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Abstract

Buffalo Reef is a 2,284cre cobble field located in Lake Superior on the eastern side of the Keweenaw

t SYyAyadzZl Ay aAOKAIlIyYyQa ! LIISNI t Sy A yourdive lake¢ KS NB ST
Trout and Lak&Vhitefish andcontributes to the Lake Superior fishery. The rne&ixtremely important

to indigenous peoples. The Keweenaw Bay Indian Community (KBIC) has a deep, intergenerational
connection to the area and relies on the health and sustainability of the ecosystem for the continuation

of cukural and ceremonial lifeways. The reef and surrounding habitat have been negatively impacted by
YAYAY3 ¢l adsS O02vyyvyz2yfte (y2¢6y |a aaidl YLl alyRazé oKA
Keweenaw Peninsula during the"8nd early 28 century. Stamp sands have encroached on the

nearshore juvenile fish habitat area, covered existing native sand beaches, and threatened the

navigability of a nearby harbor of refug€his harbor is used by the tribes to access Buffalo. Hbef

Buffalo Reef Task For(BRTF) is a muligency and stakeholder group that was created to develop a

longterm management plan to protect the reef and its associated resources from stamp sands

encroachment.

In 2019, the BRTF identified 13 potential alternatives to remediate the stamp sands and restore the
habitat. The alternatives were screened based on constructability, operation and maintenance
requirements environmental impact, ecological sustainability, initial costs and legacy costs, regulatory
requirements, public input and opinion, time needed for implementation, impact to local populations,
and potential for beneficial use of the stamp sands. Thre=r@tives were selected for further
considerationThisReport on the analysis of tHdéo ActionAlternative andhree final alternatives
discusses the formulation of the final alternatives, compares potential impactsgdantfiesthe

G! LI FyR ! (S NCICIOMD SeiNdsiaESteiNaRSR y Rotaintial Plas. The study
compares three scales of implementation for the Upland Alternative. The scale of implementation
differs based on the volume of stamp sands to be dredged and disposed duriimpieenentation

phase. Additionally, the study primes an assessment of the impact the volume of stamp sands
removed duringmplementationhas on the cost and duration of the operation, maintenance, repair,
replacement, and rehabilitation phase.
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Executive Summary
ES lintroduction

This report documentthe evaluation by the Buffalo Reef Task Force (B&TBur alternative
remediationapproachesincluding @No ActionAlternative, andthe selection of thdJplandAlternative

as the. w ¢ @ddaired alternatived 2 NJ &t 2 ( So/piofedt BuffalofRéef/fiomd coppaontaining

YAYAY3 ¢l aGSs O2YY2yf tati} heRgirdinsgoried antd théeel 4dd adjacgriR & ¢
ONRGAOFE KFIoAdGFGd . dzFFl 2 wSST Aada 2FFakKz2NB 2F GKS
and provides critical spawning habitat for Lake Trout and Lake Whitefish. The Upland Alternative was
developed for threescales of dredging to evaluate how increasing the volume of stamp sands removed

during plan implementation impacts the cost and duration of the Operation, Maintenance, Repair,
Rehabilitation, and Replacement (OMRR&R) phase of the project.

ES 2Background

Between 1850 and 1929, the Keweenaw Peninsula mining district was the second largest producer of

copper in the world (Murdoch 1943; Benedict 1952). According tdettmnomic Impact of the 1837 and

1842 Chippewa Treaties 4 KS NX &2 dzNOS&a Ay GKS OSRSR fFyRX S&LIS(
for the industrial transformation of late nineteenth and early twenti€hS y G dzN®B | YSNR O ®¢ CN
mid-1800s to thel930s copper mined from this peninsula was used for transatlantic cables, telegraphs,
electricity, and the automotive industry; the copper also made the telephone system possible (NPS

2019, Wrone 1993). In total, 4.8 million metric tons (approximately 11 billion pounds) of copper were

mined from the Keweenaw mining district (Benedict 1955) withegfard to the ecological impacts of

the associated mining waste.

Buffalo Reef is a 2,268cre cobble field in Lake Superior adjacent to the Keweenaw Peninsula of
Michigan thatprovides critical spawning habitat for Lake Trout and Lake Whitefish. Buffalo Reef is being
impacted bya coppercontainingmining wastecommonly known aéstamp sand§ adegacy waste

left over from thel NJBdopper mining period described abavEhe reef is popular witanglers and

has been closely connected tommercial and subsistence tribal fishefie Treaty of 1842 reserved

the tribes' rights to fishpreserving theribes' ability to continuetheir preexisting fishing practices near
Buffalo Reefin the vicinity of Buffalo Reef are census traclassified as disadvantaged per the Climate
and Economic Justice Screening %.ofhe disadvantaged census tracts are Baraga County, which

Ay Of dzRSa G KS J dd pbrichs oS agBtoniBouity 2 y

I Census tracts are small units of geography that generally have populations between 8,200 people.

2 https://screeningtool.geoplatform.gov/en/#9.25/46.74588.3946

3 The Climate and Economic Justice Screening Tool considers Federally Recognized Tribes disadvantaged
communities.
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Figure ES: Project Located in Keweenaw Peninsula of Michigan

The reef and surrounding habitat are in jeopardy of being inundated by an estimated 12.7 million cubic

yards (MCY) of stamp sands generated by mining operations which ended in the 318@lss estimate
approximatelyongf KANR 2F (GKS NBSTQa adaNFIF OS I NBF Aa 02 SN
stamp sand grains (Kerfoot 2017). Recent laboratory studies have shown that fewer Lake Whitefish
successfully hatch in tanks with 10¢amp sand on the bottom compared to tanks that contained only
naturalgravel and sand (Lowe 2020).

Despite the ecological impacts of copper mining waste dumped throughout the Keweenaw Peninsula,
Buffalo Reef had not been identified as an impacted area that needed remediation until tribes with their
indigenous technicacologicaknowledge (ITEK) raised awareness. The issues facing Buffalo Reef were
first pointed out by tribal fishers and investigated by tribes and Great Lakes Indian Fish and Wildlife
Commission (GLIFWC) staff in the early 2000s. Informed by this effort, fetktel and tribal ageneis
continued to study and undertake interim response actions to minimize further impacts to Buffalo Reef.
After Great Lakes Restoration Initiative (GLRI) funds became available in 2010, increased funding to the
overall effort was possibl&Vith support of federal capacitguilding programs, especially GLRI, tribes

and intertribal agencies have increased their engagement in the process.

The USCanada 2012019 and 2022024 Lake Superior Lakewide Action and Management Plans

(LAMPSs) both contain priority actions focused on protecting Buffalo Reef and nearshore areas from

stamp sands encroachment. In 2017, the U.S. Environmental Protécb® y O&8 Qa 09t ! 0 DNB I
National Program Office (GLNPO) endorsed the formation of a Buffalo Reef Task Force (BRTF). The BRTF

ES2
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is comprised of federal, tribal, and state agencies dedicated to collaboratively developingtariong
adaptive management plan to protect the reef and nearby shallow water habitat.

In 2019, the BRTF released Beffalo Reef Alternatives Repdorti KS anwnmdp !t i SNYI GAGSaA
evaluated 13 alternativapproachsto remediaingthe copper mining waste and proteng Buffalo

Reef (USACE 2019he2019 Alternatives Repomcluded a No Actioralternative and recommended

that three of the alternativesbe evaluated further. Pursuant to the Economy in Government (31 U.S.C.

Section 1535) Interagency Agreementavith GLRI funding, GLNPO funded the U.S. Army Corps of

Engineers (USAL®G complete a feasibility study. The feasibility study further evaluatedfiweActiord

andthree alternativesleading tathe. w ¢ §&@diion of greferredalternative(also known as the

at 2 G Sy i folprbtect Buffaly Reéf and restore nearby juvenile Lake Whitefish and Lake Trout

habitat. Thepreferredalternative includes dredging stamp sands from the shoreline and nearshore

waters and constructing an upland disposal site for the dredged stamp sands.

Buffalo Reef is extremely important to indigenous peoples who have a deep, intergenerational
connection to the areas surrounding Buffalo Reef, the health and sustainability of which is central to the
continuation of cultural and ceremonial lifeways. Fro@02 to 2018, tribes harvested 928,802 pounds

of dressed Lake Trout and 2,071,242 pounds of dressed Lake Whitefish from Management Area 4, which
encompasses the waters on the east side of the Keweenaw Peninsula. The average annual total harvest
is 162,760 tessed pounds during these years (Mattes 2Q03. Harvests pursuant to treaty rights in

ceded territories supply tribal members with fishrteeet their spiritual, cultural, subsistence and

economic needs.

If left unchecked, stamp sands will continue to be transported onto Buffalo Reef, jeopardizing

subsistence, recreational, and commercial fishing around Buffalo Reef and the Keweenaw Bay Indian

I 2YYdzyAGeQa oY. L/ 0O NI RA (A Byffald Redf. BRMpO NS daryadizd, gs3  NB f
they have done in the past, fill Grand Traverse Harbor, a harbor of refuge which provides shelter to

boats during poor weather and is used by tribal fishers and tribal fishery management to access Buffalo

Reef. Witlout dredging the harbor and moving stamp sands that collect on the updrift side of the harbor

jetty, stamp sands will continue to be transported south of Grand Traverse Harbor. Once south of the

Grand Traverse Harbor, stamp sands would cover existingeredivd beaches in the Lower Bay and

negatively impact the remaining nearshore juvenile Lake White fish habitat area.

If Buffalo Reef spawning habitat is lost, the estimated number of stocked yearlings needed to replace

adults is over 9.7 million for Lake Trout and over 5 million for Lake Whitefish (Fletcher 2019). The loss of
Buffalo Reef would contribute to the reduction genetic diversity of Lake Trout, posing lakde

AYLI OGa FyR FdzNI KSNJ S a aFsoy a fiitkaSperdpBciva, she I8 of Qutukaly | G S N.
subsistence fishing to the tribes that fish these waters would be incalculable.

ES 3Indigenous Traditional Ecological Knowledge

To elevate indigenous knowledge in federal decisitaking, the White House Office of Science and
Technology Policy (OSTP) and the Council on Environmental Quality (CEQ) engaged more than a
thousand individuals, organizations, and Tribal Nations in a \Wuteseled effort from March through
May 2022. Specifically, the OSTEQ memorandum:

ES3
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1 Recognizes ITEK as a form of knowledge that can and should inform Federal Government
decision making where appropriate and commits to improving Federal engagement with Tribal
Nations and Native communities around ITEK.

1 Creates an Interagency Working Group on ITEK, which will initiate a process to develop
governmentwide guidance for Federal agencies on elevating ITEK, with Tribal consultation,
Native community engagement, as well as agency, expert, and public input.

T Highlights ongoing examples of ITEK collaboration between Tribal Nations, Native
communities, and the Federal Government.

ES 4Initial Screening of Alternatives

The 2019 Alternatives Repagcommendedhree alternatives for furtheevaluation Thosealternatives

included the dredging and disposal of stamp sands in the following locations: 1) White Pine Mine, a

closed tailings basin; 2) a Lakeside Placement site; and 3) an Upland Placement site. After initial

evaluation, White Pine Mine was eliminatédm further consideration primarily because it was cost

prohibitive. The Lakeside Placement site was also ultimately eliminated from further consideration due

to the uncertainty of obtaining a State of Michigan operating permit and the cost ofttthgOMRR&R

of the armor stone feature. Consequently, the Upldtidcement Sitélternativeé ¢ | LJX I yR | £ G SN |
and theNo Actionl £ G SNY I G A @S T NdActbré NBBIBNIOR NINA SIRa F@ NB I NR T
evaluation.

ES 5Detailed Alternative Evaluation

The Upland Alternative was furthewaluatedby refining planning and engineering considerations

related toimplementation and OMRR&R activities. The No Action and Upland Altersiatve
evaluatedbased ortheir benefits to Buffalo Reef and the surrounding habitats, implementation cost,
implementation duration, OMRR&R cost and estimated duration, and positive and negative impacts due
to alternative implementation.

¢KS aNRoOodzalySaae 2F . dzFFrt2 wSST FyR AG& &dzZNNPdzyR
was estimated for each alternative. The robustness criteria wiBreelative ecosystem recovery

estimated relative to the prstamp sands condition ardo Actionconditiors and 2) relative ecosystem

recovery duration'Relative ecosystem recovély an estimate of the anticipated condition after project
implementation, assigned a percentage. The percentage represents the anticipated habitat recovery

after dternative implementation relative to the pre stamp sand condition (rated as 100%INar#iction
condition(rated as 0%).

¢KS WRdAzNI GA2y 2F SO2aeaidSYy NBO2@OSNEQ NBLINBaSyida i
NEO2 @S NE Q O NA ltiSmehsuredinfernds lofdigh §enéations, with each generation

estimated at 15 years. Because each scale of the Upland Alternative includes the removal of stamp

sands from areas immediately adjacent to Buffalo Reef, ecosystem recovery is expectgihtaftsr

large-scale implementation dredging is complete. The recovery duration is estimated to be longer for
alternativeswith longer OMRR&R dredging requirements.

ESA



Buffalo Reef, Final Alternatives Analysis DRAFT JANUARY 2024

ES 5.1 No Action

Grand Traverse Bay Harbor has frequently been dredged over the past decade to protect the reef and
surrounding habitats from continued stamp sands encroachment. Fal&hActionAlternative, it was

assumed this maintenance dredging would stop. Consequently, stamp sands would continue to be
transported and eventually overtop Grand Traverse Bay Harbor. Though USACE would continue to

submit an annual budget request, there remainsignificant likelihood that the Federal project funding

for harbor maintenancevould not be consistenfThe harbor would continue to fill with stamp sands,

and the river outlet would be constricted or closed off completely. Once the river outlet is constricted or

closed off, Traverse River would be at risk of flooding, and harbor uses would likely batelinirhe

No Actionalternative was estimated to have a 0% recovery in comparison to thetarep sand
condition. TheNo Actiont f G SNY I G A @S wSt I iA0BS 902aeaiGSY wSO2dSNEe
LIS AOlIofSé¢ 0SOldAS y2 AYLINROSYSyd (2 NBRAdZOAYy3 ai
nursery habitat results from this alternative.

ES 5.2 UplandPlacement SitAlternative

The UplandPlacement Sitélternative(Upland Alternativeincludes the following measures: landfill,

Coal Dock Jetty (CDJ), construction roads, water treatment plant, dredging in the following locations:
South Shoreline, Middle Shoreline, North Shoreline, Trough, and Dune, beach nourishment, and
maintenance dredigg during implementationMitigation for impacts caused by implementing the

Upland Alternative, such as wetland filling, would be required and have been documented in this report.
The Upland Altative was evaluated for three implementation scales:

1 UplandSmall, 4.3 Million Cubic Yards (MCY) of stamp sands dredged;
1 UplandMedium, 8.7 MCY of stamp sands dredged; and
1 UplandAll, 12.7 MCY of stamp sands dredged.

Implementation of the Upland Alternative includes the following activitiésnping, engineering, and
design; ral estate acquisition including lands, easements, rigiitway, and relocation; maintenance
dredging; construction and construction management; performance monitoring and adaptive
management; and mitigation.

Water E‘* i Water l‘ Water

) U.plt;‘nd Trgatment Upland Treatment ‘ Upla.nd Treatment

Placement .// Construction Placement ./’// Construction Placement -
Site

~
=

f
Road Site / Road Site |"

|
’

.
Coal 1 Construction/ "\
Dock——— "\ Road

Jetty . - > J
Trough” Trough Coal
Dock
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\
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Figure EQ: Upland Placement Alternative: Small, Medium, All Dredging Scales represented (left to right). S §tRoatme
Shoreline; M ShorelineMiddle Shoreline; and N Shoreligdlorth Shoreline. The Upland Placement footprint required to
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dispose of the volume of stamp sands removed during project implementation varies per dredging scale. In the placement site

measure, the solid white line represents the estimated placement site footprint to contain the stamp sands dredged during the

projed implementation phase. The dashed white line represents the estimated placement site footprint to contain stamp sands
dredged during the OMRR&R project phase.

These implementation options differ in the quantity of stamp sands dredged and disposed during the
implementation phase. As the volume of stamp sands removed during implementation increases, the
remaining stamp sands volume atiee duration of theOperations, Maintenance, Repair, Replacement,
and Rehabilitation (OMRR&BR)asedecrease. During the OMRR&R phase of the project, stamp sands
accumulating at the CDJ would be dredged to minimize bypass into Buffalo Reef. Stamp sands
accumulating at Grand Traversiarbor Jetty would be dredged to minimize stamp sands transport into
the juvenile Lake Whitefish habitat south of the harbor and to keep the harbor open.

Over the years, approximately 0.01 to 0.02 MCY per year of stamp sands have been beneficially used as
winter road traction (Greensand Partners LLC). Additional beneficial uses continue to be investigated.
Despite extensive efforts to date, cost effectivenieficial uses, except for road traction, have not been
identified. Project implementation and OMRR&R costs may be reduced by beneficial use if such a use
was found. The volume of stamp sands removed during implementation, total implementation costs,

and QMRR&R duration are summarized in TablelES
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Table ES. Total Cost Implementation PhasEpland Placement Alternative, Three Scales

Feature Upland-Small Upland Upland-All
($) Medium ($} ($)

Grand Traverse Harbor Maintenance Dredg 5,250,000 5,250,000 5,250,000
Wetland Mitigation 1,250,000 1,250,000 1,250,000
Haul Roads 5,428,000 5,428,000 5,428,000
Septic Field Relocatio 288,000 288,000 288,000
CDJ 55,926,000 55,926,000 55,926,000
CDJ Dredgin( 9,200,000 11,500,000 11,500,000
Landfill 265,449,000 368,786,000 465,924,000
Water Treatment Facility 24,441,000 24,441,000 24,441,000
South Shoreling 153,650,000 153,650,000 153,650,000
Trough 25,548,000 25,548,000 25,548,000
North Shoreline - 88,400,000 88,352,000
Dune - - 66,645,000
Middle Shoreline - - 33,996,000
Financial Assurancegs 1,000,000 1,000,000 1,000,000
Estimated Construction Cos 547,430,000 741,467,000 939,198,000
Contingency (3(36%}¥ 197,075,000 222,440,000 338,111,000
Real Estatke 36,000,000 36,000,000 36,000,000
Total Construction Cos| 780,505,000 999,907,000, 1,313,309,000
Design Phase| 92,152,000 115,640,000 148,908,000
Construction Manageme#t 59,560,000 77,113,000 102,185,000
Total Project Cost (Unescalateq  $932,217,0000 $1,192,660,000 $1,564,402,000
Total Project Cost (Escalatéd| $1,153,167,000 $1,544,163,000 $2,119,609,000

L All costs are presented at the October 2022 price levelrandded to the nearest $1,000.
2t SNJ { SOGAR2Y oHndmmMpHO 2F (GKS {GlIGS 27
financial assurances for the maintenance of a completed facility.

3Because of the uncertainty in the dredging quantities, contingency for Small apchhdtl alternatives is 36% and Medium
scaled alternative is 30%. See Cost Appendix for more information.

“Real estate costs were increased by a 20% contingency.

SPlanning, engineering, design phase costs were estimated as 4% of the total construction cost.

6Construction management cost was estimated as 8% of the total construction cost. It includes costs of monitoring and
adaptively managing the implementation.

To account for inflation, the total project cost was escalated to the midpoint of construction based on forecasted cast index
of each feature using USACE Engineering MafiMal 1102-1304, Civil Works Construction Cost Index System.

aAOKAIlIYyQa tFNI wmwmp
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ES 5.2.1Risk and Uncertainties

Several risks and uncertainties were documented and used to inform the contingency of the cost

estimate and schedule. The top risks that could impact cost and schedule were real estate acquisition

delay, importing fill to build disposal facility, contractvailability, deposition of stamp sands on

cleaned areas, and estimated volume of stamp sands dredged. The report also documents potential risk
mitigation strategies and an opportunity for cost savinggptimizing the Upland Placement Site design

to redue cost. The feasibilitlevel design includes stone as the first berm lift. During the detailed design

LIKF &8s GKS fFyRFAfE O0SN¥YQa aAxi S FyR YIFOSNRIE g2 dAf
million of the current estimated cost of $2.1 ihi for the UplanéAll scale Both costs are escalated to

the midpoint of construction.

ES 5.2.20MRR&R Dredging Duration

The OMRR&R dredging duration was informed by historic stamp sand movement, estimated volume of
stamp sands in the dredging polygons, and the sediment transport modeling conducted to inform this
study. The modeling was of tido ActionAlternative; and therefore, the modeling did not include the

impact a CDJ would have on sediment transport. Using this information and best professional

judgement, it was assumed approximately 100,000 cubic yards (CY) of stamp sands could be trapped by
the CDJand dredging wald be required every three years to minimize bypass of stamp sands around

the CDJ. The estimated OMRR&R dredging durations were estimated using these assumptions. Modeling
in the next phase of the project would improve the accuracy of the estimated voldisiamp sands

trapped by the CDJ aretimateddredging frequency.

ES 5.2.3Upland Alternative¢ Small (UplandSmall)

UplandSmall (Figure EB includes constructing all necessary infrastructure and dredging 4.3 MCY of

stamp sands and disposing of it in the Upland Placement Site. This scale includes dredging the South
Shoreline and Trough, in this order. Assuming an ahimiplementation budget of $108120M, the

estimated project cost including escalation is found in Tabi&,B&d implementation duration is found

in Table E&. An estimated 4.3 MCY would be dredged during construction. For OMRR&R dredging,
approximatey 8.4 MCY is estimated to remain, and OMRR&R duration for implementation,
YFEAYGSylryOS RNBRIAYIA YR {GlIGS 2F aAOKAAIYyQa NB3Idz
O2YLI Nrazy (2 GKS aSRAdzY IyR ! ff casgstein Gcovefy@f@mMy | G A O
project implementation was estimated to be the lowest because it has the smallest volume of stamp

dFyRa GKIFIG g2ddR 6S RNBR3ISR RdNAYy3I GKS AYLX SYSydl
recovery was longer than the Altale but the same as the Medium scdlalfle EQ) because th&Small

and Medium scalesclude thedredgedareasthat cause the greatesmpacts to the ree{Table ES).

ES 5.2.4Upland Alternative¢ Medium (UplandMedium)

UplandMedium (Figure E$) includes constructing all necessary infrastructure and dredging 8.7 MCY of
stamp sands and disposing of it in the Upland Placement Site. This scale includes dredging the South
Shoreline, Trough and North Shoreline, in this ordesuming an annual implementation budget of
$100$120M, the estimated project cost including escalation is found in Takle &8l implementation
duration is found in Table ES For OMRR&R dredging, approximafelyr MCY is estimated to remain,
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YR GKS RdzN} GA2Y 2F hawwsw F2NI AYLE SYSydlidAaz2ys YI
regulatory post closure care is found in TablelEB® comparison to the Small and All scale alternatives,

GKS aSRAdzy alOl fSQa NBf I (est@plenteaicndvaseSinmatedlB k2 S NE | F
greater than the Small scale but less than the All scale because the dredged volume for the Medium
a0ltS g2dd R 0S Y2NB GKIy GKS {Ylfft aoltS FIyR tSaa
duration for recovey was estimated to be longer than the All scale but the same as the Small Scale

(Table EQ. Alternative Comparison Matpix

ES 5.2.5 Upland AlternativeAll (UplandAll)

UplandAll (Figure ES$) includes constructing all necessarfrastructure and dredging 12.7 MCY of

stamp sands and disposing of it in the Upland Placement Site. This scale includes dredging the South
Shoreline, Trough, North Shoreline, Dune, and Middle Shoreline in this order. Assuming an annual
implementation budet of $108$120M, the estimated project cost including escalation is found in Table

ES1, and implementation duration is found in Table EFor OMRR&R dredging, approximately

500,000 CY is estimated to remain, and the duration of OMRR&R for impleroentathintenance
RNBRIAY3I IyR {(GI1GS 2F aAOKAIlIyYyQa RBrcdriparifod B LJ2 &
GKS aSRAdzy FyR {YIft aoOlFfS FtGSNYyIFrdiA@Sas GKS 1 ff
implementation was estimated to be thgreatest and the relative duration for recovery was estimated

to be shorter than the duration estimated for the Small and Medium scMesrix Tabl@.
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Table E. Alternative Comparison Matrix

Operation, Maintenance, Repair, Rehabilitation and Replacement (OMRR&
Implementation
Robustness Assuming $10$120M/YR
Funding Level
Alternative 2025 Implementation Begins Average Estimated Duration(Years)
Dredging Scale Annual
[ [ i . Cost
(Volume, MCY)| Relative Relgtlve Emject Escalated| Duration osts ($) _ ' MI Regulatory
Ecosystem| Duration for | First Cost Implementation Dredging
(%) (Years) Post Closure Total
Recovery Recovery ($)
No Action 0% N/A, stamp N/A N/A N/A N/A N/A N/A N/A N/A
sands remain
Upland Placement Alternatives
Small (4.3) 3 fish
B 40-60% generations $0.9B $1.2B 13 $5.1M 13 ~200 30 ~243
Medium (8.7 i
G| 6o80% 3 fish $1.28 $1.5B 16 $4.6M 16 ~140 30 ~186
generations
Al (2.0 80-90% L fish $1.68B $2.1B 20 $1.8M 20 ~20 30 ~70
generation
Estimated
Removal Date:
Remova-CDJ |  N/A N/A $56M- When N/A
maintenance
dredging is
complete.

This matrix summarizes the feasibility analysis.
B = Billions; M = Millions
1IRemoval cost is estimated as half the construction cost. The cost is presented at the October 2022 price level.
*Robustnesg Relative Ecosystem Recovérlis criterion estimates the recovery of Buffalo Reef and the surrounding shallow water spawning and recruitment haleigats for
alternative. The percent recovery range is based on a determination using sediment transport modeling of stamp sands mueiseiaestbservation, and ongoing studies
conducted by fishery biologists. The percent recovery ranges are relative to 100% recovery representing no stamp sandsapce68t recovery representing no recovery.
*Robustnesg Relative Duration for Recovefhhis criterion estimates the duration, or how long it would take for Buffalo Reef and the surrounding spawning and retruitmen
habitats to recover. The duration for recovery is estimated using the number of fish generations (one fish generatioars)iéquéred for the population to restablish after
dredging during construction is completed.
*Implementation CosfThis criterion is the total estimated implementation cost for an alternative. Implementation costs include constructiangaseiments, rightsf-way,
relocation, and disposal facility; project design; construction management; performance monitorirglaptive management; and mitigation.

Project First Coqi$)- Costs are presented at the October 2022 price level and rounded to the nearest $100M.
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Escalated ($JTo account for inflation, the total project cost was escalated to the midpoint of construction based on forecasted cast ofdsach project feature
using USACE Engineering Markidl 11162-1304, Civil Works Construction Cost Index System.
*Implementation Durationt KA & ONRGSNA2y A& GKS SadGAYFGSR GAYS 6Ay @SINBO NEBI dgedtidaedFssunihg Yy £ G§SN
implementation budget was $168120M/year.
*OMRR&R, Average Annual Coéstimated costs do not include cost contingency. This criterion is the simple average of estimated OMRR&R costs onetdtedrstition
of OMRR&R activities is presented at the October 2022 price level. Time value was not estimated for thesealculat
*OMRR&R, Duration of Activitie®OMRR&R activities begin during the first year of construction. As project features are completed, it was assumed thededdure turned
over to the nonfederal sponsor, and the nonfederal sponsor would be responsible for completing the OMRR&IR. F&efitwn6.1.5for details.
Implementationg Duration of OMRR&R during implementation of each alternafR@inded to the nearest year.
Maintenance Dredging Duration of maintenance dredging estimated by assuming 100,000 cubic yards every three years was dredged from theeipfitliesitDJ
and disposed. The duration was estimated assuming remaining stamp sands updrift of the CDJ would require renestmhatée duration was rounded to the
nearest 10s place.
MI Regulatory Post Closucel he postclosure care duration per State of Michigan operating permit for the landfill was estimated to be 30 years from the successfu
closure of the landfill.
Total¢ Is equal the sum of the durations for Implementation, Maintenance Dredging and Mi Regulatory Post Closure criteria.
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ES 6Selection of the Upland Alternative as the Potential Plan

With the No ActionAlternative, stamp sands would continue to encroach on Buffalo Reef and on the

eastern edge of Buffalo Reef in Lake Trout nursery habitat. The shallow water nursery habitat for Lake
Whitefish updrift of Grand Traverse Harbor would remain covered in sangds. Stamp sands would

fill Grand Traverse Harbor and bypass Grand Traverse Harbor Jetty impacting the remaining shallow

water nursery habitat for Lake Whitefishrom a tribal perspective, the loss of cultural subsistence

fishing to the tribes that fisin the vicinity of Buffalo Reef would be incalculable. In comparigun, t

Upland Placement Alternative achieves the project goals and objectives. As result, the Upland

Placement Alternative was selectéd® (G KS . w¢C Fa GKS LINSFSNNBR | f GSNJ
Potential Plan. The Upland Alternativeludes the following measures:

1 the CD/J

M1 alandfill

1 construction roads

1 awater treatment plant

9 dredging in the following locations: South Shoreline, Middle Shoreline, North Shoilingh,

and Dune

beach nourishment

1 maintenance dredging during implementaticand

9 mitigation actions for project impacts such as impacts to wetlands.

=

ES 6.1.1Importance of the Coal Dock Jetty

The CDJ would minimize ongoing damage of Buffalo Reef and adjacent habita@f voeld trap

updrift stamp sands that are transported along the shoreline and into Buffalo Reef. It would also provide
an offloading platform for Lake Superior dredging in the vicinity of the reef. Previous dredging
operations have demonstrated mechanicatdging is the environmentally acceptable method for
removing stamp sands in water (Planning Appendix). Scows holding dredged stamp sands would be
emptied by excavators aged on the CDJ. The stamp sands would baffed into dump trucks for
transport.

Currently, dredging crews must navigate to Grand Traverse Harbor for shelter during high wave
O2yRAGAZ2Y&d DNIJI YR ¢ NI @S NHepthlimitskhip gumizdanditypéd df essélsA T S | y
that can seek safety in the harbor. The CDJ would create a new area protected from high wave activity

that could accommodate larger vessels and equipment. Therefore, the proposed CDJ would shorten the
distance to shetred mooring and allow for larger dredging equipment, thus increasing dredge

operation efficiency

When not in use duringonstruction, dredging, and transport of stamp sands to the landfill, the CDJ
could possibly serve as a recreational attraction (e.qg., fishing) depending on design, cost, aachong
operation and maintenance consideratiofi$e feasibility study assumes the CDJ would eventually be
removed once its function as a sediment trap andloéiding platform is not needed.
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ES 7OMRR&R Maintenance Fund

After completion of the initial project phase of the UplaAd alternative, additional OMRR&R would

need to be completed to ensure that all remediation is completed. Depending on the size of the selected
plans initial dredging, future OMRR&R can be considerable. Average annual cost ranges from $3.9M to
$85.0M dependingn interest rates, inflation, and duration until anticipated remediation completion.

Major costs are not anticipated until 16 years after the initial project phase is completed. To minimize
future costs and ensure the project is adequately funded for the duration of remediation, an investment
fund could be developed to cover those costhiyfothetical investment fund has been means tested
against two investment scenarios, Optioig inedium risk, and Option &low risk? This involved using

a Monte Carlo analysis of those potential funds to estimate what size initial investment would be

required to ensure a 95% chance of success, where success is defined by having a positive fund balance
at the end of the OMRR&R periotldble ES3 summarizes those costs

Table ES. Total Cost Implementation and OMRR&Mland Placement Alternative, Three Scales
Possible OMRR&R Fuhd

Alternative - -
Dredging Scale Option 1¢ Option 2¢
(Volume, MCY) Medium Risk Low Risk

Investment Fund | Investment Fund
No Action

Upland Placement Alternative
Small (4.3) $294,000,000 $862,000,000
[ 95% Success 95% Success
Medium (8.7) $269,000,000 $772,000,000
[l 95% Success 95% Success
All (12.7) $168,000,000 $200,000,000
95% Success 95% Success

1 Assume fund is established in 2025.

41t should be noted that this work was performed for informative purposes only. Any investments involve risk of
loss, and an investment fund may not provide the necessary funding requirements to complete the project. The
USACE economist performing this Wwataims no enhanced knowledge of markets and financial instruments and
does not claim to be a financial professional, analyst, advisor, or representative. Respective due diligence should
be performed by any entity looking to utilize an investment funéaghicle for funding the OMRR&R of this

project to completion.

The OMRR&R Maintenance Fund reflects the predagtinvestment values that would be potentially necessary to

ensure a 95% probability that each project alternatives OMRR&R is fully funded for its entire life. This differs from
traditional USACEINB A Sy & @I t dzS Iyl feara oKAOK |aadzySa + asSi WNBL
NI G§S0 F2NJ GKS SYGANB Rdz2N} A2y 2F hawwgwd ! WNBIfQ NBGdz
investment return, inflation, management feestc, andthe USACRresent value analysis does not account for

the randomness of these variables. Pleasetbeeattachment b the Ecoomic Appendix that describes the

process for which the OMRR&R Maintenance Fund values were developed.
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ES 8Regional Economic Analy8is

The regional economic effects of implementation and OMRR&R of a project are identified for the local,
state, andnational impact areas (Economic Appendix). The local and national results are discussed in the
executive summary. These activities would result in spending on goods and services (e.g., materials and
labor), and is a stimulus to the regional economy. Im@atation and OMRR&R activities, duration, and
total costs vary per dredging scale. The USACE Regional Economic System model (RECONS) analysis did
not include the following implementation costs: real estate, financial assurances, and contingency. The
localimpact area is Houghton, MI Cebased Statistical Area (CBSA) which includes Keweenaw and
Houghton Counties, and the national level impact area is the United States. The values shown in Table
ES4Table ES. Total Cost Implementation and OMRR&Bpland Placement Alternative, Three Scales

are presented at the October 2022 price level. The national level values are cumulative and include the
local and state captured regional output. The yearly implementation budget for the Small, Medium and
All scales are assumed to be $100M per year; thoeeg the implementation RECONS values are similar.
The annual average OMRR&R budgets for the Small, Medium and All scales vary, with Small being the
largest; therefore, the OMRR&R RECONS values vary. The Small scale has the largest volume of stamp
sands emaining after project implementation. As a result, the average annual OMRR&R budget for the
Small scale is larger than for the Medium and All scales.

Table E®. Economic Effects of Implementation and OMRR&R

: Implementation OMRRé&R
Economic : -
Effects Local National Local National
Sales Jobs Sales Jobs Sales Jobs Sales Jobs

Small| $75,705,000| 675 | $182,906,000 | 1,137 | $2,729,899 | 29 $8,720,943 | 57

Medium | $82,224,000| 737 | $200,065,000 | 1,247| $2,520,380| 27 $8,025,848 | 52

All | $74,424,000) 669 | $182,510,000 | 1,137| $1,083,576 | 12 $3,267,279 23

1All values are presented per year at the October 2022 peieel. The national level values are cumulative and include all local
and state captured regional outpubee the Economics Appendix for full details on the regional economic effects of
Implementation and OMRR&R

ES 9Conclusion

The BRTF was formed at the direction of the EPA and tasked with identifyiAgtonglternatives to

protect Buffalo Reef and surrounding habitats. The BRTF, with representatives from GLNPO; State of
Michigan Department of Natural Resources; State of M Department of Environment, Great Lakes,

and Energy; KBIC; Great Lakes Indian Fish and Wildlife Commission; U.S. Geological Survey; and USACE
recommend thatthe Upland Placement Alternatve S O 2 y & A RS NEPRtentiaghPlaficKk S . w¢ CQa
protect BuffaloReef(Table E&). This recommendation reflectle information avalableto andthe

policy considerations dRTFgencies ad organizations at thisme. The recommendation does not

reflect or presuppose a financial commitment by a Nederal Sponsor(s) (NFS) nor a budget

commitment on the part o&ny of the participating agenciesnd organizationsThe ability to fund this
recommendation is entirely dependent on the internal budget constraints and policy considerations of
these agencies and organizatioimg;luding whether funding is specifically authorized and appropriated

5 All values are presented at tifectober 2022rice levé. The national level values are cumulative and include alll
local and state captured regional output.
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for this project by federal, tribal, state, and/or local governmer@snsequentlythe Potential Plan may

be adaptively managed or, alternatively, be implemented in stages as sufficient funds become available
a2NB2@0SNE +a 2F GKS RIGS 2F GKA&a NBLRNI:Z GKS LINR2
implementation and OMRR&R have not yet been established.
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1. Introduction

Pursuant to an Economy in Government (31 U.S.C. Section 1535) Interagency Agreement, the U.S. Army
Corps of Engineers (USACE) provided planning and engineering services to the U.S. Environmental
Protection Agency (EPA) to complete a feasibility sthdyinformsthe longterm adaptive

management of Buffalo Reef. This report documents the feasibility study conducted on alternatives
identified for further evaluation in the 2019 Buffalo Reef Alternatives Report (USACE 2019) and
summarizes additional and newformation received since the 2019 repofthese alternatives focus on

the restoration and protection of Buffalo Reef, a natural cobble feature important to many aquatic
organisms, through the removal of copper mining waste, known as stamp sands, from the Lake Superior
shoreline and nearbgreas The report also documents thevaluation of alternative impacts.

Indigenous peoples have deep, intergenerational connection to the areas surrounding Buffalo Reef, the
health and sustainability of which is central to the continuation of cultural and ceremonial lifeways.
Sme gamp sands originaig from the bustling copper mining industry back in the miBDOsto early
1900swere disposed into Lake Superior at Gay, $ihce then, stamp sands, which &gic to aquatic
wildlife, havebeen transportedsouthward along the shorelinend havecovered native sand beaches

and threatened important fistspawning and nursery site$he stamp sands threaten the food supply

for young fish, and arkeaching copper into the environment, thereby impacting the aquatic organisms
and their habitatSudies and projects have beénitiated at the Federa] tribal, andstate levels to
understandthe impact of stamp sandsn the spawning and recruitment success on the reef and to
assesseasonable mitigation efforts to minimize their impact on Buffalo Reef and the surrounding
habitat. More information regarding the origin and effects of these stamp sands, as well as importance
of remediating them, can be found this report andthe 2019 Buffalo Reef Alternatives Report (USACE
2019).

This projecis exempt from the National Environmental Policy Act (NEPA) and does not include any
further discussion on NERBorrespondence Appendix)

1.1 ReportStructure

Chapter 1¢ Introduction describes the purpose and need, authority to conduct the study, and the study
area.

Chapter 2; Background, Existing Projects, and Prior Repsuisimarizes relevargtudies and projects
underway or completed within the study area.

Chapter 3; Need for and Objectives of Actialiscusses the problems within the study area, potential
opportunities to remedy them, the study goal, planning objectives, and limiting constraints.

Chapter 4 Existing Conditions and Future Withdroject Conditioninventories and describes the
study area; includes an assessment of pertinent historic, current, and future wighroject conditions.

Chapter &; Alternative Formulationdiscusses the formulation and evaluation of the alternatives and
associated measure&stimatedmplementationand Operation, Maintenance, Repair, Rehabilitation,
and ReplacementOMRR&RCosts Implementation Duratios OMRR&R Dredging Duraticand
Robustnesg Recovery of Ecosysteamd Recovery of Ecosystem Duration
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Chapter &; Detailed Evaluation of Upland Placement Alternatescribeghe formulation and
associated measures of the Upland Alternative: Estimated Implementation and OMRR&R Costs;
Implementation Durations OMRR&R Dredging Duration; and Robusti®ssovery of Ecosystem and
Recovery of Ecosystem Duration.

Chapter 7¢ Impacts of the Alternativeslescribes potential impacts, both adverse and beneficial, from
implementation of the alternatives on physical, biological, cultural, and socioeconomic resources within
the surrounding environment, and their significance.

Chapter & Comparison of the Alternatives and the Selection of the Potential ¢@laxpares the
alternatives and selection of theotentialPlan

1.2 Study Purpose antlleed

The2019Alternatives Analysis Report identified 13 alternatives to address the stamp sands
encroachment on Buffalo Reef and screened out 10 from further considerdiother study was
needed to investigate the feasibility of implementing the remaining three alternatives.

The purpose of tis Report, i.e. ThBuffalo Reet, Final Alternatives Analysis, presentedBRTHs to

further evaluate theethree alternatives These alternatives seek teduce the impact of copper mining
waste, locally known as stamp sands, on Buffalo Regfsurrounding habitati the Keweenaw
PeninsulaThis report provides the associated costs, risks, and benefits associated with each alternative
to inform the selection of @otential alternative.

1.3 Buffalo Reef Taskorce

In 2017, the EPA endorsed the formatiortlud BRTF, which is comprised of multiple state, federal, and
tribal agencies, in response to concerns about the health of thearegfability of Lake Trout and Lake
Whitefish to successfully spawn theét&everal academic institutions and private entities veitititional
knowledgeand expertise have provided assistance to the BR®Brdinated action bthis multiagency

and stakeholder group tselpingto limit further degradation of Buffalo Reef and surrounding habitats
recognizing that this issue is larger than any single entity can accomplish on itSteBRTF has been
working togetherto develop a longerm management plan to protect the reef, shallow water habitats,
native sand beaches, Grand Traverse Bay Harbor (also known as Big Traverse BayaHarbor)
associated resources including Lake Trout and Lake Whitefish spawning areas. The following agencie
have participated in the BRTF:

w EPA

USACE Detroit, and Chicago Distrigts

State of Michigam Department of Natural Resources

State of Michigarg Department of Environment, Great Lakes, and Energy (EGLE)
Keweenaw Bay Indian Community (KBIC)

Great Lakes Indian Fish and Wildlife Commission (GLIBWLC)

U.S Geological Survey (USGS)

Eeegeee

6 While the BRTF was established in 2017, its current operatorO2 Yy a8 A A 0 Sy & A GK GKS LINAYyOAL
promote meaningful engagement with stakeholders to ensure community members have an opportunity to
LINE GARS AylLlzi 2y RSOAaAA2YyaDE
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In addition to academiandigenous, nofor-profits, industry, and local governmental agencies have
assisted the BRTF in completing this feasibility stindyiiding but not limited to:

w Anishinaabe Knowledge Holders
w Great Lakes Fishery Commission (GLaF)
w Houghton and Keweenaw County Road Commissions

1.4 TreatyObligations

In 1842, theLakeSuperior Chippewa ceded 11 million acres of land to tl&ddvernment As part of

these treaties, the tribes reserved their rights to hunt, fish, and gather in perpetuity setrezled

territories. The (BACEand ERE 02 I3y AT S I yR NB&aLISOG GKS [ 1S { dzLISNJ
rights to hunt, fish, and gather in this arééhe rights are rendered useless if the resources are of

insufficient quantity for the population to survive harvest, or if the resources are so poliugethey

cannot be consumed safely.

1.5 Lakewide Action andManagementPlan

ALakewideAction and Management Plan (LAM&abinational action plan for restoring and protecting

the Great Lakes ecosystems at the lake level. Thisgaisesss restores, protects, and monitosthe

ecosystem health of each Great Lake and its connecting river system. It coordinates the work of all the
governmentandnof 2 ASNY YSy G LI NIYySNE 62 NJ A Y Bhe iAMBakeY LIN2 @S (i |
developedpursuantto the Great Lakes Water Quality Agreementwhichthe governments of Canada

and the United Statekave committed to restore and maintain the physical, biological, and chemical

integrity of the waters of the Great Lakes.

[ 1S { dzLJS NR 2(20I52019) Was 8edefopepluilding upon a wide variety of local, tribal,

state, provincial, national, and binational plans. The 2015 LilstRified specific management actions

that would address the biggest concerns to the health of Lake Superior followed by partnership projects

that the Lake Superior Partnership considered to be the most impactful to the health of the lake. To

protect and restore high quality habitats, the LAMP recognihedimportance ot 1t KS Ay @Sad A3l GA
evaluation, and if feasible, the implementation of dredging solutions or other habitat restoration efforts

I 4 . dzf ¥ EGCE & &mFRJ6F Eurthérmore, the LAMP (2028D24) contais similar language

recognizing the importance of taking actiondp]rotect Buffalo Reef (MI) and nearshore areas in

Traverse Bay from further encroachment of stamp sands, and work towaredomgmitigation

A0NF 1S3IASE | FUREQEBBA2RW®?2 dzi A2y aé o

Additionally, in November of 2019, the Lake Superior Commitidech represents thedhery

management agencies of Lake Supetieleased a document highlighting four environmental priorities

aimed at improving the production of fish species of common concern includikg TrouandLake

Whitefish The protection of Buffalo Reef was included in the environmental priorities list because the
GONBSTE aSNBSa | a Iy AYLR NILakg Trouthlalis RVRitdfi€ihak S | y R Y
supportF A A KSNA Sa A Gredt LakeS Fishatyl OSmidisgidn01D
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1.6 Great LakefRestorationlnitiative Action Plan IlI

The Great Lakes Restoration Initiative (GLRI odithigative) was launched in 2010 as a nm@gulatory
program to accelerate efforts to protect and restore the largest system of fresh surface water in the
world, and to provide additional resources to make progress toward the most criticatéomggoals for
this important ecosysten{GLRI Action Plan 111 2019

UnderGLRI Action Plan,IGLRI federal agencies will continue to identify and implement programs and
projects that will best advance progress toward achieving-teng Great Lakes goals in partnership
with states, tribes, and other nonfederal stakeholders. The GLRI Actiondddivér focus areas used to
identify an appropriate mitigation strategy by providing clear objectives and commitments specific to
each focus area.

9 Focus Area 1: Toxic Substances and Areas of Concern

Focus Area 2: Invasive Species

Focus Area 3: Nonpoint Source Pollution Impacts on Nearshore Health
Focus Area 4: Habitats and Spe¢fagurel-1)

Focus Area 5: Foundations for Future Restoration Actions

= =4 =4 =4

HABITATS AND SPECIES

Objective Commitment
4.1. Protect and restore
communities of native
aquatic and terrestrial species
important to the Great Lakes.

e |dentify habitats that support important Great Lakes species and take
actions to restore, protect, enhance, and/or provide connectivity for
these habitats.

Figurel-1: GLRI Action Plan Il Focus Area 4 Obje@ikRI 2019).

Theprotection of Buffalo Reednd the restoration and protection of nearby shallow wateike
Whitefishnurseiies furthers thesebjectives and commitments of Focus Area 4: Habitats and Species.
Lake TrouandLake Whitefistare native to Lake Superior and have used Buffalo Reef as a spawning and
recruitment area. Byredgingthe stamp sands, ifalo Reef,andthe surrounding habitats vital to the

life cycleof the Lake Whitefistand Lake Troutvould be protected or restoredSpawning reefs at

Traverse Islandnd Grand Traverse Point would be protected from future destructiothéyransport

and deposibf stamp sand.
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Restore Juvenile
Lake Whitefish
Shallow Water

Habitat

\

Protestduy éllille

Protect Buffalo Lakedrout”
Reef b il

Protect Spawning
Reef at Grand
Traverse Point

Protect Spawning
Reef at Traverse
Island Reef

Figurel-2: Protection of Buffalo Reef and Surrounding Habitats

1.7 Study Authorityand Relevant Executive Orders, Memorandums and Agreements

This report is authorized under the Clean Water Act Section 118 (GLRI). The Clean Water Act (CWA)

LINE GARSE FT2NJ GKS NBal2NIGA2y 27F ( Knater® Rrbtectioddf | Yy R
Buffalo Reef would maintain a resource critical for the integrity of Lake Superior and improve habitat
diversity.

Relevanexecutiveorders, memeandums and agreements include but are not limited to the following:

Tribal Addition: Executive Order 14008acklingthe Climate Crises at Home and Abroad
(January 27, 20219 Through this Executive Order, the Administration made clear that
securing environmental justice must be a key consideration in the operation of the Federal
government.
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Council on Environmental Quality Memorandung Indigenous Traditional Ecological
Knowledge and Federal Decision MakiggThe CEQ memorandum recognizes the
importance of ITEK and commits to elevating its role in Federal scientific and policy processes
and decisiormaking.

Great Lakes Water Quality AgreementThe Great Lakes Water Quality Agreement is a
binational agreement between the federal governments of the United States and Canada to
restore and protect the waters of the Great Lakes. The Agreement providasawork for
identifying binational priorities and implementing actions that improve water quality. The
Agreement recognizes the need for "scierfmmsed managementq implementing
management decisions, policies and programs that are based on best avaitidhee,
research and knowledge, as well as Traditional Ecological Knowledge" in reaching the
Agreements General and Specific Objectives. The Agreement also recognizes that the federal
governments must manage for "sustainability considering social, ecomic and
environmental factors and incorporating a medgnerational standard of care to address
current needs, while enhancing the ability of future generations to meet their neelisiy

these principles, the U.S. government committed to working towards freeing the Great Lakes
from pollutants in quantities or concentrations that could be harmful to human health,
wildlife, or aquatic organisms, through direct exposure or indirect sypothrough the food

chain; and supporting healthy and productive wetlands and other habitats to sustain resilient
populations of native species.

1.8 Non-FederalSponsor

TheBuffalo Reef Task Procdsseeking &lonFederal SponsdiNF$as a partner on this project. A NFS
would be responsible for activities identified in a partnership agreement. This report informs potential
NFS of the possible roles and expectations (costs and scope of vileakmay be necessamproughout
GKS LINP2SO0Qa Rdz2NI GAZ2Y D

1.9 StudyArea

The study area covers the Keweenaw Peninsula in Lake Superienemapassebsioughton,

Keweenaw, and Baragauntiesl Y R [ Q! y a S(FigueB3s ThId btudy s2ef was used to

analyze the productivity of Buffalo Reef and Lake Superior and highlight the importance of this region to
communitiesand ecosystems that are threatened by the encroachment of stamp sands on Buffalo Reef
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Figurel-3: Study Area Map

Buffalo Reefsa 2,200acre natural cobblednderwaterlandscape locateth Grand Traverse Bay the
SIFadSNy &aaARS 27
Grand Traverse Bay Harbor. TWelverine andviohawk Mining Comparfystamp milloperatiors,

which occurredrom themidmy p n 4 a

iKS YS@SSyl ¢

t SYAy&adzd b

afy aAOKAZI

dzy Gdirdctly disclargegtampsend directly into Lake

Superioradjacent to GayMlI. An estimated 22.7 million metrions (25 U.S. tonsapproximatelyl6
MCYj of stamp sands ere discharged from the mining operations between 190832 (Kerfoot 2019).
Due to stormswind, and the natural behavior of the littoral systerhetstamp sands havgeen
transportedalong thefive-mile shorelineto the Grand Traverse Bay Harbor in Lake Lindentigiire
1-4 shows the projectrea
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e. Gay, Michigan

Grand Traverse
Bay Harbor

Buffalo Reef

Figurel-4: Project Area Map

1.11 Publiclnvolvement

The formation of the BRTF in 20d/as a major stepo addresgngthe stamp sands anprotecting

Buffalo ReefThe BRTF used videos, newsletters, and news releases to share information with the
public. Tablel-1 summarizes the various outreach activities used to communicate with stakehaldeérs
the public.

The latest public outreach event occurred on July 12, 2022, at Lake tihddaell High School in Lake

Linden, MIMore than 90stakeholders including State officiateporters,anduniversitystudents

attended the meeting which provided an updated status of the progext introduced w¢ CQ& t 2GSy (A
Plan.Topics includedproject overview, schedule, funding, and documenting public comments and

guestions.
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Outreach Activity Date Location Note
Online Videa; & { I @A y 3
wSST¢
_ http.s://wmeo.com/4263_91352 KBIC/GLIEWC showcase t
Video June 2020 https://www.mtu.edu/mtri/resea | .
: importance of Buffalo Reef
rch/project
areas/environmental/water/stam
p-sands/
Newsletter(in MI Department of Natural
place of inperson | August | https://keweenawcountyonline.o| Resources (DNRighlights
meeting due to 2020 rg/pictorials/2316.pdf progress on protecting the
COVID) Reef
Public Notice June 2021 Email/Mail BRTF requgsts und_ergroun
Letter feature information
Michigan Department of
. Environment, Great Lakes
Stanton Townshig March 10, . '

Board Meeting 2022 ShermanTownship and EnergyE{GLE_
Representative provides
updates to local towns

Public Meeting 1 August 3, | Lake LindeHubbell High Schoo Initial introduction to
9 2017 Lake Linden, Ml dredging stamp sands
Solicit input on
. . January | Lake LindetHubbell High Schoo|l Management Alternatives
Public Meeting 2 30, 2018 Lake Linden, Ml being considered for the
Adaptive Management Plaj
Sponsored a scientific
. : January Michigan Technological symposium on Buffalo Ree
Public Meeting 3 31, 2018 University Houghton, Ml Six breakout sessions
conducted.
October Michigan Technological Solicit input in development
Public Meeting 3b ) Univer’;ity e htog o of beneficial uses and
' g ’ provide Task Force update
Public Meeting 4 July 31, | Lake Lindedubbell High Schoo m?)r\]/éiirie ;er\?vi\regtgrnglryﬁesr
g 2019 Lake Linden, MI g .
evaluation
bublic Meeting 5| JUlY 12, | Lake LinderHubbell High Schoo ShZL%?ZiEﬁ?ﬁQnﬂZ’JeSS
g 2022 Lake Linden, M !
alternative



https://vimeo.com/426391352
https://www.mtu.edu/mtri/research/project-areas/environmental/water/stamp-sands/
https://www.mtu.edu/mtri/research/project-areas/environmental/water/stamp-sands/
https://www.mtu.edu/mtri/research/project-areas/environmental/water/stamp-sands/
https://www.mtu.edu/mtri/research/project-areas/environmental/water/stamp-sands/
https://keweenawcountyonline.org/pictorials/2316.pdf
https://keweenawcountyonline.org/pictorials/2316.pdf
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2. Background, Existing Projects, and Prior Reports

2.1 Background Information

2.1.1 CopperMining History

The Keweenaw Peninsula in northern Michigan comtdin K S ¢ 2 NI RQa f I NBES&aid 02y O0Sy
YIEGADBS O2LIISNI aAOKAITlIyQa O2LIISNI RSLRaAGA 6SNBE TA
copper tools and adornments from easily accessible copper chAcksrding tahe Economic Impact

of the 1837 and 1842 Chippewa Treatibg, resources in the ceded land, especially the copper, were
GSaaSyuaAalrt AYaANBRASYyGa FT2NJ 0KS Ay Rdza G N¥entury G NI ya F2
' YSNROIF ®¢ C2NJ Ayaildl yoOSs aiKS O2LIISNI 2F &KS YSsSSy
adaidsSy LlaarofSé 62NRBYS mMphpoLd

French explorers were told of copper deposits by Chippewa Indians in the e&rdgdfury. However,

mining wasnot attempted until the 18 century, when Alexander Henry opened the first mine in 1771

and sentthe massivive-i 2y aGhy G2yl 32y . 2dz2 RSNE 2F LJz2NB yIl GA3S
NEIA2YyQa NAOKYSaad daf{! HAHHO® ¢KS O2LIISNI YAYAYy3I a
mining in the Keweenaw Peninsula area for another 150 years.

Between 1850 and 1929, the Keweenaw district was the second largest producer of copper in the world
(Murdoch 1943; Benedict 1952). During that interval, 140 mines worked the central deposits and over

40 mills processed stamp rodkigure2-1). In total, 4.8 million metritons (approximately 11 billion

poundg of copperhave been minedrom native copper deposit8enedict 1955)The copper

production from the Keweenaw Peninsula played a major role in the industrialization of the United

States. From the mid800s to the early 1900s, copper mines in this peninsula were used for Trans

Atlantic cables, telegraphs, electricity, and #ngto industry. Th&J).S governmentalsoused Keweenaw

copper in three major warfNPS 209).¢ KS NBY2 @It 2F O2LJISNI FNBY (KS €I
the ore ofwhich producedvad amounts ofby-product @tailings), locally known as stamp sands. These

discarded stamp sands are dark colored, saizéd basaltic lava laced with copper.

In the early 890s, Mohawk Mining Company established copper mining facilities in the Upper
Peninsula. In 1923, Mohawk Mining Co. absorthex\olverine Minewhich was therutilizing two

stamp mills in Gawll (Figure2-2). The mills discharged the stamp sands into the Lake Superior adjacent
to Gay, MIBy 1932, copper resources diminished and the Mohawk Mine cegsemtion. Although

the mining stopped, thetamp sands discharged to Lake Supearintinued tobe transportedsouth

along the shorelinand out into the lakeRemnants of the stamp mill conveyor and original pile of

stamp sandsemain visible

10
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Figure2-1: Historic Copper Mining Mills

Conveyor

Figure2-2: Before (left) and After (right) of the Mohawk/Wolverine Conveytieconveyomwas used tdransportcoarse stamp
sands, into Lake Superior. Fine stamp sands (slime)ooareinedwith water in theconcrete flumeToday, only thélume and

wooden

2.1.2 BuffaloReefFishery

piles remain.

Buffalo Reef is an approximately 2,28€re cobble field where many native fish species spawn,

especiallyLake TroufSalvelinusiamaycusb

ALISOATFAOIf ¢

w

e

anidKaRe Whitefish y ¢

(Coregonus clupeaformisThereef is recognized as an importdrike Trouspawning reef in the Atlas
of Spawning and Nursery Areas in the Great Lakes, Volume 2 (Goodyear et all dl@82youand
Lake Whitefistshare similar life historieiscludingtiming and habitat preferences for spawningke

11

Y 2 N1J



Buffalo Reef; Final Alternatives Analysis DRAFT JANUARY 2024

Troutstart reaching sexual maturity arousgvento nineyears of age and arourfive to sixyears of

age forLake WhitefishBoth species of fish have been noted to skip a spawning year, such that only part
of the population vould spawn in any given year. Tlsisawning skifras been known to extend the
FAAKSAQ NBLINE RdzOG A 3& FigureS ahigidights the generaldife dydeDakdld G 6 Sy i
Whitefishand Figure2-4 highlights the spawning over Buffalo Reeflfake TrouandLake Whitefish

b
\}}5‘,': ’
el A
’ Egg Sac Fry
o on thal Hatches in spring
P s int L
Larvae
Spawning - Fars fowds in spring
Enters shallow water 1o spiwn in fall « Eats z00plankton
- { .
‘ Cm———
‘ Juvenile
Adult Lewves shatlow, inshore waters
by varly summer and moves 10
-M-"I:U:.whndm doeper water
U100 JEME MLUNTIUTIN: SOMALN 1A CNAET SO 440

Figure2-3: Lake Whitefisliife CycleLake Trout share a similar life cycle to Lake Whitefidlthigan Sea Grant)

Spawning at Buffalo Reef:
Lake Trout and Lake Whitefish

Figure2-4: Lake Trouand Lake WhitefistLife Cycleat Buffalo Reef(USACE)

At Buffalo Reef, these two species broadcast spawn in the fall over the reef on cobble and bedrock
substratesBased on preliminary dafeom USG$ 2022 the general spawning area for both species is

12
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in the center of the reef largely over cobble with voi8h¢wn as theolid black outlinen Figure2-5).

However, Chiriboga and Mattes (2008) note additional spawning areas, in which Lake Trout spawn in

deeper water on the tip of the reef and Lake Whitefish spanrihe tip of the reef and in the shallow

near shoreEggs are deposited in the small void spaces, known as interstitial spaces, between cobbles,

and are thus protected from wave action and predatasithey overwinter under the ic& he fish hatch
in the springafter which theLake Troutarvae move toward the deeper regions of the reef, whereas
the Lake Whitefistmove to the shallows of theative sand beaches of the lower bay for their nursery
habitat consuming benthic and pelagic invertebra€siriboga and Mattes 2008 urrently, stamp
sands cover the shoreline north of Grand Travd8agHarbor, which has reduced the available juvenile
Lake Whitefismursery habitat.

Substrate

W Bedrock

" Cobble - pavement
Cobble with voids

W Sand

M Sand - compact
Sand - reworked
Sand - fine/medium

. . i-i General Spawning Area
Figure2-5: Buffalo ReefpawningAreafor Lake Troutind Lake WhitefistfLowe et al, 2022).

Buffalo Reef is an important spawning arealfake TrouandLake Whitefistand has contributed to the
fisheryof Keweenaw Bay by the Bad River, Red Cliff, and KeweenaWiBsg/for generations. The
results of a GLIFWC fishery assessment in 2008 confirmed this importance faaketfirouaindLake
Whitefishfishery Chiriboga andattes 2008) Ongoing research of fish otolitlise., earbones used to
determine fish age)epigeneticsand largescaleacoustic telemetnstudieswould inform. dzt ¥ I f 2
past and presentontribution to the fishery.

The reef provides habitat to these fish and other smaller organisms while also prostigitegmancend
cultural and economic beneéito tribes statelicensedfishers andlocal communitiesWithout Buffalo
Reef,commercial, subsistence, and recreation fishers would suffer along with the numerous local
businesses that support and benefit from the fishing induskhis impact wuld especially hurt the
livelihood of locatribes such as KBIC.

2.1.3 Tribal Connectionto Buffalo Reef

wSSTQ

KBIC and other tribes located around Lake Superior have long been known as fishing tribes. In the 1800s

several treaties between tribes and theS. governmentvere signed to reserve the rights of tribes to
fish, hunt, and gather in the areas ceded in those tregftégure2-6). The exercise of these rights was

FYR O2yiAiydSa (2 0S8 FdyRFYSYyGlt G2 GKS O2yiaAydd a4

and lifeways. The tribes share an understanding about their responsibilities for thbeumd of non

human beingsincluding fish, wildlife, and plants, as well as a reliance on the exercise of hunting, fishing,

13



Buffalo Reef, Final Alternatives Analysis

DRAFT JANUARY 2024

and gathering for cultural sustainability and to meet religious, ceremonial, medicinal, subsistence, and

economic needs.

Ceded Territory Boundaries
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Figure2-6: Ceded Territory Boundaries

Thetribes haveexpressed concern regarding the movement of stamp sands into Buffalo Reef. If stamp

sands cover Buffalo Reef, the loss afitical spawning habitat wuld reduceLake TrouandLake
Whitefishstocks that currently sustain tribal commercial fisheriBsis has been an ongoing concern

since the 1980s whetribes noticed fewer fish catches. In 201f7e Presiden
provided a testimony to the Senate Committee on Commerce, Science,

t of KBIC, Warren Swartz
& Transpaidtation( A y 3 =

Keweenaw By Indian Community, as well as othigbes located around Lake Superior, are and have
always been, fishintribes. Since time immemorial, thesgbes have used the resources provided by

gitchirgami(Lake Superior) to sustain their communities. This sustenance is not only physical; it is also

spiritual, culturalmedicinal,and economic. Thedeibes, in our first treaty (with the Creator) accepted a
responsibility to protect and sustain the natural resources that provide for the lifeways of our people.
We have hundreds of years of experience exercising this responsibility and can bring a wealth of
traditional ecological knowledge to bear on naturaloese management questions. In modern times,
we welcome and actively participate in partnerships with-hkimded agencies that are also stewards of

(KSaS yI (i dzNSwar2Bmg)s 2 dzNDSa ¢ 6

Under the auspicesf the Great Lakes Water Quality Agreemgthie Great Lakes Restoration Initiative,
and other resource management frameworks, state and federal agehaiesbeen workingp gain a
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better understanding of Indigenous connections with HFmman beings and the rolbose connections
play in the sustainability and perpetuation of the exercise of treaty rights, ass@litural and
subsistence lifewayg.hese connections are beginning to be incorporated inHJand shortterm
management documents, including theZZB2024 Lake Superior LAMRost recently, a document was
developed by the U.S. Caucus of the Traditional Ecological Knowledge Task Team of the Annex 10
Subcommittee under th&reat Lakes Water Quality Agreement that is designed to demonstrate how
the incorporation of these connections provide a necessary change in focus regarding the benefits of
maintaining the health of Great Lakes ecosystentmssdocument, theGuidance Document on

Traditional Ecological Knowledge Pursuant to the Great Lakes Water Quality Agreproeiaes

additional educational resources within its appen@@xreau of Indian Affairs 2021)

A more detailed discussion pertaining to tribal uses of the fishery iscstetiow (USACE 2019)

Religious and ceremonial needist proper perspective, the reservation of sovereign rights is

LI NI 27F (KS Igony strighlg’tb presSve 8 éultu@amyivay of life and a set of

deeply held valuesg that is best understood in terms of tHeribed Q NXB f | Akk(@asthd K A LI {0 2
and the circle of the seasons. The Anishinaabeg are closely tied to the natural environment by a
system of beliefs and practices that organize everyday life. This environmental human

relationship involves a notion of geographic place that embotiesAnisih y I 6 S3Qa KdzY | y
origin and historical identity, as well as the way the Anishinaabeg conceive their cultural reality

in the modernworld.’

When hunting, fishing, or gathering, Anishinaabe see their role as part of both the natural and
spiritual order. Anishinaabe spiritual beliefs mandate the use of certain plants, animals, and fish
in ceremonies attendant to hunting, fishing, and gatherintj\véties. These ceremonies ensure

the perpetuation of the resources and the physical, mental, and spiritualbeély of the

person.

Three aspects of an Anishinaabe view of nature inextricably link the perpetuation of
humans to the perpetuation of the natural world. This belief system holds that the line
between human and nohuman beings is ambiguous:

1 For the Anishinaabe, the difference between humans andmamans, when
determining who constitutes a spiritual being is less clearly defined. A spiritual
being may manifest as a human, animal, plant, or rock but may also reside in
or be associated with e¢&in places, such as a mountain or body of water. As
such, when an Anishinaabe is interacting with a part of their environment that
may be deemed inanimate by some, there may still be spirits that need to be
recognized and honored. All spiritual beingfether human or norhuman,
have rights and warranespect.

1 Humans are not the masters of the world but rather weak and pitiable

7In addition to the court decisions themselves, other sources documenting the essential role that natural resources play in
Anishinaabeg culture include: Fish in The Lakes, Wild Rice, and Game in Abundance (James M. McClurke2@@). eds.

FYRZ 2Aa02yaiy ! OFRSYe 2F {OASyOSaz ! NIlaz FyR [SGGSNEZ / KALLJ
Indians in Historical Perspective (Ronald N. Satz 1991).
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creatures, dependent upon all other ndtuman beings for survival. The
proper attitude towards the natural world is one of caretaking, humility, and
gratitude.

1 The relationship of humans to the rest of nature is one of reciprocity. Animals,
for example, will offer themselves to a hunter as an act of pity for his or her
weakness. If the hunter does not accept this gift with feelings of respect and
gratitude, the ratural world will withdrawcooperation.

1 Anishinaabe perpetuate this worldview and their attendant responsibilities to
the natural world through stories, ceremonies, and language. These teachings
instruct Anishinaabeg about how to cdig, manage, and make decisions that
affect the land and waters.

Given this worldview, the alteration or destruction of plant and animal communities
without proper respect given to the nelluman beings involved invites disaster, not only
for the environments affected, but also for humans. Harm to the rights ofmoman
beings is equivalent to environmental harm. In a reciprocal world, such a violation is
understood to have dire consequences for humans who disregard this relationship. In
addition, human beings have a responsibility to be a voice formonan beings who
cannot speak for themselves.

Tribal members continue to harvest and rely on Lake Superior fish for religious
purposes, including naming ceremonies, funerals, Midewiwin ceremgamgksvarious
seasonal feasts, as critical components in perpetuating Anishinaabe life ways.

Medicinal NeedsD[ L C2 / Q& GNARolFf fSFRSNEKALI KIF@S y20SR (|
communities have reaffirmed the position that traditional foods, including fish, are

medicine for Anishinaabe. Scientific studies have documethtat_ake Superior fish

contain high levels admega3 oils (Addis 1990 oday, Ojibwe Tribes experience high

rates of diabetes and heart disease along with the high costs associated with medical

treatment. According to &enters for Disease Control and Prevention (CDC) report: 1)

Native Americans are twice as likely as whites to have diabetes; 2) in tmatt of

three Native Americans with kidney failure, diabetes is the cause; and 3) medical costs

for kidney failures from diabetes were about $82,000 per person in 2013Z0T8C

hy | LRAAGAGDS vy 2kdeeyfailir&i®m didbdétes tidppdd BIbAHRN

bl GABS ! YSNAOlIya 060SG6SSy mopdc YR Hanmoé YR
AYGiSaINIFGSR &adN)yGS3e dzaAy3a aLR2LIzZ FGA2Y KSIFE
promotes wellness of the entire community and connecople to local resources,

including healthy food, transportation, housing, and mental healthC&@®C 208).

NI
I.

~ )

K

QubsistenceTheY . L/ A& RSLISYRSyld dzLll2y GKS [F1S { dzLISNA 2 N
is known as a subsistence fishing Tribe (Gagnon ZBIEWC 2013Ylany respondents

(59%) purchase fish from local Tribal fishend 52% agree that someone in their family

benefits from commercial fishing. Many respondents report eating local fish at least once

per month (66%), 31% report eating it once per week, and 18% report eating local fish

three or more times peweelké Gagnon et al2013)

Commercialin assessing the importance of natural resources to Reservation economies,
it is important not to limit the benefit metrics to onfyll-time jobs and income
measuresRegardingdribal small boat commercial fisheries, sales of fish are often used
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to supplement subsistence harvesi®(,selling a portion of the fish harvest to cover

costs for gasoline and nets enable tribal members to participate in subsistence activities

and provide food for their extended families). This is particularly important for tribal

members working in lower pdijobs¢ KS RSY23INJ LIKAOAa 2F GKS [ Q! yasS v
Off-Reservation Trust Lands showed that 11% of all families had income in the previous

12-months that was below the poverty level and 16% of all people hadrirda the

previous 12months that was below the poverty level (U.S. Census 2020).

KBIGwill continue to serveass a member othe BRTF in hopex securing the protection of Buffalo Reef
and the livelihood of its community.

2.2 Existing Projects
Grand Traverse Bay Harband Federal Navigation Channel

Grand Traverse Bay Harbor is a shallow draft recreational harbor with more thanfée2%0

maintained piers and over 500 feet of maintained FedBlialigationChannel This harbors located on

Lake Superior at the mouth of the Traverse River on the eastern shore of Keweenaw Bay, about 20 miles
northeast of the Portage Entry to the Keweenaw Waterwagnstruction and maintenance of Grand
Traverse Harbowas initiated under the River & Harbor Acts of 1945 and serves as an important Harbor
of Refuge and supports charter fishing and recreational navigation interests.

Prior to the arrival of stamp sandthe harbor required maintenance dredging every three to five years.
Since the arrival atamp sands, the harbor and immediately north of the harbor jetty has been dredged
usingfederal,state, andtribal contracts to minimize stamp sands from overtopping the harbor jetty
bypassing the harbgand impacting the shallow water nursery habitat fake Whitefistwithin Grand
Traverse Lower Bggee Sectio2.4). By dredging to protect the shallow water habitat, the navigability
of the harbor which connects Traverse River (a Federally Authorized Navigation Channel) to Lake
Superior has been maintainedlowing tribal fisherand tribal fishery managemeimd access Buffalo

Reef The estimated annual cost to complete maintenance dredging is $500,000 peaty@eatober

2023 price levelshowever,annual cost varies based on frequency and volume of dredging
which depends on the frequency and intensity of storm evefiee sectio® for details
regardingstudy assumptions made pertainingficture maintenancedredging at Grand
Traverse Hauor.

2.3 Studies and Reports within the Buffalo Reef Study Area

Ojibwe commercial fishermen, possessing generatafrisdigenougechnicalecologicaknowledge
(ITEK)of the Lake Superior fishery and the habitats utilized &ke TrouandLake Whitefishwere the
first to report witnessing stamp sands moving towards Buffalo Reef to GLIFWC staff and expressed
concern that the spawning habitat még jeopardized in the futurd TEK encompasses the pladsmsed
environmental, socioeconomic, cultural, and spiritual knowledge gained by and passed through
generations.

In response to these concerns, GLIFWC obtained funding@loNP@o begin research in 2005 to: 1)
map the extent of the stamp sands in relation to the reef to provide a baseline of the spatial relationship
between stamps sands and spawning areas on the reef; 2) confirm the importance of Buffalo Reef as a
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spawning area; and 3) provide a preliminary assessment of the vulnerability of the reef to contamination
by the stamp sandd.he following studies initiated by the concern of Ojibwe commercial fisherman
identify the biological impact stamp sands has on the environment and Buffalo Reef and the extent
stamp sands are covering the reef jeopardizing its ecological fun@ioiniboga and Mattes 2008).

2.3.1 Biology Studies and Reports

The following list of studies and reports were used to inform assumptions and understandings of Buffalo
Reef from a biological perspective apithe impacts of stamp sands on this unique ecosystem in Lake
Superior. For more information regarding these studies and reports, the State of Michigan has created
an online searchable bibliography that can be found at:
https://miwaters.deq.state.mi.us/nsite/map/results/detadd 727981745796452457/documents

Assessment ofake Troutand Lake WhitefishPopulations in Lake Superior East of the Keweenaw
Peninsula in October 1983988)

In September of 198%he KBIC tribal government requested that GLIFWC assist them in condaicting
fisheryassessmenalong the east side of the Keweenaw Peninsula to gather biological information

necessary for management of the tribal fish@fjgure2-7). The objective of the fishelgssessmenvas

to gather biological data ohake TroutndLake Whitefistbefore significant tribal fishing begam

management uniMl-4, whichisa A OKA 3 y Qa F A & K S ¢ukt 5fdhe Kelveeha® Beviifsulali I NB |
where Buffalo Reef reside®iological data summarized here incladelative abundance, spawning

periods, sexual maturity schedules, age composition, average size,@rfisrowth for bothLake

TroutandLake Whitefist{Table2-1. Data summadgedin this papemwould provide the baseline data for

evaluating the effects of tribal fishing drake Trouaind Lake Whitefistpopulations(Ebener 1988)

MILES

Figure2-7: Locations of assessment fishing along the east side of the Keweenaw Peniisttla985Ebener 1988
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Table2-1. Biological Data from sampling in M} themanagement unit in which Buffalo Reef resides in,
during October 1985

Lake Trout Lake Whitefish
Relative |A Averagecatch per unit efforfCPE | A Average CPE for all locations was 4
Abundance for all locations was 23 fish per fish per 1,000 ft of gill net
1,000 ft of gill net A Keweenaw Bay location considerabl
A Keweenaw Bay locationas lower with CPE of 4.

considerably lower with CPE of 8.
Spawning |[A Spawning peak from October t4 | A Spawning begins after October

Periods 26, 1985 typically in November
Sexual A Male fish reached sexual maturity | A Male fish reached sexual maturity at
Maturity at a smaller size and younger age smaller size (44 cm) and younger ag
schedules than females. (5 yrs.Qld) than females.
A Males and females were complete] A Males and Femalesere completely
mature by age 12. mature atagel2and age 14,
respectively.
Age A Hatchery fish ages ranged frong3 | A Fish ages ranged fromc4l5.
Composition 20, with average of 9.1 yr€id. A Fish of age 10were common in
A Wild fish ranged from 4 13, with catches all but Keweenaw Bay.
average of 7.1 yr€id.
Average size| A  Average length = 62.3 cm A Average length = 56.5 cm
of fish A Averageweight= 2.33 kg A Averageweight= 1.68 kg
Growth A Hatchery fish were larger at a give]| A Female fish averaged 1.1 cm longer

age than wild fish to age 7; and 0.2 kg heavier than males.
thereafter wild fish were larger
than hatchery fish

In Situ Copper Toxicity Tests: Applying Likelihood Ratio Tests to Dapliféa Incubations in
Keweenaw Peninsula Wate(d.999)

Copper toxicity was examined in the Keweenaw Waterway and Gay region using in situ mortality tests.
Daphnia pulexvere placed in shell vials @8 field sites selected to encompass copper contamination

from tailing piles to undisturbed shoreline environmentsponds onthe Gaystamp sand pileDaphnia
survivorship was very low as dissolved copper concentrations greatly exciddedtory derived.C50
values At other sites, mortality was lower as dissolved copper concentrations were lower than the Gay
stamp sand ponds, but still abolaboratory LC50 value$he ability oDaphniato tolerate dissolved

copper concentrations above laboratory LC50 values suggests that much of the dissolved copper in the
Keweenaw Waterwagf the peninsulds complexed and neavailablefor biological use (Lytle 1999).

Biological and Commercial Catch Statistics from the Chippewa iitédval Gill Net Fishery Within
Michigan Waters of Lake Superior During 202018

The Red CliBand of Lake Superior Chippevizad RiveTribe andthe Keweenaw Bay Band of Lake
Superior Chippewa entered into an agreement to establish an-initeatl off-reservation fishery
assessmenin the western Michigan waters of Lake Superior on AugBst984. In 1988, tribal off
reservation commercial fish expanded to include more fisherman and fishing in waters east of the
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Keweenaw Peninsula. An intgibal agreement was developed to manage this expanded fishery.
Results of the early fishegssessmenand the expanded commercial fishery have been reported
annually as administrative reports of ti&LIFWC

The commerciahter-tribal fishery inthe 1842 treatyceded waters of Michigan varies with the number

of large and small boats from 20042018 however, the fishersconsistently represent th&keweenaw

Bay, Bad River, and Red Cliff Bands of Lake Superior Chippbega Gill nets were the primary gear

used in the fishery. Trap nets were alssedin some years. The fishing seasonlfake Whitefistand

Lake Troutvas closed from early November to late November each yealfftre tribesto reduce the

impact of fishing on spawning stockslafke WhitefishEach Octobertargeted fishing for leahake

Troutwas prohibited in all areas and commercial fishing was prohibited ieitite seasonal refuges.

The learLake Trout 2 NLJK 2 § @ LIS | NB & dz0 4l8Hedzbuy G A ¥ KB F SNNP &I i 2 NB

Biological and commercial fishery statistics were summarized for calendar years 2001 through 2018
from the intertribal fishery in the 1842 treatgeded territory within Michigan waters of Lake Superior.
Statistics were reported by management unit, statistical grid, and gear type as indicated on individual
catch reports.

For the purposes of this report summary, only data fro@nagement unitMlI-4 and statisticalgrids

1125and 1224(Figure2-8) are summarized due to their relatidn Buffalo ReefMI-4 is the

management unit that is east of the Keweenaw Peninsula and includes the Buffalo Reef area. Statistical
grid 1125, includes the Buffalo reef area, a known seasonal refuge for LakeStatistical gd 1224is

in proximity and isdirectly southwest of grid 1125t alsohasa seasonal refuge for Lake Trout off Rabbit
Island/Traverse Islanofferinga comparable grid to 1125 that is currently less impacted by transported
stamp sandrom GayMl.
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Figure2-8: Management Unit (M#) andStatisticalgridsin the 1842 treaty ceded area within Michigan waters of Lake Superior
used for commercial

Tribalcommercial gill net harvest reported during the years 2001 through 2018 are expressed as dressed
pounds (pounds of a cleaned fish such that the entrails and scales have been removed). The total gill net
harvest from Mi4 from 2001 through 2018 fdrake TroutindLake Whitefislwas 927,604 dressed Ibs

and 2,067,165 dressed Ibs., respectively. Harvest for each year is presemduldéd-2. Lake Whitefish

was the primary target species for the tribal commercial fishing in all years.

Table2-2. Tribal Commercial Gill Net Harvest
of Management Unit M# from 2001¢ 2018

Year Lake Lake
Trout  Whitefish
(Dressed_bs)
2001 | 67,347 | 114,867
2002 | 91,897 | 160,564
2003 | 45,406 | 158,437
2004 | 49,208 | 147,594
2005 | 41,026 | 142,676
2006 | 52,857 | 90,833
2007 | 40,891 | 87,807
2008 | 46,669 | 113,059
2009 | 46,572 | 122,717
2010| 34,428 | 72,832
2011 | 37,160 | 96,026
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Year Lake Lake
Trout  Whitefish
(Dressed_bs)

2012 | 62,018 | 98,882
2013 | 57,834 | 72,841
2014 | 47,399 | 109,435
2015| 52,824 | 185,676
2016 | 66,517 | 137,237
2017 | 58,264 | 65,497
2018 | 29,287 | 90,185
Total | 927,604 2,067,165

The total gill net harvest frormgrid 1125 from 2001 through 2018 fduiake Trouaind Lake Whitefistwas
66,436 dressetbs.and 315,223 dressed Ibs., respectively. The total gill net harvestdrm224 from
2001 through 2018 fokake TroutindLake Whitefislwas 358,183 dressdls.and 652,093 dressed
Ibs., respectivelyHarvest for each year gesented inTable2-3.

Table2-3. Tribal Commercial Gill Net Harvest

of StatisticalGrids1125 and 1224rom 2001¢ 2018
Lake Trout Lake Whitefish
(Dressed_bs)

Year 1125 1224 1125 1224
2001 | 3,534 | 31,295 | 22,161 | 23,229
2002 | 2,648 | 48,215 | 9,667 | 48,799
2003 | 2,984 | 25,090 | 51,551 | 35,300
2004 | 1,404 | 24,459 | 7,855 | 91,265
2005| 1,350 | 15,004 | 13,920 | 49,988
2006| 1,705 | 8,838 | 2,780 | 12,225
2007 | 3,320 | 15,793 | 31,919 | 21,330
2008 | 4,416 | 20,841 | 22,080 | 35,480
2009 | 3,059 | 15,256 | 19,265 | 38,955
2010| 2,567 | 21,665 | 13,110 | 31,843
2011 | 5,315 | 12,891 | 15,241 | 35,621
2012 | 115 | 35,670 | 1,617 | 44,774
2013 | 7,699 | 19,611 | 3,734 | 26,549
2014 | 8,960 | 13,055 | 27,057 | 37,311
2015| 7,507 | 14,275 | 33,034 | 58,601
2016| 751 13,447 | 15,086 | 32,064
2017 | 3,648 | 11,715 | 3,487 | 13,740
2018 | 5,454 | 11,063 | 21,659 | 15,019
Total | 66,436| 358,183| 315,223| 652,093

Catch peeffort (CPIg or pounds harvested per 1,000 feet of gill nete presentedto standardize the
harvest for accurate comparisons betwegrids Lake TrouCPE between 2001 and 2018 averaged 17.8
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dressed pounds harvested per 1,000 feet of gill negfid 1125, whereas the CPE averaged 36 griith

1224. The difference in CPE indicates tad 1125, where Buffalo Reef is located, only produces half of

the harvest olLake Trouas compared tgrid 1224 for the same amount of effort is worth noting that

CPE is influenced by many factors (e.qg., target species, season, depth, etc.) and may not be indicative of

a difference in relative abundance between gridake TrouCPE for each year for boghids 1125 and
1224, are presented iRigure2-9.

ed Lbs of Fish

Dress

Figure2-9: Lake TrouCatch Per Effort (CPE) for Statist6ets1125 and 1224
Lake WhitefisICPE between 2001 and 2018 averaged 70 dressed pounds harvested per 1,000 feet of gill

net for grid 1125, whereas the CPE averaged 65@ith1224.Lake WhitefistCPE for each year for both
grids 1125 and 1224, are presentedrigure2-10.
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Lake Whitefish CPE

Dressed Lbs of Fish

Figure2-10: Lake WhitefisiCPE for Statistic@rids1125 and 1224Mattes, W.P., M.J. Symbal, and Bbnofrio 2003, 2004,
20062009, 20112014, 20162020)

Toxicological Evaluation for the Gay, Michigan Stamp S&2@06)

Widespread reuse for road traction, as well as recreational and construction use of the stamsp sand

occurs throughout the Keweenaw Peninsula. The purpose®fS { I G S TxcolagitaD KA I+ Yy Q&
Evaluatiorwasto evaluate the exposure scenarios for stamp sand uses including road traction,

recreational, and construction use. The impacts on human health and aquatic systems were assessed (
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Table2-4 andTable2-5). This Toxicological Evaluatimasbased on both analytical and bioassessment

data from the Keweenaw County Road Commission (KCRC) road traction stockpile and sediment samples
from Lake Superior collected near Gij,(Weston Solutions of Michigan, Inc. 2Q00Bhe report

documentsthe followingasaunacceptablé:

1 Drinking Waterg Manganese and aluminum were detected in stamp sand samples above
Residential/Commercial | Drinking Water Protection Criteria and in groundwater above
Residential/Commercial | Drinking Water Criteria. Therefore, consumptigroahdwater that
comes in contact with stamp sand is considered unacceptable.

1 Sediment and Surface WateiThe comparison of stamp sand soil data and groundwater data to
ecological benchmark®)A OKA 3y 5S LI NI YSy ( loundwa@rSNRoEY Sy i | f
Water Interface Protectiowriteria, and surface water quality criteria indicated the Gay stamp
sand could haveetrimental effects on aquatic organisms with copper and silver posing the
greatestpotential for impact. The Phase | and Phase Il Bioassessment confirmed the data
comparisorand indicated the Gay stamp sand causes acute and chronic effects to benthic
organisms. The copper concentrations detected in elutriates of Lake Superioresddina the
pond watersamples indicate the Gay stamp sand releases metals that can aauseand
chronic effects in the water column. Thexic Units Acute (i) calculated for elutriations
resulted in Ta between 10 and 100.
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Table2-4. Toxicological Evaluation summaryHuman Health Risk Assessment
Gay, Michigan Stamp SamtHiuman Health Risk Assessment

Exposure Scenario Risk Determination

Northern and SoutherArea Residential (stamp sand useraad traction)
Indoor Acceptable
Outdoor Acceptable
Residential (Drinking Water)
Drinking Water | Unacceptabl&
Northern and SoutherArea Recreational (sand box scenario)
Adult Acceptable
Child (612) Acceptable
Northern and SoutherArea ConstructioWorker (stamp sand use as
construction material)
Adult \ Acceptable

* Manganese and aluminum were detected above drinking water criteria, therefore consumption of groundwetetact
with stamp sand is considered unacceptable.

Table2-5. Toxicological Evaluation summanAquatic Organism Risk Assessment
Gay, Michigan Stamp Samdquatic Organism Risk Assessment
(Stamp sand use as road traction orjpfacedeposit adjacent to surface water)

Media Threat/Toxicity Risk Determination

Probably Effects Concentrations (PECs) and PEC Quoti
exceeded 0.5; Groundwater/Surface Water Interface
Protection for surface water is exceeded; acute ahtbnic
effects observed for benthic organisms.

Sediment Unacceptable

Copper concentrations in groundwater, pond water, and
elutriate waterexceededRule 57 Water Quality Values;

Surface Watel toxicity observed in suspended particulate phase (SPP) Unacceptable
resulting in no observable effects concentrations (NOEC
between 1 and 10; andu& between4.2and6.8.

Buffalo Reef and Stamp Sar8libstrate Mapping Projec2008)

Thefirst objective of this projectvasto map the extent of the stamp sands in relation to the raef)
provide a baseline of the spatial relationship between the stamp sands and the spawning areas on the
reefand 2)confirm the importance of Buffalo Reef as a spawning .aféa second objective was

provide a preliminary assessment of the vulnerability of the reeftéonp sandsontamination. For this
summary, only the biological dages it relates to mapping are discusséthiribogaand Mattes (2008
obtained the data below regarding fishery assessments.

1 GLIFWC Lake Superior fisheries staff conducted expanded assessments at several locations in
and around Buffalo Reef from October through November 2005.

1 Results confirm that Buffalo Reef is an important spawning arelake Troutind Lake
Whitefish
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1 Adult Lake Trout were relatively abundant in the interior of the reef, with the highest catch
rates at the tip of the reefirea Figure2-11). AdultLake Whitefish were relatively abundant at
the tip of the reef area, with the highest catch rates at the very near shore.

1 Summer beach seinirgputh of the Traverse River moufitund juvenileLake Whitefistwere in
the nearshore sand areas, suggesting that this area adjacent to the reef may be an important
nursery area.

Map 3: GLIFWC Fishery Assessment Zones

Buffalo Reef Zones

~ Near Shore Sand
[ Very Near Shore
1 Inside of Reef
Tip of Reef

| Northeast Tip of Reef

[] suffaio Reef Outline
[] Keweenaw Peninsula
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Figure2-11: GLIFWC Fishery Assessment Zones and fish catch per 1000 ft of net (CPE)

Log of Activities during Observation of Tribal Fisheries Crew Netting Juveake Whitefishn Lake
Superior

This document contains a log of activities conducted by White Water Associates and Tribal Fisheries
Crew duringa surveyof juvenileLake Whitefishin Lake SuperioiThe sirvey includedising a seine net

at three locations along Lake Superior including Site 1 at Township Park in Trave(saiBgacted by
stamp sand)Site 2 a stamp sand site near the mouth of the Traverse Rasd Site 3a county

property near the Gay Stamp Mals seen ifFigure2-12 (Premo2008).

9 Site 1: Total of 112 juvenileake Whitefisicaught. OneSculpin one Nine-spine Sickleback, and
one Sottail Shinerwere also caught.

9 Site 2: No fish caught.

9 Site 3: No fish caught.
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e

GLIFWC Summeéeach seining assessment

Figure2-12: Beach Seine Sites for Juvenile Lake Whitefish Survey in 2008

Annual assessments were conducted by GLIFWC along the beach south of the Traverse River mouth
from 1997 to 2019 to assess juvenile Lake Whitefish dengilaties 2022) These assessments were

conducted during the summer months utilizing seines and have been expanded as described in Section

2.5 Ongoing Studiefigure2-13 summarizes the densities of young of the year (YOY) Lake Whitefish
that were caught with the highest densities observed in 2007 and 2008.
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Figure2-13: YOY Lake Whitefish densities from 1892019 south of the Traverse River Mouth
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Impact of Copper Mine Tailings (Stamp Sahdn Survival and Development of Aquatic Organisms
Near Gay, Michigar2011)

Thisreport is the first to investigatevhether stamp sandis detrimental to survival and early

development of eggs and larvaelafke Surgeon,Lake Troutand NortherrLeopard frogs, and also
examines if the presence of stamp sands influences substrate selection of earthvidmtagublished

by Haakpertaining to the impact of stamp sands on the survival and development of aquatic organisms
are as follows:

1 Copper analysis (Cu2+) of surface water over stamp sand and natural sand showed
O2yOSYyidiNIYGA2ya ¢6SNB AAIYyATFTAOFyidfeé KAIKSNI AY
YIEGdzNF £ alFyR &adz2NFFOS 41 G4SN omn >3Ik[ 0D

1 Eggs ofakeSurgeon showed similar hatch success and development over natural vs. stamp
sand over 17 days

91 Lake Troutggs hatched earlier and developed faster when incubated over stams gand
showed similar development over a 263y period.

1 Frog embryos had similar hatch success over both types of sand, but tadpoles reared over
natural sand grew faster and had higher survival rates.

1 Samp sand had significantly larger mean particle sizes and irregular shapes compared to natural
sandand earthworms show a strong preference for natural substrate over any combination that
included stamp sand.

1 Copper from stamp sand appears to impact amphibians more than fish species in this study
(Haak 2011).

A Sediment Chemistry of Lake Superior Shoreline in the Vicinitiyeo¥illage ofGay, Keweenaw
County,and HoughtonCounty, Michigan(2012)

Staff of theSurface Water Assessment Sectidrthe Michigan Department of Environmental Quality
conducted a sediment chemistry survey of Lake Superior Shoreline in the vicithie/\diflage ofGay
KeweenawCounty,and Houghton Countiyn Michigan. Previous studies of the Gay stamp sand piles
(Weston, 2006) measured copper concentrations and toxicity to aquatic life with material collected from
the upland portion of the stamp sand piles. Results ef\Weston 2006tudy showed the Gay stamp

sand materiahas the potential to be toxic to aquatic life. The objective of seidiment chemistrngtudy

was to evaluate the sediment and water column chemical characteristics in Lake Superior and determine
potential impacts to designated us@dichigan Department of Environmental Qual912)

9 Eleven locations were sampled for water column chemistry and analyzed or calcium,
magnesium, hardness, mercury, arsenic, barium, cadmium, chromium, copper, lead, nickel,
selenium, silver, zinc, and total organic carbon.

91 Nine locations were sampled for discrete sediments and analyzed for mercury, arsenic, barium,
cadmium, chromium, copper, lead, nickel, selenium, silver, and zinc.

1 Elevated copper concentrations (>149 mg/kg) were detectadght of the nine sediment
samples (300 mg/kg 8500 mg/kg dry). Three water column samples also showed elevated
levels of copper (4 22 pg/l).
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1 Sediment samples around the Traverse River outfallthadowest sediment copper
concentrations. Concentrations of copper are highest between the pier at the Traverse River
outfall and the village of Gay which coincides with the largest deposits of stamp sand.

1 Bulk sediment toxicity testing showed that all sediment samples were acutely toxic to both
macroinvertebrates studiedhe midge larva€Chironomus dilutegandthe amphipod Hyalella.

Whitepaper, Keweenaw County, MichiganGay Stamp Sand2013)

The following project did not proceed becaws®&FSvas not identifiedThe proposedune 112013,
Section 506 GLFER project involves the restoratimprotection of an importanbver600acre Lake
Superior spawning reef farake Trouand Lake Whitefistiocated just east of the Keweenaw Peninsula
in Michigar® Upper Peninsula. This paper considers whether to move forward with the proposed
environmental restoration projedtnowing that there are clear ecosystem benefits, but the project
costs amount to $1,000,000.

LIDARand benthic invertebraténvestigations: Migrating tailings threaten Buffalo Reef in Lake
Superior(2019)

This study utilizedlIDAR (Light Detection and Rangimgpr-flights to documentl) stamp sands moving
along the shoreline, and e largevolumetransportedunderwater towards Buffalo Reef. The
summary of theLIDARver-flight findings is discussed in Section 2.&@diment sampled with Ponar
grabs were analyzed to qutify percentstamp sand in sand mixtures around Buffalo Reef, copper
concentrations, and quantify impacts on benthic invertebrate t&tdasstudy emphasizes that when

large amounts of nmie tailings are discharged into coastal environments, temporal and spatial impacts
are threatening benthic organisms and fish

1 Copper concentrations are relatively high (1Z12860parts per million ppm)) between the
original pile atGayand the redeposited stamp sand beach margin up to the Coal Bagkré
2-14).
9 Stamp sandsgrcentages decline (to 3010%) off the Buffalo Reef bedrock ridge intersection
with the shoreline (blue region), then increase @30%, 114%; 1716 ppm) towards th&rand
Traverse Bay Harbor Breakwater Structures, which decrease the wave energy entering a harbor
1 Copper concentrations decrease as one moves away from the shoreline into progressively
deeper shelf regiondiowever, at one kilometer(km) offshore, copper concentrations still fall
with 1145¢ 1716 ppm, levels at which copper is likely to htawdc effectson benthic biota
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Figure2-14: Stamp sand percentages with predicted copper concentrations from 2013 Ponar s@opdagpresent Ponar
sample locationgKerfoot et al., 2019)

1 Laboratory tests with Keweenaw and Gay stamp sands in sediments suggest toxic affects around
400to 700 ppm.

1 Direct counts of invertebrates from Ponar samples demonstrated severe reduction of benthic
species abundance and diversity at high concentrations of stamp sands compawad izl
sandbeachegqFigure2-15).

1 Above 26% stamp sandaopperconcentration of 600 ppm), almost all taxa showed severe
density reduction.

1 Above 75% stamp sandapperconcentration of 2100 ppm), there were no observed
2NHFYyA&aYas I aRSIR T2ySéo
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Figure2-15; Effect of stamp sand percentages on benthic invertebrates

2.3.2 Stamp Sands Studies and Reports

The following lisbf studies and reports were used to inform assumptions and understandings of the
stamp sands and impacts to the project aréar more information regarding these studies and reports,
the State of Michigan has created an online searchable bibliography that can be found at:
https://miwaters.deq.state.mi.us/nsite/map/results/detadd 727981 745796452457/documents

2019Alternatives Analysis Repo(tuly 2019

In July of 2019, thBRTF published a report evaluating the preliminary alternatives to clean up the
copper mining waste and protect Buffalo Reef. After evaluating thaltéBnativesformulated to

contain the stamp sands and protect Buffalo Re®f oneNo ActionAlternative using various screening
criteria, the report recommended three alternatives be further evaluated and considered for
implementation

1 Maintenance Dredging at Grand TraveBagyHarbor and in thé'roughwith a Stone Revetment
in Place lame has been updated for this studydoakeside Placement Sije

91 Dredge Everything with Disposal in a Newly Constructed Landfill Nédabye(has been
updated for this study t@Upland Placement Si¥ and

1 Dredge 15 MCY with Disposal into the White Pine Mine Tailings Basia has been updated
for this study todWhite Pine Miné).

The instant Report coversfarther evaluaton ofthese alternative and incorporassmore recent boring
information to estimate the dredging volume. TNe Action and three finalternatives were further
evaluatedin Chapters.
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Earth Economicg Ecosystem Services Valuation of the Keweenaw Peninsula, 2019

In a study funded by GLRI, GLIFWC contracted with Earth Economics to develop an Ecosystem Service
Valuation (ESV) for Buffalo Reef, Grand Traverse Bay, and the Keweenaw Peninsula Retatural he

capital quantified in the report provides many social, economic, and environmental benefits within
aAOKAIlIYyQa YS4SSyl g tSyAyadzZlz yR O2yiGAydzSR RSIN
the environment and local economied.l NI K 902y 2 YA O&4 Q Ndatks dtlisysterh 3 K A A K (
service values provetl by the lands of the Keweenaw Peninsula and nearby waters

This study finds that the indirect, nenarket values of ecosystem services provided by the Keweenaw
Peninsula region are substantial. Under the analysis in this report, the total ecosystem services value
provided by the lands and waters in tKeweenaw Peninsula Regiare at least $613 million to $1.5

billion each year. Over 100 years, these benefits total at least $21 billion to $52 billion using a 2.75
percent discount rate, or $61 billion to $149 billion usingeeopercent discount rate. Still, due gaps
present in the analysis, these values represent underestimates of the total indirect value of these
benefits. Additionally, there are other types of economic benefits provided by natural resources in the
area. The values in ¢fEarth Economios Ecosystem Services Valuation of the Keweenaw Pendidula

not include market transactions and spending associated with these natural resources, or the jobs they
support in the regior{Fletcher 2019)

The ecosystem services valuatianalysis is important because traditional economic analgées fail

to account for the indirectalues of these goods and services that nature providesdfedarge.This

work informs restoration efforts being developed by the Buffalo Reef Task Force, which is composed of
tribal, federal, and state agencies. By including the-narket values that are often forgotten in
decisionmaking, the protection of important natal resources, including Buffalo Reef, are ensured.
Table2-6 presents the results from the replacement cost analysis of spawning habitat on Buffalo Reef.
Total tribal and commercial harvest lbke TrouandLake Whitefistwithin 50 miles of the reef is about
100,000 pounds and 326,0@ounds, respectivelff Buffalo Reef spawning habitat was lost, the
estimated number of stocked yearlings needed to replace adults for Lake Trout is over 9.7 million and
over 5 million for Lake Whitefisin addition, nearshore habitats provide critical nursery habitat for Lake
Trout and Lake Whitefish fry after they hatch on the reef.

Table2-6. Estimated Levelf Replacemenbue to Loss of Buffalo Reef Spawning Halfikttcher 2019)

Estimate Lake Trout Whitefish
Average annual tribal commercial harvest in round pound 100.317 221,823
within 50 miles of Buffalo Reef from 192617 ’
Average annual Stammercial harvest in round pounds - 104,108
Total average harvest within 50 miles, 198®B17 100,317 325,934
Average annual harvest pounds lost due to Buffalo Reef
Habitat destruction (29% Lake Trout; 42% Whitefish) 29,092 136,891
Weight Ave. of monitored Ibs./fish sampled 2.99 2.70
Number_of adults needed to replace those lost to habitat 9.730 50,700
destruction
Projected survival rate stocked yearlings to adult age 7 ys¢ 0.01 0.01
Number of yearlings required to replace adults 972,974 5,070,038
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Historic Landscapes Survey, The Gay Stamp Sands Historic Documentation/Recordation, The
Wolverine and Mohawk Stamp Sands at Gay, Keweenaw County, Michig@h9)

In 2019, the final Historic Landscape Recordation Report was published and sedeeditoentall
remaining historic features within the original footprint of the stamp mills. Photos showetmaants of
the stamp mill building, the wood pilings that supported theite out to Lake Superior, and the
concrete retainingfoundation walls(Figure2-16).

Figure2-16: Historic Landscape Survey phatb®Vood Pilings (left) and Remnantstioé Concretelume (right)

Stamp Sand®hysical and Chemical Screening Evaluations for Beneficial Use ApplicéZioRas)

In 2021 the U.S. Army Engineer Research and Development CeRBx{gublisheda physical and
chemical screening evaluation for potential beneficisés of stamp sand$he evaluation of the stamp
sands leachate was further used toe preliminary water treatment design and coste results of the
Elutriate Testingind samples of hydraulic dredge water effluégmdicated that hydraulic dredging would
require significant water treatment effort and was the basisdoreening ouhydraulicdredging

method from consideratiorfor this study(Planning Appendix)

LIDARand benthic invertebrate investigations: Migrating tailings threaten Buffalo Reef in Lake
Superior(2019)

In addition to the biological data summarized in Section 2.3.1, this reportiadsosses thapplication

of LIDARo better understand coastal erosion and spreading environmental effects. The LIDAR coverage
over the project area was used to estimate the timelapse of stamp sands eroding into the bay and
visualize the drastic change in shoreline profile since the stsangds movement began. Therial

photosfrom several year§19382019)were used to observe the expanding stamp sands shoreline and
understand how the stamp sands continues to dominate the shoreline. This report supported
assumptions used for modeling inpwtad estimating the volume of stamp sands onshaedin the
TroughandDune.

1 The original pile (Gay pile) of stamp sands was 22.7 million metri¢appsoximatelyl6 MCY)
Over time, about half of the Gay pile material was redeposited along the shoreline southwest
TNREY (KS Listbps GREI 68y DKI ( Grand Trévérde Slaftior (12 (K S
Breakwater Structure@~igure2-17).

1 Samp sand have moved as underwater sand babsifes) across the bedrock shelf and
accumulated in the ancient riverbedrougl).
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1 Stamp sandfrom the Troughare moving into the northern and western cobble field of Buffalo
Reef and hae been found in a depression west of Buffalo Reef.

1 Stamp sands are accumulating at t3eand Traverse Harbor Breakwater Structuaed appear
to be moving offshore around that structure, jeopardizing the lower bay.
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Figure2-17: NOAA 2010IDAR Grand (Big) Traverse Baylor coded by elevation and water depth. #1 Bedrock region, #2
Southern Cobble fields, #3 Northern Cobble fields, #4 Western Gobb®tf Ra s | p { (ITougk ZI YR Y2dzy R A
Southwestern Cobble fields, #7 Depression west of Buffalo Ré&fa#8 Traverse Harbor Breakwater Structu#sNatural
sand in lower bay, #10 Natural sand channels

Delineation and Characterization of Aquatic Substrate Features on and Adjacent to Buffalo Reef,
Keweenaw Bay, Lake Superi(@008)

In 2008 GLIFWC contracted witllational Water Research Institute (NWRI) of Environment Catoada
classiy the substrate types of Buffalo Reef and Grand TraversetBayovide an estimate of spawning

fish habitatandto describe adjacent substrat€Bigure2-18). This information was used to estimate the
lakebed surface that was then used for estimating the volume of stamp sands to be reriditted.

limited information on the subsurface conditions of Buffalo Reef and nearshore waters, the results from
this report supported assumptions used to estimate the total volume of stamp sands to be removed.
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Figure2-18: Classified substrate distribution model

Data CollectiorReports(2012¢ 2021)

Several reports were published after completing geotechnical investigations of the projecTalda.
2-7 listsreports that documensubsurface conditions beneath the existing groamdl lakebedsurfaces.

Table2-7. Geotechnical Investigation Reports Within Project Area

Report Publisher Year

Final Geotechnlcql Exploratlop Rep#&weenaw Stamp AECOM/USACE 2012
Sands, Geotechnical Exploration
Summary Repo Stamp Sand Sampling, Keweenaw Coleman 2019
Stamp Sand Dredging, Gay, Michigan Engineering/USACE
Summary Repog Stamp Sand SampliggRound 2 Coleman
ngpllng, Keweenaw Stamp Sand Dredging, Gay, Engineering/USACE 2019
Michigan
Field Report, Keweenaw Stamp Sands, Geotechnical Advanced 2021
Chemical Investigation, Gay, Michigan Matrix/USACE
Keweenaw Stamp Sands Upland S@estechnical Mannik Smith

L 2021
Investigation Group/SOM
Beach Boring Investigation GEI/SOM 2021
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2.4 Buffalo Reef Protection Efforts

The following projects wereompleted tominimize stamp sands encroachment on Buffalo Reef.
Grand Traverse Bay Harbor JettyMaintenance Dredging

The Grand Traverse Bay Harbor has been frequently dredged over the past decade to protect the reef
and surrounding habitats from stamp sands encroachn{€able2-8). For more information on the
Grand Traverse Bay Harlxwe section 2.2 Existing Projects.

As a Federal Navigation Channel, the harbor was initially dredged to maintain navigability from Traverse
River to Lake Superior; however, otlee past few years, stamp sands have migrated down to this jetty
and during stormswas transportedbver the jetty into the harbor. The recent maintenance activities
includeddredgngthe harborandthe shoreline adjacent to the harbor jettp minimize the frequency

of stamp sands overtopping the jetflfigure2-19).

Table2-8. Dredging Events Within Project Area

Organization Year Stamp Sands Removed (CY)

USACE 2003 Unknownin GTB Harbor
USACE 2009 Unknownin GTB harbor

MI DNR 2014 4,500 in GTB harbor

MI DNR 2017 9,000 in GTB harbor
USACE 2019 37,300 in GTB, around Jetty, on beach
SOM/PCI 2020 1,000 on beach to avoid SS topping over GTB harb
MI DNR 2020 45,000 in GTB harbor and on beach

KBIC 2020/2021 19,400 on beach near GTB harbor
Ml - EGLE 2021/2022 | 35,0550n beach near GTB harbor
MI ¢ EGLE 2022/2023 | 42,536 on beach near GTB harbor

Figure2-19: Maintenance Dredging Adjacent @rand Traverse Bay Harbor
2020 USACEroughDredging
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In May of 2020, the EPA provid€d Rfunding to dredge stamp sands from tiieough an ancient
riverbed, to delay furtheencroachment of stamp sands on Bald Reefandonto the juvenileLake
Whitefishrecruitment area south of Grand TraveiayHarbor.The Trough functions like a sediment
trap. Approximately 112,00C€ Yof stamp sands were removed from tiieoughA Yy ONB | & A y 3
capacity to capturstamp sandshat are being transported towardbe reef(Figure2-20).

G§KS ¢ N

Figure2-20: Outline ofTrough(yellow) and Dredge Area withirrough(red)

2019 Michigan Department of Natural Resources (DNRemoval of Stamp Sands Cliffs

In October of 201%he Michigan DNR pulled a 300t-high cliff of stamp sands (175,0Q0§ back
towards the tree line to reduce theate of stamp sands eroding into Lake Supe(ttigure2-21).

Figure2-21: Before (top) and After (bottom) of the November 2019 Stamp Sands Cliffs Re@tfed sands cliffs were pulled
back and regraded to reduce erosiorg Aerial of Stamp Sands Original Pile. 2tampSands Cliff §pproximately30feettall),
3 ¢ Construction ActivitiRegrading the Original Pile, dOriginal PileRegraded
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2.5 Ongoing Studies

With input from the BRTF, a core biology team consisting of task force members and biologists from
tribal, state, and federal agencies identified several research themes that were critical to the full
evaluation of the proposed managemaeaiternatives for Buffalo Reef. The following summaries are
preliminary results from work that has yet to be published or are ongoing in their-gedt study(Lowe

et al., 2022)For more details, please review the Biology Appendix.

Acoustic Telemetry of Lake Trout and Lake Whitefish Populations at Buffalo Reef (2022)

The objectives of this study were to determine if, when, and where Lake Trout and Lake Whitefish
spawn on Buffalo Reef and if those spawning habitats have been affected by stamp sands movement.
Acoustic telemetry methods were used to collect informatiomattfish movements and habitat usage.
This was carried out by the implantation of acoustic transmitters in 30 adult lean Lake Trout and 30
adult Lake Whitefish that were collected over Buffalo Reef in the 2019 spawning season. As this is a
multi-year study the preliminary results from the 2020 and 2021 spawning seas®shown irFigure

2-22 andinclude:

1 1lLake Trout (female and male) and two Lake Whitefish (male) returned to Buffalo Reef during
the 2020 spawning season (OctolbeDecember)

1 While both species were positioned across the full extent of the reef, they were also highly
associated with the cobble substrate creating activity hotsp8eeFigure2-23 for the General
Spawning Area for both specjes

1 Recent models predict low levels of stamp sand (typidadly thanl5%) in the activity hotspot
areas, but this has not been verified with physical ¢ata

1 The presence of fertilized embryos in egg traps during the 2021 spawning season confirmed that
Lake Trout were spawning in the activity hotspot area

9 The acoustic telemetry information is consistent with the understanding of reproductive ecology
for both species and provides strong support for the persistence of spawning at Buffajo Reef

1 Very few fishless thar0.01%) were detected in the shallow habitats along the shoreline where
stamp sands is most concentrated. This may indicate active avoidance of elevated copper in
substrates

1 The Lake Whitefish activity hotspot is deeper than what has previously been reported in other
studies. It is unclear if this finding reflects a shift away from historical spawning habitats in
shallower water due to stamp sands or is an exception to thesyfhake Whitefish spawning
habitat and

9 Atthis time, it is difficult to determine if potential spawning sites for either species have been
affected by stamp sands movement onto Buffalo Reef.
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Figure2-22: Heatmaps highlighting activity hotspots on Buffalo Rég¢fMale LT, B) Female LT, C) Male LWF, and D) Core
spawning area for both species overlaying Buffalo Reef substrates.

Expanded Juvenile Lake Whitefish Survey (2021)

The natural sand beach south of the Grand Traverse River is recognized as the critical nursery habitat for
juvenile Lake Whitefish spawned from Buffalo Reef. Biologists from GLIFWC have surveyed this nursery
area since 1997 and based on the my#ar reslts have hypothesized that poor recruitment from 2009

to 2020 is a reflection on stamp sands impacting Buffalo ,Rge&fn that other nursery areas surveyed in

Lake Superior did not see as many missing-gksses of juvenile Lake Whitefish. The juveraliee

Whitefish survey has been expanded temporally and spatially to occur throughout the summer and
include additional reefs around Keweenaw Bay and the Keweenaw peniAsuthis is a mukyear

study, the preliminary results are discussed below

9 Beach seine surveys were conducted at Great Sand@3ig)Bete Gris€BSG)Grand Traverse
Bay(GTB)Little Traverse Bay. TB)and BigBay(BIG)Figure2-23);

9 Otoliths were extracted to estimate hatch dates, daily growth rates, and for microchemical
analysis. This data is not yet availalalad only the results from the beach surveys are
discussed

9 851 juvenile Lake Whitefish were collected from the seine surveys, with the number of juveniles
in a single seine haul ranging from 135 at Great Sand Begrémbserved at all sites

1 Great Sand Bay, Bete Grise, and Big Bay sites had significantly higher juvenile Lake Whitefish
densities than at Grand Traverse Bay and Little Tra\gayeFigure2-24); and

1 While it is difficult to make inferences about the results with only a single year of data, Lake
Whitefish recruitment at Buffalo Reef was depressed relative to Great Sand Bay, Bete Grise, and
Big Bay in 2021.
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Figure2-23: Nursery Sites Surveyed by Biologists and GLIFWC
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Figure2-24: Mean juvenile Lake Whitefish Dengityymber of fish per cubic meter of water) from beach seining surveys in 2021.

41



Buffalo Reef, Final Alternatives Analysis DRAFT JANUARY 2024

Laboratory Exposure Experiments of Stamp Sands on Lake Whitefish Early Life Stages (2020)

This project was conducted to determine the potential effects of stamp sand exposure on the early life
stages of Lake Trout and Lake Whitefish from fertilization through early larval stages. In 2020, Lake
Whitefish were collected from Buffalo Reef and westep spawned for the experimental study using
surface water from the lake. Fertilized embryos were randomly selected for use in replicate tanks per
experimental treatment. These embryos were placed in tanks with treatment substrates that were
composed of mix of inert aquarium gravel and dredged stamp sand corresponding to 0% to 100%
stamp sand at 10% intervals. As this is a rydtr study, only preliminary results from the Lake
Whitefish laboratory experiments are discussed

9 Initial embryo mortalities occurred much earlier in the treatments with higher percentage of
stamp sand as compared to the lower stamp sand percentages

1 There was a significant decline in the number of individuals that successfully hatched as the
concentration of stamp sand increasdddure2-25). 73% of embryos in the 0% stamp sand
treatment successfully hatched as compared to only 9.6% hatched in the 100% trepament

1 Recently hatched larvae from th&©50% and 100% stamp sand treatmenisderwent
endurance testing where the fish were forced to swim. Larval fish from tBeeb@ 100%
treatments were capable of short periods of sustained swimming but did not recover as quickly
as larvae from the control group

These data indicate that early life stages of Lake Whitefish are vulnerable to stamp sand in their
environment.
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Figure2-25: Proportion of Lake Whitefish embryos that successfully hatidiieaving incubation in 11 levels of stamp sand
concentrations.

42



Buffalo Reef, Final Alternatives Analysis DRAFT JANUARY 2024

Additional Studies:
In addition to the above ongoing work, several other studies are in various states of progress.

1 High resolution mapping of the substrates on Buffalo Reef

1 Expanding sampling of the benthic invertebrates at Buffalo Reef and other sites throughout
Keweenaw Bay (GTB, LTB, and BRigire2-23);

9 Usingacoustic telemetry, genetics, and fish ear bones (otoliths) to determine how productive
Buffalo Reef is currently relative to past productiamd

1 Quantifying the amount of stamp sand in the activity hotspots on Buffalo. Reef
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3. Need for and Objectives of Action

3.1 Problems

More than 12.7 MCY of coppatining stamp sands, a byproduct of a stamp mill located in Gay, MI, has
migrated approximately five miles downdrift of the original stamp sand Pphe. stamp sands continue

to encroach onto Buffalo Reef aatle being transportedhto the shallow water habitat south of Grand
TraverseBayHarbor. The reef and shallow water habitat are important spawning and juvenile habitats
for Lake Troutaind Lake Whitefishin Lake Superior.

3.2 Opportunities

1 Maintain the fishery supported by Buffalo Reef and the associstdistencerecreational,and
commercial fishing at Buffalo Reef

f  Maintain thetribed Q (G NI RA A 2 yreldtionshi RithBhigtal6 RéeftalphofdIheir
responsibilities to the reef and its associated wildlife andhieet their religious, ceremonial,
medicinal, subsisten¢cand economic needsind

1 Maintain the genetic diversity of theake TrouandLake Whitefistishery by protecting Buffalo
Reef and the adjacent shallow wateake Whitefismursery habitaand Lake Trout nursery
habitat on the eastern edge of Buffalo Reef

Two ancillary benefits would be

1 Maintainnavigation at Grand Traver&ayHarbor because stamp sandsuld not overtop the
harbor and fill the navigation channel.

1 Reduce the likelihood of flooding impacts of homes along Traverse River by preventing stamp
alyR&a FTNRBY o6ft201Ay3 GKS ylI@AIlLaAaA2y OKIFIyySt KA

3.3 Planning Constraints

3.3.1 Stamp Sand Deposits

Dredgeonly thestamp sands deposits with sufficient thicknesses and volumes to be removed efficiently.

3.3.2 No Dredging within the Reef

Do notdredgestamps sands within the redecause mechanical dredging cannot remove stamp sands
0S06SSYy (KS NBSTQa O200fSa STFFSOGA@®StE 2NJ STFAOAS
was screened from consideration. See SecBdhStamp Sands Physical and Chemical Screening

Evaluations for Beneficial Use Applications (2021)

3.4 Project Goals and Objectives

The study goals are the following:

91 Protect Buffalo Reef by minimizing continued stamp sands encroachment;

1 Restore the shallow watatursery habitat fol.ake Whitefistbetween GayMI, and Grand
TraverseBayHarbor;

1 Minimize stamp sands encroachment in the shallow water nursery habitdtdé&e Whitefish
within Grand Traverse Lower Band
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1 Minimize stamp sands encroachment in thake Troutursery habitat on the eastern edge of
Buffalo Reef.
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4. Existing Conditions and Future Withotrroject Conditiors

This section describes relevant Existing Conditions and Future WiEhoject Conditions for resources
potentially affected by project implementation. The description of the existing conditions focuses on
only those aspects potentially subject to impadibe existing conditions description is limited to the
Grand Traverse Bay area and the adjacent lands located in Keweenaw and Houghton Counties,
Michigan.The Future WithouProject Condition® Nio Actiod would be the continued encroachment
of stamp sands on Buffalo Reef and downdrift areas.

Resources analyzed in this document include Physical Resources, Biological Resources, Cultural and
Archeological Resources, and Socioeconomic and Human Resources. Refer to Chapter 6 for the
definitions of environmental impact severity that is discussetthénFuture WithoutProject Conditions

for each resource.

4.1 General Characteristics dfake Superior
4.1.1 Existing Conditions

Lake Superior is the known for its cold waters and rugged shoreimesontains more water than the

other Great Lakes combined@he lakecovers an area of approximately 31,700 square miles with

shorelines spanninthree U.S. states andne Canadian provincd.ake Superiok 2 f R4 mMm: 2F GKS
fresh surface water and is the deepest of the five Great Ldkbeasts of clear waters in the summer

with an average underwater visibility of 27 feéis the northernmost Great Lake, Lake Superior

experiences harsh cold winters and has a #arg average annual maximum ice cover of 63.9%e

formation and evolution of Lake Superior is an ongoing process that began morertlarillion years

aga whichcan be attributed to both natural and anthropogenic forces, including periods of glaciation,
erosion,and depositional processgshanging climate patternsnd human development.

¢2RIF&8% [F1S {dz2LISNA2NID& aAK2NBfAYyS KI a ,aitB&hostodl G S32 N,
lakes and boreal forests. Researchers have cataloged numerous distinct coastal habitat types, including
wetlands, lake plain prairies, sand, cobble and bedrock beaches, sand dunes, sand barrens, alvars, and
islands.

4.1.2 Future Without-Project Conditions

There were many factors that were considered for the consequenchle dfctionAlternative: lakewide
hydrology, geology, water quality, copper toxicity, ecosystems, fisheries, etc. Based on the available
knowledge at the time of writing this report, the consequenceslofActionAlternative would have a
negligible impact on Lake Superior as a whole.

However, in the future as more scientific data becomes available stitielying lakewide impacts of

stamp sand migration, this determination may change the level of impact. Additionally, the consequence
of not addressing the restoration of the lake shore and protection of the spawning reef, when added to
other impacts (i.eshoreline development, mining waste in other shoreline areas), may have a
measurable lakavide impact.Regardless of the exact nature of any lakide consequences of thdo
ActionAlternative, the consequences at local and regional scales would be adsedstailed

throughout the report.
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4.2 General Characteristics of Keweenaw Bay Sigecific Study Area
4.2.1 Existing Conditions

The Keweenaw Bay is an arm of Lake Superior residing on the eastern sidé®fithelong

Keweenaw Peninsula in the Upper Peninsula of Michigan. While larger Lake Superior system influences
the waters of Keweenaw Bay, the nearshore processes $t@aped the landscape as evidenced by

features such as bays, islands, tombothse-swalecomplexes, and nearshore bedrock reefs.

Grand Traverse Bay sits between GQdito the north and the tombolo landscape feature known as
Traverse Point to the south. The2@0-acre Buffalo Reef lies within Grand Traverse Bay in the nearshore.
This cobble reef sits on top of a bedrock shelf arsiiject to the cold harsh winters of the Lake

Superior waters. Ice cover over the reef is common in the wistelreducesthe impacts of winter

storm surges. Summer waters in Grand Traverse Bay remain cool, with an average surface temperature
of 55°F.

4.2.2 Future WithoutProject Conditions

The consequence ®&fo Actionwithin the project area would impact the Keweenaw Bay-Sipecific
Study Area through the continued encroachment of stamp sands on Buffalo Reg&asyport
throughout Grand Traverse Bay. Further specific impacts are discussed in the sé&ibinsugh 4.6
below.

4.3 Physical Resources
4.3.1 Climate

Existing Conditions

For this report, the climate conditions of the region are discussed in this section, whereas climate
change and its impacts are discussed in Seeti8ri3 The Keweenaw Peninsula region hasid-

latitude maritime climate. Water in Lake Superior stays cool in summer and does not ordinarily freeze
over completely in winteBecause othe nearness to the lake, temperatures are moderasethewhat
from the more interiorJ.S. and Canadatremes and cloudiness and precipitation are above average.
Weather changes are frequent because many pressure systeve eastward through this section of
the U.S.and Canada and precipitation is well distributed throughout the year. Summer temperatures
rarely reach 9€F while winters are cold andnowy. Seasonal snowfall averages over 200 inches a year.
Because of ample cloudiness much of the year that is caused or enhanced by lake influsratéses
values average low and aespecialljjow in winter when daylight shrird¢o less than nine hours iate
December.

Future WithoutProject Conditions

The consequences bdfo Actionwithin the project area would have no impact on climatnditions
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4.3.2 Geologic Setting

Existing Conditions

The Keweenaw Peninsula was formed by the Midcontinent Rift, an enormous gash that formed
approximately 1.1 billion years ago during the Precambrian period, when the crust of the continent
began todrift apart and was filled with basalt lavas (Kes649. During the early Midcontinent Rift,
volcanic flows formed plateaus ranging from a fgavdsthick to the impressivé,300foot thickness of

the Greenstone Flow in the Portage Lake Group which is exposed along the ridge of the Keweenaw
Peninsula. This lalow is one of the largest in the world. It is during this time period when the famous
copper deposits of Keweenaw Peninsula were formed. Native copper deposits were formed by hot
water solutionsknown as hydrothermal solutions flowing from the Midcontinent Rifwhich dissolved
copper in solution flowed upward through the lava and precipitated the copper out as it cooled in holes
at the top of lava flows (Kesl@019. This type of formation led to the deposition of highly pure (97%)
deposits of coppein the Portage Lake Volcanics baskig(re4-1).

After the close of volcanism, the rift began to cool and subside with the accumulation of alluvial fan
sediments which formed the Copper Harbor Conglomerate along the western side of the peninsula
(Figure4-2). Nonesuch Shale overlays the Copper Harbor Conglomerate and is succeeded upward by
sandstone and shale of the Freda Sandstone (K28[E9). After subsidence ceased, the sedimentary

basin of the Midcontinent Rift was uplifted along the Keweenaw fault, which can be seen as the spine of
Keweenaw Peninsula. This uplift exposed Precambrian basement rocks that ertmseldiments that

formed the Jacobsville Sandstone along the eastern side of the peninsula. The Jacobsville sandstone is
the primary bedrock near the town of Gay. Younger bedrocks of the Paleozoic, Mesozoic, and Cenozoic
eras do not exist on the Keweenaw Reula as they hadden scraped and eroded away over the

course of theawo million years of glacial advance and retreatbjchled to the formation of the Great

Lakes.
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Keweenaw Geology
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Figure4-2: Geology of the Keweenaw Peninsula

Future WithoutProject Conditions
The consequences bdfo Actionwithin the project area would have no impact geologyconditions.

4.3.3 Topography andsoils

Existing Conditions

For this report, the topography discussion refers to upland areas whereas the coastal shoreline is
separated and discussed in Section 4.3He topography of the lands in the Keweenaw Peninsula are
higher along the central spine and northern side of the peninsula and generally lower with more
wetland along the southern side of the spine with numerous interdunal swales and lowland areas from
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Bete Grise Bay south past Gay to the county line, some extending inland for a mile or more. Elevation

across theKkeweenaw Countyaries by nearly 1,400 feehs shown irFigured-3, the soil survey forthe

c2dzyie adraSa GKIG GKS DIFeé FNBIFQa G2LR23INIFLKE Aa OK
dissected moraines bordering Lake Superior with elevations ranging from 1,540 feet to 597 feet above

sea level at the Lake Superior shore (USDA 28af)Survey for Keweenaw County states that the Gay
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Lake Superior with elevations ranging from 1,540 feet to 597 feet above sea level at the Lake Superior

shore USDA 2006).
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Figure4-3: USDA Soil Map

In October of 2021, the State of Michigan drilled 14 boriogsharacterize the subsurface conditions of

a potentialstamp sandplacement site upland of the project ar@@igure4-4). The preliminary

geotechnical investigation indicated that the subsurface area was a relatively thin surficial layer of
unconsolidated glacial drift underlain by bedrock of the Jacobsville Formation. The glacial drift consists
of lacustrine deposits inctling sand, silty sand, and sandy silt with varying amounts of gravel and
sandstone fragments. The deposits afassified under th&nified Soils Classification SystduSCH

primarily as poorly graded sand with silt and silty sand, and to a lesser extent as sandy silt. The depth to
bedrock ranged from approximately 7.5 to 19.5 feet below ground suifaés 2021)

50



Buffalo Reef, Final Alternatives Analysis DRAFT JANUARY 2024

Figure4-4: Potential upland placement site borings locations

Future WithoutProject Conditions

The consequences dfo Actiorwithin the project area would have no impact topography andsoil
conditions.

4.3.4 Limnology and Coastal Shoreline

Existing Conditions

The limnology and coastal shoreline of Big Traverse Bay is a dynamic system that historically and
currently follows erosional and deposition processes as it transports sediments in the littoral drift.
Generallythe shoreline is eroded away from the upper regions of llag and deposited downdrift in

the lower bay. In terms of anthropogenic influences) estimated22.7 metrictons (25 U.S. tons,
approximatelyl6 MCY of stamp sands were disposed of along the north shoreline of Big Traverse Bay
by the end 6 1932.0ver the last 90 years, the original pile of stamp samas eroded byhe littoral

drift processandstorm events, which hadepositedstamp sand#nto Lake Superior and along the
shoreline. This section discusses the current location of stamp sand, whereas the movement of stamp
sand is discussed &ction 4.3.5 Hydrology and Hydraulighieexistinglimnologyand coastal shoreline
features impacted by decades of stamp sands infiltraiomdescribed in the followingegions ofGrand
Traverse BagFigure4-5):

i Tobacco River

Stamp Sand Impacted Shoreljine

HistoricCoal Dock

Grand TraversBayHarbor(Big Traverse Harbgr)
Lower Bay Shoreline

Dune

= =4 =4 -4 =9
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Buffalo Reef
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Traverse Point
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Figure4-5: Limnologyand CoastalshorelineFeaturesof Grand Traverse Bdyigital Elevation Model (DENgpresents the
underwatergradient(Red =Shallow, Green = Deep)

TobaccdRiver

The Tobacco River is a-fifle-long river that flows into Lake Superior just north of Gdy(Figure4-5).

Based on the modeling of existing conditions, there is a very small sediment load produced by the
Tobacco River Watershed. The smallest particles leaving Tobacco River and entering Lake Superior were
not transported far beyond the mouth; therefore, ituslikely that the Tobacco River is currently

providing an inward flux of native sediment to the project area.

52



Buffalo Reef, Final Alternatives Analysis DRAFT JANUARY 2024

Stamp Sand Impacte8horeline
North Shoreline

The North Shoreline is approximately 250 acres and runs just dveriles from the edge of the
shoreline in Gay, Ml to the eastern end of the Middle Shorekigufed-6 and Figure4-7). This portion
of shoreline contains the remnants of the original mifestampsandtailings that formed from years of
copper mining. The stamp saslkdave made the physical appearance of the northern shoreline to be
that of a dark sandy beach, due to the volcanic source of the basalt sands.

Stamp sands have accumulated at the original pile since the stamp mill opened resulting in massive
stamp sand cliffs reaching up to 38=f high and widening the beach which now rasfgrom 600 et to
over 1,200 ket wide. Based on the average Lake Superior water surface level, the lake would reach the
tree line if not for the presence of stamp sandis.November of 2019, these cliffs were regraded to
reduce stamp sandsrosion Figure2-18). In 2021, 41 borings were drilled throughout the North
Shoreline tanform the stamp sandbedrockprofile and estimate the total volume of stamp sands in
this region. The results indicated that roughly 4.4 MCY of stamp sands currently lie on top of bedrock
(Figure4-8). Due to storms, winds, and natural littoral drift, the thickness of stamp sands ranges
throughout the north shoreline, but borings indicated anywhere froii¥ feet of stamp sands are
present EngineeringAppendiy. Several coastal pools and ponds lay on top of the sand lzesitdre
devoid of life due to copper toxicity contamination.

bbacco River

Coal Dock letly

3
D(chne/\,«nddlc
‘_‘,\\

o"‘(\

Traverse

Pomnt

Figure4-6: North Shoreline Regional Overvi€®EM represents the underwater gradient (Red = Shallow, Green = Deep)
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Figure4-7: North Shorelin®©utlined in Red

Figure4-8: 2021 Boring#ndicating Bedrock (green points) and Native Sand (red points)

Middle Shoreline

The Middle Shoreline is approximately 112 acresextdndsjust underone mile from the western end
of the North Shoreline to the existing coal doEligure4-9 and Figure4-10). The beach has a dark
appearance from the stamp sasdnd the width typically ranges from 4@0 700feet. This portion of
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shoreline has been covered with stamp sands since 1938. In 2021, 35 borings were drilled throughout
the Middle Shoreline to understand the stamp sands profile anestimate the total volume of stamp

sands in this region. The results indicated that roughly 1.4 MCY of stamp sands lie on top of native sand
or bedrock, with a majority of the stamp sands lying on bedréajufed-8). As with the North
shoreline,storms, winds, and natural littoral drift, alters the thickness of stamp sands throughout the
shoreline, and borings indicated anywhere fraimnee to 15 feet of stamp sands are present
(EngineeringA\ppendiy.

BuMalo Reef

Figure4-9: Middle Shoreline Regional Overview
DEMrepresents the underwater gradient (Red = Shallow, Green = Deep)

Figure4-10: Middle Shoreline
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South Shoreline

The South Shoreline is approximately 215 aareszeand extendsapproximately two miles from the
existing coal dock to Grand Traverse Bay HafBigure4-13 and Figure4-14). The beach overall has a
dark appearance from the stamp santhowever there are noticeable patches of native sand mixed in,
particularly closest to shore. The beach width ranges fromt8A0000feet, with the largest width at

the northern section and tapering as it moves southisportion of shoreline is lined with cottages
Stamp sands started covering the natural sand beach adjacent toottegesbeginning around 956

and had completely covered it by 1974.2021, 60 borings were drilled throughout the South Shoreline
to inform the stamp sands profile argbtimate the volume of stamp sands in this region. The results
indicated that roughly 3.3 MCY of stamp sands lie on top of native Gégure4-8). Due tostorms,

winds, and natural littoral drift, the thickness of stamp sands varies fréonl® feet of stamp sands
based on boring investigations (Engineergpendix).

A large coastal pond, locally known as Coal Dock Pomded on top of the stamp sand at the northern
end of the shoreline reactiat has ahumic water influencewhich leads to its high organic content
(Kerfoot 2019)Adjacent and inland to the south shoreline is a dismeale wetland complex that has
formed through the deposition of sand over approximately the last 4,000 years of high and low lake
levels (Johnston el 2000).

The stamppsands impacted beach profile tends to be steeper with deeper water depths at the shoreline
than the native sand beach profiles found south of the harligure4-11). With over 30 years of

professional expertise and research as a geology professor at Northern Michigan University and

Michigan Tech University, coupled with letggm firsthand observation of stamp sandsvement

since its initial influx across Buffalo Reef and along the beach to the Grand Traverse Harbor break wall,
Professor Robert Regis has withessed stamp sands movement and understands the geomorphic changes
caused by stamp sandspm both a scientift and a personal standpoint.

Dr. Regi®bserved thathe morphology no longer includes an offshore longitudinal sand bar similar to
the sand bars that exist south of the harbor (Figw&24. The change in beach profile and the loss of the
sand bars allows more wave energy to reach shoreline propertiegékatt in upland structural erosion
and flooding (Regis, Webex Communication, 2022).
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Stamp Sands Beach Profiles (Drown) versus Nathee Sand Deach Profiles South of Geand Traverse Harbor {Yellow)
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Figure4-11 Shoreline TransectBrown shoreline transects along the SoBhorelingFigure4-8, Transects A to Fyellowg
Shoreline transects south of Grand Traverse Harbor (Engineering Appendix, Attachmentdl).a@&eeSuperior 2019 average
water levett ¢ NBS f AAKS |G WwnQ 2y
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obacco fiver
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Figure4-13: South Shoreline Regional Overview
DEM represents the underwater gradient (Red = Shallow, Green = Deep)

Coal Dock Pond

Figure4-14: South Shoreline Outlined in Purple

Historic Coal Dock

The existinghistoriccoal dock was constructed during the late 1800s wittearbyrail line to transport
coal and mined material to and from the Mohawk Mining Compamyis located between the Middle
Shoreline and South Shorelifeigure4-15). The dock extende®25 feetinto Lake Superior and was
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17 feet of waterat its end (Kerfoot 2013). While the historic coal dock is no longer intact, remnants of
the structure are visibleRigure4-16). Although the dock was intended for transporting materials, it has
acted as a barrier to impede ugftrstamp sands from moving south towards Grand Traveasg

Harbor. Several coastal pools and ponds lay on top o$timpsands up and down drift of the coal

dockandare devoid of life due to copper toxicity.

Coul Dok

Figure4-15: Coal Dock Regional Overviéigital Elevation Model (DEM)
represents the underwater gradient (Red = Shallow, Green = Deep)

Figure4-16: Remnants of Existing Coal Dock

Grand Travers®ayHarbor
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Grand TraversBayHarbor, as shown iRigure4-17 and Figure4-18, is a designatetfiarbor of Refuge

that must bedredged to maintain navigabilityror more information on this harbor see Section 2.2
Existing Projectdhe Grand TraverdgayHarborJettyhas deterred the movement of stamp saraleng
the jetty. Recentlyhowever, stamp sands have been found in the harbor and south of the harbor along
the native sand beach.

Figure4-17: Big Traverse Harbor Regional Overvib&M represents
the underwater gradient (Red = Shallow, Green = Deep).

Figure4-18: Grand TraversBayHarbor. Note the stamp sands beach north
of the GTH and native sand beaches south®GTH
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Lower Bay shoreline

The Lower Bay Shoreline is approximately 20 d@orezeandextendsapproximately 2.9 miles from

Grand TraversBayHarbor to Travers@oint Figure4-19). Thebeach has an overall light appearance

due to the native quartz sand derived from Jacobsville sandstone bedrock. The shoreline consists of a
narrow beach in which the width typically ranges fromt@®0 feet throughout its entirety.Thisportion

of shoreline is lined with cottages and is adjacent to the inland ekwale complex.

Lol Dock

o "‘J Middle
o5t

Figure4-19: Lower Bay Shoreline of Big Traverse ®a#fined inWhite.
DEM represents the underwater gradient (Red = Shallow, Green = Deep)

Dune

The Dune is an underwater accumulation of stamp samtle Dune is approximately 300 aciresirea

and lies adjacent to th&@roughandMiddle and North Shorelind={gure4-20 and Figure4-21). Based on
historic knowledge, USGS isopach and bathymetry data, subsurface photos, and sampling efforts, most
of the Dune iassumed to beomposed of stamp sands and sits on top of the Jacobsville Sandstone
bedrock shelf. In 2021, five borings were drilled throughout the Dune to understand the stamp sands
profile and estimate the total volume of stamp sands in this region. The resultatedithat the Dune
contained roughly 2.81CYof stamp sandsThe thickness of stamp sands varies, but the limited borings
indicated anywhere fronone to11feet of stamp sands lie within the Dune. The Dune requires more
investigation to better understand the stamp sands profile and total volume within this region
(EngineeringAppendiy.
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Figure4-20: Dune Regional OvervieBEM represents the underwater gradient (Red = Shallow, Green = Deep).

Rt
L

focal box shows the smooth stamp sand dunes sitting on top of rough Jacobsville sandstone bedrock

Trough

TheTroughis an ancient riverbethat coversapproximately 464 acresnd lies underwater between the
South Shoreline and historic coal dock and is adjacent to BuRfzéd Figure4-22 and Figure4-23).

Several studies, subsurface photos, and sediment sampling events have been used to investigate and
delineate this ancient riverbed. An ancient river cut through Jacobsville Sandstone bedrock as it flowed
from upland regions into the predecessor of L&gerior before becoming submerged as the

hydrology of the Great Lakes changed to what it is today. This now submerged riverbed became a
deposition location for native sand before theesenceof stamp sand, acting asediment trap The
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Troughspans from the nearshore out into the deep waters of Lake Superior with the majority of sand
deposited closest to the shoreline, while deeper regions offtt@ighhave exposed bedrock.

For the project, only 180 acres of tieoughclosest to the shoreline are considered based on presence
of stamp sands and dredging limitations in deep waters. Evaeuaghthe Troughacts as aediment trap

by capturing sedimen(including stamp sandsit is currentlyoverflowing Because theapacity is
overwhelmed with stamp sandthey spillonto Buffalo Reef and threateit. In May of 2020,
approximately 112,00€Yof stamp sands were removed from tiieoughto mitigate this damage

From 202Qo0 2021, 42 borings were drilled throughout tAeoughto understand the stamp sands
profile and estimate the total volume of stamp sands in this region. The results indicated that the
Troughcontained roughlypne MCYof stamp sandsTheestimatedthickness of stamp sandssroughout
the Troughis uncertain and limited borings indicated varying stamp sands thicknessgshere from 2
to 10 feet within the Trough(EngineeringAppendiy.
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Figure4-22: TroughRegional OvervieWDEM represents the underwater gradient (Red = Shallow, Green = Deep)
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Figure4-23: Trough DEM represents the underwater gradient (Red = Shallow, Green = Deep)

Buffalo Reef

Buffalo Reef is d,200acre cobbldield on top of a bedrock coastal shelf that intersects with the South
Shoreline and is adjacent to tAgoughto the north Figure4-24 and Figured-25). Thecobble and

boulder fields of Buffalo reef are glacial erratic bouldersichwere originally deposited during glacial
retreat. Finer grain sediments were removed by wave action leaving the expansive cobble and boulders
that are seen on the reef today. Thetualvolume of stamp sands in the reef iso@ntain, but studies
have shown that the stamp sands have already begun to impact the reefvtitblan estimated
coverage of 309Kerfoot 2017)Stamp sandfrom the Troughhave moved onto the northern and
western cobble fields of Buffalo Reef (#3 and #4, respectiveljigime4-26) and currently has buried
cobbles and filled in interstitial spacdsqure4-27). The depression to the west of the reéf(inFigure
4-26) has an accumulation of stamp sandihe southern and southwestern cobble fields (#2 and #6,
respectively, ifFigure4-26) contain little stamp sands.
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Figure4-24: Buffalo Reef Regional OvewidDEM represents the underwater gradient (Red = Shallow, Green = Deep)

Figure4-25: Buffalo Reef with 2019 LIDAR OverlaiMrepresents the underwater gradient (Red = Shallow, Green = Deep)
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Figure4-26: LIDAR Grand Traverse Bay with elevatioRsints of interest are numberélerfoot 2019)

Stamp sand

Nativesand

Figure4-27: UnderwaterPhoto Indicating Presence of Stamp Samd3op of Native Sarat Buffalo Reef

Lower Bay Limnology

The inwater features of the Lower Bay are highly influenced by littoral drift and is an area of sediment
deposition. Native quartz sand is abundant in the benthos and has largely been protected from the
influence of stamp sands due to ti@rand Traverse Harbor Breakwater Structurear the harbor

acting as a barriedin the Lower Bay, native sand is pulled out toward the Keweenaw Bay under the

influence of water currents, and forms fingkke ridgesasseen inFigure4-28 and Figure4-29 (Kerfoot
2019).
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Figure4-28: Lower Bay Regional OverviedDEM represents the underwater gradient (Red = Shallow, Green = Deep).

Figure4-29: Lower Bay of Grand Traverse BaigM represents thenderwater gradient (Red = Shallow, Green = Deep).

Traverse Point

Traverse Point is located at the southenmd of Grand Traverse Bay and is a tombalgeologic product
of a bedrock island thas connected to the mainland shore by water curratgposited sand. Its
presence fostered the growth of the durssvale complex adjacent to the Lower Bay, anddbae-
swalecomplex downdrift, adjacent to Little Traverse Bay. In the water, the bedfodk across
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Traverse Point from the Lower Bay down to tlitle Traverse Bay, forming an underwater bedrock reef
(Figure4-30). Traverse Point Reef has not been studigtensivelytherefore substrates are not fully
known, howeveit is likely that cobble fields are present. Currently, Traverse Point Reef is not impacted
by the presence of stamp sands.

Figure4-30: Traverse Point and Traverse Point Re&M represents the underwater gradient (Red = Shallow, Green = Deep).

Future WithoutProject Conditions

The consequences No Actionwithin the project area wouldesult incontinued stamp sands coverage
alongthe shoreline,Trough Dune, and Buffalo Reéfhe finer fraction oftamp sands would be

transported further offshore into deeper waters in Le&eperior North of Grand Traverse Harbor, the
stamp sands impacted beach profile and loss of the longitudinal native sand bar would continue to allow
wave energy during storms to reach adjacent shoreline properties causing upland structural erosion and
flooding. Addtionally, the wave action during storms has transported stazapds into adjacent coastal
wetlands.

Stamp sands would continue to be transported and overtop the Grand Traverse Bay HESBQE

would continue to submit an annual budget requdatt it is unlikely the Federal project would be
consistently funded to maintain the harbor. Consequerithg harbor would shoal, and the river outlet
would be restricted or close. Once the river outlet is restricted or closed, the Traverse River would flood
(Figure4-55), and harbor uses would likely be eliminai€ar details regarding potential flooding

impacts and property values, refer to Secti®hRlydraulics and Hydrology and SectibRroperty Values.

The area south of Grand Traverse Harbor in the Lower Bagland Traverse Point would eventually be
impacted by the net southerly littoral drift and coverage of stamp sands. The native sand beaches off
the Lower Bay would eventually be overlain with and widened by stamp sands, and the bedrock reef off
Traverse Pait would experience, to a lesser degree, a similar fate as Buffalo IRéeff stamp sands

were to impact the beach south of the harbor similarly to the beaches north of the harbor, the clmange i
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beach profile and potential loss of the longitudinal sand bar could increase the likelihood that storm
wave action would reach the adjacent shoreline properties. This potential future witajgct
condition could cause upland structural erosion dledding andcould fill adjacent wetlands south of
the harbor with stamp sand§&or more detail see section 4.3.5 Hydrology & Hydraulics.

Continued stamp sand coverage would result in loss of habitat, aquagmismsand the fishery.
Continued stamp sand coverage would continue to decreasauhngberof aquatic organismased for
food by newly hatched fish, foxample.Without appropriate food for newly hatched fish, they cannot
survive, continuing to decrease the number of fish around the reef.

Therefore,No Actionwould have a significant adverse impact to the limnology and coastal shoreline
resource.

Buffalo Reef

Figure4-31: General Movement of Stamp Sands Tod#ys modeling was based on the following assumption: Net Erosion and
Accretion Rates of Stamp Sands calculated before the Original Pile was pulled back.

1 All stamp sands originate from the Original Pile located within the North Shoreline and
distribute across the bay in all directions, but mainly to the southwest.
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1 Stamp sands move slowly withie general wind patterns and water currents, sibrms
increase the movement of stamp sands across the project area. Large waves and strong
currents result in higher stamp sands erosion rates off the shoreline into the water.

1 Smaller particle sediment sizes are more mobile and tend to erode into the water at a faster
rate, often traveling farther than larggrarticles(Figure4-32).

Figure4-32: Stamp Sands Sediments Collected from Shoreline
(Note: Coarser grain size near Grand TravBesgHarbor because fine grains
are more mobile and er@dnto the lakedue to water currents and winds)

Particle Size Tracking

To understand the behavior of stamp sands and the general movement patterns mentioned in Section
4.3.5.1.1, themovement of B sediment particle sizes (stamp sands and native sand) throughout the
project areawere trackedTable4-1). Tracking the transport and movement of these sediment particles
would inform where the stamp sands are moving and where the stamp sands must be contained to
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protect Buffalo Reef and theurroundingcritical habitatsfor Lake TroutandLake WhitefishSee the
Hydrology and Hydrauligsi&H) Appendix for the complete evaluation used to inform particle tracking.

Constrained by lengthy model run times and project schedule, the model ran for five years.

Table4-1. Particle Size Tracking

Sediment Class Label Type D50(um)
1 NS1 NS 20
2 NS2 NS 100
3 NS3 NS 188
4 NS4 NS 375
5 NS5 NS 750
6 NS6 NS 3000
7 Ss1 SS 20
8 SS2 SS 188
9 SS3 SS 375
10 SS4 SS 750
11 SS5 SS 1500
12 SS6 SS 3000

19 TRG1 SS 20
20 TRG2 SS 188

24 TRV1 NS 20

25 TRV2 NS 188
Note: NS = Native Sand, SS = Stamp S@hdscolor of the table cell corresponds to the color of the dredging area from which
the sample originated. Green = M Shoreline, Red = N Shoreline, Yéhoughk Blue = Dune

4.3.6 Modeling Results

The purpose of the sediment transport modeling was to perform a ryelir simulation of the
transport ofstamp sands and native sand in the existing system to evaluate the movemeterop
sandsthrough Grand Traverse Bdwnformed by data collectionhtee size classes (20, 18®&d 375um)
were used to represergtamp sandsalong the North and Middle Shorelines and in the Duiweo
classes (20 and 188n) were used to represent Stamp Sands inTheugh The following results
represent the current trends in stamp sands behavior across the project area
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Table4-2 andFigure4-33 show the modeling results of the North Shoreline stamp sands particles
movement over five year®ue to lack of survey datahe model did notaccount forthe regraded
original pile of stamp sands. Results indicated that:

1 Smaller particles (NSL2) easily eroded and were transported farther than the larger particles

(NSL3

1 Most ofthe stamp sands move just offshore of the North Shoreline, but the modeling indicates

that stamp sands can reach the Dune moving southwaasd
1 Samp sands cliffs impacted the distribution of stamp sands

0 Above the white line, dominant direction to tidortheast §eeFigure4-33).
0 Below the white line, dominant direction to the Southwesdd Figure4-33).
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would decrease because tiseirface area exposed to wind and wave actiawe beerreduced(current
conditions) The dominant direction of the stamp sands from thetire original pile would likely move
to the southwest rather than the north.

Table4-2. North Shoreling Stamp Sands Patrticle Sizes Tracked in Sediment Transport Model

Sediment Class Label Type D50 (um)
16 NSL1 SS 20
17 NSL2 SS 188
18 NSL3 SS 375

Smaller Particle Movement

Larger Particle Movement

Figure4-33: Particle Tracking Movement from No$horeling small particles (left) and larger particles (right). White line
represents the directional divide of stamp sands movement along the shoreline. Below the white line, stamp sands migrated
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As expected, the smaller stamp sands parti{dSL2Jnoved farther in all directions than the larger
particles(NSL3)The dominant movement direction at the end of the five year simulation was to the
north for the portion of the shoreline north of the white lirsand to the southwestor the portion of the
shoreline south of the whiténe. Examination of the simulated circulation in Grand Traverse Bay and
this movement pattern revealed the impact of the protruding stamp sands pile that hung over the
waterQa S R3S Theishhadller partickes fkom theoriginal pile quickly eroded off the cliffs moving
towards the north. However, it is believed that if the modeling had been performed using the regraded
pile, the erosion of stamp sands would be reduced, and a smaller quanfttamp sands would erode

into the lake or along the shore because the stamp safiffs have beerpulled back to the tree lin@

a gradually sloped stamp sand shoreliMoreover, the smaller quantity of stamp sands that would
continue to erode off the North Shoreline would likely move in the southwest direction based on current
wave and wind trends.

Middle Shoreline

Table4-3 andFigure4-34 showthe modeling results of the stamp sands particle movement from the
Middle Shoreline over five years. Results indicated that:

1 The smaller particles (MSL2) easily eroded and venmgsported farther than the larger
particles (MSL3);

1 The majority of stamp sands movement from the Middle Shoreline is just offshore of the land,
but the modeling indicates that stamp sands can reachliteeighand Duneand

1 Most particles regardless of size moved south of the Middle Shoreline towards the Dune and

Trough
Table4-3. Middle Shoreling Stamp Sands Particle Sizes Tracked in Sediment Transport Model
Sediment Class Label Type D50(um)
13 MSL1 SS 20
14 MSL2 SS 188
15 MSL3 SS 375

-

Smaller Particle Movement Larger Particle Movement
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Figure4-34: Particle Tracking Movement from the Middle Shorelgmealler particles (left) and larger particles (right)

As expected, the smaller particlessthmp sand¢MSL2)move farther in all directions than the larger
particles(MSL3) Stamp sands on land near the water are highly likely to erode into the lakeeand
transportedsouthwest towards the Dund,rough andthe South Shoreline.

HistoricCoal Dock

The remnants of the historic coal doake visible from aerial footage while most of the structure is
buried in stamp sand&his wasnot included in the modgl Howeverjt is assumed thatiecades ago,
this dock acted as a barrier preventing updrift stamp sands from the Original Pile from moving
southward along the shoreline and in the wa{&ee Sectiod.3.4.1.3.

South Shoreline

The South Shoreline was included in the model as part of the existing conditionssysthen(Figure

4-35). Due to schedule limitations and long model computation run times, the number of tracked
particles was limitedStampsands particle trackinfyjom the South Shoreline was not included in the
model becauseach alternative includes dredging this portion of shoreline due to its proxamnity
impactto Buffalo Reef and the critical spawning habitat$ ake TrouandLake WhitefishBased on

visual observation and historic knowledge of the area, the stamp sands have continued to push south
from the Coal Dock Pal to Grand TraversBayHarbor. Thegrain size oftamp sands in this reach are
larger than the Middle and North Shorelines because most smaller grain sizesrbded intothe lake.
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Figure4-35: South Shoreline.
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Grand Travers@®ayHarbor

The existing Grand TraverBayHarbor has been inundated with stamp sands during major storm
events as the stamp sands continue to push south. The jetty extends approximatdgebbQt into the
water to protect the harbor from wave surge and now, to minimize stamp sands from passing around
the harbor into the Lower Bay where the native sand beastidexist(Figure4-36 and Figure4-37).

Figure4-36: SimplifiedStamp Sandslovement Aound GBH Jetty
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Figure4-37: Modeling of theGTBHletty

South of Harbor Shoreline/Lower Bay

The existing shoreline south of Grand TravdBagHarbor rests along the Lower Bay and is dominantly
native sand shoreline. As discussed earlier, during storms, stamp sands have bypassed the harbor and
have started to accumulate in the near shore waterthefLower Bay. Residents living along the native
sand shoreline have observedrkspecks of stamp sands washaato the beachand have seen thin

layers of stamp sands accumulating under watgishown in the figure belo(igure4-38). This region

is important to locals for recreation purposes and visual aesthetics, but it is also imporiasite¢o
Whitefishbecause it has been documented as a nursery area for this fish species.
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Figure4-38: Thin Layer of Stamp Sands in Shallow Waters Along NativeB8aod South of GTHamp sands have already
begun tobe transportedsouth of GTH.

Dune

Table 44 and Figure 45 showthe modeling results of the stamp sands particle movement from the
Dune over five years. Results indicate that:

1 The smaller particles (DUNZ2) easily eroded and were transported farther than the larger
particles (DUN1).

1 The dominant direction of stamp sands regardless of size was dependent on the on the origin of
the stamp sands

0 Stamp sands on the west side of the Dune remained within the Dune or moved
southwest into theTrough

0 Stamp sands on the east side of the Dune remained within the Dune or moved
northeast towards Gay, MI.
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Table4-4. Dune¢ Stamp Sands Particle Sizes Track&ktiment Transport Model

Sediment Class Label Type D50 (um)
21 DUN1 SS 20
22 DUN2 SS 188
23 DUN3 SS 375

Smaller Particle Movement

Figure4-39: Particle Tracking Movement from the Duremaller particles (left) and larger particles (right).

Larger Particle Movement

As expected, the smaller stamp sands parti¢iZdN2)rom the dune move farther in all directions than
the larger particle$DUN3) The dominant movement directidor particles conmg from the western

half of the dunds to the south and southwesFEor he particles corimgfrom the eastern half of the
Dunethe dominant movement direction is to theortheast Figure4-39). The northeast movement of
particles from the eastern portion of the dune is expected tadduced since the grading of the stamp
sands cliffs along the original pile and the resulting modificatioridramd Traverse Bay circulation.

Trough

Table4-5 andFigure4-40 show the modeling results of the stamp sands particle movement from the
Troughover five years. Results indicate that:

1 The smaller particles (TRG1) easily eroded and were transported farther than the larger

particles (TRG2).
o Smaller particle sizes have smaller settling velocities and a smaller critical shear stress
for erosion, which results in a more mobile, erodible particle.

1 Moststamp sandsvere contained within theTrough but the modeling indicates that smaller
stamp sands can move south past Traverse Point

1 The dominant direction of particles from tHEroughregardless of size is southward into Buffalo
Reef.

Table4-5. Troughg Stamp SandRarticle Sizes Tracked in Sediment Transport Model
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Sediment Class Label Type D50(um)
19 TRG1 S5 20
20 TRG2 SS 188

Figure4-40: Particle Tracking Movement from tiieough smaller particlegleft) and larger particles (right).

The smaller particleSTRG1pf stamp sands in th&roughmove farther in all directions than the larger
particles(TRG2)The dominant movement direction of the stamp sands fromThaughis to the south
towards Buffalo Reef. Modeling results indicate that the smaller particles can reach beyond Traverse
Point withinfive years.This finding emphasizes the need for frequent dredging ofTttmeighto

decrease the transport of stamp sands out of freughonto Buffalo Reef.

Future WithoutProject Conditions

Over a 56year period, withNo Action the following trends in stamp sands movement would likely

occur:

1 Over a 56year period, stamp sands would continue to be moved along the shoreline, principally
toward thesouth during storm events, and onto Buffalo Reef. The modeling has shown that
some northward movement of stamp sands occurs during fair weather under southeasterly
southerly winds but moststamp sands are moved in the downdrift directi@.e., to the
southwest/south) during storms.
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f As stamp sands continue to move downdiiftKk S& ¢g2dz R FAf f GKS.IFKI NbB 2 ND?2
frequent dredging was not performed, stamp sands wdnigassi KS KI Nb 2 Wd@a Sy d NI y
would continue to be transported to the south.

1 An everincreasing percentage of the stamp sands that are transported along the shoreline
towards Grand Traverse Bay Harbor would bypass the breakwater and be transported to the
nearshore region and shoreline south of Grand Traverse Bay Harbor. Thisijza#et based on
the expected gradual establishment of a queguilibrium shoreline and beach profile along
most of the south shoreline. This is expected to include a lakeward extension of the shoreline on
the updrift side of the Granttaverse Bay Harlsdreakwater. This would allow bypassing of the
breakwater to occur more efficiently.

1 Overtime, the mass of stamp sands along the North, Middle, and South Shorelines and in the
Troughand Dune regions awuld decrease due to erosion during storms and natural winds and
currents would push the stamp sands into Lake Superior. However, throughout and beyond the
50- year period, it is estimated that stamp sandsuwid still be found in these regioriacluding
Buffalo Reef.

1 Most of the larger particles of stamp sands that move offshore and deposit in Buffalo Reef
would still be present on top of native sand or in the crevices between cobbles and boulders.
The small particles of stamp sangeuld move farther offshore into deeper portions of Buffalo
Reef, but it is expected that a small portion of seesmalktamp sands particlesould still be
present on the nearshore reef at the end of this period.

1 By the end of the 5@ear period, some of the smaller particles of stamp samolsld move past
Traverse Point, with some depositing on Traverse Point Reef. The smallest particles of stamp
sands could move throughout a significant portion of Keweenaw Bay over thea(eriod.

In summary, over a 5@ear period the total mass of stamp stands in the identified dredging regions
would be less than at preseiitecause of the stamp sands transported offshdret some percentage of
the largerparticlesof stamp sandsvould still be present, in particular in thEroughand on Buffalo Reef.
The mass of stamp sands on Buffalo Reef is anticipated to be somewhat smaller than at present,
especially alonthe portion of the nearshore zone landward of the depth of closure, which is a
theoretical depth along a beach profile where sediment transport is very small eexistent (USACE
2022).Most sediment transport occurs during storm events, with a significant portion of the eroded
sediment transported both in the longshore and offshore directions. So even after Hyisa(eriod, it
is expected that stamp sands would remain along the diend in the Trough and Dune, but it is not
possible to estimat¢he remaining mass of stamp sands on Buffalo Reef. The forecasted imphicis of
Actionwould change the nature of the shoreline aofishore watersas stamp sands continue to move;
therefore, No Actiorwould have a significant adverse imp&athe hydrology and hydraulics of the
project area.

4.3.7 Sediment Quality

Existing Conditions

Over the years, numerous studies have been conducted on the toxicity of stamp sands. Stamp sand is
known to contain heavy metals at concentrations that pose an unacceptable risk to aquatic organisms.
The concentratiof copperin stamp sands isigh, averaging 10 to 100 times greatlean other

regional source materials or natural sedimer§gdiments consisting of stamp sands were also toxic.
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Aquatic sediment samples predominated by stamp sands exhibited unacceptable acute and chronic

toxicity to benthic organisms in laboratory studies. Extensive sampling of benthic organisms in Grand
Traverse Baly Michigan Technological Universigvealed reduced populations at stamp sand

O2yOSy iGN GA2ya a €26 & wm>d® LY FRRAGAZ2YS 9D[ 9Qa
level for copper is exceeded in stamp sand leachate

Based orpercentstamp sand composition from the 80 Ponar samplgléected by MTU in 2013
expected sedimentopperconcentrations in the coastal nearshore zone off the Gay pile to the Coal
Dock region are very high, resembling concentrations at the GagHijere2-12). Copper
concentrations diminish into the deeper shelf regions and toward<itend Traverse Harbor
Breakwater Structuresas stamp sands are mixed more with natural sedimekpproximately oné&km
off the shoreline in a band between the pile and Coal Doggperconcentrations still range between
500to 1400 ppm. At these concentrations, biotic communities should be severely impactediobven
km off the shoreline, there may be some effectscapperconcentrations exceed EPA and Michigan
probable effects levels (149 uglg MacDonald et al. 2000; Michigan 111 ufy DEQ 2014. The high
concentrations suggest severe effects on benthic organisngs,jferiphyton, invertebrates, larval fish)
in the nearshore zone and underscore the peril to Buffalo Reef if the high concentration sediments in
the Coal Dock Regiaontinue tomigratefurther into the reefQ Boulder fields.

Future WithoutProject Conditions

The consequences bdfo Actionwithin the project area wouldesult incontinuedcopper contamination

along the shoreline and nearshore are8tamp sangwithin Grand Traverse Bayould continue to

spread generally southwest, ultimately covering theee-mile natural sand beach southwest of Grand
TraverseBayHarbor. Stamp sands that lodge within cobble interstitial spaces of Buffalo Reef are unlikely
to be removed until long after the updrift source of stamp sand is exhauStanp sandin and around

the reefwould continue to be toxic, harming aquatic lifeherefore,No Actionwould have a significant
adverse impact on sediment quality.

4.3.8 Water Quality

Existing Conditions

Copper concentrations in groundwater, pond water, and elutriate water exceeded MDEQ Rule 57 Water
Quiality Values; toxicity observed in suspended particulate phase (SPP) tests resulting in no observable
effects concentrations (NOECS) betwesre and 10; and Ua between4.2and6.8. Probable Effects
Concentrations (PECs) and PEC Quotients exceeded 0.5; Groundwater/Surface Water Interface
Protection for surface water is exceedéaroundwater withindbeachk stamp sand depositsxceed

state water quality crited for copperVarious laboratory tests show that stamp sand leaches copper

well above toxic levels. Aquatic toxicity tests of laboratory leachate exhibit significant toxicity to
minnows and water fleas

In October 2022preliminary samplingf reef intersticesndicated that Cu and Zn exceeded
recommended thresholds for fish and invertebrates in some crevice waters, but results may have been
confounded by varying degrees of sitesite crosscontamination due to sediments entering the

sampling devicedn 2023 sampling withsingleuse sampling devicesill be completed teeliminate

potential contamination across sit¢slichael Lowe, USGSniail communication, 2023)
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Stamp mills in the Keweenaw Peninsula, like Mohawk and Wolverine, sluiced stamp sands into Lake
Superiorfor decadesreating a®opper haldbf metalenriched sediments that extendsxto 55 miles

into the laketoday. Thehalo ofcopper concentratd sedimentsis a direct result of anthropogenic

activities likehistoriccopper mininghowever, it is not known to adversely impact benthic organisms at
these levelsEven after the mines shut down decades ago, the halo remains as stamp sands continue to
be transported into thelake (Figure4-41).

[ Anthropogenic Copper "Halo" in Lake Bottom Sediments Produced by Copper Mining On the Keweenaw Peninsula ]
Lake Bottom Sediment
Copper Inventory
150 vgicm-2
— 200 ugicm-2 \ <
e * i
. e
7 4 v“.
R
"t
ofh g
aror2 ]
{
o™
{ 0 & 0 Kiometer - 2
Lake Superior Partnership Working Group: Mining Committee Date: August, 2016 ) » v O Nonates \!
L e e S e Sl

- -
Data Source: W. Charles Kerfool, Harting, S.L., Joong, J, Robding, John, A and Rossmaony, Ronald, Jouma of Great Lakes Resoarch 30 ?', //

(Supplomont 1} 162-184 Infernational Association of Gread Lakas Rasearch, 2004 \,'(

S m—— —

Figure4-41Y ! y (i K N2 LJ2 3 S yin IGke/Bétthih Betlitheats Prdd@céd by Copper Mining on the Keweenaw Peninsula.

The overall water quality of Lake Superior is excellent. Dissolved oxygen saheation level.

However some nearshore samples adjacent to stamp sands taken by EGLE exceeded the water quality
criteria for copperNodrinking water intakes or wells in the immediate location of the propddpthnd
Placement e (Section0) or original pileexist

Future WithoutProject Conditions

The consequences bdfo Actionwithin the project area would result iphysical inundation of reef
interstices andcontinued copper contamination in stamp sand influenced waters including nearshore
juvenileLake Whitefisthabitat. The area with poor nearshoveter qualitywould be extendedhree

miles to the southwest as stamp sawbver natural beach to Grand Traverse Pdlitiie copper halo

would continue toexist throughout the lakeTheNo Actiorwould not impact the overall water quality

of Lake Supeot; however No Actiorwould have a significant adverse impact on the localized portion of
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the lake surrounding BuffalBeef Additional impacts from the implications of poor water quality are
discussed irbection 4.4.3 Aquatic Resources.

4.3.9 Air Quality

Existing Conditions
YSsSSylt g YR | 2dAKG2y [/ 2dzyGdASa NB RSaiA3aylFrdiSR a!i
Standards (NAAQ3Jowever, locally, stronger winds can blow the stamp sands dust into the air and

construction activities for maintenance dredging have caused surface disturbances kicking up dust along
the shoreline.

Future WithoutProject Conditions

The consequences dfo Actiorwithin the project area would have no impact on air quality conditions.

4.3.10 Noise

Existing Conditions

The area is relativelyndeveloped except for the shoreline south of t@eal Dock Jettyp the Traverse
Rivertherefore the noise levels affairly low.

Future WithoutProject Conditions

The consequences bdfo Actionwithin the project area would have no impact on noise conditions.

4.3.11 Land Use

ExistingConditions

The shoreline from Gay to Grand TraveBsgyHarbor iscovered withstampsands The stamp sands

have acted as an abrasisandy beach fodecadesand locals are accustomed to the unique shoreline
often using it for recreation activitieg g.,ATV riding on stamp sands). Some waterfront properties near
the Grand TraversBayHarbor rely on septic systemgose leach fieldBe within the stampsands
(Figure4-42).
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Figure4-42: Area Where Som8eptic System Leach Fiefds Within Stamp Sands
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Figure4-43: InlandLand UseConverted Rail Line Now Recreational Trail (Yellow) and Kew&maw@ Gay Park Road
(Orange) is 2.3-mile, Dirt Road.

The landNorth of GayLinden Roads heavily wooded mixed with areas of flat and steep tereaid
wetlands Figure4-43). This land is accessible usaigail that wasoncearailroad corridor during the
copper mining eraCurrently these converted rails to trails as shown on the left insdfigtire4-43, are
used for recreational purposés.g.,ATVs, snowmobilg, equestrian, bikingand hiking).

The land just inland of the shoreline near Gay is also heavily wooded with a few cottages and trails that
Nbzy Ff2y3 GKS YSgSSylg /[ 2dzy (e Qa DFiguredtds iy road B R d
agravelroad that runs approximately 2.3 miles. Compared to the land along the shoreline near Grand
TraverseBayHarbor, this area is much less developed and mainly used for access to tsadmpr

sands
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Future WithoutProject Conditions

The consequences bdfo Actionwithin the project areavould have an impact on how people recreate
on the beaches, such that the replacement of the native sand beach in the lower shoreline with stamp
sands could change recreational land usd@eecrall,No Actionwould have no major impact on land use.

4.3.12 Natural Areas

Existing Conditions

The eastern side of the Keweenaw Peninsula is largely characterized as a lake plain with lowlands that
produce coastal wetlands. The most noticeable wetland systems near the project area are the dune
swale complexes that host extensive wetlands in the swale depressions. These complexes, also referred
to as beach ridges and swale wetlands, formed between 900 and 3800 calendar years before 1950,
through the deposition of sand with alternating high and/lake levels (Johnston et al. 2000). Two
dune-swale conplexes reside adjacent to Grand Traverse. Bxaye duneswale complex ig the lower

bay near the native sandndthe second in the upper bay along the stamp sand shoreline upjpisr
baycomplex is impacted by the stamp sambach which isaltering the hydrology of the wetlands near

and at the shoreline. Ponds have formed in places on the stamp sands beach as runoff from natural land
as water makes its way to Lake Superior. These ponds are essentially devoid of life due to copper
toxicity. A third compex resides south of Traverse Poiadjacent to Little Traverse Bagnd is

unaffected bytransportedstamp sand. The natural sand beach between Grand Trav&agHarbor

and theHistoricCoal Dockapproximately2 miles)has been covered in stamp sandeproperty

northeast of the Grand Traverse Bay shoreline contains wetlands due to the relatively flat slope and is
forestedwith conifers and hardwoods.

Future WithoutProject Conditions

The consequences bdfo Actionwithin the project area would have a moderate adverse impact on
natural areasNorth of the Grand Traverse Harbor, stamp sands beaches have impeded runoff from
natural landscapes, thereby altering the natural hydrology of nearshore wetland complexes. The wide
stampsands shoreline would contire to block surface water outlets, forcing some wetlands to flood
permanently. Additionally, waves during storm events have transported stamp sands over the beach
ridge and into adjacenwetlands(

Figures-44) and wouldcontinue to do so.

South of the Grand Traverse Harbor, the bathymetry of the nearshore Lower Bay would continue to
change, due to ongoing stamp sand deposition along the native sand beaches. As stamp sands cover
natural sand beaches south of Grand Traverse Bay Harbor, tfeeswvater outlet for the wetlands

would be patrtially blocked, and during storm events, waves could transport stamp sands into adjacent
wetlands.

Therefore,No Actionrwould have a moderate adverse impact on natural asascoastal wetlands.
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Figure4-44: Coastal Wetland Covered with Stamp Sands

4.3.13 ClimateChange

Existing Conditions

Global climate change is expected to have regional impacts t&Gthat Lakes Basin that include

changes in temperature, precipitation, and laé#ect snow (Baule et al. 2014; Easterling et al. 2017).
Temperatures and precipitation have been rising over the past several decades and are projected to
continue increasingSome of precipitation increase is attributable to increases in the intensity and
duration of the heaviest rainfalls. The trend of increases in the frequency and intensity of extreme
precipitation that is projected to continue into the future. Average lafiect snowfall activity has

increased since the early twentieth century for the Great Lake snow belts and are predicted to increase
until lake temperatures rise to the point when much of what now falls as snow would instead fall as rain
(Baule et al. 2014 asterling et al. 2017).
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Climate change also brings about increased risks to water temperatures, ice coverage, lake levels, and
destratification in the Great Lakes Basin (Baule et al. 2014; Angel et al. 2018; Easterling et al. 2017). Lake
surface water temperatures have increase¢kr the past several decades and are project to rise by as
much as 7°F by 2050 and 12.1°F by 2100. Maximum ice coverage varies from year to year, however,
there has been a trend of declining average annual maximum ice coverage over the past several
decades. Less ice, coupled with more frequent and intense storms, leaves shores vulnerable to erosion
and flooding and could harm property and fish habitat. Great Lakes water levels fluctuate naturally;
however, it is unclear whether, or how much, a changingatie will affect lake levels in the future. Lake
destratification typically occurs twice a year, transferring oxygen from the surface and bringing nutrients
from the bottom. Climate projections suggest a lengthening of the growing season with springrovertu
occurring earlier in the year and fall overturn occurring later (Baule et al. 2014; Angel et al. 2018;
Easterling et al. 2017As the duration of the stratified period increases, the risk of impacts from low
oxygen levels at depth and lack of nutrient at the surface increases, which can potentially lead to
declines in species populations in both zones.

Climate projedbns suggest a lengthening of the growing season with spring overturn occurring earlier
in the year and fall overturn occurring latdhese projections alssuggest that the overturn in spring,
which triggers the start of the aquatic "growing season," will happen earlier and that the fall overturn
will happen later. As the duration of the stratified period increases, the risk of impacts from low oxygen
levelsat depth and lack of nutrient at the surface increases, which can potentialltdedetlines in

species populations in both zones.

Future WithoutProject Conditions

When discussing climathange |t requires discussion of both the impacts to climate change and the
impacts of climate change on the conditidrhe consequences dfo Actionwithin the project area

would not accelerate or mitigate climate change, which is anticipated to contffaeting the Great
Lakes regiorHowever, climate change @hticipatedto alter existing conditions of the Great Lakes and
conseqguentlyexacerbate the impacts of stamp sands and the functions of Buffalo Géwfite change
would significantlyimpact the following resource€limate,Limnology and Coastal Shoreline, Hydrology
and Hydraulics, Aquatic Resourcarsd Socioeconomic and Human Resources

As climate changimcreaseghe severity of storm events, this would impact the transport of stamp

sands. Thse stronger winds and stormgould increase the speed and volume of stamp sand

transported into the lake and southward along the Lower Bay shoreline, impacting the Lake Whitefish
habitat. Additionally, geater variations in lake leveddters the hydrology and hydraulics within Grand
Traverse Bay. This would alter how stamp sand is transported along the coastline, possibility reshaping
the shorelineand depositing sand in unexpected areas such as recently dredged areas or deeper into
Buffalo Reef.

Aquatic species may be less resilient to climate change and Buffalo Reef could lose genetic diversity.
Anticipated ncreasedsurface water temperatures and ice coverage variations would impact Lake Trout
and Lake Whitefish life cycles and productivity on Buffalo Fégiire4-45 shows a graphic depicting

the importance of ice coverage over spawning rdefd_ake Whitefish. Decreased ice coverage over
Buffalo Reef would remove the protective layer and cause higldegthsfor Lake Trout and Lake
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Whitefish.Increased egg deathssultin fewer individuals for the populations, which negatively impact
the fish production of Buffalo Reef. Any negative impacts to the fish production of Buffalo Reef, would
reverberate to impact socioeconomic and human resources, hamely subsistence fisimmgercial and
recreational fishing, and employment.

THE LIFE OF LAKE WHITEFISH

ADULTS
Adults are found ) -

offshore in deeper e N\
wisters in the winter ) e — vl >
and summer, They

feed mainly on
benthic invertebrates.

- e

Figure4-45: Climate change impacts to Lake Whitefish produdiMichigan Sea Gran2023). Ice coverage protects
overwintering eggs, however reduced ice caesults in high egg deaths

4.4 Biological Resources

441 PlantCommunities

Existing Conditions

Plant communities of the Keweenaw Peninsula are representative of northern boreal forests comprised
of white spruce, balsam fiand aspen trees. Near Gayl, the landscapef broad groundmoraine

ridges and sand lake plain host a variety of vegetation communities. Northern hardwood forests of sugar
maple and basswood, and conifers such as northern wdettar, black spruce, and balsam fir, exist

along the morainesThese upland forests have historically been impacted by logGedar swamps can
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be found in valleys between moraine ridg@&svodune-swalecomplexes of forested beach ridges and
forested swamp andvetlandsexistalong the Big Traverse Bay shoreline

A variety of invasivexotic plant and animal specibave entered the Great Lakes basin. A number of
invasive exotic plant species have become established along the Lake Superior shoreline, in some cases
displacing native plant species, resulting in diminished wildlife habitat véiogse of the more

aggressive invasive species include giant reed grass, reed canary grass, purple loosestrife, Eurasian
milfoil, and glossy buckthorn.

The Big Traverse Bay shoreline that is currently impacted by stamp sands is essentially devoid of any
plant cover.

FutureWithout-Project Conditions

North of Grand Traverse Harbahe consequences of thido Actionwithin the project area would be
storm events could continue to transport stamp sands over the beach ridge and into adjacent wetlands
and stamp sands that currently exist within the wetland would remain

South of the Grand Traverse Harbibre consequences of thido Actiorwithin the project area would

be the bathymetry of the nearshore Lower Bay would continue to change, due to ongoing stamp sand
deposition along the native sand beaches. As stamp sands cover natural sand beaches south of Grand
Traverse Bay Harbor, the surface water outlet for the wetlamdsld be partially blocked, and during

storm events, waves could transport stamp sands into adjacent wetlands (see Sk8tithiNatural

Areag.

Therefore,No Actionwould have a significant impact on plant communities that have been covered in
stamp sandsind would continue to be covered in stamp sands stamp sands continue to be
transported along the shoreline south of Grand Traverse Harbor, thetgd be a significant impact on
plant communitieghat are within the wetlands that would no longer freely drain into Lake Superior and
that would be coveredby stamp sands.

4.4.2 Wildlife Resources

Existing Conditions

Typical wildlife in the county includes include small mammals such as cottontail rabbits, snowshoe
hares, red and fox squirrels, muskrat, mink, beaver, weasel, raccoon, skunk, oposgata,and fox.

Deer, beas,and an occasional moose or wolves are seen within the coirty.species include ducks,
geese, crows, grouse, woodcoekd songbirdsThe area experiences a spring and fall migration of
raptors passing through the areA.variety of shorebirds, amphibians, reptiles, and other wildlife occur
inthe Gay Ml area; however, none of these species likely occur in significant numbers in the open
waters comprising the project area or the stamp sands which are essentially devoid of any plant cover.

Future WithoutProject Conditions

The consequences bdfo Actionwithin the project area would likely impact residential and/or migrating
shorebirds through the reduction of macroinvertebrate food sources along the Lower Bay of Grand
Traverse Bay. The continugdnsportof the stamp sands downdrift would cover the native sand
beaches of the Lower Bay and increase the copper concentration toxicity which hasersempact
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on macroinvertebrate populations. This reduction in macroinvertebrates along the shoreline, reduces
the available food source for any residential and/or migrating shordéiedersand forces them to seek
food elsewhereTherefore No Actiorwould have a moderate adverse impact on wildlife resources.

4.4.3 AquaticResources

ExistingConditions

Within Lake Superior, natural fish assemblagegetlective of the northern latitudevith the cold, clear
water ideal for nativedscoes and.ake TroutCommercial fisheries targeake Whitefisf{Coregonus
clupeaformiy, Lake Trou{Salvelinus namaycushtanddsco Coregonus artedii with the recreational
fisheries focusing on the ledrake Trouta slim morphotype ofake Troutommonly found in the

shallower waters of Lake Superior. Although fishes of Lake Superior have been the least affected out of
the Great Lakes fisinative fishes of the Great Lakes have been adversely affected in both gpecies
richness and population abundanbg anthropogenic activity.

This loss has been attributed to habitat loss and fragmentation, pollution, and commercial fishing

practices that once outpaced natural reproduction along with the introduction of invasive species. The

loss of habitat and expanding commercial fisheriessdiicake Troupopulation into decline by the early

1900s Muir 2012). The introduction of the invasi®ealamprey Petromyzon marinyded to the

demise ofLake Trout.J2 LJdzf F A2y a Ay GKS f26SNIDNBFG [1Sa 6AGH
at lowlevels in nearshore locations by the 1950s. The rehabilitation of #ke Troupopulations

involved invasive species programs, stocking, fisheries regulatindsesearch and assessment

programs at a binational levaliir 2012). Stocking dfake Troufocused on leaiake Troutnd, by

the 1990swild lean trout densities exceeded those of stocked fish. By 1993, supplemental stocking was

no longer required to sustain mosf the Lake Troupopulation in Lake Superior (Bronte et al. 2002;

Krueger and Emer 2004)Lake Troutvere declared rehabilitated in most of Lake Superior in 1996.

¢C2RF&X [I1S {dzLJSNR2NR& 7TAaKSNEadhgto thelsiahéake Rroud dza G I A y
andLake Whitefislpopulations.Preserving spawning areas is important to the maintenandsaké

TroutandLake Whitefistpopulations.

Buffalo Reef is an approximately 2,28€re cobble field on top of bedrock where many native fish
speciespawn, especialliyake Trou{SalvelinusiamaycushandLake WhitefisfCoregonus
clupeaformi. Thereef is recognized as an importdrake Trouspawning reef in thétlas of Spawning
and Nursery Areas in the Great Lakes, Volurfteaddyear et al., 1982).

At Buffalo Reef, these two species broadcast spawn in the falltbeeobble and bedrock substrates
throughout the reef. The highest relative number of spawrliage Trouhas been observed to occur

within the north-central region of the reefas seen in maps A and BFafured-46. Lake Whitefish
concentrations have been observed overlapping and slightly southwest of this region. This general
spawning area for both species (D), is largely over cobble substrate with voids between the stones. It is
uncertainif this core spawning area was historically larger as that data does not exist. However, it is
feasible that other areas of higtensity spawning could have occurred otles ideal substrats before

the encroachment of stamp sands onto the reef.
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Figure4-46: Heat maps of relative numbers of spawning fish at Buffalo REeFemalé.ake Troutocations. (B) Malkake
Troutlocations. (C) Malkake Whitefistiocations. (D) Core spawning area lfake Trouand Lake Whitefistover substrate.

Lake Trouspawning commences each fallarting in early Octobewvith the peak occurring from mid

to late OctoberLake Whitefislspawning occurs later throughout the month of November. Since eggs
are deposited in the fall and overwinter under the ice before hatching in the spring, they are subject to
wave action and predation. To combat this, eggs are deposited in the small agigssnown as
interstitial spaces, between cobbles offering protection as they inculbatgire4-47 shows how eggs

are safelynestledin between cobble rocks.

e

Figure4-47: Protected_ake Troueggs in the interstitial spaces of cobble rocks.

Encroaching stamp sandause sedimentation thdtlls these critical interstitial spaces, smothering any
existing eggs and rendering the spaassless in egg protectiony eggs deposited on top of the sands
are subjected to wave action and predation, reducing survivorship currently estimated that 30% of
Buffalo Reef ismpacted by encroaching stamp sands and is discussed in further detail, &beeetions
4.3.4 and 4.3.5Figure4-48 highlights the higher percentage of stamp sands currently impacting the
northwestern and western regions of Buffalo Reef. Any interstitial spaces in these regions are either
filled or being filled by stamp sands, reducing the saha¥anylLake Troubr Lake Whitefiskeggs.
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Figure4-48: Based on a compilation of samples from 2@0019, the
predicted copper concentration and percentage stamp sand over Buffalo Reef.

After incubation, the fish hatch in the spring, in which tteke Troutarvae move toward the deeper
regions of the reef, whereas tHeake Whitefisimove to the shallow waters of the sand beaches of the
lower bay for their nursery habitatonsuming benthic and pelagic invertebra{€hiriboga and Mattes
2008).Juvenile_ake Whitefishhave repeatedly been observed and caught in the Lower Bay of Grand
Traverse Bay utilizing the nearshore shallows of the native sand beaches as a nursery habitat. Beach
seinirg has revealed that no juvenileke Whitefisthave been caught in the waters of the upper bay
along the stamp sargbeaches. Historically, the shallows of the upper bay likely served as nursery
habitat forLake Whitefistbefore stamp sansismothered the native sand beaches. The Lower Bay area
serves as a critical nursery habitat for the juvenile fishes as stamp sands have reduced the available
habitat of the upper bay.

Buffalo Reef is an important spawning arealfake TroutindLake Whitefistand has contributed to the

fisheryof Keweenaw Bay by the Bad River, Red Cliff, and KeweenaWiBeg/for generations. The

results of a GLIFWC fishery assessment in 2008 confirmed this importance faaketfirouaind Lake
Whitefishfishery Chiriboga and Mattes 2008Pngoing research of fish otoliths, epigenetics and large

a0ItS 02dzAaGAOIT &a0dzZRASE aK2dzZ R LINPOARS (Beeidl G2 S
Section2.5and Biology Appendix).

The tribal commercial catches from 20@12018 are reviewed iSection2.3.1Biology Studies and

Reports the following is a summan@atisticalgrid 1125 is the fishery management area where Buffalo

Reef is located, whereagid 1224 is just south ajrid 1125,andhas a knowrLake Troutrea of refuge
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that is unimpacted by stamp sands. This makes for a compagablehen discussing CPELatke Trout
andLake WhitefishBothgridshave comparable CPE foake Whitefishhowevergrid 11250only
produces half of the harvest dfake Trouais compared tgrid 1224 for the same amount of effart

Macroinvertebrates are known to be negatively affected by copper toxikigyfoot (2019) noted from
compiled studies from 198 2012 thatin laboratory testausingkeweenaw and Gay stamp sands toxic
effectswere observedaround 4000 700 ppm. Kerfoot performed direct counts of macroinvertebrates
from Ponar sediment samples throughout Grand Traversewaigh showed a severe reduction of
benthic species abundance and diversity at high concentrations of stamp sands compared to natural
sandsedimentgKefoot 2019) There was severe macroinvertebrate density reduction above 26%
stamp sand (copperconcentration ofapproximately600 ppm) and no observed organisms above 75%
stamp sand (copperconcentration ofapproximately2100 ppm) Figure4-48 shows that the western
region of Buffalo Reef along the South Shoreline has above 26% stangirgficating reduced

YI ONPAYDSNISONI S RSyaAiridrSad ¢KS SO2t23A0Ff aRSIR
near the highest concentrations of stamp sands. The Lower Bay macroinvertebrate densities are
considerably higher than the stamp saimipacted areas.

Future WithoutProjectConditions

The consequences bdfo Actionwithin the project area would havadverseimpacts on aquatic

resources, specifically the spawning potential of Buffalo Reef. The continued coeahgagrationof

stamp sands on Buffalo Regbuldfill in the interstitial spaces between cobklesmothering eggs and

sac fry larval fishwhichwould result in their death. Any eggs that are deposited on top of stamp sand
would be unprotected from wave action and predation arwduld have a low chance of survivéligure

4-49). Additionally, the coverage of stamp sal/er the native sand of the Lower Bagpuld become

Fy S$02ft 2 3A0 laaR S3 RPpérBay\BecimitiSg the existirigake Whitefislmursery.

Overtime, the impactsvould be clearwith a reduction in thegroductivity of the reefand nursery area
whichwould reduce the regionadlake Trouind Lake Whitefistpopulations.Thiswould contribute to

the reduction in genetic biodiversity of both fish populations, which Great-édte are still recovering
FNRY GKS RSOFRSQa f2y3 AYLI O0a MAdtiorpobkvatet KAy 3 I YR
guality in this region due to copper toxicity as discussefidatiord.3, has an adverse impact on the
sustainability of the reef as a spawning site, reducing the number of and genetic diversity of fish in Lake
Superior as a wholé.astly, a continued reduction in macroinvertebrate densities in stamp sand

impacted areas could have implications on the localized andvadte food web.Therefore,No Action

would have a significant adverse impact on aquatic resources.
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Figure4-49: Comparison of Stamp Sands Impacts on Interstitial Spdogspacted cobble interstitial spaces on left. Stamp
sand impacted cobble interstitial spaces on right.

4.4.4 Threatened andEndangeredSpecies

Existing Conditions

Pursuant to Section 7 of the Endangered Species Act of 1973, as amended, USACE requested a species
list through the US Fish and Wildlife Sen{ie@/S)nformation for Planning and Consultation (IPAC)
programQ @nline databaseThe species ligated April 26, 2021that wasprepared for the dredging

and Lakeside Placement Siitedicated the possible presence of Canada Lynx (threatened), Northern
long-eared bat(NLEBR}hreatened) andRufa red knot (threatenedi the project areaThe dredging and
lakeside placement would hado effecbn the listed species. The Upland Placement Site is forested

and was evaluated using theA®. The forested area may provide habitat for the Canada lyrixxhe

Upland Placement Site is bounded by forests and after landfill closure, would provide a grassed habitat
available for use by a variety of species resultingidn likely to adversely affe@ theQdhada lynx.

Thereis no habitat fothe Rufa red knot andhus, Ho effecCbn this species. The treed upland site may
provide habitatfor the NLEBHowever, no trees are to be cut in this area in soenmer months when

the bats roost. Thevork appears to beonsistent with Rule 4(d)fa Y @ F FFSOG odzi y2aG f A
I RAS NA S fpér thé IRAE I8t©rifrém UFWSdated February 72022.

Future WithoutProject Conditions

The consequences bdfo Actionwithin the project area would have no impact on threatened and
endangered species.

4.5 Cultural andArcheologicaResources

Existing Conditions

There are two National Register of Historic Places (NRHP) listed or eligible properties within the
proposed dredging aredhe Wolverine and Mohawk Mills and Stamp Sqa@&E85) were determined
eligible in 2018 by USACE during a regulatory permitting process. This property includes the upland
remains of the Wolverine and Mohawk Mills, the historic stamp sands footprint and the Wolverine and
Mohawk Mills Coal DocRhe stamp sands are currently eroding and moving down the shoreline away
from the historic stamp sands footprint and portions of a concrete conveyor structure on top of the
stamp sands is falling into the bay.

Thebig Traverse Bay Historic District (NF#®00946), at the southern end of the dredging area, was
listed on the NRHP in 197bhe stamps sands currently make up a large portion of beach along the
historic district. Over the decades, residents of the historic district have constructed leech fields and
other infrastructure in the stamp sandshe samps sands are currently impacting the Big Traverse Bay
Harbor Boat Launch.

There is currently no historic properties data related to the upland placement site.
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Future WithoutProject Conditions

For the Wolverine and Mohawk Mills and Stamp Sands (20KE®&B);tionwould include the continued
erosion of the stamp sands from thé@rNJ&A 3 A y | £  Likife Sofliéns of Re2cincidtd cgriveyor
structurewould continue to fall into the water.

For the Big Traverse Bay Historic District (NR# 75000Rd#ixe Without Project Conditionsould see
continuing impacts to the Big Traverse Bay Harbor Boat Launch whigdhd require dredging to remain
functional. Without a functioning harbor and boat launch, residents may abandon the Historic District.

Therefore No Actionwould have anoderateadverse impact on cultural and archeological resources.

4.6 Socioeconomi@and Human Resources

4.6.1 TreatyRightsand Subsistenc&ishing

ExistingConditions

Subsistence or other fishing activities are a way for tribal members to not only exercise cultural
practices, but to ensure the continued existence of those practices, tying previous generations to
generations yet to comén this way, cultural and religious practices of many tribes depend on the purity
of waters and sustainability of the fisherffherefore subsistence fishing is an important part of
continuedtribal identity and cultural practices and is important to maintaining the sovereign status of
the tribes.For more information on the tribal fishing data, see Economics Appendix Sd@idrhese

are invaluable considerations that go far beyond economic valuatidgosnsed subsistence fishers have
dockedat Grand Traverse Bay Harbor and fished around the reef.

A common worldview in Indigenous communities is that the relationship between all orders of creation
requires reciprocity and respecEribal members have responsibilities to ensure the avelhg of all
non-human beings on which they dependithin Anishinaabe teachings, there are four orders of
creationg the orders in which beings on Earth were created: (1) elements, including fire, water, earth,
and air; (2) plants; (3) animals; and (4) peoplecording to traditional teachings, each of the orders can
exist and survive without those that come after it but cannot exist without those that come befadne it.
this way, water is an elder sibling and teacher to peapbeople depend on water both directly and
indirectly. The relationship between all orders of creation regsireciprocity and respect, which

ensures an equitable loAgrm, sustainable, and generational existence for human andmonan
communities Within these worldviews, the various species and features of the natural world are bound
together in a web. Damaging ormart damages the whole.

The KBIC exercises its subsistence and commercial fishing treaty rights within the 1842 ceded territory
(Figure4-50). Given Lake Whitefish declines in lakes Michigan and Huron, the proportion of total
whitefish harvest from the 1836 Treateded territory that comes from Lake Superior has increased 4
fold over the last 20 years (Hanchin 20Zh)e KBIC has a Natural Resource Department that
administers a variety of activities, such as Lake Superior fishery assessments, wildlife and wetlands
management, and stocking fish from its hatchery (KBIC 2011).

In addition to the responsibilities to the ndruman beings outlined aboy#ribal subsistence harvest is
shared according to traditional priorities throughout the communities. Sharing the harvest is a core
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cultural value to the native communities and having the fishing resource to use in this way is an intrinsic,
identifiable cultural resource of the Great Lakes Tribal communities.

Ceded Territory Boundaries =,
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7] GLIFWC Member Tribes \ on | e
<t Ny
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Figure4-50: The 1842 Treaty Boundaries.

Future WithoutProject Conditions

The consequences bdfo Actionwithin the project area would result in the continué@nsportof stamp
sands throughout the Grand Traverse Bay. Staamimovementis of concernto the KBICastribal
members maintaira subsistenceand commercial fisheryor Lake Whitefistand Lake Troutn
KeweenawBay.In addition,D[ L C2 / @r@aty signatanytribes alsoare concerned thathe loss of
spawninghabitat would reduceLake TrouandLake Whitefiststocks that currently sustaiatribal
commercial fisheryn thesewaters. To lose the spawning area at and around Buffalo Reeld have

long lasting effects on thigibal way of life and ability tpass along cultural practices and teachifgr
individuals that use the reef and surrounding areas as a means of subsistence fishing fitnathe
community, the loss of Buffalo Reef would have keamgging effects that traverse monetary value. The
cultural and spiritual value cannot be discounted or overlooked. These factors are irreplaceable
Additionally,losing the spawing area at and around Buffalo Reef would have an impact on the fishery
of the region overall. The fishery surroundBuffalo Reef is important to the regional community.
Because the harbor would fill with stamp sands, No Action would have a significant adverse impact on
0 KS {NX oaccedshé réek vihanlexercising their treaty rights to fish in this area. Theadtsgto
access and the impact of stamp sands on the reef would have a significant adverse impact on
subsistence fishing within th&tudy area.

4.6.2 CommerciaFishing

Buffalo Reef is closed to all commercial fishing during the month of October. In addition, the commercial
fishing season for Lake Trout and Lake Whitefish is closed from November 6 to November 30 (Bill
Mattes, GLIFWC;faail, 2022) Commercial fishing data is collected from stitensed fishers and
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collected in DNR databasédhe value of the harvested or caught and released fish becomes multiplied
when considering beyond primary income. Fish is sold many timestbvengh the supply chain, from

its dockside value to revenue generated in restaurants. It is a very valuable comnibditipllowing
section summarizes the existing commercial fish data for Lake Superior and spedfidédiy, Reef. For
more detailed informationplease see the Economics Appendection4.2.

ExistingConditions

Lake Superior Data

Table4-6 shows the statdicensed commercial fishing data fromdigan Minnesotg and Wsconsin
This data represents the pounds harvest€dmbined, the three states harvested almost 34 million
poundstotal, includingover 775 thousand pounds of Lake Trand over 15 million pounds of Lake
Whitefish.

Lake Trout was not very productive indliganand Wisconsinbut it accounted for over 4% of the total
harvest in Mnnesotawhich was over 284,000 total pounds.

Lake Whitefish was more productive iridliganand Mnnesotaaccounting for over 99% and 45% of
the total harvest, respectively. Between 2001 and 2020, this was almost 5.6 million total pounds in
Michigan and almost 9.5 million pounds in Wisconsin.

Table4-6. 2001-20 Lake Superior stadeeensed commercial fishing data for MI, MN, and WI.

StateLicensed Commercial Fishing Da Mi MN Wi
Years 2001-20 200020 200420
Total Lbs. (ABpecies) 5,626,566 7,224,287 20,915,729
Lake TroufLbs): 23,627 284,300 467,203
Percent of Total 0.42% 3.94% 2.23%
Lake WhitefisHLbs): 5,595,997 1,129 9,463,679
Percent of Total 99.46% 0.02% 45.25%

Buffalo Reef and Surrounding Area Data

Statelicensed commercial fishing data for Michigan management aread@E&nd statistical grid
1125 is shown iifable4-7.
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Figure4-51: Map showing Lake Whitefish Management Araad Areas where State Commercial Fishing is Reported

Table4-7. Statelicensed commercial fishing dafiar Michigan
management area WHRS02 and statistical grid 1125.
State-Licensed Commercial Fishing D3 MI WFS-02 Grid 1125

Years| 200120 2001-20 2001-20
Total Lbs. (All specieg 5,626,566 | 1,020,317 60,939

Lake Trou{Lbs): 23,627 0 0

Percent of Total 0.42% 0.00% 0.00%
Lake Whitefist{Lbs): | 5,595,997 | 1,020,062 60,939

Percent of Total| 99.46% 99.98% 100%

The management areas kigure4-51 (shaded irblue) show the management areas where state
licensed commercial fishing takes place. These areas are exclusively Lake Whitefistesisee
commercial fishing areas where Lake Trout fishing is reservedijat fishes.

Management area WF® provided over a million pounds fishbetween 2001and 2@0, of which
99.98% was Lake WhitefisBtatistical grid 1125 is within management area WE&nd is the grid
where Buffalo Reef is located. This grid provided over 60 thousand pounds of Lake Whitefish in the same
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years. Unfortunately, grid 1224 (southwest of grid 1125) that shares a border with grid 1125 is not an
area that is monitored by the MI DNR. This eliminates the potential for a comparison.

While the harvested pounds presented in the previous tables represent the local capture, some of the

catch has historically been sold to wholesale markets which provide products to a larger area including
Chicago and New York. Many of these businessesreavained open and continued their operation
G§KNRdAK2dzi GKS LI yRSYAOd 'a |y SEFYLISTET tSGiSNE2YQ
its operation during the pandemiper their websité.

Future WithoutProject Conditions

The consequences bdfo Actionwithin the project area would result in the continué@nsportof stamp

sands throughout the Grand Traverse Baysing Buffalo Re&fould affect the spawning area and

ability of the specieto sustain themselves in this regiof reduction in fish production would be

detrimental to the Buffalo Reef fishery and the commercial fishing in this area and as such would

adversely impactommerciaincome in the futureBecause the harbor would fill with stamp sanis,

Actiong 2 dz2f R KI @S | AA3IYATFTAOFIY(d FROSNES AYLI OG 2y (KS
their treaty rights to fish in this area. The impacts to access and the impact of stamp sands on the reef

would have a significant adverse impact on commercial fishing within the study area.

4.6.3 Recreational Fishing

Recreational fishing data is collected by clerks that count angtetboats and interview a sample of

fishers in each area at a given time. Estimates of effort, harvest, and total catch (including released fish)
arederived by extrapolating average catch rates for given strata (e.g., weekday versus weekend, month,
etc.) (Tracy Claramunil DNR, #nail communication, 2021 Not all the data was available for all three
states.However,the data does give a valuable representation of the amount of recreational fishing that
takes place on Lake Superior.

The Minnesota and Wisconsin data were supplied directly from their respective DNR via email
communication in November 2021. The data for Michigan was found at the websites provided by the Ml
DNR representative, also in November 2021. These websites danrmbelow:

I https://gis-midnr.opendata.arcgis.com/search?g=creel
9 https://app.powerbigov.us/view?r=eyJrljoiOWQ5NjOxMmItYjFkYi00YzI2L TkxMTAtMMWNjEzO
WES5Y|M3liwidCI6ImQ1ZmI3MDg3LTM3NzctNDJIhZCO5NjZhLTg5MmVYmNDcyMjVKMSJ9

Recreational and charter fishing supports a wide variety of activities in the vicinity of Buffalo Reef.
Recreational fishers purchase fuel in the local area, use a marina or have a seasonal dogkagntal,
have theirboats stored in storage yard, dravemechanical needs. Recreational fishers may stay in local
hotels, campgroundspr own seasonal homes in the are@heyeat at local dining establishmenthop

at localstores, andengage in other local activitieBor more information, please see the Ecarios
Appendixand Section4.4.

8 petersonfish.com
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Existing Conditions

Lake Superior Data

Table4-8. shows the recreational harvest data for Michigan, Minnesota, and Wisconsin. The data for
Wisconsin is collected using total pounds harvested. Michigan and Wisconsin data are collected by the
total number of fish caught. While not directly comparable asrti® three states, it is still evident that
the Lake Superior waters offer recreational fishermen ample opportunity which they take full advantage
of.

Table4-8. Lake Superior recreational fishing data for MI, MN, and WI.

Recreational Fishing Data Mi MN Wi
Years 200021 200020 201320
Total LbsHarvested (All species 2,251,665
Lake Trout HarvesteLbs: 1,773,974
Percent ofTotat 78.78%
Lake Whitefish Harvestdtlbg: -
Percent of Total 0.00%
Total Number of Fish Caugh 1,734,460 324,242
Number of Lake Trout Caugh 627,059 97,474
Percent of Total 36.15% 30.06%
Number of Whitefish Caugh 345,997 63,687
Percent of Total 19.95% 19.64%

Minnesota has considerableamount ofrecreational fishing on its waters averaging over,000
pounds harvested per year between 2000 and 2020. Of the harvested pounds, Lake Trout accounts for
over 78% of théMinnesota harvest totaling almost 1.8 million pour(dseTable4-8.).

In Michigan between 2000 and 2021, over 1.7 million fish were caughtisTier 78000every year.
Lake Trout accounted for 627 thousand and over 36% of the total harvest. Lake Whitefish was almost
350 thousand fish harvested which accounted for almost 20% of the total haiedsied-8.).

There were less years of available data for Wisconsin; however, between 2013 anth@@2@ere
40,500fish were harvested yearly. Lake Trout accounted for over 30% of the harvest and Lake Whitefish
was just under 20% of the total harvdseeTable4-8.).

Buffalo Reef and Surrounding Area Data

The two sites closest to Buffalo Reef are sites 182 and 185. At these sites between 2000 and 2021, site
182 accounted for almost 7% of the total harvest in Michigan, while site 185 accounted over 13%. At site
182, Lake Trout accounted for over 86% ofiall harvested; and Lake Trout harvested at site 185
accounted for almost 40% of the total harveBoth percentages are abowbe Michigan rate which was

just over6% of the total harvest. This is especially true at site B2 50%more of the harvest bang

Lake Trout

Lake Whitefish has minimal representation of the catch at these sites. There were no Lake Whitefish
caught at site 182 and just under 3% of the total harvest atl8t&Table4-9).
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Charter fishingdatais captured in number of fish and nbarvestedpounds. Data is collected from the
charter operators anéhcludeswhat species are caught, how many of each species, the number of
anglers that went out on the chartered trip, the hours they spent on the water, and the total number of
excursions. This data set is consistent acMighigan, Minnesota, and Wisconsgq there is the ability

to calculate the approximate volume of charter business.

There is no value tied to the harvestish caught whilecharter fishingoecausehis is considered a
recreational activity The value is captured from the business that sponsors the charter trip. The
customerwould generally take the fish home with thersince the fish they harvest are simply part of
the trip andare harvested under their own fishing license. For trips with catch and release fishing, the
value for the customer is the experience of fishing, being in nature, going out on a boat, or ¢rying t
catch a new species (known as consumer uti{ipgnna Wesander, Ml DNRptail communication,

2021)

The value of charter fishing goes beyond the aforementioned. Charter businesses may purchase fuel in
the local area, use a marina or have a seasonal dock rental, hire local staff to assist with the business,
storage of the boat, or mechanical needs. Custosrof the charter may stay in local hotels or
campgrounds, eat at local dining establishments, shop local stores, or engage in other local activities.
This secondary income is not captured in this analysis.

Many of theCharter Fishingompanies offer yearound fishing tripswhich include ice fishing during
the winter months. Some of these do operate around the Keweenaw Peninsula and in the vicinity of
Buffalo Reef.

Table4-9. Recreational fishing data for Michigan sites 182 and 185.

Recreational Fishing Data MI Site 182 Site 185

Years 200021 200021 200021

Total Number ofish Caught 1,734,460 117,292 229,595
Percent of Total 100% 6.76% 13.24%

Number of Lake Trout Caugh 627,059 101,088 91,512
Percent of Total 36.15% 86.18% 39.86%

Number of Whitefish Caugh 345,997 0 6,555
Percent of Total 19.95% 0.00% 2.86%

Lake Superior Data

Table4-10shows the charter fishing data collected for the Lake Superior waters of Michigan, Minnesota,
and Wisconsin. Minnesota has the most productive charter harvest of the three states as well as the

most Lake Trout and Lake Whitefish harvested.
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Table4-10. Lake Superior charter fishing data for MI, MN, and WI.

Charter Fishing Data Mi MN Wi
Years 200020 200020 200021
Total of all species (# of fish 111,140 238,287 67,857
Total of Lake Trout (# of fish 97,815 187,136 54,893
Lake Trout Percent of Tots 88.01% 78.53% 80.90%
Total Angler Hours 284,297 914,734 216,410
Total Anglers 41,794 159,337
Average Hours per Angle 6.80 5.74
Number of Excursions 9,779 32,846 9,270
Number of Angler Hours per Excursiq 29.07 27.85 23.35
Number of Anglers per Excursig 4.27 4.85
Total Party Houts 50,964
Party Hours per Excursio 5.50

Charter fishing in the three states totaled over 4100harvested fish. While Lake Whitefish was a-non
factor, Lake Trout was the primary fish caught in all three states representing over 88%, ovan@8%,
over 80% in Michigan, Minnesota, and Wisconsin, respectively. Also, over 1.4 million hours were spent
on charter trips. Michigan and Minnesota saw over 200individual anglers on charter excursions.
Almost 52000excursions were provided by charter companies across the three states.

This is not only recreation for the anglers but also a source of income for the charter companies, local
gas stations, hotelsestaurants,and other businesses that collect income from the anglers. These
numbers are large enough to represent a considerable amount of economic activity throughout Lake
Superior and its regional areas even when the value of the economic activity is outside pleeds this
appendix.

Buffalo Reef and Surrounding Area Data

Table 411 offers an additional breakdown of Ml and M#4 (seeFigure4-52), which are the two

management areamost relevant to the area containing Buffalo Reef. Charters in this area harvested
almost 28000fish between 2000 and 2020. There were ov@0Btotal anglers, over 6800angler

hours, and almost 2,400 total excursions in the same period. Much like the rest of charter fishing in Lake
Superior, Lake Trout accounted for a large percentage of the total fish harvested. Lake Trout accounted
for over 36% of the total harvest inIN and almost 89% of the total harvest in-MIMF, where

Buffalo Reef is locatedyas far more productive for charter fishing based upon all collected data.
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Table4-11. Charter fishing data for Michigan grigldll - 3 and;MI - 4.

Charter Fishing Data Ml MI-3 Mi-4
Years 200020 200020 200020
Total of all species (# of fish 111,140 2,304 25,628
Total of Lake Trout (# of fish 97,815 842 22,731
Lake Trout Percent of Tote 88.01% 36.55% 88.70%
Total Angler Hours 284,297 4,573 58,754
Total Anglers: 41,794 839 8,411
Average Hours per Angle 6.80 5.45 6.99
Number of Excursiong 9,779 263 2,124
Number of Angler Hours per Excursiq 29.07 17.39 27.66
Number of Anglers per Excursig 4.27 3.19 3.96
Layer
US Waters

Michigan
Minnesota

Wisconsin

) Lake Trout Management Areas

Figure4-52 Map of Michigan Lake Trout Management Areas

Future WithoutProject Conditions

The consequences dfo Actiorwithin the project area would result in the continué@nsportof stamp
sands throughout the Grand Traverse Bath a resulting decline in the overall fishebysing Buffalo
Reefwould decrease the fishery, reducing the value of recreationalrigfiiherefore,No Actionwould
have a significant adverse impact on recreational fishing.
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4.6.4 Property Values

Existing Conditions

Housing development along the stamp sands shoreline consists of consists of 37 cottages in between
Grand TraversBayHarbor and Big Traverse River, seven properties near the historic coal dock, three
homes near Gay, arapproximately 80 cabinsr homessouth of Grand TraverdgayHarbor adjacent to
Lower BayFigure4-54). Viewsheds from properties north of Grand TraveBsgHarbor look out into a

sea of dark stamp sands whereas viewsheds south of the harbor have white, native sand Keigcies
4-54). For more information and real estate maps, see Real Estate Appendix.

STAMP SANDS AND THE HOUSING MARKET

It is not uncommon for public discussions about stamp sands to turn to their possible effect
on nearby property values. A 2007 study of the Great Lakes region (more than 11 million
households) estimated that remediating all official Areas of Concern (e.g., Torch Lake) could
raise home values in the broader region $12 billion to $19 billion —and more than $50 billion if
commercial properties were included (Austin 2007). But the process by which AOCs would be
remediated is neither simple or straightforward; deanup efforts have faced resistance from

local officials, concerned about potential effects on tourism and property values (EPA 2018).
Some have also expressed concern that removing or capping stamp sands would destroy
local mining history (Urban et al. 2018). Still, remediation presents a significant economic
opportunity to the Keweenaw Peninsula, which has seen waterfront property values rise five-
fold over the past two decades. To the degree that removing stamp sand deposits has the
potential to expand the supply of buildable sites, remediation may produce direct economic
benefits to the local real estate market (HCPC 2018). Unchecked Gay stamp sand migration
is believed to threaten existing home values (Neese 2016).

Figure4-53: Stamp Sands and the Housing Markge{cher 2019)

Figure4-54: Properties near Grand TraveiBayHarbor
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FutureWithout-Project Conditions

The consequences bdfo Actionwithin the project areaare believed to have advergmpacts on
property valuegFletcher 2019)Thefollowingdiscussion is divided into properties north and south of
Grand Traverse Harbor.

Stamp sands would continue to be transported aventuallyovertop the Grand Traverse Bay Harbor.
Though USACE would continue to submit an annual budget requisstinlikelythat the Federal project
funding for harbor maintenance would be consiste@bnsequentlythe harbor wouldcontinueto fill

with stamp sandsand the river outlet would be restricted or clakeff completely Once the river

outlet is restricted or closedff, the Traverse River woultk at risk of floodingFigure4-53 and Figure

4-55), and harbor uses would likely leéiminated.To mitigate increased flood risk of camps along the
Traverse River, possible alternatives would be investigated to transport Traverse River flows into Lake
Superior.

For properties south of the harbor, stamp sandsuld be transportediowndrift into the Lower Bay
along the existing native sand beaches. As stamp samedsansported pasthe harbor and cover the
native sand beaches and potentially the existing sand bars, the change in shoreline geomorphology
could allow wave action to reach shoreline properties increasing susceptibility to upland structural
erosion and flooding.

dtinga local newspapdr NIi A Of S 9 NI K 902y 2YAO04&a OlFdziA2ySR dadzy O
0SSt ASOSR (2 GKNBI i BefefofefNa ActiohisbalievEdtdiaSe adroderdts adéere

impact to shoreline propertiegalues (Fletcher 2019YSACE has not completed an appraisal of the area

and identifies an appraisal would be completed during the next phase of the project (Real Estate

Appendix).

Figure4-55: Properties Between Traverse River and Lake Superior may be vulterbliacreased likelihood
of flooding and possible erosion as the harbor fills with stamp Saled&ing the river outlet.
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4.6.5 Demographics

Existing Conditions

Keweenaw, Houghton, and Baraga Counties are in the Upper Peninsula of Michigan. Keweenaw County
is the northern most landbased area in Michigan. Houghton County is south of KewedBaraga

County is east of Houghton CounBigure4-56). This project is located near the northern Houghton

County border and southern Keweenaw County bor8araga County was also included for the

following reasons:

1 Houghton, Keweenaw, and Baraga Counties were utilized in the RECONS analysis discussed later

T ! LRNIA2Y 2F G(GKS [QlyasS wSaSNBlIiGAz2y Aa tf20FG8R 7

reside that fish in the Keweenaw Bay and at Buffalo Reef

Ty
/Uhnlugf"

Figure4-56. Map of the Upper Peninsula of Michigan

CKS [Q!'yaS wSASNDIGA2Y A& Ay . FNI3IF FYR albNJjdzSGdS

southern end of Keweenaw Bay. It is the oldest and largest reservation in Michigan and is one of the
four original member tribes in Michigan that foundduktinterTribal Council in Michigan, Inc. in 1966.
¢tKS [ Q!'yaS wSaAaSNBIFGA2Y A& GKS fFryR o6016aS 2F (KS
Band of Chippewa Indians. The reservation was established under the Chippewa Treaty in 1854. Their
constitution, bylaws and corporate charter were adopted on November 7, 1836, pursuant to the terms
of the 1934 Indian Reorganization Act that established Tribal governments as they are known today
(Inter-Tribal Council of Michigan, Inc. 2012able4-12 summarizes the demographic information for
L'Anse Reservation and a#servation Trust Landror more informatiorsee Economics Appendix.
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Table4-12. Demographic informationof L'Anse Reservation and-offservationTrust Land, Ml valde

Demographic Informatiorfor L'Anse Reservation and Off
Reservation Trust Land, M| Value

Total population 3,721
Under 5 years 170
Under 5 yearg percent of total 4.6%
Under 18 years 879
Under 18 yearsg percent of total 23.%
65 years and older 817
65 years and oldeg percent of total 30.0%
White 2,355
White ¢ percent of total 63.3%
Black or African American 35
Black or African Americanpercent of total 0.9%
American Indian and Alaska Native 843
American Indian and Alaska Natiypercent of 22.7%
total
Asian 29
Asiang percent of total 0.8%
Hispanic or Latino (of any race) 84
Hispanic or Latino (of any raagpercent of total 2.3%
Median value of housing (dollars) * $107,100
Occupied housing units 1,533
Averagehousehold size of owneasccupied unit 2.35
Percent of households with a broadband internet 79%
subscription
Percent high school graduate or higher 91%
Percent. | O K DedtadI &igher 17%
Percent of (all) families whose income in the pas 11%
12-months is below the poverty level
Percent of (all) people whose income in the past 16%
12-months is below the poverty level
Source: 2012020 American Community Survey/Bar Estimates?
Source did not specify what year this value represents

Houghton County is the only county to show population growth between ZWL0t is almost identical

to the population growth rate in the State of Michigan (henceforth, Michigan). All three counties have a
lower percentage of persons aged 18 and younger ahigher percentage of persons aged 65 and

older compared to MichigarGeeTable4-13for relevant population statistics.

9 https://www.census.gov/tribal/?st=26&aianihh=1880
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Table4-13. Population statistics for Baraga, Houghton, Keweenaw Counties, and Michigan
U.S. Census Bureau QuickFacts: Michigan

: . Baraga Houghton Keweenaw Michigan
Population Statistics County County County
Population, Census, April 1, 2020 8,158 37,361 2,046 10,077,331
Population, Census, April 1, 2010 8,860 36,628 2,156 9,883,640
Percent Change, April 2, 2010 to -0.086 0.020 -0.054 0.019
April 1, 2020
Persons under 5 years, percent 3.90% 5.30% 3.50% 5.70%
Persons under 18 years, percent 17.00% 20.30% 14.30% 21.50%
Persons 65 years and over, percer]  22.70% 17.90% 38.10% 17.70%

Baraga County has a white population that is lower than Michigan, 72.0 and 79.2 percent respectively.
All three counties have smaller black or African American population, Asian, and Hispanic or Latino
population compared to Michigan. Houghton County has a slightly higher percentage of American Indian
and Alaska Native population. Baraga County has a considerably higher peecehfagerican Indian

and Alaska Natives in their population compared to Michigan, 14.3 and 0.70 percent respeStrecly.
Table4-14for a summary of these race and ethnicity statistics.

Table4-14. Race and Ethnicity statistics for Baraga, Houghton, Keweenaw Counties, and Mfchigan

Race and Ethnicity Statistics Baraga | Houghton | Keweenaw| Michigan
County County County

White alone, percent 72.70% 93.50% 97.30% 79.20%
Black or African American alone, percent 8.00% 0.90% 0.40% 14.10%
American Indian and Alaskan Native alone, 14.30% 0.80% 0.40% 0.70%

percent

Asian alone, percent 0.40% 3.00% 0.10% 3.40%

Hispanic ot atino, percent 1.70% 1.80% 1.70% 5.30%

The three counties have a lower median value of owmesupied housing units, a lower percentage of
households with a broadband internet subscription, and a smaller percentage of the population that
have a language other than English spoken at home condgar®lichigan. Houghton County has
slightly more persons per household than Michigan, 2.5 and 2.47 respectealyable4-15 for home
statistics.

Table4-15. Home statistics for Baraga, Houghton, Keweenaw Counties, and Mi¢higan

Home Statistics Baraga | Houghton | Keweenaw| Michigan
County County County

Median value of owneoccupied housing units,| $102,200 | $108,700 | $121,100 | $154,900

20152019

Households, 2032019 3,107 13,386 1,081 3,935,041

Persons per household, 20P919 2.34 2.5 1.94 2.47

Language other than English spoken at home] 3.20% 6.30% 1.20% 9.70%

percent of persons age 5+ years, 27089

10y.s. Census Bureau QuickFacts: Michigan
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Householdsvith a broadband internet
subscription percent, 20182019

74.40%

78.40%

72.20%

81.50%

Houghton County and Keweenaw County have a higher percentage of persons that are high school

graduates or higher compared to Michigan, at 92.8, 96.4, and@@&nt respectively. The same two

O2dzyiASa KI @S |
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at 32.6, 32.0, and 29.1 percent respectivélgeTable4-16 for relevant education statistics.

Table4-16. Education statistics for Baraga, Houghton, Keweenaw Counties, and Mithiga

Education Statistics Baraga | Houghton | Keweenaw| Michigan
County County County

High school graduate or higher, percent of 89.20% 92.80% 96.40% 90.80%

persons age 25+ years, 202619

. OKSf 2NRa RS3INBS 2NJ 1580% 32.60% 32.00% 29.10%

age 25+ years, 2012019

All three counties have a smaller percentage of persons in the civilian labor force that are aged 16 or

older compared to Michigan. They alsave a smaller median household income compared to
Michigan. Only Keweenaw County has a higher per capita income compared to Michigan, $34,608 and

$31,713 respectively. Keweenaw County is also the only county to have a lower percentage of persons in
poverty compared to Michigan at 10.3 and 13 percent, respecti&dgTable4-17 for relevant income

statistics.

Table4-17. Income statistics for Baraga, Houghton, Keweenaw Counties, and Mithigan

. Baraga | Houghton | Keweenaw| Michigan

Income Statistics
County County County

In civilian labor force, total percent of 43.70% 54.40% 48.00% 61.50%
population age 16+ years, 20PB19
Median household income (in 2019 dollars), $46,065 $43,183 $50,292 $57,144
20152019
Per capita income in past 12 months (in 2019| $22,920 $23,421 $34,608 $31,713
dollars), 2018019
Persons in poverty, percent 13.70% 14.70% 10.30% 13.00%

Michigan has a much higher population density per square mile compared to Houghton County,
Keweenaw County, and Baraga County. All tlwaanties are considered rural and not metropolitan
statistical areasSeeTable4-18for relevant population density statistics.

Table4-18. Population Density statistics for Baraga, Houghton, Keweenaw Counties, and Mithigan

: : _ Baraga | Houghton | Keweenaw| Michigan
Population DensityStatistics County County County
Population per square mile, 2010 9.9 36.3 4 174.8
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/ 2YLI NAYy 3 GKS [ Q! y-ReServatiSraT8ustHNnd) Ragaga Chuyitik Hdughi®n
KeweenawCounty, and the State d¥lichigan

TKS [ Q! yaS wS aResedddtian ArasyLand yieR a poputation of 3,721. Of that, 4.57% are
under 5 years old which is greater than Baraga and Keweenaw Counties. 32.3% of its population is
greater than 18 years oJavhich is greater than the three counties and Michigan. 21.96% of the
population is older than 6&vhich is higher than Houghton County and Michigan.

¢KS [ Q! yasS wS-RéSanationiTkuatyand iy@.29%6Titkich is less than the three

counties and Michigan. The Black or African American and Asian population are 0.94% and 0.78%,
respectively. Both population figures are less than Keweenaw County with the Black or African America
population smaller than Hougbin County and the Asian population smaller than in Baraga County. The
Hispanic population is 2.26% of the totahich is greater than the three counties but less than

Michigan. The Antican Indian and Alaska Native population is 22.66% of the total population in the

[ Q! y&S wS a S MEskniafiod Vrust-Lghg. ThisTisTconsiderably higher than Houghton and
Keweenaw Counties as well as Michigan. It is also higher than Baraga,@duclyhas an American

Indian and Alaska Native population of 14.3%.

¢KS YSRAIY K2dzaS @I f dzS A-Resdivitidn Trust LayidiisS$107,509 Gheizeari A 2 v
of this value is not specifiedihich is higher than Baraga County but below the other two counties and
Michigan. The average household size of owmesupied units is 2.35 individuals. The median income is
$50,598 which is higher than the other three counties but lower than Michigemich is $57,144 (2019

dollars). This is a difference of 11.5%. The percent of households with a broadband interndpsiohscr

is 79%which is higher than the three counties but less than Michigan.

91% of eligible individuals have at least a high school diploma. This is higher than the Baraga County and
aAOKAILY I @SNF3ISP mm: 2F StAIA0ES AYRADGARIzZ £ & KI @
only Baraga County.

¢CKS LR2@GSNIE ydzYoSNE |NB y23 RANBOGfE O2YLI NIoOfES o
and OffReservation Trust Land compares to Baraga, Houghton, and Keweenaw Counties and Michigan.

The percent of all families whose income in the pastrighths is below the poverty level is 11%. The

percent of all individuals whose income in the pasti@nths is below the poverty level is 16%. If the

individual number is compared to the three counties and Michigan, it is higher than all of them. If the
familynumber is compared, it is only higher than Keweenaw County.

Houghton County is the only county to show population growth between 202020. It is almost
identical to the population growth rate in Michigan as a whole. All three courtiesed the statewide
percentage of persons aged 18 and younger and a higher percentage of persons aged 65 and older.

Future WithoutProject Conditions

The consequences dfo Actiorwithin the project area would have no impact on demographics.
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4.6.6 Employment

Existing Conditions

Baraga, Houghtorand Keweenaw Countiglsave a smaller percentage of persons in the civilian labor
force that are aged 16 or older compared to Michigan. They also have a smaller median household
income compared to Michigan. Only Keweenaw County has a higher per capita income compared to
Michigan, $34,608 and $31,713 respectively. Keweenaw County is also the only county to have a lower
percentage of persons in poverty compared to Michigg@eTable4-19for relevant income statistics.

Table4-19. Incomestatisticsfor Baraga, Houghton, Keweenaw Counties, dnedState of Michigan
Income Statistics Baraga County Houghton County Keweenaw County Michigan
In civilian labor force, 43.70% 54.40% 48.005 61.50%
total, percent of
population age 16
years+, 2012019
Median household $46.065 443,183 $50,292 $57,144
income (in 2019
dollars), 20152019
Per capita income in $22,290 $23,421 $34,608 $31,713
past 12 months (in
2019 dollars)2015
2019
Persons in poverty, 13.70% 14.70% 10.30% 13.00%
percent

Future WithoutProject Conditions

The consequences bdfo Actionwithin the project area would likely havenadverseimpact on
employment through the loss of fisheries related jobs as stamp sands reduce the productivity of the
Buffalo Reef fishery herefore,No Actionwould have aignificantadverse impact on employment.

4.6.7 Environmental Justice

Existing Conditions

Beyond the analysis conducted using the Economic Justice Screening Tool (see below), there are
important tribal considerations related to environmental justice discussed in this segiomording to

0 KS @nwiloriinerdal justice is the fair treatment and meaningful involvement of all people
regardless of race, color, national origin, or income, with respect to the development, implementation,
and enforcement of environmental laws, regulations, and poléciesd 9t d). H N1 H H

Despite the boom of the copper mining industry back in the late 1800s, which exploited natural lands
and tainted clean waterways of the Keweenaw Peningulaes like the KBIC pushed to protect their
community including the land and water that they were spiritually, economically, and physically
connected to. KBI{S a signatory to the Treaty of 1842 and fheeaty of 1854 which reserved the right

to hunt, fish, and gather within the ceded territories as well as allow tribal members and government
staff to exercise these rights for subsistence, spiritual, cultural, management, and recreational purposes.
While the Treaty recognized their right to hunt, fish, and gather, it did not protect the land and water
which is considered spiritually equal to if not more important than humans as shothe @xcerpt,
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oHumans are not the masters of the world but rather weak and pitiable creatures, dependent upon all
other nonthuman beings for survival. The proper attitude towards the natural world is one of caretaking,
humility, andgratitudee o6} { ' / 9 HAMPO ®

As communicated by the Keweenaw Bay Indian Community, GLIFWC anttibdsar tribal agencies,

the impact of stamp sands dBuffalo Ree&ind the fisheryexemplifies an environmental justice issue.
While copper mined from the areas around Buffalo Reef was used to modernize and bring electricity to
the country, the area was overlooked once the country began to reckon with the environmental
degradation caused by pagtactices The area in which the stamp sands were deposited is remote.

Today, KBIC continues to practice subsistence and commercial harvestieglifouandLake

Whitefish) in the ceded territories, including Buffalo Reef, but the degradation of the reef and
AdzZNNR dzy RAy3 KFoAdlGa RdzS G2 adlyYL alyRa SyONRI OKY
Tribal fishes have experiencefewer fish catches since the 1980s and are increasingly concerned with
sustaining their fisheries. Tribes have actively voiced concerns and have urged state and Federal

agencies to take aittn and protect Buffalo Reef from further degradation.

The socioeconomic envirarent of the affected area was investigated using the following-vabed
analytical tool:

9 Council on Environmental Quality (CEQ) Climate and Economic Justice Screening Tool
(https://screeningtool.geoplatform.gov/er)/

This tool uses various geographically based data visualization methods to analyze the socioeconomic
conditions in ararea using census and other data sources. This tool was used to assess conditions in
KeweenawHoughtorE | YR . F N} 3+ oOdoddtiey.a S wSASNIIF GA2Y 0

The CEQ tool uses data satsindicators of burdens, which are organized into categdoieetermine if

a census tract area is considered disadvanta@esnmunities are considered disadvantaged if they are

Ay OSyadza GNI¥OGa GKIG YSSG GKS GKNBXakKz2fRa FT2NJ I
on land within the boundaries of Federally Recognized Tribes.

Under the current formula, a census tract will llighlightedas disadvantaged if the census trac{1) at

or above the threshold for one or more environmental, climate, or other burdens, and (2) at or above
the threshold for an associated socioeconomic burden. Additionally, a census tract that is completely
surrounded by disadvantaged communitieglds at or above the 50% percentile for low income is also

considered disadvantageMore information on the methodology can be found on the CEQ web'site

Based on the methodology of this screening tool, Kevaeis not considered disadvantaged, howeyver
Houghton and Baragaounties are considered disadvantaged in multiple categdgheages of this tool,
as applied tiKeweenaw and Baraga Countiase shown inFigure4-57.

11 https://screeningtool.geoplatform.gov/en/methodology
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Figure4-57: CEQ Climate and Economic Justice Screenihge$alis for Keweenaw and Baraga Counties

Houghton county census tract is considered disadvantaged because it meets momn#iaurden

threshold and the associated socioeconomic threshold. In this case, the Energy and Housing burden
thresholds are exceeded. The average annual energy costs divided by household income is the energy
burden and is in the 9percentile,which isabove the 9& percentile threshold. The lack of indoor
plumbing(share of homes without indoor kitchens or plumbjigthe housing burden and is in the'd3
percentile,which isabove the 98 percentile threshold. The associated socioeconomic thresisdlolv
income, where Houghton County is in thé"ggercentile,which isabove the 68 percentile threshold.

Baraga County census tract is considered disadvantaged because itanebtgden threshold and the
associated socioeconomic threshold. Additionally, the lands of Federally Recognized Tribes that cover
3% of this tract are also considered disadvantaged. The average annual energy costs divided by
household income is the energyoien and is in the 90percentile, which isit the 90" percentile

threshold. The associated socioeconomic threshold is low income, where Baraga County is fh the 70
percentile,which isabove tIf 65th percentile threshold.

Future WithoutProject Conditions

The consequences dfo Actionwithin the project areavould adverselympact environmental justice

with the potential loss of fishery jobs leading to lower income in the area that can lead to a
disadvantaged communitstatus specificallffor the tribes along the Keweenaw PeninsuNm Action

could devastate tribal fisheries and leavies like KBIC susceptible to spiritual, economic, cultural, and
physical decline. KBIC has and will continue to stand up foréhgironmental justice and fight to

protect the prosperityof their culture. HoweverNo Actiorwould allow stamp sands to continue to
degrade Buffalo Reef and the surrounding habitats and diminish the livelihood of tribakfisttktheir
beliefs which were intended to be protected by the Treaties signed inniit 1800s Therefore,No
Actionwould have a significant adverse impact on environmental justice.
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5. Alternative Formulation

5.1 Overview

Thischapter describes the formulation and evaluation of each alternativeddress the identified
Problems and Opportunities at Buffalo Reef

This chapter of the report includes the followings sections:

1 Section 5.2Measures describes how the measures were identified, evaluated, and screened to
develop a final list of measures for further consideration in this report.

1 Section 5.3Measures for Alternative Formulatipidentifies the selected measures that serve
as the building blocks for the alternative plan formulation.

1 Section 5.4Alternative Formulation Strateggxplains the strategy used to formulate the
alternatives

9 Section 5.5Alternative Plan Evaluation Criteridescribes the studgpecific criteria developed
to evaluate alternative effectiveness, cost, and impacts.

1 Sections.6¢ 5.6.3 describes the components of each alternative and their operation and then
provide an evaluation of the alternative based on Sec&drevaluationcriteria.

5.2 Measures

A measure is a feature or an activity that can be implemented at a specific geographic site to address
one or more plannin@oalsand ObjectivesManagement measures are the foundation of alternative
LY I yad ¢Gdlsaretol dzRe Qa

9 Protect Buffalo Reef by minimizing continued stamp sands encroachment;

1 Restore the shallow water nursery habitat foake Whitefislbetween GayMI, and Grand
TraverseBayHarbor; and

1 Minimize stamp sands encroachment of the shallow water nursery habitataioe Whitefish
within Grand Traverse Lower Bay.

1 Minimize stamp sands encroachment in the Lake Trout nursery habitat on the eastern edge of
Buffalo Reef.

This section outlines the process used to screen out various measures and describes the measures
retained, which were combined into each plan (also known as an alternative).

In July of 2019, the BRTF publishezDa9Alternatives Analysis Repatéscribing 13 adaptive

management alternatives that could potentially protect and restore the function of Buffalo Reef and the
surrounding juvenile fish recruitment area. The 13 alternatives were screened down to the three
alternatives based on the folldng criteria: Constructability, Operation and Maintenance,

Environmental Impact, Ecological Sustainability, Initial Costs and Legacy Costs, Regulatory Requirements,
Public Input and Opinion, Time Needed for Implementation, Impact to Local PopulatiorRoemdial

for Beneficial Uselhe detailed rationale for the elimination of the alternatives is found in the 2019
Alternatives Report (USACE 2019).

Thethree alternativesselected for futher consideratiorand presented to the public in 2019 are the
following:
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1 Maintenance Dredging at Harbor affdoughwith a Stone Revetment his report has named
the stone revetment placement sitél_akeside Placement Sibe

1 Dredge Everything with Disposal in a Newly Constructed Landfill N&drisyreport has named
the newlyconstrucedf I y RUplarfd Placendent Sideé

91 Dredge 19MCY with Disposal in the White Pine Mine Tailings Bakimreport has named this
a A 0 S Whité Rine Miae €

5.3 Measures for Alternative Formulation

An alternative consists of a combination of measures, strategies, or programs formulated to meet, fully
or partially, the identified studfPlanningObjectives subject to th&®lanningConstraints. This section of
the report provides an explanation of each of the measures used to formulate the alternatives.

Alternatives were developed by combining the following measures:

i Placement Sites
0 White Pine Mine
0 Lakeside; along the Lake Superior shoreline where existing stamp sands are found
0 Uplandc away from the Lake Superior shoreline
9 Coastal Structures
o Grand TraversBayHarbor Jetty Extension
o CDJ
1 Areas where dredging would occiar
0 White Pine and Upland Placement Sites
0 Lakeside Placement Site
9 Dredging, during the construction, to prevent stamp sand bypass around the following
structures
o CDJ
o0 Grand TraversBayHarbor Jetty
91 Beach Nourishment
1 Wetland Mitigation

ProvidingResidential Wastewater Managemehlternativg's)for Homes withSeptic Systems within
Stamp Sandwould be required. The decision on whether to fund replacement systems would be made
by the NFS.

5.3.1 Initial Screening oPlacement Sites

White Pine Mine

White Pine Mine (WPM), located in White Pine, Ml in Ontonagon County, was a successful copper mine
dating back to the 1880kat was shut down in 199&fter becomingunprofitable(Table5-1). While the

facility has been shut down for years, there are still tailings badiked areasolding copper mining

tailings (equivalent to stamp sandshat have been considered for disposal of the stamp sands. WPM is
approximately 100 miles from Gay, MI and seven transportation routes with varying transportation
modes were evaluated tplacestamp sands at WPMrigure5-3).
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Gay, Michigan

White Pine Mine o

Figure5-1: Location Map of the Three Disposal Locations

The White Pine evaluation found in the Plannigpendixcompares each WPglacementroute

alternative and the associated real estate effardnsportation,and infrastructure costs to transport
approximatelyl2.7 MCY of stamp sands to WPM. Due to the location of WPM, several real estate
acquisitions would be required before transporting material to WPM. The lengthy distance increase
transportation costs and because some of the transport methods require new construction,
infrastructure costs and scheduling would not be cost effective when comparduktopland

Placement and Lakeside Placement Siggure5-2 shows theproximity of the latter placement sites
compared to WPM. Based on the evaluation, WPM was screened from further consideration as a
placement site because of the high cost of transporting stamp sands from the project site to WPM and
was therefore not a costffective placement site.
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Beginning of Trip Distance Map for
Lakeside and Upland Site

Upland: Truck =2.3 miles
to Upland Placement Site

| b smicte
Plocoment
e

Lakeside™: Transport
within project sfle

* The dredped matarial will be placed withim the project site footpriet
and does not include mileage to dispose of the material for the
transportation cost comparison between alternatives

Figure5-2: Routes and Modes of Transport Evaluated for Lakeside and Upland Site

Beginning of Trip Distance Map for
o White Pine Mine (WPM)

Rail 1o WPM
~70 miles |

1L okcos b
Pl
Site

Land based Trip
DRLance ST
Were

val Dorch
I wates-based Trip
Distance Starty

Heove

WPM = White Pine Mine
Figure5-3: Routes and Modes of Transport Ended for White Pine Mine

Lakeside

TheLakeside Placement Siteakeside) would contain the remains of the original stamp saite and
would extend downdrift along thehoreline Figure5-4). By containinghe original pile as part of the
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placement site, the source of stamp sands, within the system, is contained sooner than if it was to be
dredged andlacedin a different locationThe footprint of Lakesidsite would rest on Lake Superi@ra
bottom; however the Lakesidesite would cover only areas where stamp sands currently are found. The
[ F1SaARSQa T2 2 Qbhkoyhiand 2hy distahct the placmnidiiie 2Xtnds into Lake
Superior was minimized.

Figure5-4: TheLakeside Placement Sifmntains the Remains of the
Original Stamp SarsPile and Extends Downdrift Along the Shoreline.

The placement site would have armor stone facing Lake Supetiach would be designed to protect

the placement site from erosion. See the Engineering Appendix for engineering considerations
concerning wave and Lake Superior water levels that informed the armor stone design. Prior to armor
stone placement, stamp sarsdvould be removed from the lake bottom and the armor stone foundation
would be placed on the bedrock lake bottom. Stamp sdhét extend past the armor stone foundation
would be dredged andlaced withinthe Lakesidesite once the facility could accept stamp sands for
placement

Lakeside would not have a liner; therefore, the stamp sands currently within its footprint would remain
in place. A drainage ditch would extend around the landside perimeter of the placementtsitditch
would discharge into Lake Superior. The ditch would collect storm water runoff and groundwater
originating from thenaturalland. The placement site would have three sections built to different
heights(Figurebs-5).

The heght of the section adjacent to Gay, Ml would be restricte@l®sation 646 éet (the elevation of
Gay, M) to ensure Ga@ i@sidents could see Lake Superior after the placement site was capped and
closed. When each sectiavould reach its design height, that area would be sloped and capped to
eliminate stormwater infiltration into the stamp sands within the closed section of Lakeside.

Theplacementfacility would be surrounded by a fence to control public access. A road devoted to
construction traffic would run along the perimeter of the top half of the placement site and run parallel
to the existing Gay Park Road. To minimize the complexjilaoEmentby the NFS, it was assumed that
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the construction of the placement site would include building a facility that could hold the total volume
of stamp sands to be removed.

=

Elevation of Gay, MI ~ 646’
- <

Figure5-5: Lakeside Placement Site Cells and Their Elevation
The proposed design for Lakeside does not include a liner which results in the following:

1 Precipitation and groundwater would not accumulate in the placement site, and therefore, no
water treatment system would be needed.

1 Groundwater would continue to come into contact with the stamp sands; however, the volume
of groundwater in contact with the stamp sands would be reduced. The footprint of stamp
sands deposited along the shoreline would be smaller as the stamp aewdsnoved and
contained within Lakesidédditionally, the Lakeside design includes a landward ditch designed
to intercept groundwater from the neighboring land.

1 Lake Superior would continue to be in contact with the stasapdsput the exposure is
reduced. After the armor stone is installed, stamp sands from this area would no longer be
eroding into the lake. The volume of stamp sands that would come into contact with Lake
Superioror adjacent groundwateisthen reduced by dredging the stamp sands along the shore
and storing it within the reduced footprint of Lakeside.
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Upland Placement Site

Prior to selecting the proposed location of the Upland Placement Site (Upland), nine sites were
evaluated based on estimated wetland impadite topographyg the flatter the site, the less complex
the design and implementatigmproximity of the parcel to the stamp sandeal estate considerations
and groundwater elevation. An evaluation of the sites considered and screened out from further
consideration is found in the Planning Appendix. A-2df site was selected for the proposed
placementlocation,whichwouldinclude abuffer zone and ancillarfgatures Figure5-6).

1 Upland

1 Placement
I}
1

Construction
Road

Figure5-6: Upland Placement Site

The State of Mhiganwould classify Upland as an industrial waste landfill per Section 324.11 %8¢ tof
MMp O01Y26y | a (K ShediciganiNBturdl ResdirSes an@ BEnginonm2rital Protection
Act, Act 451.The proposed design was intended to comply with thelyanSolid Waste Act which
requiresa liner and a cap. Because the facility would be lites;hate angrecipitation would
accumulate within Uplandeachateis water that comes into contact with the stamp sands within the
disposal facilityand itwould require dilution prior to discharge into Lake Superior. The water needed
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for dilution would be Lake Superior water. The water treatment analysis can be found in the Planning
Appendix.

To dilute the leachate and safely discharge the water back into Lake Superior, water from Lake Superior
(a maximum ofpproximatelyl6.5million gallons per dayGD) would be pumped toa mixing facility
near the Lake LindeGay Roadb dilute the leachate and then safely discharge into Lake Superior. A
pump station would be located near the shore to collect water in an inlet pipepant it to one of

two water collection tanksThe pump station would be powered by diesel or electric poweachate
would flow by gravity to the same tankdnce a tank is full, a siphon system would discharge the entire
content of the tank to a high velocity diffuser in Lake SupeWirile one tank is discharging, the other
would be filling.After analyzing leachate samples and collaborating with field experts arsit#te of
Michigan EOM), an 8:1 ratiovas assumed tproperlydilute the leachate before discharginghe

dilution ratio can easily be adjusted based on field d&tare information on the water treatment
analysis can be found in the Planning Appendix.

A construction road would connect the shoreline with the upland placement site. A construction staging
area and pump house would be constructed near the shoreline and both would be sited together. Water
collectionanddilution tanks would be upland from the shoreline. The placement site and the water
treatment features would be surrounded by a fence to limit public access.

PerPart 115 of the Solid Waste Act, the owner and operator are resplerfsr 30 years of
management following a successful closure of the facility

5.3.2 Grand Travers®ayHarbor Jetty Extension

Stamp sands have be#éransportedaround and over the northern jetty at the Grand TraveBss/

Harbor entrance. Stamp sands have been found in sediment samples taken downdrift of the harbor
from 2021 (Figure 57 and Figure5-8). Downdriftof Grand TraversBayHarbor, the waters off the

native sand beaches of Grand Traverse Lower Bay are ideal for juvakel&Vhitefismursery habitat,
and these beaches are the closest such white fish nursery habitat to Buffalo Reef.

A jetty extension was proposed off the end of the northern jetty at Grand TraBagkarbor to reduce
the bypassing of stamp sands around the jettige proposed feature would extend géowater depth of
20feet because in watedeeperthan 20 feet, wave energy in this area is less likely to transport stamp
sands along the Lake Superior bottom.
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Figure5-7: Stamp Sands Have Bypassed Grand Traverse HarboiSégtinent Samples. (Sample ID
SS, Date): 1 =83.6%, 2021; 2 = 7.1%, 2021; 3 = 3.8%, 2021; 4 = 3%, 2021

Figure5-8: Stamp Sands in Grand Traverse Bay Harbor
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Hydrodynamically modeling of two orientations of the proposed harbor jetty extension were performed
and evaluated foeffectivenessKigure5-9). Seahe H&H Appendix for model results. Upon review of

the model results and a parametric cost estimate of $15M for construction of the jetty extension, the
Grand TraversBayHarbor Jetty Extension was screened out as a measure because:

1 Prior to large scale dredging, the continued removal of stamp sands from the updrift harbor
jetty wall and the shoreline immediately north of the wall reduces the likelihood that stamp
sandswould2 SN 2 L) GKS 2SiGde gl ff Ol yR RdbiytassA i Ay |
the harbor jetty; and

1 The areas initially targeted for largeale dredging of stamp sands would reduce sediment
bypassing around the jetty. Those areas beh@shoreline beginning at Grand TraveBay
Harbor and moving north along the shoreline to tHeJGnd theTrough(Section0), which acts
as a sediment trap for stamp sands.

Therefore, project dollars should be dedicated to dredging to reduce Stamp Sand bypassing of Grand
TraverseBayHarbor verses construction of a harbor jetty extension.

Figure5-9: Proposed Orientations of the Grand TravdBagHarbor Jetty ExtensioiT hejetty extensionwasscreenedrom
further considerationas ameasure.

5.3.3 Coal Dock Jetty

The CDJ is a jetty proposed near the historic Doak Figure 510). The CDJ would hesed to offload
building materials and dredged stamp sands fromTheughand Dune. CD#&ould limit stamp sand
updrift of the jetty to be transported onto the reef. The jetty would be desigteele 40 feet wide to
accommodatgwo-lanetruck traffic and would be paved to prevent erosion of a gravel fill during storm
events.The concrete pavement surface would reduce loeign maintenance and provide accessibility
to the community after project completio.o improve its effectiveness at capturing stamp sands, the
jetty would extendapproximately 2,150 linear fe¢d a water depth ofapproximately 2@eet. During
non-storm conditions, wave energy this areais less likely toransport stamp sands along the Lake
Superior bottom in water greater than 20 feet dedjhe Lakeside Alternative does not require water
treatment and therefore does not have a water intake and discharge pipe withigiie5-10 and 5-

11). For the Upland Alternative, water treatment would be required; therefore, pipes for water intake
and treated discharge would be placed within the CDJ in part to prevent damage during dredging and
constructionactivities
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Coal Dock
Jetty

Figure5-10: Location of Proposed CDJ and Proximity to the Historic Coal Dock
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Placement
Site

Figure5-11. Coal Dock Jetty Required for Lakeside Alternative. No Water Treatment Required. Therefore, no piping is
CDJ.
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Upland Placement
Site, 240 acres

Water Tank

JETTY

WALL i’
{sheetpile} « 4L CONCRETE PAD
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level
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Jetty

VISUAL ONLY, NOT TO SCALE

Figure5-12. Coal Dock Jetty and Water Treatment Piping Required for Upland Alternative. An inlet pipe (green) within t
Dock Jetty would discharge into the water tank. Leachate would flow by gravity from the landfill to the water tank (oran
When the proper blend of leachate and Lake Superior water is attained, the water would discharge via degrayity,
existing out the outlet pipe within the Coal Dock Jetty (red) to a high velocity diffuser in Lake Superior.

Hydrodynamic modeling would be needed to better define the footptangth,and orientation of the
CDJ to maximize its effectiveness at capturing stamp sands. The orientation would also depend on real
estate acquisition of shoreline properties.

5.3.4 Stamp Sand Dredging Quantities

Throughout the feasibility study, stamp sands quantities with sufficient thickness and volumes to be
removed efficiently were estimated. The Engineering Appendix summarizes the various evaluations
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completed to estimate the volumeBuring thesummerof 2021, additional borings along the shoreline
and in theDune andTroughwere completedThe volume estimate was updated based on the findings
of those field investigations.

The dredging areas and estimated volume per dredging area are found below. The chart indicates which
volume estimates had higher uncertainty dueitnited data availability. Additional borings throughout

the dredging polygons and in particular the areas with limited available data are needed to inform the
volume estimate and reduce the uncertainty pertaining to stamp saotlmes.

Dredging along the South Shoreline would impact existing septic drain fields placed in the stamp sands
(Sectiord.3.17). Beach nourishment would be required after dredging along the South and a portion of
Middle ShorelineSee Sections.3.6and5.3.8for a discussion regarding these project activities.

Table5-1. Volume of Stamp Sands to be Dredged (CY)

Volume . Total Volume in
Y 1 foot Overdredge* CY Dredge PolygonG@Y

Dredging Area

3,000,000
Lower Uncertainty: 300,000
2,000,000 (All Transects in South 3,300,000
Higher Uncertainty: Shoreline)
1,000,000
1,400,000 1,430,000
Lower Uncertaintv: Upland Dredge: 1.43 M
y: 30,000 Lakeside Dredge: 1.12
1,200,000
. o (Transect T) M
HigherUncertainty: I
(310,000cy within
200,000 . .
lakeside placement site
4,400,000 4,400,000
Lower Uncertainty: Upland Dredge: 4.4 M
2,800,000 No Lakeside Dredge: 500k
Higher Uncertainty: (3.9M within lakeside
1,600,000 placement site)
800,000
2,600,000
Higher Uncertainty No 2,600,000
Total 12,200,000 530,000 12,730,000

*One foot of overdredge assumption is basedsixinches of uncertainty ansixinches of tolerancéduring PED, need to
evaluate whethesixinches of uncertainty is adequate based on the number and results of borings.
** The North Shoreline and the Dune do not include overdredge because the stamp sands rest on bedrock.

5.3.5 Dredging During the Construction to Prevent Stamp Sands Bypass

Stamp sands dredged prior to construction of a placement area would be stored along the shoreline on
the updrift side of the CDJ. Once the placement site could accept stamp sands for disposal, the stamp
sands would be disposed in the placement area.
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Coal Dock Jetty

One of the purposes of the CDJ is to limit the downdrift movement of stamp sands. During construction
of the CDJ, stamp sands would accumulate on the updrift side of the CDJ and would need to be removed
to prevent buildup and ultimately bypadsis assumed thatlgernative costsvouldinclude the

estimated cost to dredge the stamp sartulsid up(100,000 CY every three yeats)minimize stamp

sands bypass of the CModeling in the nexphase of the project would improve the accuracy of the
estimated vdume ofstamp sandsrapped by theCDJnd dredging frequencyfter maintenance

dredging was complete, it was assumed @@Jjvould be removed.

Grand Travers®ayHarbor Jetty

The continued removal of stamp sands from the updrift harbor jetty wall and the shoreline immediately
north of the wall reduces the likelihood that stamp samesuld overtop the jetty wall (and deposit in

0KS KINb2NRAa yorbgphkss theiharBoy jet) K hisye®ihgiand relocapootects the
juvenileLake Whitefismursery habitatwvaters off the native sand beaches of Grand Traverse Lower Bay
Thesenativesand beaches are the closéstke Wiitefish nursery habitat to Buffalo Reef. Alternative
costs include this activity for the years prior to lasgmale dredging of the South Shorelineation

Based on the existing cost for thimintenance dredgingctivity, the yearly cost is estimated to be
$500000 peryear.

5.3.6 Beach Nourishment

The stamp sands downdrift of the proposed location of the @@daysnative sandThis is also the

case for a short distance updrift of CBom approximately mile north of the CQd Gay, stamp sands
lie directly on bedrockSee Sectiof for more details and map where stamp sands rests on native sand.
Where stamp sands overlay native sands, dredging is assumed to occur one foot pestintated
interface of stamp sands and native sabdedgingone additional foofpast the estimated stamp sand
and native sand interfacaccounts fothe uncertainty inthe interfacelocationdue to possible

intermixing of stamp sands and native saadd local variations in the estimated interface elevation.

Each alternative with dredging in the South Shoreline and Middle Shoreline includes beach nourishment,
the placement of native sand in areasnitigation activity that can protect against ice shove impacts

and flooding. Beach nourishment would be implemented after dredging is completed in the South
Shoreline and Middle Shoreline.

The estimated volume of native sand that needs to be replasesbleach nourishmeris one MCY The

one MCY ithe expectedvolumeof native sand required to replace the one fadtover dredgingBeach
nourishment would provide riparian owners with a beach profile that approximates conditions prior to
the arrival of stamp sand®leasesee the Planning Appendix for a description of the beach nourishment
analysis.

5.3.7 Wetland Mitigation

The roadsthe Uplandand Lakesidelpcement sits, and other featuresvould impact wetlandsThe
construction roads, water treatment facility are included in each alternative scale so wetland impacts for
those features are the sam&he Upland and Lakeside Placement Sites were formulated with different
dredging scalebased on the volume of stamp sands removed during project implementafios.
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alternatives were formulated to include the cost of developing a placement site large enough to expand
the placement site after project implementation with stamp sands dredged during the operation,
maintenance, repaimehabilitation,and replacement periodlherefore the wetland mitigation

requirements vould bethe samefor each alternative scale because the footprint of the placement site
would be the same for each scale of alternatiBeeSection?7.7 for a description of the wetland

mitigation requirenentsfor this project.Each alternative cost includes the cost of wetland mitigation.

5.3.8 Alternative to ExistingSeptic Systems within Stamp Sands

Septic system draagefields have been laid in the stamp sands along the shoreline in the South
Shoreline. Refer to Sectidrfor more information regarding the septic systems. Prior to dredging stamp
sands along the South Shorelimesidential wastewater management alternative(s) would be needed
for homes withseptic systeraplaced in the stamp sand$he decision owhether tofund replacement
systems wuld be made by theNFS

5.4 Alternative Formulation Strategy

This section describes the strategy used to formulate the Buffalo Reef Final Alternatives Analysis for
LongTerm Adaptive Management alternativessing the retained measures. A range of alternatives

shall be identified and screened and refined in subsequent iterations throughout the planning process.
In addition, alternatives that could be implemented under authorities of other Federal ageneies, st
and local entities and nongovernment interest should also be considered.

The strategy for formulating alternatives included tensiderationslescribed in detail in the sections
below.

5.4.1 Continue Dredging at Grand TraverBayHarbor to Minimize Stamp Sand Bypass Until
Largescale South Shoreline Dredging Begins

Before largescale dredging can begin, measures that would allow for the dredging, transport and
disposal of the stamp sands must be complefBlde ©J placement site for stamp sands and the
construction roads must be constructed prior to laigmale dredging. While these activities occur,
continued maintenance dredging would occur at Grand Travesgiarbor to reduce stamp sands
movement around or overtgpingthe harbor. Ore these activities were completed and the
construction dredging along the South Shorelimeationbegan, the routine dredging at Grand Traverse
BayHarbor would end.

5.4.2 Dredgingat the CDJJntil Project Implementation Is Complete

Stamp sands rest on bedrock in the areas updrift of the CDJ. See ®ddiianaps of these areas.
During construction, stamp sands must be dredged on the updrift side of the CDJ to prevent stamp
sandsfrom building up and bypassing the CDJ onto Buffalo Reef.

5.5 Alternative Plans Evaluation Criteria

Seven studyspecific criteria were developed to facilitate alternative evaluation. The seven crateria
listed inTable5-2 and described in this section.
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Tableb-2. Alternative Evaluation Criteria and Metrics

Evaluation Criteria Metric Used
EstimatedmplementationDuration Years
OMRR&R Dredging Duration Years
Relative Ecosystem Recovery
Relative to %
Robustness No Actiong 0%
PreStamp SanslCondition¢ 100%
Relative Ecosystem Recovery Duration Years

5.5.1 Implementation Duration

The construction schedule estimates the duration to construct each me&ssed on best professional
judgement for a project of this scal®MRR&RDredging Duration

The estimated O&M dredging durations for each alternative were used to estimate OMRR&R costs. The
duration of OMRR&R dredging assumiemplementationdredging is completed, and the remaining

stamp sands updrift of the CDJ would move downdrift and be captured by th@ kbgtamp sands to

be routinely dredged at this location would be the volume needed to minimize stamp sand bypass of the
CDJUsing a sediment transport model and the assumptions listed below, the annual rate at which
stamp sands accumulates the CDJ was estimated. The OMRR&R duration was determined by dividing
the total remaining volume of updrift stamp sands by the estimated accumulationlrapart, the

volume ofstamp sandsemaining after dredgingvas estimated assumiren averageof four inches

would remain orthe bedrock(Schroeder &Veston, USGS, Personal Communication, 022

Assumptions and Uncertainty in Estimating the OMRR&R Dredging Duration

The OMRR&RIredgingdurationanalysis is uncertail hisanalysis providepotential NFSwith a general
understanding of the level of effort required to minimize stamp sands bypass around th&h@DJ.
analysisassumes the following

1 Sediment transport mdeling was conducted on thexistingconditiors.

1 Sediment transport modeling was only completed to analyze the stamp sands movement under
existing conditionswhich assume no action is taken and best available data reflect current
conditions.Due to time and budget constraints, no sediment transport modeling was conducted
for with projectconditions With projectconditions modeling woultlave accounted for project
features such as thEDAandthe impactdredging of different areas woulthve onsediment
transport in the system

1 Simplifying assumptions were made to estimate #stimated stamp sand accumulation rate at
the CDJTheestimatedsediment transport rates were used &stimate the annual stamp sands
accumulation rate at the[@J The simplifying assumptisivere appled to the following two
scenarios to the range of possible conditions.

0 Scenario 1: CDJ is constructed.
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0 Scenario 2: CDJ is constructed, and North Shoreline is removed (no longer a source of

stamp sands).

A The estimated accumulation rate for this scenario was applied to conditions
assuming the Dune, or the Dune and Middle Shoreline were removed.
1 Shoreline erosion rates were estimated using aerial photos and LIDAR data from 2016 and 2019

priori2 GKS {G4FraGS 27
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rates andexisting conditiorsediment transport modeling results were used to estimiatie of

stamp sand accuniating at the CDJ.

o0 Examination of the simulated circulation in proximity to the North Shoreline regio
revealed the impact of the protruding stamp sand pile on the nearshore circulation. It
resulted in some northward directed circulation from the middle of the pile northward,
while almost all the circulation south of that location was to the south (dicktbethe
middle shoreling. It is believed that if the modeling had been performed using the
currentconditions of thepulled-backoriginalpile, the dominant transport diretion
would likely be to the south along most of thdorth Shoreline(Section0). This finding
from the existing condition modelingcreases the uncertainty associated with the
estimated frequency and duration of OMRR&R dredging required at the propiisdd

1 When the North Shoreline is blocked as a stamp sands soumd®dged the accumulation rate
at the Jis assumed to decrease because the volume of updrift stamp sands remaining would

decrease.

1 Some stamp sands remaining updrift of the CDJ would bypass the CDJ and move offshore into
Lake Superior with a portion being transported into Buffalo Reef and surrounding habitats.
9 Afterdredging is completed in the regions updrift of t6®JMiddle and North Shorelineand
Dung, it is uncertairthe volume of residual stamp santizat would remain Stamp sands in
these areas overlayedrock After consulation with field expertsthis analysis assumes four
inches of stamp sandsould remain afterlarge-scaledredgingof the Middle and North
Shoreline and DungSchroeder & Weston, USGS, Personal Communication,.2022)
5.5.2 Robustness

The robustness evaluation was conducted by fishery biologists from GLIF\BERWMhd USGSvith
many years devoted tthe management and study of Buffalo ReEfirougha series otonference cadi
these experts rated the alternatives for Robustne$elative Ecosystem Recovery and Robustgess
Relative Ecosystem Recovery Duratibinebiologists acknowledge the high degree of uncertainty and
values reflect the bestase scenario.

The recovery of Buffalo Reef and the surrounding shallow water spawnuhgecruitment habitats is
dependent on

T
T

1

Protecting Buffalo Reef by minimizing continued stamp sands encroachment;
Restoring of the shallow watewrsery habitat folLake Whitefislibetween GayMI, and Grand

TraverseBayHarbor;

Minimizing stamp sands encroachment in the shallow water nursery habitagfa Whitefish

within Grand Traverse Lower Band

Minimizing stamp sands encroachment in tbeke Trouthursery habitat on the eastern edge of

Buffalo Reef.
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The evaluation compad each alternative relative to thBlo ActionAlternative and pre stamp sand
conditions.

1 Metric: % recovery relative to thido Actionand PreStamp Sand Conditions
0% =No Actionto Contain or Remove Stamp Sands
100% = Pr&tamp Sand Conditions for Buffalo Reef and Adjacent Shallow Water Habitat

The percentage represents the anticipated habitat recovery after alternative implementation relative to
the pre stamp sand ando Actionconditions.

Todevelop the RobustnessRelative Ecosystem Recovery percentage of each alternative, fishery
biologists evaluated the following scenarios usinggbdiment transportmodelng resultsof existing
conditionsdiscussed in Sectidhand the shoreline erosion rate analysis (Planning Appentihgse
analyses were useth estimatethe impactan alternative had on stamp sand encroachment onto
Buffalo ReefThe estimated sediment transport rates wdrased on théest professional judgement of
0 KS LIN&enénOtiagdport experafter review and consideration of thexisting condition
sediment transport modelingnd the erosion and accretion analysis (H&H Apperfdtachment 4.

Without Project Conditions; No Dredging and No CDJ In Place

Buffalo Reef

Figure5-13: Without Project Condition ModelingNo Dredging and No Features Constructed
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Sediment Transport Rate Assumptiog&xisting Condition

Theexisting conditios movement of stamp sandsas estimated based on the shoreline erosion
analysis and theediment transport modelesults for existing condition$éction0 and Planning
Appendiy. Themodeledexisting conditios were used toestimate the movement aftamp sandsn
cubic yards per yedCYyr) andestablishsimplifyingassumptiongo be applied to different scenarios
The scenariomformed the evaluation ofpercent recovery of the reef and threcoveryduration.

Themovement of stamp sands frothe existing conditionfighlightedconsiderations foproject
implementation including:

9 The South Shoreline arfidoughshould beremoved first Stamp sandsroding fromtheseareasare
a direct source of stamp sands to the reefd nearby shallow spawning and recruitment areas.

9 The North Shoreline is the largest source of stamp sandghis system.

T ¢KS b2NIK {K2NBfAYS A& Ffaz2 GKS FFINIKSad Fglke Tt
effectiveness at preventing stamp sand bypass to Buffalo Reef.

1 Based on sample results, the North Shoreline is composenhaliest particles which are the most
mobile and erodible.

1 Once the North Shoreline is armored or dredged, Iehrgestsource of stamp sands is reduced
(estimated 230,40@Yyr).

1 The Dune woulde dredged nexbecause an estimated 29,9@Yyr moves into Lake Superiof
fraction of the estimated 29,90C Yyr of stamp sandsvould move into Buffalo Reef and
surrounding habitats.

1 Because the Middle Shoreline is immediately updrift of the CDJ, the CDJ would be effective at
deterring the movement of stamp sands from the Middle to the South Shordlingng project
implementation, dredging updrift of the CDJ would be required to prevent bypass of stamp sands
moving along the shoreline.

After implementation and OMRR&R dredging is complete, stamp sand would remain in the system.
Stamp sand would remain because 100% of it cannot be removed from the dredged areas, and stamp
sands would remain in areas that are not dredged such as withiN®BeS F Q&4 O2006f Sa o
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Coal Dock
Jettyin
place

‘Trough\

Buffalo Reef

Figureb5-14: Estimated Transport of Stamp Sands Assumin@iélas Been Installedhe estimated sediment transport rates
were based omet erosion and accretion rates calculated before the original pile was pulled bathkeaeist professional
judgement of a sediment transport expert after review and consideration of the existing conditions

CDJ Is WPlace

After completing the originakxistingcondition modeling, the H&H team adjusted tbenditionsto
incorporate different features of the project. This scenario adds héiro the System which acts as a
barrier keeping the updrift stamp sands from the Mid&eorelineNorth Shorelineand the Dune from
bypassing into the South ShorelineTopugh(Figure 514) Updrift stamp sandsvould move to the ©J
over time and duringonstruction andDMRR&R, stamp sandscumulating updrift of the CDJ would be
dredgedto minimize bypassTheestimated transport of stamp sands under this scena#suming the
(DJwas constructedhighlighted the following:

1 With the CDJn place, thevolumetric ratefrom the Middle Shoreline to the South Shoreline would
decrease by haBincethe jetty would hold back much of the updrift stamp sands.
o There would still be some bypass around the jetty and some stamp sands mayaoaie
andthroughout Lake Superior including into Buffalo Reef.
91 Dredging updrift of the BJ would leave residual stamp sands on bedrock tvauld be removed
by OMRR&R dredging.
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1 Due to the uncertainty in thguantity of stamp sandthat would beremoved/dredged during
implementationand the rate at which it woulbe transported to the CDJ, the estimatedration
for OMRR&R dredgirig uncertain however the followpg assumptions/conclusions can be made:
0 The greater the volume of stamp sands removed during construction, the smaller the
volume of stamp sands remaining for OMRR&R.
0 The larger the OMRR&R volume, the longer the OMRR&R duration and the greater the
uncertainty pertaining to dredging duration.
o The smaller the OMRR&R volume, the shorter the OMRR&R duration and lower the
uncertainty pertaining to dredging duration.

Coal Dock
Jettyin
place
y \ 'A'—‘\__ = ’/—.\

[ —

Figure5-15: Estimated Transport of Stamp Samdsuming the€DHas Been Installed and North Shoreline has been Dredged.

The estimated sediment transport rates were based on net erosion and accretion rates calculated before the original pile was

pulled back and the best professional judgement of a sediment transport expert after review and consideration of the existing
condtions.

CDJ IrPlace and North Shoreline Removed

The final scenario includes the construction of thilénd thedredging of the North Shorelinthe
largestsource of stamp sandse the systemFigure 515 shows the adjustedonditionsonce the North
Shoreline is removed from the system.ighcenaridighlighted the following:

1 TheNorth Shoreline is no longer a source of stamp sands feeding into the system.
1 Residual stamp sandsay remairon the bedrocklakebed (Sectiof)) because mechanical
equipmentwould leave some stamp sands after dredgifyer time the stamp sands
would be transportediown to the ©Jor into Lake Superior.
1 With no major source contributing to the system, the accumulation rates into the reef and Lake
Superior decrease assuming thBJwould contain most updrift stamp sands.
o0 Smaller loading of stamp sandee expected to enter Lake Superiandthus
Buffalo Reef, becausemajor sourcevould beremoved The MJand OMRR&R
dredging at the jettywould beeffectiveat limiting updrift stamp sands movement
onto the reef and neighboring habitats

These scenarios were used to estimate the range of percent recovery for each alternative.
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Robustnesg Relative Ecosystem Recovery Duration

The duration of recovery is represented by the number of fish generations required for the fish
population to reestablish after larggecaleimplementationdredging has been completdalit

consideringhe estimated duration for OMRR&R dredging. Each fish generation is estimated to be 15
years.

5.6 ScreeningLevel Evaluation of Alternatives

The screening analysis was completed usfimgfollowing criteria:

1 Implementation and OMRR&R Durations
1 Robustness

Based on the assumptions and listed criteria, pnecess for evaluating and screening the alternatives is
described below.

5.6.1 Alternative Plan 1No Action

TheNoActionAlternative includes the current actions of Federal, state, and local agencies to protect
Buffalo Reef and serves as a comparison point for the remaining alternéfigese5-16).

Buffalo Ree

Figure5-16: No Action

Estimatedimplementation Duration

An implementation duration isat applicable TheNo ActionAlternative does not include the
implementation of a project.

O&M Dredging Duration
OMRR&R duration is not applicablédheNo ActionAlternative does not include OMRR&R.
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Robustnesg Relative Ecosystem Recovery

TheNo ActionAlternative wasestimated to have 8% recovery in comparison to the pre stamp sand
condition, which was rated as 100%.

Robustnesg Relative Ecosystem Recovery Duration

TheNo Actionl f G SNY I GA GBS wStl GAGS 902 ae ai Bpyplicablé O D B DNIRza B dzN.
no improvement to reducing stamp sand encroachment of the reef and important nursery habitat is

included in this alternative.

5.6.2 RemainingAlternatives

After a preliminary screening of alternativéle following alternativesemain andare being evaluated

i Lakeside Placement Site
1 Upland Placement Site

Once the OJand a placement site is constructed, laigmale dredging would begin. The South Shoreline
andTroughare priority regions to dredge because theyrdber Buffalo Reef and are included in each
presented dredging scale. Scheduling removal of stamp sands from the South Shorellmeiayidit

the beginning of the construction schedule is expectetutther minimizefurther stamp sand
encroachment onto Buffalo Reef. The laigmale dredging would begin at Grand TravesagHarbor

and move north to reduce thikelihood that stamp sands would bypass the harbor jetty and impact the
lake white fish juvenile shoreline habitat. Once the South Shoreline is dredgetiahghwould be

next followed by the Dune because it is farthest from the CDJ and is estimated to have some stamp
sands bypass the CDJ into Lake Superior/Buffalo BeeSectiod.3.6) and then the Ntddle Shoreline.

For reference, Alternative 1 is tlido ActionAlternative.

5.6.3 Alternative Plan 2: Lakesidall Alternative

Refer to Sectio@® for a description of the Lakeside Placement Site. This alternative includes dredging
approximately 8 MCY of stamp sands during construction and placing it in the Lakeside Placement Site.
Approximately 4.7 MCY of stamp sands would be contained withirothterint of the placement site.

The alternative would include the construction of the CDJ and maintenance dredging during

construction on the updrift side of Grand Traverse Bay Harbor and the CDJ. Though all stamp sands are

to be dredged, the stamp sandsgdrift of the CDJ rest on bedrock, and consequently, some stamp sands

would remain after dredging. See SectB.5for an explanation. The CDJ reduces the transport of

a0FYL alyRa 2yid2 GKS NBST o0& OFLIWNdNARY3I GKSY 2y (K
implementation and OMRR&R periods.

The mitigation for wetland impacts and beach nourishment to provide riparian owners with a beach

profile that approximates conditions prior to the arrival of stamp sands would be required for the

alternative. Prior to dredging stamp sands along the Sobtredine, residential wastewater

management alternative(s) would be needed for homes with septic systems placed in the stamp sands.

t SNJ { SOGA2Y oHndmmpHo 2F GKS {dFIGS 2F aAOKAIlIYyQA
provide up to $1M inihancial assurances for the maintenance of a completed facility. Based on the
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capacity of the facility, it was assumed financial assurance of $1M would be provided to the State of
Michigan.

Lakeside Placement Sit¢

ConstructionRoad

Figure5-17: The Lakeside Alternative

Estimated Implementation Duration

FEATURE crescenitoniininnnsiticeenen s D YBARL
2023 2024/20252026 2027]2028 2029 2030/2031 2032/ 20332034 2035/2036 2037 2038+
Ma r Jetty Drooging
Placement Site - Lakeside R N N e |
Stone Armoring ) SEEEREE | | | i | | |

Middie Shoreline

South Shoreline I N I I h

North Shoreline Lakeside L

Pune

Real Estate 563 [ WS [ [N S RN ) B L s e )
Replacement of Septic Fields | | | |

Monitoring & Adaptive Management | ! | ! | |

Operations & Mamntenance m

Figure5-18: Estimated Implementation Duration

The estimated implementation duration was assumed to begin in 2828 the estimated duration to
implement each feature was based on best professional judgement.
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OMRR&RDredging Duration

ThelLakesidéAlternative dredges all stamp sands during the implementation phadeurinch residual

of stamp sands is assumed to remain after dredging oveb#arock found alon@/liddle ShorelineThe
OMRR&R dredgingudation wasestimated assuming 100,000 cubic yaodstamp sands dredged

updrift of the CDX very three yearsOMRR&R dredging duration was estimated tabproximatelyl5
years Modeling in the nexphase of the project would improve the accuracy of the estimated volume of
stamp sandtrapped by theCD.And dredging frequencyefer to the Planning Appendix for a

description of the analysis.

Robustnesg Relative Ecosystem Recovery

The South Shoreline, Trough, Dune, and Middle Shoreline would be dredged during the implementation
phase. Stamp sands from these areas would be disposed behind a stone armor wall where the main pile
of stamp sands exists located within the North Shoredldoation. The percent recovesfter the project
implementation relative to the prestamp sand conditiomwas estimated to be 800% because the

North Shoreline, a major source, would be contained near the beginning of the construction schedule,
the stamp snd within the Middle and South Shoreline, Trough and Dune would be dredged, and the CDJ
would be constructed to minimize stamp sands updrift of the CDJ from moving southwest during and
after construction.

Robustnesg Relative Ecosystem Recovery Duration

While the expected recovery is 80 to 90%, the duration to achieve this level is approximately two fish
generations since the stone armor would be constructed at the beginning of the implementation phase
containing the North Shoreline. The biology experidye this to be the fastest recovery duration,

since removing the source this early in the project life would reduce the loading rate of stamp sands into
Lake Superior based on SectB.5assumptions. The biology experts believed that one fish generation
would not be enough time for an adult fish population to reestablish itself in the reef; however, it is
possible for spawning and recruitment areas to populate within the first fish génarafter OMRR&R

is completed.

5.6.4 Alternative Plan 3: Upland\ll Alternative

This alternative includes dredging approximately QY of stamp sands during construction and

placing it in the Upland Placement Siibe alternative would include the Cingtallationand

maintenance dredginduring construction omoth the updrift side of Grand Traver&ayHarbor and

the CDJ. Though all stamp samadeto be dredged, the stamp saadpdrift of the CDJ rests on bedrock,

and consequentlysomestamp sands wuld remain after dredgingSectior0). The CDJ reduces the
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during the construction and OMRR&Rases

The mitigation for wetland impacts and beach nourishment to provide riparian owners with a beach

profile that approximates conditions prior to the arrival of stamp sands would be required for the

alternative. Prior to dredging stamp sands along the Sobtredine, residential wastewater

management alternative(s) would be needed for homes with septic systems placed in the stamp sands.

t SNJ { SOGA2Y oHndmmpHo 2F GKS {dFIGS 2F aAOKAIlIYyQA
provide up to $1M in financial assurances for the maintenance of a completed facility. Based on the
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capacity of the facility, it was assumed financial assurance of $1M would be provided to the State of
Michigan.

Upland
Placement
Site

Water Treatment

Construction Roads

Buffalo Reef

Figure5-19: UplandAll Alternative
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Estimated Implementation Duration

YEAR )
FEATURE DRAFT 1223 20242025 226 2027]7026/2029 2030/ 20312032 2033 (20342035, 20362037 2030 *[2039 2060/ 2041 2042~ |

South Shareline

North Shoreline Upland - | | T
Middia Shoralios

Real Estale
Wotland Mitigation
Replacwment of Septic Flulds

ng;monsﬁ 5‘nlnfnnar¢n

Figure5-20: Estimated Implementation Duration

The estimated implementation duration was assumed to begin in 2023, and the estimated duration to
implement each feature was based on best professional judgement.

OMRR&R Dredging Duration

A fourinch residual of stamp sands is assumed to remain after dredging overitttdeMnd North
ShorelinesThe dredging dration wasestimated assuming 100,000 cubic yaodstamp sandss
dredged updrift of theCDXEvery three yearsThe OMRR&R dredging duration for Upland All is
estimated to beapproximately 20 yeardodeling in the nexphase of the project would improve the
accuracy of the estimated volume stmp sands$rapped by theCDJnd dredging frequencysee
Planning Appendix for a description of thealysis.

Robustnesg Relative Ecosystem Recovery

The South Shoreline, Trough, North Shoreliene,and Middle Shoreline would be dredgddring the
implementation phase. TheBOwould be installed to protect the cleaned up South Shoreline and
Troughby blocking the majority of stamp sands along the shore from being transported to the Trough
and South Shorelinérheremnants of the former stamp sands pile on therth Shoreline would be
removed during construction thereby removing timitial sourceof stamp sands tthe system. Because
the biggest ongaig source of the stamp sandsremoved from the system durirtpe implementation
phasethe biology expertsbelieve that the reef and spawning habitats would likely recover relatively
well (80%to 90%relative to prestamp sand conditionsafter the project implementationThey
acknowledgd 100% recovery would be impossible because stamp sands would likely remain in the
system beyond the life of this project.

Robustnesg Relative Ecosystem Recovery Duration

The duration of recovery is represented by the number of fish generations required for the fish
population to reestablish in the reethe biology expertassumed one fish generation is 15 years for
this project. While the expected recovery ist8®0%, the duration to achieve this levekstimated to
be three fish generations because the North Shoreline is not immediately dredged or controlled by
armor stone Jike it would be withthe Lakeside Alternative, during the implementation phase.
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The results of thevaluationof the Lakeside and Upland Placement Area are summariZEabile5-3

below.
Table5-3. Alternative Evaluation Screening Criteria Chart
Estimated
Alternative Robustness Implementation
(combined w/
duration) Estimated OMRR&R
Dredging Duration
rs
Dredging : rs)
. Relative
Scale Total Relative .
Placement Duration .
Area (Volume Placed | Ecosystem for Duration
Dredged,| (MCY) Recovery Recover (yrs)
MCY) y
No Action 0% NA NA NA
L 12.7 .
, arge
Lak % . 1 =1
akeside (8) [ HEN 80-90% generations S °
Al 12.7 3
0 ~
Upland (12.7) REEER 80-90% generations 19 20

*Robustnesg Relative Ecosystem Recovéris criterion estimates the recovery of Buffalo Reef and the surrounding shallow
water spawning and recruitment habitats for eaglternative. The percent recovery range is based on a determination using
sediment transport modeling of stamp sands movement, visual observation, and ongoing studies conducted by fishery
biologists. The percent recovery ranges are relative to 100% regospresenting no stamp sands presence and 0% recovery
representing no recovery.

*Robustnesg Relative Duration for Recovefhhis criterion estimates the duration, or how long it would take for Buffalo Reef

and the surrounding spawning and recruitment habitats to recover. The duration for recovery is estimated using the number of
fish generations (one fish generation = 15 yeaesgjuired for the population to restablish after dredging during construction

is completed.

*Implementation Durationt KA & ONRXRGSNR2y Aa GKS SadAavyldsSR
Implementation duration was estimataasing best professional judgement

*Estimated OMRR&R Dredging DuratidDuration estimated assuming 100,000 cubic yarfistamps sands dredged updrift
of the CDX very three yearsRefer to Planning Appendix.

GAYS 6Ay @SIENRO

5.6.6 Lakeside Placement Alternative Removed from Further Consideration

Based on further consideration and development of the Lakeside Placement Area, the State of Michigan,
Water Resource Division, Resources Unit, provided the following State of Michigan permitting insight
and concern pertaining to OMRR&R requirements toBiRTF.
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Mr. Ryan McCone, District SupervigdResources Unit, Water Resources Division, Michigan Department
of Environment, Great Lakes, and Energy provided this electronic mail to Ms. Elizabeth LaPlante of the
Great Lakes National Program OffaaeMarch 21, 2022 (Correspondence Appendix).

We have reviewed your information request on the lakeside placement option identified

Ay GKS wnmdp . dzFFlLE2 wSST ' f0SNYIFGABSa wSLR2 NI O
and Environmental Protection Act 451, Great Lakes Submerged Lands, requires a permit

to dredge or place dredged spoil on Great Lakes bottomlands. Without a complete

applcation a permitting decision cannot be made, but we would like to point out that

Part 325 R 322.1015, Environmental Assessment (Rule 15) states:

In each application for a permit, lease, deed, or agreement for
bottomland, existing and potential adverse environmental effects shall
be determined. Approval shall not be granted unless the department has
determined both of the following:

(a) That the adverse effects to the environment, public trust, and riparian interests of
adjacent owners are minimal and will be mitigated to the extent possible

(b) That there is no feasible and prudent alternative toltheJLJt A pfopogdd Qdivity
which is consistent with the reasonable requirements of public health, safety, and
welfare

We have concerns with the placement of mining waste in Lake Superior updrift of an
important spawning reef. The rock revetment required to contain the material would
need to be maintained in perpetuity. Failure of the revetment would result in the material
washing back into Lake Superior impacting the aquatic ecosystem.

The 2019 Buffalo Reef Alternatives Report identifies three possible alternatives for
protecting and restoring Buffalo Reef and the surroundingsystem. If an application is
submitted for the lakeside revetment option, the applicant would need to provide
supporting documentation that other less impactful alternatives are not feasible and
prudent. Because of this, we recommend that upland alternatives be pursued for the
project.

GLFWIC confirmed its support of the State afiigarQ & LJ2aad\oih M&ofi 2, 2022, passed a

resolution in support for projects to enable Buffalo Reef Restoration (Correspondence AppkBdiix).

confirmed its support of the State ofithigaQ & LJAGokesgoighce Appendix)SACE had no

objection to screening out the Lakeside Placement AlternaBased onthd G S 2 F and Qa L2 aA
support of GLFWIC akBICthe Lakeside Placement Area was screened from further consideration.
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6. Detailed Evaluation ofJpland Placement Alternative
Implementation Options

After the initial screeningevaluation, the Upland Placement Alternative vilas remainingalternative.
The desigmof the Upland Placement Alternativeas advancedb a concept levelProject
implementation is separated into two phasesirplementationand 2) OMRR&R. Three options for
implementation are provided to inform howalternativescope impacts costs and implementation
duration. The options varyy volume ofstamp sands removed during tliraplementationphase. The
larger the stamp sands volume rerex duringmplementation the smaller the stamp sands volume
removed during OMRR&R and the shorter the OMRR&R duration.

6.1 Implementation¢ Concept Design

The dsignof alternatives remaining after the screenitgyvel evaluatiorwas advanced to concept level

When the concept design included quantities of features and description of activities, the cost estimate

was based on that informatiohen no technical scope was developedfeatures or activities, their
estimated cost was based on cost engineering judgnididro-computer Aided Cost Estimating System
English Cost Book 20824 O 2 & 1} and pagaretric and historical costs.

6.1.1 Cost

Implementationcostincludes thecost of thefollowing activities: fanning,engineeringanddesign real
estate acquisitionmaintenance dredgingsonstruction and construction managemenQuantities for
the following features and activities were estimated and informed an implementation cost estimate
based on concept technical information:
f vdzl yGAGASE 2F /5wWQa ausSsSts adzyS FAttsx ao
f vdzl yYGAGASE F2NJ 0KS | Liap,ahdlingr;f | OSYSy G ! NBIF Q
1 Water treatmentg estimated yearly volume of water to be treated,;
1 Road materiat estimated using a cross section and road length;
1 Stamp sands volume to be dredged and transported to the Upland Placement Area; and
1 Volume of sand for beach nourishment.

For featureor activities that did not have #&chnical scope, theestimated costvas based on cost
engineering judgment, cost boo&nd parametric and historical costBer Section 324.11523 of the
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assurances for the maintenance of a completed facility. Based on the capacity of the facility, it was
assumed financial ageance of $1M would be provided to the State of Michigan.

The fiscal year for the U.S. federal government begins on October 1. Therefore, the October 2022 price

level is also referred to as the Fiscal Year (FY) 2023 price level. These terms are used interchangeably.

6.1.2 Schedule

The estimated implementation was assumed to begin in 2025 and the duration was estimated assuming

an implementation budget of $16$120M per year.
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6.1.3 Cost and Schedule Contingency

Contingency is an amount added t@@st and schedulestimate to allow for items, conditions, or

events for which the occurrence or impact is uncertain and that experience suggests will likely result in
additional costs being incurred or additional time being requiked 80% confidence level has been

included to determine the total projectost and schedule. USACE Civil Works Engineering Regulation, ER
11102-1302 states that 80% confidence level are reported which means that 80% of the time the total
project cost and schedule will be at or below the repdrtmst or schedule but there remains a 20%

chance that the cost or schedule will be greater than the estimated cost and schedule.

The cost contingency was based on the uncertaiatgted toincluding but not limited to dredging
volumes, variations in escalation rates; production rates due to weather delays; quantities for beach
nourishments; equipment and fuel prices. The schedule contingency was based on the uncertainty
related toincluding but not limited to dredging volumes, production rates due to weather delays, timing
of real estate transactions, and contractor availability, and whether imported fill is required for landfill
construction increasing the implementation dation.

6.1.4 Containment Berms

The rough order of magnitude implementation scope for the containment berms assumed stamp sands
was the building material. During continued development of this alternative, a stability analysis to
design the containment berms was conducted. Consideringgde®nstraints such abut not limited

to, a proposed facility height of 10@dt, depth to the bedrock, and the unit weight of the berm material
and the contained material, theonceptscope replaced stamp sands with quarried stone as the berm
material.

The use of quarried stone maximizes the cost of building materials but minimizes the cost for berm labor
and construction. If stamp sands were included, wet stamp sands would require stockpiling and drying
prior to use as engineered fill. Additionally, i@ sands may not meet the specification for engineered

fill or there may be insufficient quantities of stamp sands that nreguiredspecifications. These issues
would be a risk if stamp sands weselected ashe berm material. The use of quarried stoisea

conservative assumption and has been identified as a potential opportimitywestigate during the

design phase that coul@duce cost. The design phase would include additionalsgieeific

investigations, desigrand optimization.

6.1.5 OMRR&RActivities

For this evaluation, the activities necessary to comply with permit conditions, operate, maintain, repair,
replace, and rehabilitate project features and continue maintenance dredging and disposal of stamp
sands were identified and a concept scope was tpear for each activityThese estimates do not

include contingencyOMRR&R has different categories: 1) annual activities (operation and maintenance)
and 2) reoccurring but not annual activities (repair, rehabilitation, and replacement) (Planning
Appendiy.

Operation and Maintenance Activities

During the OMRR&R phase, the volume of stamp sands dredged and in need of disposal may be reduced
by parties seeking to beneficially use the stamp sands.
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The portion of the disposal facility that remains open for disposal of stamp sands during the OMRR&R
period is called the open facilityrhe portion of the disposal facility that is capped is called the closed
facility. The table belovestimatesthe annualO&M costs associataohsed on theactivitiesand activity
frequencydescribed below.

Table6-1. O&M Activities

- Annual O&M Cost
O&M Activity October 202 Price Levél | St Daté
Mowing $34,400 FY45
Fence Inspection/Maintenance $25,400 FY26
Inspections; Open Facility $87,800 FY33
Monitoring Wells $29,500 FY25
Leachate Treatment/Engineering Overdi $29,500 FY33
Inspections; Closed Facility $87,800 FY45
Inspections; CDJ $21,200 FY28
Haul Road $80,000 FY45
Pump Maintenance $3,100 FY33
Leachate Treatment/Pumperation $33,572 FY33

Estmated costs do not include contingency.
%Start date estimatedo be 2025 Implementationschedule based on assumed funding level.

The following assumptions were made pertainingtate of Michigan permit requiremesitwhich
informed the assumptions forgeration and maintenance activities and activity frequerfgy costs are
presented at October 2022 price level.

Mowing
1 Estimated UnitCost $34,400 per year
1 Assume mowingccurs three times per yeamowing all 240 acresnce the NFghase of
project beginsActual acreage to be mowed dependent on how much of the berra covered
in vegetation.
1 Goal: Protect caprevent establishment dfrees,and permit visual inspections of cap.

Fence
1 Estimated Unit Cos#$25,400 per year
1 Assume fence inspection and repair would occur annually beginning the year after fence
installation
1 Goal: Protect and secure facility with a perimeter fence (appnately 12,400 inearfeet)

Open Facility Inspections
1 Estimated Unit Cos$87,800 per year
Assume quarterly inspections and reporting would occur once the disposal facility accepts
material.
Goal: Monitor the disposal facility and ensure compliance with SOM regulations.

Monitoring Wells
1 Estimated Unit Cos$29,500 per year
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1 Assume ground water sampling analysis and reporting occurs monthly before construction of
the disposal facility begins and continues throughout entire project and additional years for post
closure monitoring if needed.

1 Goal: Determine background levels and continue to monitor and submit sampling results to
ensure SOM and NPDES requirements are satisfied.

Leachate Treatment/Engineering Oversite
1 Estimated Unit Cos$29,500 per year
1 Assume leachate sampling and reporting would occur monthly once the disposal facility is open
and water treatment begins.
1 Goal: Provide SOM with leachate sampling results and reports to show compliance with SOM
and NPDES requirements.

Closed Facility Inspections
1 Estimated Unit Cos$87,800 per year
1 Assume facility must be monitored quarterly after all stamp sands have been disposed.
1 Goal Ensure facilitgomplies withSOM regulations oncedisposal celis capped.

CoalDock Jettyinspectionand Stamp Sands Monitoring
1 Estimated Unit Cos$21,200 per year
1 Assume CDJ would be inspected after large storm events once constructed. Concrete cap of CDJ
would not require repairs or replacement during-$8ar OMRR&R period.
9 Goal:Protect CDJ from severe damage and maintain structural intetipitor stamp sands
accumulation updrift olGrand Traverse Harbor jetty a@DJo inform the timing of
maintenance dredging.

Haul Road
1 Estimated Unit Cos$80,000 per year
1 Assume haul roadsould be maintained annually, and snow would be plowed to access the
AA0SQa 3IANZRdzy R I anfeNde Whplemeniafiod Hrgdging M beferiicompleted
9 Goal: Ensure haul roads are functional and maintained to support construattouity.

Pump Maintenance
1 Estimated Unit Cos$3,100 per year
T Assumd S| OKI 4GS &adeadSyQa LlzylLla ¢ 2 ddpBnd@idcementA y il Ay SH
Area begins accepting stamp sands.
1 Goal: Ensure pumps are functioning to maintain water treatment operations

Leachate Treatment/Pump Operation
1 Estimated Unit Cos$33,572 per year
1 Assume &ctricitywould powerthe leachate pumps aftahe Upland Placement Area begins
accepting stamp sands.
1 Goal: Provide sufficient power to operate pumps for water treatment.

Repair, Rehabilitation, and Replacement (RR&R)

Table6-2 provides the annudRR&R activitgosts associated with the activities described below.
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Estimated Cost Per Activity

RR&R Activity October 2@2 Price Levél Ul
Maintenance Dredging $3,100,000 Every 3 years
Transport andisposal of $13,718,000 Every 3 years
Dredged Material
Pump $87,200 Every 10 years
Replacement/Maintenance
Pump House Repairs $25,000 Every 10 years
CDXRemoval $56M Uncertair?

Estimated costs do not include contingency.

2Start date estimated to be 2025. Implementation schedule based on assumed fuedihg

3Separate line item due to uncertainty pertaining to whether the NFS would i) removeRighen it was no longer neede:
to block transport of stamp sands or ii) continue to maintain it.

The following assumptions were made regarding Rie&Ractivities and frequency to inform these

costs:

Maintenance Dredging

9 Estimated Unit Cos$3,100,000 every three years

1 Assume maintenance dredging (100,609 occurs every three years wign additional
$100,000per year for oversight and $500,0@@r year for mobilizing and demobilizing.

9 Goal: Dredge 100,00DYof remaining stamp sands updrift of the CDJ every three years.

Transport andDisposal of Dredged Material
1 Estimated Unit Cos$13,718,000 every three years
1 Assume disposal of stamp sands ocawsry three yearsvhich includesadditional $500,000 for
mobilizing and demobilizinghis cost includes transportation from ti&bdo the placement

area and disposal.

1 Goal: Dispose of 100,0@Yof stamp sands every three years to the dispdaaility.

Pump Overhaul

1 Estimated Unit Cost: $87,200 every 10 years
1 Assuméwo leachate treatment pumps would be maintained and replaced, if negdeery 10

years.

1 Goal: Protect integrity of pumps to support water treatment operations.

Pump House

1 Estimated Unit Cost: $25,000 every 10 years
1 Assumestructure housing the pumps would be improved every 10 years.
1 Goal: Protect integrity of structure holding pumps to prevent pump degradation.
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Coal Dock Jetty

1 Estimated Removal Cost: $56M (October 2022 Price Level)

1 Assume CDJ is constructed with a concrete cap to reduceédomgmaintenance and prevent
the wash out of fill material. Crack repairs to the surface would be included in the OMRR&R
Oz2ata G2 YIFIAYdlFIAy GKS /5WQa AyiuSanNrGeo

1 Removal of theCDJ has been identified as a separate line item in the OMRR&R because of the
uncertainty concerning whether the NFS would decide to remove the CDJ and its Tiiméng.
removal cost was estimated equalhalfthe implementation cost.

6.2 Upland Placement Alternative<small (UplandSmall)

6.2.1 Description

The construction phase of Uplasthallincludes dredging 4.3 MCY of stamp sand from thals
Shoreline andrough General measure description and figure are foun@ldble6-3 and Figure6-1.

Before largescale dredging of the South Shoreline begins, maintenance dredging at the Grand Traverse
Harbor would prevent stamp sands bypassing the harbor jetty and filling the harbor. After the CDJ is
implemented, Lake Superior currents would continugremsport stamp sands south along the

shoreline; therefore, maintenance dredging updrift of the @dld prevent stamp sands bypass of the
CDJThroughout project implementation, monitoring of stamp sardsumulatiorupdrift of the Grand

Traverse Harbgjetty and CDJ would inform the frequency of maintenance dreddingjl the landfill is

accepting stamp sands for disposal, stamp sands dredged at these locations would be placed updrift of

GKS 2SGGe& IyR /5Wz Fft2y3 GKS aK2NBtAYyS IyR aSaol O

Prior to dredging stamp sands along the South Shoreline, residential wastewater management

alternative(s) would be needed for homes with septic systiroatedin the stamp sandslhe water

treatment plant must be implemented prior to the landfill accepts stamp sands for disposal. Water in

contact with stamp sands within the landfill would require treatment prior to its discharge in Lake

Superiort SNJ { SOGA2Y oHn®dmmpHo 2F GKS {GFdS 2F aAOKAITLl
landfill must provide p to $1M in financial assurances for the maintenance of a completed facility.

Based on the capacity of the facility, it was assumed financial assurance of $1M would be provided to

the State of Michigan.

Dredging South Shoreline and Trougthich border the reefwould minimize continuedstamp sand
encroachmenbnto the reef Largescale dredging would begin along theugh Shoreline at Grand
TraverseBayHarbor and move north to reduce the likelihottht stamp sands would bypass the harbor
jetty and impactLake Whit@shjuvenile shoreline habitadowndrift of Grand Traverse Bay Harbor
(Figurel-2).

Wetland mitigation and beach nourishment would be requiegdaing the South Shorelin@he beach

would be nourished in areas where stamp sands are dredged from native sand sub@tigiess-8) to
provide riparian owners with a beach profile that approximates conditions prior to the arrival of stamp
sands.

After project implementation, stamp sand would remain updrift of the CDJ. Maintenance dredging
during the OMRR&R period would minimize the bypass of stamp sand over and around the jetty. Refer
to the Planning Appendix for more information regarding the maintenance dredging duration. The
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Upland Disposal Facility would remain open during OMRR&R, and water treatment would continue
while the facility was open and durirtige closure period

Table6-3. UplandSmallOverview

Feature Description

Disposal site fostamp sand including construction roads fo
construction and OMRR&R vehicle traffic

Disposal cells to contain 4.3 MCY would be constructed a
capped.

Facility would treat precipitation that would contact stamp
Water Treatment Facility sanddisposed within the placement area prior to discharge
to Lake Superior.

Jetty would reduce the downdrift movement of stamp sanc
CDJ onto the reef and would be used during construction and
dredging to transfer material from barge to truck

Upland Placement Area and
Construction Roads

Dredging During Construction During construction, would reduce stamp sand bypass ove

and around
T Grand Traverse Bay Harbor 1 Grand Traverse Bay Harbor Jetty
1 CDJ 1 CDJ

3.3 MCY dredgéd

Would remove stamp sand adjacent to the reef.

1 MCY dredg€ed

Would remove stamp sand adjacent to the reef.

The accumulation of stamp sands would be monitored upq
of Grand Traverse Harbor and CDJ and would inform the
timing of maintenance dredging. The reef and nursery are
would be monitored for new stamp sands accumulation.
Biological monitoring would iofm fish movement and
spawning locationsThe accumulation of stamp sands woul
be monitored updrift of Grand Traverse Harbor and CDJ a
would inform the timing of maintenance dredging.
Monitoring the reef and nursery areas for new stamp sand
accumulation. Biological monitoring to inform to fish
movement and spawning locations.

Dredge South Shoreline

Dredge Trough

Monitoring and Adaptive
Management

Mitigation

Wetland Approximately, 25 acres impacted

1 MCY native sand placed along the South Shoreline and
portion of Middle Shoreline

Alternatives required for residential wastewater
management systems.

BeachNourishment

Septic System Alternative(s)

1See Section 5.3.4 for more information.
2Thedecision on whether to fund replacement systems would be made by the NFS.
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Upland
Placement
Site

Water Treatment

Buffalo Reef

Figure6-1: UplandSmall. The Buth Shoreline and Trough would be dredged. Stamp sand updrift of the CDJ would be removed
during OMRR&R

6.2.2 Implementation Cost Based on Concept Designs

Because this alternative assumes the smallest volume of stamp sands are removed during
implementation,UplandSmallhas the lowestmplementationcost, but the longest estimated OMRR&R
dredging durationSeeSection6.1and the Cost Appendix for more information regarding the cost
estimateand costcontingency analysis

Table6-4. Total Cost Implementation Phase: Upland Placement AlteeraBmall

Feature Upland-Small ($)
Grand Traverse Harbor Maintenance Dredg 5,250,000
Wetland Mitigation 1,250,000
Haul Roadg 5,428,000
Septic Field Relocatio 288,000
CDJ 55,926,000
CD.Dredging 9,200,000
Landfill 265,449,000
Water Treatment Facility 24,441,000
South Shoreling 153,650,000

152



Buffalo Reef, Final Alternatives Analysis DRAFT JANUARY 2024

Feature Upland-Small ($)

Trough 25,548,000

North Shoreline -

Dune -

Middle Shoreline -

Financial Assurancgy 1,000,000
Estimated Construction Cos 547,430,000
Contingency (336%f% 197,075,000

Real Estaté 36,000,000

Total Construction Cos 780,505,000
Design Phade 92,152,000

Construction Managemeht 59,560,000
Total Project Cost (Unescalateq 932,217,000
Total Project Cost (Escalatéd 1,153,167,000

LAll costs are presented at the October 2022 price level and rounded to the nearest $1,000.
2Because of the uncertainty in the dredging quantities, contingency for Small ascbAdt alternatives is 36% and
Medium-scaled alternative is 30%. See Cost Appendix for more information.

3Real estate costs were increased by a 20% contingency.
“4Planning, engineering, design phase costs were estimated as 4% of the total construction cost.

5Construction management cost was estimated as 8% of the total construction cost. It includes costs of monitoring and
adaptively managing the implementation.

5To account for inflation, the total project cost was escalated to the midpoint of construction based on forecasted cost
indexes of each feature using USACE Engineering MEMI&IL102-1304, Civil Works Construction Cost Index System.
N"SOGA2Y oundmmpHo 2F GKS {{GFdS 2F aAOKAALYyQa t NI wmmp {2f

Table6-5. Estimated Costs of Uplasihall

Element Estimated CosBased on Concept Designs
Implementation Cost, Project First Cost $0.9B
Implementation Cost, Escalated to Midpoint of | $1.2B
Constructiol

lIimplementation CosfThis criterion is the total estimated implementation cost for an alternative. Implementation costs include
construction; lands, easements, righaéway, relocation, and disposal facility; project design; construction management;
performance monitoring anddaptive management; and mitigation.
Project First Coqtb)- Costs are presented at the October 2022 price level and rounded to the nearest $100M.
Escalated ($)To account for inflation, the total project cost was escalated to the midpoint of construction based on

forecasted cost indexes of each project feature using USACE Engineering E6nLi&1 62-1304, Civil Works
Construction Cost Index System.

6.2.3 Estimated Implementation Duration

Thescreeningevel analysi$ound inChapter5 assumed project implementation would begin in 2023.
Upon further consideration of an implementati@chedule, the start date was extended to 2025.
Assuming implementation begins 2025 the duration was estimated assuming annualbudget of
$100$120M per yearTable6-6), and the sequencing described in Sectéod.1 Theschedule
contingency is estimated to be 53 mosth

Table6-6. UplandSmall Estimated Implementation Duration
(Assuminagn Annual Budget ¢§100-$120M)

Feature | Calendar Year§20252050+)
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Grand Traverse Harbor Dredgi

Real Estate

Wetland Mitigation

Haul Roads

Septic Field Relocatio

CDJ

CD.Dredging

Landfill R

Water Treat Facility

South Shoreline

Trough

Financial Assurance

Monitoring & Adaptive Mgmt.

Schedule Contingenty,

OMRR&R >

1The accumulation of stamp sands would be monitored updrift of Grand Traverse Harbor and CDJ and would inform the timing of
maintenance dredging. Monitoring the reef and nursery areas for new stamp sasdmulation. Biological monitoring to inform to fish
movement and spawning locations.

253 months of schedule contingency for UplaBnhall See Cost Appendix for more information.

6.2.4 OMRR&R Cosind DurationBased on Concept Designs

OMRR&RN1cludes activities duration and after project implementatitvat includes maintenance
dredging and the landfill closure period. After project implementatitre, UplandSmallOMRR&R
duration is expected to be the longest because gneatestvolume of stamp sands remains updrift of
the CDAfter project implementation.

OMRR&R activities begin during the first year of construction. As project features are completed, the
features were assumed to keirned over to theNFS and theNFSwvould be responsible for completing
the OMRR&RThe OMRR&R duration for implementatiisnisted inTable6-7. Refer to Sectiol.1.5

and the Planning Appendiar details

Stamps sands dredged along the South Shoreline and within the Trough are on native sands/ehere
dredgingis possibletherefore, after project implementation, a negligible volume of stamps sands was
assumed to accumulate at the Grand Traverse Harbor.Jdttyever, maintenance dredging at this
location may be requiredifter implementation, 8.4 MCY of stanrspnds would remain updrift of the
CDJ.

Tominimize stamp sand bypass of the CDJ, the volume accumulating updrift of the CDJ and the
accumulation rate were estimatedhe duation for maintenance dredging/as estimated assuming
100,000CYof stamp sands is removed every three yedise OMRR&R dredging frequency and volume
were based on thesassumptionsin the nextphase of the projegtmodeling considering the

installation of the CDJ and othetith project conditionsvould improve the accuracy of the estimated
volume ofstamp sandsrapped bythe CDJdredging frequencynd maintenance dredging duration
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Thepostclosure care duration per State of Michigan operating permit for the lanedl estimated to

be 30 years from the successful closure of the landtié total OMRR&R duratios €qual the sum of

the durations for Implementation, Maintenance Dredging and MI Regulatory Post Closure cFiteria.
OMRR&R duration and estimated cost is foundable6-7. The estimated average annual OMRR&R

cost does not include the cost to remove the CDJ, once it is no longer needed to minimize stamp sands
migration onto Buffalo ReeT.he estimated cost of removing the CDJ is equal to approximately half the
total implementation costTable6-7).

Table6-7. Upland Placement Alterniae - Small OMRR&R Duration and Cost

OMRR&RDuration of Activities and Cost
Implementation 13years
Maintenance Dredging ~2Myears
MI Regulatory Postlosure Care 30 years
Total ~243years
Average Annual Cost{$) $5.1M
Removal of COctober 2022 Price Level) $56M°

1Simple average of OMRR&R costs over the estimated duration of OMRR&R activities is presented at the October 2022 price
level. Time value was not estimated for these calculations.

2The cost of removal is estimated as half the construction cost. The cost is presented at the October 2022 price level. It is
uncertain when the CDJ would be removed.

To minimize future costs and ensure the project is adequately funded for the duration of remediation,
an investment fund could be developed to cover those costs. Refer to S@4B8ri0for a description
2T GKS lylfeaArda FyR FdzyRQa S&aGAYIFGSR Y2dzyio

6.2.5 Robustnesg Relative Ecosystem Recovery

This alternative includes dredging the South Shoreline and tbeghand constructing th&€DXuring

the construction phaseTheCDJvould minimize movement of updrift stamp sands reaching Buffalo
Reef, but the Middle Shoreline, North Shoreline, and Dune would not be dredged until the OMRR&R
phase. Less than half of the stamp sands would be dredged during the implementation pha8et The
MCYstamp sandsipdrift of the CDdvould remain in place untit was transported tahe CDJndwould

be dredgedappraximately 200years(Section6.1.5146). Based on thevaluation conductedit could be
over 100 years beforthe updrift stamp sands reach thedd Smallemparticlesizesfound within the

North Shorelineeould erode into the lake and reach Buffalo Raxed juvenileLake Trouhabitat,

especially during major storm ever(Sectior4.3.4). Becausstamp sands would be present for decades
and stamp sands could enter the reef and nearby habitats, the hi@spertsestimatedthe percent
recovery would be 40% 60%after project implementationin comparison tahe conditionsthat
existedbefore stamp sands impacted the fe€or more information regarding the robustness analysis,
refer to Sectiorb.5.2

6.2.6 Robustnesg; Relative Ecosystem Recovery Duration

The duration of recovery is represented by the number of fish generations required for the fish
population to reestablish in the reefhe fishery biologistassumed one fish generation is 15 years for
this project. While the expected recoveryi@to 60%, the duration to achieve this level is
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approximately three fish generations because the North Shoreline is not dredged during construction.
For more information regarding the robustness analysis, refer to Sesttoa

6.3 UplandPlacement AlternativeMedium (UplandMedium)
6.3.1 Description

Theimplementationphase of UplandMediumincludes dredging approximate8/7 MCY of stamp sand
from the SouthShoreline,Troudh, and North Shoreline General measure description and figure are
found inTable6-8 and Figure6-2.

Before largescale dredging of the South Shoreline begins, maintenance dredging at the Grand Traverse
Harbor would prevent stamp sands bypassing the harbor jetty and filling the harbor. After the CDJ is
implemented, Lake Superior currents would continugremsport stamp sands south along the

shoreline; therefore, maintenance dredging updrift of the CDJ would prevent stamp sands bypass of the

CDJ. Throughout project implementation, monitoring of stamp sands accumulation updrift of the Grand
Traverse Harbgetty and CDJ would inform the frequency of maintenance dreddingl the landfill is

accepting stamp sands for disposal, stamp sands dredged at these locations would be placed updrift of

GKS 2SGGe& IyR /5Wz Fft2y3 GKS aK2NBtAYyS IyR aSaol O

Prior to dredging stamp sands along the South Shoreline, residential wastewater management

alternative(s) would be needed for homes with septic systoatedin the stamp sands. The water

treatment plant must be implemented prior to the landfill accepts stamp sands for disposal. Water in

contact with stamp sands within the landfill would require treatment prior to its discharge in Lake
Superior. Per SectionB2bmMmmpHo 2F GKS {GFGS 2F aAOKAIlLIYQa t | NI
landfill must provide p to $1M in financial assurances for the maintenance of a completed facility.

Based on the capacity of the facility, it was assumed financial assurance of $1M would be provided to

the State of Michigan.

Dredging South Shoreline and Trough, which border the reef, woirlomize continuedstamp sand
encroachmenbnto the reef Largescale dredging would begin along theugh Shoreline at Grand
TraverseBayHarbor and move north to reduce the likelihood stamp sands would bypass the harbor
jetty and impactLake Whitefishuvenile shoreline habitadowndrift of Grand Traverse Bay Harbor
(Figurel-2). After the South Shoreline and Trough have been dredged, the North Shoreline would be
dredged.The North Shoreline contains tleeiginalstamp sands disposal location, anddntains the
smallest particle sizes that are most mobile and least likely to be contained by the CDJ.

Wetland mitigation and beach nourishment would be required. The beach would be nourished in areas
where stamp sands are dredged from native sand substrates to provide riparian owners with a beach
profile that approximates conditions prior to the arrivalsthmp sands.

After implementationof the UplandMedium Alternative stamp sand would remain updrift of the CDJ.
Maintenance dredging during the OMRR&R period would minimize the bypass of stamp sand over and
around the jetty. Refer to the Planning Appendix for more information regarding the maintenance
dredging durationThe Upland Disposal Facility would remain open during OMRR&R, and water
treatment would continue while the facility was open and during the closure period.

Table6-8. UplandMediumOverview
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Feature Description

Disposal site for stamp sand including
construction roads for construction and
OMRR&R vehicle traffic

Disposal cells containir@7 MCY would be
constructed and capped.

Upland Placement Area and Construction Road

Facility would treat precipitation that would
contactstamp sand disposed within the
placement area prior to discharge to Lake
Superior.

Water Treatment Facility

Jetty would reduce the downdrift movement o
stamp sand onto the reef and would be used
during construction and dredging to transfer
material from barge to truck

CDJ

During construction, would reduce stamp sang
bypass over and around

1 Grand Traverse Bay Harbor Jetty
1 CDJ

Dredging During Construction
1 Grand Traverse Bay Harbor
T CDJ

3.3 MCY dredged

Dredge Buth Shoreline Would dredge stamp sand adjacent to tresf.

1 MCY dredged

Dredge Trough Would dredge stamp sand adjacent to the ree

4.4 MCY dredgéd
Would dredge the original pile of stamp sands
Dredge Mrth Shoreline that contains the smallest particle sizes that a
most mobile and least likely toe contained by
the CDJ.

The accumulation of stamp sands would be
monitored updrift of Grand Traverse Harbor a
CDJ and would inform the timing of
Monitoring and Adaptive Management maintenance dredging. The reef and nursery
areas would be monitored for new stamp sanc
accumulation. Biological monitoring would
inform fish movement and spawning locations

Mitigation

Wetland Approximately, 25 acres impacted

1 MCY native sand placed along the South

Beach Nourishment Shoreline and portion of MiddI8horeline

Alternatives required for residential wastewate

Septic System Alternative(s) management systema

1See Sectiof for more information.
2The decision on whether to fund replacement systems would be made by the NFS.
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Figure6-2: UplandMedium The South Shoreline, Trough and North Shoreline would be dredged. Stamp sand updrift of the CDJ
would be removed during OMRR&R.

6.3.2 Implementation Cost Based on Concept Designs

The rough order of analysis discussed in Chapter 5 assumed project implementation would begin in
2023. Upon further consideration of an implementation schedule, the start date was extended to 2025.
TheUplandMediumQa SadAYlF GSR 02y a i NuzOplahdSyiallad@ldwér thark | G A &
Upland Placement Alternative AlUiplandAll). See Sectiob.1and the Cost Appendix for more

information regarding the cost estimate and contingency analysis

Table6-9. Total Cost Implementation Phase: Upland Placement Alteaatledium

Feature Upland-Medium ($)
Grand Traverse Harbor Maintenance Dredg 5,250,000
Wetland Mitigation 1,250,000
HaulRoads 5,428,000
Septic Field Relocatio 288,000
CDJ 55,926,000
CD.Dredging 11,500,000
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Feature Upland-Medium ($)!
Landfill 368,786,000
Water Treatment Facility 24,441,000
South Shoreling 153,650,000
Trough 25,548,000
North Shoreling 88,400,000

Dune -

Middle Shoreline -
Financial Assurances 1,000,000
Estimated Construction Cog 741,467,000
Contingency (336%§% 222,440,000
Real Estaté 36,000,000
Total Construction Cos 999,907,000
Design Phade 115,640,000
Construction Managemeht 77,113,000
Total Project Cost (Unescalateq 1,192,660,000
Total Project Cost (Escalatéd 1,544,163,000

1All costs are presented at the October 2022 price level and rounded to the nearest $1,000.

2Because of the uncertainty in the dredging quantities, contingency for Small ascbAdt alternatives is 36% and
Mediumscaled alternative is 30%. See Cost Appendix for more information.

3Real estate costs were increased by a 20% contingency.

“4Planning, engineering, design phase costs were estimated as 4% of the total construction cost.

5Construction management cost was estimated as 8% of the total construction cost. It includes costs of monitoring and
adaptively managing thienplementation.

5To account for inflation, the total project cost was escalated to the midpoint of construction based on forecasted cost
indexes of each feature using USACE Engineering MEMI&L102-1304, Civil Works Construction Cost Index System.
T"SOGA2Y oundmmpHo 2F GKS {iGFrdS 2F aAOKAIAlLYyQa tI NI wmwmp

Table6-10. EstimatedmplementationCosts ofJplandMedium

Element Estimated Cost
Implementationg project first cost $1.2B
Implementationg escalated to midpoint of $1.5B
construction

*Implementation CosfThis criterion is the total estimated implementation cost for an alternative. Implementation costs
include construction; lands, easements, rigbfswvay, relocation, and disposal facility; project design; construction
management; performance monitoring amdlaptive management; and mitigation.
Project First Cost$) - Costs are presented at the October 2022 price level and rounded to the nearest $100M.
Escalated ($JTo account for inflation, the total project cost was escalated to the midpoint of construction based on
forecasted cost indexes of each project feature using USACE Engineering E6nLi&1 62-1304, Civil Works
Construction Cost Index System.

6.3.3 Estimated Implementation Duration

The screenindevel analysis found in Chaptgassumed project implementation would begin in 2023.
Upon further consideration of an implementation schedule, the start date was extended to 2025.
Assuming implementation begins in 2025, the duration was estimated assuming an annual budget of
$100$120M per yearTable6-11), and the sequencing described in Secti®®6.3.1 The contingency is
estimated to be 58 months due in part due to the uncertainty in dredging volumes, production rates due
to weather delays, timing of real estate transactions, contractor availability, and whether imported fill is
required for landfill onstruction increasing the implementation duration.
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Table6-11. UplandMedium Estimated Implementation Duration (Assumit§i$120M Annual
Budget)

Calendar Year§20252050+)

Feature
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Grand Traverse Harbor Dredgi

Real Estate

Wetland Mitigation

Haul Roads

Septic Field Relocatio

CDJ

CD.Dredging

Landfill

Water Treat Facility

South Shoreline

Trough

North Shoreline

Financial Assurance

Monitoring & Adaptive Mgmt.

Schedule Contingenty,

OMRR&R

»

»

1 The accumulation of stamp sands would be monitored updrift of Grand Traverse Harbor and CDJ and would inform the timing of
maintenance dredging. Monitoring the reef and nursery areas for new stamp sands accumulation. Biological monitoring to fiigbrm

movement and spawning locations.
258 months of schedule contingency for Upladédium
SOMRR&R refer to Secti@for a description.

6.3.4 OMRR&R Cosind Duration Based on Concept Designs

The OMRR&R duratidancludesactivities during alternativénplementation andafter project
implementationthat includesmaintenance dredging and the landfill closure peridfter project
implementation,the volume of stamp sands remaining updrift of the CDekigthan the UplandSmal)

therefore the UplandMedium OMRR&R duration &horterthan the Uplaneg{ Y f f Qa® / 2 Yy @S NE St
L) | YR

Uplanda SRA dzYQa hawwgw RdzNI G-AR2¢yQ&a f2y3aSNI GKIy |

As project features are completed, it was assumed the feature would be turned over MR&and the
NFSwvould be responsible for completing the OMRR&Re OMRR&R duration for implementation is 16
years.Refer to Sectios.1.5for details.

Stamps sands dredged along the South Shoreline and within the Trough are on native sands where over

dredging is possibl¢herefore, after project implementation, a negligible volume of stamps sands was
assumed to accumulate at the Grand Traverse Harbor.Jdiiyever, maintenance dredging at this
location may be required.

Tominimize stamp sand bypass of the CDJ, the volume accumulating updrift of the CDJ and the
accumulation rate were estimatedhe duration for maintenance dredging was estimated assuming
100,000 CY of stamp sands is removed every three yBaesOMRR&R dredging frequency and volume
were based on thesassumptionsin the nextphase of the projegtmodeling considering the
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installation of the CDJ and othetith project conditionsvould improve the accuracy of the estimated
volume ofstamp sandsrapped by theCDJdredging frequencynd maintenance dredging duration

Thepostclosure care duration per State of Michigan operating permit for the landdiflestimated to

be 30 years from the successful closure of the landtié total OMRR&R duratios €qual the sum of

the durationsof implementation,maintenancedredging and Mtegulatorypost closureactivities. The
estimated OMRR&R duration and cost is foundiable6-12. The estimated average annual OMRR&R

cost does not include the cost to remove the CDJ, once it is no longer needed to minimize stamp sands
migration onto Buffalo Reef. The estimated cost of removing the CDJ is equal to approximately half the
total implementtion cost Table6-12).

Table6-12. Upland Placemenilternative - Medium OMRR&R Duration and Cost

OMRR&RDuration and Cos$?
During Implementation 16 years
Maintenance Dredging ~140 years
MI Regulatory Postlosure Care 30 years
Total ~186yearg
Average Annual Cdst $4.6M
Removal of COctober 2022 Price Level) $56 VP

1Simple average of OMRR&R costs over the estimated duration of OMRR&R activities is presented at the October 2022 price
level. Time value was not estimated for these calculations.
2The cost of removal isstimated as half the construction cost. The cost is presented at the October 2022 price level. It is

uncertain when the CDJ would be removed

To minimize future costs and ensure the project is adequately funded for the duration of remediation,
an investment fund could be developed to cover those costs. Refer to S@a8ri 0.

6.3.5 Robustnesg Relative Ecosystem Recovery

During the construction phase, this alternative includes constructing the CDJ and dredgingtthe S
Shoreline;Trough and North Shoreline. The CDJ would minimize movement of updrift stamp sands
reaching Buffalo Reef, but theititlle Shoreline, and Dune would not be dredged until the OMRR&R
phase. The MCY stamp sands updrift of the CDJ would remain until it would migrate to the CDJ and
was dredged. The duration to migrate 4 MCY is estimated tappeoximately 14@ears Gection0).

Because approximatelyMCY of stamp sands would be present in the systemapproximately 140

years and stamp sands could enter the reef and nearby habitats but the volume remaining in the system
is smaller than Uplan@mall, the bioloy expertsestimatedthe percent recovery would b&%to 80%

after project implementationin comparison to conditions before stamp sands impacted the Feaf.

more information regarding the robustness analysis, refer to Seé&tibr2

6.3.6 Robustnesg; Relative Ecosystem Recovery Duration

Because the North Shorelifre UplandMediumwould be dredged the same time as the North Shoreline
in the UplandAll alternative (Section6.3.1and6.4.1), fisherybiologists expected the same recovery
duration of three fish generations. The North Shoreline is the main source of stamp sandsrevihg
that sourceis believed tchave a largeimpacton recovery duratiorwhen compared to the Middle
Shoreline and Duné-or more information regarding the robustness analysis, refer to Sestioa
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6.4 Upland Placement Alternativ@ll (Upland-All)

6.4.1 Description

Theconstruction phase dflplandAllincludes dredging approximately 12.7 MCY of stamp sand from the
South Shoreline,Trough North Shoreline, Nddle Shoreline and Dune. General measure description and
figure are found ifTable6-13 and Figure6-3.

Before largescale dredging of the South Shoreline begins, maintenance dredging at the Grand Traverse

Harbor would prevent stamp sands bypassing the harbor jetty and filling the harbor. After the CDJ is
implemented, Lake Superior currents would continugremsport stamp sands south along the

shoreline; therefore, maintenance dredging updrift of the CDJ would prevent stamp sands bypass of the

CDJ. Throughout project implementation, monitoring of stamp sands accumulation updrift of the Grand
Traverse Harbgetty and CDJ would inform the frequency of maintenance dredging. Until the landfill is
accepting stamp sands for disposal, stamp sands dredged at these locations would be placed updrift of

the jetty and CDJ, along the shoreline and setback fromthe @aier SR3IS (2 YAYAYAT S Sy

Prior to dredging stamp sands along the South Shoreline, residential wastewater management

alternative(s) would be needed for homes with septic systems placed in the stamp sands. The water
treatment plant must be implemented prior to the landfill accepiansp sands for disposal. Water in

contact with stamp sands within the landfill would require treatment prior to its discharge in Lake

{ dzZLISNA2NX t SN { SOGA2Y oHndmmpHOo 2F GKS {GFdS 2F a
landfill must provide upo $1M in financial assurances for the maintenance of a completed facility.

Based on the capacity of the facility, it was assumed financial assurance of $1M would be provided to

the State of Michigan.

Dredging South Shoreline and Trough both of which boarder the reef wainichize continuedstamp
sand encroachmeranto the reef Largescale dredging would begin along theuh Shoreline at Grand
TraverseBayHarbor and move north to reduce the likelihood stamp sands would bypass the harbor
jetty and impact lake white fish juvenile shoreline habiaivndrift of Grand Traverse Bay Harbor
(Figurel-2).

After the Suth Shorelineand Trough the North Shoreline would belredged.The North Shoreline
contains theoriginalstamp sands disposal location, anddintains the smallest particle sizes that are
most mobile and least likely to be contained by the AbéDune would be nexvecause it haa

greater likelihood of bypassing the db&omparisorto the Middle ShorelineThe Middle Shoreline
would be the &st accumulation of stamp sastb be removed because stamp sand transport along this
section of the shoreline is most likely to be controlled by the CDJ.

Wetland mitigation and beach nourishment would be required. The beach would be nourished in areas
where stamp sands are dredged from native sand substrates to provide riparian owners with a beach
profile that approximates conditions prior to the arrivalsthmp sandsThose areas are along the South
Shoreline and a small portion of the Middle Shoreline. Ref&igare4-8. Water in contact with stamp
sands within the ladfill would require treatment prior to its discharge in Lake Superior.

After project implementation, stamp sand would remain updrift of the CDJ. Maintenance dredging
during the OMRR&R period would minimize the bypass of stamp sand over and around the jetty. Refer
to Planning Appendix for more information regarding the maiatece dredging duration. The Upland
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Disposal Facility would remain open during OMRR&R, and water treatment would continue while the
facility was open and during closure.

After implementation, stamp sands would remain updrift of the CDJ. Maintenance dredging during the
OMRR&R period would minimize the bypass of stamp sand over and arou@idthe
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Table6-13. UplandAll Overview

Feature Description

Upland Placement Area and

Construction Roads Disposal site for 12.7 MCY stamp sand including constructi

roads for construction and OMRR&R vehicle traffic

Facility would treat precipitation that would contact stamp
Water Treatment Facility sand disposed within the placement area prior to discharge
Lake Superior.

Jetty would reduce the downdrift movement of stamp sand
CDJ onto the reef and would be used during construction and
dredging to transfer material from barge to truck

During construction, would reduce stamp sand bypass ove

Dredging During Construction

and around
T Grand Traverse Bay Harbor 1 Grand Traverse Bay Harbor Jetty
1 CDJ 1 CDJ

3.3 MCY dredgéd

Would dredge stamp sand adjacent to the reef.

1 MCY dredged

Would dredge stamp sand adjacent to the reef.

4.4 MCY dredgéd

Woulddredge the original pile of stamp sands that contains
the smallest particle sizes that are most mobile and least ik
to be contained by the CDJ.

Dredge Dune 2.6 MCY dredgéd

1.4 MCY dredgéd

Last accumulation of stamp satmbe removed because
stamp sand transport along this section of the shoreline is
most likely to be controlled by the CDJ.

The accumulation of stamp sands would be monitored upd
of Grand Traverse Harbor and CDJ and would inform the
Monitoring and Adaptive timing of maintenance dredging. The reef and nursery area|
Management would be monitored for new stamp sands accumulation.
Biological monitoring would iofm fish movement and
spawning locations.

Dredge South Shoreline

Dredge Trough

Dredge North Shoreline

Dredge Middle Shoreline

Mitigation

Wetland Approximately, 25 acrespacted

1 MCY native sand placed along the South Shoreline and
portion of Middle Shoreline

Alternatives required for residential wastewater manageme
systens?

Beach Nourishment

Septic System Alternative(s)

1See Sectiob.3.4for more information.
2The decision on whether to fund replacement systems would be made by the NFS.
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Figure6-3: UplandAll. The South Shoreline, Trough, North Shorellnee,and Middle Shoreline would be dredged. Stamp sand
updrift of the CDJ that would remain after dredging would be transported by currents to the CDJ and removed during OMRR&R.

6.4.2 Implementation Cost Based on Concept Designs

TheUplandAllQa SAGAYFGSR O2yadaNUzOGA2y 024G Aa GKS KAIKS
volume of stamp sandis the study progressed past the screeding @St S @I t dzZt A2y > (GKS
design was advancewhen the concept design included quantities of features and description of

activities, the cost estimate was based on that informatiéar featuresor activities that did not have a

technical scope, theestimated costvas based on cost engineering judgment, cost baokl,

parametric and historicalosts.

The contingency was based on including but not limited to the uncertainty in dredging volumes,
variations in escalation rates; production rates due to weather delays; quantities for beach
nourishments; equipment and fuel prices. See Sediidrand the Cost Appendix for more information
regarding the cost estimate and contingency analysis
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Table6-14. Total Cost Implementation Phase: Upland Placement Altieeadll

Feature Upland-All ($)
Grand Traverse Harbor Maintenance Dredg 5,250,000
Wetland Mitigation 1,250,000
Haul Roads 5,428,000
Septic Field Relocatio 288,000
CDJ 55,926,000
CDDredging 11,500,000
Landfill 465,924,000
Water Treatment Facility 24,441,000
South Shoreline 153,650,000
Trough 25,548,000
North Shoreline 88,352,000
Dune 66,645,000
Middle Shoreline 33,996,000
Financial Assurance 1,000,000
EstimatedConstruction Cost 939,198,000
Contingency (3@6%§ 338,111,000
Real Estaté 36,000,000
Total Construction Cos| 1,313,309,000
Design Phade 148,908,000
Construction Managemeht 102,185,000
Total Project Cost (Unescalatec 1,564,402,000
Total Project Cost (Escalatéd 2,119,609,000

1All costs are presented at the October 2022 price level and rounded to the nearest $1,000.

2Because of the uncertainty in the dredging quantities, contingency for Small ascbAdt alternatives is 36% and
Medium-scaled alternative is 30%. See Cost Appendix for more information.

3Real estate costs were increased by a 20% contingency.

“4Planning, engineering, design phase costs were estimated as 4% of the total construction cost.

5Construction management cost was estimated as 8% of the total construction cost. It includes costs of monitoring and
adaptively managing the implementation.

5To account for inflationeach construction feature, real estate, preconstruction engineering and design, construction
managementvas escalated to the midpoint ¢fiat construction or activitypased orforecasted cost indexes of each

feature using USACE Engineering MakiMI11102-1304, Civil Works Construction Cost Index System.

T"SOGA2Y oundmmpHo 2F GKS {iGFrdS 2F aAOKAIAlLYyQa tI NI wmwmp

Table6-15. EstimatedmplementationCosts oftJplandAll

constructiorf

Element Estimated Cost
Implementationg project first cost $1.6B
Implementationg escalated to midpoint of $2.1B

*Implementation CosfThis criterion is the total estimated implementation cost for an alternative. Implementation costs
include construction; lands, easements, righfawvay, relocation, and disposal facility; project design; construction
management; performance monitoring aadlaptive management; and mitigation.

Project First Coqt$)- Costs are presented at the October 2022 price level and rounded to the nearest $100M.
Escalated ($JTo account for inflation, the total project cost was escalated to the midpoint of construction based on
forecasted cost indexes of each project feature using USACE Engineering E6nlt&1 62-1304, Civil Works
Construction Cost Index System.
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6.4.3 Estimated Implementation Duration

The screenindevel analysis found in Chaptgassumed project implementation would begin in 2023.
Upon further consideration of an implementation schedule, the start date was extended to 2025.
Assuming implementation begins in 2025, the duration was estimated assuming an annual budget of
$100$120M per yearTable6-16), and the sequencing described in Secah 1 The contingency is
estimated to be 72 months due in part due to the uncertainty in dredging volumes, production rates due
to weather delays, timing of real estate transactions, and contractor availability, and whether imported
fill is required for landfi construction increasing the implementation duration.

Table6-16. UplandAll Estimated Implementation Duration (Assumid@®$120M Annual Budget)

Calendar Year£0252050+)

Feature
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Grand Traverse Harbor Dredgi

Real Estate

Wetland Mitigation

Haul Roads

Septic Field Relocatio

CDJ

CDDredging

Landfill |7 B

Water Treat Facility

South Shoreline

Trough

North Shoreline

Dune

Middle Shoreline

Financial Assurance

Monitoring & Adaptive Mgmt.

Schedule Contingenty,

OMRR&R <« >

1 The accumulation of stamp sands would be monitored updrift of Grand Traverse Harbor and CDJ and would inform the timing
of maintenance dredging. Monitoring the reef and nursery areas for new stamp saodmulation. Biological monitoring to

inform to fish movement and spawning locations.

272 months of schedule contingency for Upladsid

6.4.4 OMRR&R Cosind Duration Based on Concept Designs

OMRR&R includes activities duration and after project implementation that includes maintenance
dredging and the landfill closure periothe OMRR&R duration is estimated to be the shortest because
the stamp sands remaining updrift of the CDJ is the lowest.

OMRR&R activitiesould begin during the first year of construction. As project features are completed,
it was assumed the feature would be turned over to tieS and theNFSwvould be responsible for
completing the OMRR&Rhe OMRR&R duration for implementation is listedatle6-17.

Stamps sands dredged along the South Shoreline and within the Trough are on native sands where over
dredging is possibléherefore, after project implementation, a negligible volume of stamps sands was
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assumed to accumulate at the Grand Traverse Harbor.Jdityever, maintenance dredging at this
location may be required.

After implementation is completeapproximately 300,000 CY of stamp sands would remain updrift of

the CDJTominimize stamp sand bypass of the CDJ, the volume accumulating updrift of the CDJ and the
accumulation rate were estimated. The OMRR&R dredging frequency and volume were based on these
estimates.Theestimatedmaintenancedredging durationrounded to the nearest 10 yeaiis/isted in
Table6-17. See Planning Appendix for a description of the analysis that was completed to estimate the
dredging durationln the nextphase of the proje¢tmodeling considering the installation of the CDJ and
other with project conditionsvould improve the accuracy of the estimated volumestamp sands

trapped by theCDJdredging frequencynd maintenance dredging duration

Thepost-closure care duration per State of Michigan operating permit for the laned8l estimated to

be 30 years from the successful closure of the landtile total OMRR&R duratios équalo the sum of

the durations foimplementation,maintenancedredging and Mtegulatorypost closure The OMRR&R
estimated duration and cost is found Trable6-17. The estimated average annual OMRR&R cost does
not include the cost to remove the CDJ, once it is no longer needed to minimize stamp sands migration
onto Buffalo Reef. The estimated cost of removing the CDJ is equal to approximately half the total
implementtion cost Table6-7).

Table6-17. Upland Placement Alterniae - Al OMRR&R Duration of Activities and Cost

OMRRé&RDuration of Activities
Duringlmplementation 20 years
Maintenance Dredging ~20 years
MI Regulatory Postlosure Care 30 years
Total ~70 years
Average Annual Cost ($) $1.8M
Removal of CDJ $56M°

1Simple average of OMRR&R costs over the estimated duration of OMRR&R activities is presented at the October 2022 price
level. Time value was not estimated for these calculations.

2The cost of removal is estimated as half the construction ddst.cost is presented at the October 2022 price level. It is
uncertain when the CDJ would be removed.

To minimize future costs and ensure the project is adequately funded for the duration of remediation,
an investment fund could be developed to cover those costs. Refer to S@a8ri 0.

6.4.5 Robustnesg Relative Ecosystem Recovery

The relative ecosystem recoveater project implementatioris estimated to be 8@0% of the pre
stamp sands conditiorRefer to Sectioh.6.4for description of RobustnedRelative Ecosystem
Recovery fotplandAll.

6.4.6 Robustnesg RelativeDuration for Recovery

The relative ecosystem recovettyrationis estimated to be 1 fish generation. Refer to Sechdh4for
description of RobustnedRelative Duration for Recovery for UplaAd.
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7. Impacts of the Alternatives

Thischapterdiscusseshe beneficialandadverseémpactsexpected from the implementation of the Upland
Placement Alternativen the existingenvironment.The Future WithouProject Conditions discussed in
Chapter 4 is synonymous with the assessment of impacts dfithActionAlternative and iprovided in
the table below. See Chapter 4 for a full discussion on the Future Withajgct impactsThe
assessmendf environmentalimpactsis organized by evaluatingnplementation Phase impacts
beneficial and adversenpacts to occur during the Implementation Pleaand the OMRR&R impacts
beneficial and adversienpacts to occur during the OMRR&R Phasdeffollowing Upland Placement
Alternatives:

1 UplandSmnall
1 UplandMedium
T UplandAll

The table below summarizes tlseverityof impact to each resource category for Upla@dall, Upland
Medium, andUplandAll. The definition of each severity of an impact is defined as:

1 None/Negligible No measurable impacts are expected to occur.

1 Minor: Ameasurable and adverse effect to a resource. A slight impact that may not be readily
obvious and is within accepted levels for permitting, continued resource sustainability, or
human use. Impacts should be avoided and minimi#gzbssible, but should not results in a
mitigation requirement.

1 Moderate A measurable and adverse effect to a resource. In between a minor and significant
impact Therefore, impact may be readily obvious but still within accepted levels of permitting,
continued resource sustainability, or human use. Impacts should be avoided and miniimized
possible, but should not result in a mitigation requirement.

1 SHgnificant A measurable and adverse effect to a resource. A major impact that is readily
obvious and is not within accepted levels for permitting, continued resource sustainability, or
human use. Impacts likely result in the need for mitigation.

1 Adverse A measurable and negative effect to a resource. May be minor to significant, resulting
in reduced conditions, sustainability, or viability of the resource.

1 Beneficial A measurable and positive effect to a resource. May be minor to significant, resulting
in improved conditions, sustainability, or viability of the resource.

Beneficiaimpacts are noted with a (Heneficialimpact, (++) greatebeneficialimpact, or (+++) the
greatestbeneficialimpact.

Table7-1. Summary of Impacts

Impact Category Beneficial Upland Future Without
or Adverse Small Medium All Project

Limnology and Beneficial + ++ +++

Coastal Shoreline | Adverse Minor during Implementationand OMRR&R Significant

Hydrology and Beneficial + \ ++ \ +++

Hydraulics Adverse Minor during Implementationand OMRR&R Significant

Sediment Quality | Beneficial + \ ++ \ +++
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Adverse Minor during Implementationand OMRR&R Significant
Water Quality Beneficial + \ ++ | +++
Adverse Minor during Implementationand OMRR&R Significant
Air Quality Beneficial No impact
Adverse Moderate duringmplementationand OMRR&R* No Impact
Noise Beneficial No Impact
Adverse Significant duringmplementationand No Impact
OMRR&R*
Natural Areas Beneficial + \ ++ \ +++
Adverse Significant duringmplementationand OMRR&R No Impact
Climate Change on | Beneficial No Impact
Project Adverse Minor- Moderate during Implementation and Significant
Implementation OMRR&R
Project Beneficial + \ ++ |+
Implementation Adverse Minor impacts during implementation and No Impact
on Climate Change OMRR&R
Plant Beneficial + \ ++ | +++
Communities Adverse Minor impacts duringmplementationand Moderate
OMRR&R
Wildlife Resources | Beneficial + \ ++ |+
Adverse Minor impacts duringmplementationand Moderate
OMRR&R
Aquatic Resources | Beneficial + \ ++ | +++
Adverse Minor impacts duringmplementationand Significant
OMRR&R
Cultural and Beneficial No impact
Archaeological Adverse May Cause an Adverse Effect Significant
Resources
Treaty Rights and | Beneficial + \ ++ |+t
Subsistence Adverse Minor impacts duringmplementationand Significant
Fishing OMRR&R
Commercial Beneficial + \ ++ |+t
Fishing Adverse Minor impacts duringmplementationand Significant
OMRR&R
Recreational Beneficial + \ ot |+t
Fishing Adverse Minor impacts duringmplementationand Significant
OMRR&R
Property Values | Beneficial + \ + \ +
Adverse Significant impacts duringnplementationand Moderate
OMRR&R*
Employment Beneficial + \ + \ +H+
Adverse No impact Moderate
Environmental Beneficial + \ ++ \ +++
Justice Adverse No impact Significant

*Impact to homeowner may vary depending tmplementationsequencing and location of residence.
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7.1 Resources Not Carried Forward for Analysis

The following resource areas have been reviewed and determined not to warrant further consideration
because there would be no or negligible potential for effects from implementingokential Plan

1 Physical Resources

o Climate

0 Geologic Setting

0 Topography and Soils

0 Land Use
1 Biological Resources

o Threatened and Endangered Specie
1 Socioeconomic and Human Resources

o Demographics

7.2 Physical Resources

7.2.1 Limnology and Coastal Shoreline

Beneficiallmpacts

The morphology of the shoreline is heavily influenced by the presence of stamp sands (See Section
4.3.4). Dredging the stamp sands and associated beach nourishment-&tgore sand conditions

would have a beneficial impact on the limnology. This action would reduce the volume of stamp sands
transported downdrift into the harbor, the reef, and surroundingbitats including adjacent wetlands.
Once the stamp sands are dredged the beach would be nourished to resemble tbpne sands
condition.

Upland Placement, Small

The implementation of Uplan8@mall (4.3 MCY dredged; 390 acres restored) would have a beneficial
impact on limnology during themplementation Phase. The dredging of approximately 4.3 MCY of stamp
sands and clearing 390 acres within the South Shoreline and Trough would minimize the encroachment
of stamp sands on Buffalo Reef, restore the South Shoreline juvenile Lake Whitefisih, lagol protect

the remaining juvenile Lake Whitefish habitat within the shallow water habitat of the Lower Bay. The
CDJ would capture stamp sands located on the updrift side of the jetty. During the OMRR&R phase,
stamp sand accumulating behind the jettypuld be dredged, limiting stamp sand bypass onto the reef

and shallow water habitats. The UplaSenall would also have a beneficial impact on limnology during

the OMRR&R Phase. See Section 5.9 for Implementation and OMRR&R durations.
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Table7-2. UplandSmallRestored Bottomlands Acreage

Dredged Area Implementation OMRR&R
Estimated Estimated Estimated Estimated
Bottomlands Shoreline Bottomlands Shoreline
Restored (acres) | Restored (acres) | Restored (acres) | Restored (acres

South Shoreline 202 8

Middle Shoreline 130

North Shoreline 300

Trough 180

Dune 300

Upland Placement, Medium

The implementation of Uplantfledium (8.7 MCY dredged; 690 acres restored) would have a greater
beneficial impact on the limnology during the Implementation Phase. The-soadé impacts would be
realized (see section Uplar&mall) and additionally, the Xibh Shoreline would be dredged. This area
contains the original source of stamp sands which contains the highest concentration of fines which
travel the farthest. The removal of this source would reduce the volume of stamp sands moving towards
Buffalo Reefind surrounding habitats. During Implementation, approximately 8.7 MCY covering 690
acres would be dredged, and the remaining volume would be dredged during the OMRR&R phase. The
UplandMedium would also have a greater beneficial impact on limnology JUWMRR&R because an
additional 430 acres of bottomlands are restored during the OMRR&R Phase. See Section 5.9 for
Implementation and OMRR&R durations.

Table7-3. UplandMediumRestored Bottomlands Acreage

Dredged Area Implementation OMRR&R
Estimated Estimated Estimated Estimated
Bottomlands Shoreline Bottomlands Shoreline Restored
Restored (acres) | Restored (acres) | Restored (acres) | (acres)

South Shoreline 202 8

Middle Shoreline 130

North Shoreline 300

Trough 180

Dune 300

1The majority of stamp sands removed from the North Shoreline occurs within the Implementation phase and therefore the
North Shoreline acreage is noted under the Implementation phekmvever, an estimated four inches of stamp sandsild
remain after the North Shoreline is dredgéithis volumevould be dredged during the OMRR&R phase.

Upland Placement All

The implementation of Uplandll (12.7 MCY dredged; 1,120 acres restored) would have the greatest
beneficial impact on limnology. Both small and medisicale impacts would be realized (See Sections
UplandSmall and Uplantedium) and all 12.7 MCY of stars@nds would be dredging during the
Implementation phase. This alternative includes the fastest schedule to dredge the stamp sands from
the system including the shortest OMRR&R dredging phase. Upllhnestores 1,120 acres of
bottomlands during Implementan and any residual stamp sands would be dredged during OMRR&R,
resulting in the greatest beneficial impact during the OMRR&R plsaseSection 5.9 for

Implementation and OMRR&R durations.
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Table7-4. UplandAll Restored Bottomlands Acreage

Dredged Area Implementation OMRR&R
Estimated Estimated Estimated Estimated
Bottomlands Shoreline Bottomlands Shoreline
Restored (acres) | Restored(acres) | Restored Restored (acres)
(acres)
South Shoreline | 202 8

Middle Shoreline | 130
North Shoreline | 300
Trough 180
Dune 300

1The majority of stamp sands removed from the North Shoreline occurs within the Implementation phase and therefore the N
Shoreline acreage is noted under the Implementation phesvever, an estimated four inches of stamp sandsild remain
after the North Shoreline is dredgethis volumevould be dredged during the OMRR&R phase.

Adverselmpacts

Upland Placement, Small

Any adverse impacts to coastal watere outweighed by the beneficidnpact of dredgingacres of
biologically sterild.ake Superidbottomlands and confinement of the stamp saridsa permitted
facility.

Implementationof the CDJ on Lake Superior bottomlamdsild havea minor adverseéimpactduring the
Implementation Phase and OMRR&R Phabke CDJ would capture stamp sabd#g transported
duringImplementationand the OMRR&R dredgipgriod which is estimated to be greater than 100
years for the Uplandmnall. The CDJ would fill the lakebed approximatelyr acres but the filled area is
currently covered with stamp sands providing little to no viable aquatic habitat. The structure may or
may not be remweed after completion of the project.

If the proposed project moves forward, a federal consistency determination would be completed per
the Coastal Zone Management Act. The work area is not within a Coastal Barrier area as designated
under the Coastal Barrier Resources Act (CBRA) of 1¥82nticipated that implementation would be
undertaken consistent to the maximum extent practicable with stegte statutesof the approved State

of Michigan Coastal Zone Management Program.

UplandSmallwould have minor adverse impacts to limnology and coastal shoreline during the
Implementation and OMRR&R Phases.

Upland Placement Medium

See Uplanéinall. UplandMediumwould remove 8.7 MCY of stamp sands from the Lake Superior
bottomlands (690 acres) during the Implementation phase. During the OMRR&R phase, an additional 4
MCY would be dredged and 430 acres restofidee CDJ would capture stamp sabédsg transported
duringImplementationand the OMRR&R dredging period which is estimated to be longer than 100
years.UplandMediumwould have minor adverse impacts to limnology and coastal shoreline during the
Implementation and OMRR&R Phases.

Upland Placement All
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See UplangMedium. UplandAllwould remove 12. MCY of stamp sands from Lake Superior

bottomlands (1,120 acres) during the Implementation phase. An estimated 50Q0@0 stamp sands

would remain after dredging (Secti@¥.2). The CDJ would capture stamp sabdig transported

during the Implementation phase, and the OMRR&R phase, which is estimated to be longer than 20
years. It is uncertain whether the CDJ would be removed after OMRR&R dredging has been completed.

UplandAllwould have minor adverse impacts to limnology and coastal shoreline during the
Implementation and OMRR&R Phases.

7.2.2 Hydrology and Hydraulics

Beneficiallmpacts

The dredging of stamp sands would stop the downdrift movement of stamp sands and berefiial
impact to the hydrology and hydraulics of this portion of Grand Traverse Bay. Without the dredging of
stamp sands along the South Shoreline, stamp sands would continue to migrate into the harbor,
reducing flows from Traverse River which would increasdrégpuency of Traverse River flooding and
damage nearby cottages

Upland ¢ Small

The implementation obUplandSmallwould havebeneficialimpacts on the hydrology and hydraulics of

the project area during the Implementation Phase. DredgingWCY of stamp sands from the South
Shoreline and Trough would minimize the movement of stamp sands onto Buffalo Reef and the
surrounding habitats. Potential flooding impacts would also be reduced by preventing stamp sands from
entering the harbor and fillig Traverse RiveBeneficiaimpacts would occur as stamp sands are

dredged on the updrift side of the CDJ during the OMRR&R phase, minimizingsstatsgypass

around the jetty.

Upland ¢ Medium

See UplanéBmall The implementation of th&JplandMedium Alternative would have a greater
beneficialimpact on the hydrology and hydraulics of the project area because it includes dredging 8.7
MCY of stamp sands from the South Shoreline, Trough, and North Shoreline. This dredging would
minimize the movement of stamp sands onto Buffalo Reef and the surrounding habitats. Potential
flooding impacts would also be reduced by preventing stamp sands éntering the harbor and filling
Traverse RiveBeneficiaimpacts would occur as stamp sands are dredged on the updrift side of the CDJ
during the OMRR&R phase, minimizing stamp sands bypass around the jetty.

Upland ¢ All

The implementation of th&plandAll Alternative would have the greatebeneficialimpacts on the
hydrology and hydraulics of the project area because all MEZ¥ of stamp sands would be dredged
minimizing the movement of stamp sands onto Buffalo Reef and the surrounding habitats. Potential
flooding impacts would also be reduced by preventing stamp sands from entering the harbor and filling
Traverse RiveBeneficiaimpacts would occur as stamp sands are dredged on the updrift side of the CDJ
during theOMRR&R phase, minimizing stamp sands bypass around the jetty.
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Adverselmpacts

The implementation of the alternative (Small, Medium, or All) would include the construction obthe C
This structure would fill the lakebed currently covered in stamp sands. Sediment transport modeling of
the Tobacco River indicated that sediment from this river was an unlikely source of native sand for
downdrift shoreline and beaches, thus the CDJ waowlidstarve the downdrift beaches of native sand
(Section0). However, some native sand would likely be trapped by the CDJ. Duripgojbet design

phase, modeling would be conducted to assess the impact of the CDJ on the movement of native and
stamp sand. Additionally, modeling would be completed to inform the orientation and design of the CDJ
and to evaluate the impact of the CDJ on the wave cknaddng the shoreline.

The dredging of stampandsalter the original, prestamp sands, beach profile because native sand

would be dredged along with the stamp sands. Stamp sands lie on the native sand along the South
Shoreline and small portion of the Middle Shoreline. Once the stamp sands are dreolgetthése

areas, there would likely be a gap in schedule before the shoreline is nourished with native sand. During
this period, storm events could cause flooding and ice shove in this@res beach nourishment is
complete, a lkrach profile similato pre-stamp sand conditions would be created gmadvide a similar

level of protection from potential flooding and ice shaa® prestamp sandconditions.

Beach nourishment would occur along the South Shoreline to sustaietioairishednative sand beach

and mimic prestamp sand conditions and modeling would be conducted to inform the orientation and
design of the CDJ to inform a design that would minimize impacts due to loss of native sand source and
changes in wave climate.

The UplaneéSmall, UplandMedium, andUplandAll are anticipated to have minor adverse impacts
during the Implementation and OMRR&R phases.

7.2.3 Sediment Quality

Beneficiallmpacts

The Upland Placement Alternative improves sediment quality by dredging the stamp sands, copper
containing sediment, and disposing the material offsite in a properly permitted facility.

Upland ¢ Small

The implementation of th&JplandSmaliwould havebeneficialimpacts on sediment quality during the
Implementation Phase. This dark, angular sediment ranges in size and lies atop native sand and bedrock
across the project area. Dredging the South Shoreline and Trough would improve an estimated 395
acres of shoreli@ and lakebed that is currently covered by stamp saBéseficiaimpacts would

continue as an additional 662 acres is dredged during the OMRR&R phase.
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Upland ¢ Medium

The implementation obUplandMediumwould have greatebeneficialimpacts on sediment quality

during the Implementation Phase. Impacts of thplandSmallwould be realizedsee sectionUpland

Small) and additionally, the stamp sands within the North Shoreline where the original pile lies, would
be dredged. An estimated 645 acres of shoreline, lakebed, and bedrock would be freed of stamp sands
improving sediment quality in those areas and pratiteg the continuedransportof stamp sands into

clean areasThis would restore an additional 412 acres of bottomlands

The implementation of Uplantfledium (8.7 MCY dredged; 690 acres restored) would have a greater
beneficial impact on the limnology during the Implementation Phase. The-soaé impacts would be
realized (see section Uplar@mall) and additionally, the Kb Shoreline would be dredged. This area
contains the original source of stamp sands which contains the highest concentration of fines which
travel the farthest. The removal of this source would reduce the volume of stamp sands moving towards
Buffalo Reefind surrounding habitats. During Implementation, approximately 8.7 MCY covering 690
acres would be dredged, and the remaining volume would be dredged during the OMRR&R phase. The
UplandMedium would also have a greater beneficial impact on limnology JUWIMRR&R because an
additional 430 acres of bottomlands are restored during the OMRR&R Phase. See Section 5.9 for
Implementation and OMRR&R durations.

Upland ¢ All

The implementation oUplandAll would have the greatedteneficialimpacts on sediment quality

during the Implementation Phase. ImpactsiglandSmalland UplandMediumwould be realized (See
SectionUplandSmalland UplandMedium). An estimated 1,120 acres of shoreline, lakebed, and

bedrock would be cleared of stamp sands once dredging is completed. Any residual stamp sands would
be dredged at the CDJ during OMRR&R which would reduce the amount of copper contaminated
sediment acrgs the project area anglould havebeneficialimpacts to sediment quality.

Adverselmpacts

During Implementation and OMRR&R, dredging activities would disturb stamp sands and native
sedimentby resuspending small particles and producing a cloudy water sui$aamp sands and native
sediment suspended in the water column during dredging would settling along the lake bdttem.
implementation of the Upland Placement Alternative (SnM#édium, or All) would have minor adverse
impacts during the Implementation and OMRR&R Phases.

7.2.4 Water Quality

Beneficiallmpacts
Upland ¢ Small

The implementation obplandSmaliwould havebeneficialimpacts on water qualityThe 2.4mile South
Shoreline would be dredged during the Implementation phase. This removal would reduce the volume
of precipitation and groundwater that filters through the stamp sands beach pribeiog transported

into Lake Superior. Dredging the Trough, restores approximately 180 acres of lake bottom reducing the
acreage where stamp sands come in contact with Lake Superior \Bateeficiaimpacts would occur
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as the dredged volume of stamp sands would continue to increase during the OMRR&R phase thereby
increasing the miles of shoreline and acres of lake bottom free of stamp sands. Dredged stamp sands
would be disposed in a properly permitted facili@nce the South Shoreline and Trough are dredged,

the stamp sands leachate would be treated via dilution before it was discharged into Lake Superior.

Dredged stamp sands would be disposed in a properly permitted facility. The precipitatiarotitatts
with stamp sands within the Upland Placement Site would create leachate. The leachate would be
treated via dilution before it was discharged into Lake Superior. A permit for the pumping of Lake
Superior water for the dilution would be obtained, and an NBPErmit for the discharge of treated
leachate collected in the permitted facility would be required fre@LEInder NREPA Part 327.

Dredging and construction of the CDJ would require a water quality certification, pursuant to Section
401 of the Clean Water Act from EGLE for the placement of fills into waters of the U.S and a USACE
Regulatory permit for dredging and placement of fitliwater of the U.S. under Section 10 of the

Rivers and Harbors Act of 1899, as amended and Section 404 of the Clean Water Act Amendments.

The dredging of stamp sandsuld marginallyreduce the size dhe existingcopper halahat reaches as
far as 55 miles into the lake or at least reduce the number of sources contributing to this halo.

Upland ¢ Medium

The implementation obUplandMediumwould have greatebeneficialimpacts on water quality. The

same permitting and water treatment technique would be required as UpBmadll, see Section
UplandSmall. This alternative removes 8MCY of stamp sands during the Implementation phase which
would reduce the source contaminating the watBeneficiaimpacts would continue as the remaining 4
MCY of stamp sands are dredged at the CDJ during the OMRR&R phase.

Upland ¢ All

The implementation obplandAllwould have the greatedteneficialimpacts on water quality. The
same permitting and water treatment technique would be required asUpéandSmalland Upland
Medium. See SectiobplandMedium. This alternative removes 12MCY of stamp sands from the
project area during the Implementation phase which greatly reduces the source contaminating the
water. Beneficiaimpacts would occur as residual stamp sands, an estimated 50Q¥@0e dredged at
the CDJ during OMRR&R.

Adverselmpacts

The implementation of the Upland Placement Alternative (Small, Medium, or All) wouldtiaee
adversempacts due to dredging during the Implementation and OMRR&R phases. Dredging activity
would resuspend some of the fine particles of stamp sands. Howevey}, it is / det€ination that

the installation of silt curtains around dredging operations in the Great Lakeisdsly successful in
containing fines based on waves and water depth. As evidenced with the continued stirring up of fines
form the neashore waters during onshore wave events, it is the positibd SACHat installation of a

silt curtain around the dredge is not feasible for this proposed operation.

The water treatment process would also require fresh Lake Superior water to be pumped to the
permitted facility to dilute the leachate captured in the disposal facility and return the diluted leachate

177



Buffalo Reef, Final Alternatives Analysis DRAFT JANUARY 2024

to Lake Superior. An NPDES permit for the discharge of treated leachate collected in the permitted
facility would be required from EGLE under NREPA Part 31.

The implementation of the Upland Placement Alternative (Small, Medium, or All) would have minor
adverse impacts.

7.2.5 Noise

Beneficiallmpacts

There are ndeneficialnoise impacts from the implementation of the Upland Placement Alternative
(Small, Medium, or All).

Adverselmpacts

Noise is defined as unwanted sound. Sound becomes unwanted when it creates a nuisance that
interferes with normal activities, or when it causes physical harm or otherwise adversely affects human
health. The standard unit of measurement of the loudnessahsd is the decibel (dB). The zero point

on the dB scale is based on the lowest sound level that a healthy, unimpaired human ear can detect.
Changes adtfhree dB or fewer are only perceptible in laboratory environments. An increase of 10 dB
represents a 14old increase in acoustic energy, while 20 dB is 100 times more intense, and 30 dB is
1,000 times more intense. Each 10 dB increase in sound level is perceived as approximately a doubling
of loudness. Th&able7-5 below provides examples of noise activity and the associated noise level.

Table7-5. Noise Activity and Associated Noise Level

Noise Source Nngkevel Response

Library 30 Very quiet

Refrigerator humming 40 Quiet

Quiet Office 50 Quiet

Normal Conversation 60 Intrusive

Vacuum Cleaner 70 Telephone use difficult

Freight train at 50 feet 80 Interferes withconversation

Heavyduty truck at 50 feet 90 Annoying

Jet takeoff at 2,000 feet 100 Very annoying; hearing damage at
sustained exposure levels

Unmuffled motorcycle 110 Maximum vocal effect; physical
discomfort

Jet takeoff at 200 feet 120 Regulaexposurg over on@ninute risks
permanent hearing loss

Shotgun firing 130 Pain threshold

Carrier jet operation 140 Harmfully loud

Source: M.D. Branch and R.D. Beland, 1970.

5dzS 2 GKS t2¢ LRLIAFGA2Y YR AYFTNBIdsSyid GNIFFAO
ambient noise level is low. During the Implementation phase of any Upland Placement Alternative
(Small, Medium, or All), construction activities wouldregase and impact the existing, low ambient
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noise level. Noise from construction equipment along the shoreline and along the construction road to
the permitted facility would possibly occur 24/7,-géar round during the Implementation phase.

During the OMRR&R phase, construction activities wakibdyl occur every three years. There are no
relevant noise regulations for the communities within the work area; however, an acceptable outdoor
noise level limit for speech interference is generally considered to [@B@5 Construction activities

would likely exceed 8ABA. Property owners adjacent to the South Shoreline would expect noise
disturbances until the South Shoreline is completely dredged and nourished with native sand. Property
owners adjacent to the @Jcould expect noise disturbances for the entirety of Implementation phase
and approximately every three years during the OMRR&R phase. There are no homeowners located
near the permitted facility. The implementation of this alternative would have signtfisdverse

impacts during the Implementath and OMRR&R Phases.

Most residents are seasonal and live at their cottages from Memorial Day weekend to Labor Day
weekend. When possible, consideration would be given to maximize construction adjacent to residential
areas from late fall through early spring to minimize expesaf reduced noise impacts. Previous

dredging has been completed in winter months when the ground was frozen which makes driving on the
stamp sands beach more efficient; however, ldagn winter construction would be impacted by

storms, snow and ice, andore intense wave action.

Upland ¢ Small

See SectioB.1for Implementation and OMRR&R duratiohdplandSmallwould cause significant
adversempacts during Implementation and OMRR&R phases.

Upland ¢ Medium

See SectioB.1for Implementation and OMRR&R duratiokiplandMediumwould cause significant
adversempacts during Implementation and OMRR&R phases.

Upland ¢ All

See SectioB.1for Implementation and OMRR&R duratiokiplandAllwould cause significaratdverse
impacts during Implementation and OMRR&R phases.

7.2.6 Natural Areas

Beneficiallmpacts

The implementation of the Upland Placement Alternative (Small, Medium, or All) wouldkaeécial
impacts on the natural areas of the project area. Dredging the stamp sands from the Shoreline, Trough,
and Dune would restore lake bottom lands and native sand that is currently covered by stamp sands.

Upland ¢ Small

UplandSmallwould improve 390 acres of bottomlands aeigihtacres of shoreline during the
Implementation phase. During the OMRR&R phase, an additional 730 acres of bottomlands would be
restored The implementation of Uplan8mall (4.3 MCY dredged; 390 acres restored) would have a
beneficial impact on limnology during the Implementation Phase. The dredging of approximately 4.3
MCY of stamp sands and clearing 390 acres within the South Shorelifiecargh would minimize the
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encroachment of stamp sands on Buffalo Reef, restore the South Shoreline juvenile Lake Whitefish
habitat, and protect the remaining juvenile Lake Whitefish habitat within the shallow water habitat of
the Lower Bay. The CDJ would capture stamp sands looatdte updrift side of the jetty. During the
OMRR&R phase, stamp sand accumulating behind the jetty would be dredged, limiting stamp sand
bypass onto the reef and shallow water habitats. The Upfanmll would also have a beneficial impact

on limnology duing the OMRR&R Phase. See Section 5.9 for Implementation and OMRR&R durations.

UplandSmaliwould have a beneficial impact on natural areas.
Upland ¢ Medium

UplandMediumwould improve 690 acres of bottomlands aeidhtacres of shoreline during the
Implementation phase. During the OMRR&R phase, an additional 430 acres of bottomlands would be
restored The implementation of Uplant¥edium (8.7 MCY dredged; 690 acres restored) would have a
greater beneficial impact on the limnology during the Implementation Phase. Thestaldlimpacts

would be realized (see section UplaSdhall) and additionally, the Kt Shoreline would be dredged.

This area contains the giihal source of stamp sands which contains the highest concentration of fines
which travel the farthest. The removal of this source would reduce the volume of stamp sands moving
towards Buffalo Reef and surrounding habitats. During Implementation, appateiyB8.7 MCY

covering 690 acres would be dredged, and the remaining volume would be dredged during the OMRR&R
phase. The Uplantfledium would also have a greater beneficial impact on limnology during OMRR&R
because an additional 430 acres of bottomlands mstored during the OMRR&R Phase. See Section 5.9
for Implementation and OMRR&R durations.

UplandMediumwould have a greater beneficial impact on natural areas.
Upland ¢ All

UplandAllwould improve all 1,120 acres of the project area covered in stamp sands during the
Implementation phaseThe implementation of Uplardll (12.7 MCY dredged; 1,120 acres restored)
would have the greatest beneficial impact on limnology. Both small and mesitaihe impacts would be
realized (See Sections UplaBdchall and Uplantedium) and all 12.7 MCY of starsands would be
dredging during the Implementation phase. This alternative includes the fastest schedule to dredge the
stamp sands from theystem including the shortest OMRR&R dredging phase. Ulmdstores 1,120
acres of bottomlands during Implementation and any residual stamp sands would be dredged during
OMRR&R, resulting in the greatest beneficial impact during the OMRR&R phaSec8ee 5.9 for
Implementation and OMRR&R durations.

UplandAllwould have the greatest beneficial impact on natural areas.

Adverselmpacts

The Upland Placement Alternatives (Small, Medium, or All) each require construction roads, a water
treatment facility, and the 24@cre permitted facility Table7-6). These construction features may cross
through wetlandsincluding dune and swale wetland®or each alternative, the cost for preparing the
permitted facility area to fit the 12.KICY was included. Therefore, the impact to natural areas and
associated mitigation efforts are the same for Uplemall, UplandMedium, andUplandAll because

the portion of the project footprint that impacts natural are&specially wetlandsdoes not change per
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alternative. The Upland Alternatives would have a signifiealverseimpact on wetlands requiring
mitigation, see Sectio.7 Mitigation.

Table7-6. Impact to Natural Areas

: Total Acreage of
Estimated Acreage of
Structure Wetlands Impacted Natural Aregs Cleared
(Wetlands included)
Construction Road 6 28
Water Treatment 2 35
Facilities
Upland Placement Sit 17 240
Total: 25 271.5

7.2.7 Air Quality

Beneficiallmpacts

. 20K YSgSSylg FyR | 2daAKG2y /2dzyiAS&a NS RSaAaylrds

areas meet or exceed the national standard for air pollutants. There are no beneficial impacts to air
quality; however, the implementation of any Upland Placemglternative would not appreciably
change the status of these counties.

Adverselmpacts

During the Implementation phase of any Upland Placement Alternative (Small, Medium, or All), adverse
air quality impacts would be moderate, and all equipment would be required to meet emission
standards. An estimated 318,000 truckloads with &A@apacity each would be needed to transport
12.7MCY of stamp sands to the permitted facility. The amount of diesel exhaust produced during the
lifespan of the project would not measurably affect the air quality within Keweenaw and Houghton
Counties. However, prido construction, a dust control plan should be exercised (e.g., watering of dry
stamp sands to minimize effite transport of dust) and during Implementation dust controls such as
masks should be used to prevent inhalation of dust from dry stamp sarelrtbwork. The

implementation of this alternative has moderate adverse impacts on air quality.

Most residents are seasonal and live at their cottages from Memorial Day weekend to Labor Day
weekend. When possible, consideration would be given to maximize construction adjacent to residential
areas from late fall through early spring to minimize expesaf reduced air quality. Previous dredging

has been completed in winter months when the ground was frozen which makes driving on the stamp
sands beach more efficient; however, letegm winter construction would be impacted by storms,

snow and ice, and are intense wave action.

During the Implementation and OMRR&R Phases, there would be moderate adverse impacts to air
quality.

Upland¢ Small
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TheUplandSmallAlternative would have moderate adverse impacts. During the Implementation phase,
construction activity would impact air quality. All equipment would be required to meet emission
standards and dust control plans should be exercised with measures suchtasakk usage or the
watering of dry stamp sands to prevent inhalation of dust from dry stamp sands or earthwork along dirt
roads. Homeowners located near Grand Traverse Bay Harbor would experience a reduced air quality
while constructioractivity occurs along the South Shoreline. Homeowners located near the Coal Dock
Pond would experience a reduced air quality for a longer due to their vicinity to the CDJ where
continuous construction activity would occur during the Implementation and OMRphases.

Moderate adverse impacts would occur during the OMRR&R phase as construction activities would
likely occur every three years and air quality would be impacted during the designated dredging
seasons. Overall, the implementation of this alternatihhas moderate adverse impacts on air quality.

See SectioB.1for Implementation and OMRR&R durations.

Upland¢ Medium

TheUplandMedium Alternative would have minor adverse impacts during Implementation similar to
UplandSmall, see Section Uplarg@mall. The duration of the Implementation Phase would be longer

than UplandSmallbecause the South Shoreline, Trough, and North Shoreline would be dredged. The
duration of the OMRR&R Phase would be shorter because the OMRR&R phase is shorter than Upland
9mall, see sectio8.1. UplandMediumwould have minor adverse impacts during the OMRR&R Phase.

Upland¢ All

TheUplandAllwould have minor adverse impacts like the small and meelgale alternatives, see
SectiondJplandSmalland UplandMedium. The duration of the Implementation phase would be the
longest because all 12MCY of stamp sands are dredged. The duration of the OMRR&R Phase would be
the shortest because only residual stamp sands would be dredged at thegdbdximately500,000
CY)UplandAllwould have minor adverse impacts during the OMRR&R Phase. See Section 7.1.

7.2.8 Climate Change

Beneficial Impacts

The implementation of the Upland Placement Alternative (Small, Medium, or All) would potentially have
beneficial impacts to climate change. The stamp sands shoreline is currently devoid of plants and
wildlife. The implementation of the Upland Alternativewd allow plants and wildlife to restablish

and potentially remove excess carbon dioxide, a major greenhouse gas, in the air.

Adverselmpacts of Project on Climate Change

The implementation of the Upland Placement Alternative would have minor adverse impacts to climate
change. Construction machinery would require fuel to operate during the implementation and OMRR&R
phases. The pumps used for water treatment would requippaer supply 24/7 to pump water to the
landfill for dilution treatment. These energy sources would likely be supplied by fossil fuels, thus
contributing to climate change. Due to the longevity of construction activities to be completed during

the implementation phase (24/7 activity, minimum &free months per year, for at leastineyears) and
OMRR&R phase (minimum of 20 years), the project would have minor adverse impacts to climate
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change; however, overall, the Upland Placement Alternative would have a minor adverse impact on
climate change.

Adverse Impacts of Climate Change on Project Implementation

This section describes the impact climate change may have on alternative implementation. The Great
Lakes have already experienced climate change effects and would likely continue to experience the
following: (1) increased annual averages in air and surface water temperatures (with greater extremes in
hottest temperatures), (2) increased duration of the stratified (thermocline) period, (3) changes in the
direction and strength of wind and water currents, (4)stier precipitation (increases in the intensity
storms and drier periods in between) and river flows, (5) greater variation in annual ice cover/greater
water surface evaporation/larger lake effect snow events, and (6) greater variations in lake levels (EPA
2022).1f storm intensity increases, or water levels continue to fluctuate, stamp sands would continue to
move onto Buffalo Reef and the surrounding habitats while reshaping the shorelines both north and
south of Grand Traverse Bay Harbor. As discussed in CHapteR. Climate Change, there amyeral

climate change effects that could adversely impact the project area, and some effects have already
altered the project area. Therefore, climate change effects are likely to have a mimaderate

adverse impact on project implementation.

If an alternative was implemented, construction schedules and activities would be subject to the effects
of climate changeConstruction schedules could anticipad#tional weather days to account for the
unknown weather patterns. The dredging season would vary dependent on the lake levels, wind and
wave currents, and storms of that project year. Periods of higher lake levels or more frequent storms
could transportstamp sands to unexpected areas such as those already cleaned or further into Buffalo
Reef.These project implementation considerations are based on engineering judgement and the current
understanding of climate change; however, the frequency and severity of the impact is uncertain.
Therefore, the impact of climate change is estimated to ramgenfa minor to moderate adverse impact

on project implementation.

7.3 Biological Resources

7.3.1 Plant Communities

Beneficiallmpacts

During Implementation of any Upland Placement Alternative (Small, Medium, ama#jstamp sands
would be removed from the shoreline. Devoid of plant life likely due to the high copper toxicity of stamp
sands, the shoreline would have an opportunity teetablish. The implementation of this alternative
would have aeneficialimpact to the plant communities in the areas where stamp sands are dredged.

Upland¢ Small

UplandSmallwould have aeneficialimpact to plant communities during Implementation. The South
Shoreline would be cleaned allowing plant life teastablish along the shoreline. During the OMRR&R
phase, the stamp sands would migrate to tHeJand plants could restablish in the North Shoreline
and Middle ShorelindJplandSmallwould have éeneficialbenefit impact as well.

Upland¢ Medium
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UplandMediumwould have greatebeneficialimpacts to plant communities during Implementation.
The South Shoreline and North Shoreline would be cleaned allowing plant lifegtafglish along the
shoreline. During the OMRR&R phase, stamp sands would migrate down tBdaadthen plants
would be able to reestablish in the Middle Shoreline regidiplandMediumwould havebeneficial
impacts as well.

Uplandc All

UplandAllwould have the greatedieneficialimpacts to plant communities. The South Shoreline,
Middle Shoreline, and North Shoreline would be cleaned up allowing plant lifedstadlish across the
entire shoreline from Grand Traverse Bay to Ggp(oximately fivaniles).

Adverselmpacts

During the implementation of Upland Placement Alternative (Small, Medium, or All), the permitted
facility, water treatment facility, and construction roads would be constructed in existing woodlands.
SeeTable7-6 for details on the acreage of natural areas impacted thereby impacting ability for plant
communities to establish. Once the permitted facility is constructed, the cap would be covered with
grass and maintained by the facility owner. No trees or dexyted plants would be allowed to
establish along the cap or perimeter berms of the permitted facility to protect the integrity of the cap
and engineered berms containing the stamp sands. The implementation of this alternative (Small,
Medium, or All) would haveinor adverseimpacts to plant communities.

7.3.2 Wildlife Resources

Beneficiallmpacts

Once the implementation of any Upland Placement Alternative (Small, Medium, or All) is completed, the
stamp sands would be removed and create an opportunity for wildlife 4establish.The

implementation of Uplaneégmall (4.3 MCY dredged; 390 acres restored) would have a beneficial impact
on limnology during the Implementation Phase. The dredging of approximately 4.3 MCY of stamp sands
and clearing 390 acres within the South Shoreline Brodigh would minimize the encroachment of

stamp sands on Buffalo Rieeestore the South Shoreline juvenile Lake Whitefish habitat, and protect

the remaining juvenile Lake Whitefish habitat within the shallow water habitat of the Lower Bay. The
CDJ would capture stamp sands located on the updrift side of the jetty. DbanGMRR&R phase,

stamp sand accumulating behind the jetty would be dredged, limiting stamp sand bypass onto the reef
and shallow water habitats. The Upla@dnall would also have a beneficial impact on limnology during

the OMRR&R Phase. See Section 5.thiptementation and OMRR&R durations.

The implementation of Uplant¥ledium (8.7 MCY dredged; 690 acres restored) would have a greater
beneficial impact on the limnology during the Implementation Phase. The-soaé impacts would be
realized (see section Uplar@mall) and additionally, the i Shoreline would be dredged. This area
contains the original source of stamp sands which contains the highest concentration of fines which
travel the farthest. The removal of this source would reduce the volume of stamp sands moving towards
Buffalo Reefind surrounding habitats. During Implementation, approximately 8.7 MCY covering 690
acres would be dredged, and the remaining volume would be dredged during the OMRR&R phase. The
UplandMedium would also have a greater beneficial impact on limnology JUWMRR&R because an
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additional 430 acres of bottomlands are restored during the OMRR&R Phase. See Section 5.9 for
Implementation and OMRR&R durations.

Theimplementation of UplanéAll (12.7 MCY dredged; 1,120 acres restored) would have the greatest
beneficial impact on limnology. Both small and medisicale impacts would be realized (See Sections
UplandSmall and Uplaniledium) and all 12.7 MCY of stamp sanbuld be dredging during the
Implementation phase. This alternative includes the fastest schedule to dredge the stamp sands from
the system including the shortest OMRR&R dredging phase. Upllhnestores 1,120 acres of
bottomlands during Implementatioand any residual stamp sands would be dredged during OMRR&R,
resulting in the greatest beneficial impact during the OMRR&R phase. See Section 5.9 for
Implementation and OMRR&R durations.

Details on the acreage of restored bottomlands and shoreline that would be home to several different
plants and animals mentioned in Chapter 4. Plants and animals could return to the shoreline while
macroinvertebrate could return to the nearshore waters eaaging small aquatic organisms to return
to the reef and surrounding habitats. The implementation of this alternative would hieaeficial

impact on wildlife resources.

Upland¢ Small

TheUplandSmallAlternative would have beneficialimpact to wildlife resource§plants,invertebrates,

and vertebratesyuring Implementation. The South Shoreline would be cleaned up allowing wildlife to
re-establish on and around the shoreline. During the OMRR&R phase, the stamp sands would migrate to
the DJand wildlife resources could +establish in the North Shoreline and Middle Shoreline resulting in

a beneficialimpact to wildlife resources during this phase as vildle implementation of Uplar@mall

(4.3 MCY dredged; 390 acres restored) would have a beneficial impact on limnology during the
Implementation Phase. The dredging of approximately 4.3 MCY of stamp sands and clearing 390 acres
within the South Shoreline and Trough would minimize the encroachment of stamp sands on Buffalo
Reef, restore the South Shoreline juvenile Lake Whitefish habndtpeotect the remaining juvenile

Lake Whitefish habitat within the shallow water habitat of the Lower Bay. The CDJ would capture stamp
sands located on the updrift side of the jetty. During the OMRR&R phase, stamp sand accumulating
behind the jetty wouldbe dredged, limiting stamp sand bypass onto the reef and shallow water

habitats. The Uplan@mall would also have a beneficial impact on limnology during the OMRR&R Phase.
See Section 5.9 for Implementation and OMRR&R durations.

Upland¢ Medium

TheUplandMedium Alternative would have greatdyeneficialimpacts to wildlife resources during
Implementation. The South Shoreline and North Shoreline would be cleaned up allowing wildlife to re
establish along the shoreline. During the OMRR&R phase, stamp sands would migrate dowrCtd the C
and then wildlife could reestablish in the Middle Shoreline region resulting ipeaeficialimpact to

wildlife resources during this phase as wé&le implementation of Uplantedium (8.7 MCY dredged;

690 acres resred) would have a greater beneficial impact on the limnology during the Implementation
Phase. The smadcale impacts would be realized (see section Uplamll) and additionally, the North
Shoreline would be dredged. This area contains the originateaf stamp sands which contains the
highest concentration of fines which travel the farthest. The removal of this source would reduce the
volume of stamp sands moving towards Buffalo Reef and surrounding habitats. During Implementation,
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approximately 8.7 MCY covering 690 acres would be dredged, and the remaining volume would be
dredged during the OMRR&R phase. The Upledium would also have a greater beneficial impact
on limnology during OMRR&R because an additional 430 acres of Hattdsnare restored during the
OMRR&R Phase. See Section 5.9 for Implementation and OMRR&R durations.

Uplandc All

TheUplandAll Alternative would have the greatebeneficialimpact to wildlife. The South Shoreline,
Middle Shoreline, and North Shoreline would be cleaned up allowing plants and animaksstalpésh
across the entire shoreline from Grand Traverse Bay to Gay. Additionally, the near shore regions in the
Trough ad Dune would become healthy habitats for aquatic organidrhe.implementation of Upland

All (12.7 MCY dredged; 1,120 acres restored) would have the greatest beneficial impact on limnology.
Bothsmall and mediunscale impacts would be realized (See Sections Uganall and Upland

Medium) and all 12.7 MCY of stamp sands would be dredging during the Implementation phase. This
alternative includes the fastest schedule to dredge the stamp sandstfreraystem including the

shortest OMRR&R dredging phase. Uptadidestores 1,120 acres of bottomlands during
Implementation and any residual stamp sands would be dredged during OMRR&R, resulting in the
greatest beneficial impact during the OMRR&R ph&se. Section 5.9 for Implementation and OMRR&R
durations.

Adverselmpacts

During the implementation of Upland Placement Alternative (Small, Medium, or All), the permitted
facility, water treatment facility, and construction roads would be constructed in existing mature
woodlands. Se&able7-6 for details on the acreage of natural areas impacted thereby impacting

wildlife. Once the permitted facility is constructed, the cap would be covered with grass and maintained
by the facility owner. No trees or plants would establish on top of the peeahitacility to protect the
integrity of the liner containing the stamp sands. Animals would likely relocate to habitats further from
construction noise. The implementation of this alternative (Small, Medium, or All) wouldnhianoe
adverseimpacts to wildlife resources.

7.3.3 Agquatic Resources

Beneficiallmpacts

The Upland Placement Alternative would hdnemeficialimpacts on aquatic life. The stamp sands are
harmful to aquatic organisms due to high concentrations of copper, and the dredging and confinement
of stamp sands would improve the nearshore habitat for organisms ranging from macroinvertebrate to
common fishspecies like_ake TrouandLake Whitefish

Upland¢ Small

UplandSmallwould havebeneficialimpacts on aquatic life during the Implementatiphase.The
implementation of Uplaneébmall (4.3 MCY dredged; 390 acres restored) would have a beneficial impact
on limnology during the Implementation Phase. The dredging of approximately 4.3 MCY of stamp sands
and clearing 390 acres within the South Shoreline Brdigh would minimize the encroachment of

stamp sands on Buffalo Reef, restore the South Shoreline juvenile Lake Whitefish habitat, and protect
the remaining juveite Lake Whitefish habitat within the shallow water habitat of the Lower Bay. The
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CDJ would capture stamp sands located on the updrift side of the jetty. During the OMRR&R phase,
stamp sand accumulating behind the jetty would be dredged, limiting stamp sand bypass onto the reef
and shallow water habitats. The UplaSanall would also hava beneficial impact on limnology during

the OMRR&R Phase. See Section 5.9 for Implementation and OMRR&R durations.

The stamp sands removed from the South Shoreline and Trough would improve the nearshore waters
that are common areas for fish spawning. During the OMRR&R phase, the Middle and North Shoreline
and Dune would be dredged over many decades,3seton8.1. The removal of the coppemontaining
stamp sands would also promote an increase in the diversity and abundance of macroinvertebrates
present in the reef for a safe, reliable food source for larger aquatic organisms. The dredging of stamp
sands would creta an opportunity for the food chain to balance and welcome various aquatic species to
re-establish in the reef and surrounding habitats resulting beaeficialimpact on aquatic life during

this phase as well.

Upland¢ Medium

SeeUpland9mall. UplandMediumwould have greatebeneficialimpacts on aquatic life because the

North Shoreline, the original source of stamp sands, would also be dredged during Implementation.
During the OMRR&R phase (over more than 100 years), the stamp sands from the Middle Shoreline and
Dune would accumulatepdrift of the CDJ and be dredged. As the stamp sands are cleared from the
areas that are not dredged during the Implementation phase, the reef and surrounding habitats would
begin to prosper with acatic life resulting in &eneficialimpact on aquatic life during this phase as

well.

Uplandc All

SeeUplandSmalland UplandMedium. UplandAllwould have the greatedieneficialimpacts on

aquatic life because the entire shoreline, Trough, and Dune would be dredged during the
Implementation phase. This alternative would dredge the stamp sands out of the project area over the
shortest construction schedule. During the OMRR&R phasédual stamp sands would be dredged at
the CDJ resulting intzeneficialimpact on aquatic life during this phase as well.

Adverselmpacts

The implementation of the Upland Placement Alternative (Small, Medium, or All) wouldhtinge
adversempacts on the aquatic life in Buffalo Reef and the surrounding habitats. During the dredging
seasons, dredging equipment would create excessive noise and disrupt the lakebed as stamp sands are
dredged out of the water and excavated on land. These distuzbs may deter fish and other aquatic
organisms from spawning and living in the nearshore waters during ongoing construction activity.

7.4 Cultural and Archaeological Resources

Beneficiallmpacts

There are ndeneficialCultural and Archaeological impacts from the implementation of the Upland
Placement Alternative (Small, Medium, or All).
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Adverselmpacts

The Upland Placement Alternative (Small, Medium, or All) would likely impact the Wolverine and

Mohawk Stamp Mills Historic Coal Dock (20KE85). The dredging of stamp sands around the historic Coal
Dock(South Shoreline dredginglould require excavation equipment that would likely impact the

historic structure that is currently buried in stamp sands. The dredging in and around the historic Coal

Dock could alter this structure from its historic condition and would likely restiltind Y & OF dza S | vy
adverseeff® i ¢ 2y (GKS 22t SNRAYS IYyR az2Klg]l] aAiffa KAAG2N

Dredging at the original pilould also results in the removal of the concrete fluna@groximatelys-
feet by four feetwas 2500 feetlong) from the original mill to the end dfie original pile. Supports for
the conveyor leaving the north side of the m#bkseen inearlier figuresare also likely to be removed.

The proposedlanwould likely haveaninor adverseéimpact on the Big Traverse Bay Historic District, if

the existing leach fields and other infrastructure buried within the stamps sand that allow for the

habitation of the Historic District are moved before dredging near the Historic District. With the leac

fields and other infrastructure appropriately addressed before dredging, the propgusedvould have

Gy2 | ROSNAS SFFSOGé¢ 2y GKS . A3 ¢NI@OSNBRS .lF& |1 Aadz2
Without any archeological survey data, it is not possible to evaluate potential impacts to historic

properties within theUpland Placemenrdite, roads, or work and storage areas related to the alternative.

7.5 Socioeconomic and Human Resources

7.5.1 Treaty Rights and Subsistence Fishing

Beneficiallmpacts
Upland¢ Small

During the implementation of the Upland Placement Alternative (Small, Medium, or All), the South
Shoreline and the Trougiyhichdue to their proximityarethe two dredging regions most threatening

to Buffalo Reef and the surrounding habitats, would be removed. The dredging adjacent to the Grand
Traverse Bay Harbor would protect the harbor and ensure continued accessibility for tribad. fidher
removal of stamp sands minimizes the movement of stamp sands onto Buffalo Reef and the surrounding
habitats ofLake TroutandLake Whitefistand encourages fish to stay in Grand Traverse Bay where
subsistence fishing pursuant Toeaty Rights heoccurredfor generationsThe implementation of this
alternative wouldbeneficialy impact those that rely on subsistence fishmgsuant to Treaty Rightsy
securing the preservation of Buffalo Reef and many tribal traditions connected to the fish and Lake
Superior.

Upland¢ Medium

See Uplanénall. UplandMediumwould have a greatdoeneficialimpact because the North Shoreline
would also be dredged during Implementation.

Uplandc All

SeeUplandSmalland UplandMedium. UplandAll would have the greatesteneficialimpact because
the entire Shoreline, Trough, and Dune are dredged and clean of stamp sands. This alternative would
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provide the greatest impact to subsistence fishing because the Buffalo Reef and surrounding habitats
would no longer have any major sources of stamp sands encroachment. Fish could return to the reef
and surrounding habitat areas to safely spawn andstblish in Buffalo Reef.

Adverselmpacts

The implementation of the Upland Placement Alternative (Small, Medium, or All)ma®aadverse
impact tosubsistencdishingduring the Implementation and OMRR&Buring construction activities,
fewer fish may be presemuring ongoing construction activiue to noisedredging equipmentand
resuspension of fine particles of stamp sands during dredging

7.5.2 Commercial Fishing

Beneficiallmpacts

Upland¢ Small

During the implementation of the Upland Placement Alternative (Small, Medium, or All), the South
Shoreline and the Trough, the two dredging regions most threatening to Buffalo Reef and the
surrounding habitats, would be removed. The dredging adjacented3rand Traverse Bay Harbor

would protect the harbor and ensure continued accessibility for commercial fishing boats. The removal
of stamp sands minimizes the movement of stamp sands onto Buffalo Reef and the surrounding habitats
of Lake TrouandLake Whtefishand encourages fish to stay in Grand Traverse Bay wila Trout

andLake Whitefiskare typically found. The implementation of this alternative woldgheficialy impact
commercial fishing by securing the preservation of Buffalo Reef and encouraging fish to live and spawn
in this unique area of Lake Superior.

Upland¢ Medium

See Uplanéimall. TheUplandMediumwould have a greatepeneficialimpact because the North
Shoreline would also be dredged during Implementation.

Uplandc All

SeeUplandSmalland UplandMedium. UplandAll would have the greatest impact because the entire
Shoreline, Trough, and Dune are dredged and clean of stamp sands during Implementation. This
alternative would provide the greatest impact to commercial fishing because the Buffalo Reef and
surrounding habitats would no longer have any major sources of stamp sands encroachment. Fish could
return to the reef and surrounding habitat areas to safghawn and reestablish in Buffalo Reef.

Adverselmpacts

The implementation of the Upland Placement Alternative (Small, Medium, or All)ma®aadverse
impact to commercial fishinduring Implementation and OMRR&Rewerfish may be preserduring
ongoing construction activitgue to noisedredging equipmentand resuspension of fine particles of
stamp sands during dredging
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7.5.3 Recreational Fishing

Beneficiallmpacts

Upland¢ Small

During the implementation of the Upland Placement Alternative (Small, Medium, or All), the South
Shoreline and the Trough, the two dredging regions most threatening to Buffalo Reef and the
surrounding habitats, would be removed. The dredging adjacentéd3tand Traverse Bay Harbor

would protect the harbor and ensure continued accessibility for fishermen. The removal of stamp sands
minimizes the movement of stamp sands onto Buffalo Reef and the surrounding habitatseoT rout
andLake Whitefisland encairages fish to stay in Grand Traverse Bay wheies TrouandLake

Whitefishare typically found. The implementation of this alternative woldaheficialy impact

recreational fishing by securing the preservation of Buffalo Reef and encouraging fish to live and spawn
in this unique area of Lake Superior.

Upland¢ Medium

See Uplanéinall. UplandMediumwould have a greatdneneficialimpact because the North Shoreline
would also be dredged during Implementation.

Uplandc All

SeeUplandSmalland UplandMedium. The UplanéAll would have the greatest impact because the
entire Shoreline, Trough, and Dune are dredged and clean of stamp sands. This alternative would
provide the greatest impact to recreational fishing because the Buffalo Reef and surroundingshabitat
would no longer have any major sources of stamp sands encroachment. Fish would return to the reef
and surrounding habitat areas to safely spawn andstablish in Buffalo Reef.

Adverselmpacts

The implementation of the Upland Placemeiiternative (Small, Medium, or All) hasrinor adverse
impact to recreational fishinduring the Implementation and OMRR&R phagesver fish may be
presentduring ongoing construction activitjue to noisedredging equipmentand resuspension of fine
particles of stamp sands during dredging

7.5.4 Property Values

Beneficiallmpacts

The Upland Placement Alternative (Small, Medium, omAdl)ld have abeneficialimpact on property
valuesnear Grand Traverse Bay Harbbredging of stamp sands within the South Shorehoeeild

remove the stamp sands from the beaclashacent tothe cottagesOnce beach nourishment is
complete,abeach profile similar to prstamp sand conditiongould be createcandprovide a similar

level of protection from potential flooding and ice shaa® prestamp sandconditions The protection

and visual appealfa native beacltould increase the property value once the project is compléte
properties south of Grand Traverse Bay Harbor currently have native sand beaches and it is believed
that the aesthetic appeal of a native sand beaglimproves theiproperty valuecomparedto
propertieswith stamp sandeachesEach scale of the Upland Placem@iternative includes the same
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beneficialimpact to property values because the South Shoreline beach nourishment is included and
completed at the same time for easigale of the Upland Placement Alternative

191



Buffalo Reef, Final Alternatives Analysis DRAFT JANUARY 2024

Adverselmpacts

Properties near Grand Traverse Bay Harbor

The Upland Placement Alternative (Small, Medium, or All) would have a moderate impact to property
values during the Implementation phase. Homeowners would expect increased noise, odor, and traffic
as construction takes place on the beach adjacent to themes. See sectiod® 1 for Implementation

and OMRR&R durations.

Properties near Coal Dock Pond

The Upland Placement Alternative (Small, Medium, or All) would have signdidegrtseimpact to

property values near the Coal Dock Pond during Implementation and OMRR&R phases. Homeowners
would expect increased noise, odor, and traffic during construction activities. Homeowners would
anticipate a longer duration of increased noise, odad #&affic for the UplaneSmalland Upland
Mediumbecause the overall project lifespéimplementation duratiorand OMRR&R duration$ longer

than UplandAll. See Sean 8.1 for Implementation and OMRR&R durations.

7.5.5 Employment

The implementation of the Upland Placement Alternative (Small, Medium, or All) would allow for
several employment opportunitieI.he regional economic effects of implementation and OMRR&R of
the Potential Alternative are identified for the local, state, and national impact areas (Economic
Appendix).The local impact aeis he Houghton, Ml CBSAhestate impact areds Michigan, and the
national level impact arei the United Statesimplementationand OMRR&R activities, duration, and

total costs vary depending on which of the three alternatives is chosen. These activities would result in
spending on goods and services (e.g., mate and labor), and is a stimulus to the regional economy.
Theimplementationand OMRR&R activities and costs can be fourihapter6 and Table8-1.

Estimates of thennualregional economic activity supportete activities are presented imable7-7.
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Table7-7. Summary table showing yearly RECONS output for implementation activities across the three
scales of the Potential PlaBctober 2022 price level

?#g:ﬁg\;%gﬁ Sales Jobs | Labor Income| Value Added
Local
Total Impact Small $75,705,000 675 $36,188,000 | $40,908,000
Total Impact Medium $82,224,000 737 $39,583,000 | $44,630,000
Total Impact All $74,424,0000 669 $36,028,000 | $40,635,000
State
Total Impact Small $111,290,000 863 $55,337,000 | $65,172,000
Total Impact Medium $121,058,000 943 $60,419,000 | $71,025,000
Total Impact All $109,839,000 858 $54,941,000 | $64,610,000
us
Total Impact Small $182,906,000 1,137 | $79,552,000 | $103,041,000
Total Impact Medium $200,065,000 1,247 | $87,143,000 | $112,808,00Q
Total Impact All $182,510,000 1,137 | $79,507,000 | $103,041,000

1Real estate, financial assurances and contingency were not included in the RECONS modeling.

Estimates of the regional economic activity supported by annual OMRR&R activities are présented
Table7-8.

Table7-8. Summary table showing RECONS output for OMRR&R activities across tisealegef the
Potential PlanOctober 2022 price level

Surgnh}la%gaRble Sales Jobs | Labor Income Xg(l;éz

Local

Total Impact Small $2,729,899 28.6 $1,551,056| $1,944,656
Total Impact Medium $2,520,380 26.4 $1,427,831| $1,787,651
Total Impact All $1,083,576 11.7 $583,655 $713,560
State

Total Impact Small $4,535,861 39.2 $2,326,347| $3,020,421
Total Impact Medium $4,182,960 36.2 $2,145,920| $2,781,767
Total Impact All $1,764,617 15.7 $908,291| $1,147,106
us

Total Impact Small $8,720,943 56.4 $3,671,520| $5,235,950
Total Impact Medium $8,025,848 52.0 $3,383,834| $4,818,154
Total Impact All $3,267,279 22.1 $1,411,284, $1,957,328

Adverselmpacts

The implementation of the Upland Placement Alternative (Small, Medium, or All) would hadverse
impacts on employment.

193



Buffalo Reef, Final Alternatives Analysis DRAFT JANUARY 2024

7.5.6 Environmental Justice

Beneficiallmpacts

Tribes in thewvestern Lake&uperior regionsuch as KBIC, have called for action to protect this reef for
years, and the implementation of the Upland Placement Alternative would honor the value and
importance of tribal needs and respecting their livelihood that is heavily connected and influeynced b
the land, water, and wildlife within their community.

Upland¢ Small

UplandSmallwould have &eneficialimpact on theTribes near the Keweenaw Peninsula. Once the
South Shoreline anfiroughare dredged, the stamp sands encroachment on Buffalo Reef and
surrounding habitats would be minimized. The Grand TravBesgiarbor would also be protected from
stamp sands infiltration which would also ensure accessibility to the lake for tribaldiahdrtribal

fishery managementProtecting Buffalo Reef and the surrounding habitats would serve the needs and
cultural traditions otribes like KBIC, that have relied on this reef forigpt, medicinal, physical, social,
and economic prosperity.

Upland¢ Medium

See Uplanéinall. UplandMediumwould have a greatdoeneficialimpact on thetribes near Keweenaw
Peninsula because stamps sands are also removed from the North Shoreline, the original source. During
the OMRR&R phase, the Middle Shoreline and Dune would be dredged, thereby strengthening the
protection of Buffalo Reef and the surroundiageas.

Upland¢ All

SeeUplandSmalland UplandMedium. UplandAll Alternative would have the greatebeneficialimpact
on theTribes near Keweenaw Peninsula becausd 2lf MCY ofstamp sands would be removed from
the ShorelineTrough and Dune during themplementationphase. This alternative would provide the
fastest dredging schedule to remove stamp sands and have the greatest imfJattd® because the
most protection to Buffalo Reef and surrounding habitats is providieen all stamp sands are dredged.

Adverselmpacts

The implementation of the Upland Placement Alternative (Small, Medium, or All) hedveose
impacts on environmental justice.

7.6 lrreversible and Irretrievable Commitment of Resources

TheUpland Placement Alternative (Small, Medium, orwdluld require irreversible and irretrievable
commitments. The expenditure of funding, energy, labor, and materials would be requiredgor th
alternative In addition, the loss of forest and wetland habitats at gandPlacementSte, and loss of
wetland habitats through the construction of roads for theland PlacemenAlternative could also be
considered irreversible and irretrievable.
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7.7 Mitigation

Due to the impacts of the alternatives, the following mitigation measures woelhcludedor the
Upland Placement Alternatiier each implementation dredging scale

1 Wetland Mitigationc Approximately 25 acres of wetlands would be impacted during
construction of the roads, water treatment facilities, and the permitted disposal facility. For
everyone acre of wetland impactedt was assumed.5 acres shall be mitigated. A formal
wetland delineation survey should be completed dunimgject desigrand coordination with
state and federal regulators to establish the mitigation acred&@gfore construction begins,
permits for the filling of wetlands would be obtained frofGIEE and USACE.

1 Beach Nourishment After the South Shoreline and a small portion of the Middle Shoreline are
dredged, beach nourishment would be required to create a beach profile simitae pre-
stamp sands condition and provide a similar level of protection from wave surge and ice shove
to those conditionsApproximately MCY of native sand would be used to nourish the shoreline
and mimic the native sand beach south of Grand Traverse Bay Harbor. The source of native sand
could be produced by a contractor or found offshore in the Trough or Lower Bay. Further
examination of ptential borrow sources and the native sand grain size distributionld be
completed duringhe project design phas® determine a suitable grain size (Planning
Appendix).

1 Septic Systems DrainagelBs- Some of the waterfront properties near the Grand Traverse Bay
Harbor, rely on septic systemsttvdrainage field, or leach fieldgjthin the stamp sand<Prior
to dredging stampands along the South Shorelimesidential wastewater management
alternative(s) would be needed for these septic systefie decision on whether to fund
replacement systems would be made by the NFS.

1 Noisec Construction activities are likely to be ongoing for a minimum of 20 years. Homeowners
along the South Shoreline and near the historic Coal Dock in particular, should anticipate
elevated noise activity during construction. TRESs responsible for handling any homeowner
concerns related to the anticipated increase in noise level.

7.8 Compliance with Environmental Statutes

If the project movegorward, the NFSvould comply with state and federal permit requirements and
obtain appropriate permits and authorizations from the Michigan Departmei®@EEnd the USACE
Regulatory Branch for Sectid® and Sectiod02 and404 authorizationgind other federalstate,and
local regulatory requirements and permitgcluding but not limited to th&Keweenaw County Solid
Waste Management Plaithe workwould comply with Section 106 requirements under the National
Historic Preservation Aand Section 7 of the Endangered Species Act.
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8. Comparison of the Alternativeand the Selection oPotential Plan

In this chapter, the Upland Placement Alternat{@nall, Medium, and All) was compared to thé&o
ActionAlternative to demonstrate the beneficial and adverse impacts of the alternatives. The evaluation
of effects, or comparison of the future wiproject and future withoutproject conditions of can be

found in this chapter and the previous chaéChapters: Alternative Formulatiomnd Chapteb:

Detailed Evaluation of Upland Placement Alterngtividnis comparison is the basis for the selection of

the Potential Alternative

8.1 Alternative Plan Evaluation Criteria

8.1.1 Robustnesg; RelativeEcosystem Recovery

Quantitative estimates of percent Relative Ecosystem Recargigipated after project

implementation and relative to the pretamp sand conditionaere prepared to provide a means of

differentiating betweerS I OK  f § SNy I 6 A @SQa € S@St 2F LINRPGISOGAZ2Y |
Planning Appendix for a description of this criteridbheUplandAll provided the greatest percentage of

Relative Ecosystem Recovety80%90% UplandMedium provided 60%80% recoveryfollowed by

UplandSmallwith 40%60% recoveryiNo Actiorwas estimated to have @ recovery because stamp

sands would not be removed from the system.

8.1.2 Robustnesg; Relative Duration for Recovery

The Relative Ecosystem Recovery Duration criterion was used to evaluate the time required for fish to
recover and repopulate Buffalo Reef based on scope of each alternative. Refer to Chapter 5 and the
Planning Appendix for a description of this criteribheUplandAll and UplandMedium had the same
relative duration for ecosystem recoverytbfee fish generations. TheplandSmallduration was

estimated to be greater than threfish generationsbut no defined number of generations was

provided due to tle uncertainty of stamp sands movement impact over many decades in the future.

8.1.3 Implementation Cost

The implementation cost criterion screened out preliminary alternatives if they produced the same
amount of output or less output at a higher cost than other alternatives did with a lesser cost. The
Upland Placement Alternative implementation costs wergnested for UplandSmall, UplandMedium,
and UplandAll. Refer to Chapter 5 and the Planning Appendix for a description of this criteljitemd
All'has the highest cost of $1.6B at the October 2022 price lwl$2.1B escalated to midpoint of
constructon. UplandMedium implementation costvas$1.2B at the October 2022 price lewsid $1.5B
escalated to the midpoint of constructioblplandSmallimplementation cost wa$0.9B at the 2022
price leveland $1.2B escalated to the midpoint of construction

8.1.4 Implementation Duration

The implementation duration criterion was used to evaluate the time required to complete the
Implementation Phase of the Upland Placement Alternative. Refer to Chiaaieab for a description of
this criterion.TheUplandAllimplementation durationvas20 yearsUplandMedium 16 years, and
UplandSmalll3years.These duratioeassumea $100M-$120Mannual implementation budget.
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8.1.5 OMRR&R Cost

The OMRR&R cost criteriaras used to evaluate the cost of OMRR&R activities for the Upland
Placement Alternative. Refer to Chapé&rand6 and the Planning Appendix for a description of this
criterion. Theannual costs for OMRR&R are average annual tig&ndAll was$1.8M, Upland
Mediumwas$4.6M, andUplandSmaliwas$5.1M.

8.1.6 OMRR&R Duration

The OMRR&R Dredging Duration criterion was used to evaluate the time required to complete the
OMRR&Rctivities during implementation, maintenance dredgomythe updrift side of the CDdnd

post closure caref the landfill Refer to Chaptes5 and 6 andthe Planning Appendix for a description of
this criterion.Theestimated total OMRR&R durations atgplandAll approximately70years Upland
Medium approximatelyl86 years,and UplandSmallapproximately243years In the nextphase of the
project, modeling considering the installation of the CDJ and othitir project conditionsvould

improve the accuracy of the estimated volumestdmp sandsrapped by theCDJdredging frequency
and maintenance dredging duration

8.2 Final Array of Alternativeg Alternative Comparison Matrix

SeeTable8-1 presents the results of the alternative evaluation usiing criteria described in Gipters
5, No Actionand6, scales of the Upland Alternative.

197



Buffalo Reef, Final Alternatives Analysis

DRAFT JANUARY 2024

Table8-1. Final Array of AlternativesEvaluation Matrix

Implementation

Operation, Maintenance, Repair, Rehabilitation And Replacem@dMRR&R)

Robustness Assuming $108120M/YR Funding Lev
. 2025 Construction Begihs . i
Alternative Average Estimated Duration(years
Dredging Scale : : : Annual
(Volume MCY REEE Relgtlve Prolect Escalated Duration Costs ($) . . MI Regulatory
Ecosystem | Duration for First Cost Implementation Dredging
%) (Years Post Closure Total
Recovery Recovery ($)
No Action 0% N/A, stamp N/A N/A N/A N/A N/A N/A N/A N/A
sands remain
Upland PlacemenAlternatives
Small (4.3) 3 fish
40-60% . $0.9B $1.2B 13 $5.1M 13 ~200 30 ~243
] generations
Medium (8.7) 60-80% 8 fish $1.2B $1.5B 16 $4.6M 16 ~140 30 ~186
generations
All (12.7) 1 fish
80-90% . $1.6B $2.1B 20 $1.8M 20 ~20 30 ~70
generation
Estimated
Removal
Renval- CDJ N/A N/A $56M: Date:When N/A
maintenance
dredging is
complete.

This matrix summarizes the feasibility analysis.
B = Billions; M = Millions
1IRemoval cost is estimated as half the construction cost. The cost is presented at the October 2022 price level.

*Robustnesg, Relative Ecosystem Recovérlis criterion estimates the recovery of Buffalo Reef and the surrounding shallow water spawning and recruitment haleitats for

alternative. The percent recovery range is based on a determination using sediment transport modeling of stamp sands mueiseiaestbservation, and ongoing studies
conducted by fishery biologists. The percent recovery ranges are relative to 100% recovery representing no stamp sandsapre6@tirecovery representing no recovery.

*Robustnesg, Relative Duration for Recovemhis criterion estimates the duration, or how long it would take for Buffalo Reef and the surrounding spawning and retruitmen

habitats to recover. The duration for recovery is estimated using the number of fish generations (one fish generatioars)iéquéred for the population to restablish after
dredging during construction is completed.

*Implementation CosfThis criterion is the total estimated implementation cost for an alternative. Implementation costs include constructiangaseiments, rightsf-way,

relocation, and disposal facility; project design; construction management; performance monitorirglaptive management; and mitigation.
Project First Coqt$)- Costs are presented at the October 2022 price level and rounded to the nearest $100M.
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Escalated ($JTo account for inflation, the total project cost was escalated to the midpoint of construction based on forecasted cast ofdsach project feature
using USACE Engineering Markidl 11162-1304, Civil Works Construction Cost Index System.
*Implementation Durationt KA & ONRGSNA2y A& GKS SadGAYFGSR GAYS 6Ay @SINBO NEBI dgedtidaedFssunihg Yy £ G§SN
implementation budget was $168120M/year.
*OMRR&R, Average Annual Cqdthis criterion is the simple average of estimated OMRR&R costs over the estimated duration of OMRR&R activities isgiréseQetbber
2022 price levelTime value was not estimated for these calculations.
*OMRR&R, Duration of Activitie®OMRR&R activities begin during the first year of construction. As project features are completed, it was assumed thededdure turned
over to the nonfederal sponsor, and the nonfederal sponsor would be responsible for completing the OMRR&IR. F&efitwn6.1.5for details.
Implementationg Duration of OMRR&R during implementation of each alternafR@inded to the nearest year.
Maintenance Dredging Duration of maintenance dredging estimated by assuming 100,000 cubic yards every three years was dredged from theeipéitlieSi®J
and disposed. The duration was estimated assuming remaining stamp sands updrifCidifeuld require removal. The estimated duration was rounded to the
nearest 10s place.
MI Regulatory Post Closucel he postclosure care duration per State of Michigan operating permit for the landfill was estimated to be 30 years from the successfu
closure of the landfill.
Totalg Is equal the sum of the durations for Implementation, Maintenabredging and Mi Regulatory Post Closure criteria.
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