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Introduction

The City of River Falls Municipal Utilities (RFMU) is preparing an application for a new hydropower
license for the River Falls Hydroelectric Project in Pierce County, Wisconsin. The existing Federal Energy
Regulatory Commission (FERC) license for Project P-10489 currently includes two developments,
Junction Falls (upstream dam that impounds Lake George) and Powell Falls (downstream dam that
impounds Lake Louise). The entire project is within the city limits of River Falls.

A large flood in 2020 damaged the existing Powell Falls dam, and generation is not expected to pay for all
of the repairs necessary’ to restore the dam to current FERC standards. While RFMU is submitting a
final license application due in August 2021 to continue hydropower generation at Junction Falls
Development, the RFMU believes there are too many fiscal and environmental concerns with refilling the
Lake Louise impoundment and continuing power generation at the Powell Falls Development. In March
2021, RFMU proposes to submit an application to amend the current license to remove Powell Falls
Development from the FERC license but with the intent to keep facilities in place and proceed with dam
removal through the state process. RFMU'’s intent is to continue negotiations about dam removal options
and permit needs with the Wisconsin Department of Natural Resources and US Army Corps of Engineers
following receipt of the FERC amendment to remove Powell Falls from the FERC license.

This study on decommissioning and dam removal options is intended to develop overall removal goals,
consider lessons learned at other nearby dam removals, and describe risks associated with dam removal
so that regulatory agencies and stakeholders understand the potential impacts of the project. This study
is current through January 2021, but the final removal plan and permit applications are expected to adapt
to newly released studies®® and future information®.

Definitions

In this report, “decommissioning” is defined to mean the whole process of ceasing licensed operations,
including a physical disconnect from the utility grid (pulling breakers, locking out equipment controls), the
permitting process for dam abandonment, dam removal (a “subtask” of decommissioning), and mitigation
required in terms of sediment management and site restoration. Decommissioning does not typically
include® larger recreational improvements (corridor plans, new recreational facilities) or extensive habitat
improvements (especially those not directly correlated with mitigating advese impacts caused by the
physical act of dam removal). “Removal’ refers to physical construction activities intended to reduce

' “Post-Flood Dam Safety Inspection and Repair Options Letter for Powell Falls Dam (P-10489).” Ayres.
December 18, 2020.

2 “Kinnickinnic River Hydraulic and Hydrologic Analysis.” US Army Corps of Engineers. January 2021.
Report just received and under review now.

3 “Appendix 1: Climate Change Analysis.” US Army Corps of Engineers. January 2021. Report just
received and under review now.

4 The final restoration goals for the project’s lakebed are not finalized, nor are the river corridor
improvements fully designed and funded. The removal project is expected to be adaptive to both
environmental goals (restoration and sediment management), recreation goals (trout habitat
improvements, kayaking improvements, park amenities), and budget (grant cycles, rate-payer impacts,
etc.).

5 While these extra amenities are sometimes done simultaneously to improve construction efficiencies,
often different permits are used for dam removal and extra amenities.
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public safety risk, eliminate hydraulic impacts to the river, and restore the site to the desired natural
functionality while protecting critical infrastructure. Decommissioning is the whole process, usually
lengthy and with a complex regulatory and legal review®, and dam removal is usually the final
subcomponent of the longer decommissioning process.

Public and Agency Involvement

Through the Kinni Corridor planning process, the City of River Falls has proactively engaged the
community upfront on the proposed removal project. The Kinnickinnic River Corridor Plan, adopted by
the City Council in January 2019 after public consultation, includes removal of the Powell Falls Dam in
2026. The Plan also addresses recreational, aesthetic, ecological, land use, and economic objectives for
the Kinni Corridor, all of which are closely linked to the presence or absence of the dams.

A continuing high level of public interest is expected for this project. A continuing high level of public
interest is expected for this project. RFMU will continue to engage agencies, Tribes, and stakeholders
through the FERC Integrated Licensing Process (ILP) to facilitate positive collaboration during the
planning and implementation of dam removal activities. Presentations made to the RFMU Utilities
Advisory Board have been recorded and are publicly available through the City of River Falls website.

The Wisconsin Department of Natural Resources (WDNR), Trout Unlimited (TU), and local stakeholders
have been regularly engaged with updates about the 2020 flood damage, drawdown impacts, inspection
results, and repair options. The WDNR and FERC staff assisted the design team’s understanding of what
regulatory options existed for maintaining a safe drawdown overwinter and how different repair and
sediment management options could benefit the project and downstream resources. TU and their
consultant offered insight into desirable mitigation for downstream amphibian and trout habitat impacts,
and the Kinni Corridor Committee’s relationship with River Sky Drones provided valuable aerial images of
the changing lakebed and sediment movement patterns.

In summary, this decommissioning report attempts to present a balanced perspective on a cost-effective
removal option, an environmentally conscious sediment management plan, flexibility to keep the
permitted actions of removal separate from the long-term restoration goals, and the ability to adapt to new
information learned through the process. The report’s authors acknowledge that a wide variety of
opinions exist on dam removal, sediment mitigation, and restoration strategies; but this report is written
from the perspective of the licensee’s preferred path forward.

6 Margaret Bowman. “Legal Perspectives on Dam Removal: This article outlines the legal issues
associated with dam removal and examines how environmental restoration activities such as dam
removal fit into the existing US legal system.” BioScience, Volume 52, Issue 8, August 2002, Pages 739-
747. Downloaded at https://academic.oup.com/bioscience/article/52/8/739/255099.
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Anticipated Schedule

The decommissioning process for the Powell Falls Development is expected to follow this schedule:

Milestone

Deliverable(s)

Estimated Time of Completion

Initial Study Report Submittal

Draft Decommissioning Plan

January 31, 2020

Initial Drawdown for Inspection

Inspection Report and Refill
Options

December 18, 2020

RFMU Workshop on Options for
Plan Forward

Decision on Preferred Plan and
Schedule for Decommissioning

January 19, 2021

Updated Study Report Submittal

Final Decommissioning Plan

January 30, 2021

Updated Study Report Meeting

Virtual Meeting

February 9, 2021

Permits Issued by WDNR and
USACE

management and access road
improvements

License Amendment Application | Request to remove Powell Falls March 2021
Submitted to FERC from existing FERC license

Lakebed Seeding (1) Hand seeding of lakebed March 2021

Applications Submitted Permits for sediment March 2021

Late April 2021

FERC Authorization Received to
Improve Flow Management and
Temporary Abutment Protection

Turbine removed, sluice gate
operation improved, right
abutment sandbagged

June 2021

Lakebed Seeding (2)

Drone seeding of lakebed

June 2021

Monitoring of Infrastructure

Wastewater line crossings
monitored, adaptive
management for repair needs

2021-2026 with riprap placed
prior to the start of river
diversion (large opening)

Sediment Management Removal of tailrace sediments Summer 2021
and installation of sediment trap
FERC Amendment Decision FERC decision received April 2022
Sediment Management Annual Evaluate need to remove Annually until dam removal is
Evaluation tailrace sediments complete
Final Design of Dam Removal Plans and Specifications Fall 2022

Final Restoration Plan

Plans and Specifications

December 2022 7

Permit Applications Submitted

Removal permit applications

December 2022 8

Contractor Mobilization

Notice to Proceed

June 1, 2023

Dam Removal Completed

Dam removal phase completed

December 31, 2026

Restoration Monitoring,
Management, and
Implementation

Recreational, Habitat, and
Corridor Use Improvements;
Invasive Species Monitoring

June 1, 2023 to
December 31, 2028

Table 1. Anticipated schedule

7 The dam removal permit (Chapter 31 plan approval with Chapter 30 individual permit) would likely be
separate from the restoration permit (Chapter 30 individual permit for wetland and waterway work), but
there may be some overlap. Once the license is surrendered, more consultation is needed to determine
the WDNR’s preferred permit route and also allocating stakeholder responsibility for funding, permits, etc.
8 This schedule may be impacted by the availability of funds to remove the dam and the need to comply

with grant schedules.
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Project Description

Powell Falls Dam consists of a concrete gravity dam, 110 feet long and 22 feet high, with an uncontrolled
overflow spillway. Powell Falls dam was not constructed all at once in the present-day form. Per the
Initial Study Report (January 30, 2020), a wood-framed powerhouse was built at Powell Falls in 1903 with
a timber spillway to retain water. A concrete powerhouse was constructed in 1946 - 1947. In 1964, a
large flood destroyed the timber dam spillway. A concrete gravity dam was constructed in 1965 - 1966,
and that project did not include replacement of the sluiceway walls or powerhouse foundation. Following
the project’s initial FERC licensure in 1988, a stability analysis was subsequently completed for Powell
Falls in 1991, and the spillway lift joints were found to have structurally inadequate bonds. Anchor
lengths changed during construction. The 1992 construction included 13 post-tensioned anchors (rock
bolts) to compress the spillway concrete together (13 anchors required) and tie the spillway concrete into
the foundation bedrock (7 anchors of the original 13 were anchored into bedrock). The 1991 inspection
team collected concrete cores that indicated an unconfined compressive concrete strength of 5,400 to
5,800 pounds per square inch.

Per the August 1991 engineering analysis by Ayres, the entire dam is founded on and abutted by
dolomitic bedrock. Silt on the dam was 4 feet below the crest at the right end of the spillway and 13 feet
below the center of the spillway crest.

The existing spillway is separated into three vertical sections with vertical monolithic joints as shown in
the plans. The spillway has horizontal monolithic joints held together with post-tensioned and fully
grouted rock bolts, and the 50,000 pounds of tension in these bars shall be safely released prior to
concrete demolition. The rock bolt manufacturer (Williams Form) has been contacted and has suggested
methods for safely releasing the rock bolt stresses. The existing spillway had disbanded lift joints prior to
the rock bolt installation, so the removal methods and sequencing will need to balance rock bolt
demolition with lift joint stability.

An integrated powerhouse / penstock structure is at the left abutment. The impoundment, Lake Louise, is
15.4 acres with 37 acre-feet of normal capacity. Normal pool elevation is 821.80 feet mean sea level.

A 6-foot by 6-foot vertical lift waste-gate sits between the spillway and powerhouse. Next to the waste-
gate is the intake gate that allows water to enter the hydroelectric facility.

The hydroelectric facility at Powell Falls was updated in 1948 when equipment was installed to replace
the original equipment from 1903. The current powerhouse consists of a brick superstructure above a
concrete substructure and a single General Electric generator (rated at 125 kW, 165 kVA, 2300 volts,
0.8pf, 3 phase, Type ATI) which is coupled to a Leffel hydraulic turbine (20-feet design head, 80bhp,
134kW, 240 RPM, Type F, year 1917). The transmission line is approximately 2,500 feet long from the
powerhouse to the control room at the Municipal Power Plant building, where it connects to the existing
bus and to the 12.4kV distribution system through a 2400V-12.4kV transformer.

The average flow rate of the river at Powell Falls is 94 cfs, based on data recorded at USGS gage
05342000 between 2002 and 2018. At the site of the dam, the historic flood of gaged record (1916 to
1921, 1998 to 1999, and 2002 to present) occurred in March 1920 and is estimated by a drainage area
transfer to be 4,020 cfs. A similarly large flood occurred in August 2010 (estimated peak flow 3,690 cfs)
and June 2020 (estimated peak flow 3,900 cfs but is only a preliminary value at time of this report draft).
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The sediments within the impoundment were sampled by Inter-Fluve in 2016 and submitted to the WDNR
for confirmation that impounded sediment is not contaminated. In an email from Danny Helsel, dated
June 17, 2020, the WDNR provided these comments from the Waste and Materials Management (WM) &
Remediation and Redevelopment (RR), and comments are updated in {} to reflect follow-up
conversations with the WDNR:

1.

2.

{The 2016} sediment sampling from Lake Louise does not currently indicate significant
exceedances of sediment quality guidelines (with the exception of sample location LL-C1A).
However, at the time of dewatering, when existing sediments become exposed and sediment
data collected from Lake Louise will be representative of land surface, relevant soil standards will
be applicable and direct contact residual contaminant level (RCL) exceedances will exist for
benzo(a)pyrene at all sample locations. These exceedances will require regulatory oversight by
the Remediation and Redevelopment program. However, there is a draft rule-making process
that is proposing to revise the standards for benzo(a)pyrene, and if that draft becomes law then
only a small area of the basin would exceed the RCL limits. {DNR suggests resampling near that
higher concentration area to confirm extent of benzo(a)pyrene exceedances.}

With the exception of sample location LL-C1A, the WM and RR staff consider concentrations of
arsenic to be reflective of naturally occurring background levels and no additional investigation or
remedial action would be necessary if the material is to be left in place after dewatering. LL-C1A
appears to be {either an anomaly or area to test further} and confirmation sampling will be
required to determine if additional delineation and/or potential remedial action is appropriate.
{DNR suggests resampling near that higher concentration area to confirm extent of arsenic
exceedances.} If soil/sediment is to be removed it will need to be managed appropriately.
{Suggested restrictions might include separation of sediment stockpiles from groundwater,
capping sediments that exceed RCL limits, and/or obtaining an industrial status and low-hazard
waste exemption permit.}

{Prior to the 2020 flood,} the WM and RR programs recommend further evaluation of
soil/sediment after drawdown occurs.

a. Confirmation sampling will be necessary in the area of LL-C1A to determine if elevated
levels of arsenic observed at that location can be reproduced. If elevated levels of arsenic
are confirmed, additional delineation and/or remedial action may be necessary.

b. Levels of benzo(a)pyrene observed in all samples exceed current direct contact
standards; however, standards for this compound are proposed to change. The programs
recommend comparing the levels of benzo(a)pyrene to Wis. Admin. Code NR 720 soil
standards after drawdown occurs.

c. Data from additional samples collected from the sediment, especially near the {higher}
arsenic {sample}, to be excavated would allow for better representation of the sediment
and more accurate decisions to be made on the disposal or use options. Currently three
to four samples are being used to represent the quality of approximately 40,000 cubic
yards of sediment from a long stretch of waterway. {A higher testing density is requested
and the WDNR would work with RFMU on what a more comprehensive testing plan might
involve.}

Based on drone footage, the 2020 flood and subsequent drawdown appear to have significantly changed
the impoundment’s bedforms and sediment elevations. The licensee is evaluating options to resample
the sediment and remap the Lake Louise bathymetry, at least within the proposed future channel areas
and those areas of sediment significantly affected by the recent flood. Sampling would also attempt to
resample higher concentration areas of benzo(a)pyrene and arsenic to determine acceptable disposal

options.
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Even with the initial sediment sampling efforts pre-drawdown, construction observation crews will need to
confirm excavated removed sediments and foundation materials have no odor of contaminants and
appear to be uncontaminated as indicated by earlier sediment investigations.

Project Removal Description

The design intent of the Powell Falls Development decommissioning includes the following goals for
removal:

1. Until dam removal is complete, sediment release shall be managed by maintaining a drawn
down impoundment, slowing the rate that floods can increase and decrease impoundment water
elevations, proactive seeding of the former lakebed, sediment removal as prudent and
practicable to protect the downstream resource, and working with stakeholders on early
implementation of the final restoration plan®. A multiyear draw down will allow continued
vegetation growth upstream of the dam and slow natural cutting to reach stable channel
configuration, all with the licensee’s ability to close gates and mitigate any rapid changes in
infrastructure stability or massive sediment release.

2. During construction, removal activities will be completed in a safe manner to minimize the risk of
a sudden uncontrolled release of impoundment water during flood situations. Engineering
oversight will include structural performance monitoring, review of contractor means/methods,
and intercession as needed to preserve dam safety.

3. Construction traffic will be limited to designated streets and specific hours, and the disposal site
for removed materials will be established and secured. The preferred access route avoids all
residential developments and would allow construction workers to efficiently utilize off-road
equipment without damaging existing roads and sidewalks. Some limited truck traffic is expected
on residential streets for downstream sediment removal.

4. Construction activities will comply with Wisconsin standards for noise, vibration, dust, sediment
tracking, and erosion control.

5. No concrete remnant of the Powell Falls Development spillway shall be visible after construction
is complete. Concrete grout from bedrock dowels or anchors may still exist inside the bedrock
layers, but all concrete above the bedrock shall be removed as reasonably practicable.

a. The lower part of powerhouse will stay in place, but the sluiceway and powerhouse
superstructure will be removed.

b. The lower half of the powerhouse will be stabilized with added weight to allow beneficial
reuse as part of future amenities to the Kinni Corridor Plan. Those future amenities are
beyond the scope of this report.

6. Invasive species will be monitored and managed during impoundment drawdown and
restoration. Details will be included in the final restoration plan, to be submitted with permit
applications.

9 A detailed restoration plan is not yet developed for this site. The RFMU has options to do a dam
removal restoration plan with just temporary cover crops and soil / sediment stabilization, but various
stakeholders have expressed an interest in expanding the restoration plan to include trout habitat
improvements, recreational improvements, possible prairie restoration, bird watching platforms, and other
amenities. One benefit of separating this complex restoration plan from the FERC process is increased
flexibility under a variety of state and local permits and grants. Continued discussions with stakeholders
and permitting agencies is recommended to develop the most efficient route toward a final restoration
plan (or plans).
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7. The Lake Louise sewer main crossings and wastewater plant bank may need to be armored to
resist post-removal conditions. Armoring the two sanitary crossings would require an engineered
channel (stabilized against design shear stresses and velocities), but if excessive headcutting
cannot be controlled then the crossings may need to be lowered 10 feet or more down to
bedrock. To protect critical infrastructure, the wastewater plant bank may also need additional
riprap protection if adequate bedrock is not already present. As part of final design, Licensee will
complete a review of proposed infrastructure protection plans and costs. The Licensee believes
relocation of the sewer lines will be cost prohibitive but will research options and costs in more
detail as part of the final design.

Overview of Project Features

Project features and facilities discussed in the following sections and Appendices are shown below.
These include the Powell Falls Dam, disposal site, two wastewater crossings, and the contractor access
points. The river channel between the Powell Falls Dam and 24-inch sanitary sewer (“Wastewater
Crossing 17) is the primary reach for channel stabilization efforts. A second sanitary sewer (“Wastewater
Crossing 27 is also of concern because no engineering drawings exist to confirm the foundation for this
critical infrastructure. The project components are located as shown in the Appendix 1 Drawings and in
the image below.

ok : “Wastewater Crossing #2

& . e
“# ‘DisposaliSite {Wastewater Plant. Bank' Protection

E A\
Y

1

sePowell Falls Damisey o
T A Vo o) i
Tailwater Access Point : 3

b

Google Earth

o=,

Figure 1. Location of Dam (used under license agreement with Google Earth Pro)
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Existing Project Operations Description

The Powell Falls Development operates in run-of-river mode per the existing license agreement (FERC P-
10489). While the project is operated in run-of-river mode at full impoundment, the project’s trashrack
cleaning effort does require short outages at the plant on a regular basis. An amendment to the operating
license issued in 1997, 81 FERC 62,087 (1997), states the operators use a prescribed outline when
ramping the units up or down for intake cleaning and/or maintenance, with a 5kW increase or decrease
no more often than every 15 minutes. This is to ensure smooth flow transitions downstream. Ramping for
intake grate cleaning is done only on an as-needed basis and scheduled so as not to be done at both
Junction Falls and Powell Falls the same day. Heavy leaf load in the river during fall and excess debris in
the spring often require operators to deenergize units and let the debris flow over the spillway. With the
discontinuation of the diesel generation at the River Falls Municipal Power Plant, the plant no longer has
an operator onsite full-time. The operator makes daily visits to the Junction Falls Hydro Facility and
weekly to the Powell Falls Hydro Facility.

While the project is in a drawn down condition, the impoundment elevation is expected to vary, potentially
refilling the impoundment once or more every two years. As described in detail within Ayres’ 18
December 2020 letter report'?, the drawn down impoundment in its current condition has a 50% annual
risk of refilling to elevation 818 feet or higher and a 38% annual risk of refilling to pass water over the
spillway. This risk of refill will decrease if the turbine is pulled and the right overbank is sandbagged, but
in general the risk of spilling water in any given year remains significant. Based on the hydrologic
analysis for risk of refill, Ayres believes the lake will refill two or three times between now and the start of
dam removal''. During these lake refill periods, it will be necessary to close the sluice gate and
powerhouse gate partially to allow the lake to drain no faster than 12 inches per day to minimize sediment
release downstream.

Land Ownership around Existing Facilities

RFMU owns all the land around the Powell Falls Development, the wastewater plant, and the disposal
site as shown in the appended Drawings. Construction equipment is not expected to cross private
property at any point in the decommissioning process. Drawings include a table of contacts that should
be notified as part of the construction activities in the event that equipment noise impacts adjacent
properties.

Case Studies

During the Initial Study Report comment period, stakeholders requested Ayres document case studies of
how the approach for Powell Falls Dam removal compared to other similar dam removals. The case
studies below present the similarities and differences of the dam removal case studies to Powell Falls
dam removal such as: (1) watershed size and land use; (2) stream flow characteristics (mean, maximum,
and minimum); (3) sediment size distribution and volume; (4) sediment control measures used, the use of

0 Available online at https://elibrary.ferc.gov/eLibrary/filelist?document_id=14916806&optimized=false

" In the case of the October 11-12, 2020 event, a 2-inch rain event filled the impoundment in a few hours
as woody debris plugged the gate. While removing the turbine and having the gate open fully will help
slow the lake rise speed, Ayres understands that there is little the RFMU can do to prevent lake rise
during intense rainfalls, but the gate operations can help slow the rate of drawdown after the rain stops.
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bedload-retaining barriers placed across the stream; (5) construction sequence; and (6) successes and

failures.

A summary of the case studies compared to the Powell Falls removal project is shown in Table 2.

Variable Units Powell Falls Minnesota Falls Gordon Grimh Woodley/Ridler
Distance and Bearing from
Powell Falls miles and direction 0.0 miles 140.6 W 104.3 NNE 93.4NE 40.0 NNE
Latitude degrees 44.850926 44.790643 46.23721 45.760986 45.39636
Longitude degrees -92.638993 -95.499553 -91.78397 -91.220336 -92.36385
Water Impounded name Kinnikinnic River Minnesota River Eau Claire River Couderay River Apple River
County name Pierce Yellow Medicine Douglas Sawyer Polk
Wisconsin Valley
Power Production River Falls Dalhberg Light and | North Central Power | Improvement Co
Developer name Municipal Utilities Xcel Energy Power Co (per DNR)
Hydropower Production rated kilowatts 125 (1 unit) 500 (1 unit) 321 (2 units) 306 (2 units) <100 (1 unit)
Structural Height feet 21 21 33 30 18
Overall Length feet 155 600 1550 1200 300
Spillway Width feet 112.5 358 27 56 73
Normal Storage acre-feet 65 520 461 374 80
Drainage Basin square miles 116 6390 33 149 151
cubicfeet per
Design Discharge second 2930 43,000 2500 5200 1400
Acreage of Impoundment |acres 15 500 56 86 19
Impoundment Depth feet maximum 13 12 22 16 12
Jurisdictional Agencies FERC, DNR (full) | FERC, DNR, PCA, SWCD | DNR dam safety DNR dam safety DNR dam safety
Estimated Sediment Yield 'tons peryear
In Stream passing dam >10,000 420,000 762 1,461 n/a
Estimated Sediment Yield tons persquare
Rate mile /yr >50 66 11 8 n/a
Sediment Estimated in
Lake cubicyards > 40,000 > 30,000 19,730 > 115,000 < 20,000
6,211 turbidity | 4,716 from forebay +
Sediment barriers + 13,500 ' 2,000 embankments +
Dredged/Excavated cubicyards unknown 8,342 from forebay embankments | 600 CY contaminated | 6512 from forebay
Sediment Released
Naturally Over 6 Years cubicyards unknown unknown 5000 - 10000 50000 - 80000 5000 - 10000
Infrastructure Wastewater Bank Stabilization | Bridge Piers (DOT did | Snowmobile Bridge
Improvements line(s) Ethanol plant intake (DNR required) this work in-house) (Owner did this)
Complexity Factor* 788 2179 405 365 151
Year Removed 2025 2013 2015 2012 2009
Construction Cost at End
of Removal to be determined confidential $501,000 $355,000 $162,000
Removal Cost in 2025 >S$IM >>S$1IM $677,000 $527,000 $245,000

Table 2. Summary of Nearby Dam Removal Case Studies since 2009 "2

12 As explanation for how Ayres estimates costs for dam removals, Complexity Factor* is defined as (H'®
+ 0.1*L + 0.05*S + Q°®)F and the variables are as follows: H = Structural height of dam in feet from top of
foundation to point of dam overtopping; L = Length of dam’s spillway, powerhouse, and embankments in
feet; S = Normal storage in lake at normal operating pool in acre-feet; Q = maximum flood capacity of
existing dam at point of overtopping in cubic feet per second; and F = regulatory factors. Wisconsin’s
dam removal guidelines are favorable for removals (starting F=1.0), but the F variable is increased by the

value in parentheses due to these items:

oow>
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FERC license surrender process with multiple agency and stakeholder study requests (+0.1),
Dredging of half (+0.1) to all (+0.2) of the lake sediments
Presence of contaminated sediments (+0.1 for low hazard to +0.3 for high hazard),
Extensive stream restoration / aquatic organism passage / invasive barriers (+0.1),




Ayres agrees that lessons learned from recently completed dam removals help anticipate permit
obstacles, set the standard of care for future dam removals, and inform the public about reasonable
expectations and end goals of dam removal. Multiple case studies and a literature review are included to
support this report’s conclusions made for methods most practicable for the Powell Falls dam removal.
The foundation of these case studies described in detail in Appendix 2 are presentations'®'* by the author
to the 2011 Hydrovision conference, 2012 Association of State Dam Safety Officials conference, and
2016 United States Society on Dams conference and as updated since.

Lessons learned from case studies

The lessons learned from the above case studies include the following (ordered by author’s opinion of
priority):

1. Floods large enough to cause dam safety concerns often occur during dam removal activities.
Compounded probability theory states that there is a 27% chance that a “10-year” flood will
happen during a three-year long dam removal project. This poses a significant risk to cofferdam
loss and structural damage, so the lessons learned from the case studies are to 1) draw down the
lake early and 2) not rely on cofferdams for long term protection of the worksite.

2. Because floods capable of transporting sediment occur so frequently, impoundment sediments
are best controlled with a long pre-removal drawdown. This allows soft and loose lakebed
sediments to compact and consolidate, vegetation to grow on the lakebed, and banks to reach a
stable slope.

a. The channel forming flood is 750 cfs'® for Powell Falls (approximately 1050 cfs at the
downstream gage), this event has occurred'® in 15 of the 25 years of combined gage
record. There is a 93% chance that a channel forming flood will occur during a three-
year long dam removal project.

b. Allowing the impoundment to stay drawn down with the dam in place allows lakebed
vegetation roots to start stabilizing impounded sediment with less risk of sudden
sediment releases during channel forming floods. Should a channel forming flood occur
when the impoundment is drawn down and the dam is in place, the lake will refill but little
sediment or vegetation uprooting will occur.

3. Mechanical removal of wet sediment from an impoundment is difficult, but reaching the sediment
from the dam (using the dam as a sediment trap during removal activities) and reaching the
sediment collected in full-width turbidity barriers are both common practices. Another common
practice is excavation in mid-winter after ground frost allows the frozen lakebed to support
tracked excavating equipment.

4. The drawn down lakebed contains many dormant seeds. The lakebed at all of the case study
sites established green growth within the first month of growing season following the initial

E. Extensive historical preservation mitigation or archeological protection measures (+0.1),

F. Extensive infrastructure improvements (+0.05 per water intake, bridge pier, or wastewater
crossing).

G. For Powell Falls, the regulatory factor F is assumed to be 1.3 (to be re-evaluated later).

13 https://www.ayresassociates.com/wp-

content/ayres images/Permits%20for%20Low%20Hazard%20Dam%20Removal.pdf

4 https://www.ayresassociates.com/wp-

content/ayres images/Managing%20Uncertainties%20during%20Hydropower%20Dam%20Removals.pdf
15 See figure 6 from the USACE publication ERDC/CHL CHETN-VIII-5, December 2000. Accessed at:
https://www.spa.usace.army.mil/Portals/16/docs/civilworks/regulatory/Stream%20Information%20and %20
Management/ERDC%20Channel%20Forming%20Discharge.pdf

'8 https://nwis.waterdata.usgs.gov/wi/nwis/peak/?site_no=05342000&agency cd=USGS plus this flow
was exceeded in 2020.

Page 10



8.

drawdown. By the end of the second growing season, all of the dam removal case study sites
had woody vegetation growing on silt deposits of the former impoundment. The Gordon Dam site
had the most difficulty in establishing vegetation because little silt was present in the river bank
materials.

a. For Lake Louise, a cover crop will help stop rainwater erosion of soft lakebed soils.
Turbidity levels created by dam removal activities are similar to those created by large flood
events, and river systems with frequent turbidity releases will experience few long-term
detriments from dam removal sediment releases.

Asbestos, lead paint, and contaminated foundation materials are occasionally found during dam
removal processes.

Allowing the contractor to wet breach (remove concrete structures in flowing water) where
stability permits is faster and less costly than a dry breach (working behind a cofferdam).
However, a wet breach must have a robust turbidity containment and cleaning system
downstream to avoid introducing concrete fines into the downstream channel.

Typically, dewatering costs are 20 to 30% of Ayres’ construction project costs.

Since sediment is usually the largest driver of regulatory concern, Ayres’ general philosophy for sediment
management follows these guidelines:

1.

2.

Deep root growth and dense cover of vegetation is a proven stabilization measure for soft
reservoir soils.

Bankline collapse is the largest contributor to sediment supply once the initial drawdown has
channel incision.

Due to the laboratory test results for sediment, the least risk of contaminant remobilization is to
remove the sediment completely from the basin and store it in a pit out of the 100-year floodplain.
As far as practicable, the stockpiling of sediment should not impact wetlands, floodplains, or
future areas of expected development (including recreational amenities).

Sediments are slow to dewater, and in some places the existing lakebed will take months to
dewater down to pre-dam groundwater conditions. A higher refill risk is correlated with a higher
risk that construction equipment will not be able to access all areas of the lakebed for grade
stabilization efforts.

Removing sediments along the upstream face of the dam before the dam is fully removed allows
the dam to function as a sediment trap while the upstream channel stabilizes. This is not a
regularly cleaned trap, but rather the upstream face of dam may only be cleaned three times a
year (due to equipment access issues).

The easiest place to collect sediment during most dam removals is from dedicated sediment traps
downstream of the dam, created by a well-placed and well-anchored full-width turbidity barrier.
Downstream traps are cleanable even during wet periods, while upstream traps are usually too
wet to access during post-runoff periods.

Based on dam removal permit conditions from the reviewed case studies, Ayres is proactively assuming
these permit conditions for the Powell Falls removal:

l. Procedural:

a. Dam abandonments are a type Il action under Wis. Admin. Code NR
150.03.03(8)(f)4, and do not require the preparation of a formal environmental
impact statement.

Il. Dam Safety:

a. The dam must be removed in the exact sequence proposed by the engineer and
under the limits (cofferdam requirements, maximum working water elevation)
shown on the approved drawings.

b. The permit holder must provide plans to ensure public safety including fencing of
dangerous worksite areas and signage for unfenced soft sediment areas that
could entrap people or animals. Signage shall clearly explain “Danger: Deep
Mud, Keep Out” or equivalent messages to alert the public of entrapment risk.
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VI

VII.

Drawdown conditions following impoundment refill during flood events:

a. Drawdown rate due to gate operations must not exceed six inches of
impoundment decrease per day, but the impoundment refill rate is not limited
(and cannot be limited due to inadequate gate capacity).

Construction equipment in waters:

a. All equipment, barges, boats, hoses, sheet pile, and pumps shall be de-
contaminated for invasive and exotic viruses and species prior to use and after
use. This included a) inspection, b) draining of water, c) disposal of aquatic
organisms in trash, and d) washing equipment with >140F water OR allowing
equipment to dry thoroughly for five days.

b. Nothing containing hazardous materials may be stored behind the temporary
cofferdams when the contractor is not onsite.

Sediment and erosion control:

a. Effective soil erosion and sediment control measures shall be in place during the
entirety of the project.

b. Construction shall be accomplished in such a manner as to minimize erosion and
siltation into surface waters and as specified in the plans and procedures that are
part of or approved pursuant to this permit.

Sediment, concrete, and non-hazardous waste stockpiles:

a. The permit holder must not deposit or store any of the graded or excavated
materials in any wetland or below the ordinary high-water mark of any waterway.
All graded or excavated materials must be placed out of the floodway of any
stream.

b. The permit holder must remove and properly dispose of any debris, such as
reinforced concrete, pieces of metal, or any other debris that may have been
deposited in the reservoir or on the bed of the river.

c. Removed sediment shall be properly disposed of and must comply with all
Department solid and hazardous waste requirements.

d. The existing structures that are proposed to be abandoned must be completely
removed from the site and properly disposed of and must comply with all
Department solid and hazardous waste requirements.

Reservoir restoration:

a. The permit holder must stabilize all sediment outside of the river channel in the
manner specified in the Erosion Control Plan and approved by the Department.

b. Any exposed slopes after drawdown that appear to be erodible as identified by
Department staff must be adequately stabilized. This could include the use of
erosion control best management practices, recontouring of slopes, placement of
riprap, etc. The upstream riprap and bank repairs are subject to the post-
drawdown conditions and may be subject to change.

c. The waterway for flow and navigation in the vicinity of the removed structure shall
be restored as nearly as practicable to the conditions prior to the original
construction of the dam.

d. The permit holder must remove the dam in the manner that will result in minimal
long-term sediment deposition downstream from the dam. The permittee shall
cease or modify drawdown at the require of the Department if the Department
determines that detrimental sediment deposition is occurring in the downstream
reach. The permit holder shall make reasonable efforts acceptable to the
Department to stabilize and restore downstream areas impacted by significant
sediment deposition associated with dam removal.

e. Final site stabilization requires the re-establishment of native vegetation and
invasive species will be managed per the approved Site Restoration plan.

f.  There must be a post-abandonment site review performed by Department staff to
assess navigation, fish passage, bank stability, and conformance to the approved
drawings and specifications.

g. The dam owner must monitor the project site for a timeframe not less than five
years after the dam is substantially removed. Any substantial excessive erosion
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or channel failure at the project site within five years must be mitigated in
accordance with applicable state or federal code requirements.

Powell Falls Site Conditions

In review of the above case studies, several parameters are important for decommissioning design.

River flowrates of importance include base flowrate, cofferdam overtopping flowrate, and dam safety
flowrate. Base flowrate determines the average daily flow expected during dam removal operations.
Cofferdam overtopping flowrate is the maximum flowrate expected to be withstood by the dewatering
works prior to failure of the dewatering protection system (not the dam). Dam safety flowrate is the
maximum flowrate expected to be withstood by the dam (or dam remnants) prior to collapse of significant
project structures. Sediment and turbidity are usually environmental concerns, but both parameters
impact construction means and methods.

This section will include a brief summary of parameters specific to the Powell Falls site.

Flowrate

One definition of base flow is average daily flowrate for which half the records exceed and half the
records are less than this value. Based on the USGS gage records for the Kinnickinnic River and
adjusted for drainage area and flowrate ratios, the annual flow duration curve at Powell Falls was
computed as shown in Figure 2 and the baseflow computed as 86 cfs.
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Figure 2. Flowrate-duration curve for Powell Falls Dam

The adopted Flood Insurance Study (55093CV000A) for the Powell Falls site lists the Kinnickinnic River
downstream and upstream of Powell Falls Dam as having the flood frequency shown in Table 3. The
cofferdam overtopping flowrate for Powell Falls was selected by the design team as the 10% annual
chance event, which is 6,800 cfs. Because the dam is a low hazard structure, the dam is normally
designed to only withstand the 1% annual chance event, which is 16,900 cfs.
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PEAK DISCHARGES(cfs)

0.2-
FLOODING DRAINAGE 10-PERCENT 2-PERCENT 1-PERCENT  PERCENT
SOURCE AREA ANNUAL- ANNUAL-  ANNUAL- ANNUAL-

AND LOCATION (sq. miles) CHANCE CHANCE CHANCE CHANCE

KINNICKINNIC
RIVER

Downstream and
Upstream of Powell
Falls Dam 109.66 6,800 11,000 12,800 16,900

Table 3. Flood insurance flowrates for Powell Falls Dam

Sediment / Turbidity

Sediment quality measurements at the Kinnickinnic River near River Falls were taken by the USGS'” from
1997 to 2000 and is plotted in Figure 3. USGS parameter 80155 is suspended sediment discharge in
short tons per day, and 18 discrete measurements were taken across all months of the year except
January. When this data is correlated with river flowrate, a reasonable trendline can be developed as
shown in Figure 4.

Between 2013 and 2015, a continuous sediment sampler was deployed by the USGS. However, data
plotted from this period shows hysteresis and drift, so only a few peak flow events were used to develop
the upper flow portion of Figure 4.

From the trendline developed, a daily estimate of sediment transport can be developed for the complete
USGS flow record, and this is plotted in Figure 5 for the period of USGS flow records since 1997.

7 https://nwis.waterdata.usgs.gov/wi/nwis/qwdata/?site_no=05342000&agency cd=USGS
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USGS Measurements for Kinnickinnic River

3/21/1997 10:47
2/18/1998 13:20
4/1/1998 13:00
6/25/1998 16:30
7/28/1998 13:40
10/23/1998 13:40
11/18/1998 13:00
12/8/1998 10:05
2/22/1999 14:40
3/10/1999 13:15
3/22/1999 13:15
4/6/1999 10:30
4/28/1999 11:00
5/18/1999 10:50
6/22/1999 11:10
7/3/1999 16:40
8/19/1999 12:15
9/16/1999 17:40
AVERAGE =
MEDIAN =
MAXIMUM =

Figure 3. USGS measurements of suspended sediment load in the Kinnickinnic River
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Figure 4. Correlation of suspended sediment load with flowrate
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Figure 5. Variability in daily suspended sediment load for the Kinnikinnic River

While Figure 5 is only as accurate as Figure 4’s trendline’s accuracy, it is important to understand that
suspended sediment transport (and associated turbidity) is extremely variable for the Kinnickinnic River.
Since data shown in Figure 5 is predicted at the USGS gage location, the suspended sediment load must
be reduced to account for the watershed area difference (Powell Falls has only 71% of the drainage area
that the USGS gage has). Therefore, the average suspended sediment transport at Powell Falls Dam is
17 .4 tons per day or 6,400 tons per year. For dams with shallow or drawn down impoundments, the
suspended load is not likely to be reduced by the dam. For the same river flowrate, the post-removal
suspended load during floods is expected to exceed that shown in Figure 5 because bank instability will
augment suspended sediment levels passed through the dam.

Ayres has not found a study for bedload transport in the Kinnikinnic River near Powell Falls Dam.
However, bedload transport downstream of the dam is expected to include a combination of bedload
arriving into Lake Louise, bedload stored in or released from the impoundment, and bedload arriving into
the Kinnickinnic River from tributaries and floodplain sources downstream of the dam. With the recent
2020 drawdown, it is expected that the sediment deposition within Lake Louise will cease until a
contractor has removed silts and creates new pools to impound sediment (traps).

The predicted total of suspended sediment load (6400 tons per year as mentioned above) and bedload
contributed to the Kinnikinnic at Powell Falls (expected to be at least 3500 tons per year, though possibly
three times that in wet years) is more than 10,000 tons per year, but Figure 5 shows that 7500 tons (more
than 4000 cubic yards) of suspended sediment (plus a not-yet-quantified amount of bedload) was likely
passed downriver in 72 hours during the June 29 to July 1 flood of 2020.

Expected impacts of the dam removal sediment on downstream habitat were addressed in the Powell
Falls Dam Removal Sediment Study Ecological Risk Evaluation report submitted by TRC in January
2021. That report concluded short-term risks associated with dam removal sediment load include high
risks of adversely impacting trout habitat, substrate complexity, and recreation; medium risks of
adversely- impacting water quality, invertebrate taxa, and floodplain vegetation; and low risks of adversely
impacting freshwater mussels, fish movement, impoundment riverine conditions, and ice jam potential.
However, none of these short-term impacts are expected to continue for more than one year. The long-
term benefits to dam removal are many, including a high probability of improving trout habitat, floodplain
vegetation, fish movement, impoundment riverine conditions, and recreation.
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Decommissioning Plan

The decommissioning plan establishes the design intent for the overall project for application to future
plans and specifications. The plans and specifications would then be submitted for permits from federal,
state, and local agencies; and once permits are in hand, bidding would follow. As RFMU is a municipality,
bidding laws prevail such that the lowest responsible bidder would be awarded permission to proceed
with the removal process. However, the decommissioning plan covers much more than construction and
removal. The plan also addresses pre-construction drawdown efforts, construction monitoring, adaptive
management for issues discovered after construction starts, material disposal, determining when
construction is complete, and long-term monitoring after the construction contractor has demobilized.

Project Photographs

Photographs shown in Figures 6 to 12 show various features discussed in the Decommissioning Plan. In
Figure 6, note the variable bedrock height along the downstream end, or “toe” of the spillway. Note that
“left” and “right” when referring to dam structures typically take the perspective of a viewer facing
downstream.

Figure 6. Right abutment bd?ock (left side oif‘figure;) ana main spillway (right side of figure)

Figure 7. Left abutment (far right side of figure), powerhouse draft tube discharge (lower right, under the
sign), powerhouse generating bay (upper right, above sign), and sluice or “waste” gate (lower center).
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Figure 8. Looking west along dewatered spillway

Figure 9. Interior of powerhouse generating bay, showing generator (left)
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Figure 10. Interior of powerhouse, showing typical lubricant containers (right side of figure), slug fuse
cutouts (center) and camp stove (left)

Figure 11. Looking east toward dam at typical normal pool conditions with 107 cubic feet per second of
discharge (71% of the recorded flowrate at https://waterdata.usgs.gov/usa/nwis/uv?05342000)
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Figure 13. Trashrack, looking from upstream side
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Figure 14. Proposed disposal site for concrete and sediments

Construction-Related Plans

Several construction-related plans are necessary to define the decommissioning goals and outline the
success strategies. Note that the Cultural Resources Management Plan will be included with the draft
license application.'® Since no historic property will be removed, there is no Historic Properties
Management Plan necessary for this project.

Noise and Vibration Control

Noise and vibration control provisions will incorporate the following measures in the specifications:

e Equipment will be in compliance with federal, state and local noise standards (e.g. exhaust
mufflers, acoustically attenuating shields, shrouds, or enclosures)

e Truck loading, unloading, hauling will be scheduled during the daytime to reduce nighttime noise
impacts to extent feasible

e Appropriate blasting techniques will be used to minimize noise and vibration to the extent feasible

¢ Notify residents of hours and duration of construction activities

Traffic Management Plan

Contractor access is a critical consideration of this project. The City prefers to limit heavy equipment
transport through residential neighborhoods for many reasons (citizen safety, street damage, noise, traffic
congestion), and the use of off-road equipment is often more economical for contractors. Therefore, the
appended drawings show the City’s preferred access plan is along the west side of Lake Louise. The
contractor would construct a “causeway” of coarse stone placed on the lakebed at a sufficient depth to
support construction traffic. The causeway would extend from the wastewater treatment plant to the dam,

'8 A Phase | Archaeology Survey will be conducted in 2020 to determine if cultural resources are present
within the Powell Falls Area of Potential Effect.
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generally following the future proposed biking / hiking trail alignment shown in the City’s Kinni Corridor
Plan. See Appendix 1: Drawings for more details.

If the City is unable to obtain the necessary permits and approvals to construct the causeway, a Traffic
Management Plan will be necessary to maintain efficient and safe movements along public streets.
Techniques to reduce public risk include, but are not limited to, the following:

¢ Notify residents of current or upcoming interruptions to the local or state road network
e Provide advanced notice to motorists of potential traffic delays through portable changeable signs
or stationary mounted signs

Erosion Control and Spill Prevention Plan
The erosion control and spill prevention plans will be included with the final permit applications.
Shoreline Assessment, Stabilization, Management Plan

This project will create about 4,000 linear feet of new shoreline. The project is anticipated to include a
slow staged drawdown over multiple years, and natural processes would dictate the shoreline location
and composition. Sediment retained by the dam’s concrete structures would be excavated to make room
for demolition equipment, and sediment would be removed / graded so tie into the upstream channel at
no steeper than a 5H:1V grade. Riprap would be necessary to stabilize areas that cannot retain a stable
slope, such as non-bedrock knickpoints adjacent to the dam and outside bends of channel meanders.
Sediment mobilized and passing through the dam would be captured by the turbidity barriers and
sediment trap pool, and trapped sediments would be regularly removed when the trap volume drops
below 25% remaining capacity. The design goal for the remaining impoundment sediment is self-
armoring of the new channel by natural flood processes, natural bank meandering (possibly to a wider
extent than would happen for other options), and natural revegetation. At any point the design team or
regulatory agencies decide that the risk of rapid channel incision or widening is too great, additional bank
armoring and channel stabilization measures would be implemented through permitted conditions.

The design team proposes the range of sediment to be removed from the site will be 10,000 to 25,000
cubic yards of sediment near the dam and 5,000 to 22,000 cubic yards of sediment trapped upstream of
the turbidity barrier. The remaining sediment within the active channel is expected to slowly pass
downstream over a period of years after the dam removal is complete. By starting the drawdown early
and allowing the impoundment bed to stabilize naturally, Ayres expects the sediment cutting to not
exceed 10,000 cubic yards or 20,000 tons per year in 2020 and then taper down to about 1,000 cubic
yards or 2,000 tons per year by 2025. The natural sediment transport of the river is no less than 10,000
tons per year according to the USGS regressions, so the dam removal will double the sediment transport
in 2020 but be back to nearly normal by 2025 if the dam remains drawn down henceforth.

However, even with the design approach listed above, an adaptive management approach is preferred to
allow flexible responses and future innovation to curb excessive sediment passage. For example, initial
tests of the sediment response could be conducted by drawing down the entire impoundment through the
sluiceway and then monitoring to determine how the banks hold up before starting any spillway removal.
If the banks are sound and quickly dewater (see Table 4), the contractor could continue without
intervention. If the banks are deemed unstable, construction would likely be halted to allow for earlier
mechanical intervention to stabilize the banks.

Page 22



It is important to note that access to the new shoreline will be very difficult once the impoundment is
lowered and soft soils prevent heavy construction equipment access. Sediment must dewater for a
sufficiently long period to allow pore water to drain and sediment particles to gain strength to support
construction equipment. The time to dewater impounded sediment is related to the permeability
coefficient and seepage path length. Permeability can be estimated from the Hazen (1930) empirical
formula, path length can be estimated from sediment core locations and the proposed channel location
separation, and grain size is provided in Appendix C-2 of the Lake George and Lake Louise Sediment
Assessment Report (2016). Based on these data, the time to dewater the impounded sediments in Lake
Louise varies as shown in Table 4 (for locations shown in Figure 13).

Core (2016) | k (ft/min) |Distance (ft] Days to Dewater
LL-C1 5E-04 100 131
LL-C2 1E-01 10 0.05
LL-C3 5E-02 5 0.1
LL-F1 2E-03 200 81
LL-F2 1E-02 290 15
i} LL-F3 5E-04 280 366

LAKE LOUISE
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Table 4 (top) and Figure 13 (bottom). Dewatering Time Estimated for 6 Sediment Samples
Based on Table 4, the contractor would need 131 days of drawdown before the soils near Inter-Fluve’s

sediment core LL-C1 would be dewatered. Based on Table 4, the anticipated future floodplain (LL-F3)
would take over a year to fully dewater.
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In summary, shoreline management is proposed to be an adaptive management process that has the
primary goal of minimizing adverse sediment releases and secondary goal of balancing budget with bank
stabilization performance.

Dust Control Plan

The final Dust Control Plan will incorporate the following techniques to minimize dust during construction
activities. Techniques include, but are not limited to, the following:

e Water trucks will be the primary means of dust abatement during all phases of construction.
e Contractor will limit the speed of construction vehicles on unpaved surfaces

Quality Control and Inspection Plan

Several phases of the removal project will require onsite engineering oversight. Dam safety and hydraulic
structure engineers should be present for these activities:

e Preconstruction kickoff meeting onsite

e Present to inspect the drawn down impoundment condition

¢ Midpoint of structural dewatering after each new cofferdam construction

o Initial release of at least the first three rock bolts, with the option to attend the release of the
remaining bolts

e Any post-flood activity that follows a cofferdam overtopping event

¢ Final inspection of the bedrock surface for each feature removed

o Final inspection of any restoration component

In addition to engineering inspection, a stormwater / erosion control inspector should schedule regular
(but unannounced and randomly timed) visits to confirm that the planned measures and expected
outcomes are occurring for soil disturbing activities. Visits should also occur after each 0.5-inch rainfall
event. The inspector’s checklist should include the following:

e Spot surveys of sediment depths behind turbidity barriers
e Silt fence inspections
e Bank stability (noting areas that appear to be slumping or have failed)

Emergency Response Plan

As part of the contractor’s submittals, an emergency response plan and a health and safety plan will be
required to show that the contractor has thought through emergency situation responses for the
contractor’s chosen access route and demolition methods.

Applicable emergency scenarios include, but are not limited to, the following:

e Medical (injury or iliness)

e Fire

o Traffic incident, including construction traffic in the worksite
e Hazardous spill

e Flooding
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o Dam failure
e Catastrophic emergency (high wind event)
e Security threat

Hazardous Material Management Plan

Project specifications are expected to include the following hazardous material management strategies:

e Asbestos Containing Material (ACM), lead based paint (LBP), and polychlorinated biphenyls
(PCBs) may be present in building materials based on the timeframe construction occurred. Prior
to removal, the contractor will sample and test for ACM, LBP, and PCBs at all structures that are
to be removed. The contractor will handle and dispose of any abated material with asbestos,
lead, and or PCBs which exceed hazardous waste criteria levels as hazardous waste at approved
hazardous waste facilities in accordance with applicable federal and state regulations. The
contractor will dispose of remaining materials as non-hazardous construction debris.

¢ Notice to the state is required for demolition activities; and permits may also be required, even if
no hazardous materials are onsite.

¢ A spill management plan will be submitted with the final permit application.

Construction Methodology, Sequencing, and Schedule

Anticipated construction sequencing is shown in the drawings. Based on the case study lessons learned,
a vertical'® removal is proposed for the Powell Falls Development as follows.

1. Stage 1 — preparation

a.

Prior to contractor mobilization, the City will pull the fuse cutouts from the Powell Falls
powerhouse and de-energize the 2400-volt interconnection breaker at the Junction Falls
facility. This will isolate the Powell Falls facility and allow the following to be safely
completed.

A stepdown transformer and meter will be installed at Powell Falls on the power pole
nearest the dam. This low voltage power source will be provided for contractor
connection, and future lighting for the public access areas. Security cameras may be
installed in the future after a fiber optic line is added from Glen Park to the dam.

The breaker at Junction Falls will be re-energized, converting the interconnection lines to
distribution lines.

Erosion control and sediment control measures would be in place prior to starting any
earthwork. This includes turbidity barriers, tracking control measures, silt fence, and
other best management practices required by the specifications and/or drawings.

% The physical structure can be removed in two directions — vertical or horizontal. Vertical dam removals
consist of removing one feature of the dam completely, then passing water through that new opening, and
then starting work on another feature. Most dam removals completed in Wisconsin have used the vertical
removal pattern, like Grimh Dam and Gordon Dam. Horizontal removals consist of layered removals
where a large length of spillway crest is lowered, usually in four-foot vertical increments starting at one
end and progressing laterally until the entire spillway is uniformly lowered. Then the process is repeated.
The Elwha Dam removal in Washington State is a prime example of a horizontal removal.
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An access road to the tailrace may need to be one of the first earthwork disturbances
necessary for this project. Currently Ayres expects the route down Bartosh Canyon is the
only feasible tailrace option until the dam is breached, but the RFMU is still evaluating
options for tailrace access.

The turbine shaft would be disconnected from the turbine and the turbine pulled to allow
flow to pass through the unobstructed discharge ring. Note that the intake headgates will
remain in place (permanently lowered) to allow refilling of the powerhouse with stabilizing
weight (needed for future beneficial reuse options).

The 18-inch and 24-inch sanitary sewer crossings would be inspected to see how the
drawn down condition is affecting structural stability, and the structure should be
relocated deeper if necessary. The inspecting engineer will also check the adjacent bank
to confirm if riprap is necessary to protect it against undermining during drawn down
conditions.

Additional riprap should be added to the east bank of the wastewater plant as needed.
The sanitary sewer crossings will be lowered as needed to accommodate erosion
expected during spring floods and ice passage. As preventative measures against
channel incision and sanitary crossing damage, an engineered channel (riprap over
bedding) will be added to protect infrastructure as needed.

2. Stage 2 — initial removal

a.

The causeway (see Traffic Management Plan) or construction access route would also
be implemented at this time.

A cofferdam (likely integral with the causeway) will be constructed on the upstream side
of the dam to isolate the western monolith. The cofferdam materials will be contractor
choice, as long as the cofferdam is stable and does not release fines to the river.

The water volume impounded between the cofferdam and dam (either groundwater or
floodwater) will be pumped into a settling basin. The cofferdam and all causeways
should be placed prior to trout spawning season.

Upon receiving permission to proceed from the engineer, the contractor will start
removing the upper lift of the monolith, being careful around rock bolt locations to avoid
damaging the tensioned nut and base plate.

The contractor will propose a plan for releasing bolt tension, in response to specification
requirements and subject to addressing objections and concerns of the engineer and
rock bolt manufacturer.

After release of the bolt tension, the deconstruction will continue, lift by lift, until the entire
monolith is removed to bedrock.

Because the dam has very limited discharge capacity at a drawn down state, any major
flood (1-year event or larger) is expected to refill the impoundment. Once the flood
recedes and the impoundment is lowered again, an engineer will inspect the worksite
after each flood event to confirm suitability for continued dam removal.

The powerhouse superstructure will be removed but the remainder of the powerhouse,
up to the present walkway elevation, will be left in place and filled to improve stability
during future flood events. The access stairs leading down from the hillside will be left in
place.

The contractor will remove the upstream cofferdam and all impounded sediment between
the removed dam area and the active river channel.

If banks need stabilizing upstream, this work will be completed prior to starting Stage 3.
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(Note: depending on the final selection of an access route, the west-to-east work sequence may
be reversed to minimize disturbance of the new channel).

3. Stage 3 — remaining spillway removal

a. Stage 3 will start with a smaller cofferdam placed upstream of the remaining spillway to
divert all river flow through the western dam opening and powerhouse. Cofferdam
materials will be the contractor’s choice, as long as the cofferdam is stable and does not
release fines to the river. Note that this cofferdam will need to resist higher velocities
than previous cofferdams, but the minimum height of this cofferdam is much lower than
that for Stage 2.

b. The water volume impounded between the cofferdam and dam will be pumped into a
settling basin, and the dewatered dam will be inspected by an engineer.

c. Prior to any demolition on the spillway, the concrete deck above the sluice gate will be
saw cut and separated from the powerhouse to prevent transfer of excessive vibration or
lateral loads. The sluice gate will then be removed and left permanently open.

d. Upon receiving permission to proceed from the engineer, the contractor will start
removing the upper lift of the spillway monoliths, being careful around rock bolt locations
to avoid damaging the tensioned nut and base plate.

e. After safe release of the bolt tension, the deconstruction will continue, lift by lift, until each
monolith is removed to bedrock.

f.  The contractor will remove the upstream cofferdam and all impounded sediment between
the removed dam area and the active river channel.

g. If banks need stabilizing upstream, seeding, planting, and / or riprap stabilization will be
completed prior to demobilizing.

h. Once the disposal site stops receiving materials from the dam removal and bank
stabilization project, the disposal site will be graded to stable slopes, covered with topsoil,
and seeded with an appropriate standard seed mix. Erosion control measures will be
removed after the site is vegetated.

Restoration and Post-Removal Activities

Ayres understands that unlike many other dam removals in Wisconsin, the Kinnickinnic is a Class | trout
stream, and therefore trout habitat advocates have a vested interest in creating trout and amphibian
habitat within the former lakebed. RFMU'’s goal for dam removal is to remove the dam and temporarily
stabilize the impoundment until a final restoration plan can be implemented. For now, the temporary
stabilization measures are expected to include fast-germinating grains (rye, oats, wheat) and
management of invasive species. While it is true that reed canary grass and other invasive species are
often found upstream of dam removals, Ayres has had good success with temporary grain cover followed
by prairie restoration at Grimh Dam and temporary grain cover followed by natural plant growth at Gordon
Dam.

In Ayres’ opinion, the restoration plan for the upstream impoundment needs to be fully developed prior to
starting dam removal. Some aspects of lakebed work may work better while using the dam as a
“cofferdam” in case a large flood happens prior to reaching a final stable channel shape. Other aspects
of lakebed work may have to wait until after dam removal, such as plantings of prairie plants that cannot
withstand even brief submergences. An adaptive management plan for vegetation is expected, including
covering bare soils with grains quickly to prevent runoff, continued monitoring for invasives, and
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synchronizing the dam removal activities to facilitate restoration goals. After the dam is removed, the site
will continue to be monitored for several years as outlined in the Construction-Related Plans. An adaptive
management strategy will be implemented to review plan goals against site conditions with adjustments
made to strategies as necessary. Specific items to be monitored after construction is complete include
the site restoration performance (including continued invasive species monitoring), long-term bank
stability, and upstream infrastructure stability (wastewater crossings, Junction Falls tailrace submergence
on the draft tube, etc.).

In summary, site restoration is expected to be in two parts — the first, an immediate response to stabilizing
sediment and banklines; and the second, a long-term plan to restore the former lakebed with
consideration for management of trout habitat, recreational amenities, native vegetation plantings,
invasive species monitoring and management, and other habitat considerations. For purposes of the
initial phase of this project, Ayres has proposed to outline only the first site restoration phase. The RFMU
expects to cooperatively work with various local stakeholders to develop the second restoration phase for
approval prior to starting the dam removal construction activities.

Dam Removal Restoration Plan (First Part)

The dam removal restoration plan was developed in consultation with TRC, and reflects the design intent
of stabilizing bare site soils but not preventing the Lakebed Restoration Plan (Second Part) or future
recreational amenities. The dam removal restoration plan includes design goals of vegetation
establishment on the exposed lakebed.

Initial vegetation establishment is expected through cover crops of oats (Avena sativa, spring / summer),
barnyard grass (Echinochloa crus-galli), and/or winter wheat (Triticum aestivum, fall). Laydown and
disposal site areas would likely include standard WisDOT mixes applied according to the WDNR
Conservation Practice Standard 1059.

The former lakebed of Lake Louise will be monitored and managed for invasive species. Monitoring and
management of purple loosestrife and giant reed grass will take place each year. Invasive species
management for purple loosestrife and giant reed grass would include herbicide treatment, following label
instructions and aquatic application license requirements. The lakebed should be monitored for invasive
species through final restoration.

Given the length of time between initial drawdown and final dam removal, Ayres expects the
impoundment lakebed will fully revegetate with native species (existing seedbank on the lakebed and
whatever seeds reach the site after drawdown). Experience at other local dam removals indicates that
within three years after drawdown woody vegetation will likely include Y2-inch to 1-inch saplings. As an
example of supplementing native seed mixes supplementing native plant growth from the existing
seedbank, TRC has suggested using native wetland and upland seed mixes with the understanding that
seed mixes that include native species known to occur at the Project (as documented in the 2019
Wetland, Riparian, and Terrestrial Resources Survey included in the Initial Study Report) should be
modified to accommodate the final restoration plan goals.

Final Restoration Plan (Second Part)

Ayres anticipates the final restoration plan will be developed in consultation with local stakeholders to
balance funding availability, grant requirements, corridor plans, recreational goals, and other concerns. A
final restoration plan is not available at the time of this report’s publication.
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Concluding Statement

Ayres appreciates the opportunity to assist the RFMU with continuing the Powell Falls decommissioning
process, including dam removal. We look forward to addressing questions about this report and a
successful project completion that benefits the City and community for decades to come.
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Appendix 1:
Drawings
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Appendix 2:
Case Studies for Similar-Sized and Similar
Location Dam Removals
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Introduction

Case studies are presented for five dam removals. The location of the dam removals is shown below in
Figure 1.

Legend
@ Gordon Dam
Grimh Dam

. Minnesota Falls
O Powell Falls
@ Woodley Dam

‘Gordon Dam

‘Grimh Dam

‘Woodley Dam

Minnesota Falls ‘Powell Falls

Google Earth

100 mi
Figure 1. Locations of Case Studies in relation to Powell Falls Dam
Case Study 1: Polk County Woodley Dam

Polk County’s Woodley Dam (45.39636°, -92.36385°) is 40.0 miles north-northeast of Powell Falls. In
2001, Woodley Dam’s embankment nearly overtopped during a large flood event, and the Wisconsin
DNR soon ordered a mandatory drawdown until repairs could be completed.
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Figure 2. Woodley Dam, prior to 2002 (photo courtesy?® of Woodley Dam Front)

Citing excessive repair expenses, the grist mill building (last producing hydroelectric power in 1994 but
never licensed under FERC jurisdiction) was removed in 2003 with little opposition (Figure 3), but the
County’s subsequent application for dam removal in 2003 was met with opposition.

Figure 3. Woodley Dam in 2007 (powerhouse removed in 2003 and reservoir drawn down in 2001).

The WDNR permit for the Woodley Dam removal was contested because the Apple River Association
and Kiap-TU-Wish Chapter of Trout Unlimited opposed?’ the permitted activities as “not in the public
interest and would unnecessarily and unreasonably harm the fisheries, scenic beauty, and other public
trust resources of the Apple River.” The contested permit items included riprap stabilization (alleged
environmental pollution and navigation hazards), dredging (citing environmental pollution), and later the
addition of a snowmobile bridge (deemed as not in the public interest). Arguing that the riprap fish weirs
and boulders (designed to restore fish passage without allowing steep grades to cut into upstream
sediments) prevented a “free-flowing, natural stream,” the constituents requested the WDNR order a
wider dam removal and removal of more reservoir sediments. Geofabric underlayment of the riprap was

20 http://www.deerparkwi.org/flood/woodleydam.html accessed electronically on July 15, 2010.
21 petition for Contested Case Hearing. Apple River Association and Kiap-Tu-Wish Chapter of Trout
Unlimited v. Wisconsin DNR. May 9, 2007.
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also contested as not environmentally responsible. Additionally, a local snowmobile advocacy group
contested the dam removal permit, arguing that loss of the dam prevented them from using the dam as
their river crossing.

While the dam owner argued the right to remove the dam in court, the plaintiffs disagreed on whether the
restoration plans were in the public interest. The competing restoration goals (three way — owner’s
budget, snowmobile crossing, anti-riprap advocates) halted the project as the case proceeded to an
administrative law judge. As a measure to progress the removal permit, the dam owner conceded to
dredge an extra 1,300 cubic yards, limit riprap use to protection of the bridge structure and outer bends of
riverbanks, and add a new snowmobile bridge (an additional cost of $197,000 in 2025 dollars). In
addition to the construction cost increases, the new bridge and riprap revisions to the dam removal plan
and permits required an additional 25% in engineering fees. Upon receiving the above concessions,
plaintiffs dismissed their contested case and the legal hearing was discontinued. The WDNR issued
permits based on the concessions, and the dam was removed in 2009 as shown in Figure 4. While the
actual deconstruction required only five months, the engineering design and permits had taken five years
to complete.

Figure 5 shows the site, two years after removal. The revised design (outer bend riprap and re-grading)
successfully stabilized lateral bank stability, and the former scour hole below the dam had refilled with silt
without leading to upstream migrating headcuts. The disposal site was stable and well vegetated.

Figure 4. Woodley Dam in fall of same year as removal, note active sediment transport (bedload)
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Figure 5. Woodley Dam two years post-removal (same view as Figure 3), note little sediment transport

Case Study 2: Sawyer County Grimh Dam

Sawyer County’s Grimh Dam (45.760986°, -91.220336°) is 93.4 miles northeast of Powell Falls. When
North Central Power Company decided to remove the 30-foot-high, 1200-foot-long Grimh Dam (Figure 6)
in a sparsely populated region of northern Wisconsin, few anticipated the legal, environmental, and public
safety challenges ahead. Grimh Dam originally supplied power to a local shingle factory, and the
resulting Village of Radisson expanded around the Grimh Dam impoundment. As the shingle business
faded, the dam was raised nine more feet to produce hydroelectricity for the region’s wood-products
industries and surrounding communities. By 1997, the dam required significant repairs to meet the
Federal Energy Regulatory Commission (FERC) standards, so rather than complete the FERC licensure
process, the owner published a legal notice to abandon the dam. The removal process was delayed
during attempts to sell the dam to the community and other hydropower producers.

e e s P S . o e s

Figure 6. Grimh Dam in 1990, Pre-Removal

In 2000, the WDNR required a drawdown to address unrepaired safety concerns. This drawdown initiated
a civil lawsuit from local property owners who had become dependent on the lake to support shallow
wells and sentimentally attached to the Village’s flowage for recreational and aesthetic reasons. Local
residents claimed their shallow wells were losing water, the once pristine fishing area was destroyed, and
property values were lowered because of the unsightly mud flats where the reservoir once flowed.
Because objecting to the WDNR drawdown for dam safety was not successful, plaintiffs quickly turned to
contesting the dam abandonment permit, and an administrative law judge was appointed to oversee eight
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months of legal arguments about dam removal. In 2008, the judge ruled that the owner and DNR had
sufficient rights to proceed with removal, but afterwards the WDNR requested additional justification for
the sediment management plan to handle 115,000+ cubic yards of silt in the main channel behind the
dam plus revised plans to accommodate native species and stream restoration concerns.

Several key permit conclusions and conditions from in the 2008 Wisconsin judicial decision for the Grimh
Dam abandonment are listed below, paraphrased and grouped in areas relevant to the current dam

removal study:

VIII.

IX.

XL

XIl.

XII.

XIV.

Procedural:

a.

Dam abandonments are a type Ill action under Wis. Admin. Code NR
150.03.03(8)(f)4, and do not require the preparation of a formal environmental
impact statement.

Dam Safety:

a.

b.

No construction is allowed during periods of high water OR between April 15t and
June 1t of any calendar year.

The permit holder must provide plans to ensure public safety which may include
monitoring for soft sediment areas that could entrap people or animals or the
placement of “No Trespassing” or warning signs to alert waterway users both
upstream and downstream of the project site.

Drawdown conditions:

a.

oo

Drawdown must be staged over two growing season intervals (two year time
period) to minimize the transport of sediment downstream and allow time for
natural vegetation to stabilize the site and prevent erosion.

Drawdown rate should remove approximately half the reservoir volume per year.
Drawdown rate must not exceed six inches per day.

The drawdown may commence no earlier than June 15 and must be completed
by September 15" of any year.

The permit holder shall inspect the flowage during drawdown to determine if fish
or aquatic life are stranded. To the extent practical, living fish and mussels shall
be returned to the water as soon as practicable.

Construction equipment in waters:

a.

All equipment, barges, boats, silt or turbidity curtain, hoses, sheet pile, and
pumps shall be de-contaminated for invasive and exotic viruses and species prior
to use and after use. This included a) inspection, b) draining of water, c) disposal
of aquatic organisms in trash, and d) washing equipment with >140F water OR
high-pressure water OR allowing equipment to dry thoroughly for five days.

Sediment and erosion control:

a.
b.

Effective soil erosion measures shall be in place during the entirety of the project.
Construction shall be accomplished in such a manner as to minimize erosion and
siltation into surface waters and as specified in the plans and procedures that are
part of or approved pursuant to this permit.

Sediment, concrete, and non-hazardous waste stockpiles:

a.

The permit holder must not deposit or store any of the graded or excavated
materials in any wetland or below the ordinary high-water mark of any waterway.
All graded or excavated materials must be placed out of the floodway of any
stream.

The permit holder must remove and properly dispose of any debris, such as old
concrete, pieces of metal, or any other debris that may have been deposited in
the reservoir or on the bed of the river.

The existing structures that are proposed to be abandoned must be completely
removed from the site and properly disposed of and must comply with all
Department solid and hazardous waste requirements.

Reservoir restoration:

a.

The permit holder must stabilize all sediment outside of the river channel in the
manner specified in the Erosion Control Plan and approved by the Department.
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b. Any exposed slopes after drawdown that appear to be erodible as identified by
Department staff must be adequately stabilized. This could include the use of
erosion control best management practices, recontouring of slopes, placement of
riprap, etc.

c. The waterway for flow and navigation in the vicinity of the structure shall be
restored as nearly as practicable to the conditions prior to the original
construction of the dam.

d. The permit holder must remove the dam in the manner that will result in minimal
long-term sediment deposition downstream from the dam. The permittee shall
cease or modify drawdown at the require of the Department if the Department
determines that detrimental, long-term sediment deposition is occurring. The
permit holder shall make reasonable efforts acceptable to the Department to
stabilize and restore downstream areas impacted by significant sediment
deposition associated with dam removal.

e. Final site stabilization requires the re-establishment of native vegetation and
“must not contain any exotic species.”

f.  There must be a post-abandonment site review performed by Department staff to
assess fish passage and to assure portions of the dam structure have been
removed from the channel.

The removal of Grimh Dam helped to shape dam removal designs currently accepted by Wisconsin
regulators as many lessons were learned. First, large flood risks cannot reasonably be mitigated. As with
many dam removals, Grimh Dam had insufficient flow capacity prior to decommissioning, and when
cofferdams were constructed upstream the dam had even less flood capacity. Historically, cofferdams
were seldom used, and many dams were “wet breached” such that the dam was demolished while
retaining water and silt — posing risks to sudden releases of water and sediment downstream if the
weakened dam remnant suddenly slid downstream or toppled. However, most state and federal dam
safety regulators today require engineered cofferdams to isolate sections of large dams to remove water
and silt loads prior to starting a controlled demolition sequencing. While this is safer during dry seasons,
there is a risk that the cofferdam itself cannot withstand moderate flood events. In Wisconsin, a still-
commonly accepted practice (listed in the WDNR’s Waterway Handbook) is to use a 10-year flood as the
minimum a dam must pass with cofferdams in place. However, the 10-year flood is based on historical
flows (which seem to underpredict future flood intensity) and compounded annual overtopping risk
creates a 10, 19, or 27% risk of overtopping in a one, two, or three year construction period, respectively.
As luck (or unluckiness) would have it for Grimh Dam, two rainfall events (4.0 inches of rain in seven
hours and a separate event of 5.5 inches of rain in two days) both produced the then-accepted 10-year
flood. The first flood overtopped the first stage cofferdam in early September and the second flood nearly
overtopped the second stage cofferdam in one month later (during the normal low-flow month of
October).

Grimh Dam also exposed the environmental unknowns associated with historical structures. The turbines
were coated in lead paint, and asbestos was prevalent throughout the building’s roofing and window
frames. The project’s asbestos items were fairly inexpensive (approximately $11,000) to abate in the first
weeks of construction, and lead was addressed by selling the turbines intact to a turbine restoration
company. During the project’s second year and after demolition of the top powerhouse layers, fuel-
contaminated soil was discovered in soil lenses between the foundation boulders and below the concrete
slab of the powerhouse’s old diesel generator building. Fuel leaking from a diesel generator or adjacent
fuel tanks over many decades had reached groundwater levels and created a plume of diesel range
organic exceedances. The unexpected contamination required extensive remediation of the dam’s right
embankment, including an additional $100,000 to haul contaminated soils to a landfill and complete the
required DNR testing and site deed restriction paperwork.

The biggest challenge for the Grimh Dam removal designers and regulatory reviewers was the sediment
that had filled the reservoir. During 75 years of project operation, the reservoir had amassed 115,000+
cubic yards of extremely soft sediments. As mentioned in the permit conditions, the WDNR required the
owner to post warning signage around the flowage to keep unwary trespassers from sinking into many
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feet of soft sediment. While typical riverine sand drains easily, it became apparent that the impounded
silts and clays were going to take many years to dewater and stabilize. Through frequent, purposeful
communication with the WDNR and owner, Ayres was able to inform all parties about risks of sediment
mobilization during each removal phase. While the WDNR retained the right to stop the removal process
at any time, the WDNR did acknowledge that the project would release sediment and no practicable
alternative existed to prevent the release of impounded sediment downstream. During discussions with
Ayres, the WDNR acknowledged the following risk reduction measures: 1) sediment “dilution” since the
larger Chippewa River was only 1.5 miles downstream of the dam, 2) partial sediment “consolidation /
stabilization” since the reservoir had been half way drawn down for 10 years prior to removal, and 3)
natural sediment “accommodation” as a slow release of the reservoir’s remaining volume over two
growing seasons would give time for the downstream reaches to adjust. These items were anticipated by
the judicial permit conditions, and this framework of risk reduction measures was reiterated often in Ayres
future discussions with DNR staff.

Even after a decade of the lake drawn down halfway and a slow methodical drawdown and removal
sequencing plan, sediment management was a significant challenge when compounded with high water
events. For dam safety reasons, the WDNR permit restricted any work done onsite during high water,
and this permit condition was implemented twice. Grimh Dam’s cofferdam overtopped as four inches of
rainfall fell in seven hours on September 25, 2010. An unknown quantity of sediment (possibly 5,000 to
10,000 cubic yards) was released during this single event to the Couderay and Chippewa Rivers.
Consultation with DNR dam safety and permitting staff was frequent, and all parties agreed that dam
safety was the highest priority throughout the flood. Turbidity was high for three days (Figure 7), but then
the river returned to normal color. Since the lake had refilled during the flood, the WDNR and Ayres
waited for the lake to return to a drawn down condition for inspections of the remnant site. Within two
weeks, Ayres’ inspections of the rivers below the removal site found no evidence of new sandbars, no
change in bedforms, and little evidence that a large volume of silt had been released. However, the
reservoir clearly showed signs that up to three feet of channel bed incision had occurred during this single
event. The contractor was allowed to resume work once the high water period had passed.




Figure 7. Couderay River below Grimh Dam during September 2010 flood event

Figure 8 shows how difficult construction access was, because protected wetlands downstream of the
dam and fifteen feet of muck upstream of the dam limited contractor access to slowly working from dam
ends toward the dam’s middle.

Figure 8. Difficult site access at Grimh Dam, looking upstream at powerhouse

Figure 9 shows the site, looking downstream at the previous powerhouse location during the substantial
completion inspection. This project was a highly collaborative project and also highly regulated with
frequent DNR visits to the site. Figure 9 shows 4 DNR staff onsite during substantial completion and in
the two years after completion many DNR upper management staff visited the site to see the results.

Page 62



Figure 9. Complete removal of powerhouse by end of 2011, looking downstream at powerhouse site.

Throughout the three years of this project (2010 to 2012), deconstruction of Grimh Dam proceeded
tenuously with uncertainty of not knowing when or if the WDNR would halt the construction activities due
to sediment flux. While the WDNR did not require upfront dredging at Grimh Dam, the design team and
owner had many conversations with the WDNR about what additional sediment stabilization measures
might look like, and these conversations continued even up to the last month of deconstruction. In fact, at
the end of the project all reservoir sediments had been exposed to at least two growing seasons, had
vegetation growing on them, and yet were still easily liquefied by passing construction traffic. One
sediment stabilization measure implemented was an additional 132 cubic yard berm of riprap to lessen
headcutting into the final western channel bank, a good measure to retain 15 feet of soft sediments uphill
of the new stream channel. After this riprap berm was placed, Ayres and DNR staff monitored the project
through three additional years of slow head-cutting upstream before the head-cuts halted in a reach of
large boulders. In short, sediment removal could have added $500,000 to $800,000 in construction costs,
but the above risk reduction measures allowed a good balance between economical and environmental
concerns by permitting the project to 1) slowly release sediments at the rate at which the natural
environment could accept them and 2) undertake only reactive repairs to discrete areas of bank
instabilities.

So how much of the 115,000+ cubic yards of impounded sediment actually passed through Grimh Dam?
Interestingly, the dam appears to have contained more sediment than could have reasonably
accumulated during the project lifetime. Ayres used the USGS’ “Measurement and Prediction of
Sediment Yields in Wisconsin Streams” (Water Resources Investigations 54-75) to estimate that the
annual sediment transport budget in the Couderay River was about eight tons per square mile or 1500
tons per year reaching the Grimh Flowage. Over the project’s lifetime this translates to about 60,000
cubic yards, but this means that the flowage must have contained either soft sediments retained
upstream of the original rapids — or this sediment was more likely decomposed sawdust and lumber
waste from the logging days. Regardless of sediment origin, the potential for a sudden release of
115,000+ cubic yards of impounded sediment was a great concern during the project. Ayres did not have
full time observation onsite for the Grimh Dam project, but the contractor only removed 5,000 cubic yards
of sediment from the forebay (mechanical dredging). The two floods that happened during the project
each released another 10,000 to 15,000 cubic yards, based on the headcutting and bed elevation
changes observed on the dewatered lakebed after the floods receded. By the end of two years of post-

Page 63



project monitoring, the former impoundment appeared to have lost 50,000 to 80,000 cubic yards, with the
higher end assuming no dewatering compaction and the lower end assuming that many sediments
reduced in volume due to dewatering and compaction. In summary, of the original 115,000 cubic yards,
5% was removed by the contractor through mechanical dredging, 20% was removed during two large
floods, 5% (assumes compaction) to 30% (assumes no compaction) passed through the site in the two
years of post-project monitoring, and the other 30% to 55% appears to have remained in the former
impoundment (though still might be mobilized during future large flood events).

Figures 6 and 10 show, respectively, the before and after removal photographs (note the same house
under the red arrow, though 15 years later).

Figure 10. Grimh Dam site three years post-removal

For Grimh Dam, the total dam decommissioning to removal process elapsed 15 years between the first
newspaper publication of impending dam removal and the removal contractor’'s demobilization. The
engineering, litigation, and permitting iterations took 12 years and approximately $200,000 in 2025
dollars, and construction took 3 years and $527,000 in 2025 dollars. Based on the final restoration
outcomes (Figure 10), Ayres believes the Grimh Dam restoration is the best example of a dam removal in
Wisconsin that balanced project costs and project outcomes.

Case Study 3: Douglas County Gordon Dam

Douglas County’s Gordon Dam (46.237312°, -91.784047°) is 104.3 miles north-northeast of Powell Falls
Dam. After a protracted search for a buyer, Dahlberg Light & Power decided to remove the 33-foot-high,
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1550-foot-long Gordon Dam in 2010. An earlier FERC Petition for Declaratory Order and attempts to
relicense the dam were stalled by requirements to increase hydraulic capacity and fix embankment
seepage issues. Gordon Dam had very little public interest in preserving the lake because the dam
owner, the State of Wisconsin, and a large timber company owned 95% of the flowage perimeter. The
impoundment had minimal sediment near the dam, mainly because while the impoundment was full the
river's sediments had dropped out in a long delta about a mile upstream of the dam. (These sediments
remained stationary once the dam was half drawn down in 2010, but they did re-mobilize after the full
drawdown was completed.) Environmental risk was also less. While there was some mercury found in
the local soils and a few leaking underground storage tanks within the watershed, the sandy sediments in
the upstream delta were not likely to contain heavy metals or other contamination sufficient to require
dredging. Therefore, no dredging was budgeted for this project, and sediments removed from the site
were considered acceptable for reuse as future road sands. Third, since lake sturgeon was the main
species of interest in the watershed, stream restoration was designed to mimic the natural streambed
downstream of the dam removal site.

Figure 11. Gordon Dam Pre-Removal

Ayres involved the WDNR and Corps of Engineers staff early in the Gordon Dam removal design process
to discuss removal risks and reduce project uncertainties. DNR dam safety staff considered a cofferdam
sized for the 10-year event to be sufficient, but desired the remaining reservoir head to be drawn down
slowly over two construction phases. The WDNR set the removal expectations as removal of all the
dam’s concrete to either two feet below grade or bedrock (never found), and the WDNR requested the
remaining embankments 1) not cause any backwater during the 100-year flood and 2) include at least
some flat area as an overbank to mimic the floodplain of the downstream channel. These preferences
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were accepted early in the removal design phase and allowed both the owner and engineer to proceed
with more certainty about project costs and review schedule.

The design uncertainty was reduced by following regulatory recommendations, extensive site testing, and
collaborative restoration planning. First, Gordon Dam has no record of diesel generators near the
waterway (these were downstream of the project and in an upland area), so the WDNR did not require
tests for contaminated embankment soils. However, due to a state-owned facility upstream (a prison)
and uncertainty about previous watershed activities, the reviewers requested that reservoir sediments be
tested for heavy metals. Therefore, 25 holes were drilled through the ice to probe for sediment depths
and collect samples for metals testing. The resulting field sampling and laboratory testing program
reduced design risk by informing both the owner, DNR, and USACE that the bed sediments were
primarily coarse sands and not soft silts. Since silts tend to carry more contaminants and mobilize easier
than coarse sands, the design team could recommend faster drawdowns and less sediment excavation
during construction. Second, native species seeding was recommended as the preferred restoration
plan, especially for areas below the Ordinary High Water Mark because any seed sown on the exposed
reservoir bed have a good chance of being transported during floods to environmentally sensitive areas
downstream. Therefore, a three-step seeding plan (dry, mesic, and wet) was specified for this project to
protect the downstream wild rice and wetland areas. Third, construction costs were more certain without
the unknowns of impoundment stabilization (minimal sediment adjacent to the dam, but still used a
double containment system for turbidity), contaminated soils (not found), or protracted delays due to
contested case litigation (only one private landowner).

A USACE 404 CWA Permit and a DNR 401 WQC were required for the Gordon Dam removal. The
WDNR also issued a Chapter NR 30 individual permit for dam abandonment. Key permit conditions for
removal activities included:

1. All equipment, barges, boats, hoses, sheet pile, and pumps shall be de-contaminated for
invasive and exotic viruses and species prior to use and after use. This included a)
inspection, b) draining of water, c) disposal of aquatic organisms in trash, and d) washing
equipment with >140F water OR allowing equipment to dry thoroughly for five days.

2. Nothing containing hazardous materials may be stored behind the temporary cofferdams
when the contractor is not working.

3. No fill may be placed during freezing conditions.

4. All concrete portions of the dam and powerhouse must be removed in their entirety. (This
permit condition was modified through consultation with the WDNR as controlled blasting
was used to disintegrate the deep powerhouse foundation rather than remove it. The
foundation was stuck in hardpan underlying five feet of quicksand, and the contractor
proposed a method to blast the concrete foundation so that the reinforcement could be
extracted. Reinforcement and concrete chunks larger than 24-inches diameter were
removed, but shot rock / concrete was not removed.)

5. The staged drawdown and removal sequencing provided by the engineer must be
followed exactly.

6. The upstream riprap and bank repairs are subject to the post-drawdown conditions and
may be subject to change.

7. Dam owner must monitor sediment transport and notify GLIFW if wild rice beds are
affected by sediment.

8. The dam owner must monitor the project site for a timeframe not less than five years.
Any substantial excessive erosion or channel failure at the project site within five years
must be mitigated in accordance with applicable state or federal code requirements.

9. The upstream channel may not be used as a heavy equipment route. (This permit
condition was subsequently waived after an amended application explained why
construction equipment required access and the lakebed access route was the least
environmentally sensitive route.)

10. Effective soil erosion and sediment control measures shall be in place during the entirety
of the project.
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SECONDARY TURBIDITY BARRIER

DIVERSHON CHANMEL

PRIMARY TURBIDITY BARRER

DIESEL GENERATORS

Figure 12. Gordon Dam removals’ double turbidity containment system and diversion channel (image
courtesy of and used under license of Google Earth Pro, 2020)

Removal of the Gordon Dam was completed by the same contractor (different foreman, different crew)
who had removed Grimh Dam. However, the contractor had problems dedicating sufficient workers to the
project on a regular schedule. For the first stage of construction (horizontal dismantling of the spillway),
the intermittent construction schedule was not an adverse impact to the project as the slow reservoir
drawdown kept the upstream banks stable However, as soon as the spillway was removed and the river
entered the bypass channel shown in Figure 12, the sand delta upstream of the impoundment began
cutting quickly which filled up the contractor’s turbidity barriers (a double barrier system that included two
sediment removal pools with a total usable sediment capacity of 400 cubic yards) faster than the
contractor could remove sediment trapped by the barriers. During the first few months after the full
drawdown, a four-person crew was required for four days a week just to keep the sediment traps cleaned.
The contractor required significant pressure from the WDNR, owner, and Ayres to maintain turbidity
barrier cleaning on a regular schedule. As with Grimh Dam, the WDNR prohibited dam removal progress
during winter months due to environmental concerns, but with the sand bars coming downstream the
WDNR did make the contractor clean the turbidity barriers’ sediment traps all winter long, though cleaning
slowed from twice weekly at first to once a month by the end of winter. Ayres regularly sent crews to the
site all winter to wade pools or drill monitoring holes through the ice and check for sand levels.

Figure 13 shows the second-year removal (powerhouse foundation still shown), and this view shows the

channel is carrying a significant bedload of sand nearly ten months after the full drawdown was
completed.
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Figure 13. Gordon Dam during second year of removal (image courtesy of Frank Dallam, DNR)

By the end of the Gordon Dam project, the contractor had emptied the double turbidity barriers about 16
times. Ayres used the USGS’ “Measurement and Prediction of Sediment Yields in Wisconsin Streams”
(Water Resources Investigations 54-75) to estimate that the annual sediment transport budget in the Eau
Claire River was about 10 tons per square mile or 762 tons per year reaching the Gordon Dam delta.
Over the project’s lifetime this translates to about 33,000 cubic yards, all collecting in the delta until the
dam removal drawdown was complete. Of this 33,000 cubic yards, 20% was removed by the contractor
in the two sediment traps (double row of turbidity barriers), 30% passed through the site in the two years
of post-project monitoring, and the other 50% appears to have remained in the upstream delta (though
still might be mobilized during future large flood events).

To remove the 13,500 cubic yards of embankment fill and clean concrete chunks, Ayres requested and
received permits to store the removed materials onsite. Figure 14 shows the berm built into the hillside,
capped with topsoil and seeded. The relatively silt-less sands collected by the turbidity barriers were
donated to the local township’s borrow pit for possible reclamation as future road sand.
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Figure 14. Gordon Dam’s onsite permanent stockpile for removal materials

Figure 15 shows bank restoration efforts at two cut banks within the former flowage. The contractor used
riprap and filter sand along the toe and regraded slopes to 3H:1V (horizontal to vertical; the site’s round
glacial sands required flatter than normal grades for stability).

Figure 15. Bank restoration efforts at Gordon Dam
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Case Study 4: Yellow Medicine County Minnesota Falls
Dam

The best-documented (and available for Ayres review) recent dam removals in Wisconsin are the above
three case studies. However, the FERC license surrender process adds complexity that cannot be
reflected in these three case studies. To help illustrate the likely complexity involved with
decommissioning the Powell Falls project, Ayres believes the Minnesota Falls (44.791173°, -95.500250°)
decommissioning project provides a more useful analogy, particularly in terms of a FERC license
surrender, consultation, and subsequent regulatory conditions imposed for decommissioning®?. The
Minnesota Falls Dam facilities (Figure 16) were owned by Northern States Power d.b.a. Xcel Energy, but
the City of Granite Falls was given preliminary licenses by the FERC over several years to generate 4.1
gigawatt-hours annually. Table 2 shows the MnDNR’s Environmental Assessment Worksheet for this dam
and lists the applicable permits.

Regulating Agency Xcel Energy Minnesota Falls: Elapsed Time Since Scoping Meeting and Action
State Historic Preservation Office 0.0yrs Cultural resource survey submitted to SHPO

All other agencies on this list 0.0yrs A scoping meeting was held in January 2010 with agencies
Environmental Assessment Worksheet (DNR) 1.5yrs Environmental impact study was not needed

State Historic Preservation Office 1.6yrs Ruled not eligible for the National Register of Historic Places
DNR Ecological and Water Resources 2.2yrs Permit authorizing removal

Yellow Medicine Co SWCD 2.4yrs Wetland Conservation Act Notice of Decision

Chippewa Co Land and Resource Mgmt 2.5yrs Land use permit application (grading and filling)

Yellow Medicine Co Zoning 2.5yrs Land use permit application (grading and filling)

Pollution Control Agency 2.7yrs 401 water quality certification (monitoring plan approval)
Pollution Control Agency 2.7yrs Minn. Stats chap. 115 and 116 Clean Water Act

Mn Board of Water & Soil Resources 2.7yrs Withdrawal of wetland bank credits for mitigation
Pollution Control Agency 2.8yrs Construction stormwater permits

Army Corps of Engineers 2.8yrs 404 Certification (discharge of fill into stream)

Upper Sioux Community 2.8yrs Restoration agreement between USACE, Sioux, and Xcel
DNR Ecological and Water Resources 2.9yrs Contractor's Water Control & Dredge Management Plan
Army Corps of Engineers 2.9yrs Notice to Proceed

Contractor Mobilization 2.95yrs Work began on December 14, 2012

Contractor Work Completed 3.15yrs Work was completed on February 4, 2013 (62 days later)

Table 2. Permits required for Minnesota Falls Dam Removal project??

Note that the timeline in Table 2 started after expiration of the last FERC license. Also note that the
permitting process took about three years between the initial agency contacts in January 2010 and the
contractor mobilization in December 2012. The Corps of Engineers and DNR also reviewed and
approved a separate water level control permit?* for cofferdams and dewatering (these are the 2.9 year
milestones listed in Table 2).

The Minnesota Falls Dam Removal project costs are not available for public release?® but they are
commensurate to those expected by Ayres for the Powell Falls project.

22 Barr Engineering states that the Minnesota Falls removal was one of the few complete dam removals in Minnesota
and established a permitting process for future dam removals. https://www.barr.com/projects/2387100300

23 Xcel Energy. “Construction Documentation Report: Minnesota Falls Dam Removal Project.” Dated December
2013. See also the Minnesota Falls Dam Removal. “Environmental Assessment Worksheet.” Signed by the
Environmental Planning Director on 28 June 2011.

24 http://www.crookstontimes.com/article/20121129/News/121129485

25 Xcel Energy. Email to Pete Haug from Elizabeth Karels Elizabeth.b.karels@xcelenergy.com received March 9,
2015. This information was released to Ayres Associates as sensitive information, acceptable to send to other FERC
clients but not approved for release to the general public.
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Figure 16. Pre-removal condition at Minnesota Falls Dam Removal (photo courtesy of Xcel Energy?)

Citizen feedback?” received during the Minnesota Falls Dam Removal project included a variety of
concerns:

e Property value decline after removal

e Groundwater wells and a golf course holding pond drying up

e River water intake modifications (Granite Falls Energy’s ethanol plant engineer originally
estimated modifications to cost $2M, though they hired a contractor to relocate their intake after
the dam was removed at a final cost of about $250,000)

e Loss of views for Granite Falls historical museums and parks

Most of the residents wanted the dam removed but preferred that a series of rock arch rapids be built to
retain the previous headwater elevation upstream of the removed dam.

The Minnesota Pollution Control Agency required the project owner to complete extensive sediment
contaminant testing. Sediment upstream of the Minnesota Falls Dam contained measurable amounts of
arsenic, copper, nickel, total Kjeldahl nitrogen, phosphorus, and total organic carbon. However, none of

26 Xcel Energy. “Construction Documentation Report: Minnesota Falls Dam Removal Project.” Dated December
2013. Photo 1.

27 “Attachment A: Public Comments Received on the Minnesota Falls Dam Removal Environmental Assessment
Worksheet.” 26 August 2011.
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the metals were above the soil reference value guideline criteria, so the dam removal could reuse
dredged materials in bank restoration projects. Less than 9,000 cubic yards of sediment were dredged
for this project, just enough to remove the silt off the concrete structures and establish a stable grade
back upstream to the new channel.

The total quantity of sediment released during the project is unknown. However, Minnesota State
University and the USGS have determined the river passes a daily sediment load of 2700 tons, or
986,000 tons per year for the 14,900 square mile watershed supplying sediment to the USGS gage at
Mankato.?® The annual sediment load is approximately 66 tons per square mile of watershed. One
interesting fact is that Minnesota DNR allowed winter drawdown and winter removal of Minnesota Falls
Dam for the following reasons:

1. With less algae and less runoff, river disturbances were more easily monitored so that the
contractor could adapt means and methods based on visual observations of turbidity. The
contractor was permitted to release river turbidity at 25 NTU, a standard that could not have been
met during normal summer flows;

2. Freezing conditions allowed dredged materials to be more easily transported (chunks rather than
slurry); and

3. Colder water appeared to limit extent and duration of resuspension of sediments.

After expiration of the FERC license, the timeline of the Minnesota Falls Dam Removal project was
typical. Plans® to remove the dam were submitted to regulating agencies in January 2010 and the dam
was removed¥® in February 2013 (Figure 17). The construction was completed during low river flow
conditions in mid-winter, and turbidity was monitored downstream of the worksite for most of the 62-day
construction period. Construction was completed by equipment working in water to hydraulically hammer
and demolish the structure in place. Once demolished, crews hauled sediment and clean concrete
fragments to an onsite disposal location and other materials to approved landfill or recycling centers. The
winter drawdown and dam removal efforts were successful at meeting the turbidity standards set by the
state reviewers. Vegetation at the removal site was stabilized by September 2013, and the construction
report (including post-construction monitoring provisions) was issued in December 2013.3"

28 https://mrbdc.mnsu.edu/sediment-minnesota-river-basin and
https://waterdata.usgs.gov/nwis/inventory/?site_no=05325000&agency cd=USGS

29 “Dam Removal.” Drawings marked “Preliminary Draft,” submitted to Xcel Energy, and dated 01 July 2010 and 17
June 2010. Drawings were incorporated into the Environmental Assessment Worksheet.

30 http://www.minnpost.com/minnclips/2013/04/timelapse-minnesota-falls-dam-removal. Article shows a timelapse
video of the dam removal.

31 Xcel Energy. “Construction Documentation Report: Minnesota Falls Dam Removal Project.” Dated December
2013. Pages 1 and 2.
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Figure 17. Post-removal view of Minnesota Falls Dam (photo courtesy of Xcel Energy3?)

After upgrades to the local ethanol plant’s water supply system and site restoration, the removal of the
Minnesota Falls Dam was deemed successful by the project’s owner. Ayres was unable to find online
public opinions about how issues presented during the Environmental Assessment3® (public enjoyment of
the free-flowing stream, leaving a barrier to Asian Carp, sediment releases, well level impacts, etc.) were
judged after project completion. A time lapse of the project available through the link below3* shows the
wet-breach and removal of the concrete spillway from left to right, looking downstream.

32 Xcel Energy. “Construction Documentation Report: Minnesota Falls Dam Removal Project.” Dated December
2013. Photo 35.

33 http:/files.dnr.state.mn.us/input/environmentalreview/minnesota_falls/minnesota falls public_comments.pdf
34 https://www.youtube.com/watch?v=C-VmAnmDyGA
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