changes in Recreational Angling Use
Stream Miles Made Accessible to Potamodromous Fish
Site Passability

The level of Ecological Performance Measure goal achievement depended on several factors,
including:
•
•
•
•

A limited time frame for method development and data collection
Staff and equipment availability and limitations
Unsafe and/or inclement weather (i.e., flooding, freezing, etc.)
Partner organization and volunteer time, ability, funding, and/or capability limitations

Ecological monitoring was largely qualitative in nature and various elements were designed to be
taken over by citizen groups, schools, and others after the funded portion of the project comes to
a close, as stated in the grant narrative. Guidance from Wisconsin Department of Natural
Resources (WDNR) biologists and other Program partners was garnered and integrated to
develop and implement monitoring systems to achieve goals set forth in the grant narrative and
potentially provide valuable data to multiple agencies. A variety of different monitoring
activities were employed, including:
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•
•
•
•
•
•
•
•

Visual Surveying
Fyke Netting
Larval Trap Netting
Creel Surveying
Mark-Recapture Electrofishing
Backpack shocking
Passive monitoring of the MT Fishway
eDNA monitoring

The Program’s novel nature, goals, and challenges provided ample opportunity for monitoring
procedure and protocol refinement and improvement. Program staff accumulated many “lessons
learned” and the ecological monitoring component’s flexible, qualitative nature allowed staff to
take advantage of ever increasing experience. Many of the “lessons learned” are discussed in
Attachment N.

Visual Surveying
Northern pike (Esox lucius), the predominant monitoring target species, typically ascend
tributary streams and spawn immediately after spring ice-out (i.e., late March to early April)
when flow conditions are suitable and water temperatures reach 1°-4°C (34°-40°F). During that
period, many traditional fish sampling tactics (e.g., electrofishing, netting, etc.) are unfeasible or
unsafe. Program tributary streams were regularly monitored and visually surveyed at the first
public road crossing upstream of their terminal confluences with the Milwaukee River. This was
done to gauge when stream conditions became conducive to northern pike entrance and
spawning and when direct sampling for pike should be initiated.

Fyke Netting
Fyke nets were deployed in Program tributaries between April 8 and April 23, 2010 (i.e., shortly
after spring thaw, immediately upon equipment receipt, and prior to impediment removals) to
document the presence or absence of adult northern pike and other migratory fish species during
the typical northern pike spawning season.

Larval Netting
Larval trap netting was conducted in the spring of 2010 and 2011 to detect the presence or
absence of egressing larval northern pike and/or other species originating in Program tributaries.
The WDNR has used larval trap netting to successfully detect larval northern pike in Lake
Michigan tributaries near Green Bay, WI. As such, the method was adopted and added it to the
ecological monitoring program subsequent to work plan development and finalization. Like
visual surveys, larval trap netting filled a critical gap in the Program’s ecological monitoring and
provided a reliable, consistent method for detecting northern pike spawning in Program
tributaries during spring of 2010 (i.e., prior to tributary impediment removal) and spring of 2011.

Creel Surveying
Program staff developed and implemented a creel survey in Ozaukee, Washington, and
Milwaukee Counties. It was partially based on a 1990 WDNR creel survey (Pajak 1991) and was
used to:
•

Establish baseline creel data for Ozaukee County to facilitate comparison/contrast of:
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•
•
•
•
•
•
•

Species presence and abundance prior to and following impediment removal
Changes to target species relative abundance
Changes to target species richness
Recreational fishing effort prior to and following impediment removal
Develop a methodology and baseline data regarding recreational angling effort and
harvest changes in Ozaukee, Washington, and Milwaukee Counties following
impediment removal
Confirm/refute salmonid fishing above the Mequon-Thiensville Dam in Thiensville, WI
Expand baseline information collected during the WDNR’s 1990 Milwaukee River creel
survey (Pajak 1991)

Creel surveys were initiated on April 7, 2010 and continued on 69 of 124 randomly chosen days
though October 3, 2010. Program staff and a number of dedicated volunteers served as creel
clerks.

Mark-Recapture Electrofishing
Mark-recapture electrofishing was completed on tributary streams (Program staff and volunteers)
and the mainstem Milwaukee River (Program and WDNR staff) during 2010. Tributary markrecapture electrofishing, somewhat similar to other studies undertaken to identify, assess, and/or
predict the effectiveness of certain fish impediments, was used to demonstrate fish passage at
select impediment sites following impediment removal or remediation (Bouska and Paukert
2010; Burford et al. 2009; Coffman 2005; Porto et al. 1999). Mainstem Milwaukee River
electrofishing was done to tag as many river fish as possible prior to the construction of a
fishway through the Bridge Street Dam in Grafton, WI. The Bridge Street Dam is a major
impediment to fish passage in the Milwaukee River and the Bridge Street Fishway design
process, initiated during 2010, is designed to yield a structure that will pass northern pike and
other native fish species past dam starting in 2011 or 2012. Tagging fish both upstream and
downstream of the Bridge Street Dam during 2010 is intended to facilitate the collection of
anecdotal fish movement information via future electrofishing and/or catch reports by
recreational anglers.

Mequon-Thiensville Fishway Monitoring
Ozaukee County and project partners have actively and passively monitoring the fishway since
2010, including backpack electrofishing and installation of an underwater camera and passive
integrated transponder (PIT) tag readers in the fishway exit. These monitoring techniques have
provided presence/absence data for species moving through the fishway, as well as information
on the timing and extent of native fish migration patterns.
Backpack Electrofishing
Program staff and volunteers completed electrofishing surveys of the Mequon-Thiensville
Fishway in September 2010 and March 2011. These surveys were used to detect the
presence/absence of native fish species within the fishway immediately following construction
(2010) and during a possible early migration window (2011).
Passive Monitoring of the M-T Fishway
Since June 2011, the M-T Fishway has been monitored by an underwater camera provided and
installed by the U.S. Fish and Wildlife Service and the Village of Thiensville. The enclosure also
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includes two PIT tag scanners to monitor the movement of lake sturgeon and other PIT tagged
fish. The enclosure is located in the fishway exit, requiring any organism moving through the
fishway to pass in front of the camera and tag readers. A live video feed from the camera is
accessible to the public at www.ozaukeefishway.org. Project partners can also access archived
video, allowing for complete documentation of presence/absence, migratory events, etc.

Environmental DNA (eDNA) monitoring
The County originally contracted the services of eDNA Solutions to facilitate detection of
upstream passage of Chinook salmon through the BS Fishway. Since the BS project was not
completed, the County worked with eDNA Solutions to develop a PCR-based viral hemorrhagic
septicemia virus (VHSv) assay for future usage in the Milwaukee River Watershed and to
complete obligated funds under the contract. This technique allows for very swift turnaround of
fish tissue tests, in contrast to the 30-day wait associated with the VHSv test utilized by WDNR
and other agencies. A full eDNA Solutions report is provided in Attachment N.

Ecological Monitoring Conclusions

Program ecological monitoring during 2010 revealed:
•
•
•
•
•
•
•
•
•
•

Few northern pike are present in sampled portions of the Milwaukee River and
Program tributaries
Program tributaries house impediments and/or impediments to:
- Upstream adult northern pike ingress
- Downstream larval egress exist in Program tributaries
Marked fish swam passed former impediment/impediment sites
Recreational angling pressure on pike and walleye is low in Milwaukee, Ozaukee, and
Washington Counties.
Recreational fishing is uncommon on Program tributaries
No detectable presence of walleye in sampled portions of the Milwaukee River and
Program tributaries
The presence of greater and black redhorse on sampled portions of the Milwaukee River
and/or Program tributaries
Remnant, tributary spawning northern pike:
- Adults remain in the watershed and attempt to ascend Program tributaries
- Reproduce at low levels in select Program streams
Seasonal Lake Michigan resident salmonid fishing attracts anglers from over 50
miles away to Milwaukee County but not to Ozaukee or Washington Counties
No spawning run salmonids were reported by Ozaukee County anglers

The Department’s ecological monitoring program established by the NOAA/ARRA grant
continued through 2013 with active plans to continue larval trapping, MT fishway monitoring,
and mainstem electrofishing throughout the County in 2014 and 2015. Additional information
regarding ongoing and planned environmental monitoring is provided in the “Future Plans”
section below.

Education and Outreach
As outlined in the original grant narrative, public outreach and information dissemination efforts
regarding Program goals, results, Program partners, and jobs created or maintained was a joint
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effort between the County and other major stakeholders. Specific outreach activities used to
foster public participation and education as part of this Program included:
• Six permanent high-quality educational interpretive signs installed at the MT fishway,
LK dam removal, and Newburg Dam removal sites. These signs were placed in
prominent locations and describe the goals and importance of the project, Program
outcomes, general fish life-cycle requirements, history of the site, and acknowledge the
funding source as ARRA and NOAA.
• Temporary banners and signage at all visible “large-scale” and “small-scale” projects
developed with NOAA staff acknowledging the funding source as ARRA and NOAA.
• Detailed Program information and plans posted on the Ozaukee County Planning and
Parks Department Fish Passage Program website
(http://www.co.ozaukee.wi.us/PlanningParks/PlanningParks_Fish_Passage.htm) and the
MT fishway and underwater camera website (www.ozaukeefishway.org).
• Detailed Program information on the Program’s Facebook page
(www.facebook.com/MRWFishPassage) and routine updates via Twitter
(www.twitter.com/OzCoFishPassage).
• Presentations and/or Program information provided to over 9,445 people at 113
international, national, regional, state, and local professional and scientific conferences,
technical meetings, workshops, webinars, partner meetings, field trips, tours, and other
events.
• Publication of Program information and updates in Department and Partner newsletters.
• Broadcast of Program information on television programs including “Outdoor
Wisconsin,” “Discover Wisconsin,” “Aqua Kids,” and on radio programs including
Milwaukee Public Radio’s “Lake Effect” program.
• Numerous newspaper articles.
• Articles in other affected community newsletters.
• Articles in advocacy and community action group newsletters.

Recognition and Awards
The County and its partners have received numerous awards and recognition through efforts
supported by ARRA and NOAA. In 2011, the County received a 2011 National Association of
Counties (NACo) Achievement Award for the “Fish Passage in the Milwaukee River
Watershed” Program, recognizing quality, efficient and responsive management and
administration, and Milwaukee Riverkeeper “River Heroes of the Year” award for its fish
passage work. In 2012, Andrew Struck received Treasures of Oz “Wizard of Oz” for
environmental leadership and organization, and Dale Buser (Stantec) received this same award in
2013. In 2013, Stantec received an American Council of Engineering Companies of Wisconsin
(ACEC Wisconsin) Engineering Excellence State Finalist Award for the MT Fishway project.
Also in 2013, Andrew Struck and Dale Buser both received the Gathering Waters
“Conservationists of the Year” award for their aquatic connectivity efforts, and Andrew Struck
received the Ozaukee Washington Land Trust “Timothy Kaul Leadership Award” for
outstanding leadership in conservation. In addition, the Ozaukee County Fish Passage Program
received a 2013 Wisconsin Department of Natural Resources “Wisconsin Citizen Based
Monitoring Program of the Year” award, and Rick Frye, a Program volunteer, received the
Wisconsin Department of Natural Resources “Wisconsin Citizen Volunteer of the Year” award.
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County aquatic connectivity activities have also been featured in numerous high-profile
conferences including the 2011 World’s Large Rivers Conference in Vienna, Austria and at the
2013 Society for Ecological Restoration World Conference in Madison, WI.

Lessons Learned
NOAA Program activities resulted in multiple “lessons learned.” County staff routinely updated
all issues with NOAA project officers and in quarterly and semi-annual reporting. Notable
lessons learned included:
Staff Hiring Timeline: The original grant workplan did not include a timeline for hiring County
staff to implement the NOAA project. This effort took longer than anticipated, and during this
time existing County staff had to rely on contractual help to initiate projects, which impacted
costs and overall Program timeline.
EA and NEPA Compliance: County staff was not aware of EA or NEPA requirements until after
the formal grant award was issued. As described in this report, a “timely and concise” EA was
originally required and completed, and after review by NOAA staff, a formal NEPA was
subsequently required before Program activities could commence. This effort was not anticipated
or included in the original Program timeline, and required significant contractual assistances,
which impacted overall costs.
Historical Research: The discovery of older, wooden crib dams at the LK Dam and BS Dam
impacted project planning, designs, and construction activities. Moreover, the discovery of the
existing raceway walls at the LK Dam allowed the County to efficiently dewater the
impoundment and bypass the river around the dam structure while meeting SHPO requirements
to retain a portion of the dam. These structures were previously undiscovered until detailed
historical research was completed. In retrospect, additional research during project planning may
have saved additional time and expense.
Establishing Specific Grant-Related Goals: Several of the NOAA performance measures and
targets included in the semi-annual reporting forms (e.g., expenditures by NAICS code, initial
stream miles tracking) were not consistent with the original grant application and difficult to
quantify, and County and NOAA staff worked to refine these measures.
Utility Coordination: Utilities (e.g., gas, electric, telephone, cable) needing relocation or
abandonment were encountered at multiple project sites. In some cases, this impacted overall
timeline and budget. County staff realized the value in addressing all potential utility impacts
early in project planning.
Federal and State Permitting: As described above, County staff engaged Federal and State
permitting contacts early in plan development for multiple project sites. However, several
projects experienced significant permitting delays or roadblocks due to changes in regulatory
decision-making procedures, multiple regulatory staff interpretations of statutory authority,
unclear guidance, or implementation of evolving or new regulations or approval processes
(including the permitting issues described in the “Large-Scale Impediments - Regulatory
Agency and Permitting Coordination” section.
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Future Plans
Tier I and Tier II Habitat and Inventory Assessment
The NOAA/ARRA grant provided the impetus for development and refinement of habitat and
inventory methods (further discussed in “Road and Stream Crossing Assessment Protocols”
above). A summary of these protocols are provided below:
Investigative Methods
The Tier 1 Rapid Inventory method includes both remote and “on-the-ground” methods used to:
•
•

Identify “potential sites” (i.e., sites where a impediment may exist) to northern pike
passage (e.g., adult access during typical spring high-flow conditions or larval egress
during lower-flow conditions)
Investigate potential sites to locate “suspected impediments” (i.e., those likely to
impede adult or larval/juvenile northern pike passage under certain conditions)
o Tier 1 rapid assessment inventory
o Tier 2 detailed assessment, evaluation, and inventory refinement (culvert
crossings only)

The most efficient way to locate potential sites is remote identification using high-resolution
orthophotographs and other information, including interviews of riparian property owners.
Remote Investigation – Potential Sites and Spawning Habitat
High-resolution aerial photography taken during April 2010 (typically scaled to 1 inch to 300
feet) provided by the Ozaukee County Planning and Parks Department and viewed through ESRI
ArcMap 10.1 will be the primary resource used to remotely locate potential sites. All 2010
orthophotographs were orthorectified to account for the curvature of the earth. ArcMap positions
the photos based on the current projection (NAD 1927) which is the same projection of all
County GIS layers. Therefore, no distortions or off-sets in the photos are anticipated since the
spatial reference of the photos and existing GIS layers are in the same projection. In general, the
tree canopy foliage on the 2010 orthophotography impedes detailed viewing of some stream
reaches. In such cases, internet browser-based mapping programs, including the County’s
oblique imagery, may also be employed for further investigation. Aerial photographs will be
inspected independently by at least two Program staff to identify the locations of suspected
impediments. In addition, other satellite imagery including Google Earth, Bing Maps, and
NOAA data will be used to identify impediments. Suspected impediments generally include:
•
•
•
•
•

Small dams
Impassable culverts
Pervious channel fill
Lined channels
Channels lost to infiltration or dispersion
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•
•
•

Constricted channels
Channels choked by excessively dense vegetation
Debris jams

Northern pike spawn on herbaceous vegetation covering streambeds and banks, as well as in
flooded riparian wetlands and the littoral areas of in-line ponds and lakes. As such, densely
vegetated stream banks and both floodplain wetlands and the shallow littoral zone of ponds with
good stream connectivity are all habitat potentially targeted by spawning northern pike. Areas
suspected to provide this habitat type will be identified during aerial photograph inspection and
listed for field confirmation.
All potential impediment and/or habitat locations will be transferred to 11x17 printouts of project
stream reaches. Copies will be made for field reference. An associated excel spreadsheet will list
each suspected impediment and include impediment name, suspected type, and when necessary
(i.e. remote areas or thick tree cover) geographic location information. Original printouts will be
retained in the Ozaukee County Planning and Parks Department Program files and copies will be
made for field use.
Field Inspection – Suspected Impediments
Inspecting aerial photographs will yield a list of potential sites for each project stream. Rapid,
Tier 1 field inspections and/or local resident interviews will be used to determine if a suspected
impediment exists at each potential site, as well as to confirm areas that either meet the general
criteria of northern pike spawning habitat or are recently/historically observed to host spawning
northern pike. A standard field form and guidance document for Tier 1 field inspections will be
used. Using the County GIS and tax assessment database, Program staff will contact all owners
of riparian land immediately adjacent to suspected impediments prior to visiting the site to gather
additional information about the suspected impediment and to gain access permission. All noninspected potential sites that cannot be confirmed or refuted by direct onsite inspection or with
information from resident interviews will be considered suspected impediments until evidence to
the contrary becomes available. If Program staff is unable to contact the landowner or gain
access across private properties inspections will be conducted by staff staying within the
navigable waterway. Specifically, all remotely identified potential sites will be field inspected on
one occasion during the Tier 1 assessment with the exception of:
•
•
•
•

Those located on property with no granted landowner access
Those that cannot be safely accessed (e.g., some I-43 crossings)
Those that are prohibitively distant from an access point
Those for which sufficient reliable information is gleaned from owner/resident
interviews

All suspected impediments will be thoroughly photographed. Latitude and longitude coordinates
will be determined as needed. If possible, impediments will be marked with survey flagging for
easier relocation. Applicable information will be collected and recorded on the Tier 1 assessment
field sheet standardized field data sheets. In certain cases (e.g., low flow dams and impassable
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culverts) staff will return with basic survey equipment (e.g., survey level and range pole) and
complete a single Tier 2 assessment.
Impassable Culverts: Culvert crossing impediment field data collection will focus on the Tier II
assessment method (i.e., that which facilitates “no-slope” and “stream simulation” designs), an
ecosystem-based approach for designing and constructing road-stream crossings that maximize
fish and aquatic organism passage through the structure. The Tier II method, as described in the
“Road and Stream Crossing Protocols” section, was developed in conjunction with several
project partners. Following the dichotomous key and protocols in the rapid Tier 1 assessments is
critical. Completing the general information section of the Tier 1 field form is for information
only. Completing all applicable sections of the Tier II stream crossing data sheet is critical. All
measurements will be taken either in the direct vicinity of the suspected impairment or in stream
reaches outside the direct influence of the suspected impairment (i.e., reference bankfull or
substrate measurements/observations).
Additional impediment inventory information, including the Tier II assessment forms, are
included in Attachment F.
Field Inspection – Potential Northern Pike Spawning Habitat
Basic ecological data was initially collected upstream and downstream of suspected impediments
during extensive field inspections for the Wisconsin Department of Administration Wisconsin
Coastal Management Program (WCMP) project. This basic data was field-assessed using the
USEPA Rapid Bioassessment Protocol for low-gradient streams (USEPA Undated). The USEPA
protocol was chosen because a small field crew (e.g., one or two people) could complete it
effectively and concisely. The time and manpower investment required to use alternative
protocols (Simonson et al. 1995; Wang et al. 1998; WDNR 2002) were not feasible given
WCMP project resources.
During the 2006 WCMP project field inspections it became apparent that the majority of habitat
variables included in the USEPA protocol did not effectively discern between habitat generally
suitable for northern pike spawning and habitat that was unsuitable. Discussion with the
WDNR’s Milwaukee River Basin Fisheries Biologist confirmed this suspicion (Will Wawrzyn,
WDNR, personal communication). Mr. Wawrzyn corroborated that only a few habitat variables
likely influence northern pike spawning-habitat suitability, including:
•
•
•

Lateral channel connectivity to riparian areas during regular high flows (i.e., channel
entrenchment)
The presence of densely grown herbaceous hydrophytic vegetation in the channel, on
the banks or floodplain, or in littoral areas
Regular riparian flooding (e.g., evidenced by watermarks on trees, drainage patterns,
un-entrenched channel morphology, etc.)

Extensively measuring and evaluating the variables above is required to use the available
alternative protocols (Simonsen et al. 1995; WDNR 2002). Using these alternative protocols was
beyond the scope of the WCMP project. However, in order to improve the value of the basic
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ecological assessments, WDNR suggestions were heeded and information from the alternative
protocols was used to guide habitat data collections. This led us to replace the USEPA protocol
with a qualitative assessment of suspected spawning habitat that included the above variables.
These assessments will be completed during the field inspections of this project to confirm or
refute suspected areas of spawning habitat.

Environmental Monitoring
The NOAA/ARRA grant provided the impetus for development and refinement of a
comprehensive environmental monitoring program, which currently analyzes fisheries, water
quality, and sediment contamination data throughout the County. These activities are funded by
several additional federal, state, local, and private grants. Much of the data is being provided to
the WDNR to assist AOC staff and the Fish and Wildlife Technical Advisory Team make
informed decisions about BUI removal goals and project activities. A brief description of each
primary monitoring task is provided below:
Fisheries Monitoring
Mainstem Electrofishing
Program staff continues to work with volunteers to collect mainstem fisheries information to
address multiple objectives, including:
1. Collecting information about existing fish communities and potential native
indicator fish species in up to six Ozaukee County reaches of the Milwaukee
River within and outside the Milwaukee Estuary AOC (Project Area) to:
i. Compare and contrast existing Project Area fish populations within and
outside the Milwaukee Estuary AOC using sample statistics for
descriptive, quantifiable population or community characteristics, metrics,
and/or indices (Guy and Brown 2007; Kohler and Hubert 1993; Lyons
1992; Murphy and Willis 1996).
ii. Compare and contrast existing fish community and population samples in
the Project Area to standard sampling indices or other suitable references
to the degree practicable in lieu of a known, suitable control or reference
system (Brouder et al. 2009; Lyons 1992)
iii. Collect baseline data to facilitate trending of sample statistics of fish
population and/or community characteristics in the Project Area,
concentrating on potential native indicator fish species.
2. Collecting some of the baseline information beneficial to the development and
implementation of a fish and wildlife management and restoration plan for the
AOC.
The fish communities in six accessible, wadable reaches and up to five non-wadable impounded
and free-flowing reaches within and outside AOC portions of the Project Area are each sampled
twice per year. Fish collection targets all species present and generally conforms to the “all
species” portion of the WDNR protocol for assessing smallmouth bass in wadable and nonwadable streams (WDNR Undated a; WDNR Undated b). More specifically, sample site lengths
for the six wadable stretches are 35-times mean bankfull channel width with a 400 meter length
maximum (Lyons 1992; WDNR Undated a). County staff recognizes that 35-times mean
bankfull width will almost certainly exceed 400 meters at all or most sample sites, however,
101

Lyons (1992) allows for minimum site lengths as low as 150 meters when sampling in larger
streams and rivers. Sample sites lengths for the five non-wadable stretches are one contiguous
stream mile and entails sampling main-channel, shallow water habitats (Lyons et al. 2001;
WDNR Undated b).
Larval Netting
Larval trap netting was also conducted in the spring of 2012 and 2013 and is planned for spring
of 2014 to detect the presence or absence of egressing larval northern pike and/or other species
originating in additional Program tributaries. Program staff employ the use of wooden box traps
or quatrefoil light traps, depending on stream and water conditions.
Mark-Recapture Electrofishing
Mark-recapture electrofishing is completed on select tributary streams to identify, assess, and/or
predict the effectiveness of certain fish impediments, and collect baseline fisheries data at select
project sites (e.g., large-scale habitat enhancement sites).
Mequon-Thiensville Fishway Monitoring
Since June 2011, the M-T Fishway has been monitored by an underwater camera provided and
installed by the U.S. Fish and Wildlife Service and the Village of Thiensville. The enclosure also
includes two PIT tag scanners to monitor the movement of lake sturgeon and other PIT tagged
fish. The enclosure is located in the fishway exit, requiring any organism moving through the
fishway to pass in front of the camera and tag readers. A live video feed from the camera is
accessible to the public at www.ozaukeefishway.org. Project partners can also access archived
video, allowing for complete documentation of presence/absence, migratory events, etc. In
addition, the Program has developed an online, citizen-based monitoring form to encourage
camera viewers to document and submit their observations of fish and wildlife. A copy of this
form is included in Attachment N.
Water Quality Monitoring
Information pertinent to specific BUI delisting targets and actions is being garnered through
water quality sampling at 30 strategically chosen sites in the Milwaukee River and its tributaries
in Ozaukee County, as well as three continuous water quality monitoring in the Milwaukee River
to establish baseline conditions and trends for various nutrients and pollutants, address traditional
point sources, non-point sources, and stormwater, and potentially identify known sources of
bacterial contamination to the AOC and tributary watershed. Specifically, the Project aims to
address the following objectives:
•
•

Collecting baseline data for select chemical or physical water quality parameters and
pathogens at strategic points within the mainstem Milwaukee River and select tributary
streams in Ozaukee County.
Monitoring basic water quality parameters (e.g., water temperature, dissolved oxygen,
water depth, etc.) continuously in the mainstem Milwaukee River to evaluate baseflow
conditions and high flow trends.

Baseline data for select chemical or physical water quality parameters and through discrete
sampling and monitoring basic water quality parameters will continue throughout 2014.
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Sediment Contamination Sampling
The Program, through a measured and science-based approach, is locating and evaluating
sediment contamination in Ozaukee County portions of the Milwaukee River Watershed. These
activities are providing initial characterization of the current location and extent of sediment
contamination within certain portions of the AOC in Ozaukee County. Specifically, the Project
aims to address the following objectives:
•
•
•

Delineating approximate areas of sediment accretion in specific sampling reaches through
historic orthophotography analysis
Determining the thickness and general composition (e.g., sand, silt, etc.) of targeted
sediment accretions through poling surveys
Determining general locations and extent of contaminated sediment deposits through core
sampling and laboratory analysis

Sediment sampling and characterization activities will continue throughout 2014. To date, these
activities have identified multiple “hotspots” of areas with contaminants at or above WDNR
effects concentration thresholds.

Leveraged Funds and Ongoing Work
The NOAA/ARRA funding established the “Fish Passage for the Milwaukee River Watershed”
Program, which has now evolved into the Ozaukee County Planning and Parks Department “Fish
Passage Program.” The initial NOAA/ARRA funding provided for partial to full linear
connectivity on the mainstem Milwaukee River and several major tributary streams. This
funding was the impetus for an additional $3.3 million dollars in federal, state, local, and private
grants to improve aquatic connectivity and the ecological function of the landscape throughout
Ozaukee County. Specifically, the Department has received grants that leveraged (or are
resultant from) NOAA/ARRA funding from: US Environmental Protection Agency, US Fish and
Wildlife Service, National Fish and Wildlife Foundation, Wisconsin Department of
Administration, Wisconsin Department of Natural Resources, Ozaukee County Land and Water
Management Department, Fund For Lake Michigan, Great Lakes Fishery Trust, National
Audubon Society, Milwaukee Audubon Society, and the Wisconsin Energy Foundation. A
funding summary is included below:
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National Oceanic Atmospheric
Administration
$5,246,850 - 62.26%
US Environmental Protection
Agency
$1,989.640 - 23.37%

Ozaukee County Planning and Parks
Department
Fish Passage Program Funding
(current 12/29/13)

Fund For Lake Michigan
$424,956 - 5.04%
US Fish and Wildlife Service
$233,000 - 2.98%
Wisconsin Department of Natural
Resources
222,186.57 - 2.64%
National Fish and Wildlife
Foundation
$208,874 - 2.48%
Great Lakes Fishery Trust
$49,987 - 0.59%
Wisconsin Department of
Administration
$44,983 - 0.53%
Ozaukee County Land and Water
Management
$7,750 - 0.09%
Milwaukee Audubon Society
$3,299 - 0.04%
Wisconsin Energy Foundation
$3,000 - 0.04%

The NOAA/ARRA funding enabled the Program to seek full “linear” aquatic connectivity in all
watersheds in Ozaukee County, provided key initial steps to improving “lateral” connectivity –
connections from the stream to riparian wetlands and adjacent high quality habitat – where
possible. In 2010, the Department received additional Wisconsin Coastal Management Program
funding from the Wisconsin Department of Administration and NOAA to improve conservation
planning for coastal fish and wildlife resources by developing a Fish and Wildlife GIS-based
Decision Support Tool (Tool). The Tool identifies target species for conservation focus – species
of local conservation interest (SLCI) and critical habitats important to ensure their survival.
Planners and decision makers are now using the tool to prioritize areas where limited
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conservation dollars may produce the maximum benefits for habitat restoration and improvement
projects.
Preliminary GIS tool outputs are now guiding multiple large scale habitat improvement and
restoration projects including a pilot wetland restoration on Sandhill Creek to improve lateral
hydrologic connectivity to the floodplain. Two other large scale projects will address stream remeandering, restoration of hydrologically and biologically functional floodplains, bank and instream structure restoration and wetland enhancements on one mile of Mole Creek and one mile
of Ulao Creek. Restoration activities on Mole Creek are being conducted with the Wisconsin
Department of Natural Resources and private landowners and on Ulao Creek are being done in
cooperation with private landowners, the Ulao Creek Partnership and other non-governmental
organizations. To date, the Program has completed initial habitat and impediment inventories on
the majority of remaining tributaries in the Milwaukee River Watershed, Lake Michigan Direct
Drainage, and the Menomonee River Watershed to reach full linear and lateral aquatic
connectivity goals. Summary charts and graphs indicating the breakout of types of inventoried
impediments and percentage remaining versus complete, including a map are provided below:

Ozaukee Fish Passage Program
Types of Inventoried Impediments
Miscellaneous Impediments
County/Local Road Crossing
Invasive Vegetation
Other Crossing - Culvert
Other Crossing - Open Span
Bridge
Other Crossing - Stone Ford
Low-Head Dam Modification
State/Federal Highway
Full Structural Removal
Large Dam
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666 impediments identified, 233 completed (35%), 433 incomplete (65%)
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