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Appendix Overview  
The purpose of this economic appendix is to: (1) present demographic information of the community in 
the study area; (2) substantiate the reef remains a viable spawning habitat and indicate the potential 
adverse effects of stamp sands on Buffalo Reef and Lake Superior and their many economic, cultural, 
and social uses; (3) present an estimate of the regional employment and income that would be 
supported by project construction and subsequent operation and maintenance and (4) describe other 
social effects of project implementation not captured or described in number (2) and (3). 
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1. Introduction 
Buffalo Reef is a 2,200-acre cobble field in Lake Superior adjacent to the Keweenaw Peninsula of 
Michigan and provides critical spawning habitat for Lake Trout and Lake Whitefish. The reef is popular 
for anglers and has been closely connected to Tribal fishers, commercial and subsistence), who reserved 
their rights to fish near the reef through the Treaty of 1842. The reef and surrounding habitat are in 
jeopardy of being inundated by an estimated 12.7 million cubic yards of copper-containing mining 
waste, known as stamp sands, from mining operations which ended in the 1930s. Studies have 
estimated that 30% of Buffalo Reef is negatively impacted by encroaching stamp sands (Kerfoot 2017). 

In 2017, recognizing this issue is larger than what any single entity can accomplish on its own, the USEPA 
endorsed the formation of a Buffalo Reef Task Force (BRTF) comprised of multiple state, federal, and 
tribal agencies. Since its formation, academic institutions and local government agencies have joined the 
team. USACE on behalf of USEPA prepared an engineering feasibility study to evaluate alternatives that 
reduce the risk stamp sands are having on Buffalo Reef and the associated juvenile fish recruitment 
area(s). Lake Whitefish and Lake Trout are the two species that are most likely to suffer negative 
impacts from the continued stamp sands transport. Alternatives include the No Action Alternative and 
alternatives that evaluate the removal of stamp sands from nearshore areas and its placement in 
properly permitted facilities.  

2. Demographic Information 
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 Peninsula 
and Baraga County is east of Houghton County (). Isle Royale is an island located further north in Lake 
Superior. This project is located near the northern Houghton County border and southern Keweenaw 
County border. Baraga County was also included for the following reasons: 

1) Houghton, Keweenaw, and Baraga Counties were utilized in the RECONS analysis discussed later 
in this appendix; and  
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2) A portion of the L’Anse Reservation is located in Baraga County which is where the Tribal 
members reside that fish in the Keweenaw Bay and at Buffalo Reef.  

The L’Anse Reservation is in Baraga and Marquette Counties in the Upper Peninsula of Michigan at the 
southern end of Keweenaw Bay (Figure 2-2). 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. The L’Anse Reservation is the land base of the Federally recognized Keweenaw Bay Indian 
Community (KBIC) of the historic Lake Superior 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). 

Figure 2-1 Map of Keweenaw, Houghton, Baraga Counties, and the L'Anse Reservation, showing Gay, MI 
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Figure 2-2: KBIC Home Territory Map (http://nrd.kbic -
nsn.gov/sites/default/files/KBIC%20HomeTerritory%20Reservation%201842%20TreatyL’Anse Reservation and Off-Reservation 

Trust Land Demographic Information 

Demographic information for L’Anse Reservation and off reservation Trust Land, MI value is shown in 
Table 2-1. 
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Table 2-1. Demographic information for L'Anse Reservation and off-reservation Trust Land, MI value (US Census 
Bureau, 2016-2020) 

Demographic Information for L'Anse Reservation and Off-Reservation Trust Land, MI Value 

Total population 3,721 
Under 5 years 170 
Under 5 years – percent of total 4.6% 
Under 18 years 879 
Under 18 years – percent of total 23.% 
65 years and older 817 
65 years and older – percent of total 30.0% 
White 2,355 
White – percent of total 63.3% 
Black or African American 35 
Black or African American – percent of total 0.9% 
American Indian and Alaska Native 843 
American Indian and Alaska Native – percent of total 22.7% 
Asian 29 
Asian – percent of total 0.8% 
Hispanic or Latino (of any race) 84 
Hispanic or Latino (of any race) – 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 Bachelor's Degree of higher 17% 
In civilian labor force, total, population age 16 years+, 2015-2019 1,605 
Median household income (in 2019 dollars), 2015-2019 $50,598 
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% 

Unemployment Rate 6.6% 
Source: 2016-2020 American Community Survey 5-Year Estimates* Source did not specify 
what year this value represents 

 State of Michigan, Keweenaw, Houghton, and Baraga County Information 

Houghton County is the only county to show population growth between 2010-20 (Table 2-2). 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.  
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Table 2-2. Population statistics for Baraga, Houghton, Keweenaw Counties, and Michigan (U.S. Census Bureau, 
2021) 

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 
(Table 2-3). 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. 

Table 2-3. Race and Ethnicity statistics for Baraga, Houghton, Keweenaw Counties, and Michigan (U.S. Census 
Bureau, 2021) 

Race and Ethnicity Baraga County Houghton 
County 

Keweenaw 
County Michigan 

White alone, percent 72.70% 93.50% 97.30% 79.20% 
Black alone, percent 8.00% 0.90% 0.40% 14.10% 
American 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 (Table 2-4).  
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Table 2-4. Home statistics for Baraga, Houghton, Keweenaw Counties, and Michigan (U.S. Census Bureau, 2021) 

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% 

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, but Baraga 
County is lower than the State of Michigan at only 89.2 percent (Table 2-5). The same two counties have 
a higher percentage of persons with a bachelor’s degree or higher compared to Michigan, at 32.6, 32.0, 
and 29.1 percent, respectively but Baraga County is lower at the State of Michigan at 74.40% 

Table 2-5. Education statistics for Baraga, Houghton, Keweenaw Counties, and Michigan (U.S. Census Bureau, 
2021) 

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% 

Bachelor’s degree or higher, 
percent of persons 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 (Table 2-6). 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.  
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Table 2-6. Income statistics for Baraga, Houghton, Keweenaw Counties, and Michigan (U.S. Census Bureau, 2021) 

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 (Table 2-7). All three counties are considered rural and not 
metropolitan statistical areas. 

Table 2-7. Population Density statistics for Baraga, Houghton, Keweenaw Counties, and Michigan (U.S. Census 
Bureau, 2021) 

Population Density 
Statistics Baraga County Houghton 

County 
Keweenaw 

County Michigan 

Population per square mile, 
2010 9.9 36.3 4.0 174.8 

 Comparing the L’Anse Reservation and Off-Reservation Trust Land, Baraga County, 
Houghton Keweenaw County, and the State of Michigan 

The L’Anse Reservation and Off-Reservation Trust Land has a population of 3,721. Of that 3,721, 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. 

The L’Anse Reservation and Off-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 
L’Anse Reservation and Off-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%. 

The median house value in the L’Anse Reservation and Off-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. 
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91% of eligible individuals have at least a high school diploma. This is higher than the Baraga County and 
Michigan average. 17% of eligible individuals have a bachelor’s degree or higher. This is greater than 
only Baraga County. The median household income for the L’Anse Reservation and Off-Reservation Trust 
Land is $50,598. This is above the average for the counties but below the average for Michigan. 

The poverty numbers are not directly comparable but can give an idea of how the L’Anse Reservation 
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.  
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3. Potential Consequences of Stamp Sands in Lake Superior 
 Introduction 

The information in this appendix is not intended to signify the total economic value of Lake Superior, nor 
does the data and information contained in this appendix represent an estimate of economic activity 
that would be foregone, given continued stamp sand deposition on Buffalo Reef and reefs and 
shorelines downdrift of Buffalo Reef. Rather, these findings serve as indicators of the importance of Lake 
Superior and Buffalo Reef and highlight some activities that could experience changes given continued 
transport of Gay, MI stamp sands. As identified by pounds and fish harvested, this information also 
establishes that Buffalo Reef remains a viable reef despite being partially covered with stamp sands  

 History 

Copper has been mined in the Upper Peninsula of Michigan since around 5,000 BC by the native 
inhabitants. It is the only place on Earth where 97% pure copper could be pulled directly from the 
ground. With a growing nation, the demand for minerals, such as copper, began to increase. This led to 
the “Copper Rush” which began in 1843. Investors and mining companies began to flock to the 
Keweenaw Peninsula, staking claims, and rapidly opening mines to extract the copper. Since that time, 
over 14 billion pounds of native copper have been mined (Packard 2014). 

Between 1850 and 1929, the Keweenaw 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 Treaties, the resources in the ceded land, especially the copper, were “essential ingredients 
for the industrial transformation of late nineteenth and early twentieth-century America.” From the 
mid-1800s to the early 1900s, copper mined from this peninsula was used for Trans-Atlantic cables, 
telegraphs, electricity, and the automotive industry and made the telephone system possible (NPS 2017, 
Wrone 1993). In total, 4.8 million metric tons (approximately 11 billion pounds) of copper were mined 
from native copper deposits in 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 copper-containing mining waste commonly known as “stamp sands.” The reef is popular for 
anglers and has been closely connected to commercial and subsistence tribal fishers. The Treaty of 1842 
reserved the tribe’s rights to fish, preserving the tribe’s 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 includes the L’Anse Reservation3, and portions of Houghton County. 

As communicated by the Keweenaw Bay Indian Community, GLIFWC and other Tribes or tribal agencies, 
the Buffalo Reef stamp sands project exemplifies an environmental justice issue. In the Environmental 

 
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


Economics Appendix Buffalo Reef – Final Alternatives Analysis  

10 

Justice section of Chapter 4 in the Main Report, the results from the socioeconomic environment 
investigation of the affected area using the CEQ’s screening tool can be found.  

The binational 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 Agency’s (EPA) Great Lakes 
National Program Office (GLNPO) endorsed the formation of a Buffalo Reef Task Force (BRTF). The BRTF 
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.  

The inclusion of Buffalo Reef in the LAMPs further displays the importance of Buffalo Reef. While much 
of this appendix discusses the importance to the local community and Tribe, the removal of Stamp 
Sands and protection of Buffalo Reef is supported by the Great Lakes region.  

 Summary of Potential Ecological Impacts of Gay, MI Stamp Sands 

There are 82 species of fish, including at least 13 non-natives, which make their home in the waters of 
Lake Superior (insert reference Food Web Figure). Stamp sands introduced into the ecosystem would 
affect more than just one species and it is uncertain how stamp sands impacts within the study area may 
ripple through the Lake Superior ecosystem. In Gay, MI, stamp sands are impacting Buffalo Reef, a Lake 
Whitefish and Lake Trout spawning reef. USGS’s ongoing studies have indicated early life stages of Lake 
Whitefish are vulnerable to stamp sands in their environment (Main Report, Section 2.5).  USGS 
monitoring of fish captured in the vicinity of Buffalo Reef has discovered Lake Trout and Lake Whitefish, 
which were tagged in 2019, were detected on receivers at the eastern and western ends of Lake 
Superior along the south shoreline (Mike Lowe, USGS, E-mail communication, 2021). The inundation 
and loss of Buffalo Reef would be detrimental to the Lake Superior fishery because of the reduced fish 
production and loss of genetic diversity. Lower on the food web, direct counts of invertebrates from 
Ponar sediment samples throughout stamp sand impacted Grand Traverse showed a severe reduction of 
benthic species abundance and diversity at high concentrations of stamp sands compared to natural 
sand sediments (Kerfoot 2021). This reduction could have implications on the localized and lake-wide 
food web. For more information, please refer to Chapter 2 and 4 of the Main Report.  
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Figure 3-1: Graphic showing the Lake Superior Food Web, https://www.glerl.noaa.gov/pubs/brochures/foodweb/LSfoodweb.pdf 

 Purpose 

There are numerous uses and users of Lake Superior that are economically important to the nation and 
Great Lakes region. The Gay stamp sands continue to be transported south along the shoreline. This 
southernly transport of stamp sands has begun to encroach on Buffalo Reef and the encroachment 
would continue into the foreseeable future causing less of Buffalo Reef to be a viable spawning habitat 
for Lake Trout and Lake Whitefish (Figure 3-2). To the south, the Lower Bay and Traverse Point would 
eventually be impacted by the net southerly littoral drift and coverage of stamp sands. The native sand 
beaches of 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. 
(H&H Appendix and Section 4.3 of the Main Report). Stamp sands would cause adverse environmental, 
social and economic consequences. However, estimating economic consequences requires knowledge 
of how the Buffalo Reef and Lake Superior ecosystems would change due to continued stamp sands 
deposition, and how these changes would affect the uses of Lake Superior and the area surrounding 
Buffalo Reef. While existing research efforts are underway, a complete characterization of how stamp 
sands deposition on Buffalo Reef would affect Lake Superior’s ecosystem in the future were unavailable 
at the time of this analysis. 
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Figure 3-2: Image of Buffalo Reef location in Lake Superior, (https://infosuperior.com) 

Rather, this appendix summarizes available information regarding the importance of key fishing 
activities in the U.S. waters of Lake Superior which include the states of Michigan, Minnesota, and 
Wisconsin. This information highlights that many important uses of the area around Buffalo Reef and 
Lake Superior may be at risk if the Gay, MI stamp sands continue to be transported along the shore and 
into Buffalo Reef. There were many sources utilized as well such as an independent study from Earth 
Economics (discussed below), local experts, peer-reviewed articles, and YouTube videos created by the 
Keweenaw Bay Indian Community, among others. Another source is the USACE GLMRIS and GLMRIS-BR 
reports, which included an evaluation of the economic importance of each of the Great Lakes fisheries. 
For this analysis, quantitative data will be presented for which qualitative assessments were conducted. 
This includes assessments of state-licensed commercial, Tribal commercial and subsistence, 
recreational, and charter fishing activities. Professional fishing tournaments did not provide enough data 
to be discussed in detail. Tribal contacts from KBIC and GLIFWC, representatives from USGS, as well as 
representatives from the Michigan, Minnesota, and Wisconsin Department of Natural Resources were 
also heavily utilized for background information and data on the area and activities.  

In 2019, Earth Economics presented an independent study from Angela Fletcher and Ken Cousins titled 
Ecosystem Services Valuation of the Keweenaw Peninsula. The paper’s purpose was to, “…provide 
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information on the current non-market economic values of ecosystem services4 in the Keweenaw 
Peninsula region, with an emphasis on areas impacted by the encroachment of stamp sands originating 
at the Gay, Mich. stamp sand pile.” Many of the Tribal representatives whose knowledge was 
paramount in putting this appendix together were also contributors to that paper. The authors used the 
benefit-transfer method (BTM) for their analysis. Benefit-transfer methodology, broadly defined as “… 
the use of existing data or information in settings other than for what it was originally collected,” is 
frequently used to indirectly estimate the value of ecological goods or services (Rosenberger et al. 
2003). To access the paper directly, follow the link: Ecosystem Services Valuation (ESV) — Earth 
Economics. 

The information in this appendix is not intended to signify the total economic value of Lake Superior, nor 
does the data and information contained in this appendix represent an estimate of economic activity 
that would be foregone, given continued stamp sand deposition on Buffalo Reef and other reefs. Rather, 
these findings serve as indicators of the importance of Lake Superior and display some of the activities 
that could experience changes given the stamp sands’ continued degradation of Buffalo Reef. Much of 
the fishing discussed, particularly in statistical gird 1125, could be at-risk if stamp sands continue to be 
transported south without intervention. 

 Total Catch Versus Changes in Catch 

Through the data collection process, the total catch for several activities on the US waters of Lake 
Superior can be calculated. All data collected from the DNR, USGS, USACE, Tribal representatives and 
any other contributor is not intended to represent 100% of the harvest. It would be impossible to collect 
data from every individual that fishes on Lake Superior; however, it does offer a representative picture 
of the importance of the Lake Superior fishery and the contribution it makes to individuals, local 
companies, and the regional economy. With the breadth of available data, qualitative conclusions can 
be drawn,  

At the time this appendix was written, there were several unknowns with respect to the contribution of 
Buffalo Reef on the Lake Superior fishery. While Buffalo Reef has been extensively studied and is 
estimated to be 2,200 acres (Biberhofer 2008) lack of study or documentation of Lake Superior 
spawning reefs has limited our knowledge to the known approximately 86,000 acres (39,000 hectares) 
of Lake Whitefish reproductive habitats (Ebener et al. 2021). The catch data presented in this appendix 
indicates Buffalo Reef remains a viable fish spawning reef in Lake Superior although both the total 
contribution of Buffalo Reef to the Lake Superior fishery and the impact of losing Buffalo Reef on the 
Lake Superior fishery are unknown.   

Also, the potential changes to the catch if the Gay, MI stamp sands continue to be transported 
throughout the ecosystem is unknown. It is also unknown what the long-term effects that the loss of 
Buffalo Reef would have on the fish population and its contribution. Lake Trout and Lake Whitefish show 
fidelity to their spawning area; however, some straying from Buffalo Reef can occur to different 
spawning reefs, which promotes genetic diversity amongst the populations as a whole. Fish stray is likely 
insignificant relative to the current fish production of Buffalo Reef and thus, would likely not preserve 

 
4 Ecosystem services are defined as “the conditions and processes through which natural ecosystems, and the 
species that make them up, sustain and fulfill human life.” From Ecosystem Services Valuation (ESV) — Earth 
Economics. 

https://www.eartheconomics.org/esv
https://www.eartheconomics.org/esv
https://www.eartheconomics.org/esv
https://www.eartheconomics.org/esv
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the genetic population of the reef if inundated by stamp sands. Therefore, the inundation would be 
detrimental to the Lake Superior Fishery because of reduced fish production and genetic diversity.  

There may be adverse effects to the fishery and ecosystem that are currently unknown, and these 
impacts may not be realized until many years into the future. Approximately 30% of Buffalo Reef is 
inundated by stamp sands (Kerfoot 2017). There are several studies currently in process that would help 
clarify how losing Buffalo Reef would affect the Lake Superior fishery. While there have been previous 
studies, research has continued and would help understand the impacts stamp sands and its copper 
toxicity have on the fish, fishery, and the ecosystem in which they live and spawn. 

 Overview of Differences between the NED and RED Accounts 

This economic consequence analysis discusses two distinct economic concepts that relate to changes in 
the fishery due to stamp sands. USACE refers to the economic concepts as NED (national economic 
development), and RED (regional economic development). More generally in economics, changes in NED 
are referred to as changes in “economic value” or changes in “economic welfare”, commonly referred to 
as well-being (Freeman et al, 2014), while changes in RED are referred to as changes in “economic 
impacts”. Economic values measure changes in people’s and businesses’ well-being net of their costs 
(Freeman et al. 2014). 

Economic impacts measure changes in regional economic activity, such as economic output (e.g., sales), 
incomes, and jobs (Watson et al., 2007). Notably, NED and RED are typically not directly comparable, 
and should not simply be added together since they measure different concepts. Following the USACE 
P&G, this economic consequence analysis provides information on both NED and RED. The differences 
between changes to the NED and RED accounts are further illustrated later in this appendix as they 
apply to state-licensed commercial, recreational, charter, and Tribal commercial and subsistence fishing. 
These concepts and applications are explored further in the following several sections (Figure 3-3). 

 

Figure 3-3: Economic Consequences – Overview of Changes to NED and RED Accounts for Commercial, Recreational, and Charter 
Fishing in Lake Erie, from GLMRIS-BR Report 
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 Activities Potentially Affected by the Gay, MI Stamp Sands Deposition and 
Continued Transport 

The presence of stamp sands can alter the ecosystem, change ecosystem services to people, and thus 
affect economic activity, and the contribution of the fishery in Lake Superior. Connecting stamp sands to 
these economic effects requires substantial information on the ways that stamp sands could affect the 
ecosystem and ecosystem services. Since the impact stamp sands has on the Buffalo Reef ecosystem 
continues to be studied, a scientific understanding of the linkage between ecological impact and 
economic impact is limited and characterized by high uncertainty. Nevertheless, there are potential, 
identifiable ways that stamp sands could affect the ecosystem and ecosystem services even though a full 
understanding of all potential effects is not possible. 

Because of documented stamp sands impacts in the study area (Main Report, Chapters 2 and 4), stamp 
sands could impact a range of human uses such as fishing, beach going, boating and other shoreline 
recreation, and the ways people use properties on or near the impacted coast. Considering the 
uncertainty and range of potential environmental changes due to stamp sands within the study area and 
their impact on Lake Superior, there are a range of possible ways that human uses and the economy 
could be affected by stamp sands. Stamp sands could potentially alter the abundance, size distributions 
and length / weight relationships of fish species in the vicinity of Buffalo Reef and possibly Lake Superior. 
As such, key commercial activities potentially affected by stamp sands include state-licensed commercial 
fishing, Tribal commercial and subsistence, and charter fishing operations. Other aspects of the fisheries 
that may be affected by stamp sands include recreational angling and fishing tournaments. 

In the areas where the Gay stamp sands are anticipated to be transported (Main Report, Section 4.3.5), 
non-fishing activities potentially affected by stamp sands could include recreational boating, other 
shoreline activities, and uses of coastal and riparian properties. Boating could be impacted through 
closure of Grand Traverse Harbor, equipment damage and through losses in enjoyment of boating and 
diving, due to poor aesthetic quality, increased turbidity, and other negative impacts of stamp sands. 
Participation in swimming and beach-going activities could be altered if stamp sands become prevalent 
south of Grand Traverse Harbor and reduce the beach’s aesthetic appeal. 

As Gay stamp sands are transported south of Grand Traverse Harbor, coastal properties and their values 
could also be affected, if the willingness of people to live along Lake Superior was altered due to stamp 
sands encroaching their beaches. Property values could be altered due to the changes in the availability 
or quality of recreational activities such as fishing, swimming, and boating, as well as unforeseen 
adverse effects on water quality and the fishery. The aesthetics of this area adds value to the local 
properties. According to an Earth Economics report, approximately 5,000 households lie near the 
shoreline of the study area5 that could benefit from aesthetic views of the lake. It is believed that on an 
annual basis, property values benefit on a per year basis from these views (Fletcher & Cousins 2019). 

 
5 The study area in the Earth Economics report “encompasses the major stamp sand deposits of the Keweenaw 
and the drainage basins potentially impacted by those deposits. In addition to the Keweenaw Peninsula, the study 
area extends into areas of the Upper Peninsula of Michigan that include the Keweenaw Bay Indian Community, the 
Ojibwe Band most heavily affected by stamp sands.” 
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The Earth Economics article discusses the level of replacement that would be required due to the loss of 
the spawning habitat on Buffalo Reef based upon historical Tribal and State licensed commercial 
fishermen catch data (Table 3-1). 

Table 3-1. Estimated Level of Replacement Due to the Loss of Buffalo Reef Spawning Habitat6 
Estimate Lake Trout Lake Whitefish 

Average annual harvest lost due to Buffalo Reef Habitat destruction  29,092 136,891 
Weight average of monitored – 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 

For further information on fish species and biology, please see Chapters 2 and 4.  

 
6 Original table and additional information can be found at Ecosystem Services Valuation (ESV) — Earth Economics 

https://www.eartheconomics.org/esv
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4. National Economic Development (NED) Analysis: Economic 
Consequences due to the Long-Term Deposition of Stamp Sands in 
Lake Superior 
 Overview of NED Approach 

The theory underlying this NED approach is that under different assumptions, the deposition of stamp 
sands will affect existing key commercial and recreational (including charter) fisheries in Lake Superior. 
These biomass changes could have a direct bearing on commercial fishing harvests and recreational 
fishing days, which in turn affects the net economic value of commercial, charter and recreational 
fishing in Lake Superior including Tribal fishing activity. 

Unfortunately, much of the data for standard theory of benefit-cost analyses and microeconomics, 
which measures the changes in producer surplus (profits) and consumer surplus (net benefits) of 
commercial, charter and recreational fishing in Lake Superior (Freeman et al., 2014), were not available 
at the time of this draft report. The quantitative fishing data and qualitative assessment of the fishery 
will have to serve as a representation of the importance of Lake Superior, its fishery, its contribution, 
and specifically the areas around Buffalo Reef, which are included in each category of analysis. 

To best attempt to capture the contribution of the fishery in Lake Superior, data was gathered from the 
Michigan (MI), Minnesota (MN), and Wisconsin (WI) Department of Natural Resources (DNR), as well as 
Tribal representatives that document Tribal fishing and harvest data. The data provided was extensive 
and provides a glimpse into the total contribution of the Lake Superior fishery. These numbers are not 
intended to be a full representation of the fishery for the following reasons: 

• Each data provider has its own regulations and methods for data collection 
• All the data were not available for all the data contributors, and 
• Each state has different territories within the US Lake Superior waters 

The data will be presented as it was received, and reasonable assumptions will be discussed. Also, it 
would be impossible to say with any certainty that every fish, every excursion, or any other data point 
related to fishing in Lake Superior, could be captured. Lastly, Canadian data was not collected, which 
makes up approximately 35% of the Lake Superior waters (Rachel Malburg, USACE, TEAMS 
communication, 2022). 

The fishery was divided into five categories: state-licensed commercial fishing, recreational fishing, 
charter fishing, professional fishing tournaments and Tribal commercial and subsistence fishing. For the 
first three categories, data was collected from five DNR representatives in MI, MN, and WI. For 
professional fishing tournaments, a search of the internet was conducted showing that there is minimal 
activity on Lake Superior; thus, while it is mentioned in the appendix, it was not of great importance to 
the overall contribution presented. Lastly, Tribal commercial and subsistence fishing data collection, 
specifically around Buffalo Reef, relied heavily on Tribal input, data, and reports that had been 
previously released. Representatives from the Keweenaw Bay Indian Community (KBIC) and Great Lakes 
Indian Fish and Wildlife Commission (GLIFWC) provided much of the data.  
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For the following sections on state-licensed commercial, recreational, charter, and Tribal commercial 
and subsistence fishing, maps of the Lake Superior statistical grids and management areas that are used 
for tracking purposes can be found in figures 5, 7, 8, and 9. The data in the following sections were 
obtained over the course of October 2021, November 2021, December 2021, and February 2022 from 
representatives in the MI, MN, and WI Departments of Natural Resources. Tribal data was also received 
during that same period in addition to April 2022 from a Tribal representative in GLIFWC. 

The state-licensed commercial, recreational, and charter fishing sections divided between the Lake 
Superior data and the data which is more directly relevant to Buffalo Reef and the areas in its immediate 
vicinity. There are different areas that are used for tracking the types of fishing activity. Tribal data is 
divided between four Michigan management areas and the statistical grids most relevant to Buffalo Reef 
(Table 4-1). These distinctions will be used throughout the following fishing analysis sections. 

Table 4-1: Organizational Chart of Statistical Catch Areas 

Type of Fishing Whitefish 
Management Area Management Area 

Statistical Grids 
(herein after 
referred to as 

“Grid”) 

Specific Sites 

Example WFS-02 MI-2 Grid 1125 Site 185 
State-licensed 
commercial 

Yes  Yes  

Tribal commercial 
and subsistence 

 Yes Yes  

Recreational   Yes Yes 
Charter  Yes   

 NED Analysis – State-Licensed Commercial Fishing, Tribal Commercial Fishing and 
Tribal Subsistence Fishing 

4.2.1. Overview 

Commercial fishing data is collected from state-licensed fishermen and collected in DNR databases. It is 
also tracked and documented by the Tribe. The fishermen report pounds and the estimated dockside 
value of those pounds, based upon current rates and species. Most fishers sell their fish dockside to 
wholesalers which are the lowest price paid in the supply chain (dockside – wholesale – retail filleted – 
retail value added (smoked, pickled, etc.) – retail restaurant). The reported values are not shown in the 
state-licensed commercial tables below for consistency throughout this appendix due to a lack of 
estimated value data for other methods of fishing. Since state-licensed commercial fishing is the only 
type of fishing that collects the dockside value, it will not assist in establishing the overall contribution of 
the fishery. 

Tribal subsistence fishing, while not directly providing monetary benefits, can be included under 
commercial fishing, and thus included in the NED benefits of an economic analysis. Under USACE 
guidance (Planning Guidance Notebook ER 1105-2-100 2000), Tribal fishing is considered commercial 
fishing and can thus be included as NED benefits. In Chapter 3, section 2 (b) 3, of the Planning Guidance 
Notebook, it says; 
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Subsistence Fishing. This is the activity of individuals who fish primarily for personal or family consumption 
and whose incomes are normally at or below the minimum subsistence level established by the 
Department of Commerce. For cost allocation purposes, subsistence fishing is considered commercial 
fishing. 

Furthermore, Appendix E, section 14 (4) d says; 

Subsistence Fishing. This is fishing, primarily for personal or family consumption, by those whose incomes 
are at or below the minimum subsistence level set by the Department of Commerce. For cost allocation 
purposes subsistence fishing is considered commercial fishing. 

Due to the verbiage in these two sections of the USACE Planning Guidance Notebook, subsistence 
fishing is included in the following qualitative analysis of Commercial Fishing under the NED benefit 
account. 

 

 

Figure 4-1: Map of the statistical grids and sites in Lake Superior around the Keweenaw Peninsula 

Figure 4-1 is a map of the Grids (black numbers) and site locations (blue numbers) around the 
Keweenaw Peninsula in Lake Superior. Grids 1125 and 1224 are located on the eastside of the 
Keweenaw Peninsula. Site 182 is also on the eastside of the Keweenaw Peninsula and can be found in 
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statistical grid 1224. Site 185 is also on the eastside of the Keweenaw Peninsula, but it is further south 
than site 182 at the southernmost area in Keweenaw Bay. 

Buffalo Reef can be found in Grid 1125. In Grid 1224 there is another Lake Trout area of refuge / 
spawning reef known as Traverse Island. Site 185 is used for comparison purposes with site 182 and Grid 
1224 is used for comparison purposes to Grid 1125. Grid 1224 has not been affected by stamp sands so 
assumptions can be drawn between the two. It is worth noting, while the exact size of the reef in Grid 
1224 is unknown, both are known to be historically productive reefs.  

 

Figure 4-2: Map of Statistical Grids 1125 and 1224 Showing the Location of Buffalo Reef and Traverse Island 

Grids 1125 and 1224 are used for tracking Tribal commercial and subsistence fishing, recreational, and 
commercial fishing harvests (Figure 4-2). These grids, and their data, will be shown in the following 
sections to convey the contribution of the fishery to Lake Superior. Sites 182 and 185 are used for 
surveying local fishermen and anglers. This data is represented in the following sections to show the 
recreational importance of the area to the overall fishery. 

Due to the data provided and method of presenting it, not all data sets are for the same range of years. 
Each column of state (MI, MN, and WI), management area (e.g., MI-2, WFS-02, etc.), statistical grid (e.g., 
1224 and 1125), and site (e.g., 182 and 185) will have years attached to it for reference. While there is a 
great deal of fishing data available, this appendix will keep all reported data dating back no further than 
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2000. This will show recent fishing trends on Lake Superior and most accurately represent the 
contribution of the Lake Superior fishery. 

4.2.2. State-Licensed Commercial Fishing Data 

Lake Superior Data 

Table 4-2 (below) 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 total pounds, 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 4-2: 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% 
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Figure 4-3: Map showing Lake Whitefish Management Areas and Areas where State Commercial Fishing is Reported 

Buffalo Reef and Surrounding Area Data 

State-licensed commercial fishing data for Michigan management area WFS – 02 and statistical grid 
1125 shown in Table 4-3. 

Table 4-3: State-licensed commercial fishing data for Michigan management area WFS – 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 4-3 (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 fishermen. 
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Management area WFS – 02 (Figure 4-4) provided over a million pounds of fish between 2001-20 of 
which 99.98% was Lake Whitefish. Grid 1125 is within management area WFS-02 and is the grid where 
Buffalo Reef is located. This rid provided over 60 thousand pounds of Lake Whitefish in the same 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 of Lake Whitefish harvest.  

 

Figure 4-4: Map showing the Michigan Whitefish Management Areas 

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 
throughout the pandemic. As an example, Peterson’s Fish Market is a local business that has continued 
its operation during the pandemic. Per their website at WHOLESALE | petersonsfishmarket 
(petersonfish.com). 

“We are a small, family-owned & operated business in the best place on earth-- the Upper 
Peninsula of Michigan. We are located in Hancock, MI on US-41. We opened our doors 24 years 
ago in 1992 & have been expanding ever since. The owners, Patricia & Gilmore Peterson, are 
members of the Red Cliff Band of Superior Chippewas out of Wisconsin, and 4th generation 
commercial fisherman. We sell fresh fish & smoked fish to the general public, sell fish at 
wholesale prices & quantities to restaurants all over the United States, and operate a take-

blockedhttps://www.petersonfish.com/wholesale
blockedhttps://www.petersonfish.com/wholesale
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out style restaurant in the summer that we sell our award-winning fish fry baskets out of. We 
can ship our fresh or smoked Lake Superior fish to anywhere in the United States…” 

 Lake Superior Tribal Subsistence and Commercial Fishing 

4.3.1. Importance of Tribal Fishing in Lake Superior 

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 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 (USACE et al. 2019). The demographics of the L’Anse Reservation and 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). 

Subsistence fishing and harvesting is an important part of Tribal cultural heritage, which has value 
extending beyond quantitative economics and is an important element in maintaining the sovereign 
status of the Tribes. Tribal traditions generally include a holistic view of the natural world in which 
natural features and phenomena are often imbued with a life force, and in which the various species 
and features of the natural world are bound together in a web. Damaging one-part damages the whole. 
Tribal tradition is part of their identity as a people, past and present, and important for their future. The 
fishery is foundational to the Tribal community, cultural beliefs, values, and lifeways. Their belief is that 
they have obligations and responsibilities to be good stewards (considered their First Treaty). In addition 
to commercial fishermen, KBIC licenses over 700 Tribal members annually to harvest. These individuals 
share their harvest amongst their family (Evelyn Ravindran, KBIC, E-mail communication, 2020).  

The KBIC exercises its subsistence and commercial fishing treaty rights within the 1842 ceded territory. 
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 
(GLIFWC 2020). The importance of the subsistence harvest includes its continued presence as a food 
source, the monetary value of the fish harvested and sold, and the social and cultural value of 
subsistence fishing within Native American communities. The health benefits of consuming fish are well-
documented and important to the Tribe’s ability to maintain a healthier lifestyle. 

The KBIC is known as a subsistence fishing Tribe. In response to a survey that was administered, 59% of 
respondents said they purchase fish from local Tribal fishermen and 52% agree that someone in their 
family benefits from Tribal fishing. Also, 66% of respondents report eating local fish at least once per 
month, with 31% of respondents reporting eating it once per week, and 18% reporting they consume 
local fish three or more times per week (USACE et al. 2019). An important statement about the 
importance of Tribal fishing from the Earth Economics article says; 

Traditional foods, including fish, other wildlife, and plants, are medicine for Native American communities. 
Today, Native Americans experience higher-than average rates of diseases, such as diabetes and heart 
disease and endure a significantly lower health status compared with all other Americans (Ecosystem 
Services Valuation). 
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Eating fish is more than just a staple in the Tribal diet and tradition that is passed down from generation 
to generation. There are well documented health benefits that come with the consumption of certain 
fish. The below was taken directly from the Buffalo Reef Task Force Alternatives Report in 2019; 

GLIFWC’s tribal leadership have noted that elders in their communities have reaffirmed the position that 
traditional foods, including fish, are medicine for Anishinaabe. Scientific studies have documented Lake 
Superior fish contain high levels of omega 3 oils. Today, Ojibwe tribes experience high rates of diabetes 
and heart disease along with the high costs associated with medical treatment. The Centers for Disease 
Control and Prevention (CDC) report: 1) Native Americans are twice as likely as whites to have diabetes; 2) 
in about 2 out of 3 Native Americans with kidney failure, diabetes is the cause; and 3) medical costs for 
kidney failure from diabetes were about $82,000 per person in 2013.  

The FDA also offers additional advice on eating fish saying, “Fish provide key nutrients that support a 
child’s brain development” and “Eating fish can provide other health benefits.” Also, the Dietary 
Guidelines for Americans recommends eating fish as part of a healthy eating pattern (Advice about 
Eating Fish FDA, 2022).  

Argonne National Laboratory, in coordination with USACE, conducted a study to identify and describe 
Tribal fishing activities in the Great Lakes Basin (GLB). A total of 16 Tribes engages in subsistence fishing 
within the Mississippi River Basin (MRB) and GLB under one of four treaties, mostly in the western GLB. 
Subsistence harvesting is an important part of Tribal cultural heritage that has value which extends 
beyond economics and is an important element in maintaining the sovereign status of the Tribes (USACE 
2019). 

While a small proportion of Tribal members engage in subsistence fishing, the subsistence harvest is 
shared according to traditional priorities throughout the communities. Sharing the harvest is a core 
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. 

The continued deposition and movement of stamp sands along the shoreline could have long-term and 
detrimental effects on the Tribe and its independence. The area is an isolated and rural area where 
many Tribal members rely on the area in and around Buffalo Reef for their livelihood and community 
subsistence.  
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The following tables represent data that was received from Tribal representatives (Mattes 2003-20). The 
information is broken down by management areas. These management areas reflect most of the US 
Lake Superior Waters. Within MI – 4, the grids 1125 and 1224 are displayed.

 
Figure 4-5: Map of Michigan Lake Trout Management Areas 

 Buffalo Reef is in grid 1125 and Traverse Island is in grid 1224 which is southwest of statistical grid 1125 
and currently unaffected by stamp sands (Figure 4-2). Grid 1224 offers a good comparison to Buffalo 
Reef due to its location and proximity.  

4.3.2. Dressed Pounds 

Dressed pounds represent the pounds of fish after it has been cleaned of organs. The Tribal data is 
represented by dressed pounds or catch per effort (CPE) which will be discussed in the next section. This 
data will be represented by management area (MI 2-5) or by statistical grid (grids 1125 and 1224) 
(Figure 4-2 and Figure 4-9). 

Lake Superior Data 

Table 4-4 represents the total harvest of the four management areas and the contribution that Lake 
Trout and Lake Whitefish made to that management area between 2001-18. It also shows the 
percentage of total contribution that each management area contributed to the total harvest. MI - 3 was 
the biggest overall contributor (40.86% of the total) and had the most Lake Whitefish at almost 4.2 
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million dressed pounds. However, MI - 4 had the largest contribution of Lake Trout totaling over 900K 
dressed pounds. The next closest management area was MI - 5 that harvested just under 370K. 

Table 4-4: Tribal fishing harvest (dressed Lbs.) data for Lake Trout, Lake Whitefish, and all in MI 2-5 management areas, 2001-18 

2001-18 Tribal Fish Harvest MI-2 MI-3 MI-4 MI-5 Total 
Lake Trout (dressed Lbs.) 98,576 165,866 928,802 369,832 1,563,076 
Lake Whitefish (dressed Lbs.) 2,466,137 4,197,835 2,071,242 381,508 9,116,722 
Total (dressed Lbs.) 2,564,713 4,363,701 3,000,044 751,340 10,679,798 
% Of Management Area Total 24.01% 40.86% 28.09% 7.04% 100.00% 

Table 4-5: Tribal fishing harvest (dressed Lbs.) data for MI 2-5, 5-year average 2001-18 

2001-18 
Dressed 
Pounds MI-2 MI-3 MI-4 MI-5 

5-Year Range 5-Year Avg 5-Year Avg 5-Year Avg 5-Year Avg 
2001-05 65,606 137,254 204,859 49,878 
2002-06 136,026 158,409 196,100 60,125 
2003-07 170,500 188,295 171,347 61,718 
2004-08 206,526 223,745 162,524 55,107 
2005-09 212,109 306,359 157,021 53,028 
2006-10 219,954 335,975 141,733 47,460 
2007-11 163,356 352,240 139,632 37,998 
2008-12 174,858 382,938 146,073 33,296 
2009-13 163,459 396,583 140,262 36,606 
2010-14 174,855 344,096 137,771 32,380 
2011-15 174,511 346,085 164,019 34,924 
2012-16 173,792 288,735 178,133 33,803 
2013-17 139,420 222,245 170,705 31,230 
2014-18 121,925 155,252 168,464 31,095 
Average 164,064 274,158 162,760 42,761 
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Figure 4-6: Graph showing 5-year averages for Tribal harvest (dressed Lbs.) in MI 2-5, 2001-18 

Table 4-5 shows a rolling 5-year average of the four management areas as well as the average for each 
management area over the 18 years from 2001-18. This allows trends to be seen with the dressed 
pound harvest without being as sensitive to any “peaks” and “valleys.” MI – 4 is the only management 
area that the two most recent 5-year period averages were over its long-term average. 

Figure 4-10 gives a visual representation of these trends. While MI – 3 saw a 5-year average high and has 
since fallen off, the other three management areas have seen consistent trends. MI – 4 has seen an 
increase and is now showing a greater 5-year average of dressed pounds compared to the other three 
management areas. This is a noteworthy point given from 2006-10 MI – 3 was averaging 193 thousand 
more dressed pounds than MI - 4. 

Buffalo Reef and Surrounding Area Data 

Table 4-6 shows the Lake Trout and Lake Whitefish contribution to MI - 4 and grids 1125 and 1224 from 
2001-18. The two grids make a large overall contribution of over 46% of the total dressed pounds. Grid 
1224 has a considerably higher contribution rate. It is responsible for almost twice as many Lake 
Whitefish dressed pounds and more than five times the contribution of Lake Trout compared to grid 
1125.  

Figure 4-11, below, shows the 5-year average of Lake Trout and Lake Whitefish caught in grids 1125 and 
1224. Grid 1125 has stayed reasonably consistent while grid 1224 has seen a steady decline including a 
steep fall off since 2012-16.  
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Table 4-6: Tribal harvest (dressed Lbs.) data for MI-4, grid 1125, and grid 1224 for Lake Trout, Lake Whitefish, and all others, 
2001-18 

2001-18 Fish Harvest MI-4 Grid 1125 Grid 1224 
Lake Trout (dressed Lbs.) 928,802 66,436 358,183 
Lake Whitefish (dressed Lbs.) 2,071,242 315,223 652,093 
Total (dressed Lbs.) 3,000,044 381,659 1,010,276 
Lake Trout % MI-4 30.96% 2.21% 11.94% 
Lake Whitefish % MI-4 69.04% 10.51% 21.74% 
% Total of MI-4 100.00% 12.72% 33.68% 

 

Figure 4-7: Graph showing 5-year average of Lake Trout and Lake Whitefish harvest (dressed Lbs.) in grids 1125 and 1224 from 
2001-18  
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Table 4-7: Tribal harvest (dressed Lbs.) 5-year average data for MI-4, grid 1125, and 1224 from 2001-18, includes percent 
change 

2001-18 
Dressed 
Pounds 

MI-4 Grid 1125 Grid 1224 

5-Year 
Range 

5-Year 
Avg 

% 
Change 

5-Year 
Avg. 

% 
Change 

5-Year 
Avg. 

% 
Change 

2001-05 204,859 0% 23,415 0% 78,529 0% 
2002-06 196,100 -4.47% 19,173 -22.13% 71,837 -9.32% 
2003-07 171,347 -14.45% 23,758 19.30% 59,858 -20.01% 
2004-08 162,524 -5.43% 18,150 -30.90% 59,045 -1.38% 
2005-09 157,021 -3.50% 20,763 12.59% 46,742 -26.32% 
2006-10 141,733 -10.79% 20,844 0.39% 44,445 -5.17% 
2007-11 139,632 -1.50% 24,058 13.36% 49,935 10.99% 
2008-12 146,073 4.41% 17,357 -38.61% 58,599 14.79% 
2009-13 140,262 -4.14% 14,344 -21.00% 56,567 -3.59% 
2010-14 137,771 -1.81% 17,083 16.03% 55,798 -1.38% 
2011-15 164,019 16.00% 22,056 22.55% 59,672 6.49% 
2012-16 178,133 7.92% 21,112 -4.47% 59,071 -1.02% 
2013-17 170,705 -4.35% 22,193 4.87% 48,074 -22.88% 
2014-18 168,464 -1.33% 25,329 12.38% 44,058 -9.11% 

Long-term 
Average 162,760  20,688  56,588  

Table 4-7 shows the dressed pounds for MI – 4 and statistical grids 1125 and 1224 along with the 
percent change for each 5-year average from 2001-18. MI – 4 and statistical grid 1125 had a few steep 
declines with big recoveries coming in 2011-15.  Statistical grid 1224 had early fall offs in 2003-07 and 
2005-09 with some slight recovery followed by another big decline in 2013-17. While statistical grid 
1125 has a smaller overall contribution, it’s 5-year average has stayed more consistent over time than 
MI – 4 and statistical grid 1224.  Figure 4-8, Figure 4-9 and Figure 4-10 show a visual representation of 
these percent changes.  
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Figure 4-8: Graph showing 5-year average percent change in MI-4 
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Figure 4-9: Graph showing 5-year average percent change in grid 1125 

 
Figure 4-10: Graph showing 5-year average percent change in grid 1224 

4.3.3. Catch per Effort (CPE) 

Catch per effort (CPE) is the number of pounds harvested per 1,000-feet of gill net. It is another measure 
of how productive an area of the fishery is.  

Lake Superior Data 

The below table (Table 4-8) shows the 5-year average of the four management areas and their CPE for 
the accompanying five-year ranges. All four management areas have maintained productivity, 
particularly MI – 5 which has been very consistent. MI – 2 and MI – 3 have seen recent trends far below 
their peak years in 2005-09 and 2007-11, respectively. MI – 4 has stayed consistent; but, it has seen a 
slow decline from the early 2000’s. 

  MI-2 CPE MI-3 CPE MI-4 CPE MI-5 CPE 
5-Year Range 5-Year Avg 5-Year Avg 5-Year Avg 5-Year Avg 

2001-05 172 87.2 100.2 88.8 
2002-06 180.4 99.2 101.8 91.8 
2003-07 192.4 122.8 102.4 89 
2004-08 206.2 140.4 100.6 73.4 
2005-09 222.4 175.2 101 73.8 
2006-10 208.6 182 97 73.4 
2007-11 202 182.8 101 70 
2008-12 204.8 179.4 99.4 74.2 
2009-13 203.8 175.2 94.8 84.6 
2010-14 183.4 155 95 90 
2011-15 174.6 144 95.4 95.2 
2012-16 154 120.8 86.6 88.2 
2013-17 134 98.4 81.4 82.2 
2014-18 112.2 75.8 85.2 85 



Economics Appendix Buffalo Reef – Final Alternatives Analysis  

33 

Figure 4-11 shows the data in a visual format where the decline in MI – 2 and MI – 3 is evident. MI – 5 
has seen a recovery from its slight decline and MI – 4 has stayed very consistent over the 18 years. 

 

Figure 4-11: Graph showing the 5-year average Tribal harvest (CPE) from 2001-18 in MI 2-5 

Buffalo Reef and Surrounding Area Data 

Table 4-9 shows the 5-year average for MI – 4 and grids 1125 and 1224. It also shows how productive 
the two  grids are compared to MI – 4 where they are located. MI – 4 has seen a slight decline with grid 
1224 pacing this decline but continues to have a CPE above the MI – 4 averages. Grid 1125 has seen an 
incline throughout the 18 years and has moved from a 65% productivity rate to overtaking the MI – 4 
average in 2014-18 at almost 135% of its productivity rate. There has been a noticeable shift between 
the two grids. They have switched CPE rate with grid 1224 moving from a CPE of 107 in 2001-5 to 88 in 
2014-18 and grid 1125 moving from a CPE of 65 in 2001-5 to 115 in 2014-18.  
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Table 4-8: Tribal harvest (CPE) 5-year average in MI-4, grid 1125, and grid 1224 from 2001-18 

2001-18 CPE MI-4 Grid 1125 Grid 1224 
5-Year Range 5-Year Avg 5-Year Avg. % MI-4 5-Year Avg. % MI-4 

2001-05 100 65 65.07% 107 107.19% 
2002-06 102 65 63.46% 105 102.75% 
2003-07 102 78 76.56% 106 103.52% 
2004-08 101 74 73.76% 106 105.57% 
2005-09 101 76 75.05% 110 108.91% 
2006-10 97 81 83.92% 106 109.48% 
2007-11 101 89 87.92% 115 113.47% 
2008-12 99 82 82.70% 117 117.30% 
2009-13 95 84 88.40% 115 120.89% 
2010-14 95 99 104.42% 111 117.05% 
2011-15 95 114 119.71% 110 115.09% 
2012-16 87 117 135.10% 102 118.24% 
2013-17 81 109 134.40% 94 115.23% 
2014-18 85 115 134.98% 88 103.76% 
Average 96 89 93.10% 107 111.18% 

Figure 4-12 is a visual representation of the data in Table 4-9. It shows the CPE for MI – 4, grid 1125, and 
grid 1224 and the 5-year average trends. While MI – 4 and grid 1224 have declined recently, grid 1125 
has seen a rapid increase to its 5-year average. MI – 4 has had a 15% decrease and grid 1224 has seen its 
5-year average decline by almost 18%. This is in contrast to l grid 1125 which has had a 5-year increase 
of almost 77% in the same period.  
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Figure 4-12: Graph showing the 5-year average Tribal harvest (CPE) from 2001-18 in MI-4, grid 1125, and grid 1224 

4.3.4. Summary of Subsistence Fishing 

The four management areas where data was collected continue to function at a very productive rate for 
the Tribes. MI – 4, and more specifically, grid 1125 where Buffalo Reef is located have continued to 
provide large amounts of Lake Trout and Lake Whitefish to help sustain the Tribe’s way of life whether it 
is for Tribal commercial fishing, subsistence fishing, or their livelihood. While many of the management 
areas and grid 1224 have seen declines in dressed pounds and CPE, grid 1125 has maintained its 5-year 
average of dressed pounds and become much more productive when its CPE is measured against the 
other areas. 

Grid 1125 and Buffalo Reef continue to be an asset to the Tribe. Even with stamp sands slowly 
encroaching and covering the reef, it continues to produce at a high rate. Its proximity to the reservation 
and Grand Traverse Harbor makes it an ideal location for the Tribe. Being on the eastside of Keweenaw 
Peninsula, the waters of Lake Superior are also milder and make it a safer location for individuals going 
out on boats. If Buffalo Reef continues to lose viable spawning area for Lake Trout and Lake Whitefish, 
the area’s productivity may not be able to maintain its level of productivity. While it is unknown how 
long until Buffalo Reef is completely void of suitable spawning area, the Tribe has documented a decline 
in the number of juvenile whitefish caught in assessments completed adjacent to the reef on native 
sand (Premo 2008). 

The KBIC exercises its treaty rights throughout Lake Superior, including the area in grid 1125 where 
Buffalo Reef is located. It continues to fish in the area where it depends on the fishery for subsistence 
fishing. While commercial fishermen and charter fishing companies are businesses seeking to make a 
profit, the Tribe uses its fishing rights to provide not only a source of income, but also to provide 
subsistence for members of community. A loss of Buffalo Reef would limit their ability to do this at the 
same productivity rate that they have become accustomed to. There is also the responsibility they 
believe they must honor their First Treaty with nature. As stewards of the land, they are tasked with 
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maintaining the balance. As they have witnessed a decline in the availability of fish in the area, they feel 
the responsibility to undo whatever negative impacts are occurring. To the Tribe and Tribal members, 
Buffalo Reef is more than just an area to fish, it is a part of their history, culture, and who they are as a 
people. 

 NED Analysis – Recreational Fishing 

4.4.1. Overview 

Recreational fishing data is collected by clerks that count anglers / 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. The data does, however, 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=eyJrIjoiOWQ5NjQxMmItYjFkYi00YzI2LTkxMTAtMjMwNjEzOWE5YjM3
IiwidCI6ImQ1ZmI3MDg3LTM3NzctNDJhZC05NjZhLTg5MmVmNDcyMjVkMSJ9 

4.4.2. Recreational Fishing Data 

Lake Superior Data 

Table 4-10 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 of which they take full 
advantage. 

Table 4-9: 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% 

blockedhttps://gis-midnr.opendata.arcgis.com/search?q=creel
blockedhttps://app.powerbigov.us/view?r=eyJrIjoiOWQ5NjQxMmItYjFkYi00YzI2LTkxMTAtMjMwNjEzOWE5YjM3IiwidCI6ImQ1ZmI3MDg3LTM3NzctNDJhZC05NjZhLTg5MmVmNDcyMjVkMSJ9
blockedhttps://app.powerbigov.us/view?r=eyJrIjoiOWQ5NjQxMmItYjFkYi00YzI2LTkxMTAtMjMwNjEzOWE5YjM3IiwidCI6ImQ1ZmI3MDg3LTM3NzctNDJhZC05NjZhLTg5MmVmNDcyMjVkMSJ9
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Minnesota has a considerable amount of recreational fishing on its waters averaging over 107 thousand 
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 4-4).  

In Michigan between 2000 and 2021, over 1.7 million fish were caught. This is over 78 thousand 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 4-4). 

There were less years of available data for Wisconsin; however, between 2013 and 2020, 40.5 thousand 
fish were harvested yearly. Lake Trout accounted for over 30% of the harvest and Lake Whitefish was 
just under 20% of the total harvest (Table 4-4). 

Buffalo Reef and Surrounding Area Data 

The two sites closest to Buffalo Reef are sites 182 and 185 (Table 4-11). 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 4-10:  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% 

 NED Analysis – Charter Fishing 

4.5.1. Overview 

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 MI, MN, and WI 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 since this is considered a 
recreational activity. The value is captured from the business that sponsors the charter trip. The 
customer will generally take the fish home with them, since the fish they harvest are simply part of the 
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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.  

4.5.2. Charter Fishing Data 

Lake Superior Data 

Table 4-12 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. 

Table 4-11: 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 thousand 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 thousand individual anglers on charter 
excursions. Almost 52 thousand 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 
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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 4-13 offers an additional breakdown of MI – 3 and MI – 4 (see Figure 4-3) which are the two 
management areas most relevant to the area containing Buffalo Reef. Charters in this area harvested 
almost 28 thousand fish between 2000 and 2020. There were over 9 thousand total anglers, over 63 
thousand 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. 

Table 4-12: Charter fishing data for Michigan grids MI - 3 and MI - 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 

 NED Analysis – Lake Superior Professional Fishing Tournaments 

Based upon the reporting of several organizations and the websites listed in the bibliography, it has 
been determined that there are not enough officially sanctioned fishing tournaments to make a 
significant impact on the economy or suffer a significant impact by a loss to Buffalo Reef and the fishery 
in and around it. While there are tournaments that take place, their occurrence is irregular, wide-
spread, and cannot be counted as a consistent source of revenue or activity that results in a measurable 
regional impact. 

 Summary of NED Analysis 

The qualitative NED analysis gives a broad representation of the overall importance of the fishery in 
Lake Superior. Between state-licensed commercial, Tribal subsistence and commercial, recreational, and 
charter fishing, the Lake Superior fishery provided almost 50 million pounds of harvested fish and 
another 2.5 million fish that were not converted to pounds. In many instances, Lake Trout and Lake 
Whitefish are the primary drivers of this statistic. These two species contributed almost 11 million 
pounds to the Tribe, 16 million pounds to state-licensed commercial fishermen, and over 2 million 
pounds to recreational fishermen. These activities resonate through the local community generating 
economic activity and revenue to businesses outside of those operating on Lake Superior. Furthermore, 
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the intrinsic value to the Tribe extends beyond monetary value. The sense of community that is found 
through the sharing of the harvest throughout the Tribe has cultural value, spiritual value, and a 
tradition spanning generations that cannot be measured in monetary values. 

There are many fish harvested in Michigan management areas and statistical grids on or around Buffalo 
Reef as well as specific sites. The value of the harvested or caught and released fish becomes multiplied 
when considering beyond just 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. Also, the 
value of the fishery, particularly in an area as rural and secluded as Buffalo Reef, is more than just that 
attributed to the sale of fish. It also contributes throughout the local economy. There are individuals 
who spend their summers in local “camps” along Lake Superior where money is spent throughout the 
regional economy. Many of these local camps are passed down through generations where fishing has 
always been a part of the experience. 

There are also those individuals that simply enjoy being outside, on the water, or fishing as a hobby or 
recreational activity. Losing a spawning area as large and productive as Buffalo Reef could limit the 
availability and convenience of these activities forcing people to move or find new areas to where they 
can participate. It could also make fishing more challenging thus turning people away from the activity 
altogether. People face an opportunity cost in every choice they make. Partaking in one activity means 
they cannot participate in another. Losing Buffalo Reef and the surrounding fishing areas may shift the 
opportunity cost for individuals away from the utility they received from fishing making it too 
“expensive” in either monetary values or time-investment. 

Of the 34 known Lake Whitefish spawning shoals in Lake Superior, Buffalo Reef ranks as the 18th largest 
and as the 2nd largest within the Keweenaw Bay (Ebener et al. 2021). Therefore, it is a fair assumption 
that losing a 2,200-acre reef, which is a major spawning area for both Lake Trout and Lake Whitefish, 
would be a detriment to the overall fishery. It is already documented that the presence of stamp sands 
at over 75% of the total volume in an area completely decimates life from the fishery down to 
macroinvertebrates. If Buffalo Reef was no longer a viable spawning reef because it was inundated by 
stamp sands, it is unlikely that Buffalo Reef fish would seek new spawning areas elsewhere.  
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5. Regional Economic Development (RED) Analysis 
 Regional ECONomic System (RECONS) 

This document presents the estimated regional economic activity that would be supported by the 
removal of stamp sands from the eastern coast of the Keweenaw Peninsula. The project would remove 
as much of the 15 million cubic yards of stamp sands with ongoing OMRR&R following the project 
coming online. There is a consensus that it is impossible to remove all the stamp sands; however, it is 
believed there is an acceptable amount which can be left in the environment to cause minimal 
disruption to the aquatic habitat and its inhabitants. The research on this has not been completed as of 
this report’s release. Three separate alternatives are presented (small, medium, and all). For a more 
detailed description of each alternative, see Chapter 8 in the main report. Each of these alternatives has 
a construction model run as well as a model run for the OMRR&R. Project Implementation costs are 
assumed to be $100 million per year regardless of the alternative due to the maximum anticipated 
funding that would be available. The $100 million annual budget remains unchanged between 
alternative scales; however, the average annual budget per activity varies per alternative scale. The 
OMRR&R model run was for a single year based upon the average annual OMRR&R costs. Additional 
detail can be found later in this appendix. 

This evaluation was completed in accordance with USACE policies and evaluation procedures for the 
regional economic development (RED) account, as defined by the Economic and Environmental 
Principles & Guidelines for Water and Related Land Resources Implementation Studies (P&G) (1986). The 
USACE Regional Economic System model (RECONS) was used to conduct this evaluation. RECONS is a 
USACE-certified regional economic model, designed to provide accurate and defensible estimates of 
regional economic impacts and contributions associated with USACE projects, programs, and 
infrastructure. Regional economic activity is measured as economic output (sales), jobs, income, and 
value added. Estimates are provided for three levels of geographic impact area: local, state, and 
national.  

The stamp sands project contributes to the regional economy by way of expenditures associated with 
the following: (1) construction; and (2) annual operation, maintenance, repair, rehabilitation, and 
replacement (OMRR&R). These activities and resulting estimates of regional economic activity are 
summarized below. Dollar values are presented in FY23 prices; job estimates are presented as full-time 
equivalent7. The results are presented in three geographic levels. The local level is for a Core Based 
Statistical Area (CBSA) which includes Keweenaw County and Houghton County. The state level output is 
for the State of Michigan and the national level output includes the United States. 

 Implementation and OMRR&R Activities, Duration, and Costs 

There are many activities that take place during implementation and OMRR&R. The features included in 
in project implementation are found in Table 5-1.  Table 5-2 and Table 5-3 list these activities along with 
the anticipated yearly cost associated with implementation and OMRR&R. RECONS modeling included 
the following implementation costs: lands, easements, rights-of-way, relocation, and disposal facility; 
project design; construction management; performance monitoring and adaptive management; and 

 
7 For the RECONS modeling and summary, all prices are at the FY23 price level and jobs are presented as a full-time 
equivalent. All monetary values are rounded to the thousands. 
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mitigation. Real estate, financial assurances and contingency were not included in the RECONS 
modeling. The RECONS model calculates regional economic benefit from these activities.  

Table 5-1 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 

Coal Dock Jetty 55,926,000 55,926,000 55,926,000 
Coal Dock Jetty 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 Per Section 324.11523 of the State of Michigan’s Part 115 Solid Waste Management Act, a landfill must provide up to $1M in 
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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Table 5-2 Anticipated yearly expenditure for project implementation activities displayed by alternative including percent of total expended, all dollar values are rounded to 
thousands, all percentages are rounded to tenths. 
  

Scale 

Average Yearly Project Implementation Expenditures 

Total 

Upland Placement 
Area Project 
Construction 

Non-Upland 
Placement Area 

Project 
Construction Dredging Activities 

Wetlands 
Mitigation, Septic 
Field Relocation, 
Water Treatment 

Facility Design Phase 
Construction 
Management 

Average 
Yearly Cost 

% of 
Yr 

Total 
Average 

Yearly Cost 

% of 
Yr 

Total 
Average 

Yearly Cost 

% of 
Yr 

Total 
Average 

Yearly Cost 

% of 
Yr 

Total 
Average 

Yearly Cost 

% of 
Yr 

Total 
Average 

Yearly Cost 

% of 
Yr 

Total 
All $41,496,000 41.5% $4,981,000 5.0% $34,283,000 34.3% $2,797,000 2.8% $9,751,000 9.8% $6,692,000 6.7%  $100,000,000  

Med. $41,495,000 41.5% $6,293,000 6.3% $31,995,000 32.0% $3,534,000 3.5% $10,009,000 10.0% $6,674,000 6.7%  $100,000,000  
Small $40,343,000 40.3% $8,500,000 8.5% $29,431,000 29.4% $4,773,000 4.8% $10,298,000 10.3% $6,656,000 6.7%  $100,000,000  



Economics Appendix Buffalo Reef – Final Alternatives Analysis  

44 

Table 5-3 Anticipated yearly expenditure for OMRR&R activities displayed by alternative including percent of total expended, all dollar values are rounded to thousands, all 
percentages are rounded to tenths 

 

 

 

Alt. 
Scale 

Average Yearly OMRR&R Expenditures  

Dredging & Disposal Pump Overhaul & Maintenance Haul Road Maintenance Pump House Maintenance 

Avg Yr Cost 1 % of Total2 Avg Yr Cost % of Total Avg Yr Cost % of Total Avg Yr Cost % of Total 
All $932,300  72.56% $9,800  0.76% $57,400  4.47% $2,100  0.16% 

Med. $2,820,400  86.80% $11,000  0.34% $81,000  2.49% $2,300  0.07% 
Small $3,097,900  87.68% $11,400  0.32% $84,400  2.39% $2,400  0.07% 

Alt. 
Scale 

Average Yearly OMRR&R Expenditures, continued 
Mowing, Sampling, Analysis, 

& Permit Renewal 
Annual Fence Inspection and 

Repair 
Monthly, Quarterly, & Annual 

Inspections 
Electricity Costs to Run 

Pumps 
Total Avg Yr Cost  % of Total Avg Yr Cost % of Total Avg Yr Cost % of Total Avg Yr Cost % of Total 

All $76,500  5.95% $24,000  1.87% $154,200  12.00% $28,500  2.22% $1,284,800  
Med. $89,100  2.74% $25,300  0.78% $185,100  5.70% $32,100  0.99% $3,249,300  
Small $90,500  2.56% $25,300  0.72% $188,800  5.34% $32,400  0.92% $3,533,100  



Economics Appendix Buffalo Reef – Final Alternatives Analysis  

45 

5.2.1. Implementation and OMRR&R Activities, Duration, and Costs 

Implementation activities, duration, and costs vary depending on which of the three alternatives is 
chosen (Table 5-3)8. For a more detailed description of the OMRR&R activities for each alternative, see 
Chapter 6 in the Main Report. A simplifying assumption for  RECONS inputs was each activities’ yearly 
cost was input as the percent of the total cost for one year of expenditure. For example, the 
implementation of the Upland Placement Area represented a 42% of the total project cost and was 
assumed to be 42% of the annual project cost. As noted above real estate, financial assurances and 
contingency were subtracted from the total implementation cost and not included in the RECONS 
analysis.  

Table 5-4 Summary Table for Implementation and OMRR&R expenditures, OMRR&R Total Cost and Average Yearly 
Expenditures (FY23 Price Level, values are rounded). 

Scale Total Cost Average Yearly 
Expenditures Years of Activity 

All 

Construction $1,564,402,000 $100,000,000 16 

OMRR&R $     93,787,964 $       1,284,767  70 

Medium 

Construction $1,192,660,000 $100,000,000 12 

OMRR&R $ 600,571,744  $     3,246,334  185 

Small 

Construction $932,217,000 $100,000,000 10 

OMRR&R $ 840,886,960 $     3,533,138  238 

 Method for Conducting RED Evaluation 

RECONS uses modules titled The Civil Works Spending Modules which are used to estimate the regional 
economic impacts and contributions of project expenditures within the eight USACE Civil Works 
business lines. Project expenditures include studies, construction, and operations and maintenance 
activities. The Civil Works Spending Modules allow the user to specify the project location and work 
activity to estimate the economic output, jobs, income, and value added for three levels of geography: 
local, state, and national impact areas 

The Civil Works Spending Module ‘Long-Term Impacts and Contributions’ was used to generate the 
economic activity supported by project construction and OMRR&R expenditures. All implementation 

 
8 For implementation activities, it is estimated that funding will be capped at $100 million per year until 
implementation is complete. 
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activities were included in the RECONS modeling except for Real Estate, Financial Assurances, and 
Contingency9. These three activities are not considered construction and do not contribute to the 
regional impacts of a project. The remaining activities were grouped together as appropriate under 
different categories in RECONS. Based upon the most up-to-date cost estimate, each activity was 
assigned a dollar amount which would be expended based upon the percent it represents towards the 
total construction cost. The expenditures were scaled to reflect the anticipated $100 million yearly 
budget less the contingency.  

5.3.1. Economic Measures & Economic Impacts 

RECONS presents estimates of new or existing economic activity (impacts or contributions, respectively) 
in the following measures: output (sales); jobs, labor income and value added. These terms are defined 
below. 

Output (Sales): Annual sales are equivalent to annual economic output or the value of production by 
industry. Output can be measured either by total value of purchases by intermediate and final 
consumers or by intermediate outlays plus value added. 

Jobs: A job is the annual average of monthly jobs in an industry (this is the same definition used by 
Quarterly Census of Employment and Wages, Bureau of Labor Statistics, and Bureau of Economic 
Analysis nationally). A job can be full-time, part-time or overtime, and includes proprietors (i.e., self-
employed persons). Job estimates are presented in full-time equivalent. 

Labor Income: Labor income represents all forms of annual employment earnings; it is the sum of 
employee compensation and proprietor income. 

Value Added: Value added consists of employee compensation, proprietary income, other property type 
income (which includes industry profits), and indirect business taxes. Value-added is an estimate of 
gross regional product (GRP). 

RECONS includes three categories of economic impacts: direct, indirect, and induced. These terms are 
defined below. 

Direct Impacts: Direct impacts occur in the impact area in which a project or economic activity is 
located. Direct sales represent that proportion of the spending or sales in each industry that flows to 
material and service providers in the impact area. For employment, labor income, and GRP measures, 
the direct impacts represent the jobs, labor income, and valued added (gross regional product) 
associated with the directly affected industry. 

Indirect Impacts: The indirect impacts include the backward-linked industry suppliers for goods and 
services that support the directly affected industries, supporting indirect sales, jobs, labor income and 
value added. For example, if construction activity is the direct impact, indirect business supporting 
construction would include architectural and engineering, lumber suppliers, trucking, and steel 
manufacturers, among others; these are considered backward-linked industries supporting the 
construction activity. 

Induced Impacts: Induced impacts occur from household expenditures or consumer spending associated 
with the direct and indirect workers spending their earnings within the impact area, supporting induced 
sales, jobs, labor income, and value added. 

 
9 Contingency was subtracted from the average annual cost of construction before the RECONS model was run. 
The contingency for the All and Small alternatives is 36% and it is 30% for the Medium alternative. 
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Total Impacts: Total impacts is the sum of direct, indirect, and induced impacts. 

 Regional Economic Impacts 

5.4.1. Regional Economic Activity Supported by Project Implementation Expenditures 

This RED evaluation measures the change in economic activity if a project was implemented. For the 
purposes of this RED evaluation, Real Estate, Financial Assurances, and Contingency were subtracted 
from the implementation cost. No reductions were made to the OMRR&R annual cost. The total cost 
(expenditure) estimated for project implementation is presented in Table 5-1. These costs are incurred 
over different lengths of time depending on the alternative chosen. However, implementation is 
expected to not exceed $100 million in expenditures in any given year. The impact areas for this RED 
evaluation are presented Table 5-5 and Figure 5-1. 

Table 5-5 - Economic Impact Areas: Local (City of Houghton, MI CBSA), State (MI), Nation (US)  

Local Impact Areas (City of Houghton, MI CBSA) Counties: Keweenaw (MI), Houghton (MI) 

State Impact Area Michigan 

National Impact Area United States 

Figure 5-1 - Local Impact Area (Keweenaw and Houghton Counties) and State Impact Area (MI) 

 

Table 5-6 displays the total regional economic benefits attributed to project implementation. To 
estimate the impacts for each FY, the percent of total implementation costs incurred each FY would be 
multiplied by the RED benefit categories (output, jobs, labor income and value added). Implementation 
costs not included in the RECONS analysis are the following: real estate, financial assurances and 
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contingency. Estimates of the annual regional economic activity supported the activities are presented 
in Table 5-6. 

Table 5-6 Summary table showing yearly RECONS output for implementation activities across the three 
scales of the Potential Plan. 

Summary Table – 
Implementation1 Sales Jobs Labor Income Value Added 

Local 
Total Impact - Small $75,704,637  675 $36,188,383  $40,907,789  
Total Impact - Medium $82,224,352  737 $39,583,107  $44,630,098  
Total Impact - All $74,424,356  669 $36,028,847  $40,635,061  
State 
Total Impact - Small $111,290,308  863 $55,336,550  $65,171,825  
Total Impact - Medium $121,057,509  943 $60,418,527  $71,024,894  
Total Impact - All $109,839,244  858 $54,941,187  $64,609,594  
US 
Total Impact - Small $182,906,204  1,137 $79,552,196  $103,041,002  
Total Impact - Medium $200,064,986  1,247 $87,143,188  $112,807,872  
Total Impact - All $182,510,379  1,137 $79,507,218  $103,041,374  

1 Real estate, financial assurances and contingency were not included in the RECONS modeling. 

5.4.2. Regional Economic Activity Supported by Annual OMRR&R Expenditures 

This RED evaluation measures the change in economic activity resulting from the continued operation 
and maintenance, repair, rehabilitation, and replacement (OMRR&R) activities. The OMRR&R phase 
varies for the three alternatives based upon the amount of stamp sands that will be dredged during the 
implementation period.  

Costs of annual OMRR&R activities are presented in Table 5-2. The local impact area being the 
Houghton, MI CBSA, the state impact area being Michigan, and the national level impact area being the 
United States; the local and state impact areas are presented in Figure 5-1. Estimates of the regional 
economic activity supported by annual OMRR&R activities are presented in Table 5-7.  
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Table 5-7 Summary table showing RECONS output for OMRR&R activities across the three scales of the Potential 
Plan. 

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  

The yearly expenditures associated with annual OMRR&R activities are direct expenditures that 
generate additional economic activity, often called secondary or multiplier effects. The direct and 
secondary impacts are measured in output, jobs, labor income and value added, as summarized in 
(Table 5-7). These regional economic effects are shown for the local, state, and national impact areas. 

 RED Evaluation Summary 

In its entirety, this RED evaluation demonstrates the regional economic activity that would be supported 
by one of the three alternatives presented in this report during its construction period and OMRR&R 
expected to occur over the project evaluation period. Regional economic activity (impacts and 
contributions) is measured as economic output (sales), jobs, income, and value added. Estimates were 
provided for three levels of geographic impact area: local, state, and national. All dollar values in this 
document are presented in FY23 prices and job estimates are presented as full-time equivalent. For a 
summary comparison of the construction and OMRR&R RECONS output, see Table 5-6 and Table 5-7. 
For a complete analysis output, see the economics appendix attachment. 

The RECONS modeling output for the three alternative construction activities are similar due to the 
anticipated spending being capped at $100 million per year. The only difference between the 
alternatives is the activities duration varies. For the OMRR&R RECONS modeling, there is a greater 
difference in the output. The Small-scale alternative has the greatest potential regional impact during 
OMRR&R because the volume of stamp sands remaining after project implementation is the largest. The 
All-scale alternative removes the largest volume of stamp sands during the implementation period; 
therefore, the All alternative has the lowest potential regional impact during the OMRR&R period. 

6. Other Social Effects  
This section attempts to capture and describe other benefits that cannot be captured in the NED and 
RED sections. In addition to protecting the reef and restoring nearby habitats, there are additional 
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outcomes from implementing a project at this location that could offer positive benefits to the area and 
local community.  

If the Upland Placement Site was utilized as a recreational site by the non-federal sponsor, the 
placement site, once capped and closed could provide a bird-watching opportunities and a view of the 
North Michigan landscape depending on the design, cost and long-term operation and maintenance 
costs. The Coal Dock Jetty would extend approximately 2,150 feet, greater than a quarter of a mile, into 
Lake Superior. When not in use during project implementation and OMRR&R, dredging and transport of 
stamp sands to the landfill, the Coal Dock Jetty could possibly serve as a recreational attraction 
depending on design, cost and long-term OMRR&R considerations. The feasibility study assumes the 
Coal Dock Jetty would be removed once its function as a sediment trap and off-loading platform is not 
needed.  

 

Figure 6-1: Conceptual rendering of the extended coal dock jetty from Lake Superior looking northwest towards the shore 

The All scale alternative would eliminate stamp sands from overtopping the breakwater at Grand 
Traverse Harbor and filling it. Grand Traverse Harbor is a harbor of refuge. The Michigan State 
Waterways Commission developed 83 Harbors of Refuge, enabling tens of thousands of boaters to 
encircle Michigan using safe harbors and overnight hospitality. The program’s goal is to locate Great 
Lakes harbors so no boater will ever be more than 15 shoreline miles from safety (USACE 2019).  

In the No Action Alternative, where no additional dredging occurs, 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, and harbor uses would likely 
be eliminated. The closed harbor would negatively impact commercial and Tribal fishermen who depend 
on that harbor for their livelihood and subsistence fishing, recreational boaters and fishermen, and 
charter fishing excursion companies. Without this harbor, the distance between harbors of refuge would 
be increased. Additionally, the potential for upriver flooding increases and could potentially cause 
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damage to any structure located along the Traverse River. Refer to Main Report, Chapter 4, Section 4.3.5 
Hydrology and Hydraulics for more information.   

7. Summary and Conclusions 
The Lake Superior fishery contributes every year in a consistent and dependable manner. As was shown, 
while some areas have fluctuations in their production, overall, there is a great deal of benefit that 
comes from the waters. Between state-licensed commercial, Tribal subsistence and commercial, 
recreational, and charter fishing, the Lake Superior fishery provided almost 50 million pounds of 
harvested fish and another 2.5 million fish that were not converted to pounds. In many instances, Lake 
Trout and Lake Whitefish are the primary drivers of this statistic. These two species contributed almost 
11 million pounds to the Tribe, 16 million pounds to state-licensed commercial fishermen, and over 2 
million pounds to recreational fishermen. These activities resonate through the local community 
generating economic activity and revenue to businesses outside of those operating on Lake Superior. 
Furthermore, the intrinsic value to the Tribe extends beyond monetary value. The sense of community 
that is found through the sharing of the harvest throughout the Tribe has cultural value, spiritual value, 
and a tradition spanning generations that cannot be measured by monetary means. 

Buffalo Reef is a productive area in Lake Superior. Many individuals depend on the fishery as a way of 
life. Losing a 2,200-acre reef that is a spawning ground for two of the main contributing species would 
be detrimental to the overall fishery in Lake Superior. The continued coverage of Buffalo Reef will be a 
loss of revenue, a loss of a food source, and an immeasurable loss to the Tribal community.  

It is unlikely the Federal project would be consistently funded to maintain the harbor. Without continual 
and frequent maintenance, Grand Traverse Harbor would close and no longer act as a harbor of refuge. 
There have already been several occasions where the harbor was shut down and boats could not come 
and go. Grand Traverse Harbor would no longer act as a harbor of refuge, which could leave boaters on 
Lake Superior in a dangerous position having to travel to the next closest harbor in times of trouble or 
Lake Superior storms. Not having a river outlet, the Traverse River would pose an increased flood risk to 
structures along the river.  

This RED evaluation was completed using the USACE certified RECONS model. It measures the change in 
regional economic activity that would be supported by project implementation. In addition to the 
environmental and cultural benefits, the project would result in a boost to the regional economy. Table 
7-1 and Table 7-2 shows the sales generated along with full-time equivalent jobs that would be 
supported for the three dredging scales for the Potential Plan.  
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Table 7-1 Summary Table Showing RECONS Output for Implementation Activities for the three dredging scales of 
the Potential Plan, October 2022 price level 

Summary Table – 
Implemenetation1 

Sales Jobs 

Local  

Total Impact – Small $75,705,000 675 

Total Impact – Medium $82,224,000 737 

Total Impact – All $74,424,000 669 

State  

Total Impact – Small $111,290,000  863 

Total Impact – Medium $121,058,000 943 

Total Impact – All $109,839,000 858 

US  

Total Impact – Small $182,906,000 1,137 

Total Impact – Medium $200,065,000 1,247 

Total Impact – All $182,510,000 1,137 
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Table 7-2 Summary Table Showing RECONS Output for OMRR&R Activities for the three dredging scales of the 
Potential Plan, October 2022 price level 

Summary Table - 
OMRR&R Sales Jobs 

Local  
Total Impact - Small $2,729,899  28.6 
Total Impact - Medium $2,520,380  26.4 
Total Impact - All $1,083,576  11.7 
State  
Total Impact - Small $4,535,861  39.2 
Total Impact - Medium $4,182,960  36.2 
Total Impact - All $1,764,617  15.7 
US  
Total Impact - Small $8,720,943  56.4 
Total Impact - Medium $8,025,848  52.0 
Total Impact - All $3,267,279  22.1 

A project at this location serves additional benefits that are not captured in the qualitative analysis of 
the fishery. If the NFS approves, the coal dock jetty and an upland landfill could serve as two locations 
for potential recreational benefits as well as another tourist attraction in an area that still maintains 
much of the same beauty that could be found generations ago. The view of the Northern Michigan 
landscape atop the 240-acre upland placement site would be breathtaking and an opportunity not easily 
found in the area. As the stamp sands are removed, more of the coal dock jetty could be accessible to 
journey out into Lake Superior and enjoy another stunning view of the lake and the Northern Michigan 
landscape. 

The waters in Lake Superior, as well as the reefs and fish within it, are finite resources. The loss of any 
one part of Lake Superior may ripple through the rest of ecosystem and may never be replaced. 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 
community tradition is strong in this area and amongst the people who reside there. The cultural and 
spiritual value cannot be discounted or overlooked. These are factors that are irreplaceable.  
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Attachment 1 - 1 

 Construction & OMRR&R Activities with Accompanying RECONS Modeling Work 
Item 

The following tables show the information which was utilized to run the RECONS modeling. Table 1 and 
Table 2 show the RECONS category and the accompanying cost estimate work item. They also show 
which work items coincide with the appropriate alternative. 

Table 3. Construction Activities used for RECONS Modeling 

RECONS Category Cost Estimate Work 
Item Alternative 

Construction Activities   Small Medium All 
Upland Placement Area   

   

Nav - Placement Area Construction, Repair, 
and Rehabilitation 

Upland Placement 
Area 

X X X 

Non-Upland Placement Area   
   

Nav - Construction and Repair of Large Stone 
Breakwaters and Jetties 

Coal Dock Jetty  X X X 

Dredging   
   

FRM / Nav - Dredging Large 
Dredge_HighLaborCost Region 

Grand Traverse Harbor 
Dredging 

X X X 

  Coal Dock Jetty 
Dredging 

X X X 

  South Shoreline 
Dredging 

X X X 

  Trough Dredging X X X 
  North Shoreline 

Dredging 

 
X X 

  Dune Dredging 
  

X 
  Middle Shoreline 

Dredging 

  
X 

FUSRAP   
   

FUSRAP - ENV - CWB - FUSRAP Wetland Mitigation X X X 
  Haul Roads X X X 
  Septic Field Relocation X X X 
  Water Treat Facility X X X 
Non-Construction Activities   

   

All - Architectural, Engineering, and Design 
Services and Studies 

Design Phase X X X 

All - USACE Labor and Overhead Construction 
Management 

X X X 

Costs not included in RECONS   
   

  Real Estate X X X 
  Contingency 

Distributed 
X X X 

  Financial Assurances X X X 
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Table 4. OMRR&R Activities used for RECONS Modeling. 

RECONS Category Cost Work Activity Alternative 
OMRR&R Activities   Small Medium All 
Dredging and Disposal   

   

NAV - Dredging Small Dredge_MidLaborCost 
Region 

Maintenance Dredging X X X 

  Disposal X X X 
Pump Overhaul and Maintenance   

   

Operations and Maintenance - Water 
Resource Infrastructure 

Pump Overhaul X X X 

  Assume pump maintenance 
required monthly, electric motor, 2 
days of labor/month 

X X X 

Haul Road   
   

Operations and Maintenance - Highways, 
Bridges, and Streets 

Haul Road X X X 

  Assume road maintenance annually, 
monthly snowplow to access 
Monitoring Wells 

X X X 

Pump House   
   

All - Operations and Maintenance - Buildings 
and Facilities 

Pump House X X X 

Mowing, Sampling, Analysis, and Permit 
Renewal 

  
   

ENV Ecosystem and Habitat Restoration or 
Improvement, Non-Construction Activities 
(service contracts) 

Mowing berm 3 times/year X X X 

  Monthly sampling and analysis of 
GW and report to SOM. 

X X X 

  Sampling leachate, analyzing, NPDES 
permit renewal 

X X X 

Annual Fence Inspection and Repair   
   

NAV - Placement Area Construction, Repair, 
and Rehabilitation 

Annual inspection of fence and 
repair 

X X X 

Monthly, Quarterly, and Annual Inspections   
   

Planning and Environmental Compliance 
Services and Studies 

Monthly inspections - frequency 
dependent on SOM Operating 
Permit 

X X X 

  Quarterly inspections after project 
completion 

X X X 

  Inspect CDJ yearly and after large 
storm events 

X X X 

Electricity Cost to Operate Pumps   
   

WTR - Operations of Water Supply Systems Electricity Cost to run pumps 10% of 
$335,720 

X X X 
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 Construction and OMRR&R Activities with Expenditure Breakdown used for 
RECONS Modeling 

The following tables show the expenditure information which was utilized to run the RECONS modeling. 
Table 3 shows the RECONS category and the accompanying expenditures for each alternative. The total 
project cost (total expenditure) is shown along with the years of construction. The years of 
implementation was calculated by taking the total project cost and dividing by the maximum funding 
available, $100 million. The yearly expenditure was calculated by dividing the total expenditure by the 
years of construction. This is the value that was used to run the RECONS modeling. 

Table 5. Construction Expenditures (FY23 price level, rounded to the thousands) 
Expenditure Breakdown for Construction Activities 
ALTERNATIVE 
SCALE - ALL 

TOTAL 
EXPENDITURE 

IMPLEMENTATION 
DURATION 

YEARLY 
EXPENDITURE 

% 
TOTAL 

Upland 
Placement Area 

$633,657,000 15.27 $41,496,000 41.50% 

Non-Upland 
Placement Area 

$76,059,000 15.27 $4,981,000 4.98% 

Dredging $523,520,000 15.27 $34,283,000 34.28% 
FUSRAP $42,714,000 15.27 $2,797,000 2.80% 
Design Phase 
(Non-
Construction) 

$148,908,000 15.27 $9,751,000 9.75% 

Construction 
Management 
(Non-
Construction) 

$102,185,000 15.27 $6,692,000 6.69% 

Total $1,527,042,000 15.27 $100,000,000 100% 
Costs Not 
Included in 
RECONS 

$37,360,000 15.27 $2,447,000   

Real Estate $36,000,000 15.27 $2,357,000   
ALTERNATIVE 
SCALE - MEDIUM 

TOTAL 
EXPENDITURE 

IMPLEMENTATION 
DURATION 

YEARLY 
EXPENDITURE 

% 
TOTAL 

Upland 
Placement Area 

$479,422,000 11.55 $41,495,000 41.50% 

Non-Upland 
Placement Area 

$72,704,000 11.55 $6,293,000 6.29% 

Dredging $369,652,000 11.55 $31,995,000 31.99% 
FUSRAP $40,829,000 11.55 $3,534,000 3.53% 
Design Phase 
(Non-
Construction) 

$115,640,000 11.55 $10,009,000 10.01% 

Construction 
Management 
(Non-
Construction) 

$77,113,000 11.55 $6,674,000 6.67% 
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Total $1,155,360,000 11.55 $100,000,000 100% 
Costs Not 
Included in 
RECONS 

$37,300,000 11.55 $3,228,000   

Real Estate $36,000,000 11.55 $3,116,000   
ALTERNATIVE 
SCALE - SMALL 

TOTAL 
EXPENDITURE 

IMPLEMENTATION 
DURATION 

YEARLY 
EXPENDITURE 

% 
TOTAL 

Upland 
Placement Area 

$361,011,000 8.95 $40,343,000 40.34% 

Non-Upland 
Placement Area 

$76,059,000 8.95 $8,500,000 8.50% 

Dredging $263,361,000 8.95 $29,431,000 29.43% 
FUSRAP $42,714,000 8.95 $4,773,000 4.77% 
Design Phase 
(Non-
Construction) 

$92,152,000 8.95 $10,298,000 10.30% 

Construction 
Management 
(Non-
Construction) 

$59,560,000 8.95 $6,656,000 6.66% 

Total $894,857,000 8.95 $100,000,000 100% 
Costs Not 
Included in 
RECONS 

$37,360,000 8.95 $4,175,000   

Real Estate $36,000,000 8.95 $4,023,000   
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Table 6. OMRR&R Expenditures (FY23 price level, “Total Expenditure" rounded to the thousands, “Yearly 
Expenditure” rounded to the tenths) 

Expenditure Breakdown for OMRR&R Activities  
ALTERNATIVE SCALE -ALL TOTAL 

EXPENDITURE 
OMRR&R 
DURATION 

YEARLY 
EXPENDITURE 

% 
TOTAL 

Dredging and Disposal $68,058,000 73 $932,301 72.57% 
Pump Overhaul and 
Maintenance 

$715,400 73 $9,800 0.76% 

Haul Road $4,192,000 73 $57,425 4.47% 
Pump House $150,000 73 $2,055 0.16% 
Mowing, Sampling, 
Analysis, and Permit 
Renewal 

$5,584,500 73 $76,500 5.95% 

Annual Fence Inspection 
and Repair 

$1,752,600 73 $24,008 1.87% 

Monthly, Quarterly, and 
Annual Inspections 

$11,254,000 73 $154,164 12.00% 

Electricity Costs to Run 
Pumps 

$2,081,464 73 $28,513 2.22% 

Total $93,787,964 73 $1,284,767 100% 
ALTERNATIVE SCALE - 
MEDIUM 

TOTAL 
EXPENDITURE 

OMRR&R 
DURATION 

YEARLY 
EXPENDITURE 

% 
TOTAL 

Dredging and Disposal $521,778,000 185 $2,820,422 86.88% 
Pump Overhaul and 
Maintenance 

$2,031,100 185 $10,979 0.34% 

Haul Road $14,992,000 185 $81,038 2.50% 
Pump House $425,000 185 $2,297 0.07% 
Mowing, Sampling, 
Analysis, and Permit 
Renewal 

$16,492,600 185 $89,149 2.75% 

Annual Fence Inspection 
and Repair 

$4,673,600 185 $25,263 0.78% 

Monthly, Quarterly, and 
Annual Inspections 

$34,237,200 185 $185,066 5.70% 

Electricity Costs to Run 
Pumps 

$5,942,244 185 $32,120 0.99% 

Total $600,571,744 185 $3,246,334 100% 
ALTERNATIVE SCALE -
SMALL 

TOTAL 
EXPENDITURE 

OMRR&R 
DURATION 

YEARLY 
EXPENDITURE 

% 
TOTAL 

Dredging and Disposal $737,295,000 238 $3,097,878 87.68% 
Pump Overhaul and 
Maintenance 

$2,718,600 238 $11,423 0.32% 

Haul Road $20,080,000 238 $84,370 2.39% 
Pump House $575,000 238 $2,416 0.07% 
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Mowing, Sampling, 
Analysis, and Permit 
Renewal 

$21,546,000 238 $90,529 2.56% 

Annual Fence Inspection 
and Repair 

$6,019,800 238 $25,293 0.72% 

Monthly, Quarterly, and 
Annual Inspections 

$44,931,000 238 $188,786 5.34% 

Electricity Costs to Run 
Pumps 

$7,721,560 238 $32,444 0.92% 

Total $840,886,960 238 $3,533,138 100% 

 RECONS Modeling Results 

The following tables show the RECONS modeling output. Local impacts refer to Chippewa County, MI. 
State impacts refer to the State of Michigan. This includes all local impacts. US impacts refer to those 
captured by the United States. These values include the State of Michigan as well as Chippewa County, 
MI. These tables are at the FY23 price level. All values are rounded to the thousands. Jobs are 
represented in full-time equivalent. 

Table 7. RECONS output for Implementation, Upland Alternative- Small 

Area Local Capture Sales Jobs Labor Income Value Added 

Local  

Direct Impact   $75,218,000  769 $44,455,000 $42,455,000 

Secondary 
Impact 

  $43,070,000  285 $12,089,000 $21,464,000 

Total Impact $75,218,000  $118,288,000  1,054 $56,544,000  $63,918,000 

State  

Direct Impact   $84,309,000  841 $56,146,000  $52,014,000 

Secondary 
Impact 

  $89,582,000  507 $30,318,000 $49,817,000 

Total Impact $84,309,000 $173,891,000  1,348 $86,463,000  $101,831,000 

US  

Direct Impact   $97,202,000  902 $64,472,000 $58,670,000 

Secondary 
Impact 

  $188,589,000  876 $59,829,000  $102,331,000 

Total Impact $97,202,000 $285,791,000  1,777 $124,300,000  $161,002,000 
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Table 8. RECONS output for OMRR&R, Upland Alternative - Small 

Area Local 
Capture 

Sales Jobs Labor 
Income 

Value 
Added 

Local  

Direct Impact 
 

$1,676,669  22.0 $1,222,410  $1,368,487  

Secondary 
Impact 

 
$1,053,230  6.6 $328,645  $576,169  

Total Impact $1,676,669  $2,729,899  28.6 $1,551,056  $1,944,656  

State  

Direct Impact 
 

$2,345,002  26.5 $1,572,249  $1,788,287  

Secondary 
Impact 

 
$2,190,860  12.7 $754,098  $1,232,134 

Total Impact $2,345,002  $4,535,861  39.2 $2,326,347  $3,020,421 

US  

Direct Impact 
 

$3,390,055  31.4 $1,960,143  $2,320,411  

Secondary 
Impact 

 
$5,330,889  25.0 $1,711,378  $2,915,539  

Total Impact $3,390,055  $8,720,943  56.4 $3,671,520  $5,235,950  

Table 9. RECONS output for Construction, Upland Alternative -Medium 

Area Local Capture Sales Jobs Labor Income Value Added 

Local  

Direct Impact   $74,568,000 770 $44,491,000 $42,344,000  

Secondary Impact   $42,896,000  283 $12,056,000 $21,413,000 

Total Impact $74,568,000 $117,463,000  1,053 $56,547,000 $63,757,000  

State  

Direct Impact   $83,814,000  843 $56,151,000 $51,896,000 

Secondary Impact   $89,126,000  504 $30,161,000 $49,568,000  
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Total Impact $83,814,000 $172,939,000  1,347 $86,312,000  $101,464,000  

US  

Direct Impact   $97,244,000  905 $64,674,000  $58,839,000  

Secondary Impact   $188,563,000  875 $59,816,000 $102,315,000  

Total Impact $97,244,000  $285,807,000  1,781 $124,490,000  $161,154,000  

Table 10. RECONS output for OMRR&R, Upland Alternative - Medium 

Area Local 
Capture 

Sales Jobs Labor 
Income 

Value 
Added 

Local  

Direct Impact 
 

$1,548,729  20.3 $1,124,958  $1,256,927  

Secondary Impact 
 

$971,651  6.1 $302,873  $530,724  

Total Impact $1,548,729  $2,520,380  26.4 $1,427,831  $1,787,651  

State  

Direct Impact 
 

$2,159,924  24.5 $1,449,632  $1,644,065  

Secondary Impact 
 

$2,023,036  11.7 $696,288  $1,137,702  

Total Impact $2,159,924  $4,182,960  36.2 $2,145,920  $2,781,767  

US  

Direct Impact 
 

$3,116,034  29.0 $1,807,615  $2,132,661  

Secondary Impact 
 

$4,909,814  23.0 $1,576,219  $2,685,493  

Total Impact $3,116,034  $8,025,848  52.0 $3,383,834  $4,818,154  

Table 11 RECONS output for Construction, Upland Alternative - All 

Area Local Capture Sales Jobs Labor Income Value Added 

Local  

Direct Impact   $73,746,000 766 $44,319,000  $42,216,000  

Secondary Impact   $42,542,000  280 $11,976,000 $21,276,000  

Total Impact $73,746,000  $116,288,000  1,046 $56,295,000  $63,492,000  
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State  

Direct Impact   $83,227,000  840 $55,926,000  $51,782,000  

Secondary Impact   $88,396,000 500 $29,920,000  $49,170,000  

Total Impact $83,227,000  $171,624,000  1,340 $85,846,000  $100,952,000  

US  

Direct Impact   $97,241,000  905 $64,605,000  $59,021,000  

Secondary Impact   $187,932,000  872 $59,625,000  $101,981,000  

Total Impact $97,241,000 $285,172,000  1,777 $124,230,000  $161,002,000  

Table 12 RECONS output for OMRR&R, Upland Alternative - All 

Area Local Capture Sales Jobs Labor Income Value Added 

Local  

Direct Impact 
 

$671,291  9.0 $457,396  $494,104  

Secondary 
Impact 

 
$412,284  2.7 $126,259  $219,456  

Total Impact $671,291  $1,083,576  11.7 $583,655  $713,560  

State  

Direct Impact 
 

$892,841  10.6 $608,625  $657,200  

Secondary 
Impact 

 
$871,775  5.0 $299,666  $489,906  

Total Impact $892,841  $1,764,617  15.7 $908,291  $1,147,106  

US  

Direct Impact 
 

$1,241,479  12.6 $760,916  $847,668  

Secondary 
Impact 

 
$2,025,800  9.5 $650,368  $1,109,660  

Total Impact $1,241,479  $3,267,279  22.1 $1,411,284  $1,957,328  

 


	1. Introduction
	2. Demographic Information
	2.1. State of Michigan, Keweenaw, Houghton, and Baraga County Information
	2.2. Comparing the L’Anse Reservation and Off-Reservation Trust Land, Baraga County, Houghton Keweenaw County, and the State of Michigan

	3. Potential Consequences of Stamp Sands in Lake Superior
	3.1. Introduction
	3.2. History
	3.3. Summary of Potential Ecological Impacts of Gay, MI Stamp Sands
	3.4. Purpose
	3.5. Total Catch Versus Changes in Catch
	3.6. Overview of Differences between the NED and RED Accounts
	3.7. Activities Potentially Affected by the Gay, MI Stamp Sands Deposition and Continued Transport

	4. National Economic Development (NED) Analysis: Economic Consequences due to the Long-Term Deposition of Stamp Sands in Lake Superior
	4.1. Overview of NED Approach
	4.2. NED Analysis – State-Licensed Commercial Fishing, Tribal Commercial Fishing and Tribal Subsistence Fishing
	4.2.1. Overview
	4.2.2. State-Licensed Commercial Fishing Data
	Lake Superior Data
	Buffalo Reef and Surrounding Area Data


	4.3. Lake Superior Tribal Subsistence and Commercial Fishing
	4.3.1. Importance of Tribal Fishing in Lake Superior
	4.3.2. Dressed Pounds
	Lake Superior Data
	Buffalo Reef and Surrounding Area Data

	4.3.3. Catch per Effort (CPE)
	Lake Superior Data
	Buffalo Reef and Surrounding Area Data

	4.3.4. Summary of Subsistence Fishing

	4.4. NED Analysis – Recreational Fishing
	4.4.1. Overview
	4.4.2. Recreational Fishing Data
	Lake Superior Data
	Buffalo Reef and Surrounding Area Data


	4.5. NED Analysis – Charter Fishing
	4.5.1. Overview
	4.5.2. Charter Fishing Data
	Lake Superior Data
	Buffalo Reef and Surrounding Area Data


	4.6. NED Analysis – Lake Superior Professional Fishing Tournaments
	4.7. Summary of NED Analysis

	5. Regional Economic Development (RED) Analysis
	5.1. Regional ECONomic System (RECONS)
	5.2. Implementation and OMRR&R Activities, Duration, and Costs
	5.2.1. Implementation and OMRR&R Activities, Duration, and Costs

	5.3. Method for Conducting RED Evaluation
	5.3.1. Economic Measures & Economic Impacts

	5.4. Regional Economic Impacts
	5.4.1. Regional Economic Activity Supported by Project Implementation Expenditures
	1 Real estate, financial assurances and contingency were not included in the RECONS modeling.
	5.4.2. Regional Economic Activity Supported by Annual OMRR&R Expenditures

	5.5. RED Evaluation Summary

	6. Other Social Effects
	7. Summary and Conclusions
	8. BIBLIOGRAPHY
	9. Acronyms
	9.1. Construction & OMRR&R Activities with Accompanying RECONS Modeling Work Item
	9.2. Construction and OMRR&R Activities with Expenditure Breakdown used for RECONS Modeling
	9.3. RECONS Modeling Results


