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Abstract 

Buffalo Reef is a 2,200-acre cobble field located in Lake Superior on the eastern side of the Keweenaw 

tŜƴƛƴǎǳƭŀ ƛƴ aƛŎƘƛƎŀƴΩǎ ¦ǇǇŜǊ tŜƴƛƴǎǳƭŀΦ ¢ƘŜ ǊŜŜŦ ǇǊƻǾƛŘŜǎ ŎǊƛǘƛŎŀƭ ǎǇŀǿƴƛƴƎ Ƙŀōƛǘŀǘ for native Lake 

Trout and Lake Whitefish and contributes to the Lake Superior fishery. The reef is extremely 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 cultural and ceremonial lifeways. The reef and surrounding habitat have been negatively impacted by 

ƳƛƴƛƴƎ ǿŀǎǘŜ ŎƻƳƳƻƴƭȅ ƪƴƻǿƴ ŀǎ άǎǘŀƳǇ ǎŀƴŘǎΣέ ǿƘƛŎƘ ǊŜǎǳƭǘŜŘ ŦǊƻƳ ŎƻǇǇŜǊ ƳƛƴƛƴƎ ƻǇŜǊŀǘƛƻƴǎ ƛƴ ǘƘŜ 

Keweenaw Peninsula during the 19th and early 20th 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 refuge. This harbor is used by the tribes to access Buffalo Reef. The 

Buffalo Reef Task Force (BRTF) is a multi-agency and stakeholder group that was created to develop a 

long-term 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. Three alternatives were selected for further 

consideration. This Report on the analysis of the No Action Alternative and three final alternatives 

discusses the formulation of the final alternatives, compares potential impacts, and identifies the 

ά¦ǇƭŀƴŘ !ƭǘŜǊƴŀǘƛǾŜέ ŀǎ ǘƘŜ .w¢CΩǎ ǇǊŜŦŜǊǊŜŘ remedial alternative ŀƴŘ άPotential Planέ. 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 during the implementation 

phase. Additionally, the study provides an assessment of the impact the volume of stamp sands 

removed during implementation has on the cost and duration of the operation, maintenance, repair, 

replacement, and rehabilitation phase.   
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Executive Summary 

ES 1. Introduction 

This report documents the evaluation by the Buffalo Reef Task Force (BRTF) of four alternative 

remediation approaches, including a No Action Alternative, and the selection of the Upland Alternative 

as the .w¢CΩǎ preferred alternative όƻǊ άtƻǘŜƴǘƛŀƭ tƭŀƴέύ to protect Buffalo Reef from copper-containing 

ƳƛƴƛƴƎ ǿŀǎǘŜΣ ŎƻƳƳƻƴƭȅ ƪƴƻǿƴ ŀǎ άǎǘŀƳǇ ǎŀƴŘǎέ, that is being transported onto the reef and adjacent 

ŎǊƛǘƛŎŀƭ ƘŀōƛǘŀǘΦ .ǳŦŦŀƭƻ wŜŜŦ ƛǎ ƻŦŦǎƘƻǊŜ ƻŦ ǘƘŜ {ǘŀǘŜ ƻŦ aƛŎƘƛƎŀƴΩǎ YŜǿŜŜƴŀǿ tŜƴƛƴǎǳƭŀ ƛƴ [ŀƪŜ {ǳǇŜǊƛƻǊ 

and provides critical spawning habitat for Lake Trout and Lake Whitefish. The Upland Alternative was 

developed for three scales 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 2. Background 

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

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

1842 Chippewa TreatiesΣ ǘƘŜ ǊŜǎƻǳǊŎŜǎ ƛƴ ǘƘŜ ŎŜŘŜŘ ƭŀƴŘΣ ŜǎǇŜŎƛŀƭƭȅ ŎƻǇǇŜǊΣ ǿŜǊŜ άŜǎǎŜƴǘƛŀƭ ƛƴƎǊŜŘƛŜƴǘǎ 

for the industrial transformation of late nineteenth and early twentieth-ŎŜƴǘǳǊȅ !ƳŜǊƛŎŀΦέ CǊƻƳ ǘƘŜ 

mid-1800s to the 1930s, 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) without regard to the ecological impacts of 

the associated mining waste.   

Buffalo Reef is a 2,200-acre cobble field in Lake Superior adjacent to the Keweenaw Peninsula of 
Michigan that provides critical spawning habitat for Lake Trout and Lake Whitefish. Buffalo Reef is being 
impacted by a copper-containing mining waste commonly known as άstamp sandsέ, a άlegacyέ waste 
left over from the ŀǊŜŀΩǎ copper mining period described above. The reef is popular with anglers and 
has been closely connected to commercial and subsistence tribal fishers. The Treaty of 1842 reserved 
the tribes' rights to fish, preserving the tribes' ability to continue their preexisting fishing practices near 
Buffalo Reef. In the vicinity of Buffalo Reef are census tracts1 classified as disadvantaged per the Climate 
and Economic Justice Screening Tool2. The disadvantaged census tracts are Baraga County, which 
ƛƴŎƭǳŘŜǎ ǘƘŜ [Ω!ƴǎŜ wŜǎŜǊǾŀǘƛƻƴ3, and portions of Houghton County. 

 
1 Census tracts are small units of geography that generally have populations between 1,200 - 8,000 people.  
2 https://screeningtool.geoplatform.gov/en/#9.25/46.7457/-88.3946 
3 The Climate and Economic Justice Screening Tool considers Federally Recognized Tribes disadvantaged 
communities. 

https://screeningtool.geoplatform.gov/en/#9.25/46.7457/-88.3946
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Figure ES-1: 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 1930s. Studies estimate 

approximately one-ǘƘƛǊŘ ƻŦ ǘƘŜ ǊŜŜŦΩǎ ǎǳǊŦŀŎŜ ŀǊŜŀ ƛǎ ŎƻǾŜǊŜŘ ōȅ ǎŀƴŘ ƳƛȄǘǳǊŜǎ ŎƻƳǇƻǎŜŘ ƻŦ ŀǘ ƭŜŀǎǘ нл҈ 

stamp sand grains (Kerfoot 2017). Recent laboratory studies have shown that fewer Lake Whitefish 

successfully hatch in tanks with 10% stamp sand on the bottom compared to tanks that contained only 

natural gravel 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 technical ecological knowledge (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, federal, state, and tribal agencies 

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 possible. With support of federal capacity-building programs, especially GLRI, tribes 

and intertribal agencies have increased their engagement in the process. 

The US-Canada 2015-2019 and 2020-2024 Lake Superior Lakewide Action and Management Plans 

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

stamp sands encroachment. In 2017, the U.S. Environmental Protection !ƎŜƴŎȅΩǎ ό9t!ύ DǊŜŀǘ [ŀƪŜǎ 

National Program Office (GLNPO) endorsed the formation of a Buffalo Reef Task Force (BRTF). The BRTF 
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is comprised of federal, tribal, and state agencies dedicated to collaboratively developing a long-term 

adaptive management plan to protect the reef and nearby shallow water habitat.  

In 2019, the BRTF released the Buffalo Reef Alternatives Report όǘƘŜ άнлмф !ƭǘŜǊƴŀǘƛǾŜǎ wŜǇƻǊǘέύΣ ǿƘƛŎƘ 

evaluated 13 alternative approaches to remediating the copper mining waste and protecting Buffalo 

Reef (USACE 2019). The 2019 Alternatives Report included a No Action alternative and recommended 

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

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

Engineers (USACE) to complete a feasibility study. The feasibility study further evaluated the άNo Actionέ 

and three alternatives, leading to the .w¢CΩǎ selection of a preferred alternative (also known as the 

άtƻǘŜƴǘƛŀƭ tƭŀƴέύ to protect Buffalo Reef and restore nearby juvenile Lake Whitefish and Lake Trout 

habitat. The preferred alternative 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. From 2001 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 dressed pounds during these years (Mattes 2003-20). Harvests pursuant to treaty rights in 

ceded territories supply tribal members with fish to meet 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 

/ƻƳƳǳƴƛǘȅΩǎ όY.L/ύ ǘǊŀŘƛǘƛƻƴŀƭ ŀƴŘ ŎƻƴǘƛƴǳƛƴƎ ǊŜƭŀǘƛƻƴǎƘƛǇ ǿƛǘƘ Buffalo Reef. Stamps sands can also, as 

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. Without 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 existing native sand 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 in genetic diversity of Lake Trout, posing lake-wide 

ƛƳǇŀŎǘǎ ŀƴŘ ŦǳǊǘƘŜǊ ƭŜǎǎŜƴ ǘƘŜ ǊŜƎƛƻƴΩǎ ŎƭƛƳŀǘŜ ǊŜǎƛƭƛŜƴŎȅΦ From a tribal perspective, the loss of cultural 

subsistence fishing to the tribes that fish these waters would be incalculable.  

ES 3. Indigenous Traditional Ecological Knowledge 

To elevate indigenous knowledge in federal decision-making, 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 White House-led effort from March through 

May 2022. Specifically, the OSTP-CEQ memorandum: 
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¶ 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. 

¶ Creates an Interagency Working Group on ITEK, which will initiate a process to develop 

government-wide guidance for Federal agencies on elevating ITEK, with Tribal consultation, 

Native community engagement, as well as agency, expert, and public input. 

¶ Highlights ongoing examples of ITEK collaboration between Tribal Nations, Native 

communities, and the Federal Government. 

ES 4. Initial Screening of Alternatives  

The 2019 Alternatives Report recommended three alternatives for further evaluation. Those alternatives 

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 eliminated from 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 of long-term OMRR&R 

of the armor stone feature. Consequently, the Upland Placement Site Alternative όά¦ǇƭŀƴŘ !ƭǘŜǊƴŀǘƛǾŜέύ 

and the No Action !ƭǘŜǊƴŀǘƛǾŜΣ ŀƭǎƻ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άNo Action,έ ǿŜǊŜ ŎŀǊǊƛŜŘ ŦƻǊǿŀǊŘ ŦƻǊ ŀ ŘŜǘŀƛƭŜŘ 

evaluation.  

ES 5. Detailed Alternative Evaluation 

The Upland Alternative was further evaluated by refining planning and engineering considerations 

related to implementation and OMRR&R activities. The No Action and Upland Alternatives were 

evaluated based on their 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. 

¢ƘŜ άǊƻōǳǎǘƴŜǎǎέ ƻŦ .ǳŦŦŀƭƻ wŜŜŦ ŀƴŘ ƛǘǎ ǎǳǊǊƻǳƴŘƛƴƎ Ƙŀōƛǘŀǘǎ ƛƴ ǊŜǎǇƻƴǎŜ ǘƻ ǇǊƻƧŜŎǘ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ 

was estimated for each alternative. The robustness criteria were: 1) relative ecosystem recovery 

estimated relative to the pre-stamp sands condition and No Action condition; and 2) relative ecosystem 

recovery duration. ΨRelative ecosystem recoveryΩ is an estimate of the anticipated condition after project 

implementation, assigned a percentage. The percentage represents the anticipated habitat recovery 

after alternative implementation relative to the pre stamp sand condition (rated as 100%) and No Action 

condition (rated as 0%). 

¢ƘŜ ΨŘǳǊŀǘƛƻƴ ƻŦ ŜŎƻǎȅǎǘŜƳ ǊŜŎƻǾŜǊȅΩ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ǘƛƳŜ ǊŜǉǳƛǊŜŘ ǘƻ ǊŜŀŎƘ ǘƘŜ ΨǊŜƭŀǘƛǾŜ ŜŎƻǎȅǎǘŜƳ 

ǊŜŎƻǾŜǊȅΩ ŎǊƛǘŜǊƛŀ ƛƴ ¢ŀōƭŜ 9{-2. It is measured in terms of fish generations, 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 expected to begin after 

large-scale implementation dredging is complete. The recovery duration is estimated to be longer for 

alternatives with longer OMRR&R dredging requirements.   
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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. For the No Action Alternative, 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 remains a significant likelihood that the Federal project funding 

for harbor maintenance would not be consistent. The 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 be eliminated. The 

No Action alternative was estimated to have a 0% recovery in comparison to the pre-stamp sand 

condition. The No Action !ƭǘŜǊƴŀǘƛǾŜ wŜƭŀǘƛǾŜ 9ŎƻǎȅǎǘŜƳ wŜŎƻǾŜǊȅ 5ǳǊŀǘƛƻƴ ǿŀǎ ǊŀǘŜŘ ŀǎ άbƻǘ 

!ǇǇƭƛŎŀōƭŜέ ōŜŎŀǳǎŜ ƴƻ ƛƳǇǊƻǾŜƳŜƴǘ ǘƻ ǊŜŘǳŎƛƴƎ ǎǘŀƳǇ ǎŀƴŘ ŜƴŎǊƻŀŎƘƳŜƴǘ ƻŦ ǘƘŜ ǊŜŜŦ ŀƴŘ ƛƳǇƻǊǘŀƴǘ 

nursery habitat results from this alternative. 

ES 5.2 Upland Placement Site Alternative  

The Upland Placement Site Alternative (Upland Alternative) includes 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 dredging during implementation. Mitigation for impacts caused by implementing the 

Upland Alternative, such as wetland filling, would be required and have been documented in this report.  

The Upland Alternative was evaluated for three implementation scales: 

¶ Upland-Small, 4.3 Million Cubic Yards (MCY) of stamp sands dredged; 

¶ Upland-Medium, 8.7 MCY of stamp sands dredged; and 

¶ Upland-All, 12.7 MCY of stamp sands dredged. 

Implementation of the Upland Alternative includes the following activities: planning, engineering, and 
design; real estate acquisition including lands, easements, rights-of-way, and relocation; maintenance 
dredging; construction and construction management; performance monitoring and adaptive 
management; and mitigation.  
 

 

 

 

 

 

 

 

 

 

 

 
 

Figure ES-2: Upland Placement Alternative: Small, Medium, All Dredging Scales represented (left to right). S Shoreline ς South 
Shoreline; M Shoreline ς Middle Shoreline; and N Shoreline ς North 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 
project 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 and the duration of the Operations, Maintenance, Repair, Replacement, 

and Rehabilitation (OMRR&R) phase decrease. 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 Traverse Harbor 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 effective beneficial 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 OMRR&R duration are summarized in Table ES-1.  
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Table ES-1. Total Cost Implementation Phase - Upland Placement Alternative, Three Scales 

Feature 
Upland-Small 

($)1 
Upland-

Medium ($)1 
Upland-All 

($)1 

Grand Traverse Harbor Maintenance Dredging 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 Relocation 288,000 288,000 288,000 

CDJ 55,926,000 55,926,000 55,926,000 

CDJ Dredging 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 Shoreline 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 Assurances2 1,000,000 1,000,000 1,000,000 

Estimated Construction Cost 547,430,000 741,467,000 939,198,000 

Contingency (30-36%)3 197,075,000 222,440,000    338,111,000 

Real Estate4 36,000,000 36,000,000 36,000,000 

Total Construction Cost 780,505,000 999,907,000 1,313,309,000 

Design Phase5 92,152,000 115,640,000 148,908,000 

Construction Management6 59,560,000 77,113,000 102,185,000 

Total Project Cost (Unescalated) $932,217,000 $1,192,660,000 $1,564,402,000 

Total Project Cost (Escalated)7 $1,153,167,000 $1,544,163,000 $2,119,609,000 
1 All costs are presented at the October 2022 price level and rounded to the nearest $1,000.  

2 tŜǊ {ŜŎǘƛƻƴ онпΦммрно ƻŦ ǘƘŜ {ǘŀǘŜ ƻŦ aƛŎƘƛƎŀƴΩǎ tŀǊǘ ммр {ƻƭƛŘ ²ŀǎǘŜ aŀƴŀƎŜƳŜƴǘ !ŎǘΣ ŀ ƭŀƴŘŦƛƭƭ Ƴǳǎǘ ǇǊƻǾƛŘŜ ǳǇ ǘƻ Ϸмa ƛƴ 

financial assurances for the maintenance of a completed facility. 

3Because of the uncertainty in the dredging quantities, contingency for Small and All-scaled alternatives is 36% and Medium-

scaled alternative is 30%. See Cost Appendix for more information.   
4Real estate costs were increased by a 20% contingency.  
5Planning, 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. 
7To 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 Manual EM 1110-2-1304, Civil Works Construction Cost Index System.   
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ES 5.2.1 Risk 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, contractor availability, 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 savingsτoptimizing the Upland Placement Site design 

to reduce cost. The feasibility-level design includes stone as the first berm lift. During the detailed design 

ǇƘŀǎŜΣ ǘƘŜ ƭŀƴŘŦƛƭƭ ōŜǊƳΩǎ ǎƛȊŜ ŀƴŘ ƳŀǘŜǊƛŀƭ ǿƻǳƭŘ ōŜ ŜǾŀƭǳŀǘŜŘΦ ¢ƘŜ ǎǘƻƴŜ ōŜǊƳ ƛǎ ŀǇǇǊƻȄƛƳŀǘŜƭȅ Ϸссф 

million of the current estimated cost of $2.1 billion for the Upland-All scale. Both costs are escalated to 

the midpoint of construction. 

ES 5.2.2 OMRR&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 the No Action Alternative; 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 CDJ, and dredging would 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 volume of stamp sands 

trapped by the CDJ and estimated dredging frequency. 

ES 5.2.3 Upland Alternative ς Small (Upland-Small) 

Upland-Small (Figure ES-1) 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 annual implementation budget of $100-$120M, the 

estimated project cost including escalation is found in Table ES-1, and implementation duration is found 

in Table ES-2. An estimated 4.3 MCY would be dredged during construction. For OMRR&R dredging, 

approximately 8.4 MCY is estimated to remain, and OMRR&R duration for implementation, 

ƳŀƛƴǘŜƴŀƴŎŜ ŘǊŜŘƎƛƴƎ ŀƴŘ {ǘŀǘŜ ƻŦ aƛŎƘƛƎŀƴΩǎ ǊŜƎǳƭŀǘƻǊȅ Ǉƻǎǘ ŎƭƻǎǳǊŜ ŎŀǊŜ ƛǎ ŦƻǳƴŘ ƛƴ ¢ŀōƭŜ 9{-2. In 

ŎƻƳǇŀǊƛǎƻƴ ǘƻ ǘƘŜ aŜŘƛǳƳ ŀƴŘ !ƭƭ ǎŎŀƭŜ ŀƭǘŜǊƴŀǘƛǾŜǎΣ ǘƘŜ {Ƴŀƭƭ ǎŎŀƭŜΩǎ ǊŜƭŀǘƛǾŜ Ŝcosystem recovery after 

project implementation was estimated to be the lowest because it has the smallest volume of stamp 

ǎŀƴŘǎ ǘƘŀǘ ǿƻǳƭŘ ōŜ ŘǊŜŘƎŜŘ ŘǳǊƛƴƎ ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ǇƘŀǎŜΦ ¢ƘŜ {Ƴŀƭƭ ǎŎŀƭŜΩǎ ǊŜƭŀǘƛǾŜ ŘǳǊŀǘƛƻƴ ŦƻǊ 

recovery was longer than the All scale but the same as the Medium scale (Table ES-2) because the Small 

and Medium scales include the dredged areas that cause the greatest impacts to the reef (Table ES-2). 

ES 5.2.4 Upland Alternative ς Medium (Upland-Medium) 

Upland-Medium (Figure ES-1) 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 order. Assuming an annual implementation budget of 

$100-$120M, the estimated project cost including escalation is found in Table ES-1, and implementation 

duration is found in Table ES-2. For OMRR&R dredging, approximately four MCY is estimated to remain, 
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ŀƴŘ ǘƘŜ ŘǳǊŀǘƛƻƴ ƻŦ hawwϧw ŦƻǊ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴΣ ƳŀƛƴǘŜƴŀƴŎŜ ŘǊŜŘƎƛƴƎ ŀƴŘ {ǘŀǘŜ ƻŦ aƛŎƘƛƎŀƴΩǎ 

regulatory post closure care is found in Table ES-1. In comparison to the Small and All scale alternatives, 

ǘƘŜ aŜŘƛǳƳ ǎŎŀƭŜΩǎ ǊŜƭŀǘƛǾŜ ŜŎƻǎȅǎǘŜƳ ǊŜŎƻǾŜǊȅ ŀŦǘŜǊ ǇǊƻject implementation was estimated to be 

greater than the Small scale but less than the All scale because the dredged volume for the Medium 

ǎŎŀƭŜ ǿƻǳƭŘ ōŜ ƳƻǊŜ ǘƘŀƴ ǘƘŜ {Ƴŀƭƭ ǎŎŀƭŜ ŀƴŘ ƭŜǎǎ ǘƘŀƴ ǘƘŜ !ƭƭ ǎŎŀƭŜΦ ¢ƘŜ aŜŘƛǳƳ ǎŎŀƭŜΩǎ ǊŜƭŀǘƛǾŜ 

duration for recovery was estimated to be longer than the All scale but the same as the Small Scale 

(Table ES-2. Alternative Comparison Matrix). 

ES 5.2.5 Upland Alternative-All (Upland-All) 

Upland-All (Figure ES-1) includes constructing all necessary infrastructure 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 budget of $100-$120M, the estimated project cost including escalation is found in Table 

ES-1, and implementation duration is found in Table ES-2. For OMRR&R dredging, approximately 

500,000 CY is estimated to remain, and the duration of OMRR&R for implementation, maintenance 

ŘǊŜŘƎƛƴƎ ŀƴŘ {ǘŀǘŜ ƻŦ aƛŎƘƛƎŀƴΩǎ ǊŜƎǳƭŀǘƻǊȅ Ǉƻǎǘ ŎƭƻǎǳǊŜ ŎŀǊŜ ƛǎ ŦƻǳƴŘ ƛƴ ¢ŀōƭŜ 9{-2. In comparison to 

ǘƘŜ aŜŘƛǳƳ ŀƴŘ {Ƴŀƭƭ ǎŎŀƭŜ ŀƭǘŜǊƴŀǘƛǾŜǎΣ ǘƘŜ !ƭƭ ǎŎŀƭŜΩǎ ǊŜƭŀǘƛǾŜ ŜŎƻǎȅǎǘŜƳ ǊŜŎƻǾŜǊȅ ŀŦǘŜǊ ǇǊƻƧŜŎǘ 

implementation was estimated to be the greatest, and the relative duration for recovery was estimated 

to be shorter than the duration estimated for the Small and Medium scales (Matrix Table). 
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Table ES-2. Alternative Comparison Matrix 

 
 
 

Alternative 
Dredging Scale 
(Volume, MCY) 

 
 

Robustness 
 

 
 

Implementation 
Assuming $100-$120M/YR  

Funding Level 
2025 Implementation Begins 

 

Operation, Maintenance, Repair, Rehabilitation and Replacement (OMRR&R) 

 
Average 
Annual 

Costs ($) 

 

 
Estimated Duration (Years) 

Relative 
Ecosystem 
Recovery 

Relative 
Duration for 

Recovery 

Project 
First Cost 

($) 

Escalated  
($) 

Duration 
(Years) 

Implementation 
 

Dredging 
 

MI Regulatory 
Post Closure 

 
Total 

No Action 0% 
N/A, stamp 

sands remain 
N/A N/A N/A N/A N/A N/A N/A N/A 

Upland Placement Alternatives 

Small (4.3) 
 40-60% 

3 fish 
generations 

$0.9B $1.2B 13 $5.1M 13 ~200 30 ~243 

Medium (8.7) 
 

60-80% 
3 fish 

generations 
$1.2B $1.5B 16 $4.6M 16 ~140 30 ~186 

All (12.7) 
 

80-90% 
1 fish 

generation 
$1.6B $2.1B 20 $1.8M 20 ~20 30 ~70 

Removal - CDJ N/A N/A $56M1     

Estimated 
Removal Date: 

When 
maintenance 
dredging is 
complete. 

 N/A 

This matrix summarizes the feasibility analysis.  
B = Billions; M = Millions 
1Removal cost is estimated as half the construction cost. The cost is presented at the October 2022 price level. 
*Robustness ς Relative Ecosystem Recovery. This criterion estimates the recovery of Buffalo Reef and the surrounding shallow water spawning and recruitment habitats for each 
alternative. 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% recovery representing no stamp sands presence and 0% recovery representing no recovery. 
*Robustness ς Relative Duration for Recovery. This 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 years) required for the population to re-establish after 
dredging during construction is completed.  
*Implementation Cost. This criterion is the total estimated implementation cost for an alternative. Implementation costs include construction; lands, easements, rights-of-way, 
relocation, and disposal facility; project design; construction management; performance monitoring and adaptive management; and mitigation.  
 Project First Cost ($)- Costs are presented at the October 2022 price level and rounded to the nearest $100M. 
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 Escalated ($) -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 Manual EM 1110-2-1304, Civil Works Construction Cost Index System.  

*Implementation Duration. ¢Ƙƛǎ ŎǊƛǘŜǊƛƻƴ ƛǎ ǘƘŜ ŜǎǘƛƳŀǘŜŘ ǘƛƳŜ όƛƴ ȅŜŀǊǎύ ǊŜǉǳƛǊŜŘ ŦƻǊ ŀƴ ŀƭǘŜǊƴŀǘƛǾŜΩǎ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ǇƘŀǎŜΦ LƳǇƭŜƳŜƴǘŀǘƛƻƴ ŘǳǊŀǘƛƻƴ ǿas estimated assuming 
implementation budget was $100-$120M/year.  
*OMRR&R, Average Annual Cost ς Estimated costs do not include cost contingency. This criterion is the simple average of estimated 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.  
*OMRR&R, Duration of Activities ς OMRR&R activities begin during the first year of construction. As project features are completed, it was assumed the feature would be turned 
over to the nonfederal sponsor, and the nonfederal sponsor would be responsible for completing the OMRR&R. Refer to Section 6.1.5 for details.  
 Implementation ς Duration of OMRR&R during implementation of each alternative. Rounded to the nearest year.  

Maintenance Dredging ς Duration of maintenance dredging estimated by assuming 100,000 cubic yards every three years was dredged from the updrift side of the CDJ 
and disposed. The duration was estimated assuming remaining stamp sands updrift of the CDJ would require removal. The estimated duration was rounded to the 
nearest 10s place.  
MI Regulatory Post Closure ς The post-closure care duration per State of Michigan operating permit for the landfill was estimated to be 30 years from the successful 
closure of the landfill.  
Total ς Is equal the sum of the durations for Implementation, Maintenance Dredging and Mi Regulatory Post Closure criteria.  
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ES 6. Selection of the Upland Alternative as the Potential Plan 

With the No Action Alternative, 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 stamp sands. Stamp sands would 

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

water nursery habitat for Lake Whitefish. From a tribal perspective, the loss of cultural subsistence 

fishing to the tribes that fish in the vicinity of Buffalo Reef would be incalculable. In comparison, the 

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

Placement Alternative was selected ōȅ ǘƘŜ .w¢C ŀǎ ǘƘŜ ǇǊŜŦŜǊǊŜŘ ŀƭǘŜǊƴŀǘƛǾŜ ŀƴŘ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ .w¢CΩǎ 

Potential Plan. The Upland Alternative includes the following measures:  

¶ the CDJ, 

¶ a landfill, 

¶ construction roads, 

¶ a water treatment plant, 

¶ dredging in the following locations: South Shoreline, Middle Shoreline, North Shoreline, Trough, 

and Dune, 

¶ beach nourishment, 

¶ maintenance dredging during implementation, and  

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

ES 6.1.1 Importance of the Coal Dock Jetty 

The CDJ would minimize ongoing damage of Buffalo Reef and adjacent habitats. The CDJ would trap 

updrift stamp sands that are transported along the shoreline and into Buffalo Reef. It would also provide 

an off-loading platform for Lake Superior dredging in the vicinity of the reef. Previous dredging 

operations have demonstrated mechanical dredging is the environmentally acceptable method for 

removing stamp sands in water (Planning Appendix). Scows holding dredged stamp sands would be 

emptied by excavators staged on the CDJ. The stamp sands would be off-loaded into dump trucks for 

transport.  

Currently, dredging crews must navigate to Grand Traverse Harbor for shelter during high wave 

ŎƻƴŘƛǘƛƻƴǎΦ DǊŀƴŘ ¢ǊŀǾŜǊǎŜ IŀǊōƻǊΩǎ ǎƳŀƭƭ ǎƛȊŜ ŀƴŘ ǎƘŀƭƭƻǿ depth limits the number and type of vessels 

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 sheltered mooring and allow for larger dredging equipment, thus increasing dredge 

operation efficiency. 

When not in use during construction, dredging, and transport of stamp sands to the landfill, the CDJ 

could possibly serve as a recreational attraction (e.g., fishing) depending on design, cost, and long-term 

operation and maintenance considerations. The feasibility study assumes the CDJ would eventually be 

removed once its function as a sediment trap and off-loading platform is not needed.   
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ES 7. OMRR&R Maintenance Fund  

After completion of the initial project phase of the Upland-All 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 depending on 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 costs. A hypothetical investment fund has been means tested 

against two investment scenarios, Option 1 ς medium risk, and Option 2 ς low risk.4 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 period. Table ES-3 summarizes those costs.  

Table ES-3. Total Cost Implementation and OMRR&R - Upland Placement Alternative, Three Scales 

Alternative 
Dredging Scale 
(Volume, MCY) 

Possible OMRR&R Fund4 

Option 1 ς 
Medium Risk 

Investment Fund 

Option 2 ς 
Low Risk 

Investment Fund  

No Action 

Upland Placement Alternative 

Small (4.3) 
 

$294,000,000 
95% Success 

$862,000,000 
95% Success 

     Medium (8.7) 
 

$269,000,000 
95% Success 

$772,000,000 
95% Success 

     All (12.7) $168,000,000 
95% Success 

$200,000,000 
95% Success 

      1 Assume fund is established in 2025. 

 
4 It 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 work claims 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 fund as a vehicle for funding the OMRR&R of this 
project to completion.  
 
The OMRR&R Maintenance Fund reflects the present-day investment 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 USACE ǇǊŜǎŜƴǘ ǾŀƭǳŜ ŀƴŀƭȅǎƛǎ ǿƘƛŎƘ ŀǎǎǳƳŜǎ ŀ ǎŜǘ ΨǊŜŀƭΩ ŀƴƴǳŀƭ ŘƛǎŎƻǳƴǘ ǊŀǘŜ ƻŦ нΦр҈ όC¸ нлно ŘƛǎŎƻǳƴǘ 

ǊŀǘŜύ ŦƻǊ ǘƘŜ ŜƴǘƛǊŜ ŘǳǊŀǘƛƻƴ ƻŦ hawwϧwΦ ! ΨǊŜŀƭΩ ǊŜǘǳǊƴ ƛǎ ƛƳǇŀŎǘŜŘ ōȅ ŀ ƳǳƭǘƛǘǳŘŜ ƻŦ ǾŀǊƛŀōƭŜǎ ǎǳŎƘ ŀǎ ƴƻƳƛƴŀƭ 

investment return, inflation, management fees, etc., and the USACE present value analysis does not account for 

the randomness of these variables. Please see the attachment to the Economic Appendix that describes the 

process for which the OMRR&R Maintenance Fund values were developed.  
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ES 8. Regional Economic Analysis5  

The regional economic effects of implementation and OMRR&R of a project are identified for the local, 

state, and national 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. Implementation 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 

local impact area is Houghton, MI Core-based Statistical Area (CBSA) which includes Keweenaw and 

Houghton Counties, and the national level impact area is the United States. The values shown in Table 

ES-4Table ES-3. Total Cost Implementation and OMRR&R - Upland 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; therefore, 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 remaining 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 ES-4. Economic Effects of Implementation and OMRR&R1 

Economic 
Effects 

Implementation OMRR&R 

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 
1 All values are presented per year at the October 2022 price level. The national level values are cumulative and include all local 

and state captured regional output. See the Economics Appendix for full details on the regional economic effects of 

Implementation and OMRR&R. 

ES 9. Conclusion  

The BRTF was formed at the direction of the EPA and tasked with identifying long-term alternatives to 

protect Buffalo Reef and surrounding habitats. The BRTF, with representatives from GLNPO; State of 

Michigan Department of Natural Resources; State of Michigan Department of Environment, Great Lakes, 

and Energy; KBIC; Great Lakes Indian Fish and Wildlife Commission; U.S. Geological Survey; and USACE 

recommends that the Upland Placement Alternative ōŜ ŎƻƴǎƛŘŜǊŜŘ ŀǎ ǘƘŜ .w¢CΩǎ Potential Plan to 

protect Buffalo Reef (Table ES-2). This recommendation reflects the information available to and the 

policy considerations of BRTF agencies and organizations at this time. The recommendation does not 

reflect or presuppose a financial commitment by a Non-Federal Sponsor(s) (NFS) nor a budget 

commitment on the part of any of the participating agencies and organizations. The ability to fund this 

recommendation is entirely dependent on the internal budget constraints and policy considerations of 

these agencies and organizations, including whether funding is specifically authorized and appropriated 

 
5 All values are presented at the October 2022 price level. The national level values are cumulative and include all 
local and state captured regional output. 



 Buffalo Reef ς Final Alternatives Analysis   DRAFT JANUARY 2024 

ES-15 

for this project by federal, tribal, state, and/or local governments. Consequently, the Potential Plan may 

be adaptively managed or, alternatively, be implemented in stages as sufficient funds become available. 

aƻǊŜƻǾŜǊΣ ŀǎ ƻŦ ǘƘŜ ŘŀǘŜ ƻŦ ǘƘƛǎ ǊŜǇƻǊǘΣ ǘƘŜ ǇǊƻƧŜŎǘ ŘƻŜǎ ƴƻǘ ƘŀǾŜ ŀƴ bC{Φ ¢ƘŜ bC{Ωǎ ǊŜǎǇƻƴǎƛōƛƭƛǘƛŜǎ ŦƻǊ 

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 study that informs the long-term 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 new information received since the 2019 report. These 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 nearby areas. The report also documents the evaluation 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. 

Some stamp sands originating from the bustling copper mining industry back in the mid-1800s to early 

1900s were disposed into Lake Superior at Gay, MI. Since then, stamp sands, which are toxic to aquatic 

wildlife, have been transported southward along the shoreline and have covered native sand beaches 

and threatened important fish-spawning and nursery sites. The stamp sands threaten the food supply 

for young fish, and are leaching copper into the environment, thereby impacting the aquatic organisms 

and their habitat. Studies and projects have been initiated at the Federal, tribal, and state levels to 

understand the impact of stamp sands on the spawning and recruitment success on the reef and to 

assess reasonable 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 in this report and the 2019 Buffalo Reef Alternatives Report (USACE 

2019). 

This project is exempt from the National Environmental Policy Act (NEPA) and does not include any 

further discussion on NEPA (Correspondence Appendix).  

1.1 Report Structure 

Chapter 1 ς Introduction: describes the purpose and need, authority to conduct the study, and the study 

area. 

Chapter 2 ς Background, Existing Projects, and Prior Reports: summarizes relevant studies and projects 

underway or completed within the study area. 

Chapter 3 ς Need for and Objectives of Action: discusses the problems within the study area, potential 

opportunities to remedy them, the study goal, planning objectives, and limiting constraints. 

Chapter 4 ς Existing Conditions and Future Without-Project Condition: inventories and describes the 

study area; includes an assessment of pertinent historic, current, and future without-project conditions. 

Chapter 5 ς Alternative Formulation: discusses the formulation and evaluation of the alternatives and 

associated measures: Estimated Implementation and Operation, Maintenance, Repair, Rehabilitation, 

and Replacement (OMRR&R) Costs; Implementation Durations OMRR&R Dredging Duration; and 

Robustness ς Recovery of Ecosystem and Recovery of Ecosystem Duration. 
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Chapter 6 ς Detailed Evaluation of Upland Placement Alternative: describes the formulation and 

associated measures of the Upland Alternative: Estimated Implementation and OMRR&R Costs; 

Implementation Durations OMRR&R Dredging Duration; and Robustness ς Recovery of Ecosystem and 

Recovery of Ecosystem Duration. 

Chapter 7 ς Impacts of the Alternatives: describes 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 8 ς Comparison of the Alternatives and the Selection of the Potential Plan: compares the 

alternatives and selection of the Potential Plan.  

1.2 Study Purpose and Need 

The 2019 Alternatives Analysis Report identified 13 alternatives to address the stamp sands 

encroachment on Buffalo Reef and screened out 10 from further consideration. Further study was 

needed to investigate the feasibility of implementing the remaining three alternatives. 

The purpose of this Report, i.e. The Buffalo Reef ς Final Alternatives Analysis, presented by BRTF, is to 

further evaluate these three alternatives. These alternatives seek to reduce the impact of copper mining 

waste, locally known as stamp sands, on Buffalo Reef and surrounding habitats in the Keweenaw 

Peninsula. This report provides the associated costs, risks, and benefits associated with each alternative 

to inform the selection of a potential alternative.  

1.3 Buffalo Reef Task Force 

In 2017, the EPA endorsed the formation of the BRTF, which is comprised of multiple state, federal, and 

tribal agencies, in response to concerns about the health of the reef and ability of Lake Trout and Lake 

Whitefish to successfully spawn there.6 Several academic institutions and private entities with additional 

knowledge and expertise have provided assistance to the BRTF. Coordinated action by this multiagency 

and stakeholder group is helping to limit further degradation of Buffalo Reef and surrounding habitats 

recognizing that this issue is larger than any single entity can accomplish on its own. The BRTF has been 

working together to develop a long-term management plan to protect the reef, shallow water habitats, 

native sand beaches, Grand Traverse Bay Harbor (also known as Big Traverse Bay Harbor), and 

associated resources including Lake Trout and Lake Whitefish spawning areas. The following agencies 

have participated in the BRTF: 

ω EPA; 

ω USACE ς Detroit, and Chicago Districts; 

ω State of Michigan ς Department of Natural Resources; 

ω State of Michigan ς Department of Environment, Great Lakes, and Energy (EGLE); 

ω Keweenaw Bay Indian Community (KBIC); 

ω Great Lakes Indian Fish and Wildlife Commission (GLIFWC); and 

ω U.S. Geological Survey (USGS). 

 
6 While the BRTF was established in 2017, its current operation is άŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǘƘŜ ǇǊƛƴŎƛǇƭŜǎ ƻŦ WǳǎǘƛŎŜпл ǘƻ 
promote meaningful engagement with stakeholders to ensure community members have an opportunity to 
ǇǊƻǾƛŘŜ ƛƴǇǳǘ ƻƴ ŘŜŎƛǎƛƻƴǎΦέ 
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In addition to academia, indigenous, not-for-profits, industry, and local governmental agencies have 

assisted the BRTF in completing this feasibility study, including but not limited to: 

ω Anishinaabe Knowledge Holders; 

ω Great Lakes Fishery Commission (GLFC); and 

ω Houghton and Keweenaw County Road Commissions. 

1.4 Treaty Obligations 

In 1842, the Lake Superior Chippewa ceded 11 million acres of land to the U.S. government. As part of 

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

territories. The USACE and EPA ǊŜŎƻƎƴƛȊŜ ŀƴŘ ǊŜǎǇŜŎǘ ǘƘŜ [ŀƪŜ {ǳǇŜǊƛƻǊ /ƘƛǇǇŜǿŀΩǎ ǊŜǎŜǊǾŜŘ ǘǊŜŀǘȅ 

rights to hunt, fish, and gather in this area. The rights are rendered useless if the resources are of 

insufficient quantity for the population to survive harvest, or if the resources are so polluted that they 

cannot be consumed safely. 

1.5 Lakewide Action and Management Plan  

A Lakewide Action and Management Plan (LAMP) is a binational action plan for restoring and protecting 

the Great Lakes ecosystems at the lake level. This plan assesses, restores, protects, and monitors the 

ecosystem health of each Great Lake and its connecting river system. It coordinates the work of all the 

government and non-ƎƻǾŜǊƴƳŜƴǘ ǇŀǊǘƴŜǊǎ ǿƻǊƪƛƴƎ ǘƻ ƛƳǇǊƻǾŜ ǘƘŜ ƭŀƪŜΩǎ ŜŎƻǎȅǎǘŜƳΦ The LAMPs are 

developed pursuant to the Great Lakes Water Quality Agreement, in which the governments of Canada 

and the United States have committed to restore and maintain the physical, biological, and chemical 

integrity of the waters of the Great Lakes.  

[ŀƪŜ {ǳǇŜǊƛƻǊΩǎ ƭŀǘŜǎǘ [!at (2015-2019) was developed building upon a wide variety of local, tribal, 

state, provincial, national, and binational plans. The 2015 LAMP identified 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 recognized the importance of άǘƘŜ ƛƴǾŜǎǘƛƎŀǘƛƻƴΣ 

evaluation, and if feasible, the implementation of dredging solutions or other habitat restoration efforts 

ŀǘ .ǳŦŦŀƭƻ wŜŜŦέ όECCC & EPA 2016). Furthermore, the LAMP (2020-2024) contains similar language 

recognizing the importance of taking action to ά[p]rotect Buffalo Reef (MI) and nearshore areas in 

Traverse Bay from further encroachment of stamp sands, and work toward long-term mitigation 

ǎǘǊŀǘŜƎƛŜǎ ŀƴŘκƻǊ ǎƻƭǳǘƛƻƴǎέ όECCC & EPA 2022).  

Additionally, in November of 2019, the Lake Superior Committee, which represents the fishery 

management agencies of Lake Superior, released a document highlighting four environmental priorities 

aimed at improving the production of fish species of common concern including Lake Trout and Lake 

Whitefish. The protection of Buffalo Reef was included in the environmental priorities list because the 

άώǊŜŜŦϐ ǎŜǊǾŜǎ ŀǎ ŀƴ ƛƳǇƻǊǘŀƴǘ ǊŜǇǊƻŘǳŎǘƛǾŜ ŀƴŘ ƴǳǊǎŜǊȅ ŀǊŜŀ ŦƻǊ Lake Trout and Lake Whitefish that 

support ŦƛǎƘŜǊƛŜǎ ƛƴ [ŀƪŜ {ǳǇŜǊƛƻǊέ όGreat Lakes Fishery Commission 2019). 
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1.6 Great Lakes Restoration Initiative Action Plan III 

The Great Lakes Restoration Initiative (GLRI or the άInitiativeέ) was launched in 2010 as a non-regulatory 

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 critical long-term goals for 

this important ecosystem (GLRI Action Plan III 2019). 

Under GLRI Action Plan III, GLRI federal agencies will continue to identify and implement programs and 

projects that will best advance progress toward achieving long-term Great Lakes goals in partnership 

with states, tribes, and other nonfederal stakeholders. The GLRI Action Plan has five focus areas used to 

identify an appropriate mitigation strategy by providing clear objectives and commitments specific to 

each focus area.  

¶ 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 Species (Figure 1-1) 

¶ Focus Area 5: Foundations for Future Restoration Actions 

 

 
Figure 1-1: GLRI Action Plan III Focus Area 4 Objective (GLRI 2019). 

The protection of Buffalo Reef and the restoration and protection of nearby shallow water Lake 

Whitefish nurseries furthers these objectives and commitments of Focus Area 4: Habitats and Species. 

Lake Trout and Lake Whitefish are native to Lake Superior and have used Buffalo Reef as a spawning and 

recruitment area. By dredging the stamp sands, Buffalo Reef, and the surrounding habitats vital to the 

life cycle of the Lake Whitefish and Lake Trout would be protected or restored. Spawning reefs at 

Traverse Island and Grand Traverse Point would be protected from future destruction by the transport 

and deposit of stamp sands. 
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Figure 1-2: Protection of Buffalo Reef and Surrounding Habitats 

1.7 Study Authority and Relevant Executive Orders, Memorandums and Agreements 

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

ǇǊƻǾƛŘŜǎ ŦƻǊ ǘƘŜ ǊŜǎǘƻǊŀǘƛƻƴ ƻŦ ǘƘŜ ŎƘŜƳƛŎŀƭ ŀƴŘ ōƛƻƭƻƎƛŎŀƭ ƛƴǘŜƎǊƛǘȅ ƻŦ ǘƘŜ ƴŀǘƛƻƴΩǎ waters. Protection of 

Buffalo Reef would maintain a resource critical for the integrity of Lake Superior and improve habitat 

diversity. 

Relevant executive orders, memorandums and agreements include but are not limited to the following:  

Tribal Addition: Executive Order 14008, Tackling the Climate Crises at Home and Abroad 

(January 27, 2021) ς 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 Memorandum ς Indigenous Traditional Ecological 

Knowledge and Federal Decision Making ς The CEQ memorandum recognizes the 

importance of ITEK and commits to elevating its role in Federal scientific and policy processes 

and decision-making. 

Great Lakes Water Quality Agreement - The 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 provides a framework for 

identifying binational priorities and implementing actions that improve water quality. The 

Agreement recognizes the need for "science-based management ς implementing 

management decisions, policies and programs that are based on best available science, 

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 ς considering social, economic and 

environmental factors and incorporating a multi-generational standard of care to address 

current needs, while enhancing the ability of future generations to meet their needs." Using 

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 exposure through the food 

chain; and supporting healthy and productive wetlands and other habitats to sustain resilient 

populations of native species. 

1.8 Non-Federal Sponsor 

The Buffalo Reef Task Process is seeking a Non-Federal Sponsor (NFS) as a partner on this project. A NFS 

would be responsible for activities identified in a partnership agreement. This report informs potential 

NFSs of the possible roles and expectations (costs and scope of work) that may be necessary throughout 

ǘƘŜ ǇǊƻƧŜŎǘΩǎ ŘǳǊŀǘƛƻƴΦ  

1.9 Study Area 

The study area covers the Keweenaw Peninsula in Lake Superior and encompasses Houghton, 
Keweenaw, and Baraga counties ŀƴŘ [Ω!ƴǎŜ wŜǎŜǊǾŀǘƛƻƴ (Figure 1-3). This study area was used to 
analyze the productivity of Buffalo Reef and Lake Superior and highlight the importance of this region to 
communities and ecosystems that are threatened by the encroachment of stamp sands on Buffalo Reef. 
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Figure 1-3: Study Area Map 

1.10 Project Area 

Buffalo Reef is a 2,200-acre natural cobbled underwater landscape located in Grand Traverse Bay on the 

ŜŀǎǘŜǊƴ ǎƛŘŜ ƻŦ ǘƘŜ YŜǿŜŜƴŀǿ tŜƴƛƴǎǳƭŀ ƛƴ aƛŎƘƛƎŀƴΩǎ ¦ǇǇŜǊ tŜƴƛƴǎǳƭŀΦ .ǳŦŦŀƭƻ wŜŜŦ ƛǎ ƻŦŦǎƘƻǊŜ of 

Grand Traverse Bay Harbor. The Wolverine and Mohawk Mining CompanyΩǎ stamp mill operations, 

which occurred from the mid-мурлϥǎ ǳƴǘƛƭ ǘƘŜ мфолΩǎΣ directly discharged stamp sands directly into Lake 

Superior adjacent to Gay, MI. An estimated 22.7 million metric tons (25 U.S. tons, approximately 16 

MCY) of stamp sands were discharged from the mining operations between 1901-1932 (Kerfoot 2019). 

Due to storms, wind, and the natural behavior of the littoral system, the stamp sands have been 

transported along the five-mile shoreline to the Grand Traverse Bay Harbor in Lake Linden, MI. Figure 

1-4 shows the project area.    
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Figure 1-4: Project Area Map 

1.11 Public Involvement  

The formation of the BRTF in 2017 was a major step to addressing the stamp sands and protecting 

Buffalo Reef. The BRTF used videos, newsletters, and news releases to share information with the 

public. Table 1-1 summarizes the various outreach activities used to communicate with stakeholders and 

the public. 

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

Linden, MI. More than 90 stakeholders including State officials, reporters, and university students 

attended the meeting which provided an updated status of the project and introduced .w¢CΩǎ tƻǘŜƴǘƛŀƭ 

Plan. Topics included: project overview, schedule, funding, and documenting public comments and 

questions. 
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Table 1-1. Public Outreach Efforts 

Outreach Activity Date Location Note 

Video June 2020 

Online Video ς ά{ŀǾƛƴƎ .ǳŦŦŀƭƻ 
wŜŜŦέ 

 
https://vimeo.com/426391352 

https://www.mtu.edu/mtri/resea
rch/project-

areas/environmental/water/stam
p-sands/ 

 

KBIC/GLIFWC showcase the 
importance of Buffalo Reef 

Newsletter (in 
place of in-person 
meeting due to 

COVID) 

August 
2020  

https://keweenawcountyonline.o
rg/pictorials/2316.pdf 

MI Department of Natural 
Resources (DNR) highlights 
progress on protecting the 

Reef 

Public Notice 
Letter 

June 2021 Email/Mail 
BRTF requests underground 

feature information 

Stanton Township 
Board Meeting 

March 10, 
2022 

Sherman Township 

Michigan Department of 
Environment, Great Lakes, 

and Energy (EGLE) 
Representative provides 
updates to local towns 

Public Meeting 1 
August 3, 

2017 
Lake Linden-Hubbell High School, 

Lake Linden, MI 
Initial introduction to 
dredging stamp sands 

Public Meeting 2 
January 
30, 2018 

Lake Linden-Hubbell High School, 
Lake Linden, MI 

Solicit input on 
Management Alternatives 
being considered for the 

Adaptive Management Plan 

Public Meeting 3 
January 
31, 2018 

Michigan Technological 
University, Houghton, MI 

Sponsored a scientific 
symposium on Buffalo Reef. 

Six breakout sessions 
conducted. 

Public Meeting 3b 
October 

2018 
Michigan Technological 

University, Houghton, MI 

Solicit input in development 
of beneficial uses and 

provide Task Force updates 

Public Meeting 4 
July 31, 
2019 

Lake Linden-Hubbell High School, 
Lake Linden, MI 

Share three alternatives 
moving forward for further 

evaluation 

Public Meeting 5 
July 12, 
2022 

Lake Linden-Hubbell High School, 
Lake Linden, MI 

Share evaluation process 
and recommended 

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 Copper Mining History 

The Keweenaw Peninsula in northern Michigan contained ǘƘŜ ǿƻǊƭŘΩǎ ƭŀǊƎŜǎǘ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ƻŦ ƳŜǘŀƭƭƛŎ 

ƴŀǘƛǾŜ ŎƻǇǇŜǊΦ aƛŎƘƛƎŀƴΩǎ ŎƻǇǇŜǊ ŘŜǇƻǎƛǘǎ ǿŜǊŜ ŦƛǊǎǘ ǳǘƛƭƛȊŜŘ ōȅ bŀǘƛǾŜ !ƳŜǊƛŎŀƴǎΣ ǿƘƻ ŦŀǎƘƛƻƴŜŘ 

copper tools and adornments from easily accessible copper chunks. According to the Economic Impact 

of the 1837 and 1842 Chippewa Treaties, the resources in the ceded land, especially the copper, were 

άŜǎǎŜƴǘƛŀƭ ƛƴƎǊŜŘƛŜƴǘǎ ŦƻǊ ǘƘŜ ƛƴŘǳǎǘǊƛŀƭ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴ ƻŦ ƭŀǘŜ ƴƛƴŜǘŜŜƴǘƘ ŀƴŘ ŜŀǊƭȅ ǘǿŜƴǘƛŜǘƘ-century 

!ƳŜǊƛŎŀΦέ CƻǊ ƛƴǎǘŀƴŎŜΣ άǘƘŜ ŎƻǇǇŜǊ ƻŦ ǘƘŜ YŜǿŜŜƴŀǿ ǇƻǳǊŜŘ ƛƴǘƻ ǿƛǊŜǎ ŀƴŘ ƳŀŘŜ ǘƘŜ ǘŜƭŜǇƘƻƴe 

ǎȅǎǘŜƳ ǇƻǎǎƛōƭŜέ ό²ǊƻƴŜ мффоύΦ  

French explorers were told of copper deposits by Chippewa Indians in the early 17th century. However, 

mining was not attempted until the 18th century, when Alexander Henry opened the first mine in 1771 

and sent the massive five-ǘƻƴ άhƴǘƻƴŀƎƻƴ .ƻǳƭŘŜǊέ ƻŦ ǇǳǊŜ ƴŀǘƛǾŜ ŎƻǇǇŜǊ ǘƻ 5ŜǘǊƻƛǘ ŀǎ ŜǾƛŘŜƴŎŜ ƻŦ ǘƘŜ 

ǊŜƎƛƻƴΩǎ ǊƛŎƘƴŜǎǎ όa{¦ нлннύΦ ¢ƘŜ ŎƻǇǇŜǊ ƳƛƴƛƴƎ άǊǳǎƘέ ōŜƎŀƴ ƛƴ ǘƘŜ ŜŀǊƭȅ муплǎΣ ǿƛǘƘ Ŏƻƴǘƛƴǳƻǳǎ 

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 rock (Figure 2-1). In total, 4.8 million metric tons (approximately 11 billion 

pounds) of copper have been mined from native copper deposits (Benedict 1955). The copper 

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

States. From the mid-1800s to the early 1900s, copper mines in this peninsula were used for Trans-

Atlantic cables, telegraphs, electricity, and the auto industry. The U.S. government also used Keweenaw 

copper in three major wars (NPS 2019). ¢ƘŜ ǊŜƳƻǾŀƭ ƻŦ ŎƻǇǇŜǊ ŦǊƻƳ ǘƘŜ ƭŀǾŀ ƻǊŜ ƛƴǾƻƭǾŜŘ άǎǘŀƳǇƛƴƎέ 

the ore of which produced vast amounts of by-product (άtailingsέ), locally known as stamp sands. These 

discarded stamp sands are dark colored, sand-sized basaltic lava laced with copper. 

In the early 1890s, Mohawk Mining Company established copper mining facilities in the Upper 

Peninsula. In 1923, Mohawk Mining Co. absorbed the Wolverine Mine, which was then utilizing two 

stamp mills in Gay, MI (Figure 2-2). The mills discharged the stamp sands into the Lake Superior adjacent 

to Gay, MI. By 1932, copper resources diminished and the Mohawk Mine ceased operation. Although 

the mining stopped, the stamp sands discharged to Lake Superior continued to be transported south 

along the shoreline and out into the lake. Remnants of the stamp mill conveyor and original pile of 

stamp sands remain visible.  
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Figure 2-1: Historic Copper Mining Mills 

 

 

 

 

 

 

 

 

Figure 2-2: Before (left) and After (right) of the Mohawk/Wolverine Conveyor. The conveyor was used to transport coarse stamp 
sands, into Lake Superior. Fine stamp sands (slime) were combined with water in the concrete flume. Today, only the flume and 

wooden piles remain. 

2.1.2 Buffalo Reef Fishery 

Buffalo Reef is an approximately 2,200-acre cobble field where many native fish species spawn, 

especially Lake Trout (Salvelinus namaycushύΣ ǎǇŜŎƛŦƛŎŀƭƭȅ ǘƘŜ άƭŜŀƴέ ƳƻǊǇƘƻǘȅǇŜΣ and Lake Whitefish 

(Coregonus clupeaformis). The reef is recognized as an important Lake Trout spawning reef in the Atlas 

of Spawning and Nursery Areas in the Great Lakes, Volume 2 (Goodyear et al., 1982). Lake Trout and 

Lake Whitefish share similar life histories including timing and habitat preferences for spawning. Lake 

Piles 

Conveyor 
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Trout start reaching sexual maturity around seven to nine years of age and around five to six years of 

age for Lake Whitefish. Both species of fish have been noted to skip a spawning year, such that only part 

of the population would spawn in any given year. This spawning skip has been known to extend the 

ŦƛǎƘŜǎΩ ǊŜǇǊƻŘǳŎǘƛǾŜ ŀƎŜǎ ǿŜƭƭ ƛƴǘƻ ǘƘŜƛǊ ǘǿŜƴǘies. Figure 2-3 highlights the general life cycle of Lake 

Whitefish and Figure 2-4 highlights the spawning over Buffalo Reef for Lake Trout and Lake Whitefish. 

 
Figure 2-3: Lake Whitefish Life Cycle. Lake Trout share a similar life cycle to Lake Whitefish. (Michigan Sea Grant)  

 
Figure 2-4: Lake Trout and Lake Whitefish Life Cycles at Buffalo Reef. (USACE) 

At Buffalo Reef, these two species broadcast spawn in the fall over the reef on cobble and bedrock 

substrates. Based on preliminary data from USGS in 2022, the general spawning area for both species is 
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in the center of the reef largely over cobble with voids (Shown as the solid black outline in Figure 2-5). 

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 spawn on the tip of the reef and in the shallow 

near shore. Eggs are deposited in the small void spaces, known as interstitial spaces, between cobbles, 

and are thus protected from wave action and predation as they overwinter under the ice. The fish hatch 

in the spring, after which the Lake Trout larvae move toward the deeper regions of the reef, whereas 

the Lake Whitefish move to the shallows of the native sand beaches of the lower bay for their nursery 

habitat consuming benthic and pelagic invertebrates (Chiriboga and Mattes 2008). Currently, stamp 

sands cover the shoreline north of Grand Traverse Bay Harbor, which has reduced the available juvenile 

Lake Whitefish nursery habitat. 

 
Figure 2-5: Buffalo Reef Spawning Area for Lake Trout and Lake Whitefish (Lowe et al, 2022). 

Buffalo Reef is an important spawning area for Lake Trout and Lake Whitefish and has contributed to the 

fishery of Keweenaw Bay by the Bad River, Red Cliff, and Keweenaw Bay Tribes for generations. The 

results of a GLIFWC fishery assessment in 2008 confirmed this importance for both Lake Trout and Lake 

Whitefish fishery (Chiriboga and Mattes 2008). Ongoing research of fish otoliths (i.e., earbones used to 

determine fish age), epigenetics, and large-scale acoustic telemetry studies would inform .ǳŦŦŀƭƻ wŜŜŦΩǎ 

past and present contribution to the fishery.  

The reef provides habitat to these fish and other smaller organisms while also providing sustenance and 

cultural and economic benefits to tribes, state-licensed fishers, and local communities. Without Buffalo 

Reef, commercial, subsistence, and recreation fishers would suffer along with the numerous local 

businesses that support and benefit from the fishing industry. This impact would especially hurt the 

livelihood of local tribes, such as KBIC.  

2.1.3 Tribal Connection to Buffalo Reef 

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

several treaties between tribes and the U.S. government were signed to reserve the rights of tribes to 

fish, hunt, and gather in the areas ceded in those treaties (Figure 2-6). The exercise of these rights was 

ŀƴŘ ŎƻƴǘƛƴǳŜǎ ǘƻ ōŜ ŦǳƴŘŀƳŜƴǘŀƭ ǘƻ ǘƘŜ Ŏƻƴǘƛƴǳŀǘƛƻƴ ŀƴŘ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ƻŦ ǘǊƛōŜǎΩ ŎǳƭǘǳǊŜΣ ǎƻǾŜǊŜƛƎƴǘȅΣ 

and lifeways. The tribes share an understanding about their responsibilities for the well-being of non-

human beings, including fish, wildlife, and plants, as well as a reliance on the exercise of hunting, fishing, 
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and gathering for cultural sustainability and to meet religious, ceremonial, medicinal, subsistence, and 

economic needs.  

 
Figure 2-6: Ceded Territory Boundaries 

The tribes have expressed concern regarding the movement of stamp sands into Buffalo Reef. If stamp 

sands cover Buffalo Reef, the loss of a critical spawning habitat would reduce Lake Trout and Lake 

Whitefish stocks that currently sustain tribal commercial fisheries. This has been an ongoing concern 

since the 1980s when tribes noticed fewer fish catches. In 2017, the President of KBIC, Warren Swartz, 

provided a testimony to the Senate Committee on Commerce, Science, & Transportation ǎǘŀǘƛƴƎΣ ά¢ƘŜ 

Keweenaw Bay Indian Community, as well as other tribes located around Lake Superior, are and have 

always been, fishing tribes. Since time immemorial, these tribes have used the resources provided by 

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

spiritual, cultural, medicinal, and economic. These tribes, 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 natural resource management questions. In modern times, 

we welcome and actively participate in partnerships with like-minded agencies that are also stewards of 

ǘƘŜǎŜ ƴŀǘǳǊŀƭ ǊŜǎƻǳǊŎŜǎέ όSwartz 2017). 

Under the auspices of the Great Lakes Water Quality Agreement, the Great Lakes Restoration Initiative, 

and other resource management frameworks, state and federal agencies have been working to gain a 
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better understanding of Indigenous connections with non-human beings and the role those connections 

play in the sustainability and perpetuation of the exercise of treaty rights, as well as cultural and 

subsistence lifeways. These connections are beginning to be incorporated in long- and short-term 

management documents, including the 2020-2024 Lake Superior LAMP. Most recently, a document was 

developed by the U.S. Caucus of the Traditional Ecological Knowledge Task Team of the Annex 10 

Subcommittee under the Great 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 ecosystems. This document, the Guidance Document on 

Traditional Ecological Knowledge Pursuant to the Great Lakes Water Quality Agreement, provides 

additional educational resources within its appendix (Bureau of Indian Affairs 2021). 

A more detailed discussion pertaining to tribal uses of the fishery is stated below (USACE 2019): 

Religious and ceremonial needs: In proper perspective, the reservation of sovereign rights is 

ǇŀǊǘ ƻŦ ǘƘŜ !ƴƛǎƘƛƴŀŀōŜƎΩǎ ƻƴ-going struggle to preserve a culture ς a way of life and a set of 

deeply held values ς that is best understood in terms of the TribeǎΩ ǊŜƭŀǘƛƻƴǎƘƛǇ ǘƻ Aki (earth) 

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 embodies the AnishƛƴŀŀōŜƎΩǎ ƘǳƳŀƴ 

origin and historical identity, as well as the way the Anishinaabeg conceive their cultural reality 

in the modern world.7  

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 gathering activities. These ceremonies ensure 

the perpetuation of the resources and the physical, mental, and spiritual well-being 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 non-human beings is ambiguous: 

¶ For the Anishinaabe, the difference between humans and non-humans, 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 certain 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 beings, whether human or non-human, 
have rights and warrant respect. 

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

 
7 In 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. McClurken et al. eds. 2000); 

ŀƴŘΣ ²ƛǎŎƻƴǎƛƴ !ŎŀŘŜƳȅ ƻŦ {ŎƛŜƴŎŜǎΣ !ǊǘǎΣ ŀƴŘ [ŜǘǘŜǊǎΣ /ƘƛǇǇŜǿŀ ¢ǊŜŀǘȅ wƛƎƘǘǎΥ ¢ƘŜ wŜǎŜǊǾŜŘ wƛƎƘǘǎ ƻŦ ²ƛǎŎƻƴǎƛƴΩǎ /ƘƛǇǇŜǿŀ 

Indians in Historical Perspective (Ronald N. Satz 1991). 
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creatures, dependent upon all other non-human beings for survival. The 
proper attitude towards the natural world is one of caretaking, humility, and 
gratitude. 

¶ 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 natural world will withdraw cooperation. 

¶ Anishinaabe perpetuate this worldview and their attendant responsibilities to 
the natural world through stories, ceremonies, and language. These teachings 
instruct Anishinaabeg about how to care for, 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 non-human beings involved invites disaster, not only 
for the environments affected, but also for humans. Harm to the rights of non-human 
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 for non-human 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 ceremonies, and various 
seasonal feasts, as critical components in perpetuating Anishinaabe life ways. 
 
Medicinal Needs: D[LC²/Ωǎ ǘǊƛōŀƭ ƭŜŀŘŜǊǎƘƛǇ ƘŀǾŜ ƴƻǘŜŘ ǘƘŀǘ ŜƭŘŜǊǎ ƛƴ ǘƘŜƛǊ 
communities have reaffirmed the position that traditional foods, including fish, are 
medicine for Anishinaabe. Scientific studies have documented that Lake Superior fish 
contain high levels of omega-3 oils (Addis 1990). Today, Ojibwe Tribes experience high 
rates of diabetes and heart disease along with the high costs associated with medical 
treatment. According to a Centers for Disease Control and Prevention (CDC) report: 1) 
Native Americans are twice as likely as whites to have diabetes; 2) in about two out 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 2013 (CDC 2018). 
hƴ ŀ ǇƻǎƛǘƛǾŜ ƴƻǘŜΣ ǘƘŜ /5/ ǊŜǇƻǊǘŜŘ άkidney failure from diabetes dropped by 54% in 
bŀǘƛǾŜ !ƳŜǊƛŎŀƴǎ ōŜǘǿŜŜƴ мффс ŀƴŘ нлмоέ ŀƴŘ ǊŜŎƻƳƳŜƴŘŜŘ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ŀƴ 
ƛƴǘŜƎǊŀǘŜŘ ǎǘǊŀǘŜƎȅ ǳǎƛƴƎ άǇƻǇǳƭŀǘƛƻƴ ƘŜŀƭǘƘ ŀǇǇǊƻŀŎƘŜǎ ǘƻ ŘƛŀōŜǘŜǎ ŎŀǊŜ ǿƘƛŎƘ 
promotes wellness of the entire community and connect people to local resources, 
including healthy food, transportation, housing, and mental health careέ (CDC 2018).  

Subsistence: The Y.L/ ƛǎ ŘŜǇŜƴŘŜƴǘ ǳǇƻƴ ǘƘŜ [ŀƪŜ {ǳǇŜǊƛƻǊ ŦƛǎƘŜǊȅ ŦƻǊ ǎǳōǎƛǎǘŜƴŎŜΦ άY.L/ 
is known as a subsistence fishing Tribe (Gagnon 2011; GLIFWC 2013). Many respondents 
(59%) purchase fish from local Tribal fishers and 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 per weekέ όGagnon et al. 2013). 

Commercial: In assessing the importance of natural resources to Reservation economies, 
it is important not to limit the benefit metrics to only full-time jobs and income 
measures. Regarding tribal small boat commercial fisheries, sales of fish are often used 



 Buffalo Reef ς Final Alternatives Analysis   DRAFT JANUARY 2024 

17 

to supplement subsistence harvests (i.e., 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 paid jobs. ¢ƘŜ ŘŜƳƻƎǊŀǇƘƛŎǎ ƻŦ ǘƘŜ [Ω!ƴǎŜ wŜǎŜǊǾŀǘƛƻƴ ŀƴŘ 
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 had income in the 
previous 12-months that was below the poverty level (U.S. Census 2020). 

 

KBIC will continue to serve as a member of the BRTF in hopes of securing the protection of Buffalo Reef 

and the livelihood of its community.  

2.2 Existing Projects 

Grand Traverse Bay Harbor and Federal Navigation Channel 

Grand Traverse Bay Harbor is a shallow draft recreational harbor with more than 1,250 feet of 

maintained piers and over 500 feet of maintained Federal Navigation Channel. This harbor is 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 Waterway. Construction and maintenance of Grand 

Traverse Harbor was 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 sands, the harbor required maintenance dredging every three to five years. 

Since the arrival of stamp sands, the harbor and immediately north of the harbor jetty has been dredged 

using federal, state, and tribal contracts to minimize stamp sands from overtopping the harbor jetty, 

bypassing the harbor, and impacting the shallow water nursery habitat for Lake Whitefish within Grand 

Traverse Lower Bay (see Section 2.4). 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 maintained allowing tribal fishers and tribal fishery management to access Buffalo 

Reef. The estimated annual cost to complete maintenance dredging is $500,000 per year at October 

2023 price levels; however, annual cost varies based on frequency and volume of dredging 

which depends on the frequency and intensity of storm events. See section 0 for details 

regarding study assumptions made pertaining to future maintenance dredging at Grand 

Traverse Harbor. 

2.3 Studies and Reports within the Buffalo Reef Study Area 

Ojibwe commercial fishermen, possessing generations of indigenous technical ecological knowledge 

(ITEK) of the Lake Superior fishery and the habitats utilized by Lake Trout and Lake Whitefish, were the 

first to report witnessing stamp sands moving towards Buffalo Reef to GLIFWC staff and expressed 

concern that the spawning habitat may be jeopardized in the future. ITEK encompasses the place-based 

environmental, socioeconomic, cultural, and spiritual knowledge gained by and passed through 

generations. 

In response to these concerns, GLIFWC obtained funding from GLNPO to 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 sands. The 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 function (Chiriboga 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 and of the 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/detail/-4727981745796452457/documents. 

 

Assessment of Lake Trout and Lake Whitefish Populations in Lake Superior East of the Keweenaw 

Peninsula in October 1985 (1988) 

In September of 1985, the KBIC tribal government requested that GLIFWC assist them in conducting a 

fishery assessment along the east side of the Keweenaw Peninsula to gather biological information 

necessary for management of the tribal fishery (Figure 2-7). The objective of the fishery assessment was 

to gather biological data on Lake Trout and Lake Whitefish before significant tribal fishing began in 

management unit MI-4, which is aƛŎƘƛƎŀƴΩǎ ŦƛǎƘŜǊƛŜǎ ƳŀƴŀƎŜƳŜƴǘ ŀǊŜŀ east of the Keweenaw Peninsula 

where Buffalo Reef resides. Biological data summarized here includes relative abundance, spawning 

periods, sexual maturity schedules, age composition, average size of fish, and growth for both Lake 

Trout and Lake Whitefish (Table 2-1. Data summarized in this paper would provide the baseline data for 

evaluating the effects of tribal fishing on Lake Trout and Lake Whitefish populations (Ebener 1988). 

 
Figure 2-7: Locations of assessment fishing along the east side of the Keweenaw Peninsula in Oct 1985, Ebener 1988  

  

https://miwaters.deq.state.mi.us/nsite/map/results/detail/-4727981745796452457/documents
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Table 2-1. Biological Data from sampling in MI-4, the management unit in which Buffalo Reef resides in, 
during October 1985  

Lake Trout Lake Whitefish 

Relative 
Abundance 

Å Average catch per unit effort (CPE) 
for all locations was 23 fish per 
1,000 ft of gill net. 

Å Keweenaw Bay location was 
considerably lower with CPE of 8. 

Å Average CPE for all locations was 40 
fish per 1,000 ft of gill net. 

Å Keweenaw Bay location considerably 
lower with CPE of 4.  

Spawning 
Periods 

Å Spawning peak from October 14 ς 
26, 1985 

Å Spawning begins after October 
typically in November. 

Sexual 
Maturity 
schedules 

Å Male fish reached sexual maturity 
at a smaller size and younger age 
than females.  

Å Males and females were completely 
mature by age 12. 

Å Male fish reached sexual maturity at a 
smaller size (44 cm) and younger age 
(5 yrs. Old) than females.  

Å Males and Females were completely 
mature at age 12 and age 14, 
respectively. 

Age 
Composition 

Å Hatchery fish ages ranged from 3 ς 
20, with average of 9.1 yrs. Old.  

Å Wild fish ranged from 4 ς 13, with 
average of 7.1 yrs. Old. 

Å Fish ages ranged from 4 ς 15.  
Å Fish of age 10+ were common in 

catches all but Keweenaw Bay. 

Average size 
of fish 

Å Average length = 62.3 cm 
Å Average weight = 2.33 kg 

Å Average length = 56.5 cm 
Å Average weight= 1.68 kg 

Growth Å Hatchery fish were larger at a given 
age than wild fish to age 7; 
thereafter wild fish were larger 
than hatchery fish 

Å Female fish averaged 1.1 cm longer 
and 0.2 kg heavier than males. 

In Situ Copper Toxicity Tests: Applying Likelihood Ratio Tests to Daphnia Pulex Incubations in 

Keweenaw Peninsula Waters (1999) 

Copper toxicity was examined in the Keweenaw Waterway and Gay region using in situ mortality tests. 

Daphnia pulex were placed in shell vials at 13 field sites selected to encompass copper contamination 

from tailing piles to undisturbed shoreline environments. In ponds on the Gay stamp sand pile, Daphnia 

survivorship was very low as dissolved copper concentrations greatly exceeded laboratory derived LC50 

values. At other sites, mortality was lower as dissolved copper concentrations were lower than the Gay 

stamp sand ponds, but still above laboratory LC50 values. The ability of Daphnia to tolerate dissolved 

copper concentrations above laboratory LC50 values suggests that much of the dissolved copper in the 

Keweenaw Waterway of the peninsula is complexed and non-available for biological use (Lytle 1999). 

Biological and Commercial Catch Statistics from the Chippewa Inter-Tribal Gill Net Fishery Within 

Michigan Waters of Lake Superior During 2001 ς 2018 

The Red Cliff Band of Lake Superior Chippewa, Bad River Tribe, and the Keweenaw Bay Band of Lake 

Superior Chippewa entered into an agreement to establish an inter-tribal off-reservation fishery 

assessment in the western Michigan waters of Lake Superior on August 23, 1984. 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 inter-tribal agreement was developed to manage this expanded fishery. 

Results of the early fishery assessment and the expanded commercial fishery have been reported 

annually as administrative reports of the GLIFWC.  

The commercial inter-tribal fishery in the 1842 treaty-ceded waters of Michigan varies with the number 

of large and small boats from 2001 to 2018; however, the fishers consistently represent the Keweenaw 

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

used in the fishery. Trap nets were also used in some years. The fishing season for Lake Whitefish and 

Lake Trout was closed from early November to late November each year for all the tribes to reduce the 

impact of fishing on spawning stocks of Lake Whitefish. Each October, targeted fishing for lean Lake 

Trout was prohibited in all areas and commercial fishing was prohibited in the eight seasonal refuges. 

The lean Lake Trout ƳƻǊǇƘƻǘȅǇŜ ŀǊŜ ǎǳōǎŜǉǳŜƴǘƭȅ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άLake Troutέ ƛƴ ǘƘŜ ŀƴƴǳŀƭ ǊŜǇƻǊǘǎΦ 

Biological and commercial fishery statistics were summarized for calendar years 2001 through 2018 

from the inter-tribal fishery in the 1842 treaty-ceded 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 from management unit MI-4 and statistical grids 

1125 and 1224 (Figure 2-8) are summarized due to their relation to Buffalo Reef. MI-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 Lake Trout. Statistical grid 1224 is 

in proximity and is directly southwest of grid 1125; it also has a seasonal refuge for Lake Trout off Rabbit 

Island/Traverse Island, offering a comparable grid to 1125 that is currently less impacted by transported 

stamp sand from Gay, MI.  
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Figure 2-8: Management Unit (MI-4) and Statistical grids in the 1842 treaty ceded area within Michigan waters of Lake Superior 

used for commercial  

 

Tribal commercial 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 MI-4 from 2001 through 2018 for Lake Trout and Lake Whitefish was 927,604 dressed lbs., 

and 2,067,165 dressed lbs., respectively. Harvest for each year is presented in Table 2-2. Lake Whitefish 

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

Table 2-2. Tribal Commercial Gill Net Harvest  
of Management Unit MI-4 from 2001 ς 2018.  

Year Lake 
Trout 

Lake 
Whitefish 

(Dressed Lbs.) 

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 
Trout 

Lake 
Whitefish 

(Dressed Lbs.) 

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 from grid 1125 from 2001 through 2018 for Lake Trout and Lake Whitefish was 

66,436 dressed lbs. and 315,223 dressed lbs., respectively. The total gill net harvest from grid 1224 from 

2001 through 2018 for Lake Trout and Lake Whitefish was 358,183 dressed lbs. and 652,093 dressed 

lbs., respectively. Harvest for each year is presented in Table 2-3.  

Table 2-3. Tribal Commercial Gill Net Harvest  
of Statistical Grids 1125 and 1224 from 2001 ς 2018 

 
 

Year 

Lake Trout  Lake Whitefish  

(Dressed Lbs.) 

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 per effort (CPE), or pounds harvested per 1,000 feet of gill net, are presented to standardize the 

harvest for accurate comparisons between grids. Lake Trout CPE between 2001 and 2018 averaged 17.8 
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dressed pounds harvested per 1,000 feet of gill net for grid 1125, whereas the CPE averaged 36.4 in grid 

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

the harvest of Lake Trout as compared to grid 1224 for the same amount of effort. It is worth noting that 

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

a difference in relative abundance between grids. Lake Trout CPE for each year for both grids, 1125 and 

1224, are presented in Figure 2-9.  

 
Figure 2-9: Lake Trout Catch Per Effort (CPE) for Statistical Grids 1125 and 1224 

 

Lake Whitefish CPE between 2001 and 2018 averaged 70 dressed pounds harvested per 1,000 feet of gill 

net for grid 1125, whereas the CPE averaged 65.8 in grid 1224. Lake Whitefish CPE for each year for both 

grids, 1125 and 1224, are presented in Figure 2-10.  
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Figure 2-10: Lake Whitefish CPE for Statistical Grids 1125 and 1224 (Mattes, W.P., M.J. Symbal, and M. Donofrio 2003, 2004, 

2006-2009, 2011-2014, 2016-2020) 

Toxicological Evaluation for the Gay, Michigan Stamp Sand (2006) 

Widespread reuse for road traction, as well as recreational and construction use of the stamp sands 

occurs throughout the Keweenaw Peninsula. The purpose of ǘƘŜ {ǘŀǘŜ ƻŦ aƛŎƘƛƎŀƴΩǎ Toxicological 

Evaluation was to 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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Table 2-4 and Table 2-5). This Toxicological Evaluation was based on both analytical and bioassessment 

data from the Keweenaw County Road Commission (KCRC) road traction stockpile and sediment samples 

from Lake Superior collected near Gay, MI (Weston Solutions of Michigan, Inc. 2006). The report 

documents the following as άunacceptableέ: 

¶ Drinking Water ς Manganese and aluminum were detected in stamp sand samples above 

Residential/Commercial I Drinking Water Protection Criteria and in groundwater above 

Residential/Commercial I Drinking Water Criteria. Therefore, consumption of groundwater that 

comes in contact with stamp sand is considered unacceptable. 

¶ Sediment and Surface Water ς The comparison of stamp sand soil data and groundwater data to 

ecological benchmarks, MƛŎƘƛƎŀƴ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ƴǾƛǊƻƴƳŜƴǘŀƭ vǳŀƭƛǘȅΩǎ Groundwater Surface 

Water Interface Protection criteria, and surface water quality criteria indicated the Gay stamp 

sand could have detrimental effects on aquatic organisms with copper and silver posing the 

greatest potential for impact. The Phase I and Phase II Bioassessment confirmed the data 

comparison and indicated the Gay stamp sand causes acute and chronic effects to benthic 

organisms. The copper concentrations detected in elutriates of Lake Superior sediment and the 

pond water samples indicate the Gay stamp sand releases metals that can cause acute and 

chronic effects in the water column. The Toxic Units Acute (Tua) calculated for elutriations 

resulted in Tua between 10 and 100. 
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Table 2-4. Toxicological Evaluation summary ς Human Health Risk Assessment 

Gay, Michigan Stamp Sands Human Health Risk Assessment 

Exposure Scenario Risk Determination 

Northern and Southern Area Residential (stamp sand use as road traction) 

Indoor Acceptable 

Outdoor Acceptable 

Residential (Drinking Water) 

Drinking Water Unacceptable* 

Northern and Southern Area Recreational (sand box scenario) 

Adult Acceptable 

Child (0-12) Acceptable 

Northern and Southern Area Construction Worker (stamp sand use as 
construction material) 

Adult Acceptable 
* Manganese and aluminum were detected above drinking water criteria, therefore consumption of groundwater in contact 

with stamp sand is considered unacceptable. 

 

Table 2-5. Toxicological Evaluation summary ς Aquatic Organism Risk Assessment 
Gay, Michigan Stamp Sands Aquatic Organism Risk Assessment  

(Stamp sand use as road traction or in-place deposit adjacent to surface water) 

Media Threat/Toxicity Risk Determination 

Sediment 

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

Unacceptable 

Surface Water 

Copper concentrations in groundwater, pond water, and 
elutriate water exceeded Rule 57 Water Quality Values; 
toxicity observed in suspended particulate phase (SPP) tests 
resulting in no observable effects concentrations (NOECs) 
between 1 and 10; and Tua between 4.2 and 6.8. 

Unacceptable 

 

Buffalo Reef and Stamp Sand Substrate Mapping Project (2008) 

The first objective of this project was to map the extent of the stamp sands in relation to the reef to 1) 

provide a baseline of the spatial relationship between the stamp sands and the spawning areas on the 

reef and 2) confirm the importance of Buffalo Reef as a spawning area. The second objective was to 

provide a preliminary assessment of the vulnerability of the reef to stamp sands contamination. For this 

summary, only the biological data as it relates to mapping are discussed. Chiriboga and Mattes (2008) 

obtained the data below regarding fishery assessments.  

¶ GLIFWC Lake Superior fisheries staff conducted expanded assessments at several locations in 

and around Buffalo Reef from October through November 2005.  

¶ Results confirm that Buffalo Reef is an important spawning area for Lake Trout and Lake 

Whitefish. 
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¶  Adult Lake Trout were relatively abundant in the interior of the reef, with the highest catch 

rates at the tip of the reef area (Figure 2-11). Adult Lake Whitefish were relatively abundant at 

the tip of the reef area, with the highest catch rates at the very near shore.  

¶ Summer beach seining south of the Traverse River mouth found juvenile Lake Whitefish were in 

the near-shore sand areas, suggesting that this area adjacent to the reef may be an important 

nursery area. 

 

 
Figure 2-11: GLIFWC Fishery Assessment Zones and fish catch per 1000 ft of net (CPE) 

 

Log of Activities during Observation of Tribal Fisheries Crew Netting Juvenile Lake Whitefish in Lake 

Superior 

This document contains a log of activities conducted by White Water Associates and Tribal Fisheries 

Crew during a survey of juvenile Lake Whitefish in Lake Superior. The survey included using a seine net 

at three locations along Lake Superior including Site 1 at Township Park in Traverse Bay (unimpacted by 

stamp sand); Site 2, a stamp sand site near the mouth of the Traverse River; and Site 3, a county 

property near the Gay Stamp Mill as seen in Figure 2-12 (Premo 2008). 

¶ Site 1: Total of 112 juvenile Lake Whitefish caught. One Sculpin, one Nine-spine Stickleback, and 

one Spottail Shiner were also caught. 

¶ Site 2: No fish caught. 

¶ Site 3: No fish caught. 
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Figure 2-12: Beach Seine Sites for Juvenile Lake Whitefish Survey in 2008 

 

GLIFWC Summer beach seining assessment 

Annual assessments were conducted by GLIFWC along the beach south of the Traverse River mouth 

from 1997 to 2019 to assess juvenile Lake Whitefish densities (Mattes 2022). These assessments were 

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

2.5 Ongoing Studies. Figure 2-13 summarizes the densities of young of the year (YOY) Lake Whitefish 

that were caught with the highest densities observed in 2007 and 2008.  

 
Figure 2-13: YOY Lake Whitefish densities from 1997 to 2019 south of the Traverse River Mouth 
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Impact of Copper Mine Tailings (Stamp Sands) on Survival and Development of Aquatic Organisms 

Near Gay, Michigan (2011) 

This report is the first to investigate whether stamp sands is detrimental to survival and early 

development of eggs and larvae of Lake Sturgeon, Lake Trout, and Northern Leopard frogs, and also 

examines if the presence of stamp sands influences substrate selection of earthworms. Data published 

by Haak pertaining to the impact of stamp sands on the survival and development of aquatic organisms 

are as follows: 

¶ Copper analysis (Cu2+) of surface water over stamp sand and natural sand showed 

ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ǿŜǊŜ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƘƛƎƘŜǊ ƛƴ ǎǘŀƳǇ ǎŀƴŘ ǎǳǊŦŀŎŜ ǿŀǘŜǊ όмлл ˃Ǝκ[ύ ŎƻƳǇŀǊŜŘ ǘƻ 

ƴŀǘǳǊŀƭ ǎŀƴŘ ǎǳǊŦŀŎŜ ǿŀǘŜǊ όмл ˃Ǝκ[ύΦ  

¶ Eggs of Lake Sturgeon showed similar hatch success and development over natural vs. stamp 

sand over 17 days. 

¶ Lake Trout eggs hatched earlier and developed faster when incubated over stamp sands yet 

showed similar development over a 163-day period.  

¶ Frog embryos had similar hatch success over both types of sand, but tadpoles reared over 

natural sand grew faster and had higher survival rates.  

¶ Stamp sand had significantly larger mean particle sizes and irregular shapes compared to natural 

sand and earthworms show a strong preference for natural substrate over any combination that 

included stamp sand.  

¶ 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 Vicinity of the Village of Gay, Keweenaw 

County, and Houghton County, Michigan (2012) 

Staff of the Surface Water Assessment Section of the Michigan Department of Environmental Quality 

conducted a sediment chemistry survey of Lake Superior Shoreline in the vicinity of the Village of Gay, 

Keweenaw County, and Houghton County in 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 of the Weston 2006 study showed the Gay stamp 

sand material has the potential to be toxic to aquatic life. The objective of this sediment chemistry study 

was to evaluate the sediment and water column chemical characteristics in Lake Superior and determine 

potential impacts to designated uses (Michigan Department of Environmental Quality 2012). 

¶ 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. 

¶ Nine locations were sampled for discrete sediments and analyzed for mercury, arsenic, barium, 

cadmium, chromium, copper, lead, nickel, selenium, silver, and zinc.  

¶ Elevated copper concentrations (>149 mg/kg) were detected in eight of the nine sediment 

samples (300 mg/kg ς 8500 mg/kg dry). Three water column samples also showed elevated 

levels of copper (4 ς 22 µg/l). 
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¶ Sediment samples around the Traverse River outfall had the lowest 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. 

¶ Bulk sediment toxicity testing showed that all sediment samples were acutely toxic to both 

macroinvertebrates studied, the midge larvae Chironomus dilutes, and the amphipod, Hyalella.  

Whitepaper, Keweenaw County, Michigan ς Gay Stamp Sands (2013) 

The following project did not proceed because a NFS was not identified. The proposed June 11, 2013, 

Section 506 GLFER project involves the restoration and protection of an important over 600 acre Lake 

Superior spawning reef for Lake Trout and Lake Whitefish located just east of the Keweenaw Peninsula 

in MichiganΩs Upper Peninsula. This paper considers whether to move forward with the proposed 

environmental restoration project knowing that there are clear ecosystem benefits, but the project 

costs amount to $11,000,000.  

LIDAR and benthic invertebrate investigations: Migrating tailings threaten Buffalo Reef in Lake 

Superior (2019) 

This study utilized LIDAR (Light Detection and Ranging) over-flights to document 1) stamp sands moving 

along the shoreline, and 2) the large volume transported underwater towards Buffalo Reef. The 

summary of the LIDAR over-flight findings is discussed in Section 2.2.2. Sediment sampled with Ponar 

grabs were analyzed to quantify percent stamp sand in sand mixtures around Buffalo Reef, copper 

concentrations, and quantify impacts on benthic invertebrate taxa. This study emphasizes that when 

large amounts of mine tailings are discharged into coastal environments, temporal and spatial impacts 

are threatening benthic organisms and fish.  

¶ Copper concentrations are relatively high (1717 ς 2860 parts per million (ppm)) between the 

original pile at Gay and the redeposited stamp sand beach margin up to the Coal Dock (Figure 

2-14).  

¶ Stamp sands percentages decline (to 30 ς 10%) off the Buffalo Reef bedrock ridge intersection 

with the shoreline (blue region), then increase (41 ς 50%, 1145 ς 1716 ppm) towards the Grand 

Traverse Bay Harbor Breakwater Structures, which decrease the wave energy entering a harbor. 

¶ Copper concentrations decrease as one moves away from the shoreline into progressively 

deeper shelf regions; however, at one kilometer (km) offshore, copper concentrations still fall 

with 1145 ς 1716 ppm, levels at which copper is likely to have toxic effects on benthic biota. 
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Figure 2-14: Stamp sand percentages with predicted copper concentrations from 2013 Ponar samples. Dots represent Ponar 

sample locations (Kerfoot et al., 2019) 

¶ Laboratory tests with Keweenaw and Gay stamp sands in sediments suggest toxic affects around 

400 to 700 ppm. 

¶ Direct counts of invertebrates from Ponar samples demonstrated severe reduction of benthic 

species abundance and diversity at high concentrations of stamp sands compared to natural 

sand beaches (Figure 2-15). 

¶ Above 26% stamp sand (copper concentration of 600 ppm), almost all taxa showed severe 

density reduction. 

¶ Above 75% stamp sand (copper concentration of 2100 ppm), there were no observed 

ƻǊƎŀƴƛǎƳǎΣ ŀ άŘŜŀŘ ȊƻƴŜέΦ 
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Figure 2-15: Effect of stamp sand percentages on benthic invertebrates 

2.3.2 Stamp Sands Studies and Reports 

The following list of studies and reports were used to inform assumptions and understandings of the 

stamp sands and impacts to the project area. 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/detail/-4727981745796452457/documents. 

2019 Alternatives Analysis Report (July 2019)  

In July of 2019, the BRTF published a report evaluating the preliminary alternatives to clean up the 

copper mining waste and protect Buffalo Reef. After evaluating the 13 alternatives formulated to 

contain the stamp sands and protect Buffalo Reef and one No Action Alternative using various screening 

criteria, the report recommended three alternatives be further evaluated and considered for 

implementation: 

¶ Maintenance Dredging at Grand Traverse Bay Harbor and in the Trough with a Stone Revetment 

in Place (Name has been updated for this study to άLakeside Placement Siteέ); 

¶ Dredge Everything with Disposal in a Newly Constructed Landfill Nearby (Name has been 

updated for this study to άUpland Placement Siteέ); and  

¶ Dredge 15 MCY with Disposal into the White Pine Mine Tailings Basin Name has been updated 

for this study to άWhite Pine Mineέ).  

The instant Report covers a further evaluation of these alternative and incorporates more recent boring 

information to estimate the dredging volume. The No Action and three final alternatives were further 

evaluated in Chapter 5.  

  

https://miwaters.deq.state.mi.us/nsite/map/results/detail/-4727981745796452457/documents


 Buffalo Reef ς Final Alternatives Analysis   DRAFT JANUARY 2024 

33 

Earth Economics ς 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 Region. The natural 

capital quantified in the report provides many social, economic, and environmental benefits within 

aƛŎƘƛƎŀƴΩǎ YŜǿŜŜƴŀǿ tŜƴƛƴǎǳƭŀΣ ŀƴŘ ŎƻƴǘƛƴǳŜŘ ŘŜƎǊŀŘŀǘƛƻƴ ƻŦ ŜŎƻǎȅǎǘŜƳǎ ōȅ ǎǘŀƳǇ ǎŀƴŘǎ ǘƘǊŜŀǘŜƴǎ 

the environment and local economies. 9ŀǊǘƘ 9ŎƻƴƻƳƛŎǎΩ ǊŜǇƻǊǘ ƘƛƎƘƭƛƎƘǘǎ ǘƘŜ ƴƻƴ-market ecosystem 

service values provided by the lands of the Keweenaw Peninsula and nearby waters. 

This study finds that the indirect, non-market 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 the Keweenaw Peninsula Region are 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 using a zero percent discount rate. Still, due to 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 the Earth Economics ς Ecosystem Services Valuation of the Keweenaw Peninsula did 

not include market transactions and spending associated with these natural resources, or the jobs they 

support in the region (Fletcher 2019). 

The ecosystem services valuation analysis is important because traditional economic analyses often fail 

to account for the indirect values of these goods and services that nature provides free-of-charge. 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 non-market values that are often forgotten in 

decision-making, the protection of important natural resources, including Buffalo Reef, are ensured. 

Table 2-6 presents the results from the replacement cost analysis of spawning habitat on Buffalo Reef. 

Total tribal and commercial harvest of Lake Trout and Lake Whitefish within 50 miles of the reef is about 

100,000 pounds and 326,000 pounds, respectively. If 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 Whitefish. In addition, nearshore habitats provide critical nursery habitat for Lake 

Trout and Lake Whitefish fry after they hatch on the reef. 

Table 2-6. Estimated Level of Replacement Due to Loss of Buffalo Reef Spawning Habitat (Fletcher 2019)  

Estimate Lake Trout Whitefish 

Average annual tribal commercial harvest in round pounds 
within 50 miles of Buffalo Reef from 1986-2017 

100,317 
221,823 

 

Average annual State commercial harvest in round pounds - 104,108 

Total average harvest within 50 miles, 1986-2017 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 ς lbs./fish sampled 2.99 2.70 

Number of adults needed to replace those lost to habitat 
destruction 

9,730 50,700 

Projected survival rate stocked yearlings to adult age 7 years 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, Michigan (2019) 

In 2019, the final Historic Landscape Recordation Report was published and served to document all 

remaining historic features within the original footprint of the stamp mills. Photos show the remnants of 

the stamp mill building, the wood pilings that supported the chute out to Lake Superior, and the 

concrete retaining/foundation walls (Figure 2-16).  

 
Figure 2-16: Historic Landscape Survey photos of Wood Pilings (left) and Remnants of the Concrete flume (right) 

Stamp Sands Physical and Chemical Screening Evaluations for Beneficial Use Applications (2021) 

In 2021, the U.S. Army Engineer Research and Development Center (ERDC) published a physical and 

chemical screening evaluation for potential beneficial uses of stamp sands. The evaluation of the stamp 

sands leachate was further used for the preliminary water treatment design and costs. The results of the 

Elutriate Testing and samples of hydraulic dredge water effluent indicated that hydraulic dredging would 

require significant water treatment effort and was the basis for screening out hydraulic dredging 

method from consideration for this study (Planning Appendix). 

LIDAR and 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 report also discusses the application 

of LIDAR to 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 stamp sands movement began. The aerial 

photos from several years (1938-2019) 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 inputs and estimating the volume of stamp sands onshore, and in the 

Trough and Dune.  

¶ The original pile (Gay pile) of stamp sands was 22.7 million metric tons (approximately 16 MCY). 

Over time, about half of the Gay pile material was redeposited along the shoreline southwest 

ŦǊƻƳ ǘƘŜ ǇƛƭŜΣ ŎǊŜŀǘƛƴƎ ŀ άstamp ǎŀƴŘέ ōŜŀŎƘ ǘƘŀǘ ŜȄǘŜƴŘ ǘƻ ǘƘŜ Grand Traverse Harbor 

Breakwater Structures (Figure 2-17).  

¶ Stamp sands have moved as underwater sand bars (Dunes) across the bedrock shelf and 

accumulated in the ancient riverbed (Trough).  
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¶ Stamp sands from the Trough are moving into the northern and western cobble field of Buffalo 

Reef and have been found in a depression west of Buffalo Reef. 

¶ Stamp sands are accumulating at the Grand Traverse Harbor Breakwater Structures and appear 

to be moving offshore around that structure, jeopardizing the lower bay.  

 
Figure 2-17: NOAA 2010 LIDAR of Grand (Big) Traverse Bay, color coded by elevation and water depth. #1 Bedrock region, #2 

Southern Cobble fields, #3 Northern Cobble fields, #4 Western Cobble ŦƛŜƭŘǎΣ Ір {ǘŀƳǇ ǎŀƴŘ ƳƻǳƴŘ ƛƴ άTroughέΣ Іс 
Southwestern Cobble fields, #7 Depression west of Buffalo Reef, #8 Grand Traverse Harbor Breakwater Structures, #9 Natural 

sand in lower bay, #10 Natural sand channels 

Delineation and Characterization of Aquatic Substrate Features on and Adjacent to Buffalo Reef, 

Keweenaw Bay, Lake Superior (2008) 

In 2008, GLIFWC contracted with National Water Research Institute (NWRI) of Environment Canada to 

classify the substrate types of Buffalo Reef and Grand Traverse Bay, to provide an estimate of spawning 

fish habitat and to describe adjacent substrates (Figure 2-18). This information was used to estimate the 

lakebed surface that was then used for estimating the volume of stamp sands to be removed. With 

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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Figure 2-18: Classified substrate distribution model 

Data Collection Reports (2012 ς 2021) 

Several reports were published after completing geotechnical investigations of the project area. Table 

2-7 lists reports that document subsurface conditions beneath the existing ground and lakebed surfaces. 

Table 2-7. Geotechnical Investigation Reports Within Project Area 

Report Publisher Year 

Final Geotechnical Exploration Report, Keweenaw Stamp 
Sands, Geotechnical Exploration 

AECOM/USACE 2012 

Summary Report ς Stamp Sand Sampling, Keweenaw 
Stamp Sand Dredging, Gay, Michigan 

Coleman 
Engineering/USACE 

2019 

Summary Report ς Stamp Sand Sampling ς Round 2 
Sampling, Keweenaw Stamp Sand Dredging, Gay, 
Michigan 

Coleman 
Engineering/USACE 

2019 

Field Report, Keweenaw Stamp Sands, Geotechnical and 
Chemical Investigation, Gay, Michigan 

Advanced 
Matrix/USACE 

2021 

Keweenaw Stamp Sands Upland Sites Geotechnical 
Investigation 

Mannik Smith 
Group/SOM 

2021 

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

The following projects were completed to minimize stamp sands encroachment on Buffalo Reef.  

Grand Traverse Bay Harbor Jetty ς Maintenance Dredging 

The Grand Traverse Bay Harbor has been frequently dredged over the past decade to protect the reef 

and surrounding habitats from stamp sands encroachment (Table 2-8). For more information on the 

Grand Traverse Bay Harbor see 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, over the past few years, stamp sands have migrated down to this jetty 

and during storms, was transported over the jetty into the harbor. The recent maintenance activities 

included dredging the harbor and the shoreline adjacent to the harbor jetty to minimize the frequency 

of stamp sands overtopping the jetty (Figure 2-19).  

Table 2-8. Dredging Events Within Project Area 

Organization Year Stamp Sands Removed (CY) 

USACE 2003 Unknown in GTB Harbor 

USACE 2009 Unknown in 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 harbor 

MI DNR 2020 45,000 in GTB harbor and on beach 

KBIC 2020/2021 19,400 on beach near GTB harbor 

MI - EGLE 2021/2022 35,055 on beach near GTB harbor 

MI ς EGLE 2022/2023 42,536 on beach near GTB harbor 

 

 
Figure 2-19: Maintenance Dredging Adjacent to Grand Traverse Bay Harbor 

2020 USACE Trough Dredging 
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In May of 2020, the EPA provided GLRI funding to dredge stamp sands from the Trough, an ancient 

riverbed, to delay further encroachment of stamp sands on Buffalo Reef and onto the juvenile Lake 

Whitefish recruitment area south of Grand Traverse Bay Harbor. The Trough functions like a sediment 

trap. Approximately 112,000 CY of stamp sands were removed from the Trough ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ ¢ǊƻǳƎƘΩǎ 

capacity to capture stamp sands that are being transported towards the reef (Figure 2-20). 

 
Figure 2-20: Outline of Trough (yellow) and Dredge Area within Trough (red) 

2019 Michigan Department of Natural Resources (DNR) ς Removal of Stamp Sands Cliffs 

In October of 2019, the Michigan DNR pulled a 30-foot-high cliff of stamp sands (175,000 CY) back 

towards the tree line to reduce the rate of stamp sands eroding into Lake Superior (Figure 2-21).  

 
Figure 2-21: Before (top) and After (bottom) of the November 2019 Stamp Sands Cliffs Regraded. Stamp sands cliffs were pulled 

back and regraded to reduce erosion. 1 ς Aerial of Stamp Sands Original Pile. 2 ς Stamp Sands Cliff (approximately 30 feet tall), 

3 ς Construction Activity Regrading the Original Pile, 4 ς Original Pile Regraded 
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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 management alternatives for Buffalo Reef. The following summaries are 

preliminary results from work that has yet to be published or are ongoing in their multi-year 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 information about fish 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 season are shown in Figure 

2-22 and include: 

¶ 11 Lake Trout (female and male) and two Lake Whitefish (male) returned to Buffalo Reef during 

the 2020 spawning season (October to December); 

¶ While both species were positioned across the full extent of the reef, they were also highly 

associated with the cobble substrate creating activity hotspots. See Figure 2-23 for the General 

Spawning Area for both species; 

¶ Recent models predict low levels of stamp sand (typically less than 15%) in the activity hotspot 

areas, but this has not been verified with physical data; 

¶ The presence of fertilized embryos in egg traps during the 2021 spawning season confirmed that 

Lake Trout were spawning in the activity hotspot area; 

¶ 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 Buffalo Reef; 

¶ Very few fish (less than 0.01%) 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; 

¶ 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 the typical Lake Whitefish spawning 

habitat; and 

¶ At this 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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Figure 2-22: Heatmaps highlighting activity hotspots on Buffalo Reef. A) Male 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 multi-year results have hypothesized that poor recruitment from 2009 

to 2020 is a reflection on stamp sands impacting Buffalo Reef, given that other nursery areas surveyed in 

Lake Superior did not see as many missing year-classes of juvenile Lake Whitefish. The juvenile Lake 

Whitefish survey has been expanded temporally and spatially to occur throughout the summer and 

include additional reefs around Keweenaw Bay and the Keweenaw peninsula. As this is a multi-year 

study, the preliminary results are discussed below: 

¶ Beach seine surveys were conducted at Great Sand Bay (GSB), Bete Grise (BSG), Grand Traverse 

Bay (GTB), Little Traverse Bay (LTB), and Big Bay (BIG) (Figure 2-23);  

¶ Otoliths were extracted to estimate hatch dates, daily growth rates, and for microchemical 

analysis. This data is not yet available, and only the results from the beach surveys are 

discussed;  

¶ 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 Bay to zero observed at all sites; 

¶ Great Sand Bay, Bete Grise, and Big Bay sites had significantly higher juvenile Lake Whitefish 

densities than at Grand Traverse Bay and Little Traverse Bay (Figure 2-24); and 

¶ 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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Figure 2-23: Nursery Sites Surveyed by Biologists and GLIFWC 

 
Figure 2-24: Mean juvenile Lake Whitefish Density (number of fish per cubic meter of water) from beach seining surveys in 2021.  
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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 were strip 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 a mix of inert aquarium gravel and dredged stamp sand corresponding to 0% to 100% 

stamp sand at 10% intervals. As this is a multi-year study, only preliminary results from the Lake 

Whitefish laboratory experiments are discussed: 

¶ Initial embryo mortalities occurred much earlier in the treatments with higher percentage of 

stamp sand as compared to the lower stamp sand percentages; 

¶ There was a significant decline in the number of individuals that successfully hatched as the 

concentration of stamp sand increased (Figure 2-25). 73% of embryos in the 0% stamp sand 

treatment successfully hatched as compared to only 9.6% hatched in the 100% treatment; and 

¶ Recently hatched larvae from the 0%, 50%, and 100% stamp sand treatments underwent 

endurance testing where the fish were forced to swim. Larval fish from the 50% and 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.  

 
Figure 2-25: Proportion of Lake Whitefish embryos that successfully hatched following incubation in 11 levels of stamp sand 

concentrations. 
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Additional Studies: 

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

¶ High resolution mapping of the substrates on Buffalo Reef; 

¶ Expanding sampling of the benthic invertebrates at Buffalo Reef and other sites throughout 

Keweenaw Bay (GTB, LTB, and BIG in Figure 2-23);  

¶ Using acoustic telemetry, genetics, and fish ear bones (otoliths) to determine how productive 

Buffalo Reef is currently relative to past production; and 

¶ 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 copper-mining stamp sands, a byproduct of a stamp mill located in Gay, MI, has 

migrated approximately five miles downdrift of the original stamp sand pile. The stamp sands continue 

to encroach onto Buffalo Reef and are being transported into the shallow water habitat south of Grand 

Traverse Bay Harbor. The reef and shallow water habitat are important spawning and juvenile habitats 

for Lake Trout and Lake Whitefish in Lake Superior.  

3.2 Opportunities 

¶ Maintain the fishery supported by Buffalo Reef and the associated subsistence, recreational, and 

commercial fishing at Buffalo Reef; 

¶ Maintain the tribeǎΩ ǘǊŀŘƛǘƛƻƴŀƭ ŀƴŘ ŎƻƴǘƛƴǳƛƴƎ relationship with Buffalo Reef to uphold their 

responsibilities to the reef and its associated wildlife and to meet their religious, ceremonial, 

medicinal, subsistence, and economic needs; and 

¶ Maintain the genetic diversity of the Lake Trout and Lake Whitefish fishery by protecting Buffalo 

Reef and the adjacent shallow water Lake Whitefish nursery habitat and Lake Trout nursery 

habitat on the eastern edge of Buffalo Reef. 

Two ancillary benefits would be: 

¶ Maintain navigation at Grand Traverse Bay Harbor because stamp sands would not overtop the 

harbor and fill the navigation channel. 

¶ Reduce the likelihood of flooding impacts of homes along Traverse River by preventing stamp 

ǎŀƴŘǎ ŦǊƻƳ ōƭƻŎƪƛƴƎ ǘƘŜ ƴŀǾƛƎŀǘƛƻƴ ŎƘŀƴƴŜƭ ǿƘƛŎƘ ƛǎ ŀƭǎƻ ǘƘŜ ǊƛǾŜǊΩǎ ƻǳǘƭŜǘΦ  

3.3 Planning Constraints 

3.3.1 Stamp Sand Deposits  

Dredge only the stamp sands deposits with sufficient thicknesses and volumes to be removed efficiently. 

3.3.2 No Dredging within the Reef  

Do not dredge stamps sands within the reef because mechanical dredging cannot remove stamp sands 

ōŜǘǿŜŜƴ ǘƘŜ ǊŜŜŦΩǎ ŎƻōōƭŜǎ ŜŦŦŜŎǘƛǾŜƭȅ ƻǊ ŜŦŦƛŎƛŜƴǘƭȅΦ IȅŘǊŀǳƭƛŎ ŘǊŜŘƎƛƴƎ ǿŀǎ ƴƻǘ ƛƴǾŜǎǘƛƎŀǘŜŘ ōŜŎŀǳǎŜ ƛǘ 

was screened from consideration. See Section 2.3, Stamp Sands Physical and Chemical Screening 

Evaluations for Beneficial Use Applications (2021). 

3.4 Project Goals and Objectives 

The study goals are the following:  

¶ Protect Buffalo Reef by minimizing continued stamp sands encroachment; 

¶ Restore the shallow water nursery habitat for Lake Whitefish between Gay, MI, and Grand 

Traverse Bay Harbor;  

¶ Minimize stamp sands encroachment in the shallow water nursery habitat for Lake Whitefish 

within Grand Traverse Lower Bay; and 
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¶ Minimize stamp sands encroachment in the Lake Trout nursery habitat on the eastern edge of 

Buffalo Reef. 
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4. Existing Conditions and Future Without-Project Conditions 

This section describes relevant Existing Conditions and Future Without-Project Conditions for resources 

potentially affected by project implementation. The description of the existing conditions focuses on 

only those aspects potentially subject to impacts. The existing conditions description is limited to the 

Grand Traverse Bay area and the adjacent lands located in Keweenaw and Houghton Counties, 

Michigan. The Future Without-Project Conditions όάNo Actionέύ 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 discussed in the Future Without-Project Conditions 

for each resource. 

4.1 General Characteristics of Lake Superior  

4.1.1 Existing Conditions 

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

other Great Lakes combined. The lake covers an area of approximately 31,700 square miles with 

shorelines spanning three U.S. states and one Canadian province. Lake Superior ƘƻƭŘǎ мл҈ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ 

fresh surface water and is the deepest of the five Great Lakes. It boasts of clear waters in the summer, 

with an average underwater visibility of 27 feet. As the northernmost Great Lake, Lake Superior 

experiences harsh cold winters and has a long-term average annual maximum ice cover of 63.9%. The 

formation and evolution of Lake Superior is an ongoing process that began more than one million years 

ago, which can be attributed to both natural and anthropogenic forces, including periods of glaciation, 

erosion, and depositional processes; changing climate patterns; and human development.  

¢ƻŘŀȅΣ [ŀƪŜ {ǳǇŜǊƛƻǊΩǎ ǎƘƻǊŜƭƛƴŜ Ƙŀǎ ōŜŜƴ ŎŀǘŜƎƻǊƛȊŜŘ ƛƴǘƻ ǘƘŜ bƻǊǘƘŜǊƴ CƻǊŜǎǘ ŜŎƻǊŜƎƛƻƴ, with a host of 

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 consequences of No Action Alternative: lake-wide 

hydrology, geology, water quality, copper toxicity, ecosystems, fisheries, etc. Based on the available 

knowledge at the time of writing this report, the consequences of No Action Alternative would have a 

negligible impact on Lake Superior as a whole.  

However, in the future as more scientific data becomes available after studying lake-wide 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.e. shoreline development, mining waste in other shoreline areas), may have a 

measurable lake-wide impact. Regardless of the exact nature of any lake-wide consequences of the No 

Action Alternative, the consequences at local and regional scales would be adverse as detailed 

throughout the report.  
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4.2 General Characteristics of Keweenaw Bay Site-Specific Study Area 

4.2.1 Existing Conditions 

The Keweenaw Bay is an arm of Lake Superior residing on the eastern side of the 75-mile-long 

Keweenaw Peninsula in the Upper Peninsula of Michigan. While larger Lake Superior system influences 

the waters of Keweenaw Bay, the nearshore processes have shaped the landscape as evidenced by 

features such as bays, islands, tombolos, dune-swale complexes, and nearshore bedrock reefs.  

Grand Traverse Bay sits between Gay, MI to the north and the tombolo landscape feature known as 

Traverse Point to the south. The 2,200-acre Buffalo Reef lies within Grand Traverse Bay in the nearshore. 

This cobble reef sits on top of a bedrock shelf and is subject to the cold harsh winters of the Lake 

Superior waters. Ice cover over the reef is common in the winter and reduces the 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 Without-Project Conditions 

The consequence of No Action within the project area would impact the Keweenaw Bay Site-Specific 

Study Area through the continued encroachment of stamp sands on Buffalo Reef and transport 

throughout Grand Traverse Bay. Further specific impacts are discussed in the sections 4.3 through 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 Section 4.3.13. The Keweenaw Peninsula region has a mid-

latitude maritime climate. Water in Lake Superior stays cool in summer and does not ordinarily freeze 

over completely in winter. Because of the nearness to the lake, temperatures are moderated somewhat 

from the more interior U.S. and Canada extremes, and cloudiness and precipitation are above average. 

Weather changes are frequent because many pressure systems move eastward through this section of 

the U.S. and Canada and precipitation is well distributed throughout the year. Summer temperatures 

rarely reach 90°F, while winters are cold and snowy. Seasonal snowfall averages over 200 inches a year. 

Because of ample cloudiness much of the year that is caused or enhanced by lake influences, sunshine 

values average low and are especially low in winter when daylight shrinks to less than nine hours in late 

December.  

Future Without-Project Conditions 

The consequences of No Action within the project area would have no impact on climate conditions.  
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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 to drift apart and was filled with basalt lavas (Kesler 2019). During the early Midcontinent Rift, 

volcanic flows formed plateaus ranging from a few yards thick to the impressive 1,300-foot thickness of 

the Greenstone Flow in the Portage Lake Group which is exposed along the ridge of the Keweenaw 

Peninsula. This lava flow 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 solutions known as hydrothermal solutions flowing from the Midcontinent Rift, in which 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 (Kesler 2019). This type of formation led to the deposition of highly pure (97%) 

deposits of copper in the Portage Lake Volcanics basalt (Figure 4-1).  

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 

(Figure 4-2). Nonesuch Shale overlays the Copper Harbor Conglomerate and is succeeded upward by 

sandstone and shale of the Freda Sandstone (Kesler 2019). 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 eroded into sediments 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 Peninsula as they had been scraped and eroded away over the 

course of the two million years of glacial advance and retreats, which led to the formation of the Great 

Lakes.  
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Figure 4-1: Copper deposits along the Keweenaw Peninsula 

 
Figure 4-2: Geology of the Keweenaw Peninsula 

 

Future Without-Project Conditions 

The consequences of No Action within the project area would have no impact on geology conditions.  

4.3.3 Topography and Soils 

Existing Conditions 

For this report, the topography discussion refers to upland areas whereas the coastal shoreline is 

separated and discussed in Section 4.3.4. The 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 the Keweenaw County varies by nearly 1,400 feet. As shown in Figure 4-3, the soil survey for the 

cƻǳƴǘȅ ǎǘŀǘŜǎ ǘƘŀǘ ǘƘŜ Dŀȅ ŀǊŜŀΩǎ ǘƻǇƻƎǊŀǇƘȅ ƛǎ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ǎǘŜŜǇ ōŜŘǊƻŎƪ ŎƭƛŦŦǎΣ ǊƛŘƎŜǎΣ ŀƴŘ 

dissected moraines bordering Lake Superior with elevations ranging from 1,540 feet to 597 feet above 

sea level at the Lake Superior shore (USDA 2006). Soil Survey for Keweenaw County states that the Gay 

ŀǊŜŀΩǎ ǘƻǇƻƎǊŀǇƘȅ ƛǎ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ǎǘŜŜǇ ōŜŘǊƻŎƪ ŎƭƛŦŦǎΣ ǊƛŘƎŜǎΣ ŀƴŘ ŘƛǎǎŜŎǘŜŘ ƳƻǊŀƛƴŜǎ ōƻǊŘŜǊƛƴƎ 

Lake Superior with elevations ranging from 1,540 feet to 597 feet above sea level at the Lake Superior 

shore (USDA 2006). 

 
Figure 4-3: USDA Soil Map 

In October of 2021, the State of Michigan drilled 14 borings to characterize the subsurface conditions of 

a potential stamp sands placement site upland of the project area (Figure 4-4). 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 including sand, silty sand, and sandy silt with varying amounts of gravel and 

sandstone fragments. The deposits are classified under the Unified Soils Classification System (USCS) 

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 surface (GEI 2021).  
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Figure 4-4: Potential upland placement site borings locations 

Future Without-Project Conditions 

The consequences of No Action within the project area would have no impact on topography and soil 

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. 

Generally, the shoreline is eroded away from the upper regions of the bay and deposited downdrift in 

the lower bay. In terms of anthropogenic influences, an estimated 22.7 metric tons (25 U.S. tons, 

approximately 16 MCY) of stamp sands were disposed of along the north shoreline of Big Traverse Bay 

by the end of 1932. Over the last 90 years, the original pile of stamp sands was eroded by the littoral 

drift process and storm events, which has deposited stamp sands into Lake Superior and along the 

shoreline. This section discusses the current location of stamp sand, whereas the movement of stamp 

sand is discussed in Section 4.3.5 Hydrology and Hydraulics. The existing limnology and coastal shoreline 

features impacted by decades of stamp sands infiltration are described in the following regions of Grand 

Traverse Bay (Figure 4-5): 

¶ Tobacco River; 

¶ Stamp Sand Impacted Shoreline; 

¶ Historic Coal Dock; 

¶ Grand Traverse Bay Harbor (Big Traverse Harbor); 

¶ Lower Bay Shoreline;  

¶ Dune; 
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¶ Trough; 

¶ Buffalo Reef; 

¶ Lower Bay Natural Sand Channels/Dunes; and 

¶ Traverse Point. 

 

 
Figure 4-5: Limnology and Coastal Shoreline Features of Grand Traverse Bay.Digital Elevation Model (DEM) represents the 

underwater gradient (Red = Shallow, Green = Deep) 

Tobacco River 

The Tobacco River is a 14-mile-long river that flows into Lake Superior just north of Gay, MI (Figure 4-5). 

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, it is unlikely that the Tobacco River is currently 

providing an inward flux of native sediment to the project area. 
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Stamp Sand Impacted Shoreline 

North Shoreline 

The North Shoreline is approximately 250 acres and runs just over 1.5 miles from the edge of the 

shoreline in Gay, MI to the eastern end of the Middle Shoreline (Figure 4-6 and Figure 4-7). This portion 

of shoreline contains the remnants of the original pile of stamp sand tailings that formed from years of 

copper mining. The stamp sands have 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 30 feet high and widening the beach which now ranges from 600 feet to 

over 1,200 feet wide. Based on the average Lake Superior water surface level, the lake would reach the 

tree line if not for the presence of stamp sands. In November of 2019, these cliffs were regraded to 

reduce stamp sands erosion (Figure 2-18). In 2021, 41 borings were drilled throughout the North 

Shoreline to inform the stamp sands/bedrock profile 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 

(Figure 4-8). Due to storms, winds, and natural littoral drift, the thickness of stamp sands ranges 

throughout the north shoreline, but borings indicated anywhere from 5-14 feet of stamp sands are 

present (Engineering Appendix). Several coastal pools and ponds lay on top of the sand beach and are 

devoid of life due to copper toxicity contamination. 

 
Figure 4-6: North Shoreline Regional Overview. DEM represents the underwater gradient (Red = Shallow, Green = Deep) 
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Figure 4-7: North Shoreline Outlined in Red 

 
Figure 4-8: 2021 Borings Indicating Bedrock (green points) and Native Sand (red points) 

 

Middle Shoreline 

The Middle Shoreline is approximately 112 acres and extends just under one mile from the western end 

of the North Shoreline to the existing coal dock (Figure 4-9 and Figure 4-10). The beach has a dark 

appearance from the stamp sands and the width typically ranges from 400 to 700 feet. This portion of 



 Buffalo Reef ς Final Alternatives Analysis   DRAFT JANUARY 2024 

55 

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 and to estimate 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 bedrock (Figure 4-8). As with the North 

shoreline, storms, winds, and natural littoral drift, alters the thickness of stamp sands throughout the 

shoreline, and borings indicated anywhere from three to 15 feet of stamp sands are present 

(Engineering Appendix).  

 
Figure 4-9: Middle Shoreline Regional Overview.  

DEM represents the underwater gradient (Red = Shallow, Green = Deep) 

 
Figure 4-10: Middle Shoreline 
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South Shoreline 

The South Shoreline is approximately 215 acres in size and extends approximately two miles from the 

existing coal dock to Grand Traverse Bay Harbor (Figure 4-13 and Figure 4-14). The beach overall has a 

dark appearance from the stamp sands, however, there are noticeable patches of native sand mixed in, 

particularly closest to shore. The beach width ranges from 300 to 1,000 feet, with the largest width at 

the northern section and tapering as it moves south. This portion of shoreline is lined with cottages. 

Stamp sands started covering the natural sand beach adjacent to the cottages beginning around 1956 

and had completely covered it by 1974. In 2021, 60 borings were drilled throughout the South Shoreline 

to inform the stamp sands profile and estimate the volume of stamp sands in this region. The results 

indicated that roughly 3.3 MCY of stamp sands lie on top of native sand (Figure 4-8). Due to storms, 

winds, and natural littoral drift, the thickness of stamp sands varies from 4 to 19 feet of stamp sands 

based on boring investigations (Engineering Appendix).  

A large coastal pond, locally known as Coal Dock Pond, formed on top of the stamp sand at the northern 

end of the shoreline reach that has a humic water influence, which leads to its high organic content 

(Kerfoot 2019). Adjacent and inland to the south shoreline is a dune-swale wetland complex that has 

formed through the deposition of sand over approximately the last 4,000 years of high and low lake 

levels (Johnston et. Al 2000).  

The stamp sands impacted beach profile tends to be steeper with deeper water depths at the shoreline 

than the native sand beach profiles found south of the harbor (Figure 4-11). With over 30 years of 

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

Michigan Tech University, coupled with long-term first-hand observation of stamp sands movement 

since its initial influx across Buffalo Reef and along the beach to the Grand Traverse Harbor break wall, 

Professor Robert Regis has witnessed stamp sands movement and understands the geomorphic changes 

caused by stamp sands, from both a scientific and a personal standpoint.  

Dr. Regis observed that the morphology no longer includes an offshore longitudinal sand bar similar to 

the sand bars that exist south of the harbor (Figure 4-12). The change in beach profile and the loss of the 

sand bars allows more wave energy to reach shoreline properties that result in upland structural erosion 

and flooding (Regis, Webex Communication, 2022).  
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Figure 4-11 Shoreline Transects. Brown- shoreline transects along the South Shoreline (Figure 4-8, Transects A to F). Yellow ς 

Shoreline transects south of Grand Traverse Harbor (Engineering Appendix, Attachment 1). Grey ς Lake Superior 2019 average 
water levelΦ ¢ǊŜŜ ƭƛƴŜ ŀǘ ΨлΩ ƻƴ ·-Axis.  

 
Figure 4-12: 2016 LIDAR of shoreline south of Grand Traverse Harbor showing sand bars along the shoreline  
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Figure 4-13: South Shoreline Regional Overview. 

 DEM represents the underwater gradient (Red = Shallow, Green = Deep) 

 
Figure 4-14: South Shoreline Outlined in Purple 

Historic Coal Dock  

The existing, historic coal dock was constructed during the late 1800s with a nearby rail line to transport 

coal and mined material to and from the Mohawk Mining Company and is located between the Middle 

Shoreline and South Shoreline (Figure 4-15). The dock extended 325 feet into Lake Superior and was in 

Coal Dock Pond 

South Shoreline 
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17 feet of water at its end (Kerfoot 2013). While the historic coal dock is no longer intact, remnants of 

the structure are visible (Figure 4-16). Although the dock was intended for transporting materials, it has 

acted as a barrier to impede updrift stamp sands from moving south towards Grand Traverse Bay 

Harbor. Several coastal pools and ponds lay on top of the stamp sands up and down drift of the coal 

dock and are devoid of life due to copper toxicity. 

 
Figure 4-15: Coal Dock Regional Overview. Digital Elevation Model (DEM)  

represents the underwater gradient (Red = Shallow, Green = Deep) 

 

 
Figure 4-16: Remnants of Existing Coal Dock 

Grand Traverse Bay Harbor 
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Grand Traverse Bay Harbor, as shown in Figure 4-17 and Figure 4-18, is a designated Harbor of Refuge 

that must be dredged to maintain navigability. For more information on this harbor see Section 2.2 

Existing Projects. The Grand Traverse Bay Harbor Jetty has deterred the movement of stamp sands along 

the jetty. Recently however, stamp sands have been found in the harbor and south of the harbor along 

the native sand beach. 

 
Figure 4-17: Big Traverse Harbor Regional Overview. DEM represents  

the underwater gradient (Red = Shallow, Green = Deep). 

 
Figure 4-18: Grand Traverse Bay Harbor. Note the stamp sands beach north  

of the GTH and native sand beaches south of the GTH 
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Lower Bay shoreline 

The Lower Bay Shoreline is approximately 20 acres in size and extends approximately 2.9 miles from 

Grand Traverse Bay Harbor to Traverse Point (Figure 4-19). The beach 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 from 30 to 50 feet throughout its entirety. This portion 

of shoreline is lined with cottages and is adjacent to the inland dune-swale complex.  

 

 
Figure 4-19: Lower Bay Shoreline of Big Traverse Bay Outlined in White.  
DEM represents the underwater gradient (Red = Shallow, Green = Deep) 

 

Dune 

The Dune is an underwater accumulation of stamp sands. The Dune is approximately 300 acres in area 

and lies adjacent to the Trough and Middle and North Shoreline (Figure 4-20 and Figure 4-21). Based on 

historic knowledge, USGS isopach and bathymetry data, subsurface photos, and sampling efforts, most 

of the Dune is assumed to be composed 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 results indicated that the Dune 

contained roughly 2.6 MCY of stamp sands. The thickness of stamp sands varies, but the limited borings 

indicated anywhere from one to 11 feet 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 

(Engineering Appendix).  
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Figure 4-20: Dune Regional Overview. DEM represents the underwater gradient (Red = Shallow, Green = Deep).  

 

 
Figure 4-21: Stamp Sands Dune. DEM with Hillshade technique to show the 3D representation of the underwater terrain. The 

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

Trough 

The Trough is an ancient riverbed that covers approximately 464 acres and lies underwater between the 

South Shoreline and historic coal dock and is adjacent to Buffalo Reef (Figure 4-22 and Figure 4-23). 

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 Lake Superior, 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 the presence of stamp sands, acting a sediment trap. The 



 Buffalo Reef ς Final Alternatives Analysis   DRAFT JANUARY 2024 

63 

Trough spans from the nearshore out into the deep waters of Lake Superior with the majority of sand 

deposited closest to the shoreline, while deeper regions of the Trough have exposed bedrock.  

For the project, only 180 acres of the Trough closest to the shoreline are considered based on presence 

of stamp sands and dredging limitations in deep waters. Even though the Trough acts as a sediment trap 

by capturing sediment (including stamp sands), it is currently overflowing. Because the capacity is 

overwhelmed with stamp sands, they spill onto Buffalo Reef and threaten it. In May of 2020, 

approximately 112,000 CY of stamp sands were removed from the Trough to mitigate this damage.  

From 2020 to 2021, 42 borings were drilled throughout the Trough to understand the stamp sands 

profile and estimate the total volume of stamp sands in this region. The results indicated that the 

Trough contained roughly one MCY of stamp sands. The estimated thickness of stamp sands throughout 

the Trough is uncertain, and limited borings indicated varying stamp sands thicknesses anywhere from 2 

to 10 feet within the Trough (Engineering Appendix). 

 
Figure 4-22: Trough Regional Overview. DEM represents the underwater gradient (Red = Shallow, Green = Deep) 
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Figure 4-23: Trough. DEM represents the underwater gradient (Red = Shallow, Green = Deep) 

Buffalo Reef 

Buffalo Reef is a 2,200-acre cobble field on top of a bedrock coastal shelf that intersects with the South 

Shoreline and is adjacent to the Trough to the north (Figure 4-24 and Figure 4-25). The cobble and 

boulder fields of Buffalo reef are glacial erratic boulders, which were 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. The actual volume of stamp sands in the reef is uncertain, but studies 

have shown that the stamp sands have already begun to impact the reef itself, with an estimated 

coverage of 30% (Kerfoot 2017). Stamp sands from the Trough have moved onto the northern and 

western cobble fields of Buffalo Reef (#3 and #4, respectively, in Figure 4-26) and currently has buried 

cobbles and filled in interstitial spaces (Figure 4-27). The depression to the west of the reef (#7 in Figure 

4-26) has an accumulation of stamp sands. The southern and southwestern cobble fields (#2 and #6, 

respectively, in Figure 4-26) contain little stamp sands.  
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Figure 4-24: Buffalo Reef Regional Overview. DEM represents the underwater gradient (Red = Shallow, Green = Deep)  

 

 
Figure 4-25: Buffalo Reef with 2019 LIDAR Overlay. DEM represents the underwater gradient (Red = Shallow, Green = Deep) 

 



 Buffalo Reef ς Final Alternatives Analysis   DRAFT JANUARY 2024 

66 

 
Figure 4-26: LIDAR of Grand Traverse Bay with elevations. Points of interest are numbered (Kerfoot 2019) 

 

 
Figure 4-27: Underwater Photo Indicating Presence of Stamp Sands on Top of Native Sand at Buffalo Reef 

Lower Bay Limnology 

The in-water 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 the Grand Traverse Harbor Breakwater Structures near the harbor 

acting as a barrier. In the Lower Bay, native sand is pulled out toward the Keweenaw Bay under the 

influence of water currents, and forms finger-like ridges as seen in Figure 4-28 and Figure 4-29 (Kerfoot 

2019).  

Stamp sand 

Native sand 
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Figure 4-28: Lower Bay Regional Overview. DEM represents the underwater gradient (Red = Shallow, Green = Deep).  

 

 
Figure 4-29: Lower Bay of Grand Traverse Bay. DEM represents the underwater gradient (Red = Shallow, Green = Deep). 

Traverse Point  

Traverse Point is located at the southern end of Grand Traverse Bay and is a tombolo, a geologic product 

of a bedrock island that is connected to the mainland shore by water current-deposited sand. Its 

presence fostered the growth of the dune-swale complex adjacent to the Lower Bay, and the dune-

swale complex downdrift, adjacent to Little Traverse Bay. In the water, the bedrock skirts across 
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Traverse Point from the Lower Bay down to the Little Traverse Bay, forming an underwater bedrock reef 

(Figure 4-30). Traverse Point Reef has not been studied extensively; therefore substrates are not fully 

known, however it is likely that cobble fields are present. Currently, Traverse Point Reef is not impacted 

by the presence of stamp sands.  

 
Figure 4-30: Traverse Point and Traverse Point Reef. DEM represents the underwater gradient (Red = Shallow, Green = Deep).  

Future Without-Project Conditions 

The consequences of No Action within the project area would result in continued stamp sands coverage 

along the shoreline, Trough, Dune, and Buffalo Reef. The finer fraction of stamp sands would be 

transported further offshore into deeper waters in Lake Superior. 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. Additionally, the wave action during storms has transported stamp sands into adjacent coastal 

wetlands.   

Stamp sands would continue to be transported and overtop the Grand Traverse Bay Harbor. USACE 

would continue to submit an annual budget request, but it is unlikely the Federal project would be 

consistently funded to maintain the harbor. Consequently, the 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 

(Figure 4-55), and harbor uses would likely be eliminated. For details regarding potential flooding 

impacts and property values, refer to Section 0 Hydraulics and Hydrology and Section 0 Property Values. 

The area south of Grand Traverse Harbor in the Lower Bay and along 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 Point would experience, to a lesser degree, a similar fate as Buffalo Reef. If the stamp sands 

were to impact the beach south of the harbor similarly to the beaches north of the harbor, the change in 

¢ǊŀǾŜǊǎŜ 

tƻƛƴǘ 

¢ǊŀǾŜǊǎŜ 

tƻƛƴǘ wŜŜŦ 
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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 without-project 

condition could cause upland structural erosion and flooding and could fill adjacent wetlands south of 

the harbor with stamp sands. For more detail see section 4.3.5 Hydrology & Hydraulics. 

Continued stamp sand coverage would result in loss of habitat, aquatic organisms, and the fishery. 

Continued stamp sand coverage would continue to decrease the number of aquatic organisms used for 

food by newly hatched fish, for example. Without appropriate food for newly hatched fish, they cannot 

survive, continuing to decrease the number of fish around the reef. 

Therefore, No Action would have a significant adverse impact to the limnology and coastal shoreline 

resource.   

 

4.3.5 Hydrology and Hydraulics 

Existing Conditions 

H&H Overview 

Data, such as, sediment data, erosion rates, wind forces, and historic wave action, provided a general 

understanding of stamp sands movement and was used to model existing conditions of the project area 

and forecast the movement of stamp sands over the next five years.  

After completing a modeling period of five years, results provided the following general patterns of 

stamp sands movement along the shoreline and in Grand Traverse Bay (Figure 4-31):  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 4-31: General Movement of Stamp Sands Today. This modeling was based on the following assumption: Net Erosion and 

Accretion Rates of Stamp Sands calculated before the Original Pile was pulled back. 

 

¶ 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. 

S Shoreline 

Trough 

M Shoreline 

N Shoreline 

Dune 

Buffalo Reef 
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¶ Stamp sands move slowly with the general wind patterns and water currents, but storms 

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. 

¶ Smaller particle sediment sizes are more mobile and tend to erode into the water at a faster 

rate, often traveling farther than larger particles (Figure 4-32).  

 
Figure 4-32: Stamp Sands Sediments Collected from Shoreline  

(Note: Coarser grain size near Grand Traverse Bay Harbor because fine grains  
are more mobile and erode into the lake due 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, the movement of 25 sediment particle sizes (stamp sands and native sand) throughout the 

project area were tracked (Table 4-1). 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 the surrounding critical habitats for Lake Trout and Lake Whitefish. See the 

Hydrology and Hydraulics (H&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.  

Table 4-1. Particle Size Tracking 

Sediment Class Label Type D50 (µm) 

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 

13 MSL1 SS 20 

14 MSL2 SS 188 

15 MSL3 SS 375 

16 NSL1 SS 20 

17 NSL2 SS 188 

18 NSL3 SS 375 

19 TRG1 SS 20 

20 TRG2 SS 188 

21 DUN1 SS 20 

22 DUN2 SS 188 

23 DUN3 SS 375 

24 TRV1 NS 20 

25 TRV2 NS 188 
Note: NS = Native Sand, SS = Stamp Sands. The color of the table cell corresponds to the color of the dredging area from which 

the sample originated. Green = M Shoreline, Red = N Shoreline, Yellow = Trough, Blue = Dune 

4.3.6 Modeling Results 

The purpose of the sediment transport modeling was to perform a multi-year simulation of the 

transport of stamp sands and native sand in the existing system to evaluate the movement of stamp 

sands through Grand Traverse Bay. Informed by data collection, three size classes (20, 188, and 375 µm) 

were used to represent stamp sands along the North and Middle Shorelines and in the Dune. Two 

classes (20 and 188 µm) were used to represent Stamp Sands in the Trough. The following results 

represent the current trends in stamp sands behavior across the project area. 
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North Shoreline 

Table 4-2 and Figure 4-33 show the modeling results of the North Shoreline stamp sands particles 

movement over five years. Due to lack of survey data, the model did not account for the regraded 

original pile of stamp sands. Results indicated that: 

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

(NSL3); 

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

that stamp sands can reach the Dune moving southwest; and 

¶ Stamp sands cliffs impacted the distribution of stamp sands. 

o Above the white line, dominant direction to the Northeast (see Figure 4-33). 

o Below the white line, dominant direction to the Southwest (see Figure 4-33). 

IŦ ǘƘŜ ƳƻŘŜƭ Ǌŀƴ ǿƛǘƘ ǘƘŜ ǊŜƎǊŀŘŜŘ άǇǳƭƭŜŘ ōŀŎƪέ ǇƛƭŜ with this changed condition, the erosion rate 

would decrease because the surface area exposed to wind and wave action have been reduced (current 

conditions). The dominant direction of the stamp sands from the entire original pile would likely move 

to the southwest rather than the north.   

Table 4-2. North Shoreline ς Stamp Sands Particle Sizes Tracked in Sediment Transport Model 

Sediment Class Label Type D50 (um) 

16 NSL1 SS 20 

17 NSL2 SS 188 

18 NSL3 SS 375 

 

 
Figure 4-33: Particle Tracking Movement from North Shoreline, 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 
ƴƻǊǘƘǿŜǎǘΦ !ōƻǾŜ ǘƘŜ ǿƘƛǘŜ ƭƛƴŜΣ ǎǘŀƳǇ ǎŀƴŘǎ ƳƛƎǊŀǘŜŘ ƴƻǊǘƘŜŀǎǘΣ ŘǳŜ ǘƻ ƳƻŘŜƭΩǎ ƛƴŎƭǳǎƛƻƴ ƻŦ ǎǘŀƳǇ ǎŀƴŘǎ ŎƭƛŦŦǎΦ 
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As expected, the smaller stamp sands particles (NSL2) moved 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 line and to the southwest for the portion of the 

shoreline south of the white line. 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 

waterΩǎ ŜŘƎŜ ƭƛƪŜ ŀ ŎƭƛŦŦΦ The smaller particles from the original 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 quantity of stamp sands would erode 

into the lake or along the shore because the stamp sands cliffs have been pulled back to the tree line in 

a gradually sloped stamp sand shoreline. Moreover, 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 

Table 4-3 and Figure 4-34 show the modeling results of the stamp sands particle movement from the 

Middle Shoreline over five years. Results indicated that: 

¶ The smaller particles (MSL2) easily eroded and were transported farther than the larger 

particles (MSL3); 

¶ The majority of stamp sands movement from the Middle Shoreline is just offshore of the land, 

but the modeling indicates that stamp sands can reach the Trough and Dune; and 

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

Trough. 

Table 4-3. Middle Shoreline ς Stamp Sands Particle Sizes Tracked in Sediment Transport Model 

Sediment Class Label Type D50 (µm) 

13 MSL1 SS 20 

14 MSL2 SS 188 

15 MSL3 SS 375 
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Figure 4-34: Particle Tracking Movement from the Middle Shoreline, smaller particles (left) and larger particles (right) 

As expected, the smaller particles of stamp sands (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 lake and be 

transported southwest towards the Dune, Trough, and the South Shoreline.  

Historic Coal Dock 

The remnants of the historic coal dock are visible from aerial footage while most of the structure is 

buried in stamp sands (this was not included in the model). However, it is assumed that decades ago, 

this dock acted as a barrier preventing updrift stamp sands from the Original Pile from moving 

southward along the shoreline and in the water (See Section 4.3.4.1.3). 

South Shoreline 

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

4-35). Due to schedule limitations and long model computation run times, the number of tracked 

particles was limited. Stamp sands particle tracking from the South Shoreline was not included in the 

model because each alternative includes dredging this portion of shoreline due to its proximity and 

impact to Buffalo Reef and the critical spawning habitats of Lake Trout and Lake Whitefish. Based on 

visual observation and historic knowledge of the area, the stamp sands have continued to push south 

from the Coal Dock Pond to Grand Traverse Bay Harbor. The grain size of stamp sands in this reach are 

larger than the Middle and North Shorelines because most smaller grain sizes have eroded into the lake.  
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Figure 4-35: South Shoreline. 
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Grand Traverse Bay Harbor 

The existing Grand Traverse Bay Harbor has been inundated with stamp sands during major storm 

events as the stamp sands continue to push south. The jetty extends approximately 550 feet out 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 beaches still exist (Figure 4-36 and Figure 4-37).  

  
Figure 4-36: Simplified Stamp Sands Movement Around GTBH Jetty 

 



 Buffalo Reef ς Final Alternatives Analysis   DRAFT JANUARY 2024 

77 

 
Figure 4-37: Modeling of the GTBH Jetty 

South of Harbor Shoreline/Lower Bay 

The existing shoreline south of Grand Traverse Bay Harbor 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 waters of the Lower Bay. Residents living along the native 

sand shoreline have observed dark specks of stamp sands washed onto the beach and have seen thin 

layers of stamp sands accumulating under water as shown in the figure below (Figure 4-38). This region 

is important to locals for recreation purposes and visual aesthetics, but it is also important to Lake 

Whitefish because it has been documented as a nursery area for this fish species. 
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Figure 4-38: Thin Layer of Stamp Sands in Shallow Waters Along Native Sand Beach South of GTH. Stamp sands have already 

begun to be transported south of GTH. 

Dune 

Table 4-4 and Figure 4-5 show the modeling results of the stamp sands particle movement from the 

Dune over five years. Results indicate that: 

¶ The smaller particles (DUN2) easily eroded and were transported farther than the larger 

particles (DUN1). 

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

the stamp sands. 

o Stamp sands on the west side of the Dune remained within the Dune or moved 

southwest into the Trough. 

o Stamp sands on the east side of the Dune remained within the Dune or moved 

northeast towards Gay, MI. 
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Table 4-4. Dune ς Stamp Sands Particle Sizes Tracked in Sediment Transport Model 

Sediment Class Label Type D50 (µm) 

21 DUN1 SS 20 

22 DUN2 SS 188 

23 DUN3 SS 375 

 

 
Figure 4-39: Particle Tracking Movement from the Dune , smaller particles (left) and larger particles (right). 

 

As expected, the smaller stamp sands particles (DUN2) from the dune move farther in all directions than 

the larger particles (DUN3). The dominant movement direction for particles coming from the western 

half of the dune is to the south and southwest. For the particles coming from the eastern half of the 

Dune the dominant movement direction is to the northeast (Figure 4-39). The northeast movement of 

particles from the eastern portion of the dune is expected to be reduced since the grading of the stamp 

sands cliffs along the original pile and the resulting modifications to Grand Traverse Bay circulation.  

Trough 

Table 4-5 and Figure 4-40 show the modeling results of the stamp sands particle movement from the 

Trough over five years. Results indicate that: 

¶ 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. 

¶ Most stamp sands were contained within the Trough, but the modeling indicates that smaller 

stamp sands can move south past Traverse Point.  

¶ The dominant direction of particles from the Trough regardless of size is southward into Buffalo 

Reef. 

 

Table 4-5. Trough ς Stamp Sands Particle Sizes Tracked in Sediment Transport Model 
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Sediment Class Label Type D50 (µm) 

19 TRG1 SS 20 

20 TRG2 SS 188 

 

 
Figure 4-40: Particle Tracking Movement from the Trough, smaller particles (left) and larger particles (right). 

 

The smaller particles (TRG1) of stamp sands in the Trough move farther in all directions than the larger 

particles (TRG2). The dominant movement direction of the stamp sands from the Trough is to the south 

towards Buffalo Reef. Modeling results indicate that the smaller particles can reach beyond Traverse 

Point within five years. This finding emphasizes the need for frequent dredging of the Trough to 

decrease the transport of stamp sands out of the Trough onto Buffalo Reef. 

Future Without-Project Conditions 

Over a 50-year period, with No Action, the following trends in stamp sands movement would likely 

occur:  

¶ Over a 50-year period, stamp sands would continue to be moved along the shoreline, principally 

toward the south during storm events, and onto Buffalo Reef. The modeling has shown that 

some northward movement of stamp sands occurs during fair weather under southeasterly or 

southerly winds, but most stamp sands are moved in the downdrift direction (i.e., to the 

southwest/south) during storms. 
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¶ As stamp sands continue to move downdrift, ǘƘŜȅ ǿƻǳƭŘ Ŧƛƭƭ ǘƘŜ ƘŀǊōƻǊΩǎ ƴŀǾƛƎŀǘƛƻƴ ŎƘŀƴƴŜƭ. If 

frequent dredging was not performed, stamp sands would bypass ǘƘŜ ƘŀǊōƻǊΩǎ ŜƴǘǊŀƴŎŜ and 

would continue to be transported to the south.  

¶ An ever-increasing 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. This is anticipated based on 

the expected gradual establishment of a quasi-equilibrium 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 Grand traverse Bay Harbor breakwater. This would allow bypassing of the 

breakwater to occur more efficiently.  

¶ Overtime, the mass of stamp sands along the North, Middle, and South Shorelines and in the 

Trough and Dune regions would 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 sands would still be found in these regions including 

Buffalo Reef. 

¶ 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 sands would move farther offshore into deeper portions of Buffalo 

Reef, but it is expected that a small portion of these small stamp sands particles would still be 

present on the nearshore reef at the end of this period.  

¶ By the end of the 50-year period, some of the smaller particles of stamp sands would 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 the 50-year period.  

In summary, over a 50-year period the total mass of stamp stands in the identified dredging regions 

would be less than at present because of the stamp sands transported offshore, but some percentage of 

the larger particles of stamp sands would still be present, in particular in the Trough and on Buffalo Reef. 

The mass of stamp sands on Buffalo Reef is anticipated to be somewhat smaller than at present, 

especially along the 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 or non-existent (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 this 50-year period, it 

is expected that stamp sands would remain along the shoreline and in the Trough and Dune, but it is not 

possible to estimate the remaining mass of stamp sands on Buffalo Reef. The forecasted impacts of No 

Action would change the nature of the shoreline and offshore waters as stamp sands continue to move; 

therefore, No Action would have a significant adverse impact to the 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 concentration of copper in stamp sands is high, averaging 10 to 100 times greater than other 

regional source materials or natural sediments. Sediments 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 Bay by Michigan Technological University revealed reduced populations at stamp sand 

ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ŀǎ ƭƻǿ ŀǎ нл҈Φ Lƴ ŀŘŘƛǘƛƻƴΣ 9D[9Ωǎ άDǊƻǳƴŘǿŀǘŜǊκ{ǳǊŦŀŎŜ ²ŀǘŜǊ LƴǘŜǊŦŀŎŜ tǊƻǘŜŎǘƛƻƴέ 

level for copper is exceeded in stamp sand leachate.  

Based on percent stamp sand composition from the 80 Ponar samples collected by MTU in 2013, 

expected sediment copper concentrations in the coastal nearshore zone off the Gay pile to the Coal 

Dock region are very high, resembling concentrations at the Gay pile (Figure 2-12). Copper 

concentrations diminish into the deeper shelf regions and towards the Grand Traverse Harbor 

Breakwater Structures, as stamp sands are mixed more with natural sediments. Approximately one km 

off the shoreline in a band between the pile and Coal Dock, copper concentrations still range between 

500 to 1400 ppm. At these concentrations, biotic communities should be severely impacted. Even four 

km off the shoreline, there may be some effects, as copper concentrations exceed EPA and Michigan 

probable effects levels (149 ug g-1; MacDonald et al. 2000; Michigan 111 ug g-1; MDEQ 2014.). The high 

concentrations suggest severe effects on benthic organisms (e.g., periphyton, invertebrates, larval fish) 

in the nearshore zone and underscore the peril to Buffalo Reef if the high concentration sediments in 

the Coal Dock Region continue to migrate further into the reefΩǎ boulder fields.  

Future Without-Project Conditions 

The consequences of No Action within the project area would result in continued copper contamination 

along the shoreline and nearshore areas. Stamp sands within Grand Traverse Bay would continue to 

spread generally southwest, ultimately covering the three-mile natural sand beach southwest of Grand 

Traverse Bay Harbor. 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 exhausted. Stamp sands in and around 

the reef would continue to be toxic, harming aquatic life. Therefore, No Action would 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 

Quality Values; toxicity observed in suspended particulate phase (SPP) tests resulting in no observable 

effects concentrations (NOECs) between one and 10; and Tua between 4.2 and 6.8. Probable Effects 

Concentrations (PECs) and PEC Quotients exceeded 0.5; Groundwater/Surface Water Interface 

Protection for surface water is exceeded. Groundwater within άbeachέ stamp sand deposits exceed 

state water quality criteria for copper. Various 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 2022, preliminary sampling of reef interstices indicated 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 site-to-site cross-contamination due to sediments entering the 

sampling devices. In 2023, sampling with single-use sampling devices will be completed to eliminate 

potential contamination across sites (Michael Lowe, USGS, E-mail communication, 2023). 
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Stamp mills in the Keweenaw Peninsula, like Mohawk and Wolverine, sluiced stamp sands into Lake 

Superior for decades creating a Ψcopper haloΩ of metal-enriched sediments that extends six to 55 miles 

into the lake today. The halo of copper concentrated sediments is a direct result of anthropogenic 

activities like historic copper mining; however, it is not known to adversely impact benthic organisms at 

these levels. Even after the mines shut down decades ago, the halo remains as stamp sands continue to 

be transported into the lake (Figure 4-41).  

 
Figure 4-41Υ !ƴǘƘǊƻǇƻƎŜƴƛŎ /ƻǇǇŜǊ άIŀƭƻέ in Lake Bottom Sediments Produced by Copper Mining on the Keweenaw Peninsula. 

 

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

However, some nearshore samples adjacent to stamp sands taken by EGLE exceeded the water quality 

criteria for copper. No drinking water intakes or wells in the immediate location of the proposed Upland 

Placement Site (Section 0) or original pile exist.  

Future Without-Project Conditions 

The consequences of No Action within the project area would result in physical inundation of reef 

interstices and continued copper contamination in stamp sand influenced waters including nearshore 

juvenile Lake Whitefish habitat. The area with poor nearshore water quality would be extended three 

miles to the southwest as stamp sands cover natural beach to Grand Traverse Point. The copper halo 

would continue to exist throughout the lake. The No Action would not impact the overall water quality 

of Lake Superior; however, No Action would have a significant adverse impact on the localized portion of 
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the lake surrounding Buffalo Reef. Additional impacts from the implications of poor water quality are 

discussed in Section 4.4.3 Aquatic Resources.  

4.3.9 Air Quality 

Existing Conditions 

YŜǿŜŜƴŀǿ ŀƴŘ IƻǳƎƘǘƻƴ /ƻǳƴǘƛŜǎ ŀǊŜ ŘŜǎƛƎƴŀǘŜŘ ά!ǘǘŀƛƴƳŜƴǘέ ǿƛǘƘ ǘƘŜ bŀǘƛƻƴŀƭ !ƳōƛŜƴǘ !ƛǊ vǳŀƭƛǘȅ 

Standards (NAAQS). However, 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 Without-Project Conditions 

The consequences of No Action within the project area would have no impact on air quality conditions.  

4.3.10 Noise 

Existing Conditions 

The area is relatively undeveloped except for the shoreline south of the Coal Dock Jetty to the Traverse 

River therefore the noise levels are fairly low.  

Future Without-Project Conditions 

The consequences of No Action within the project area would have no impact on noise conditions.  

4.3.11 Land Use 

Existing Conditions 

The shoreline from Gay to Grand Traverse Bay Harbor is covered with stamp sands. The stamp sands 

have acted as an abrasive sandy beach for decades and locals are accustomed to the unique shoreline 

often using it for recreation activities (e.g., ATV riding on stamp sands). Some waterfront properties near 

the Grand Traverse Bay Harbor rely on septic systems whose leach fields lie within the stamp sands 

(Figure 4-42).  
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Figure 4-42: Area Where Some Septic System Leach Fields Are Within Stamp Sands 
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Figure 4-43: Inland Land Use: Converted Rail Line Now Recreational Trail (Yellow) and Keweenaw CountyΩs Gay Park Road 

(Orange) is a 2.3-mile, Dirt Road. 

The land North of Gay-Linden Road is heavily wooded mixed with areas of flat and steep terrain and 

wetlands (Figure 4-43). This land is accessible using a trail that was once a railroad corridor during the 

copper mining era. Currently, these converted rails to trails as shown on the left inset of Figure 4-43, are 

used for recreational purposes (e.g., ATVs, snowmobiling, equestrian, biking, and hiking). 

The land just inland of the shoreline near Gay is also heavily wooded with a few cottages and trails that 

Ǌǳƴ ŀƭƻƴƎ ǘƘŜ YŜǿŜŜƴŀǿ /ƻǳƴǘȅΩǎ Dŀȅ tŀǊƪ wƻŀŘΦ !ǎ ǎƘƻǿƴ ƻƴ ǘƘŜ ǊƛƎƘǘ ƛƴǎŜǘ ƻŦ Figure 4-43, this road is 

a gravel road that runs approximately 2.3 miles. Compared to the land along the shoreline near Grand 

Traverse Bay Harbor, this area is much less developed and mainly used for access to trails or stamp 

sands. 
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Future Without-Project Conditions 

The consequences of No Action within the project area would 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 usage. Overall, No Action would 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 low lake levels (Johnston et al. 2000). Two 

dune-swale complexes reside adjacent to Grand Traverse Bay. One dune-swale complex is in the lower 

bay near the native sand, and the second in the upper bay along the stamp sand shoreline. This upper 

bay complex is impacted by the stamp sands beach, which is altering 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 complex resides south of Traverse Point, adjacent to Little Traverse Bay, and is 

unaffected by transported stamp sands. The natural sand beach between Grand Traverse Bay Harbor 

and the Historic Coal Dock (approximately 2 miles) has been covered in stamp sands. The property 

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

forested with conifers and hardwoods.   

Future Without-Project Conditions 

The consequences of No Action within the project area would have a moderate adverse impact on 

natural areas. North 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 

stamp sands shoreline would continue 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 adjacent wetlands ( 

Figure 4-44) and would continue 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, the surface water outlet for the wetlands 

would be partially blocked, and during storm events, waves could transport stamp sands into adjacent 

wetlands.  

Therefore, No Action would have a moderate adverse impact on natural areas and coastal wetlands. 
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Figure 4-44: Coastal Wetland Covered with Stamp Sands 

4.3.13 Climate Change 

Existing Conditions 

Global climate change is expected to have regional impacts to the Great Lakes Basin that include 

changes in temperature, precipitation, and lake-effect 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 increasing. Some 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 lake-effect 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; Easterling 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 increased over 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 changing climate 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 spring overturn 

occurring earlier in the year and fall overturn occurring later (Baule et al. 2014; Angel et al. 2018; 

Easterling et al. 2017). As 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 projections suggest a lengthening of the growing season with spring overturn occurring earlier 

in the year and fall overturn occurring later. These projections also suggest 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 

levels at depth and lack of nutrient at the surface increases, which can potentially lead to declines in 

species populations in both zones.   

 

Future Without-Project Conditions 

When discussing climate change, it requires discussion of both the impacts to climate change and the 

impacts of climate change on the condition. The consequences of No Action within the project area 

would not accelerate or mitigate climate change, which is anticipated to continue affecting the Great 

Lakes region. However, climate change is anticipated to alter existing conditions of the Great Lakes and 

consequently, exacerbate the impacts of stamp sands and the functions of Buffalo Reef. Climate change 

would significantly impact the following resources: Climate, Limnology and Coastal Shoreline, Hydrology 

and Hydraulics, Aquatic Resources, and Socioeconomic and Human Resources.  

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

sands. These stronger winds and storms would 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, greater variations in lake levels alters the hydrology and hydraulics within Grand 

Traverse Bay. This would alter how stamp sand is transported along the coastline, possibility reshaping 

the shoreline and 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 increased surface water temperatures and ice coverage variations would impact Lake Trout 

and Lake Whitefish life cycles and productivity on Buffalo Reef. Figure 4-45 shows a graphic depicting 

the importance of ice coverage over spawning reefs for Lake Whitefish. Decreased ice coverage over 

Buffalo Reef would remove the protective layer and cause high egg deaths for Lake Trout and Lake 
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Whitefish. Increased egg deaths result in 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, namely subsistence fishing, commercial and 

recreational fishing, and employment.  

 

 

 
Figure 4-45: Climate change impacts to Lake Whitefish production (Michigan Sea Grant, 2022). Ice coverage protects 

overwintering eggs, however reduced ice cover results in high egg deaths. 

4.4 Biological Resources 

4.4.1 Plant Communities 

Existing Conditions 

Plant communities of the Keweenaw Peninsula are representative of northern boreal forests comprised 

of white spruce, balsam fir, and aspen trees. Near Gay, MI, the landscape of broad ground-moraine 

ridges and sand lake plain host a variety of vegetation communities. Northern hardwood forests of sugar 

maple and basswood, and conifers such as northern white-cedar, black spruce, and balsam fir, exist 

along the moraines. These upland forests have historically been impacted by logging. Cedar swamps can 
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be found in valleys between moraine ridges. Two dune-swale complexes of forested beach ridges and 

forested swamp and wetlands exist along the Big Traverse Bay shoreline.  

A variety of invasive exotic plant and animal species have 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 values. Some 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.  

Future Without-Project Conditions 

North of Grand Traverse Harbor, the consequences of the No Action within 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 Harbor, the consequences of the No Action within 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 wetlands would be partially blocked, and during 

storm events, waves could transport stamp sands into adjacent wetlands (see Section 4.3.12. Natural 

Areas).  

Therefore, No Action would have a significant impact on plant communities that have been covered in 

stamp sands and would continue to be covered in stamp sands. As stamp sands continue to be 

transported along the shoreline south of Grand Traverse Harbor, there would be a significant impact on 

plant communities that are within the wetlands that would no longer freely drain into Lake Superior and 

that would be covered by 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, opossum, coyote, and fox. 

Deer, bears, and an occasional moose or wolves are seen within the county. Bird species include ducks, 

geese, crows, grouse, woodcock, and songbirds. The area experiences a spring and fall migration of 

raptors passing through the area. A variety of shorebirds, amphibians, reptiles, and other wildlife occur 

in the Gay, MI 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 Without-Project Conditions 

The consequences of No Action within 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 continued transport of the stamp sands downdrift would cover the native sand 

beaches of the Lower Bay and increase the copper concentration toxicity which has an adverse impact 
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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 shoreline feeders and forces them to seek 

food elsewhere. Therefore, No Action would have a moderate adverse impact on wildlife resources. 

4.4.3 Aquatic Resources 

Existing Conditions 

Within Lake Superior, natural fish assemblages are reflective of the northern latitude with the cold, clear 

water ideal for native Ciscoes and Lake Trout. Commercial fisheries target Lake Whitefish (Coregonus 

clupeaformis), Lake Trout (Salvelinus namaycush), and Cisco (Coregonus artedii), with the recreational 

fisheries focusing on the lean Lake Trout, a slim morphotype of Lake Trout commonly found in the 

shallower waters of Lake Superior. Although fishes of Lake Superior have been the least affected out of 

the Great Lakes fish, native fishes of the Great Lakes have been adversely affected in both speciesΩ 

richness and population abundance by 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 fisheries drove Lake Trout population into decline by the early 

1900s (Muir 2012). The introduction of the invasive Sea Lamprey (Petromyzon marinus) led to the 

demise of Lake Trout ǇƻǇǳƭŀǘƛƻƴǎ ƛƴ ǘƘŜ ƭƻǿŜǊ DǊŜŀǘ [ŀƪŜǎ ǿƛǘƘ [ŀƪŜ {ǳǇŜǊƛƻǊΩǎ ǇƻǇǳƭŀǘƛƻƴ ƘƻƭŘƛƴƎ ƻǳǘ 

at low levels in nearshore locations by the 1950s. The rehabilitation of the Lake Trout populations 

involved invasive species programs, stocking, fisheries regulations, and research and assessment 

programs at a binational level (Muir 2012). Stocking of Lake Trout focused on lean Lake Trout and, by 

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

no longer required to sustain most of the Lake Trout population in Lake Superior (Bronte et al. 2002; 

Krueger and Ebener 2004). Lake Trout were declared rehabilitated in most of Lake Superior in 1996. 

¢ƻŘŀȅΣ [ŀƪŜ {ǳǇŜǊƛƻǊΩǎ ŦƛǎƘŜǊȅ ƛǎ ƳŀƴŀƎŜŘ ǎǳǎǘŀƛƴŀōƭȅ ŀƴŘ ǎŎƛŜƴǘƛŦƛŎŀƭƭȅ, leading to the stable Lake Trout 

and Lake Whitefish populations. Preserving spawning areas is important to the maintenance of Lake 

Trout and Lake Whitefish populations. 

Buffalo Reef is an approximately 2,200-acre cobble field on top of bedrock where many native fish 

species spawn, especially Lake Trout (Salvelinus namaycush) and Lake Whitefish (Coregonus 

clupeaformis). The reef is recognized as an important Lake Trout spawning reef in the Atlas of Spawning 

and Nursery Areas in the Great Lakes, Volume 2 (Goodyear et al., 1982).  

At Buffalo Reef, these two species broadcast spawn in the fall over the cobble and bedrock substrates 

throughout the reef. The highest relative number of spawning Lake Trout has been observed to occur 

within the north-central region of the reef, as seen in maps A and B of Figure 4-46. 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 

uncertain if this core spawning area was historically larger as that data does not exist. However, it is 

feasible that other areas of high-density spawning could have occurred over the ideal substrates before 

the encroachment of stamp sands onto the reef.  
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Figure 4-46: Heat maps of relative numbers of spawning fish at Buffalo Reef. (A) Female Lake Trout locations. (B) Male Lake 
Trout locations. (C) Male Lake Whitefish locations. (D) Core spawning area for Lake Trout and Lake Whitefish over substrate. 

Lake Trout spawning commences each fall, starting in early October, with the peak occurring from mid 

to late October. Lake Whitefish spawning 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 void spaces, known as 

interstitial spaces, between cobbles offering protection as they incubate. Figure 4-47 shows how eggs 

are safely nestled in between cobble rocks.  

 
Figure 4-47: Protected Lake Trout eggs in the interstitial spaces of cobble rocks. 

Encroaching stamp sands cause sedimentation that fills these critical interstitial spaces, smothering any 

existing eggs and rendering the spaces useless in egg protection. Any eggs deposited on top of the sands 

are subjected to wave action and predation, reducing survivorship. It is currently estimated that 30% of 

Buffalo Reef is impacted by encroaching stamp sands and is discussed in further detail above, in sections 

4.3.4 and 4.3.5. Figure 4-48 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 survival of any Lake Trout or Lake Whitefish eggs.  
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Figure 4-48: Based on a compilation of samples from 2010-2019, the  

predicted copper concentration and percentage stamp sand over Buffalo Reef.  

After incubation, the fish hatch in the spring, in which the Lake Trout larvae move toward the deeper 

regions of the reef, whereas the Lake Whitefish move to the shallow waters of the sand beaches of the 

lower bay for their nursery habitat, consuming benthic and pelagic invertebrates (Chiriboga and Mattes 

2008). Juvenile Lake Whitefish have 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 

seining has revealed that no juvenile Lake Whitefish have been caught in the waters of the upper bay 

along the stamp sands beaches. Historically, the shallows of the upper bay likely served as nursery 

habitat for Lake Whitefish before stamp sands smothered 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 area for Lake Trout and Lake Whitefish and has contributed to the 

fishery of Keweenaw Bay by the Bad River, Red Cliff, and Keweenaw Bay Tribes for generations. The 

results of a GLIFWC fishery assessment in 2008 confirmed this importance for both Lake Trout and Lake 

Whitefish fishery (Chiriboga and Mattes 2008). Ongoing research of fish otoliths, epigenetics and large-

ǎŎŀƭŜ ŀŎƻǳǎǘƛŎŀƭ ǎǘǳŘƛŜǎ ǎƘƻǳƭŘ ǇǊƻǾƛŘŜ Řŀǘŀ ǘƻ ŜǎǘƛƳŀǘŜ .ǳŦŦŀƭƻ wŜŜŦΩǎ ŎƻƴǘǊƛōǳǘƛƻƴ ǘƻ ǘƘŜ ŦƛǎƘŜǊȅ (See 

Section 2.5 and Biology Appendix).  

The tribal commercial catches from 2001 to 2018 are reviewed in Section 2.3.1 Biology Studies and 

Reports; the following is a summary. Statistical grid 1125 is the fishery management area where Buffalo 

Reef is located, whereas grid 1224 is just south of grid 1125, and has a known Lake Trout area of refuge 
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that is unimpacted by stamp sands. This makes for a comparable grid when discussing CPE of Lake Trout 

and Lake Whitefish. Both grids have comparable CPE for Lake Whitefish, however grid 1125 only 

produces half of the harvest of Lake Trout as compared to grid 1224 for the same amount of effort.  

Macroinvertebrates are known to be negatively affected by copper toxicity. Kerfoot (2019) noted from 

compiled studies from 1984 to 2012 that in laboratory tests using Keweenaw and Gay stamp sands toxic 

effects were observed around 400 to 700 ppm. Kerfoot performed direct counts of macroinvertebrates 

from Ponar sediment samples throughout Grand Traverse Bay, which showed a severe reduction of 

benthic species abundance and diversity at high concentrations of stamp sands compared to natural 

sand sediments (Kerfoot 2019). There was severe macroinvertebrate density reduction above 26% 

stamp sands (copper concentration of approximately 600 ppm) and no observed organisms above 75% 

stamp sands (copper concentration of approximately 2100 ppm). Figure 4-48 shows that the western 

region of Buffalo Reef along the South Shoreline has above 26% stamp sands indicating reduced 

ƳŀŎǊƻƛƴǾŜǊǘŜōǊŀǘŜ ŘŜƴǎƛǘƛŜǎΦ ¢ƘŜ ŜŎƻƭƻƎƛŎŀƭ άŘŜŀŘ ȊƻƴŜέ ŜȄƛǎǘǎ ŀƭƻƴƎ ǘƘŜ aƛŘŘƭŜ ŀƴŘ bƻǊǘƘ {ƘƻǊŜƭƛƴŜǎΣ 

near the highest concentrations of stamp sands. The Lower Bay macroinvertebrate densities are 

considerably higher than the stamp sand impacted areas.  

Future Without-Project Conditions 

The consequences of No Action within the project area would have adverse impacts on aquatic 

resources, specifically the spawning potential of Buffalo Reef. The continued coverage and migration of 

stamp sands on Buffalo Reef would fill in the interstitial spaces between cobbles, smothering eggs and 

sac fry larval fish, which would result in their death. Any eggs that are deposited on top of stamp sand 

would be unprotected from wave action and predation and would have a low chance of survival (Figure 

4-49). Additionally, the coverage of stamp sands over the native sand of the Lower Bay would become 

ŀƴ ŜŎƻƭƻƎƛŎ άŘŜŀŘ ȊƻƴŜ,έ ŀǎ ǎŜŜƴ ƛƴ ǘƘŜ Upper Bay, decimating the existing Lake Whitefish nursery. 

Overtime, the impacts would be clear, with a reduction in the productivity of the reef and nursery area, 

which would reduce the regional Lake Trout and Lake Whitefish populations. This would contribute to 

the reduction in genetic biodiversity of both fish populations, which Great Lake-wide are still recovering 

ŦǊƻƳ ǘƘŜ ŘŜŎŀŘŜΩǎ ƭƻƴƎ ƛƳǇŀŎǘǎ ƻŦ ƻǾŜǊŦƛǎƘƛƴƎ ŀƴŘ ǎŜŀ ƭŀƳǇǊŜȅ ŘŜŎƛƳŀǘƛƻƴΦ Additionally, poor water 

quality in this region due to copper toxicity as discussed in Section 4.3, 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 whole. Lastly, a continued reduction in macroinvertebrate densities in stamp sand 

impacted areas could have implications on the localized and lake-wide food web. Therefore, No Action 

would have a significant adverse impact on aquatic resources. 
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Figure 4-49: Comparison of Stamp Sands Impacts on Interstitial Spaces. Unimpacted cobble interstitial spaces on left. Stamp 
sand impacted cobble interstitial spaces on right. 

4.4.4 Threatened and Endangered Species 

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 Service (FWS) Information for Planning and Consultation (IPAC) 

programΩǎ online database. The species list (dated April 26, 2021) that was prepared for the dredging 

and Lakeside Placement Site, indicated the possible presence of Canada Lynx (threatened), Northern 

long-eared bat (NLEB)(threatened), and Rufa red knot (threatened) in the project area. The dredging and 

lakeside placement would have Ψno effectΩ on the listed species. The Upland Placement Site is forested 

and was evaluated using the IPAC. The forested area may provide habitat for the Canada lynx, but the 

Upland Placement Site is bounded by forests and after landfill closure, would provide a grassed habitat 

available for use by a variety of species resulting in Ψnot likely to adversely affectΩ ŦƻǊ the Canada lynx. 

There is no habitat for the Rufa red knot and, thus, Ψno effectΩ on this species. The treed upland site may 

provide habitat for the NLEB. However, no trees are to be cut in this area in the summer months when 

the bats roost. The work appears to be consistent with Rule 4(d) of άƳŀȅ ŀŦŦŜŎǘ ōǳǘ ƴƻǘ ƭƛƪŜƭȅ ǘƻ 

ŀŘǾŜǊǎŜƭȅ ŀŦŦŜŎǘέ, per the IPAC letter from US FWS, dated February 7, 2022. 

Future Without-Project Conditions 

The consequences of No Action within the project area would have no impact on threatened and 

endangered species.  

4.5 Cultural and Archeological Resources 

Existing Conditions 

There are two National Register of Historic Places (NRHP) listed or eligible properties within the 

proposed dredging area. The Wolverine and Mohawk Mills and Stamp Sands (20KE85) 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 Dock. The 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.  

The big Traverse Bay Historic District (NR# 75000946), at the southern end of the dredging area, was 

listed on the NRHP in 1975. The 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 sands. The stamps 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 Without-Project Conditions 

For the Wolverine and Mohawk Mills and Stamp Sands (20KE85), No Action would include the continued 

erosion of the stamp sands from their ƻǊƛƎƛƴŀƭ ǇƛƭŜΩǎ ŦƻƻǘǇǊƛƴǘ while portions of the concrete conveyor 

structure would continue to fall into the water. 

For the Big Traverse Bay Historic District (NR# 75000946), Future Without Project Conditions would see 

continuing impacts to the Big Traverse Bay Harbor Boat Launch which would require dredging to remain 

functional. Without a functioning harbor and boat launch, residents may abandon the Historic District. 

Therefore, No Action would have a moderate adverse impact on cultural and archeological resources. 

4.6 Socioeconomic and Human Resources 

4.6.1 Treaty Rights and Subsistence Fishing 

Existing Conditions 

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 come. In this way, cultural and religious practices of many tribes depend on the purity 

of waters and sustainability of the fishery. Therefore, subsistence fishing is an important part of 

continued tribal 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 Section 4.3. These 

are invaluable considerations that go far beyond economic valuations. Licensed subsistence fishers have 

docked at 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 respect. Tribal members have responsibilities to ensure the well-being of all 

non-human beings on which they depend. Within Anishinaabe teachings, there are four orders of 

creation ς the orders in which beings on Earth were created: (1) elements, including fire, water, earth, 

and air; (2) plants; (3) animals; and (4) people. According to traditional teachings, each of the orders can 

exist and survive without those that come after it but cannot exist without those that come before it. In 

this way, water is an elder sibling and teacher to people ς people depend on water both directly and 

indirectly. The relationship between all orders of creation requires reciprocity and respect, which 

ensures an equitable long-term, sustainable, and generational existence for human and non-human 

communities. Within these worldviews, the various species and features of the natural world are bound 

together in a web. Damaging one part damages the whole. 

The KBIC exercises its subsistence and commercial fishing treaty rights within the 1842 ceded territory 

(Figure 4-50). Given Lake Whitefish declines in lakes Michigan and Huron, the proportion of total 

whitefish harvest from the 1836 Treaty-ceded territory that comes from Lake Superior has increased 4-

fold over the last 20 years (Hanchin 2022). The 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 non-human beings outlined above, tribal 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.  

 
Figure 4-50: The 1842 Treaty Boundaries. 

 

Future Without-Project Conditions 

The consequences of No Action within the project area would result in the continued transport of stamp 

sands throughout the Grand Traverse Bay. Stamp sand movement is of concern to the KBIC, as tribal 

members maintain a subsistence and commercial fishery for Lake Whitefish and Lake Trout in 

Keweenaw Bay. In addition, D[LC²/Ωǎ мупн treaty signatory tribes also are concerned that the loss of 

spawning habitat would reduce Lake Trout and Lake Whitefish stocks that currently sustain a tribal 

commercial fishery in these waters. To lose the spawning area at and around Buffalo Reef would have 

long lasting effects on the tribal way of life and ability to pass along cultural practices and teaching. For 

individuals that use the reef and surrounding areas as a means of subsistence fishing for the tribal 

community, the loss of Buffalo Reef would have long-lasting effects that traverse monetary value. The 

cultural and spiritual value cannot be discounted or overlooked. These factors are irreplaceable. 

Additionally, losing the spawning area at and around Buffalo Reef would have an impact on the fishery 

of the region overall. The fishery surrounding Buffalo Reef is important to the regional community. 

Because the harbor would fill with stamp sands, No Action would have a significant adverse impact on 

ǘƘŜ ǘǊƛōŜǎΩ ŀōƛƭƛǘȅ to access the reef when exercising 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 

subsistence fishing within the study area. 

4.6.2 Commercial Fishing 

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, E-mail, 2022). Commercial fishing data is collected from state-licensed fishers and 
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collected in DNR databases. The value of the harvested or caught and released fish becomes multiplied 

when considering beyond primary income. Fish is sold many times over, through the supply chain, from 

its dockside value to revenue generated in restaurants. It is a very valuable commodity. The following 

section summarizes the existing commercial fish data for Lake Superior and specifically, Buffalo Reef. For 

more detailed information, please see the Economics Appendix. Section 4.2. 

Existing Conditions 

Lake Superior Data 

Table 4-6 shows the state-licensed commercial fishing data from Michigan, Minnesota, and Wisconsin. 

This data represents the pounds harvested. Combined, the three states harvested almost 34 million 

pounds total, including over 775 thousand pounds of Lake Trout and over 15 million pounds of Lake 

Whitefish. 

Lake Trout was not very productive in Michigan and Wisconsin, but it accounted for over 4% of the total 

harvest in Minnesota which was over 284,000 total pounds. 

Lake Whitefish was more productive in Michigan and Minnesota accounting 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.  

Table 4-6. 2001-20 Lake Superior state-licensed commercial fishing data for MI, MN, and WI. 

State-Licensed Commercial Fishing Data MI MN WI 

Years: 2001-20 2000-20 2004-20 

Total Lbs. (All species): 5,626,566 7,224,287 20,915,729 

Lake Trout (Lbs.): 23,627 284,300 467,203 

Percent of Total: 0.42% 3.94% 2.23% 

Lake Whitefish (Lbs.): 5,595,997 1,129 9,463,679 

Percent of Total: 99.46% 0.02% 45.25% 

Buffalo Reef and Surrounding Area Data 

State-licensed commercial fishing data for Michigan management area WFS ς 02 and statistical grid 

1125 is shown in Table 4-7. 
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Figure 4-51: Map showing Lake Whitefish Management Areas and Areas where State Commercial Fishing is Reported 

Table 4-7. State-licensed commercial fishing data for Michigan 
 management area WFS ς 02 and statistical grid 1125. 

State-Licensed Commercial Fishing Data MI WFS -02 Grid 1125 

Years: 2001-20 2001-20 2001-20 

Total Lbs. (All species): 5,626,566 1,020,317 60,939 

Lake Trout (Lbs.): 23,627 0 0 

Percent of Total: 0.42% 0.00% 0.00% 

Lake Whitefish (Lbs.): 5,595,997 1,020,062 60,939 

Percent of Total: 99.46% 99.98% 100% 

 

The management areas in Figure 4-51 (shaded in blue) show the management areas where state-

licensed commercial fishing takes place. These areas are exclusively Lake Whitefish state-licensed 

commercial fishing areas where Lake Trout fishing is reserved for tribal fishers. 

Management area WFS-02 provided over a million pounds of fish between 2001 and 2020, of which 

99.98% was Lake Whitefish. Statistical grid 1125 is within management area WFS-02 and 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 businesses have remained open and continued their operation 

ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ǇŀƴŘŜƳƛŎΦ !ǎ ŀƴ ŜȄŀƳǇƭŜΣ tŜǘŜǊǎƻƴΩǎ CƛǎƘ aŀǊƪŜǘ ƛǎ ŀ ƭƻŎŀƭ ōǳǎƛƴŜǎǎ ǘƘŀǘ Ƙŀǎ ŎƻƴǘƛƴǳŜŘ 

its operation during the pandemic, per their website8. 

Future Without-Project Conditions 

The consequences of No Action within the project area would result in the continued transport of stamp 

sands throughout the Grand Traverse Bay. Losing Buffalo Reef would affect the spawning area and 

ability of the species to sustain themselves in this region. A reduction in fish production would be 

detrimental to the Buffalo Reef fishery and the commercial fishing in this area and as such would 

adversely impact commercial income in the future Because the harbor would fill with stamp sands, No 

Action ǿƻǳƭŘ ƘŀǾŜ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ŀŘǾŜǊǎŜ ƛƳǇŀŎǘ ƻƴ ǘƘŜ ǘǊƛōŜǎΩ ŀōƛƭƛǘȅ ǘƻ ŀŎŎŜǎǎ ǘƘŜ ǊŜŜŦ ǿƘŜƴ ŜȄŜǊŎƛǎƛƴƎ 

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 anglers and boats and interview a sample of 

fishers in each area at a given time. Estimates of effort, harvest, and total catch (including released fish) 

are derived by extrapolating average catch rates for given strata (e.g., weekday versus weekend, month, 

etc.) (Tracy Claramunt, MI DNR, E-mail 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 MI 

DNR representative, also in November 2021. These websites can be found below: 

¶ https://gis-midnr.opendata.arcgis.com/search?q=creel 

¶ https://app.powerbigov.us/view?r=eyJrIjoiOWQ5NjQxMmItYjFkYi00YzI2LTkxMTAtMjMwNjEzO

WE5YjM3IiwidCI6ImQ1ZmI3MDg3LTM3NzctNDJhZC05NjZhLTg5MmVmNDcyMjVkMSJ9 

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 dock rental, may 

have their boats stored in storage yard, or have mechanical needs. Recreational fishers may stay in local 

hotels, campgrounds, or own seasonal homes in the area. They eat at local dining establishments, shop 

at local stores, and engage in other local activities. For more information, please see the Economics 

Appendix and Section 4.4. 

 
8 petersonfish.com 

blockedhttps://gis-midnr.opendata.arcgis.com/search?q=creel
blockedhttps://app.powerbigov.us/view?r=eyJrIjoiOWQ5NjQxMmItYjFkYi00YzI2LTkxMTAtMjMwNjEzOWE5YjM3IiwidCI6ImQ1ZmI3MDg3LTM3NzctNDJhZC05NjZhLTg5MmVmNDcyMjVkMSJ9
blockedhttps://app.powerbigov.us/view?r=eyJrIjoiOWQ5NjQxMmItYjFkYi00YzI2LTkxMTAtMjMwNjEzOWE5YjM3IiwidCI6ImQ1ZmI3MDg3LTM3NzctNDJhZC05NjZhLTg5MmVmNDcyMjVkMSJ9
blockedhttps://www.petersonfish.com/wholesale
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Existing Conditions 

Lake Superior Data 

Table 4-8. 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 across the three states, it is still evident that 

the Lake Superior waters offer recreational fishermen ample opportunity which they take full advantage 

of. 

Table 4-8. Lake Superior recreational fishing data for MI, MN, and WI. 

Recreational Fishing Data MI MN WI 

Years: 2000-21 2000-20 2013-20 

Total Lbs. Harvested (All species): 
 

2,251,665 
 

Lake Trout Harvested (Lbs): 
 

1,773,974 
 

Percent of Total: 
 

78.78% 
 

Lake Whitefish Harvested (Lbs): 
 

- 
 

Percent of Total: 
 

0.00% 
 

Total Number of Fish Caught: 1,734,460 
 

324,242 

Number of Lake Trout Caught: 627,059 
 

97,474 

Percent of Total: 36.15% 
 

30.06% 

Number of Whitefish Caught: 345,997 
 

63,687 

Percent of Total: 19.95% 
 

19.64% 

Minnesota has a considerable amount of recreational fishing on its waters averaging over 107,000 

pounds harvested per year between 2000 and 2020. Of the harvested pounds, Lake Trout accounts for 

over 78% of the Minnesota harvest totaling almost 1.8 million pounds (see Table 4-8.).  

In Michigan between 2000 and 2021, over 1.7 million fish were caught. This is over 78,000 every 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 harvest (Table 4-8.). 

There were less years of available data for Wisconsin; however, between 2013 and 2020 there were 

40,500 fish were harvested yearly. Lake Trout accounted for over 30% of the harvest and Lake Whitefish 

was just under 20% of the total harvest (see Table 4-8.). 

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% of all fish harvested; and Lake Trout harvested at site 185 

accounted for almost 40% of the total harvest. Both percentages are above the Michigan rate which was 

just over 6% of the total harvest. This is especially true at site 182 with 50% more of the harvest being 

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 at site 185 (Table 4-9). 
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Charter fishing data is captured in number of fish and not harvested pounds. Data is collected from the 

charter operators and includes what 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 across Michigan, Minnesota, and Wisconsin, so there is the ability 

to calculate the approximate volume of charter business. 

There is no value tied to the harvested fish caught while charter fishing because this is considered a 

recreational activity. The value is captured from the business that sponsors the charter trip. The 

customer would generally take the fish home with them, since the fish they harvest are simply part of 

the trip and are 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 trying to 

catch a new species (known as consumer utility) (Donna Wesander, MI DNR, E-mail 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. Customers of 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 the Charter Fishing Companies offer year-round fishing trips, which include ice fishing during 

the winter months. Some of these do operate around the Keweenaw Peninsula and in the vicinity of 

Buffalo Reef.  

Table 4-9. Recreational fishing data for Michigan sites 182 and 185. 

Recreational Fishing Data MI Site 182 Site 185 

Years: 2000-21 2000-21 2000-21 

Total Number of Fish Caught: 1,734,460 117,292 229,595 

Percent of Total: 100% 6.76% 13.24% 

Number of Lake Trout Caught: 627,059 101,088 91,512 

Percent of Total: 36.15% 86.18% 39.86% 

Number of Whitefish Caught: 345,997 0 6,555 

Percent of Total: 19.95% 0.00% 2.86% 

Lake Superior Data 

Table 4-10 shows 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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Table 4-10. Lake Superior charter fishing data for MI, MN, and WI. 

Charter Fishing Data MI MN WI 

Years 2000-20 2000-20 2000-21 

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 Total: 88.01% 78.53% 80.90% 

Total Angler Hours:  284,297 914,734 216,410  

Total Anglers: 41,794 159,337    

Average Hours per Angler: 6.80  5.74    

Number of Excursions: 9,779  32,846  9,270  

Number of Angler Hours per Excursion: 29.07  27.85  23.35  

Number of Anglers per Excursion: 4.27  4.85    

Total Party Hours:     50,964  

Party Hours per Excursion:     5.50  

Charter fishing in the three states totaled over 417,000 harvested fish. While Lake Whitefish was a non-

factor, Lake Trout was the primary fish caught in all three states representing over 88%, over 78%, and 

over 80% in Michigan, Minnesota, and Wisconsin, respectively. Also, over 1.4 million hours were spent 

on charter trips. Michigan and Minnesota saw over 200,000 individual anglers on charter excursions. 

Almost 52,000 excursions 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, hotels, restaurants, 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 the scope of this 

appendix.  

Buffalo Reef and Surrounding Area Data 

Table 4-11 offers an additional breakdown of MI-3 and MI-4 (see Figure 4-52), which are the two 

management areas most relevant to the area containing Buffalo Reef. Charters in this area harvested 

almost 28,000 fish between 2000 and 2020. There were over 9,000 total anglers, over 63,000 angler 

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 in MI-3 and almost 89% of the total harvest in MI-4. MI-4, where 

Buffalo Reef is located, was far more productive for charter fishing based upon all collected data.  
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Table 4-11. Charter fishing data for Michigan gridsςMI - 3 andςMI - 4. 

Charter Fishing Data MI MI-3 MI-4 

Years: 2000-20 2000-20 2000-20 

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 Total: 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 Angler: 6.80  5.45 6.99 

Number of Excursions: 9,779  263  2,124  

Number of Angler Hours per Excursion: 29.07  17.39 27.66 

Number of Anglers per Excursion: 4.27  3.19 3.96 

 

 
Figure 4-52 Map of Michigan Lake Trout Management Areas 

Future Without-Project Conditions 

The consequences of No Action within the project area would result in the continued transport of stamp 

sands throughout the Grand Traverse Bay with a resulting decline in the overall fishery. Losing Buffalo 

Reef would decrease the fishery, reducing the value of recreational fishing. Therefore, No Action would 

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 Traverse Bay Harbor and Big Traverse River, seven properties near the historic coal dock, three 

homes near Gay, and approximately 80 cabins or homes south of Grand Traverse Bay Harbor adjacent to 

Lower Bay (Figure 4-54). Viewsheds from properties north of Grand Traverse Bay Harbor look out into a 

sea of dark stamp sands whereas viewsheds south of the harbor have white, native sand beaches (Figure 

4-54). For more information and real estate maps, see Real Estate Appendix. 

 
Figure 4-53: Stamp Sands and the Housing Market (Fletcher 2019) 

 

 
Figure 4-54: Properties near Grand Traverse Bay Harbor 
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Future Without-Project Conditions 

The consequences of No Action within the project area are believed to have adverse impacts on 

property values (Fletcher 2019). The following discussion is divided into properties north and south of 

Grand Traverse Harbor.  

Stamp sands would continue to be transported and eventually overtop the Grand Traverse Bay Harbor. 

Though USACE would continue to submit an annual budget request, it is unlikely that the Federal project 

funding for harbor maintenance would be consistent. Consequently, the harbor would continue to fill 

with stamp sands, and the river outlet would be restricted or closed off completely. Once the river 

outlet is restricted or closed off, the Traverse River would be at risk of flooding (Figure 4-53 and Figure 

4-55), and harbor uses would likely be eliminated. 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 sands would be transported downdrift into the Lower Bay 

along the existing native sand beaches. As stamp sands are transported past the 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.  

Citing a local newspaper ŀǊǘƛŎƭŜΣ 9ŀǊǘƘ 9ŎƻƴƻƳƛŎǎ ŎŀǳǘƛƻƴŜŘ άǳƴŎƘŜŎƪŜŘ Dŀȅ ǎǘŀƳǇ ǎŀƴŘ ƳƛƎǊŀǘƛƻƴ ƛǎ 

ōŜƭƛŜǾŜŘ ǘƻ ǘƘǊŜŀǘŜƴ ŜȄƛǎǘƛƴƎ ƘƻƳŜ ǾŀƭǳŜǎέΤ ǘherefore, No Action is believed to have a moderate adverse 

impact to shoreline properties values (Fletcher 2019). USACE 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). 

  
Figure 4-55: Properties Between Traverse River and Lake Superior may be vulnerable to an increased likelihood  

of flooding and possible erosion as the harbor fills with stamp sands blocking 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 land-based area in Michigan. Houghton County is south of Keweenaw. Baraga 

County is east of Houghton County (Figure 4-56). This project is located near the northern Houghton 

County border and southern Keweenaw County border. Baraga County was also included for the 

following reasons: 

¶ Houghton, Keweenaw, and Baraga Counties were utilized in the RECONS analysis discussed later  

¶ ! ǇƻǊǘƛƻƴ ƻŦ ǘƘŜ [Ω!ƴǎŜ wŜǎŜǊǾŀǘƛƻƴ ƛǎ ƭƻŎŀǘŜŘ ƛƴ .ŀǊŀƎŀ /ƻǳƴǘȅ ǿƘƛŎƘ ƛǎ ǿƘŜǊŜ ǘƘŜ ¢Ǌƛōŀƭ ƳŜƳōŜǊǎ 

reside that fish in the Keweenaw Bay and at Buffalo Reef 

 
Figure 4-56: Map of the Upper Peninsula of Michigan 

¢ƘŜ [Ω!ƴǎŜ wŜǎŜǊǾŀǘƛƻƴ ƛǎ ƛƴ .ŀǊŀƎŀ ŀƴŘ aŀǊǉǳŜǘǘŜ /ƻǳƴǘƛŜǎ ƛƴ ǘƘŜ ¦ǇǇŜǊ tŜƴƛƴǎǳƭŀ ƻŦ aƛŎƘƛƎŀƴ ŀǘ ǘƘŜ 

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 founded the Inter-Tribal Council in Michigan, Inc. in 1966. 

¢ƘŜ [Ω!ƴǎŜ wŜǎŜǊǾŀǘƛƻƴ ƛǎ ǘƘŜ ƭŀƴŘ ōŀǎŜ ƻŦ ǘƘŜ CŜŘŜǊŀƭƭȅ ǊŜŎƻƎƴƛȊŜŘ Y.L/ ƻŦ ǘƘŜ ƘƛǎǘƻǊƛŎ [ŀƪŜ {ǳǇŜǊƛƻǊ 

Band of Chippewa Indians. The reservation was established under the Chippewa Treaty in 1854. Their 

constitution, by-laws, 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. 2012). Table 4-12 summarizes the demographic information for 

L'Anse Reservation and off-reservation Trust Land. For more information see Economics Appendix. 
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Table 4-12. Demographic information for L'Anse Reservation and off-reservation Trust Land, MI value9  
Demographic Information for L'Anse Reservation and Off-

Reservation Trust Land, MI Value 

Total population 3,721 

Under 5 years 170 

Under 5 years ς percent of total 4.6% 

Under 18 years 879 

Under 18 years ς percent of total 23.% 

65 years and older 817 

65 years and older ς percent of total 30.0% 

White 2,355 

White ς percent of total 63.3% 

Black or African American 35 

Black or African American ς percent of total 0.9% 

American Indian and Alaska Native 843 

American Indian and Alaska Native ς percent of 
total 

22.7% 

Asian 29 

Asian ς percent of total 0.8% 

Hispanic or Latino (of any race) 84 

Hispanic or Latino (of any race) ς percent of total 2.3% 

Median value of housing (dollars) * $107,100 

Occupied housing units 1,533 

Average household size of owner-occupied unit 2.35 

Percent of households with a broadband internet 
subscription 

79% 

Percent high school graduate or higher 91% 

Percent .ŀŎƘŜƭƻǊΩǎ Degree of higher 17% 

Percent of (all) families whose income in the past 
12-months is below the poverty level 

11% 

Percent of (all) people whose income in the past 
12-months is below the poverty level 

16% 

Source: 2016-2020 American Community Survey 5-Year Estimates* 
Source did not specify what year this value represents. 

Houghton County is the only county to show population growth between 2010-20. It 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 and a higher percentage of persons aged 65 and 

older compared to Michigan. See Table 4-13 for relevant population statistics.  

  

 
9 https://www.census.gov/tribal/?st=26&aianihh=1880 

https://www.census.gov/tribal/?st=26&aianihh=1880
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Table 4-13. Population statistics for Baraga, Houghton, Keweenaw Counties, and Michigan,  
U.S. Census Bureau QuickFacts: Michigan 

Population Statistics 
Baraga 
County 

Houghton 
County 

Keweenaw 
County 

Michigan 

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 
April 1, 2020 

-0.086 0.020 -0.054 0.019 

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, percent 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 a 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 percentage of American Indian 

and Alaska Natives in their population compared to Michigan, 14.3 and 0.70 percent respectively. See 

Table 4-14 for a summary of these race and ethnicity statistics. 

Table 4-14. Race and Ethnicity statistics for Baraga, Houghton, Keweenaw Counties, and Michigan10 

Race and Ethnicity Statistics 
Baraga 
County 

Houghton 
County 

Keweenaw 
County 

Michigan 

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, 
percent 

14.30% 0.80% 0.40% 0.70% 

Asian alone, percent 0.40% 3.00% 0.10% 3.40% 

Hispanic or Latino, percent 1.70% 1.80% 1.70% 5.30% 

The three counties have a lower median value of owner-occupied 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 compared to Michigan. Houghton County has 

slightly more persons per household than Michigan, 2.5 and 2.47 respectively. See Table 4-15 for home 

statistics.  

Table 4-15. Home statistics for Baraga, Houghton, Keweenaw Counties, and Michigan10 

Home Statistics 
Baraga 
County 

Houghton 
County 

Keweenaw 
County 

Michigan 

Median value of owner-occupied housing units, 
2015-2019 

$102,200 $108,700 $121,100 $154,900 

Households, 2015-2019 3,107 13,386 1,081 3,935,041 

Persons per household, 2015-2019 2.34 2.5 1.94 2.47 

Language other than English spoken at home, 
percent of persons age 5+ years, 2015-2019 

3.20% 6.30% 1.20% 9.70% 

 
10 U.S. Census Bureau QuickFacts: Michigan 

https://www.census.gov/quickfacts/fact/table/houghtoncountymichigan,keweenawcountymichigan,baragacountymichigan,MI/PST045221
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Households with a broadband internet 
subscription, percent, 2015-2019 

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 90.8 percent respectively. The same two 
ŎƻǳƴǘƛŜǎ ƘŀǾŜ ŀ ƘƛƎƘŜǊ ǇŜǊŎŜƴǘŀƎŜ ƻŦ ǇŜǊǎƻƴǎ ǿƛǘƘ ŀ ōŀŎƘŜƭƻǊΩǎ ŘŜƎǊŜŜ ƻǊ ƘƛƎƘŜǊ ŎƻƳǇŀǊŜŘ ǘƻ aƛŎƘƛƎŀƴΣ 
at 32.6, 32.0, and 29.1 percent respectively. See Table 4-16 for relevant education statistics.  

Table 4-16. Education statistics for Baraga, Houghton, Keweenaw Counties, and Michigan10 

Education Statistics 
Baraga 
County 

Houghton 
County 

Keweenaw 
County 

Michigan 

High school graduate or higher, percent of 
persons age 25+ years, 2015-2019 

89.20% 92.80% 96.40% 90.80% 

.ŀŎƘŜƭƻǊΩǎ ŘŜƎǊŜŜ ƻǊ ƘƛƎƘŜǊΣ ǇŜǊŎŜƴǘ ƻŦ ǇŜǊǎƻƴǎ 
age 25+ years, 2015-2019 

15.80% 32.60% 32.00% 29.10% 

All three counties have 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 Michigan at 10.3 and 13 percent, respectively. See Table 4-17 for relevant income 

statistics. 

Table 4-17. Income statistics for Baraga, Houghton, Keweenaw Counties, and Michigan10

 Income Statistics 
Baraga 
County 

Houghton 
County 

Keweenaw 
County 

Michigan 

In civilian labor force, total percent of 
population age 16+ years, 2015-2019 

43.70% 54.40% 48.00% 61.50% 

Median household income (in 2019 dollars), 
2015-2019 

$46,065 $43,183 $50,292 $57,144 

Per capita income in past 12 months (in 2019 
dollars), 2015-2019 

$22,920 $23,421 $34,608 $31,713 

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 three counties are considered rural and not metropolitan 

statistical areas. See Table 4-18 for relevant population density statistics.  

Table 4-18. Population Density statistics for Baraga, Houghton, Keweenaw Counties, and Michigan10 

Population Density Statistics 
Baraga 
County 

Houghton 
County 

Keweenaw 
County 

Michigan 

Population per square mile, 2010 9.9 36.3 4 174.8 
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/ƻƳǇŀǊƛƴƎ ǘƘŜ [Ω!ƴǎŜ wŜǎŜǊǾŀǘƛƻƴ ŀƴŘ hŦŦ-Reservation Trust Land, Baraga County, Houghton 

Keweenaw County, and the State of Michigan 

TƘŜ [Ω!ƴǎŜ wŜǎŜǊǾŀǘƛƻƴ ŀƴŘ hŦŦ-Reservation Trust Land has a population 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 old, which is greater than the three counties and Michigan. 21.96% of the 

population is older than 65, which is higher than Houghton County and Michigan. 

¢ƘŜ [Ω!ƴǎŜ wŜǎŜǊǾŀǘƛƻƴ ŀƴŘ hŦŦ-Reservation Trust Land is 63.29% white, which 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 Houghton County and the Asian population smaller than in Baraga County. The 

Hispanic population is 2.26% of the total, which is greater than the three counties but less than 

Michigan. The American Indian and Alaska Native population is 22.66% of the total population in the 

[Ω!ƴǎŜ wŜǎŜǊǾŀǘƛƻƴ ŀƴŘ hŦŦ-Reservation Trust Land. This is considerably higher than Houghton and 

Keweenaw Counties as well as Michigan. It is also higher than Baraga County, which has an American 

Indian and Alaska Native population of 14.3%. 

¢ƘŜ ƳŜŘƛŀƴ ƘƻǳǎŜ ǾŀƭǳŜ ƛƴ ǘƘŜ [Ω!ƴǎŜ wŜǎŜǊǾŀǘƛƻƴ ŀƴŘ hŦŦ-Reservation Trust Land is $107,100 (the year 

of this value is not specified), which is higher than Baraga County but below the other two counties and 

Michigan. The average household size of owner-occupied units is 2.35 individuals. The median income is 

$50,598, which is higher than the other three counties but lower than Michigan, which is $57,144 (2019 

dollars). This is a difference of 11.5%. The percent of households with a broadband internet subscription 

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 

aƛŎƘƛƎŀƴ ŀǾŜǊŀƎŜΦ мт҈ ƻŦ ŜƭƛƎƛōƭŜ ƛƴŘƛǾƛŘǳŀƭǎ ƘŀǾŜ ŀ ōŀŎƘŜƭƻǊΩǎ ŘŜƎǊŜŜ ƻǊ ƘƛƎƘŜǊΦ ¢Ƙƛǎ ƛǎ ƎǊŜŀǘŜǊ ǘƘŀƴ 

only Baraga County. 

¢ƘŜ ǇƻǾŜǊǘȅ ƴǳƳōŜǊǎ ŀǊŜ ƴƻǘ ŘƛǊŜŎǘƭȅ ŎƻƳǇŀǊŀōƭŜ ōǳǘ Ŏŀƴ ƎƛǾŜ ŀƴ ƛŘŜŀ ƻŦ Ƙƻǿ ǘƘŜ [Ω!ƴǎŜ wŜǎŜǊǾŀǘƛƻƴ 

and Off-Reservation Trust Land compares to Baraga, Houghton, and Keweenaw Counties and Michigan. 

The percent of all families whose income in the past 12-months is below the poverty level is 11%. The 

percent of all individuals whose income in the past 12-months 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 

family number is compared, it is only higher than Keweenaw County. 

Houghton County is the only county to show population growth between 2010 and 2020. It is almost 

identical to the population growth rate in Michigan as a whole. All three counties exceed the statewide 

percentage of persons aged 18 and younger and a higher percentage of persons aged 65 and older. 

Future Without-Project Conditions 

The consequences of No Action within the project area would have no impact on demographics.  
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4.6.6 Employment 

Existing Conditions 

Baraga, Houghton, and Keweenaw Counties have 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 Michigan. See Table 4-19 for relevant income statistics. 

Table 4-19. Income statistics for Baraga, Houghton, Keweenaw Counties, and the State of Michigan 
Income Statistics Baraga County Houghton County Keweenaw County Michigan 

In civilian labor force, 
total, percent of 
population age 16 
years+, 2015-2019 

43.70% 54.40% 48.005 61.50% 

Median household 
income (in 2019 
dollars), 2015-2019 

$46.065 443,183 $50,292 $57,144 

Per capita income in 
past 12 months (in 
2019 dollars), 2015-
2019 

$22,290 $23,421 $34,608 $31,713 

Persons in poverty, 
percent 

13.70% 14.70% 10.30% 13.00% 

Future Without-Project Conditions 

The consequences of No Action within the project area would likely have an adverse impact on 

employment through the loss of fisheries related jobs as stamp sands reduce the productivity of the 

Buffalo Reef fishery. Therefore, No Action would have a significant adverse 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 section. According to 

ǘƘŜ 9t!Σ άEnvironmental 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 policiesέ ό9t! нлннa).  

Despite the boom of the copper mining industry back in the late 1800s, which exploited natural lands 

and tainted clean waterways of the Keweenaw Peninsula, tribes like the KBIC pushed to protect their 

community including the land and water that they were spiritually, economically, and physically 

connected to. KBIC is a signatory to the Treaty of 1842 and the Treaty 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 shown in the excerpt, 
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άHumans are not the masters of the world but rather weak and pitiable creatures, dependent upon all 

other non-human beings for survival. The proper attitude towards the natural world is one of caretaking, 

humility, and gratitudeέ ό¦{!/9 нлмфύΦ 

As communicated by the Keweenaw Bay Indian Community, GLIFWC and other tribes or tribal agencies, 

the impact of stamp sands on Buffalo Reef and the fishery exemplifies 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 past practices. The area in which the stamp sands were deposited is remote.  

Today, KBIC continues to practice subsistence and commercial harvesting (Lake Trout and Lake 

Whitefish) in the ceded territories, including Buffalo Reef, but the degradation of the reef and 

ǎǳǊǊƻǳƴŘƛƴƎ Ƙŀōƛǘŀǘǎ ŘǳŜ ǘƻ ǎǘŀƳǇ ǎŀƴŘǎ ŜƴŎǊƻŀŎƘƳŜƴǘ Ƙŀǎ ŘƛǎǊǳǇǘŜŘ Y.L/Ωǎ ǘǊŀŘƛǘƛƻƴǎ ŀƴŘ ƭƛǾŜƭƛƘƻƻŘΦ 

Tribal fishers have experienced fewer 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 action and protect Buffalo Reef from further degradation.  

The socioeconomic environment of the affected area was investigated using the following web-based 

analytical tool: 

¶ Council on Environmental Quality (CEQ) Climate and Economic Justice Screening Tool 
(https://screeningtool.geoplatform.gov/en/) 

 
This tool uses various geographically based data visualization methods to analyze the socioeconomic 

conditions in an area using census and other data sources. This tool was used to assess conditions in 

Keweenaw, HoughtonΣ ŀƴŘ .ŀǊŀƎŀ ό[Ω!ƴǎŜ wŜǎŜǊǾŀǘƛƻƴύ counties.  

The CEQ tool uses data sets as indicators of burdens, which are organized into categories to determine if 

a census tract area is considered disadvantaged. Communities are considered disadvantaged if they are 

ƛƴ ŎŜƴǎǳǎ ǘǊŀŎǘǎ ǘƘŀǘ ƳŜŜǘ ǘƘŜ ǘƘǊŜǎƘƻƭŘǎ ŦƻǊ ŀǘ ƭŜŀǎǘ ƻƴŜ ƻŦ ǘƘŜ ǘƻƻƭΩǎ ŎŀǘŜƎƻǊƛŜǎ ƻŦ ōǳǊŘŜƴ ƻǊ ƛŦ ǘƘŜȅ ŀǊŜ 

on land within the boundaries of Federally Recognized Tribes.  

Under the current formula, a census tract will be highlighted as disadvantaged if the census tract is (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 communities and is at or above the 50% percentile for low income is also 

considered disadvantaged. More information on the methodology can be found on the CEQ web site.11  

Based on the methodology of this screening tool, Keweenaw is not considered disadvantaged, however, 

Houghton, and Baraga counties are considered disadvantaged in multiple categories (Images of this tool, 

as applied to Keweenaw and Baraga Counties, are shown in Figure 4-57. 

 
11 https://screeningtool.geoplatform.gov/en/methodology 

https://screeningtool.geoplatform.gov/en/
https://screeningtool.geoplatform.gov/en/methodology
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Figure 4-57: CEQ Climate and Economic Justice Screening Tool results for Keweenaw and Baraga Counties.  

Houghton county census tract is considered disadvantaged because it meets more than one burden 

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 94th percentile, which is above the 90th percentile threshold. The lack of indoor 

plumbing (share of homes without indoor kitchens or plumbing) is the housing burden and is in the 93rd 

percentile, which is above the 90th percentile threshold. The associated socioeconomic threshold is low 

income, where Houghton County is in the 66th percentile, which is above the 65th percentile threshold.  

Baraga County census tract is considered disadvantaged because it meets one burden 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 energy burden and is in the 90th percentile, which is at the 90th percentile 

threshold. The associated socioeconomic threshold is low income, where Baraga County is in the 70th 

percentile, which is above the 65th percentile threshold.  

Future Without-Project Conditions 

The consequences of No Action within the project area would adversely impact environmental justice 

with the potential loss of fishery jobs leading to lower income in the area that can lead to a 

disadvantaged community status, specifically for the tribes along the Keweenaw Peninsula. No Action 

could devastate tribal fisheries and leave tribes like KBIC susceptible to spiritual, economic, cultural, and 

physical decline. KBIC has and will continue to stand up for their environmental justice and fight to 

protect the prosperity of their culture. However, No Action would allow stamp sands to continue to 

degrade Buffalo Reef and the surrounding habitats and diminish the livelihood of tribal fishers and their 

beliefs, which were intended to be protected by the Treaties signed in the mid-1800s. Therefore, No 

Action would have a significant adverse impact on environmental justice. 
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5. Alternative Formulation 

5.1 Overview 

This chapter describes the formulation and evaluation of each alternative to address the identified 

Problems and Opportunities at Buffalo Reef.  

This chapter of the report includes the followings sections: 

¶ Section 5.2, Measures, describes how the measures were identified, evaluated, and screened to 

develop a final list of measures for further consideration in this report. 

¶ Section 5.3, Measures for Alternative Formulation, identifies the selected measures that serve 

as the building blocks for the alternative plan formulation. 

¶ Section 5.4, Alternative Formulation Strategy, explains the strategy used to formulate the 

alternatives 

¶ Section 5.5, Alternative Plan Evaluation Criteria, describes the study-specific criteria developed 

to evaluate alternative effectiveness, cost, and impacts.  

¶ Sections 5.6ς 5.6.3, describes the components of each alternative and their operation and then 

provide an evaluation of the alternative based on Section 5.5 evaluation criteria.  

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 planning Goals and Objectives. Management measures are the foundation of alternative 

ǇƭŀƴǎΦ ¢Ƙƛǎ ǎǘǳŘȅΩǎ Goals are to: 

¶ Protect Buffalo Reef by minimizing continued stamp sands encroachment; 

¶ Restore the shallow water nursery habitat for Lake Whitefish between Gay, MI, and Grand 

Traverse Bay Harbor; and  

¶ Minimize stamp sands encroachment of the shallow water nursery habitat for Lake Whitefish 

within Grand Traverse Lower Bay. 

¶ 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 published a 2019 Alternatives Analysis Report describing 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 following 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 Populations, and Potential 

for Beneficial Use. The detailed rationale for the elimination of the alternatives is found in the 2019 

Alternatives Report (USACE 2019).  

The three alternatives selected for further consideration and presented to the public in 2019 are the 

following: 
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¶ Maintenance Dredging at Harbor and Trough with a Stone Revetment. This report has named 

the stone revetment placement site, άLakeside Placement SiteΦέ 

¶ Dredge Everything with Disposal in a Newly Constructed Landfill Nearby. This report has named 

the newly constructed ƭŀƴŘŦƛƭƭΣ άUpland Placement SiteΦέ 

¶ Dredge 15 MCY with Disposal in the White Pine Mine Tailings Basin. The report has named this 

ǎƛǘŜΣ ǘƘŜ άWhite Pine MineΦέ 

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 study Planning Objectives subject to the Planning Constraints. 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: 

¶ Placement Sites 

o White Pine Mine 

o Lakeside ς along the Lake Superior shoreline where existing stamp sands are found 

o Upland ς away from the Lake Superior shoreline 

¶ Coastal Structures  

o Grand Traverse Bay Harbor Jetty Extension 

o CDJ  

¶ Areas where dredging would occur for  

o White Pine and Upland Placement Sites 

o Lakeside Placement Site 

¶ Dredging, during the construction, to prevent stamp sand bypass around the following 

structures  

o CDJ  

o Grand Traverse Bay Harbor Jetty 

¶ Beach Nourishment 

¶ Wetland Mitigation 

Providing Residential Wastewater Management Alternative(s) for Homes with Septic Systems within 

Stamp Sands would be required. The decision on whether to fund replacement systems would be made 

by the NFS. 

5.3.1 Initial Screening of Placement Sites  

White Pine Mine  

White Pine Mine (WPM), located in White Pine, MI in Ontonagon County, was a successful copper mine 

dating back to the 1880s that was shut down in 1997 after becoming unprofitable (Table 5-1). While the 

facility has been shut down for years, there are still tailings basins, diked areas holding copper mining 

tailings (equivalent to stamp sands), that 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 to place stamp sands at WPM (Figure 5-3).  
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Figure 5-1: Location Map of the Three Disposal Locations 

The White Pine evaluation found in the Planning Appendix compares each WPM placement route 

alternative and the associated real estate effort, transportation, and infrastructure costs to transport 

approximately 12.7 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 increases 

transportation costs and because some of the transport methods require new construction, 

infrastructure costs and scheduling would not be cost effective when compared to the Upland 

Placement and Lakeside Placement Sites. Figure 5-2 shows the proximity 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 cost-effective placement site.   
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Figure 5-2: Routes and Modes of Transport Evaluated for Lakeside and Upland Site 

 
Figure 5-3: Routes and Modes of Transport Evaluated for White Pine Mine 

Lakeside 

The Lakeside Placement Site (Lakeside) would contain the remains of the original stamp sands pile and 

would extend downdrift along the shoreline (Figure 5-4). By containing the 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 and placed in a different location. The footprint of Lakeside site would rest on Lake SuperiorΩǎ 

bottom; however, the Lakeside site would cover only areas where stamp sands currently are found. The 

[ŀƪŜǎƛŘŜΩǎ ŦƻƻǘǇǊƛƴǘ ƻƴ [ŀƪŜ {ǳǇŜǊƛƻǊΩǎ bottom and the distance the placement site extends into Lake 

Superior was minimized.  

 
Figure 5-4: The Lakeside Placement Site Contains the Remains of the  

Original Stamp Sands Pile and Extends Downdrift Along the Shoreline. 

The placement site would have armor stone facing Lake Superior, which 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 sands would be removed from the lake bottom and the armor stone foundation 

would be placed on the bedrock lake bottom. Stamp sands that extend past the armor stone foundation 

would be dredged and placed within the Lakeside site 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 placement site. The ditch 

would discharge into Lake Superior. The ditch would collect storm water runoff and groundwater 

originating from the natural land. The placement site would have three sections built to different 

heights (Figure 5-5). 

The height of the section adjacent to Gay, MI would be restricted to elevation 646 feet (the elevation of 

Gay, MI) to ensure GayΩǎ residents could see Lake Superior after the placement site was capped and 

closed. When each section would 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.  

The placement facility 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 complexity of placement by 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.   

 
Figure 5-5: Lakeside Placement Site Cells and Their Elevation 

The proposed design for Lakeside does not include a liner which results in the following:  

¶ Precipitation and groundwater would not accumulate in the placement site, and therefore, no 

water treatment system would be needed.  

¶ 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 sands are removed and 

contained within Lakeside. Additionally, the Lakeside design includes a landward ditch designed 

to intercept groundwater from the neighboring land.  

¶ Lake Superior would continue to be in contact with the stamp sands, but 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 

Superior or adjacent groundwater is then 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 impact; site topography ς the flatter the site, the less complex 

the design and implementation; proximity of the parcel to the stamp sands; real estate considerations; 

and groundwater elevation. An evaluation of the sites considered and screened out from further 

consideration is found in the Planning Appendix. A 240-acre site was selected for the proposed 

placement location, which would include a buffer zone and ancillary features (Figure 5-6). 

 
Figure 5-6: Upland Placement Site. 

The State of Michigan would classify Upland as an industrial waste landfill per Section 324.11504 of Part 

ммр όƪƴƻǿƴ ŀǎ ǘƘŜ ά{ƻƭƛŘ ²ŀǎǘŜ !Ŏǘέύ ƻŦ the Michigan Natural Resources and Environmental Protection 

Act, Act 451. The proposed design was intended to comply with the Michigan Solid Waste Act which 

requires a liner and a cap. Because the facility would be lined, leachate and precipitation would 

accumulate within Upland. Leachate is water that comes into contact with the stamp sands within the 

disposal facility, and it would 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 of approximately 16.5 million gallons per day (MGD)) would be pumped to a mixing facility 

near the Lake Linden-Gay Road to 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 pipe and pump it to one of 

two water collection tanks. The pump station would be powered by diesel or electric power. Leachate 

would flow by gravity to the same tank. Once a tank is full, a siphon system would discharge the entire 

content of the tank to a high velocity diffuser in Lake Superior. While one tank is discharging, the other 

would be filling. After analyzing leachate samples and collaborating with field experts and the State of 

Michigan (SOM), an 8:1 ratio was assumed to properly dilute the leachate before discharging. The 

dilution ratio can easily be adjusted based on field data. More 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 

collection and dilution 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.  

Per Part 115 of the Solid Waste Act, the owner and operator are responsible for 30 years of 

management following a successful closure of the facility.  

5.3.2 Grand Traverse Bay Harbor Jetty Extension 

Stamp sands have been transported around and over the northern jetty at the Grand Traverse Bay 

Harbor entrance. Stamp sands have been found in sediment samples taken downdrift of the harbor 

from 2021 (Figure 5-7 and Figure 5-8). Downdrift of Grand Traverse Bay Harbor, the waters off the 

native sand beaches of Grand Traverse Lower Bay are ideal for juvenile Lake Whitefish nursery 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 Traverse Bay Harbor to reduce 

the bypassing of stamp sands around the jetty. The proposed feature would extend to a water depth of 

20 feet because in water deeper than 20 feet, wave energy in this area is less likely to transport stamp 

sands along the Lake Superior bottom.  
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Figure 5-8: Stamp Sands in Grand Traverse Bay Harbor 
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Figure 5-7: Stamp Sands Have Bypassed Grand Traverse Harbor Jetty. Sediment Samples. (Sample ID, % 
SS, Date): 1 = 83.6%, 2021; 2 = 7.1%, 2021; 3 = 3.8%, 2021; 4 = 3%, 2021 
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Hydrodynamically modeling of two orientations of the proposed harbor jetty extension were performed 

and evaluated for effectiveness (Figure 5-9). See the 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 Traverse Bay Harbor Jetty Extension was screened out as a measure because:  

¶ 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 

sands would ƻǾŜǊǘƻǇ ǘƘŜ ƧŜǘǘȅ ǿŀƭƭ όŀƴŘ ŘŜǇƻǎƛǘ ƛƴ ǘƘŜ ƘŀǊōƻǊΩǎ ƴŀǾƛƎŀǘƛƻƴ ŎƘŀƴƴŜƭύ or bypass 

the harbor jetty; and  

¶ The areas initially targeted for large-scale dredging of stamp sands would reduce sediment 

bypassing around the jetty. Those areas being the shoreline beginning at Grand Traverse Bay 

Harbor and moving north along the shoreline to the CDJ, and the Trough (Section 0), which acts 

as a sediment trap for stamp sands. 

Therefore, project dollars should be dedicated to dredging to reduce Stamp Sand bypassing of Grand 

Traverse Bay Harbor verses construction of a harbor jetty extension. 

 
Figure 5-9: Proposed Orientations of the Grand Traverse Bay Harbor Jetty Extension. The jetty extension was screened from 

further consideration as a measure. 

5.3.3 Coal Dock Jetty 

The CDJ is a jetty proposed near the historic Coal Dock (Figure 5-10). The CDJ would be used to off-load 

building materials and dredged stamp sands from the Trough and Dune. CDJ would limit stamp sand 

updrift of the jetty to be transported onto the reef. The jetty would be designed to be 40 feet wide to 

accommodate two-lane truck traffic and would be paved to prevent erosion of a gravel fill during storm 

events. The concrete pavement surface would reduce long-term maintenance and provide accessibility 

to the community after project completion. To improve its effectiveness at capturing stamp sands, the 

jetty would extend approximately 2,150 linear feet to a water depth of approximately 20 feet. During 

non-storm conditions, wave energy in this area is less likely to transport stamp sands along the Lake 

Superior bottom in water greater than 20 feet deep. The Lakeside Alternative does not require water 

treatment and therefore does not have a water intake and discharge pipe within it (Figure 5-10 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 

construction activities. 
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Figure 5-10: Location of Proposed CDJ and Proximity to the Historic Coal Dock 

 
Figure 5-11. Coal Dock Jetty Required for Lakeside Alternative. No Water Treatment Required. Therefore, no piping is within the 

CDJ. 



 Buffalo Reef ς Final Alternatives Analysis   DRAFT JANUARY 2024 

127 

  

Hydrodynamic modeling would be needed to better define the footprint, length, 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 

Water Tank 

Pump 

Station 

Figure 5-12. Coal Dock Jetty and Water Treatment Piping Required for Upland Alternative. An inlet pipe (green) within the Coal 
Dock Jetty would discharge into the water tank. Leachate would flow by gravity from the landfill to the water tank (orange). 
When the proper blend of leachate and Lake Superior water is attained, the water would discharge via a gravity-fed pipe, 
existing out the outlet pipe within the Coal Dock Jetty (red) to a high velocity diffuser in Lake Superior.  
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completed to estimate the volumes. During the summer of 2021, additional borings along the shoreline 

and in the Dune and Trough were completed. The 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 due to limited 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 sands volumes.  

Dredging along the South Shoreline would impact existing septic drain fields placed in the stamp sands 

(Section 4.3.11). Beach nourishment would be required after dredging along the South and a portion of 

Middle Shoreline. See Sections 5.3.6 and 5.3.8 for a discussion regarding these project activities.   

Table 5-1. Volume of Stamp Sands to be Dredged (CY) 

Dredging Area 
Volume  

(CY) 
1 foot Overdredge* (CY) 

Total Volume in 
Dredge Polygon (CY) 

South (Transect A-S) 

3,000,000 
Lower Uncertainty: 

2,000,000 
Higher Uncertainty: 

1,000,000 

300,000 
(All Transects in South 

Shoreline) 
3,300,000 

Middle (Transect S-
Y) 

1,400,000 
Lower Uncertainty: 

1,200,000 
Higher Uncertainty: 

200,000 

30,000 
(Transect T) 

1,430,000 
Upland Dredge: 1.43 M 
Lakeside Dredge: 1.12 

M 
(310,000cy within 

lakeside placement site) 

North (Transect Z-
AK)** 

4,400,000 
Lower Uncertainty: 

2,800,000 
Higher Uncertainty: 

1,600,000 

No 

4,400,000 
Upland Dredge: 4.4 M 
Lakeside Dredge: 500k 
(3.9M within lakeside 

placement site) 

Trough 
800,000 

Higher Uncertainty 
200,000 1,000,000 

Dune** 
2,600,000 

Higher Uncertainty 
No 2,600,000 

Total 12,200,000 530,000 12,730,000 

*One foot of overdredge assumption is based on six inches of uncertainty and six inches of tolerance. During PED, need to 

evaluate whether six inches 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 bypass. It is assumed that alternative costs would include the 

estimated cost to dredge the stamp sands build up (100,000 CY every three years) to minimize stamp 

sands bypass of the CDJ. Modeling in the next phase of the project would improve the accuracy of the 

estimated volume of stamp sands trapped by the CDJ and dredging frequency. After maintenance 

dredging was complete, it was assumed the CDJ would be removed.  

Grand Traverse Bay Harbor 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 sands would overtop the jetty wall (and deposit in 

ǘƘŜ ƘŀǊōƻǊΩǎ ƴŀǾƛƎŀǘƛƻƴ ŎƘŀƴƴŜƭύ or bypass the harbor jetty. This dredging and relocation protects the 

juvenile Lake Whitefish nursery habitat waters off the native sand beaches of Grand Traverse Lower Bay. 

These native sand beaches are the closest Lake Whitefish nursery habitat to Buffalo Reef. Alternative 

costs include this activity for the years prior to large-scale dredging of the South Shoreline location. 

Based on the existing cost for this maintenance dredging activity, the yearly cost is estimated to be 

$500,000 per year.  

5.3.6 Beach Nourishment 

The stamp sands downdrift of the proposed location of the CDJ overlays native sand. This is also the 

case for a short distance updrift of CDJ. From approximately ¼ mile north of the CDJ to Gay, stamp sands 

lie directly on bedrock. See Section 0 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 past the estimated 

interface of stamp sands and native sand. Dredging one additional foot past the estimated stamp sand 

and native sand interface accounts for the uncertainty in the interface location due to possible 

intermixing of stamp sands and native sand, and 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 areas a mitigation 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 replaced as beach nourishment is one MCY. The 

one MCY is the expected volume of native sand required to replace the one foot of over dredging. Beach 

nourishment would provide riparian owners with a beach profile that approximates conditions prior to 

the arrival of stamp sands. Please see the Planning Appendix for a description of the beach nourishment 

analysis.  

5.3.7 Wetland Mitigation 

The roads, the Upland and Lakeside placement sites, and other features would impact wetlands. The 

construction roads, water treatment facility are included in each alternative scale so wetland impacts for 

those features are the same. The Upland and Lakeside Placement Sites were formulated with different 

dredging scales based on the volume of stamp sands removed during project implementation. The 
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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, repair, rehabilitation, and replacement period. Therefore, the wetland mitigation 

requirements would be the same for each alternative scale because the footprint of the placement site 

would be the same for each scale of alternative. See Section 7.7 for a description of the wetland 

mitigation requirements for this project. Each alternative cost includes the cost of wetland mitigation. 

5.3.8 Alternative to Existing Septic Systems within Stamp Sands 

Septic system drainage fields have been laid in the stamp sands along the shoreline in the South 

Shoreline. Refer to Section 0 for more information regarding the septic systems. 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 decision on whether to fund replacement 

systems would be made by the NFS. 

5.4 Alternative Formulation Strategy 

This section describes the strategy used to formulate the Buffalo Reef Final Alternatives Analysis for 

Long-Term Adaptive Management alternatives, using 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 agencies, state, 

and local entities and nongovernment interest should also be considered. 

The strategy for formulating alternatives included the considerations described in detail in the sections 

below.  

5.4.1 Continue Dredging at Grand Traverse Bay Harbor to Minimize Stamp Sand Bypass Until 

Large-scale South Shoreline Dredging Begins 

Before large-scale dredging can begin, measures that would allow for the dredging, transport and 

disposal of the stamp sands must be completed. The CDJ, placement site for stamp sands and the 

construction roads must be constructed prior to large-scale dredging. While these activities occur, 

continued maintenance dredging would occur at Grand Traverse Bay Harbor to reduce stamp sands 

movement around or overtopping the harbor. Once these activities were completed and the 

construction dredging along the South Shoreline location began, the routine dredging at Grand Traverse 

Bay Harbor would end.  

5.4.2 Dredging at the CDJ Until Project Implementation Is Complete 

Stamp sands rest on bedrock in the areas updrift of the CDJ. See Section 0 for maps of these areas. 

During construction, stamp sands must be dredged on the updrift side of the CDJ to prevent stamp 

sands from building up and bypassing the CDJ onto Buffalo Reef.  

5.5 Alternative Plans Evaluation Criteria 

Seven study-specific criteria were developed to facilitate alternative evaluation. The seven criteria are 

listed in Table 5-2 and described in this section. 
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Table 5-2. Alternative Evaluation Criteria and Metrics 

Evaluation Criteria Metric Used 

Estimated Implementation Duration Years 

OMRR&R Dredging Duration Years 

Robustness 

Relative Ecosystem Recovery 
   Relative to  

No Action ς 0% 
Pre-Stamp Sands Condition ς 100% 

% 
 

Relative Ecosystem Recovery Duration Years 

 

5.5.1 Implementation Duration 

The construction schedule estimates the duration to construct each measure based on best professional 

judgement for a project of this scale. OMRR&R Dredging Duration 

The estimated O&M dredging durations for each alternative were used to estimate OMRR&R costs. The 

duration of OMRR&R dredging assumes implementation dredging is completed, and the remaining 

stamp sands updrift of the CDJ would move downdrift and be captured by the CDJ. The stamp sands to 

be routinely dredged at this location would be the volume needed to minimize stamp sand bypass of the 

CDJ. Using a sediment transport model and the assumptions listed below, the annual rate at which 

stamp sands accumulates at the CDJ was estimated. The OMRR&R duration was determined by dividing 

the total remaining volume of updrift stamp sands by the estimated accumulation rate. In part, the 

volume of stamp sands remaining after dredging was estimated assuming an average of four inches 

would remain on the bedrock (Schroeder & Weston, USGS, Personal Communication, 2022).  

Assumptions and Uncertainty in Estimating the OMRR&R Dredging Duration 

The OMRR&R dredging duration analysis is uncertain. This analysis provides potential NFS with a general 

understanding of the level of effort required to minimize stamp sands bypass around the CDJ. The 

analysis assumes the following: 

¶ Sediment transport modeling was conducted on the existing conditions. 

¶ Sediment transport modeling was only completed to analyze the stamp sands movement under 

existing conditions, which 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 project conditions. With project conditions modeling would have accounted for project 

features such as the CDJ and the impact dredging of different areas would have on sediment 

transport in the system.  

¶ Simplifying assumptions were made to estimate the estimated stamp sand accumulation rate at 

the CDJ. The estimated sediment transport rates were used to estimate the annual stamp sands 

accumulation rate at the CDJ. The simplifying assumptions were applied to the following two 

scenarios to the range of possible conditions.  

o Scenario 1: CDJ is constructed. 
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o Scenario 2: CDJ is constructed, and North Shoreline is removed (no longer a source of 

stamp sands). 

Á The estimated accumulation rate for this scenario was applied to conditions 

assuming the Dune, or the Dune and Middle Shoreline were removed. 

¶ Shoreline erosion rates were estimated using aerial photos and LIDAR data from 2016 and 2019 
prior ǘƻ ǘƘŜ {ǘŀǘŜ ƻŦ aƛŎƘƛƎŀƴΩǎ ƎǊŀŘƛƴƎ ǘƘŜ ŎƭƛŦŦ ŀǘ ǘƘŜ ƻǊƛƎƛƴŀƭ ǇƛƭŜ ƻŦ ǎǘŀƳǇ ǎŀƴŘǎΦ ¢Ƙe erosion 
rates and existing condition sediment transport modeling results were used to estimate rate of 
stamp sand accumulating at the CDJ.  

o Examination of the simulated circulation in proximity to the North Shoreline region 
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 (directed to the 
middle shoreline). It is believed that if the modeling had been performed using the 
current conditions of the pulled-back original pile, the dominant transport direction 
would likely be to the south along most of the North Shoreline (Section 0). This finding 
from the existing condition modeling increases the uncertainty associated with the 
estimated frequency and duration of OMRR&R dredging required at the proposed CDJ. 

¶ When the North Shoreline is blocked as a stamp sands source or dredged, the accumulation rate 

at the CDJ is assumed to decrease because the volume of updrift stamp sands remaining would 

decrease.  

¶ 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.  

¶ After dredging is completed in the regions updrift of the CDJ (Middle and North Shoreline and 

Dune), it is uncertain the volume of residual stamp sands that would remain. Stamp sands in 

these areas overlay bedrock. After consultation with field experts, this analysis assumes four 

inches of stamp sands would remain after large-scale dredging of the Middle and North 

Shoreline and Dune (Schroeder & Weston, USGS, Personal Communication, 2022).  

5.5.2 Robustness 

The robustness evaluation was conducted by fishery biologists from GLIFWC, MI DNR, and USGS, with 

many years devoted to the management and study of Buffalo Reef. Through a series of conference calls, 

these experts rated the alternatives for Robustness ς Relative Ecosystem Recovery and Robustness ς 

Relative Ecosystem Recovery Duration. The biologists acknowledge the high degree of uncertainty and 

values reflect the best-case scenario. 

Robustness - Relative Ecosystem Recovery 

The recovery of Buffalo Reef and the surrounding shallow water spawning and recruitment habitats is 

dependent on: 

¶ Protecting Buffalo Reef by minimizing continued stamp sands encroachment; 

¶ Restoring of the shallow water nursery habitat for Lake Whitefish between Gay, MI, and Grand 

Traverse Bay Harbor;  

¶ Minimizing stamp sands encroachment in the shallow water nursery habitat for Lake Whitefish 

within Grand Traverse Lower Bay; and 

¶ Minimizing stamp sands encroachment in the Lake Trout nursery habitat on the eastern edge of 

Buffalo Reef. 
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The evaluation compared each alternative relative to the No Action Alternative and pre stamp sand 

conditions.     

¶ Metric: % recovery relative to the No Action and Pre-Stamp Sand Conditions  

0% = No Action to Contain or Remove Stamp Sands  

100% = Pre-Stamp 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 and No Action conditions.  

To develop the Robustness ς Relative Ecosystem Recovery percentage of each alternative, fishery 

biologists evaluated the following scenarios using the sediment transport modeling results of existing 

conditions discussed in Section 0 and the shoreline erosion rate analysis (Planning Appendix). These 

analyses were used to estimate the impact an alternative had on stamp sand encroachment onto 

Buffalo Reef. The estimated sediment transport rates were based on the best professional judgement of 

ǘƘŜ ǇǊƻƧŜŎǘΩǎ sediment transport expert after review and consideration of the existing condition 

sediment transport modeling and the erosion and accretion analysis (H&H Appendix, Attachment 4).  

 
Figure 5-13: Without Project Condition Modeling ς No Dredging and No Features Constructed  

  

Without Project Conditions ς No Dredging and No CDJ In Place 

S Shoreline Buffalo Reef 

Trough 
Dune 

M Shoreline 

N Shoreline 
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Sediment Transport Rate Assumptions ς Existing Condition 

The existing conditions movement of stamp sands was estimated based on the shoreline erosion 

analysis and the sediment transport model results for existing conditions (Section 0 and Planning 

Appendix). The modeled existing conditions were used to estimate the movement of stamp sands in 

cubic yards per year (CY/yr) and establish simplifying assumptions to be applied to different scenarios. 

The scenarios informed the evaluation of percent recovery of the reef and the recovery duration.  

The movement of stamp sands from the existing conditions highlighted considerations for project 

implementation, including: 

¶ The South Shoreline and Trough should be removed first. Stamp sands eroding from these areas are 

a direct source of stamp sands to the reef and nearby shallow spawning and recruitment areas.  

¶ The North Shoreline is the largest source of stamp sands into this system.  

¶ ¢ƘŜ bƻǊǘƘ {ƘƻǊŜƭƛƴŜ ƛǎ ŀƭǎƻ ǘƘŜ ŦŀǊǘƘŜǎǘ ŀǿŀȅ ŦǊƻƳ ǘƘŜ ǇǊƻǇƻǎŜŘ /5W ǿƘƛŎƘ ƭƛƳƛǘǎ ǘƘŜ /5WΩǎ 

effectiveness at preventing stamp sand bypass to Buffalo Reef. 

¶ Based on sample results, the North Shoreline is composed of smallest particles which are the most 

mobile and erodible.  

¶ Once the North Shoreline is armored or dredged, the largest source of stamp sands is reduced 

(estimated 230,400 CY/yr). 

¶ The Dune would be dredged next because an estimated 29,900 CY/yr moves into Lake Superior. A 

fraction of the estimated 29,900 CY/yr of stamp sands would move into Buffalo Reef and 

surrounding habitats. 

¶ 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 Shoreline. During 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 the ǊŜŜŦΩǎ ŎƻōōƭŜǎΦ  
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Figure 5-14: Estimated Transport of Stamp Sands Assuming the CDJ Has Been Installed. 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 conditions. 

CDJ Is In-Place 

After completing the original, existing condition modeling, the H&H team adjusted the conditions to 

incorporate different features of the project. This scenario adds the CDJ into the System which acts as a 

barrier keeping the updrift stamp sands from the Middle Shoreline, North Shoreline, and the Dune from 

bypassing into the South Shoreline or Trough (Figure 5-14) Updrift stamp sands would move to the CDJ 

over time and during construction and OMRR&R, stamp sands accumulating updrift of the CDJ would be 

dredged to minimize bypass. The estimated transport of stamp sands under this scenario, assuming the 

CDJ was constructed, highlighted the following:  

¶ With the CDJ in place, the volumetric rate from the Middle Shoreline to the South Shoreline would 

decrease by half since the jetty would hold back much of the updrift stamp sands. 

o There would still be some bypass around the jetty and some stamp sands may move locally 

and throughout Lake Superior including into Buffalo Reef. 

¶ Dredging updrift of the CDJ, would leave residual stamp sands on bedrock that would be removed 

by OMRR&R dredging. 
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¶ Due to the uncertainty in the quantity of stamp sands that would be removed/dredged during 

implementation and the rate at which it would be transported to the CDJ, the estimated duration 

for OMRR&R dredging is uncertain however the following assumptions/conclusions can be made:  

o The greater the volume of stamp sands removed during construction, the smaller the 

volume of stamp sands remaining for OMRR&R.  

o 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.  

 
Figure 5-15: Estimated Transport of Stamp Sands Assuming the CDJ Has 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 

conditions.  

CDJ In-Place and North Shoreline Removed 

The final scenario includes the construction of the CDJ and the dredging of the North Shoreline, the 

largest source of stamp sands to the system. Figure 5-15 shows the adjusted conditions once the North 

Shoreline is removed from the system. This scenario highlighted the following:  

¶ The North Shoreline is no longer a source of stamp sands feeding into the system. 

¶ Residual stamp sands may remain on the bedrock lakebed (Section 0) because mechanical 

equipment would leave some stamp sands after dredging. Over time, the stamp sands 

would be transported down to the CDJ or into Lake Superior. 

¶ With no major source contributing to the system, the accumulation rates into the reef and Lake 

Superior decrease assuming the CDJ would contain most updrift stamp sands.  

o Smaller loading of stamp sands are expected to enter Lake Superior, and thus 

Buffalo Reef, because a major source would be removed. The CDJ and OMRR&R 

dredging at the jetty would be effective at 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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Robustness ς Relative Ecosystem Recovery Duration 

The duration of recovery is represented by the number of fish generations required for the fish 

population to reestablish after large-scale implementation dredging has been completed but 

considering the estimated duration for OMRR&R dredging. Each fish generation is estimated to be 15 

years.  

5.6 Screening-Level Evaluation of Alternatives 

The screening analysis was completed using the following criteria: 

¶ Implementation and OMRR&R Durations 

¶ Robustness 

Based on the assumptions and listed criteria, the process for evaluating and screening the alternatives is 

described below. 

5.6.1 Alternative Plan 1: No Action 

The No Action Alternative includes the current actions of Federal, state, and local agencies to protect 

Buffalo Reef and serves as a comparison point for the remaining alternatives (Figure 5-16).  

 
Figure 5-16: No Action 

Estimated Implementation Duration 

An implementation duration is not applicable. The No Action Alternative does not include the 

implementation of a project. 

O&M Dredging Duration 

OMRR&R duration is not applicable. The No Action Alternative does not include OMRR&R. 
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Robustness ς Relative Ecosystem Recovery 

The No Action Alternative was estimated to have a 0% recovery in comparison to the pre stamp sand 

condition, which was rated as 100%. 

Robustness ς Relative Ecosystem Recovery Duration 

The No Action !ƭǘŜǊƴŀǘƛǾŜ wŜƭŀǘƛǾŜ 9ŎƻǎȅǎǘŜƳ wŜŎƻǾŜǊȅ 5ǳǊŀǘƛƻƴ ǿŀǎ ǊŀǘŜŘ ŀǎ άNot Applicableέ ōŜŎŀǳǎŜ 

no improvement to reducing stamp sand encroachment of the reef and important nursery habitat is 

included in this alternative.  

5.6.2 Remaining Alternatives 

After a preliminary screening of alternatives, the following alternatives remain and are being evaluated:  

¶ Lakeside Placement Site  

¶ Upland Placement Site 

Once the CDJ and a placement site is constructed, large-scale dredging would begin. The South Shoreline 

and Trough are priority regions to dredge because they border Buffalo Reef and are included in each 

presented dredging scale. Scheduling removal of stamp sands from the South Shoreline and Trough at 

the beginning of the construction schedule is expected to further minimize further stamp sand 

encroachment onto Buffalo Reef. The large-scale dredging would begin at Grand Traverse Bay Harbor 

and move north to reduce the likelihood that stamp sands would bypass the harbor jetty and impact the 

lake white fish juvenile shoreline habitat. Once the South Shoreline is dredged, the Trough would 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 Reef (see Section 4.3.6) and then the Middle Shoreline.  

For reference, Alternative 1 is the No Action Alternative. 

5.6.3 Alternative Plan 2: Lakeside-All Alternative  

Refer to Section 0 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 within the footprint 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 sands updrift of the CDJ rest on bedrock, and consequently, some stamp sands 

would remain after dredging. See Section 4.3.5 for an explanation. The CDJ reduces the transport of 

ǎǘŀƳǇ ǎŀƴŘǎ ƻƴǘƻ ǘƘŜ ǊŜŜŦ ōȅ ŎŀǇǘǳǊƛƴƎ ǘƘŜƳ ƻƴ ǘƘŜ ƧŜǘǘȅΩǎ ǳǇŘǊƛŦǘ ǎƛŘŜ ǘƻ ōŜ ǊŜƳƻǾŜŘ ŘǳǊƛƴƎ ǘƘŜ 

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 South Shoreline, residential wastewater 

management alternative(s) would be needed for homes with septic systems placed in the stamp sands. 

tŜǊ {ŜŎǘƛƻƴ онпΦммрно ƻŦ ǘƘŜ {ǘŀǘŜ ƻŦ aƛŎƘƛƎŀƴΩǎ tŀǊǘ ммр {ƻƭƛŘ ²ŀǎǘŜ aŀƴŀƎŜƳŜƴǘ !ŎǘΣ ŀ ƭŀƴŘŦƛƭƭ Ƴǳǎǘ 

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.  

 
Figure 5-17: The Lakeside Alternative 

Estimated Implementation Duration 

 
Figure 5-18: 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.  
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OMRR&R Dredging Duration 

The Lakeside Alternative dredges all stamp sands during the implementation phase. A four-inch residual 

of stamp sands is assumed to remain after dredging over the bedrock found along Middle Shoreline. The 

OMRR&R dredging duration was estimated assuming 100,000 cubic yards of stamp sands is dredged 

updrift of the CDJ every three years. OMRR&R dredging duration was estimated to be approximately 15 

years. Modeling in the next phase of the project would improve the accuracy of the estimated volume of 

stamp sands trapped by the CDJ and dredging frequency. Refer to the Planning Appendix for a 

description of the analysis.  

Robustness ς 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 Shoreline location. The percent recovery after the project 

implementation relative to the pre-stamp sand condition was estimated to be 80-90% because the 

North Shoreline, a major source, would be contained near the beginning of the construction schedule, 

the stamp sand 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. 

Robustness ς 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 experts believe 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 Section 4.3.5 assumptions. 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 generation after OMRR&R 

is completed. 

5.6.4 Alternative Plan 3: Upland All Alternative  

This alternative includes dredging approximately 12.7 MCY of stamp sands during construction and 

placing it in the Upland Placement Site The alternative would include the CDJ installation and 

maintenance dredging during construction on both the updrift side of Grand Traverse Bay Harbor and 

the CDJ. Though all stamp sands are to be dredged, the stamp sands updrift of the CDJ rests on bedrock, 

and consequently, some stamp sands would remain after dredging (Section 0). The CDJ reduces the 

ǘǊŀƴǎǇƻǊǘ ƻŦ ǎǘŀƳǇ ǎŀƴŘǎ ƻƴǘƻ ǘƘŜ ǊŜŜŦ ōȅ ŎŀǇǘǳǊƛƴƎ ƛǘ ƻƴ ǘƘŜ ƧŜǘǘȅΩǎ ǳǇŘǊƛŦǘ ǎƛŘŜ ǘƻ ōŜ later removed 

during the construction and OMRR&R phases.  

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 South Shoreline, residential wastewater 

management alternative(s) would be needed for homes with septic systems placed in the stamp sands. 

tŜǊ {ŜŎǘƛƻƴ онпΦммрно ƻŦ ǘƘŜ {ǘŀǘŜ ƻŦ aƛŎƘƛƎŀƴΩǎ tŀǊǘ ммр {ƻƭƛŘ ²ŀǎǘŜ aŀƴŀƎŜƳŜƴǘ !ŎǘΣ ŀ ƭŀƴŘŦƛƭƭ Ƴǳǎǘ 

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.  

 
Figure 5-19: Upland All Alternative 
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Estimated Implementation Duration 

 
Figure 5-20: 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 four-inch residual of stamp sands is assumed to remain after dredging over the Middle and North 

Shorelines. The dredging duration was estimated assuming 100,000 cubic yards of stamp sands is 

dredged updrift of the CDJ every three years. The OMRR&R dredging duration for Upland All is 

estimated to be approximately 20 years. Modeling in the next phase of the project would improve the 

accuracy of the estimated volume of stamp sands trapped by the CDJ and dredging frequency. See 

Planning Appendix for a description of the analysis. 

Robustness ς Relative Ecosystem Recovery 

The South Shoreline, Trough, North Shoreline, Dune, and Middle Shoreline would be dredged during the 

implementation phase. The CDJ would be installed to protect the cleaned up South Shoreline and 

Trough by blocking the majority of stamp sands along the shore from being transported to the Trough 

and South Shoreline. The remnants of the former stamp sands pile on the North Shoreline would be 

removed during construction thereby removing the initial source of stamp sands to the system. Because 

the biggest ongoing source of the stamp sands is removed from the system during the implementation 

phase, the biology experts believe that the reef and spawning habitats would likely recover relatively 

well (80% to 90% relative to pre-stamp sand conditions) after the project implementation. They 

acknowledged 100% recovery would be impossible because stamp sands would likely remain in the 

system beyond the life of this project. 

Robustness ς 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 reef. The biology experts assumed one fish generation is 15 years for 

this project. While the expected recovery is 80 to 90%, the duration to achieve this level is estimated to 

be three fish generations because the North Shoreline is not immediately dredged or controlled by 

armor stone, like it would be with the Lakeside Alternative, during the implementation phase. 
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5.6.5 Alternative Evaluation Screening Criteria 

The results of the evaluation of the Lakeside and Upland Placement Area are summarized in Table 5-3 

below.  

Table 5-3. Alternative Evaluation Screening Criteria Chart 

Alternative Robustness 

 

 

Estimated  

Implementation 

(combined w/ 

duration) 

 

Estimated OMRR&R 

Dredging Duration 

(yrs) 

Placement 

Area 

Dredging 

Scale 

(Volume 

Dredged, 

MCY) 

Total 

Placed 

(MCY) 

Relative 

Ecosystem 

Recovery 

Relative 

Duration 

for 

Recovery 

 

Duration 

(yrs) 

No Action 0% NA NA NA 

Lakeside 
Large 

(8) 

12.7 

80-90% 
2 

generations 
15 ~15 

Upland 
All 

(12.7) 

12.7 

80-90% 
3 

generations 
19 ~20 

*Robustness ς Relative Ecosystem Recovery. This criterion estimates the recovery of Buffalo Reef and the surrounding shallow 
water spawning and recruitment habitats for each alternative. 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% recovery representing no stamp sands presence and 0% recovery 
representing no recovery. 
*Robustness ς Relative Duration for Recovery. This 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 years) required for the population to re-establish after dredging during construction 
is completed.  
*Implementation Duration. ¢Ƙƛǎ ŎǊƛǘŜǊƛƻƴ ƛǎ ǘƘŜ ŜǎǘƛƳŀǘŜŘ ǘƛƳŜ όƛƴ ȅŜŀǊǎύ ǊŜǉǳƛǊŜŘ ŦƻǊ ŀƴ ŀƭǘŜǊƴŀǘƛǾŜΩǎ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ǇƘŀǎŜΦ 
Implementation duration was estimated using best professional judgement.  
*Estimated OMRR&R Dredging Duration ς Duration estimated assuming 100,000 cubic yards of stamps sands is dredged updrift 

of the CDJ every three years. Refer to Planning Appendix. 

 

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 to the BRTF. 
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Mr. Ryan McCone, District Supervisor ς Resources 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 Office on March 21, 2022 (Correspondence Appendix). 

We have reviewed your information request on the lakeside placement option identified 
ƛƴ ǘƘŜ нлмф .ǳŦŦŀƭƻ wŜŜŦ !ƭǘŜǊƴŀǘƛǾŜǎ wŜǇƻǊǘΦ tŀǊǘ онр ƻŦ aƛŎƘƛƎŀƴΩǎ bŀǘǳǊŀƭ wŜǎƻǳǊŎŜǎ 
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 
application 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 to the ŀǇǇƭƛŎŀƴǘΩǎ proposed activity 

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 surrounding ecosystem. 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 of MichiganΩǎ Ǉƻǎƛǘƛƻƴ, and on March 2, 2022, passed a 

resolution in support for projects to enable Buffalo Reef Restoration (Correspondence Appendix). KBIC 

confirmed its support of the State of MichiganΩǎ Ǉƻǎƛǘƛƻƴ (Correspondence Appendix). USACE had no 

objection to screening out the Lakeside Placement Alternative. Based on the {ǘŀǘŜ ƻŦ aLΩǎ Ǉƻǎƛǘƛƻƴ and 

support of GLFWIC and KBIC, the Lakeside Placement Area was screened from further consideration.  
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6. Detailed Evaluation of Upland Placement Alternative ς 

Implementation Options  

After the initial screening evaluation, the Upland Placement Alternative was the remaining alternative. 

The design of the Upland Placement Alternative was advanced to a concept level. Project 

implementation is separated into two phases: 1) implementation and 2) OMRR&R. Three options for 

implementation are provided to inform how alternative scope impacts costs and implementation 

duration. The options vary by volume of stamp sands removed during the implementation phase. The 

larger the stamp sands volume removed during implementation, the smaller the stamp sands volume 

removed during OMRR&R and the shorter the OMRR&R duration.  

6.1 Implementation ς Concept Design 

The design of alternatives remaining after the screening-level evaluation was advanced to concept level. 

When the concept design included quantities of features and description of activities, the cost estimate 

was based on that information. When no technical scope was developed for features or activities, their 

estimated cost was based on cost engineering judgment, Micro-computer Aided Cost Estimating System 

English Cost Book 2022 όάŎƻǎǘ ōƻƻƪέ), and parametric and historical costs.  

6.1.1 Cost 

Implementation cost includes the cost of the following activities: planning, engineering, and design; real 

estate acquisition; maintenance dredging; construction; and construction management. Quantities for 

the following features and activities were estimated and informed an implementation cost estimate 

based on concept technical information: 

¶ vǳŀƴǘƛǘƛŜǎ ƻŦ /5WΩǎ ǎǘŜŜƭΣ ǎǘƻƴŜ ŦƛƭƭΣ ǎŎƻǳǊ ǎǘƻƴŜ ŀƴŘ ŎƻƴŎǊŜŀǘŜ ŎŀǇΤ  

¶ vǳŀƴǘƛǘƛŜǎ ŦƻǊ ǘƘŜ ¦ǇƭŀƴŘ tƭŀŎŜƳŜƴǘ !ǊŜŀΩǎ ōŜǊƳǎΣ cap, and liner;  

¶ Water treatment ς estimated yearly volume of water to be treated; 

¶ Road material ς estimated using a cross section and road length; 

¶ Stamp sands volume to be dredged and transported to the Upland Placement Area; and 

¶ Volume of sand for beach nourishment.  

For features or activities that did not have a technical scope, their estimated cost was based on cost 

engineering judgment, cost book, and parametric and historical costs. Per Section 324.11523 of the 

{ǘŀǘŜ ƻŦ aƛŎƘƛƎŀƴΩǎ tŀǊǘ ммр {ƻƭƛŘ ²ŀǎǘŜ aŀƴŀƎŜƳŜƴǘ !ŎǘΣ ŀ ƭŀƴŘŦƛƭƭ Ƴǳǎǘ ǇǊƻǾƛŘŜ ǳǇ ǘƻ Ϸмa ƛƴ ŦƛƴŀƴŎƛŀƭ 

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.  

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 $100-$120M per year.   
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6.1.3 Cost and Schedule Contingency 

Contingency is an amount added to a cost and schedule estimate 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 required. An 80% confidence level has been 

included to determine the total project cost and schedule. USACE Civil Works Engineering Regulation, ER 

1110-2-1302 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 reported cost 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 uncertainty related to including 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 to including 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 duration. 

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. Considering design constraints such as, but not limited 

to, a proposed facility height of 100 feet, depth to the bedrock, and the unit weight of the berm material 

and the contained material, the concept scope 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, stamp sands may not meet the specification for engineered 

fill or there may be insufficient quantities of stamp sands that meet required specifications. These issues 

would be a risk if stamp sands were selected as the berm material. The use of quarried stone is a 

conservative assumption and has been identified as a potential opportunity to investigate during the 

design phase that could reduce cost. The design phase would include additional site-specific 

investigations, design, and optimization.  

6.1.5 OMRR&R Activities 

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 developed for each activity. These estimates do not 

include contingency. OMRR&R has different categories: 1) annual activities (operation and maintenance) 

and 2) reoccurring but not annual activities (repair, rehabilitation, and replacement) (Planning 

Appendix).  

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 facility. The portion of the disposal facility that is capped is called the closed 

facility. The table below estimates the annual O&M costs associated based on the activities and activity 

frequency described below.  

Table 6-1. O&M Activities 

O&M Activity 
Annual O&M Cost 

October 2022 Price Level1 
Start Date2 

Mowing $34,400 FY45 

Fence Inspection/Maintenance $25,400 FY26 

Inspections ς Open Facility $87,800 FY33 

Monitoring Wells $29,500 FY25 

Leachate Treatment/Engineering Oversight $29,500 FY33 

Inspections ς Closed Facility $87,800 FY45 

Inspections ς CDJ $21,200 FY28 

Haul Road $80,000 FY45 

Pump Maintenance $3,100 FY33 

Leachate Treatment/Pump Operation $33,572 FY33 
1Estimated costs do not include contingency. 
2Start date estimated to be 2025. Implementation schedule based on assumed funding level.  

 

The following assumptions were made pertaining to State of Michigan permit requirements which 

informed the assumptions for operation and maintenance activities and activity frequency. All costs are 

presented at October 2022 price level. 

Mowing 

¶ Estimated Unit Cost: $34,400 per year 

¶ Assume mowing occurs three times per year, mowing all 240 acres, once the NFS phase of 

project begins. Actual acreage to be mowed is dependent on how much of the berm is covered 

in vegetation.  

¶ Goal: Protect cap, prevent establishment of trees, and permit visual inspections of cap.  

Fence 

¶ Estimated Unit Cost: $25,400 per year 

¶ Assume fence inspection and repair would occur annually beginning the year after fence 

installation. 

¶ Goal: Protect and secure facility with a perimeter fence (approximately 12,400 linear feet) 

Open Facility Inspections 

¶ Estimated Unit Cost: $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 

¶ Estimated Unit Cost: $29,500 per year 



 Buffalo Reef ς Final Alternatives Analysis   DRAFT JANUARY 2024 

148 

¶ 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. 

¶ Goal: Determine background levels and continue to monitor and submit sampling results to 

ensure SOM and NPDES requirements are satisfied. 

Leachate Treatment/Engineering Oversite 

¶ Estimated Unit Cost: $29,500 per year 

¶ Assume leachate sampling and reporting would occur monthly once the disposal facility is open 

and water treatment begins. 

¶ Goal: Provide SOM with leachate sampling results and reports to show compliance with SOM 

and NPDES requirements. 

Closed Facility Inspections 

¶ Estimated Unit Cost: $87,800 per year 

¶ Assume facility must be monitored quarterly after all stamp sands have been disposed.  

¶ Goal: Ensure facility complies with SOM regulations once a disposal cell is capped. 

Coal Dock Jetty Inspection and Stamp Sands Monitoring 

¶ Estimated Unit Cost: $21,200 per year 

¶ Assume CDJ would be inspected after large storm events once constructed. Concrete cap of CDJ 

would not require repairs or replacement during 50-year OMRR&R period. 

¶ Goal: Protect CDJ from severe damage and maintain structural integrity. Monitor stamp sands 

accumulation updrift of Grand Traverse Harbor jetty and CDJ to inform the timing of 

maintenance dredging. 

Haul Road 

¶ Estimated Unit Cost: $80,000 per year 

¶ Assume haul roads would be maintained annually, and snow would be plowed to access the 

ǎƛǘŜΩǎ ƎǊƻǳƴŘǿŀǘŜǊ ƳƻƴƛǘƻǊƛƴƎ ǿŜƭƭǎ once the implementation dredging has been completed. 

¶ Goal: Ensure haul roads are functional and maintained to support construction activity. 

Pump Maintenance 

¶ Estimated Unit Cost: $3,100 per year 

¶ Assume ƭŜŀŎƘŀǘŜ ǎȅǎǘŜƳΩǎ ǇǳƳǇǎ ǿƻǳƭŘ ōŜ ƳŀƛƴǘŀƛƴŜŘ ƳƻƴǘƘƭȅ ŀŦǘŜǊ ǘƘŜ Upland Placement 

Area begins accepting stamp sands. 

¶ Goal: Ensure pumps are functioning to maintain water treatment operations 

Leachate Treatment/Pump Operation 

¶ Estimated Unit Cost: $33,572 per year 

¶ Assume electricity would power the leachate pumps after the Upland Placement Area begins 

accepting stamp sands. 

¶ Goal: Provide sufficient power to operate pumps for water treatment. 

Repair, Rehabilitation, and Replacement (RR&R) 

Table 6-2 provides the annual RR&R activity costs associated with the activities described below. 
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Table 6-2. RR&R Activities 

RR&R Activity 
Estimated Cost Per Activity  
October 2022 Price Level1 

Timing2 

Maintenance Dredging $3,100,000 Every 3 years 

Transport and Disposal of 
Dredged Material 

$13,718,000 Every 3 years 

Pump 
Replacement/Maintenance 

$87,200 Every 10 years 

Pump House Repairs $25,000 Every 10 years 

CDJ Removal $56M Uncertain3 
1Estimated costs do not include contingency. 
2Start date estimated to be 2025. Implementation schedule based on assumed funding level. 
3Separate line item due to uncertainty pertaining to whether the NFS would i) remove the CDJ when it was no longer needed 

to block transport of stamp sands or ii) continue to maintain it. 
 

The following assumptions were made regarding the RR&R activities and frequency to inform these 

costs:  

Maintenance Dredging 

¶ Estimated Unit Cost: $3,100,000 every three years 

¶ Assume maintenance dredging (100,000 CY) occurs every three years with an additional 

$100,000 per year for oversight and $500,000 per year for mobilizing and demobilizing. 

¶ Goal: Dredge 100,000 CY of remaining stamp sands updrift of the CDJ every three years. 

Transport and Disposal of Dredged Material 

¶ Estimated Unit Cost: $13,718,000 every three years 

¶ Assume disposal of stamp sands occurs every three years which includes additional $500,000 for 

mobilizing and demobilizing. This cost includes transportation from the CDJ to the placement 

area and disposal. 

¶ Goal: Dispose of 100,000 CY of stamp sands every three years to the disposal facility. 

Pump Overhaul 

¶ Estimated Unit Cost: $87,200 every 10 years 

¶ Assume two leachate treatment pumps would be maintained and replaced, if needed, every 10 

years. 

¶ Goal: Protect integrity of pumps to support water treatment operations. 

Pump House 

¶ Estimated Unit Cost: $25,000 every 10 years 

¶ Assume structure housing the pumps would be improved every 10 years. 

¶ Goal: Protect integrity of structure holding pumps to prevent pump degradation. 

  



 Buffalo Reef ς Final Alternatives Analysis   DRAFT JANUARY 2024 

150 

Coal Dock Jetty 

¶ Estimated Removal Cost: $56M (October 2022 Price Level)  

¶ Assume CDJ is constructed with a concrete cap to reduce long-term maintenance and prevent 

the wash out of fill material. Crack repairs to the surface would be included in the OMRR&R 

Ŏƻǎǘǎ ǘƻ Ƴŀƛƴǘŀƛƴ ǘƘŜ /5WΩǎ ƛƴǘŜƎǊƛǘȅΦ  

¶ Removal of the CDJ 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 timing. The 

removal cost was estimated to equal half the implementation cost.  

6.2 Upland Placement Alternative-Small (Upland-Small) 

6.2.1 Description  

The construction phase of Upland-Small includes dredging 4.3 MCY of stamp sand from the South 

Shoreline and Trough. General measure description and figure are found in Table 6-3 and Figure 6-1. 

Before large-scale 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 continue to transport 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 Harbor jetty 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 

ǘƘŜ ƧŜǘǘȅ ŀƴŘ /5WΣ ŀƭƻƴƎ ǘƘŜ ǎƘƻǊŜƭƛƴŜ ŀƴŘ ǎŜǘōŀŎƪ ŦǊƻƳ ǘƘŜ ǿŀǘŜǊΩǎ ŜŘƎŜ ǘƻ ƳƛƴƛƳƛȊŜ ŜƴǘǊŀƛƴƳŜƴǘΦ  

Prior to dredging stamp sands along the South Shoreline, residential wastewater management 

alternative(s) would be needed for homes with septic systems located in 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. tŜǊ {ŜŎǘƛƻƴ онпΦммрно ƻŦ ǘƘŜ {ǘŀǘŜ ƻŦ aƛŎƘƛƎŀƴΩǎ tŀǊǘ ммр {ƻƭƛŘ ²ŀǎǘŜ aŀƴŀƎŜƳŜƴǘ !ŎǘΣ ŀ 

landfill must provide up 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, would minimize continued stamp sand 

encroachment onto the reef. Large-scale dredging would begin along the South Shoreline at Grand 

Traverse Bay Harbor and move north to reduce the likelihood that stamp sands would bypass the harbor 

jetty and impact Lake Whitefish juvenile shoreline habitat downdrift of Grand Traverse Bay Harbor 

(Figure 1-2).  

Wetland mitigation and beach nourishment would be required along the South Shoreline. The beach 

would be nourished in areas where stamp sands are dredged from native sand substrates (Figure 4-8) 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 during the closure period. 

Table 6-3. Upland-Small Overview 

Feature Description 

Upland Placement Area and 
Construction Roads 
 

Disposal site for stamp sand including construction roads for 
construction and OMRR&R vehicle traffic.  
Disposal cells to contain 4.3 MCY would be constructed and 
capped. 

Water Treatment Facility 
Facility would treat precipitation that would contact stamp 
sand disposed within the placement area prior to discharge 
to Lake Superior. 

CDJ 
Jetty would reduce the downdrift movement of stamp sand 
onto the reef and would be used during construction and 
dredging to transfer material from barge to truck 

Dredging During Construction 

¶ Grand Traverse Bay Harbor 

¶ CDJ 

During construction, would reduce stamp sand bypass over 
and around 

¶ Grand Traverse Bay Harbor Jetty  

¶ CDJ  

Dredge South Shoreline  
3.3 MCY dredged1 
Would remove stamp sand adjacent to the reef. 

Dredge Trough  
1 MCY dredged1 
Would remove stamp sand adjacent to the reef. 

Monitoring and Adaptive 
Management 

The accumulation of stamp sands would be monitored updrift 
of Grand Traverse Harbor and CDJ and would inform the 
timing of maintenance dredging. The reef and nursery areas 
would be monitored for new stamp sands accumulation. 
Biological monitoring would inform fish movement and 
spawning locations. 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 inform to fish 
movement and spawning locations. 

Mitigation 

Wetland Approximately, 25 acres impacted 

Beach Nourishment 
1 MCY native sand placed along the South Shoreline and 
portion of Middle Shoreline 

Septic System Alternative(s) 
Alternatives required for residential wastewater 
management systems.2 

1 See Section 5.3.4 for more information.  
2The decision on whether to fund replacement systems would be made by the NFS. 
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Figure 6-1: Upland-Small. The South 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, Upland-Small has the lowest implementation cost, but the longest estimated OMRR&R 

dredging duration. See Section 6.1 and the Cost Appendix for more information regarding the cost 

estimate and cost contingency analysis.  

Table 6-4. Total Cost Implementation Phase: Upland Placement Alternative - Small 

Feature Upland-Small ($)1 

Grand Traverse Harbor Maintenance Dredging 5,250,000 

Wetland Mitigation 1,250,000 

Haul Roads 5,428,000 

Septic Field Relocation 288,000 

CDJ 55,926,000 

CDJ Dredging 9,200,000 

Landfill 265,449,000 

Water Treatment Facility 24,441,000 

South Shoreline 153,650,000 

Coal 

Dock 

Jetty  
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Feature Upland-Small ($)1 

Trough 25,548,000 

North Shoreline - 

Dune - 

Middle Shoreline - 

Financial Assurances7 1,000,000 

Estimated Construction Cost 547,430,000 

Contingency (30-36%)2 197,075,000 

Real Estate3 36,000,000 

Total Construction Cost 780,505,000 

Design Phase4 92,152,000 

Construction Management5 59,560,000 

Total Project Cost (Unescalated) 932,217,000 

Total Project Cost (Escalated)6 1,153,167,000 
1 All costs are presented at the October 2022 price level and rounded to the nearest $1,000.  

2 Because of the uncertainty in the dredging quantities, contingency for Small and All-scaled 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. 
6To 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 Manual EM 1110-2-1304, Civil Works Construction Cost Index System.  
7{ŜŎǘƛƻƴ онпΦммрно ƻŦ ǘƘŜ {ǘŀǘŜ ƻŦ aƛŎƘƛƎŀƴΩǎ tŀǊǘ ммр {ƻƭƛŘ ²ŀǎǘŜ aŀƴŀƎŜƳŜƴǘ !Ŏǘ 

Table 6-5. Estimated Costs of Upland-Small 

Element Estimated Cost Based on Concept Designs 

Implementation Cost ς Project First Cost1 $0.9B 

Implementation Cost ς Escalated to Midpoint of 
Construction2 

$1.2B 

1Implementation Cost. This criterion is the total estimated implementation cost for an alternative. Implementation costs include 
construction; lands, easements, rights-of-way, relocation, and disposal facility; project design; construction management; 
performance monitoring and adaptive management; and mitigation.  

Project First Cost ($)- 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 Manual EM 1110-2-1304, Civil Works 
Construction Cost Index System.  
 

6.2.3 Estimated Implementation Duration 

The screening-level analysis found in Chapter 5 assumed 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 year (Table 6-6), and the sequencing described in Section 6.2.1. The schedule 

contingency is estimated to be 53 months. 

Table 6-6. Upland-Small Estimated Implementation Duration  
(Assuming an Annual Budget of $100-$120M) 

Feature Calendar Years (2025-2050+) 
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Grand Traverse Harbor Dredging                           

Real Estate                           

Wetland Mitigation                           

Haul Roads                           

Septic Field Relocation                           

CDJ                           

CDJ Dredging                           

Landfill                           

Water Treat Facility                           

South Shoreline                            

Trough                            

Financial Assurances                           

Monitoring & Adaptive Mgmt.1                           

Schedule Contingency2                           

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 inform to fish 
movement and spawning locations. 

2 53 months of schedule contingency for Upland-Small. See Cost Appendix for more information.  
 

6.2.4 OMRR&R Cost and Duration Based on Concept Designs 

OMRR&R includes activities duration and after project implementation that includes maintenance 

dredging and the landfill closure period. After project implementation, the Upland-Small OMRR&R 

duration is expected to be the longest because the greatest volume of stamp sands remains updrift of 

the CDJ after project implementation.  

OMRR&R activities begin during the first year of construction. As project features are completed, the 

features were assumed to be turned over to the NFS, and the NFS would be responsible for completing 

the OMRR&R. The OMRR&R duration for implementation is listed in Table 6-7. Refer to Section 6.1.5 

and the Planning Appendix for details. 

Stamps sands dredged along the South Shoreline and within the Trough are on native sands where over-

dredging is possible; therefore, after project implementation, a negligible volume of stamps sands was 

assumed to accumulate at the Grand Traverse Harbor Jetty. However, maintenance dredging at this 

location may be required. After implementation, 8.4 MCY of stamp sands would remain updrift of the 

CDJ.  

To minimize stamp sand bypass of the CDJ, the volume accumulating updrift of the CDJ and the 

accumulation rate were estimated. The duration for maintenance dredging was estimated assuming 

100,000 CY of stamp sands is removed every three years. The OMRR&R dredging frequency and volume 

were based on these assumptions. In the next phase of the project, modeling considering the 

installation of the CDJ and other with project conditions would improve the accuracy of the estimated 

volume of stamp sands trapped by the CDJ, dredging frequency and maintenance dredging duration. 
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The post-closure care duration per State of Michigan operating permit for the landfill was estimated to 

be 30 years from the successful closure of the landfill. The total OMRR&R duration is equal the sum of 

the durations for Implementation, Maintenance Dredging and MI Regulatory Post Closure criteria. The 

OMRR&R duration and estimated cost is found in Table 6-7. 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 Reef. The estimated cost of removing the CDJ is equal to approximately half the 

total implementation cost (Table 6-7).  

Table 6-7. Upland Placement Alternative - Small OMRR&R Duration and Cost 

OMRR&R Duration of Activities and Cost 

Implementation 13 years 

Maintenance Dredging ~200 years 

MI Regulatory Post-Closure Care  30 years 

Total ~243 years  

Average Annual Cost($)1 $5.1M 

Removal of CDJ (October 2022 Price Level) $56M2 
1 Simple 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 Section 2138.10 for a description 

ƻŦ ǘƘŜ ŀƴŀƭȅǎƛǎ ŀƴŘ ŦǳƴŘΩǎ ŜǎǘƛƳŀǘŜŘ ŀƳƻǳƴǘΦ 

6.2.5 Robustness ς Relative Ecosystem Recovery 

This alternative includes dredging the South Shoreline and the Trough and constructing the CDJ during 

the construction phase. The CDJ would 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 phase. The 8.4 

MCY stamp sands updrift of the CDJ would remain in place until it was transported to the CDJ and would 

be dredged approximately 200 years (Section 6.1.5146). Based on the evaluation conducted, it could be 

over 100 years before the updrift stamp sands reach the CDJ. Smaller particle sizes found within the 

North Shoreline could erode into the lake and reach Buffalo Reef and juvenile Lake Trout habitat, 

especially during major storm events (Section 4.3.4). Because stamp sands would be present for decades 

and stamp sands could enter the reef and nearby habitats, the biology experts estimated the percent 

recovery would be 40% to 60% after project implementation, in comparison to the conditions that 

existed before stamp sands impacted the reef. For more information regarding the robustness analysis, 

refer to Section 5.5.2. 

6.2.6 Robustness ς 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 reef. The fishery biologists assumed one fish generation is 15 years for 

this project. While the expected recovery is 40 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 Section 5.5.2. 

6.3 Upland Placement Alternative-Medium (Upland-Medium) 

6.3.1 Description 

The implementation phase of Upland-Medium includes dredging approximately 8.7 MCY of stamp sand 

from the South Shoreline, Trough, and North Shoreline. General measure description and figure are 

found in Table 6-8 and Figure 6-2.  

Before large-scale 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 continue to transport 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 Harbor jetty 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 

ǘƘŜ ƧŜǘǘȅ ŀƴŘ /5WΣ ŀƭƻƴƎ ǘƘŜ ǎƘƻǊŜƭƛƴŜ ŀƴŘ ǎŜǘōŀŎƪ ŦǊƻƳ ǘƘŜ ǿŀǘŜǊΩǎ ŜŘƎŜ ǘƻ ƳƛƴƛƳƛȊŜ ŜƴǘǊŀƛƴƳŜƴǘΦ  

Prior to dredging stamp sands along the South Shoreline, residential wastewater management 

alternative(s) would be needed for homes with septic systems located in 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 Section 32пΦммрно ƻŦ ǘƘŜ {ǘŀǘŜ ƻŦ aƛŎƘƛƎŀƴΩǎ tŀǊǘ ммр {ƻƭƛŘ ²ŀǎǘŜ aŀƴŀƎŜƳŜƴǘ !ŎǘΣ ŀ 

landfill must provide up 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, would minimize continued stamp sand 

encroachment onto the reef. Large-scale dredging would begin along the South Shoreline at Grand 

Traverse Bay Harbor and move north to reduce the likelihood stamp sands would bypass the harbor 

jetty and impact Lake Whitefish juvenile shoreline habitat downdrift of Grand Traverse Bay Harbor 

(Figure 1-2). After the South Shoreline and Trough have been dredged, the North Shoreline would be 

dredged. The North Shoreline contains the original stamp sands disposal location, and it contains 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 arrival of stamp sands.  

After implementation of the Upland-Medium 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 duration. The Upland Disposal Facility would remain open during OMRR&R, and water 

treatment would continue while the facility was open and during the closure period. 

Table 6-8. Upland-Medium Overview 
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Feature Description 

Upland Placement Area and Construction Roads 
 

Disposal site for stamp sand including 
construction roads for construction and 
OMRR&R vehicle traffic  
Disposal cells containing 8.7 MCY would be 
constructed and capped. 

Water Treatment Facility 

Facility would treat precipitation that would 
contact stamp sand disposed within the 
placement area prior to discharge to Lake 
Superior. 

CDJ 

Jetty would reduce the downdrift movement of 
stamp sand onto the reef and would be used 
during construction and dredging to transfer 
material from barge to truck 

Dredging During Construction 

¶ Grand Traverse Bay Harbor 

¶ CDJ 

During construction, would reduce stamp sand 
bypass over and around 

¶ Grand Traverse Bay Harbor Jetty  

¶ CDJ  

Dredge South Shoreline  
3.3 MCY dredged1 
Would dredge stamp sand adjacent to the reef. 

Dredge Trough  
1 MCY dredged1 
Would dredge stamp sand adjacent to the reef. 

Dredge North Shoreline 

4.4 MCY dredged1 

Would dredge the original pile of stamp sands 
that contains the smallest particle sizes that are 
most mobile and least likely to be contained by 
the CDJ. 

Monitoring and Adaptive Management 

The accumulation of stamp sands would be 
monitored updrift of Grand Traverse Harbor and 
CDJ and would inform the timing of 
maintenance dredging. The reef and nursery 
areas would be monitored for new stamp sands 
accumulation. Biological monitoring would 
inform fish movement and spawning locations. 

Mitigation 

Wetland Approximately, 25 acres impacted 

Beach Nourishment 
1 MCY native sand placed along the South 
Shoreline and portion of Middle Shoreline 

Septic System Alternative(s) 
Alternatives required for residential wastewater 
management systems. 2 

 1 See Section 0 for more information.  
2 The decision on whether to fund replacement systems would be made by the NFS. 
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Figure 6-2: Upland-Medium. 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. 

The Upland-MediumΩǎ ŜǎǘƛƳŀǘŜŘ ŎƻƴǎǘǊǳŎǘƛƻƴ Ŏƻǎǘ ǘƘŀǘ ƛǎ ƘƛƎƘŜǊ ǘƘŀƴ Upland-Small and lower than 

Upland Placement Alternative All (Upland-All). See Section 6.1 and the Cost Appendix for more 

information regarding the cost estimate and contingency analysis.  

Table 6-9. Total Cost Implementation Phase: Upland Placement Alternative - Medium 

Feature Upland-Medium ($)1 

Grand Traverse Harbor Maintenance Dredging 5,250,000 

Wetland Mitigation 1,250,000 

Haul Roads 5,428,000 

Septic Field Relocation 288,000 

CDJ 55,926,000 

CDJ Dredging 11,500,000 

Coal 

Dock 

Jetty  
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Feature Upland-Medium ($)1 

Landfill 368,786,000 

Water Treatment Facility 24,441,000 

South Shoreline 153,650,000 

Trough 25,548,000 

North Shoreline 88,400,000 

Dune - 

Middle Shoreline - 

Financial Assurances7 1,000,000 

Estimated Construction Cost 741,467,000 

Contingency (30-36%)2 222,440,000 

Real Estate3 36,000,000 

Total Construction Cost 999,907,000 

Design Phase4 115,640,000 

Construction Management5 77,113,000 

Total Project Cost (Unescalated) 1,192,660,000 

Total Project Cost (Escalated)6 1,544,163,000 
1 All costs are presented at the October 2022 price level and rounded to the nearest $1,000.  

2 Because of the uncertainty in the dredging quantities, contingency for Small and All-scaled 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. 
6To 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 Manual EM 1110-2-1304, Civil Works Construction Cost Index System.  
7{ŜŎǘƛƻƴ онпΦммрно ƻŦ ǘƘŜ {ǘŀǘŜ ƻŦ aƛŎƘƛƎŀƴΩǎ tŀǊǘ ммр {ƻƭƛŘ ²ŀǎǘŜ aŀƴŀƎŜƳŜƴǘ !Ŏǘ 

 

Table 6-10. Estimated Implementation Costs of Upland-Medium 

Element Estimated Cost 

Implementation ς project first cost $1.2B 

Implementation ς escalated to midpoint of 
construction 

$1.5B 

*Implementation Cost. This criterion is the total estimated implementation cost for an alternative. Implementation costs 
include construction; lands, easements, rights-of-way, relocation, and disposal facility; project design; construction 
management; performance monitoring and adaptive management; and mitigation.  

Project First Cost  ς$) - 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 Manual EM 1110-2-1304, Civil Works 
Construction Cost Index System.  

6.3.3 Estimated Implementation Duration 

The screening-level analysis found in Chapter 5 assumed 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 year (Table 6-11), and the sequencing described in Section 1566.3.1. 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 construction increasing the implementation duration.  
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Table 6-11. Upland-Medium Estimated Implementation Duration (Assuming $100-$120M Annual 
Budget) 

Feature 

Calendar Years (2025-2050+) 

2
5 

2
6 

2
7 

2
8 

2
9 

3
0 

3
1 

3
2 

3
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3
4 

3
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3
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3
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3
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3
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4
0 

4
1 

4
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4
3 

4
4 

4
5 

4
6 

4
7 

4
8 

4
9 

5
0

+ 

Grand Traverse Harbor Dredging                           

Real Estate                           

Wetland Mitigation                           

Haul Roads                           

Septic Field Relocation                           

CDJ                           

CDJ Dredging                           

Landfill                           

Water Treat Facility                           

South Shoreline                            

Trough                            

North Shoreline                            

Financial Assurances                           

Monitoring & Adaptive Mgmt.1                           

Schedule Contingency2                           

OMRR&R3  
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 inform to fish 
movement and spawning locations. 

258 months of schedule contingency for Upland-Medium 
3OMRR&R refer to Section 0 for a description. 

 

6.3.4 OMRR&R Cost and Duration Based on Concept Designs 

The OMRR&R duration includes activities during alternative implementation and after project 

implementation that includes maintenance dredging and the landfill closure period. After project 

implementation, the volume of stamp sands remaining updrift of the CDJ is less than the Upland-Small, 

therefore the Upland-Medium OMRR&R duration is shorter than the Upland-{ƳŀƭƭΩǎΦ /ƻƴǾŜǊǎŜƭȅΣ ǘƘŜ 

Upland-aŜŘƛǳƳΩǎ hawwϧw ŘǳǊŀǘƛƻƴ ƛǎ ƭƻƴƎŜǊ ǘƘŀƴ ¦ǇƭŀƴŘ-!ƭƭΩǎ.  

As project features are completed, it was assumed the feature would be turned over to the NFS, and the 

NFS would be responsible for completing the OMRR&R. The OMRR&R duration for implementation is 16 

years. Refer to Section 6.1.5 for details.   

Stamps sands dredged along the South Shoreline and within the Trough are on native sands where over-

dredging is possible; therefore, after project implementation, a negligible volume of stamps sands was 

assumed to accumulate at the Grand Traverse Harbor Jetty. However, maintenance dredging at this 

location may be required.  

To minimize stamp sand bypass of the CDJ, the volume accumulating updrift of the CDJ and the 

accumulation rate were estimated. The duration for maintenance dredging was estimated assuming 

100,000 CY of stamp sands is removed every three years. The OMRR&R dredging frequency and volume 

were based on these assumptions. In the next phase of the project, modeling considering the 
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installation of the CDJ and other with project conditions would improve the accuracy of the estimated 

volume of stamp sands trapped by the CDJ, dredging frequency and maintenance dredging duration.  

The post-closure care duration per State of Michigan operating permit for the landfill was estimated to 

be 30 years from the successful closure of the landfill. The total OMRR&R duration is equal the sum of 

the durations of implementation, maintenance dredging and MI regulatory post closure activities. The 

estimated OMRR&R duration and cost is found in Table 6-12. 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 implementation cost (Table 6-12).  

Table 6-12. Upland Placement Alternative - Medium OMRR&R Duration and Cost 

OMRR&R Duration and Costs2 

During Implementation 16 years 

Maintenance Dredging ~140 years 

MI Regulatory Post-Closure Care  30 years 

Total ~186 years2  

Average Annual Cost1 $4.6M 

Removal of CDJ (October 2022 Price Level) $56M2 
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 Section 2138.10.  

6.3.5 Robustness ς Relative Ecosystem Recovery 

During the construction phase, this alternative includes constructing the CDJ and dredging the South 

Shoreline, Trough, and North Shoreline. The CDJ would minimize movement of updrift stamp sands 

reaching Buffalo Reef, but the Middle Shoreline, and Dune would not be dredged until the OMRR&R 

phase. The 4 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 to be approximately 140 years (Section 0). 

Because approximately 4 MCY of stamp sands would be present in the system for approximately 140 

years and stamp sands could enter the reef and nearby habitats but the volume remaining in the system 

is smaller than Upland-Small, the biology experts estimated the percent recovery would be 60% to 80% 

after project implementation, in comparison to conditions before stamp sands impacted the reef. For 

more information regarding the robustness analysis, refer to Section 5.5.2. 

6.3.6 Robustness ς Relative Ecosystem Recovery Duration 

Because the North Shoreline in Upland-Medium would be dredged the same time as the North Shoreline 

in the Upland-All alternative (Section 6.3.1 and 6.4.1), fishery biologists expected the same recovery 

duration of three fish generations. The North Shoreline is the main source of stamp sands and removing 

that source is believed to have a larger impact on recovery duration when compared to the Middle 

Shoreline and Dune. For more information regarding the robustness analysis, refer to Section 5.5.2. 



 Buffalo Reef ς Final Alternatives Analysis   DRAFT JANUARY 2024 

162 

6.4 Upland Placement Alternative-All (Upland-All) 

6.4.1 Description 

The construction phase of Upland-All includes dredging approximately 12.7 MCY of stamp sand from the 

South Shoreline, Trough, North Shoreline, Middle Shoreline and Dune. General measure description and 

figure are found in Table 6-13 and Figure 6-3.  

Before large-scale 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 continue to transport 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 Harbor jetty 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 from the waterΩǎ ŜŘƎŜ ǘƻ ƳƛƴƛƳƛȊŜ ŜƴǘǊŀƛƴƳŜƴǘΦ  

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 accepts stamp sands for disposal. Water in 

contact with stamp sands within the landfill would require treatment prior to its discharge in Lake 

{ǳǇŜǊƛƻǊΦ tŜǊ {ŜŎǘƛƻƴ онпΦммрно ƻŦ ǘƘŜ {ǘŀǘŜ ƻŦ aƛŎƘƛƎŀƴΩǎ tŀǊǘ ммр {ƻƭƛŘ ²ŀǎǘŜ aŀƴŀƎŜƳŜƴǘ !ŎǘΣ ŀ 

landfill must provide up 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 both of which boarder the reef would minimize continued stamp 

sand encroachment onto the reef. Large-scale dredging would begin along the South Shoreline at Grand 

Traverse Bay Harbor and move north to reduce the likelihood stamp sands would bypass the harbor 

jetty and impact lake white fish juvenile shoreline habitat downdrift of Grand Traverse Bay Harbor 

(Figure 1-2).  

After the South Shoreline and Trough, the North Shoreline would be dredged. The North Shoreline 

contains the original stamp sands disposal location, and it contains the smallest particle sizes that are 

most mobile and least likely to be contained by the CDJ. The Dune would be next because it has a 

greater likelihood of bypassing the CDJ in comparison to the Middle Shoreline. The Middle Shoreline 

would be the last accumulation of stamp sands to 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 arrival of stamp sands. Those areas are along the South 

Shoreline and a small portion of the Middle Shoreline. Refer to Figure 4-8. Water in contact with stamp 

sands within the landfill 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 maintenance 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 around the CDJ. 
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Table 6-13. Upland-All Overview 

Feature Description 

Upland Placement Area and 

Construction Roads 

 

Disposal site for 12.7 MCY stamp sand including construction 
roads for construction and OMRR&R vehicle traffic  

Water Treatment Facility 
Facility would treat precipitation that would contact stamp 
sand disposed within the placement area prior to discharge to 
Lake Superior. 

CDJ 
Jetty would reduce the downdrift movement of stamp sand 
onto the reef and would be used during construction and 
dredging to transfer material from barge to truck 

Dredging During Construction 

¶ Grand Traverse Bay Harbor 

¶ CDJ 

During construction, would reduce stamp sand bypass over 

and around 

¶ Grand Traverse Bay Harbor Jetty  

¶ CDJ  

Dredge South Shoreline  
3.3 MCY dredged1 

Would dredge stamp sand adjacent to the reef. 

Dredge Trough  
1 MCY dredged1 

Would dredge stamp sand adjacent to the reef. 

Dredge North Shoreline 

4.4 MCY dredged1 

Would dredge the original pile of stamp sands that contains 

the smallest particle sizes that are most mobile and least likely 

to be contained by the CDJ. 

Dredge Dune  2.6 MCY dredged1 

Dredge Middle Shoreline 

1.4 MCY dredged1 

Last accumulation of stamp sand to be removed because 

stamp sand transport along this section of the shoreline is 

most likely to be controlled by the CDJ. 

Monitoring and Adaptive 
Management 

The accumulation of stamp sands would be monitored updrift 

of Grand Traverse Harbor and CDJ and would inform the 

timing of maintenance dredging. The reef and nursery areas 

would be monitored for new stamp sands accumulation. 

Biological monitoring would inform fish movement and 

spawning locations. 

Mitigation 

Wetland Approximately, 25 acres impacted 

Beach Nourishment 
1 MCY native sand placed along the South Shoreline and 

portion of Middle Shoreline 

Septic System Alternative(s) 
Alternatives required for residential wastewater management 

systems2 
1 See Section 5.3.4 for more information.  
2The decision on whether to fund replacement systems would be made by the NFS. 
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Figure 6-3: Upland-All. The South Shoreline, Trough, North Shoreline, Dune, 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 

The Upland-AllΩǎ ŜǎǘƛƳŀǘŜŘ ŎƻƴǎǘǊǳŎǘƛƻƴ Ŏƻǎǘ ƛǎ ǘƘŜ ƘƛƎƘŜǎǘ ōŜŎŀǳǎŜ ƛǘ ƛƴŎƭǳŘŜǎ ŘǊŜŘƎƛƴƎ ǘƘŜ ƭŀǊƎŜǎǘ 

volume of stamp sand. As the study progressed past the screening-ƭŜǾŜƭ ŜǾŀƭǳŀǘƛƻƴΣ ǘƘŜ ŀƭǘŜǊƴŀǘƛǾŜΩǎ 

design was advanced. When the concept design included quantities of features and description of 

activities, the cost estimate was based on that information. For features or activities that did not have a 

technical scope, their estimated cost was based on cost engineering judgment, cost book, and 

parametric and historical costs.  

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 Section 6.1 and the Cost Appendix for more information 

regarding the cost estimate and contingency analysis. 

Coal 

Dock 

Jetty  
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Table 6-14. Total Cost Implementation Phase: Upland Placement Alternative - All 

Feature Upland-All ($)1 

Grand Traverse Harbor Maintenance Dredging 5,250,000 

Wetland Mitigation 1,250,000 

Haul Roads 5,428,000 

Septic Field Relocation 288,000 

CDJ 55,926,000 

CDJ Dredging 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 Assurances7 1,000,000 

Estimated Construction Cost 939,198,000 

Contingency (30-36%)2    338,111,000 

Real Estate3 36,000,000 

Total Construction Cost 1,313,309,000 

Design Phase4 148,908,000 

Construction Management5 102,185,000 

Total Project Cost (Unescalated) 1,564,402,000 

Total Project Cost (Escalated)6 2,119,609,000 
1 All costs are presented at the October 2022 price level and rounded to the nearest $1,000.  

2 Because of the uncertainty in the dredging quantities, contingency for Small and All-scaled 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. 
6To account for inflation, each construction feature, real estate, preconstruction engineering and design, construction 

management was escalated to the midpoint of that construction or activity based on forecasted cost indexes of each 
feature using USACE Engineering Manual EM 1110-2-1304, Civil Works Construction Cost Index System.  
7{ŜŎǘƛƻƴ онпΦммрно ƻŦ ǘƘŜ {ǘŀǘŜ ƻŦ aƛŎƘƛƎŀƴΩǎ tŀǊǘ ммр {ƻƭƛŘ ²ŀǎǘŜ aŀƴŀƎŜƳŜƴǘ !Ŏǘ 

 
Table 6-15. Estimated Implementation Costs of Upland-All 

Element Estimated Cost 

Implementation ς project first cost1 $1.6B 

Implementation ς escalated to midpoint of 
construction2 

$2.1B 

*Implementation Cost. This criterion is the total estimated implementation cost for an alternative. Implementation costs 
include construction; lands, easements, rights-of-way, relocation, and disposal facility; project design; construction 
management; performance monitoring and adaptive management; and mitigation.  

Project First Cost ($)- 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 Manual EM 1110-2-1304, Civil Works 
Construction Cost Index System.  
 



 Buffalo Reef ς Final Alternatives Analysis   DRAFT JANUARY 2024 

167 

6.4.3 Estimated Implementation Duration 

The screening-level analysis found in Chapter 5 assumed 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 year (Table 6-16), and the sequencing described in Section 6.2.1. 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 landfill construction increasing the implementation duration.  

Table 6-16. Upland-All Estimated Implementation Duration (Assuming $100-$120M Annual Budget) 

Feature 

Calendar Years (2025-2050+) 
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Grand Traverse Harbor Dredging                           

Real Estate                           

Wetland Mitigation                           

Haul Roads                           

Septic Field Relocation                           

CDJ                           

CDJ Dredging                           

Landfill                           

Water Treat Facility                           

South Shoreline                            

Trough                            

North Shoreline                            

Dune                            

Middle Shoreline                            

Financial Assurances                           

Monitoring & Adaptive Mgmt.1                           

Schedule Contingency2                           

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 

inform to fish movement and spawning locations. 

272 months of schedule contingency for Upland-All 

 

6.4.4 OMRR&R Cost and Duration Based on Concept Designs 

OMRR&R includes activities duration and after project implementation that includes maintenance 

dredging and the landfill closure period. The OMRR&R duration is estimated to be the shortest because 

the stamp sands remaining updrift of the CDJ is the lowest.  

OMRR&R activities would begin during the first year of construction. As project features are completed, 

it was assumed the feature would be turned over to the NFS, and the NFS would be responsible for 

completing the OMRR&R. The OMRR&R duration for implementation is listed in Table 6-17.   

Stamps sands dredged along the South Shoreline and within the Trough are on native sands where over-

dredging is possible; therefore, after project implementation, a negligible volume of stamps sands was 
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assumed to accumulate at the Grand Traverse Harbor Jetty. However, maintenance dredging at this 

location may be required.  

After implementation is complete, approximately 300,000 CY of stamp sands would remain updrift of 

the CDJ. To minimize 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. The estimated maintenance dredging duration, rounded to the nearest 10 years, is listed in 

Table 6-17. See Planning Appendix for a description of the analysis that was completed to estimate the 

dredging duration. In the next phase of the project, modeling considering the installation of the CDJ and 

other with project conditions would improve the accuracy of the estimated volume of stamp sands 

trapped by the CDJ, dredging frequency and maintenance dredging duration.  

The post-closure care duration per State of Michigan operating permit for the landfill was estimated to 

be 30 years from the successful closure of the landfill. The total OMRR&R duration is equal to the sum of 

the durations for implementation, maintenance dredging and MI regulatory post closure. The OMRR&R 

estimated duration and cost is found in Table 6-17. 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 

implementation cost (Table 6-7).  

Table 6-17. Upland Placement Alternative - All OMRR&R Duration of Activities and Cost 

OMRR&R Duration of Activities 

During Implementation 20 years 

Maintenance Dredging ~20 years 

MI Regulatory Post-Closure Care  30 years 

Total ~70 years  

Average Annual Cost ($) $1.8M1 

Removal of CDJ $56M2 
1 Simple 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 Section 2138.10.  

6.4.5 Robustness ς Relative Ecosystem Recovery 

The relative ecosystem recovery after project implementation is estimated to be 80-90% of the pre-

stamp sands condition. Refer to Section 5.6.4 for description of Robustness-Relative Ecosystem 

Recovery for Upland-All. 

6.4.6 Robustness ς Relative Duration for Recovery 

The relative ecosystem recovery duration is estimated to be 1 fish generation. Refer to Section 5.6.4 for 

description of Robustness-Relative Duration for Recovery for Upland-All.  
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7. Impacts of the Alternatives 

This chapter discusses the beneficial and adverse impacts expected from the implementation of the Upland 

Placement Alternative on the existing environment. The Future Without-Project Conditions discussed in 

Chapter 4 is synonymous with the assessment of impacts of the No Action Alternative and is provided in 

the table below. See Chapter 4 for a full discussion on the Future Without-Project impacts. The 

assessment of environmental impacts is organized by evaluating Implementation Phase impacts ς 

beneficial and adverse impacts to occur during the Implementation Phase and the OMRR&R impacts ς 

beneficial and adverse impacts to occur during the OMRR&R Phase of the following Upland Placement 

Alternatives: 

¶ Upland-Small 

¶ Upland-Medium  

¶ Upland-All 
 
The table below summarizes the severity of impact to each resource category for Upland-Small, Upland-

Medium, and Upland-All. The definition of each severity of an impact is defined as: 

¶ None/Negligible: No measurable impacts are expected to occur. 

¶ Minor: A measurable 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 minimized, if possible, but should not results in a 

mitigation requirement. 

¶ 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 minimized, if 

possible, but should not result in a mitigation requirement. 

¶ Significant: 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. 

¶ Adverse: A measurable and negative effect to a resource. May be minor to significant, resulting 

in reduced conditions, sustainability, or viability of the resource. 

¶ Beneficial: A measurable and positive effect to a resource. May be minor to significant, resulting 

in improved conditions, sustainability, or viability of the resource. 

Beneficial impacts are noted with a (+) beneficial impact, (++) greater beneficial impact, or (+++) the 
greatest beneficial impact. 
 

Table 7-1. Summary of Impacts  

Impact Category Beneficial 
or Adverse 

Upland Future Without 
Project Small Medium All 

Limnology and 
Coastal Shoreline 

Beneficial + ++ +++  

Adverse Minor during Implementation and OMRR&R Significant 

Hydrology and 
Hydraulics 

Beneficial + ++ +++  

Adverse Minor during Implementation and OMRR&R  Significant 

Sediment Quality Beneficial + ++ +++  
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Adverse Minor during Implementation and OMRR&R Significant 

Water Quality Beneficial + ++ +++  

Adverse Minor during Implementation and OMRR&R Significant 

Air Quality Beneficial No impact  

Adverse Moderate during Implementation and OMRR&R* No Impact 

Noise Beneficial No Impact  

Adverse Significant during Implementation and 
OMRR&R*  

No Impact 

Natural Areas Beneficial + ++ +++  

Adverse Significant during Implementation and OMRR&R No Impact 

Climate Change on 
Project 
Implementation 

Beneficial No Impact  

Adverse Minor- Moderate during Implementation and 
OMRR&R 

Significant 

Project 
Implementation 
on Climate Change 

Beneficial + ++ +++  

Adverse Minor impacts during implementation and 
OMRR&R 

No Impact 

Plant 
Communities 

Beneficial + ++ +++  

Adverse Minor impacts during Implementation and 
OMRR&R  

Moderate 

Wildlife Resources Beneficial + ++ +++  

Adverse Minor impacts during Implementation and 
OMRR&R 

Moderate 

Aquatic Resources Beneficial + ++ +++  

Adverse Minor impacts during Implementation and 
OMRR&R 

Significant 

Cultural and 
Archaeological 
Resources 

Beneficial No impact  

Adverse May Cause an Adverse Effect Significant 

Treaty Rights and 
Subsistence 
Fishing 

Beneficial + ++ +++  

Adverse Minor impacts during Implementation and 
OMRR&R 

Significant 

Commercial 
Fishing 

Beneficial + ++ +++  

Adverse Minor impacts during Implementation and 
OMRR&R 

Significant 

Recreational 
Fishing 

Beneficial + ++ +++  

Adverse Minor impacts during Implementation and 
OMRR&R 

Significant 

Property Values Beneficial + + +  

Adverse Significant impacts during Implementation and 
OMRR&R* 

Moderate 

Employment Beneficial + ++ +++  

Adverse No impact Moderate 

Environmental 
Justice 

Beneficial + ++ +++  

Adverse No impact Significant 
*Impact to homeowner may vary depending on Implementation sequencing 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 implementing the Potential Plan.  

¶ Physical Resources  

o Climate 

o Geologic Setting 

o Topography and Soils 

o Land Use 

¶ Biological Resources 

o Threatened and Endangered Species 

¶ Socioeconomic and Human Resources 

o Demographics 

7.2 Physical Resources 

7.2.1 Limnology and Coastal Shoreline 

Beneficial Impacts 

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 to pre-stamp 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 surrounding habitats including adjacent wetlands. 

Once the stamp sands are dredged the beach would be nourished to resemble the pre-stamp sands 

condition. 

Upland Placement ς Small 

The implementation of Upland-Small (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 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. 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 Upland-Small 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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Table 7-2. Upland-Small Restored Bottomlands Acreage 

Dredged Area Implementation OMRR&R 

Estimated 
Bottomlands 
Restored (acres) 

Estimated 
Shoreline 
Restored (acres) 

Estimated 
Bottomlands 
Restored (acres) 

Estimated 
Shoreline 
Restored (acres) 

South Shoreline 202 8   

Middle Shoreline   130  

North Shoreline   300  

Trough 180    

Dune   300  

Upland Placement ς Medium 

The implementation of Upland-Medium (8.7 MCY dredged; 690 acres restored) would have a greater 

beneficial impact on the limnology during the Implementation Phase. The small-scale impacts would be 

realized (see section Upland-Small) and additionally, the North 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 Reef and 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 

Upland-Medium would also have a greater beneficial impact on limnology during OMRR&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. 

Table 7-3. Upland-Medium Restored Bottomlands Acreage 

Dredged Area Implementation OMRR&R1 

Estimated 
Bottomlands 
Restored (acres) 

Estimated 
Shoreline 
Restored (acres) 

Estimated 
Bottomlands 
Restored (acres) 

Estimated 
Shoreline Restored 
(acres) 

South Shoreline 202 8   

Middle Shoreline   130  

North Shoreline 300    

Trough 180    
Dune   300  

1 The 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 phase. However, an estimated four inches of stamp sands would 

remain after the North Shoreline is dredged. This volume would be dredged during the OMRR&R phase. 

Upland Placement ς All 

The implementation of Upland-All (12.7 MCY dredged; 1,120 acres restored) would have the greatest 

beneficial impact on limnology. Both small and medium-scale impacts would be realized (See Sections 

Upland-Small 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 sands from 

the system including the shortest OMRR&R dredging phase. Upland-All restores 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 phase. See Section 5.9 for 

Implementation and OMRR&R durations. 
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Table 7-4. Upland-All Restored Bottomlands Acreage 

Dredged Area Implementation OMRR&R1 

Estimated 
Bottomlands 
Restored (acres) 

Estimated 
Shoreline 
Restored (acres) 

Estimated 
Bottomlands 
Restored 
(acres) 

Estimated 
Shoreline 
Restored (acres) 

South Shoreline 202 8   

Middle Shoreline 130    

North Shoreline 300    

Trough 180    

Dune 300    
1 The 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 phase. However, an estimated four inches of stamp sands would remain 

after the North Shoreline is dredged. This volume would be dredged during the OMRR&R phase. 

Adverse Impacts 

Upland Placement ς Small 

Any adverse impacts to coastal waters are outweighed by the beneficial impacts of dredging acres of 

biologically sterile Lake Superior bottomlands and confinement of the stamp sands in a permitted 

facility.  

Implementation of the CDJ on Lake Superior bottomlands would have a minor adverse impact during the 

Implementation Phase and OMRR&R Phase. The CDJ would capture stamp sands being transported 

during Implementation and the OMRR&R dredging period which is estimated to be greater than 100 

years for the Upland-Small. The CDJ would fill the lakebed approximately four 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 removed 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 1982. It is anticipated that implementation would be 

undertaken consistent to the maximum extent practicable with the state statutes of the approved State 

of Michigan Coastal Zone Management Program.  

Upland-Small would have minor adverse impacts to limnology and coastal shoreline during the 

Implementation and OMRR&R Phases. 

Upland Placement ς Medium 

See Upland-Small. Upland-Medium would 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 restored. The CDJ would capture stamp sands being transported 

during Implementation and the OMRR&R dredging period which is estimated to be longer than 100 

years. Upland-Medium would have minor adverse impacts to limnology and coastal shoreline during the 

Implementation and OMRR&R Phases. 

Upland Placement ς All 
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See UplandςMedium. Upland-All would remove 12.7 MCY of stamp sands from Lake Superior 

bottomlands (1,120 acres) during the Implementation phase. An estimated 500,000 CY of stamp sands 

would remain after dredging (Section 5.4.2). The CDJ would capture stamp sands being 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. 

Upland-All would have minor adverse impacts to limnology and coastal shoreline during the 

Implementation and OMRR&R Phases. 

7.2.2 Hydrology and Hydraulics  

Beneficial Impacts 

The dredging of stamp sands would stop the downdrift movement of stamp sands and have a beneficial 

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 increase the frequency of Traverse River flooding and 

damage nearby cottages 

Upland ς Small 

The implementation of Upland-Small would have beneficial impacts on the hydrology and hydraulics of 

the project area during the Implementation Phase. Dredging 4.3 MCY 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 filling Traverse River. Beneficial impacts 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 ς Medium 

See Upland-Small. The implementation of the Upland-Medium Alternative would have a greater 

beneficial impact 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 from entering the harbor and filling 

Traverse River. Beneficial impacts 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 ς All 

The implementation of the Upland-All Alternative would have the greatest beneficial impacts on the 

hydrology and hydraulics of the project area because all 12.7 MCY 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 River. Beneficial impacts 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. 
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Adverse Impacts 

The implementation of the alternative (Small, Medium, or All) would include the construction of the CDJ. 

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 would not starve the downdrift beaches of native sand 

(Section 0). However, some native sand would likely be trapped by the CDJ. During the project 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 climate along the shoreline. 

The dredging of stamp sands alter the original, pre-stamp 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 dredged from these 

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 area. Once beach nourishment is 

complete, a beach profile similar to pre-stamp sand conditions would be created and provide a similar 

level of protection from potential flooding and ice shove as pre-stamp sand conditions. 

Beach nourishment would occur along the South Shoreline to sustain the renourished native sand beach 

and mimic pre-stamp 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 Upland-Small, Upland-Medium, and Upland-All are anticipated to have minor adverse impacts 

during the Implementation and OMRR&R phases. 

7.2.3 Sediment Quality 

Beneficial Impacts 

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 ς Small 

The implementation of the Upland-Small would have beneficial impacts 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 shoreline and lakebed that is currently covered by stamp sands. Beneficial impacts would 

continue as an additional 662 acres is dredged during the OMRR&R phase. 

  



 Buffalo Reef ς Final Alternatives Analysis   DRAFT JANUARY 2024 

176 

Upland ς Medium 

The implementation of Upland-Medium would have greater beneficial impacts on sediment quality 

during the Implementation Phase. Impacts of the Upland-Small would be realized (see section Upland- 

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 preventing the continued transport of stamp sands into 

clean areas. This would restore an additional 412 acres of bottomlands.  

The implementation of Upland-Medium (8.7 MCY dredged; 690 acres restored) would have a greater 

beneficial impact on the limnology during the Implementation Phase. The small-scale impacts would be 

realized (see section Upland-Small) and additionally, the North 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 Reef and 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 

Upland-Medium would also have a greater beneficial impact on limnology during OMRR&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 ς All 

The implementation of Upland-All would have the greatest beneficial impacts on sediment quality 

during the Implementation Phase. Impacts of Upland-Small and Upland-Medium would be realized (See 

Section Upland-Small and Upland-Medium). 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 across the project area and would have beneficial impacts to sediment quality. 

Adverse Impacts 

During Implementation and OMRR&R, dredging activities would disturb stamp sands and native 

sediment by resuspending small particles and producing a cloudy water surface. Stamp sands and native 

sediment suspended in the water column during dredging would settling along the lake bottom. The 

implementation of the Upland Placement Alternative (Small, Medium, or All) would have minor adverse 

impacts during the Implementation and OMRR&R Phases. 

7.2.4 Water Quality 

Beneficial Impacts  

Upland ς Small 

The implementation of Upland-Small would have beneficial impacts on water quality. The 2.4-mile 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 prior to being 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 water. Beneficial impacts 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 facility. Once 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 precipitation that contacts 

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 NPDES permit for the discharge of treated 

leachate collected in the permitted facility would be required from EGLE under 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 fills into water 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 sands could marginally reduce the size of the existing copper halo that reaches as 

far as 55 miles into the lake or at least reduce the number of sources contributing to this halo. 

Upland ς Medium 

The implementation of Upland-Medium would have greater beneficial impacts on water quality. The 

same permitting and water treatment technique would be required as Upland-Small, see Section 

Upland-Small. This alternative removes 8.7 MCY of stamp sands during the Implementation phase which 

would reduce the source contaminating the water. Beneficial impacts would continue as the remaining 4 

MCY of stamp sands are dredged at the CDJ during the OMRR&R phase. 

Upland ς All 

The implementation of Upland-All would have the greatest beneficial impacts on water quality. The 

same permitting and water treatment technique would be required as the Upland-Small and Upland-

Medium. See Section Upland-Medium. This alternative removes 12.7 MCY of stamp sands from the 

project area during the Implementation phase which greatly reduces the source contaminating the 

water. Beneficial impacts would occur as residual stamp sands, an estimated 500,000 CY, are dredged at 

the CDJ during OMRR&R. 

Adverse Impacts 

The implementation of the Upland Placement Alternative (Small, Medium, or All) would have minor 

adverse impacts due to dredging during the Implementation and OMRR&R phases. Dredging activity 

would resuspend some of the fine particles of stamp sands. However, it is ¦{!/9Ωǎ determination that 

the installation of silt curtains around dredging operations in the Great Lakes is minorly successful in 

containing fines based on waves and water depth. As evidenced with the continued stirring up of fines 

form the nearshore waters during onshore wave events, it is the position of USACE that 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 
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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 

Beneficial Impacts 

There are no beneficial noise impacts from the implementation of the Upland Placement Alternative 

(Small, Medium, or All). 

Adverse Impacts 

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 loudness of sound 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 of three dB or fewer are only perceptible in laboratory environments. An increase of 10 dB 

represents a 10-fold 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. The Table 7-5 below provides examples of noise activity and the associated noise level. 

Table 7-5. Noise Activity and Associated Noise Level 

Noise Source 
Noise Level 

dBA 
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 with conversation 

Heavy-duty 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 
Regular exposure over one-minute risks 

permanent hearing loss 

Shotgun firing 130 Pain threshold 

Carrier jet operation 140 Harmfully loud 

Source: M.D. Branch and R.D. Beland, 1970. 

5ǳŜ ǘƻ ǘƘŜ ƭƻǿ ǇƻǇǳƭŀǘƛƻƴ ŀƴŘ ƛƴŦǊŜǉǳŜƴǘ ǘǊŀŦŦƛŎ ǎǳǊǊƻǳƴŘƛƴƎ ǘƘŜ ŎƻƴǎǘǊǳŎǘƛƻƴ ŀǊŜŀΣ ǘƘŜ ǇǊƻƧŜŎǘ ŀǊŜŀΩǎ 

ambient noise level is low. During the Implementation phase of any Upland Placement Alternative 

(Small, Medium, or All), construction activities would increase 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, all-year round during the Implementation phase. 

During the OMRR&R phase, construction activities would likely 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 be 65 dBA. Construction activities 

would likely exceed 80 dBA. 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 CDJ could 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 significant adverse 

impacts during the Implementation 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 exposure of 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, long-term winter construction would be impacted by 

storms, snow and ice, and more intense wave action. 

Upland ς Small 

See Section 8.1 for Implementation and OMRR&R durations. Upland-Small would cause significant 

adverse impacts during Implementation and OMRR&R phases.   

Upland ς Medium 

See Section 8.1 for Implementation and OMRR&R durations. Upland-Medium would cause significant 

adverse impacts during Implementation and OMRR&R phases. 

Upland ς All 

See Section 8.1 for Implementation and OMRR&R durations. Upland-All would cause significant adverse 

impacts during Implementation and OMRR&R phases. 

7.2.6 Natural Areas 

Beneficial Impacts 

The implementation of the Upland Placement Alternative (Small, Medium, or All) would have beneficial 

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 ς Small 

Upland-Small would improve 390 acres of bottomlands and eight acres of shoreline during the 

Implementation phase. During the OMRR&R phase, an additional 730 acres of bottomlands would be 

restored. The implementation of Upland-Small (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 
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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 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 Upland-Small would also have a beneficial impact 

on limnology during the OMRR&R Phase. See Section 5.9 for Implementation and OMRR&R durations. 

Upland-Small would have a beneficial impact on natural areas. 

Upland ς Medium 

Upland-Medium would improve 690 acres of bottomlands and eight acres of shoreline during the 

Implementation phase. During the OMRR&R phase, an additional 430 acres of bottomlands would be 

restored. The implementation of Upland-Medium (8.7 MCY dredged; 690 acres restored) would have a 

greater beneficial impact on the limnology during the Implementation Phase. The small-scale impacts 

would be realized (see section Upland-Small) and additionally, the North 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 Reef and 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 Upland-Medium would also have a greater beneficial impact on limnology during OMRR&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-Medium would have a greater beneficial impact on natural areas. 

Upland ς All 

Upland-All would improve all 1,120 acres of the project area covered in stamp sands during the 

Implementation phase. The implementation of Upland-All (12.7 MCY dredged; 1,120 acres restored) 

would have the greatest beneficial impact on limnology. Both small and medium-scale impacts would be 

realized (See Sections Upland-Small 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 sands from the system including the shortest OMRR&R dredging phase. Upland-All restores 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 phase. See Section 5.9 for 

Implementation and OMRR&R durations. 

Upland-All would have the greatest beneficial impact on natural areas. 

Adverse Impacts 

The Upland Placement Alternatives (Small, Medium, or All) each require construction roads, a water 

treatment facility, and the 240-acre permitted facility (Table 7-6). These construction features may cross 

through wetlands, including dune and swale wetlands. For each alternative, the cost for preparing the 

permitted facility area to fit the 12.7 MCY was included. Therefore, the impact to natural areas and 

associated mitigation efforts are the same for Upland-Small, Upland-Medium, and Upland-All because 

the portion of the project footprint that impacts natural areas, especially wetlands, does not change per 
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alternative. The Upland Alternatives would have a significant adverse impact on wetlands requiring 

mitigation, see Section 7.7 Mitigation. 

Table 7-6. Impact to Natural Areas 

Structure 
Estimated Acreage of 
Wetlands Impacted 

Total Acreage of 
Natural Areas Cleared 
(Wetlands included) 

Construction Roads 6 28 

Water Treatment 
Facilities 

2 3.5 

Upland Placement Site 17 240 

Total: 25 271.5 

 

7.2.7 Air Quality 

Beneficial Impacts 

.ƻǘƘ YŜǿŜŜƴŀǿ ŀƴŘ IƻǳƎƘǘƻƴ /ƻǳƴǘƛŜǎ ŀǊŜ ŘŜǎƛƎƴŀǘŜŘ άŀǘǘŀƛƴƳŜƴǘέ ŀǊŜŀǎ ƳŜŀƴƛƴƎ ǘƘŜǎŜ ƎŜƻƎǊŀǇƘƛŎ 

areas meet or exceed the national standard for air pollutants. There are no beneficial impacts to air 

quality; however, the implementation of any Upland Placement Alternative would not appreciably 

change the status of these counties.  

Adverse Impacts 

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 40 CY capacity each would be needed to transport 

12.7 MCY 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, prior to construction, a dust control plan should be exercised (e.g., watering of dry 

stamp sands to minimize off-site transport of dust) and during Implementation dust controls such as 

masks should be used to prevent inhalation of dust from dry stamp sands or earthwork. 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 exposure of 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, long-term winter construction would be impacted by storms, 

snow and ice, and more intense wave action. 

During the Implementation and OMRR&R Phases, there would be moderate adverse impacts to air 

quality. 

Upland ς Small 
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The Upland-Small Alternative 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 such as dust mask 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 construction activity 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 OMRR&R phases. 

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 alternative has moderate adverse impacts on air quality. 

See Section 8.1 for Implementation and OMRR&R durations. 

Upland ς Medium 

The Upland-Medium Alternative would have minor adverse impacts during Implementation similar to 

Upland-Small, see Section Upland-Small. The duration of the Implementation Phase would be longer 

than Upland-Small because 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-

Small, see section 8.1. Upland-Medium would have minor adverse impacts during the OMRR&R Phase. 

Upland ς All 

The Upland-All would have minor adverse impacts like the small and medium-scale alternatives, see 

Sections Upland-Small and Upland-Medium. The duration of the Implementation phase would be the 

longest because all 12.7 MCY 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 the CDJ (approximately 500,000 

CY). Upland-All would 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 Alternative would allow plants and wildlife to re-establish 

and potentially remove excess carbon dioxide, a major greenhouse gas, in the air. 

Adverse Impacts 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 require a power 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 of three months per year, for at least nine years) 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) flashier precipitation (increases in the intensity of 

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). If 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 4.3.12. Climate Change, there are several 

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 minor to moderate 

adverse impact on project implementation.  

If an alternative was implemented, construction schedules and activities would be subject to the effects 

of climate change. Construction schedules could anticipate additional 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 transport stamp 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 range from a minor to moderate adverse impact 

on project implementation.  

7.3 Biological Resources 

7.3.1 Plant Communities 

Beneficial Impacts 

During Implementation of any Upland Placement Alternative (Small, Medium, or All), most stamp 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 to re-establish. The implementation of this alternative 

would have a beneficial impact to the plant communities in the areas where stamp sands are dredged.  

Upland ς Small 

Upland-Small would have a beneficial impact to plant communities during Implementation. The South 

Shoreline would be cleaned allowing plant life to re-establish along the shoreline. During the OMRR&R 

phase, the stamp sands would migrate to the CDJ and plants could re-establish in the North Shoreline 

and Middle Shoreline. Upland-Small would have a beneficial benefit impact as well. 

Upland ς Medium 
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Upland-Medium would have greater beneficial impacts to plant communities during Implementation. 

The South Shoreline and North Shoreline would be cleaned allowing plant life to re-establish along the 

shoreline. During the OMRR&R phase, stamp sands would migrate down to the CDJ and then plants 

would be able to re-establish in the Middle Shoreline region. Upland-Medium would have beneficial 

impacts as well. 

Upland ς All 

Upland-All would have the greatest beneficial impacts to plant communities. The South Shoreline, 

Middle Shoreline, and North Shoreline would be cleaned up allowing plant life to re-establish across the 

entire shoreline from Grand Traverse Bay to Gay (approximately five miles).  

Adverse Impacts 

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. 

See Table 7-6 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 deep-rooted 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 have minor adverse impacts to plant communities. 

7.3.2 Wildlife Resources 

Beneficial Impacts 

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 to re-establish. The 

implementation of Upland-Small (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 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. 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 Upland-Small would also have a beneficial impact on limnology during 

the OMRR&R Phase. See Section 5.9 for Implementation and OMRR&R durations. 

The implementation of Upland-Medium (8.7 MCY dredged; 690 acres restored) would have a greater 

beneficial impact on the limnology during the Implementation Phase. The small-scale impacts would be 

realized (see section Upland-Small) and additionally, the North 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 Reef and 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 

Upland-Medium would also have a greater beneficial impact on limnology during OMRR&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. 

The implementation of Upland-All (12.7 MCY dredged; 1,120 acres restored) would have the greatest 

beneficial impact on limnology. Both small and medium-scale impacts would be realized (See Sections 

Upland-Small 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 sands from 

the system including the shortest OMRR&R dredging phase. Upland-All restores 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 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 encouraging small aquatic organisms to return 

to the reef and surrounding habitats. The implementation of this alternative would have a beneficial 

impact on wildlife resources. 

Upland ς Small 

The Upland-Small Alternative would have a beneficial impact to wildlife resources (plants, invertebrates, 

and vertebrates) during 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 CDJ and wildlife resources could re-establish in the North Shoreline and Middle Shoreline resulting in 

a beneficial impact to wildlife resources during this phase as well. The implementation of Upland-Small 

(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 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. 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 Upland-Small would also have a beneficial impact on limnology during the OMRR&R Phase. 

See Section 5.9 for Implementation and OMRR&R durations. 

Upland ς Medium 

The Upland-Medium Alternative would have greater beneficial impacts 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 down to the CDJ 

and then wildlife could re-establish in the Middle Shoreline region resulting in a beneficial impact to 

wildlife resources during this phase as well. The implementation of Upland-Medium (8.7 MCY dredged; 

690 acres restored) would have a greater beneficial impact on the limnology during the Implementation 

Phase. The small-scale impacts would be realized (see section Upland-Small) and additionally, the North 

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 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 Upland-Medium would also have a greater beneficial impact 

on limnology during OMRR&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 ς All 

The Upland-All Alternative would have the greatest beneficial impact to wildlife. The South Shoreline, 

Middle Shoreline, and North Shoreline would be cleaned up allowing plants and animals to re-establish 

across the entire shoreline from Grand Traverse Bay to Gay. Additionally, the near shore regions in the 

Trough and Dune would become healthy habitats for aquatic organisms. The implementation of Upland-

All (12.7 MCY dredged; 1,120 acres restored) would have the greatest beneficial impact on limnology. 

Both small and medium-scale impacts would be realized (See Sections Upland-Small 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 sands from the system including the 

shortest OMRR&R dredging phase. Upland-All restores 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 phase. See Section 5.9 for Implementation and OMRR&R 

durations. 

Adverse Impacts 

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. See Table 7-6 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 permitted facility 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) would have minor 

adverse impacts to wildlife resources. 

7.3.3 Aquatic Resources 

Beneficial Impacts 

The Upland Placement Alternative would have beneficial impacts 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 fish species like Lake Trout and Lake Whitefish.  

Upland ς Small 

Upland-Small would have beneficial impacts on aquatic life during the Implementation phase. The 

implementation of Upland-Small (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 habitat, and protect 

the remaining juvenile 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 Upland-Small would also have a 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, see Section 8.1. The removal of the copper-containing 

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 create an opportunity for the food chain to balance and welcome various aquatic species to 

re-establish in the reef and surrounding habitats resulting in a beneficial impact on aquatic life during 

this phase as well. 

Upland ς Medium 

See Upland-Small. Upland-Medium would have greater beneficial impacts 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 accumulate updrift 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 aquatic life resulting in a beneficial impact on aquatic life during this phase as 

well. 

Upland ς All 

See Upland-Small and Upland-Medium. Upland-All would have the greatest beneficial impacts 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 phase, residual stamp sands would be dredged at 

the CDJ resulting in a beneficial impact on aquatic life during this phase as well. 

Adverse Impacts 

The implementation of the Upland Placement Alternative (Small, Medium, or All) would have minor 

adverse impacts 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 disturbances 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 

Beneficial Impacts 

There are no beneficial Cultural and Archaeological impacts from the implementation of the Upland 

Placement Alternative (Small, Medium, or All). 



 Buffalo Reef ς Final Alternatives Analysis   DRAFT JANUARY 2024 

188 

Adverse Impacts 

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 dredging) would 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 result in ŀ άƳŀȅ ŎŀǳǎŜ ŀƴ 

adverse effeŎǘέ ƻƴ ǘƘŜ ²ƻƭǾŜǊƛƴŜ ŀƴŘ aƻƘŀǿƪ aƛƭƭǎ ƘƛǎǘƻǊƛŎ /ƻŀƭ 5ƻŎƪΦ  

Dredging at the original pile would also results in the removal of the concrete flume (approximately 8-

feet by four feet; was 2,500 feet long) from the original mill to the end of the original pile. Supports for 

the conveyor leaving the north side of the mill, as seen in earlier figures, are also likely to be removed. 

The proposed plan would likely have minor adverse impact 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 leach 

fields and other infrastructure appropriately addressed before dredging, the proposed plan would have 

άƴƻ ŀŘǾŜǊǎŜ ŜŦŦŜŎǘέ ƻƴ ǘƘŜ .ƛƎ ¢ǊŀǾŜǊǎŜ .ŀȅ IƛǎǘƻǊƛŎ 5ƛǎǘǊƛŎǘΦ  

Without any archeological survey data, it is not possible to evaluate potential impacts to historic 

properties within the Upland Placement site, roads, or work and storage areas related to the alternative.  

7.5 Socioeconomic and Human Resources 

7.5.1 Treaty Rights and Subsistence Fishing 

Beneficial Impacts 

Upland ς Small 

During the implementation of the Upland Placement Alternative (Small, Medium, or All), the South 

Shoreline and the Trough, which due to their proximity are the 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 tribal fishers. The 

removal of stamp sands minimizes the movement of stamp sands onto Buffalo Reef and the surrounding 

habitats of Lake Trout and Lake Whitefish and encourages fish to stay in Grand Traverse Bay where 

subsistence fishing pursuant to Treaty Rights has occurred for generations. The implementation of this 

alternative would beneficially impact those that rely on subsistence fishing pursuant to Treaty Rights by 

securing the preservation of Buffalo Reef and many tribal traditions connected to the fish and Lake 

Superior. 

Upland ς Medium 

See Upland-Small. Upland-Medium would have a greater beneficial impact because the North Shoreline 

would also be dredged during Implementation.  

Upland ς All 

See Upland-Small and Upland-Medium. Upland-All would have the greatest beneficial impact 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 and re-establish in Buffalo Reef. 

Adverse Impacts 

The implementation of the Upland Placement Alternative (Small, Medium, or All) has a minor adverse 

impact to subsistence fishing during the Implementation and OMRR&R. During construction activities, 

fewer fish may be present during ongoing construction activity due to noise, dredging equipment, and 

resuspension of fine particles of stamp sands during dredging. 

7.5.2 Commercial Fishing 

Beneficial Impacts 

Upland ς 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 adjacent to the Grand 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 Trout and Lake Whitefish and encourages fish to stay in Grand Traverse Bay where Lake Trout 

and Lake Whitefish are typically found. The implementation of this alternative would beneficially 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 ς Medium 

See Upland-Small. The Upland-Medium would have a greater beneficial impact because the North 

Shoreline would also be dredged during Implementation.  

Upland ς All 

See Upland-Small and Upland-Medium. Upland-All 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 safely spawn and re-establish in Buffalo Reef. 

Adverse Impacts 

The implementation of the Upland Placement Alternative (Small, Medium, or All) has a minor adverse 

impact to commercial fishing during Implementation and OMRR&R. Fewer fish may be present during 

ongoing construction activity due to noise, dredging equipment, and resuspension of fine particles of 

stamp sands during dredging. 
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7.5.3 Recreational Fishing 

Beneficial Impacts 

Upland ς 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 adjacent to the Grand 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 habitats of Lake Trout 

and Lake Whitefish and encourages fish to stay in Grand Traverse Bay where Lake Trout and Lake 

Whitefish are typically found. The implementation of this alternative would beneficially 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 ς Medium 

See Upland-Small. Upland-Medium would have a greater beneficial impact because the North Shoreline 

would also be dredged during Implementation.  

Upland ς All 

See Upland-Small and Upland-Medium. The Upland-All 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 surrounding habitats 

would no longer have any major sources of stamp sands encroachment. Fish would return to the reef 

and surrounding habitat areas to safely spawn and re-establish in Buffalo Reef. 

Adverse Impacts 

The implementation of the Upland Placement Alternative (Small, Medium, or All) has a minor adverse 

impact to recreational fishing during the Implementation and OMRR&R phases. Fewer fish may be 

present during ongoing construction activity due to noise, dredging equipment, and resuspension of fine 

particles of stamp sands during dredging. 

7.5.4 Property Values 

Beneficial Impacts 

The Upland Placement Alternative (Small, Medium, or All) would have a beneficial impact on property 

values near Grand Traverse Bay Harbor. Dredging of stamp sands within the South Shoreline would 

remove the stamp sands from the beaches adjacent to the cottages. Once beach nourishment is 

complete, a beach profile similar to pre-stamp sand conditions would be created and provide a similar 

level of protection from potential flooding and ice shove as pre-stamp sand conditions. The protection 

and visual appeal of a native beach could increase the property value once the project is complete. The 

properties south of Grand Traverse Bay Harbor currently have native sand beaches and it is believed 

that the aesthetic appeal of a native sand beaches improves their property value compared to 

properties with stamp sand beaches. Each scale of the Upland Placement Alternative includes the same 
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beneficial impact to property values because the South Shoreline beach nourishment is included and 

completed at the same time for each scale of the Upland Placement Alternative. 
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Adverse Impacts 

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 their homes. See section 8.1 for Implementation 

and OMRR&R durations. 

Properties near Coal Dock Pond 

The Upland Placement Alternative (Small, Medium, or All) would have significant adverse impact 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, odor, and traffic for the Upland-Small and Upland- 

Medium because the overall project lifespan (implementation duration and OMRR&R duration) is longer 

than Upland-All. See Section 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 opportunities. The 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 area is the Houghton, MI CBSA. The state impact area is Michigan, and the 

national level impact area is the United States. Implementation and 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., materials and labor), and is a stimulus to the regional economy. 

The implementation and OMRR&R activities and costs can be found in Chapter 6 and Table 8-1. 

Estimates of the annual regional economic activity supported the activities are presented in Table 7-7. 
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Table 7-7. Summary table showing yearly RECONS output for implementation activities across the three 
scales of the Potential Plan, October 2022 price level 

Summary Table ς 
Implementation1 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 $74,424,000 669 $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 $112,808,000 

Total Impact - All $182,510,000 1,137 $79,507,000 $103,041,000  
1 Real 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 presented in 

Table 7-8. 

Table 7-8. Summary table showing RECONS output for OMRR&R activities across the three scales of the 
Potential Plan, October 2022 price level 

Summary Table - 
OMRR&R 

Sales Jobs Labor Income 
Value 
Added 

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  

Adverse Impacts 

The implementation of the Upland Placement Alternative (Small, Medium, or All) would have no adverse 

impacts on employment. 
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7.5.6 Environmental Justice 

Beneficial Impacts 

Tribes in the western Lake Superior region, such 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 influenced by 

the land, water, and wildlife within their community.  

Upland ς Small 

Upland-Small would have a beneficial impact on the Tribes near the Keweenaw Peninsula. Once the 

South Shoreline and Trough are dredged, the stamp sands encroachment on Buffalo Reef and 

surrounding habitats would be minimized. The Grand Traverse Bay Harbor would also be protected from 

stamp sands infiltration which would also ensure accessibility to the lake for tribal fishers and tribal 

fishery management. Protecting Buffalo Reef and the surrounding habitats would serve the needs and 

cultural traditions of tribes like KBIC, that have relied on this reef for spiritual, medicinal, physical, social, 

and economic prosperity.  

Upland ς Medium 

See Upland-Small. Upland-Medium would have a greater beneficial impact on the tribes 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 surrounding areas. 

Upland ς All 

See Upland-Small and Upland-Medium. Upland-All Alternative would have the greatest beneficial impact 

on the Tribes near Keweenaw Peninsula because all 12.7 MCY of stamp sands would be removed from 

the Shoreline, Trough, and Dune during the Implementation phase. This alternative would provide the 

fastest dredging schedule to remove stamp sands and have the greatest impact to Tribes because the 

most protection to Buffalo Reef and surrounding habitats is provided when all stamp sands are dredged. 

Adverse Impacts 

The implementation of the Upland Placement Alternative (Small, Medium, or All) has no adverse 

impacts on environmental justice. 

7.6 Irreversible and Irretrievable Commitment of Resources 

The Upland Placement Alternative (Small, Medium, or All) would require irreversible and irretrievable 

commitments. The expenditure of funding, energy, labor, and materials would be required for this 

alternative. In addition, the loss of forest and wetland habitats at the Upland Placement Site, and loss of 

wetland habitats through the construction of roads for the Upland Placement Alternative 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 would be included for the 

Upland Placement Alternative for each implementation dredging scale: 

¶ Wetland Mitigation ς Approximately 25 acres of wetlands would be impacted during 

construction of the roads, water treatment facilities, and the permitted disposal facility. For 

every one acre of wetland impacted, it was assumed 1.5 acres shall be mitigated. A formal 

wetland delineation survey should be completed during project design and coordination with 

state and federal regulators to establish the mitigation acreage. Before construction begins, 

permits for the filling of wetlands would be obtained from EGLE and USACE. 

¶ Beach Nourishment ς After the South Shoreline and a small portion of the Middle Shoreline are 

dredged, beach nourishment would be required to create a beach profile similar to the pre-

stamp sands condition and provide a similar level of protection from wave surge and ice shove 

to those conditions. Approximately 1 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 potential borrow sources and the native sand grain size distribution would be 

completed during the project design phase to determine a suitable grain size (Planning 

Appendix).  

¶ Septic Systems Drainage Fields - Some of the waterfront properties near the Grand Traverse Bay 

Harbor, rely on septic systems with drainage field, or leach fields, within the stamp sands. Prior 

to dredging stamp sands along the South Shoreline, residential wastewater management 

alternative(s) would be needed for these septic systems. The decision on whether to fund 

replacement systems would be made by the NFS. 

¶ Noise ς 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. The NFS is responsible for handling any homeowner 

concerns related to the anticipated increase in noise level. 

7.8 Compliance with Environmental Statutes 

If the project moves forward, the NFS would comply with state and federal permit requirements and 

obtain appropriate permits and authorizations from the Michigan Department of EGLE and the USACE 

Regulatory Branch for Section 10 and Section 402 and 404 authorizations and other federal, state, and 

local regulatory requirements and permits including but not limited to the Keweenaw County Solid 

Waste Management Plan. The work would comply with Section 106 requirements under the National 

Historic Preservation Act and Section 7 of the Endangered Species Act.  
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8. Comparison of the Alternatives and the Selection of Potential Plan 

In this chapter, the Upland Placement Alternative (Small, Medium, and All) was compared to the No 

Action Alternative to demonstrate the beneficial and adverse impacts of the alternatives. The evaluation 

of effects, or comparison of the future with-project and future without-project conditions of can be 

found in this chapter and the previous chapters (Chapter 5: Alternative Formulation and Chapter 6: 

Detailed Evaluation of Upland Placement Alternative). This comparison is the basis for the selection of 

the Potential Alternative.  

8.1 Alternative Plan Evaluation Criteria 

8.1.1 Robustness ς Relative Ecosystem Recovery 

Quantitative estimates of percent Relative Ecosystem Recovery anticipated after project 

implementation and relative to the pre-stamp sand conditions were prepared to provide a means of 

differentiating between ŜŀŎƘ ŀƭǘŜǊƴŀǘƛǾŜΩǎ ƭŜǾŜƭ ƻŦ ǇǊƻǘŜŎǘƛƻƴ ǘƻ .ǳŦŦŀƭƻ wŜŜŦΦ wŜŦŜǊ ǘƻ /ƘŀǇǘŜǊ р ŀƴŘ ǘƘŜ 

Planning Appendix for a description of this criterion. The Upland-All provided the greatest percentage of 

Relative Ecosystem Recovery at 80%-90%. Upland-Medium provided 60%-80% recovery, followed by 

Upland-Small with 40%-60% recovery. No Action was estimated to have a 0% recovery because stamp 

sands would not be removed from the system. 

8.1.2 Robustness ς 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 criterion. The Upland-All and Upland-Medium had the same 

relative duration for ecosystem recovery of three fish generations. The Upland-Small duration was 

estimated to be greater than three fish generations, but no defined number of generations was 

provided due to the 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 were estimated for Upland-Small, Upland-Medium, 

and Upland-All. Refer to Chapter 5 and the Planning Appendix for a description of this criterion. Upland-

All has the highest cost of $1.6B at the October 2022 price level and $2.1B escalated to midpoint of 

construction. Upland-Medium implementation cost was $1.2B at the October 2022 price level and $1.5B 

escalated to the midpoint of construction. Upland-Small implementation cost was $0.9B at the 2022 

price level and $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 Chapter 5 and6 for a description of 

this criterion. The Upland-All implementation duration was 20 years, Upland-Medium 16 years, and 

Upland-Small 13 years. These durations assume a $100M-$120M annual implementation budget. 
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8.1.5 OMRR&R Cost 

The OMRR&R cost criterion was used to evaluate the cost of OMRR&R activities for the Upland 

Placement Alternative. Refer to Chapters 5 and 6 and the Planning Appendix for a description of this 

criterion. The annual costs for OMRR&R are average annual cost: Upland-All was $1.8M, Upland-

Medium was $4.6M, and Upland-Small was $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&R activities during implementation, maintenance dredging on the updrift side of the CDJ, and 

post closure care of the landfill. Refer to Chapters 5 and 6 and the Planning Appendix for a description of 

this criterion. The estimated total OMRR&R durations are: Upland-All approximately 70 years, Upland-

Medium approximately 186 years, and Upland-Small approximately 243 years. In the next phase of the 

project, modeling considering the installation of the CDJ and other with project conditions would 

improve the accuracy of the estimated volume of stamp sands trapped by the CDJ, dredging frequency 

and maintenance dredging duration. 

8.2 Final Array of Alternatives ς Alternative Comparison Matrix  

See Table 8-1 presents the results of the alternative evaluation using the criteria described in Chapters 

5, No Action and 6, scales of the Upland Alternative.  
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Table 8-1. Final Array of Alternatives ς Evaluation Matrix 

 
 
 

Alternative 
Dredging Scale 
(Volume, MCY) 

 
 

Robustness 
 

 
 

Implementation 
Assuming $100-$120M/YR Funding Level 

2025 Construction Begins1 
 

 
Operation, Maintenance, Repair, Rehabilitation And Replacement (OMRR&R) 

 
Average 
Annual 

Costs ($) 

 

 
Estimated Duration (years) 

Relative 
Ecosystem 
Recovery 

Relative 
Duration for 

Recovery 

Project 
First Cost  

($) 

Escalated 
($) 

Duration 
(Years) 

Implementation 
 

Dredging 
 

MI Regulatory 
Post Closure 

 
Total 

No Action 0% N/A, stamp 
sands remain 

N/A N/A N/A N/A N/A N/A N/A N/A 

Upland Placement Alternatives 

Small (4.3) 
 40-60% 

3 fish 
generations 

$0.9B $1.2B 13 $5.1M 13 ~200 30 ~243 

Medium (8.7) 
 

60-80% 
3 fish 

generations 
$1.2B $1.5B 16 $4.6M 16 ~140 30 ~186 

All (12.7) 
 80-90% 

1 fish 
generation 

$1.6B $2.1B 20 $1.8M 20 ~20 30 ~70 

Removal - CDJ N/A N/A $56M1     

Estimated 
Removal 

Date: When 
maintenance 
dredging is 
complete. 

 N/A 

This matrix summarizes the feasibility analysis.  
B = Billions; M = Millions 
1Removal cost is estimated as half the construction cost. The cost is presented at the October 2022 price level.  
*Robustness ς Relative Ecosystem Recovery. This criterion estimates the recovery of Buffalo Reef and the surrounding shallow water spawning and recruitment habitats for each 
alternative. 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% recovery representing no stamp sands presence and 0% recovery representing no recovery. 
*Robustness ς Relative Duration for Recovery. This 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 years) required for the population to re-establish after 
dredging during construction is completed.  
*Implementation Cost. This criterion is the total estimated implementation cost for an alternative. Implementation costs include construction; lands, easements, rights-of-way, 
relocation, and disposal facility; project design; construction management; performance monitoring and adaptive management; and mitigation.  
 Project First Cost ($)- Costs are presented at the October 2022 price level and rounded to the nearest $100M. 
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 Escalated ($) -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 Manual EM 1110-2-1304, Civil Works Construction Cost Index System.  

*Implementation Duration. ¢Ƙƛǎ ŎǊƛǘŜǊƛƻƴ ƛǎ ǘƘŜ ŜǎǘƛƳŀǘŜŘ ǘƛƳŜ όƛƴ ȅŜŀǊǎύ ǊŜǉǳƛǊŜŘ ŦƻǊ ŀƴ ŀƭǘŜǊƴŀǘƛǾŜΩǎ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ǇƘŀǎŜΦ LƳǇƭŜƳŜƴǘŀǘƛƻƴ ŘǳǊŀǘƛƻƴ ǿas estimated assuming 
implementation budget was $100-$120M/year.  
*OMRR&R, Average Annual Cost ς This criterion is the simple average of estimated 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.  
*OMRR&R, Duration of Activities ς OMRR&R activities begin during the first year of construction. As project features are completed, it was assumed the feature would be turned 
over to the nonfederal sponsor, and the nonfederal sponsor would be responsible for completing the OMRR&R. Refer to Section 6.1.5 for details.  
 Implementation ς Duration of OMRR&R during implementation of each alternative. Rounded to the nearest year.  

Maintenance Dredging ς Duration of maintenance dredging estimated by assuming 100,000 cubic yards every three years was dredged from the updrift side of the CDJ 
and disposed. The duration was estimated assuming remaining stamp sands updrift of the CDJ would require removal. The estimated duration was rounded to the 
nearest 10s place.  
MI Regulatory Post Closure ς The post-closure care duration per State of Michigan operating permit for the landfill was estimated to be 30 years from the successful 
closure of the landfill.  

Total ς Is equal the sum of the durations for Implementation, Maintenance Dredging and Mi Regulatory Post Closure criteria.  






















































