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EXECUTIVE SUMMARY

Copper mining activities conducted between 1890 and 1920 in the Village of Gay, Keweenaw
County, Michigan resulted in the generation of approximately 37.3 million cubic yards (mcy) of
mining waste known as stamp sand that was placed in or along Lake Superior near the Village of
Gay. A byproduct of copper extraction, stamp sand is known to contain heavy metals at
concentrations that pose an unacceptable risk to aquatic organisms. In addition, migration of

stamp sand, which is black in color, has covered native white sand beaches.
Herein, the definition of the Gay Site includes the following features:

= The original stamp sand deposit (original deposit) located near the former Village of
Gay, Michigan copper stamping mill (former Gay mill); and,

= The approximate 5.3 miles of shoreline that begins at the original deposit and continues
southerly to the Traverse River harbor breakwall. This approximate 5.3 miles of
shoreline has been covered by stamp sand due to the migration from the original deposit.

It is estimated that the original deposit is receding at a rate of 8.0 meters per year (m/yr) (26.0

feet per year [ft/yr]).

Without mitigation, continued migration could threaten public health and welfare, and the
environment. It is expected that if a remedy is not implemented, the stamp sand will eventually
bypass the Traverse River harbor and deposit on the currently unaffected beach south of the

breakwall.

The beneficial use impairments that are applicable to the Torch Lake Area of Concern (AOC) are
also applicable to the Gay Site. These include degradation of fish and wildlife habitat,
degradation of the benthos, and degradation of aesthetics. In accordance with the Lake Superior
Lakewide Management Plan (LaMP), degraded habitat features should be rehabilitated or
restored when beneficial to the Lake Superior ecosystem. This is the case specifically when
consequential landscape changes and nearshore/shoreline habitat degradation have occurred, as
at the Gay Site. The use of shoreline protection or erosion control measures is consistent with
the remediation measures implemented at sites within the AOC. The stamp sand from the Gay

Site is known to be toxic to benthic organisms as well as organisms in the water column when

WESTON SOLUTIONS OF MICHIGAN, INC. ES'l 10/12/2007
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EXECUTIVE SUMMARY

introduced into an aquatic environment (Lake Superior). Therefore, precluding further erosion

of the original deposit would be beneficial to the Lake Superior ecosystem.
To mitigate further adverse environmental impacts, the objectives of the study were as follows:

= Preclude further erosion of the original deposit, and

= Ensure the unaffected, clean beach south of the Traverse River harbor breakwall is
not impacted by the southward migration of the previously eroded stamp sand.

In evaluating alternatives to meet these objectives, it should be noted that any coastal structure in
a surf zone will have a limited lifespan and require maintenance. Unless the stamp sand is
removed entirely from the ecosystem, pathways of groundwater and surface water will be

impacted. Given the magnitude of the stamp sand, complete removal is not practical.

While the nature and impacts of the contaminant material (stamp sand) may be different when
compared to “typical” remediation sites, the original deposit at the Gay Site should be considered
a wastepile and source area. By controlling the source area, the stamp sand loading into the
system is minimized, therefore providing the system an opportunity to potentially recuperate by
natural shoreline processes over a shorter time span. Controlling the loading of stamp sand into
the system will also prevent encroachment of the stamp sand onto the unaffected shoreline south
of the breakwall and therefore prevent further degradation of the shoreline aesthetics and habitat.

The Migrating Stamp Sand Mitigation Plan Technical Evaluation (TE) includes the mitigation of
migrating stamp sand along 8.5 kilometers (5.3 miles) of the Lake Superior shoreline from the
original deposit and southward to the breakwall at Traverse River harbor. The scope of the TE
include the following:

= Evaluation of existing stamp sand migration mitigation alternatives developed in
2001 by the United States Army Corps of Engineers (USACE);

= Collection and evaluation of field data necessary to provide a recommendation for the
most technically effective/efficient mitigation alternative, including costs; and

= Preparation of a stamp sand migration mitigation TE that includes:

1) The development and initial screening of alternatives;

WESTON SOLUTIONS OF MICHIGAN, INC. ES'Z 10/12/2007
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EXECUTIVE SUMMARY

2) Detailed evaluation based on performance, constructability, cost-efficiency, and
permitting requirements; and

3) Se_lecti_on of_ _the_alternative that best meets the project goals for stamp sand
migration mitigation.
The TE included the review of existing data (previous studies, geophysical survey, geotechnical
investigation); completion of hydrographic and limited topographic surveys to accurately depict
water depths, nearshore evaluations, and shoreline position; development of alternatives;
hydrodynamic modeling analysis; and evaluation of alternatives.

Following the development of conceptual shoreline stabilization alternatives, hydrodynamic
modeling using the Generalized Model for Simulating Shoreline Change (GENESIS) was
conducted to evaluate the potential of each alternative to meet project goals. The alternatives
were then evaluated based in terms of performance (ability to meet project goals),

constructability, cost-efficiency, and permitting requirements.

Hydrodynamic modeling of the alternatives indicated that each alternative met the primary
objectives at the end of a 20-year simulation period. Hard armoring in the form of a revetment
from Sta. 86+00 to Sta. 54+00 precluded further erosion of the original deposit. To prevent
material within the littoral system south of the original deposit from impacting the beach south of
the Traverse River harbor breakwall, several combinations of a groin, dredging, and/or
excavation of stamp sand were modeled to determine their effects on the shoreline change rate
immediately north of the breakwall. Modeling indicated that neither the placement of a groin
north of the breakwall nor dredging and/or excavation of existing stamp sand affected the
shoreline change rate due to a nodal point north of the salient. Instead, the shoreline between the
nodal point and the breakwall continued its existing accretion rate of 2.5 m/yr (8.2 ft/yr) until it

reached the lakeward tip of the breakwall in approximately 60 years.

To determine which alternative should be considered for conceptual design, a matrix scoring
system was developed to rate each alternative in terms of performance, constructability, cost-

efficiency, and permitting requirements as summarized in the following table.

WESTON SOLUTIONS OF MICHIGAN, INC. ES'3 10/12/2007
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EXECUTIVE SUMMARY

SUMMARY OF ALTERNATIVES WITH COST AND SCORES

Alternative Revetment A - Minerock Revetment B - TerraFirm | Revetment C - Armorflex
Alternative 1a — 150 m Groin, No Cost: Score: 27 Cost: Score: 23 Cost: Score: 21
Dredging $2,156,487 $4,610,243 $6,339,334

Alternative 1b — 150 m Groin, Cost: Score: 13 Cost: Score: 11 Cost: Score: 11
700,000 cy Dredging/Excavation $6,578,760 $9,032,517 $10,761,607

Alternative 1c — 150 m Groin, Cost: Score: 15 Cost: Score: 13 Cost: Score: 11
181,300 cy Dredging/Excavation | $4.794,413 $7,248,170 $8,977,260

Alternative 2a — 150 m Groin, No Cost: Score: 29 Cost: Score: 23 Cost: Score: 21
Dredging $1,914,611 $4,368,367 $6,097,458

Alternative 2b — 150 m Groin, Cost: Score: 15 Cost: Score: 13 Cost: Score: 11
507,000 cy Dredging/Excavation | $5:430,828 $7,884,584 $9,613,675

Alternative 2c — 150 m Groin, Cost: Score: 17 Cost: Score: 13 Cost: Score: 11
154,600 cy Dredging/Excavation $4,215,048 $6,668,803 $8,397,893

Alternative 3a— 120 m Groin, No Cost: Score: 29 Cost: Score: 23 Cost: Score: 21
Dredging $1,993,674 $4,447,430 $6,176,521

Alternative 3b — 120 m Groin, Cost: Score: 15 Cost: Score: 13 Cost: Score: 11
426,000 cy Dredging/Excavation $4,712,930 $7,166,687 $8,895,777

Alternative 3c — 120 m Groin, Cost: Score: 21 Cost: Score: 15 Cost: Score: 15
98,400 cy Dredging/Excavation $3,582,966 $6,036,722 $7,765,813

Alternative 4a — No Groin, No Cost: Score: 29 Cost: Score: 23 Cost: Score: 23
Dredging $1,621,319 $4,075,076 $5,804,166

Alternative 4b — No Groin, Cost: Score: 15 Cost: Score: 13 Cost: Score: 11
426,000 cy Dredging/Excavation | $4.340,576 $6,794,332 $8,523,423

Alternative 4c — No Groin, 98,400 | Cost: Score: 21 Cost: Score: 17 Cost: Score: 15
cy Dredging/Excavation $3,210,611 $5,664,367 $7,393,458

Based on all things considered equal, the recommended alternative to carry over into final design

is the least cost alternative, Alternative 4a. Alternative 4a consists of hard armoring in the form

of a minerock revetment along 3,320 m (10,900 ft) of the original deposit. The revetment begins

at Sta. 86+00 and terminates at Sta. 54+00 (Figure ES-1). For conceptual design purposes, it
was assumed that from Sta. 86+00 to Sta. 75+00, the existing stamp sand bluff is 6.0 m (20.0 ft)
in height and from Sta. 75+00 to Sta. 54+00, the existing bluff is less than 3.0 m (10.0 ft). The

revetment was designed at a conceptual level to resist a typical storm wave impacting the Gay

Site shoreline with a wave height of 0.75 m (2.5 ft) and a wave period of 7.5 seconds (s).

WESTON SOLUTIONS OF MICHIGAN, INC.
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EXECUTIVE SUMMARY

Larger waves in Lake Superior are evidenced by the Wave Information Study (WIS) hindcast
data of “deep water” waves upward of 10 to 15 ft directed normal to the Gay Site (worst case
scenario). However, these waves are assumed to be broken and reduced to a size of 2.5’
(approximately 7/10ths the water depth in accordance with Coastal Engineering Manual,
EM1110-2-1100, Part Il, Chapter 4, Section 3) by the time they reach the shoreline, or the
proposed revetment. The largest estimated wave height was 2.5’ based on the estimation of

water depth at the toe of the revetment.

The estimated construction schedule for the revetment is less than 100 days, assuming a
production rate of 1,800 tons per day (tons/day). To ensure that the recommended alternative is
a long-term solution in preventing stamp sand impacts along the beach south of Traverse River
harbor, maintenance dredging of 44,000 cy from Sta. 05+00 to 16+00 is recommended every 10
years to maintain the shoreline at its current-day position. The conceptual estimate of probable
cost for the recommended alternative over a 10 year period, including two cycles of maintenance
dredging, is $3.42 million ($3.42 M).

WESTON SOLUTIONS OF MICHIGAN, INC. ES'6 10/12/2007
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SECTION 1
INTRODUCTION

1.1 GENERAL

Weston Solutions of Michigan, Inc. (WESTONg) was retained by the Michigan Department of
Environmental Quality (MDEQ) to perform professional engineering services to support the
Migrating Stamp Sand Mitigation Plan Technical Evaluation (TE). In this report, WESTON
provides a TE that outlines the existing conditions related to stamp sand migration and physical
processes at the Gay Site, summary of data collection and model selection, alternatives analysis,
and recommendation for conceptual design. The recommended conceptual design will achieve
the project purpose to mitigate the stamp sand migration along the shore of Lake Superior

between the Villages of Gay and Traverse Bay.
Herein, the definition of the Gay Site includes the following features:

= The original stamp sand deposit (original deposit) located near the former Village of
Gay, Michigan copper stamping mill (former Gay mill); and,

= The approximate 5.3 miles of shoreline that begins at the original deposit and continues
southerly to the Traverse River harbor breakwall. This approximate 5.3 miles of
shoreline has been covered by stamp sand due to the migration from the original deposit.

1.2 PROBLEM IDENTIFICATION

Copper mining activities between 1890 and 1920 on the Keweenaw Peninsula, Michigan,
resulted in the generation of massive amounts of mining waste known as stamp sand. Stamp
sand is the byproduct of an extraction process whereby copper was crushed from the native rock
in large stamping mills. During the extraction process, stamp sand was processed with large
amounts of water where the copper was hydraulically separated from the native rock. Millions
of cubic yards (cy) of stamp sand were placed in or along Lake Superior at various locations.
Stamp sand is known to contain heavy metals at concentrations that pose an unacceptable risk to
aquatic organisms. In addition, migration of stamp sand, which is black in color, has covered the

native white sand beaches north of the Traverse River harbor.

WESTON SOLUTIONS OF MICHIGAN, INC. l 1 10/12/2007
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INTRODUCTION

The beneficial use impairments that are applicable to the Torch Lake Area of Concern (AOC) are
also applicable to the Gay Site. These include degradation of fish and wildlife habitat,
degradation of the benthos, and degradation of aesthetics. In accordance with the Lake Superior
Lakewide Management Plan (LaMP), degraded habitat features should be rehabilitated or
restored when beneficial to the Lake Superior ecosystem. This is the case specifically when
consequential landscape changes and nearshore/shoreline habitat degradation have occurred as at
the Gay Site. The use of shoreline protection or erosion control measures is consistent with the
remediation measures implemented at sites within the AOC. The stamp sand from the Gay Site
is known to be toxic to benthic organisms as well as organisms in the water column when
introduced into an aquatic environment (Lake Superior). Therefore, precluding further erosion

of the original deposit would be beneficial to the Lake Superior ecosystem.

While the nature and impacts of the contaminant material may be different when compared to
“typical” remediation sites, the original deposit should be considered a wastepile and source
area. By controlling the source area, the stamp sand loading into the system is minimized,
therefore providing the system an opportunity to potentially recuperate by natural shoreline
processes over a shorter time span. Controlling the loading of stamp sand into the system will
also prevent encroachment of the stamp sand onto the unaffected shoreline south of the

breakwall and therefore prevent further degradation of the shoreline aesthetics and habitat.

1.3 PROJECT LOCATION

The Gay Site is located in the Village of Gay, Keweenaw County, Michigan. Specifically, the
site is located in Grant Township, Section 20, T56N-R30W. This is a rural area on the east side
of the Keweenaw Peninsula along the shore of Lake Superior. The Gay Site is shown in Figure
1-1.

1.4 PREVIOUS STUDIES

In 2001, the U.S. Army Corps of Engineers (USACE) conducted a quantification and fate study
of the Gay Site to determine the extent of stamp sand migration, the volume of stamp sand
present, and the future transport fate. The study, Draft Quantification and Fate of Keweenaw

Stamp Sand (USACE, 2001), concluded that approximately 37.3 million cubic yards (mcy) of
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INTRODUCTION

stamp sand was originally deposited at the Gay Site and this deposit is receding at a rate of 8
meters per year (m/yr) [26 feet per year (ft/yr)]. According to the USACE study, if the recession
rate remains constant into the future, all the material in the original deposit will erode in 44

years.
15 PROJECT OBJECTIVES

Eroded material from the unconfined original deposit at the Gay Site has migrated to the south
towards the Traverse River harbor. Without mitigation, continued migration could threaten
public health and welfare, and the environment. It is expected that if a remedy is not
implemented, stamp sand will eventually bypass the Traverse River harbor and deposit on the
currently unaffected beach south of the breakwall. To mitigate further adverse environmental
impacts, the objectives of the project were as follows:

= Preclude further erosion of the original deposit, and

= Ensure the unaffected, clean beach south of the Traverse River harbor breakwall is
not impacted by the southward migration of the previously eroded stamp sand.

In evaluating alternatives to meet these objectives, it should be noted that any coastal structure in
a surf zone will have a limited lifespan and require maintenance. Unless the stamp sand is
removed entirely from the ecosystem, pathways of groundwater and surface water will be

impacted. Given the magnitude of the stamp sand, complete removal is not practical.

1.6 SCOPE

The TE includes the mitigation of migrating stamp sand along 8.5 kilometers (5.3 miles) of the
Lake Superior shoreline from the original deposit and southward to the breakwall at Traverse

River harbor. The scope of the Project included the following:

= Evaluation of existing stamp sand migration mitigation alternatives developed in
2001 by the USACE;

= Collection and evaluation of field data necessary to provide a recommendation for the
most efficient mitigation alternative, including costs; and,
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= Preparation of a stamp sand migration mitigation TE that includes:
1) The development and initial screening of alternatives;

2) Evaluation of alternatives based on performance, constructability, cost-efficiency,
and permitting requirements (potential regulatory acceptance); and,

3) Selection of the alternative that meets project objectives for stamp sand migration
mitigation.

Each alternative includes conceptual design drawings, conceptual engineering calculations, and

conceptual cost analyses.
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SECTION 2
DATA COLLECTION

2.1 EXISTING SITE CONDITIONS

The data collection phase of the TE began with a review of existing site conditions and data
received from MDEQ and USACE pertaining to the Gay Site. Other tasks completed during this
phase include surveying (topographic, hydrographic, and geophysical) and geotechnical

investigation.

The Gay Site is approximately 8.5 km (5.3 mi) of shoreline that consists of native beach
sediments overlain with stamp sand. The northernmost 1,025 m (2,265 ft) of the Gay Site is the
original deposit (Figure 1-1). The original deposit is more than 6 m (20 ft) thick. The shoreline
along the original deposit features a weathered bluff fronted by a narrow sinusoidal beach. The
beach ranges from approximately 5 m (16.5 ft) to 8 m (26.3 ft) in width, as shown in Figure 2-1.
Immediately south of the original deposit, the bluffs are less than 3 m (10 ft) in height and also
fronted by a narrow beach (Figure 2-2). Approximately 2,500 m (8,200 ft) south of the original
deposit, the remainder of the Gay Site shoreline resembles a more typical beach. The dry beach
is fairly level and ranges from 45 m (150 ft) to 270 m (885 ft) in width. The beach begins a mild
slope as it approaches the water’s edge, as seen in Figure 2-3. The Gay Site is primarily
uninhabited, with the exception of residential housing along approximately 1,125 m (3,700 ft) of

shoreline north of the Traverse River harbor breakwall.

The shoreline conditions north and south of the Gay Site are starkly different. To the north of
the original deposit, the shoreline consists of a 3 m (10 ft) heavily vegetated bluff fronted by a
stamp sand beach, as shown in Figure 2-4. South of the Traverse River harbor breakwall, the

shoreline is a typical beach consisting of native white sand (Figure 2-5)
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Figure 2-1
Existing Stamp Sand Bluff at Original Deposit

Figure 2-2
Stamp Sand Beach South of Original Deposit
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Figure 2-3
Stamp Sand Beach North of Traverse River Harbor
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Figure 2-4

Beach North of Original Deposit

Figure 2-5
Native Sand Beach South of Traverse River Harbor
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2.3.2 Geophysical Survey

MDEQ completed a geophysical survey in October 2004 to assist in defining the thickness of the
stamp sand north of the Traverse River harbor breakwall and the findings are presented in the
report Geophysical Investigation: Migrating Stamp Sand, Houghton & Keweenaw Counties,
Gay, Michigan (MDEQ), 2005).

The investigation consisted of a Direct Current Resistivity Survey (DCRES) and a limited
sampling program along approximately 1,800 m (5,905 ft) of shoreline. The survey was
conducted using an Advanced Geosciences, Inc. (AGI) SuperSting Earth Resistivity Meter with
up to 112 electrodes per run. DCRES survey lines are shown in Figure 2-9 and cover a linear
distance of 1,408 m (4,620 ft) with over 15,000 individual data points (Table 2-2).

Resistivity is a bulk physical property that describes how well a material inhibits an electrical
current. DCRES measures a soil’s resistivity by applying a current directly into the ground using
a pair of electrodes. The resulting potential difference (voltage) is measured using two different
electrodes at several locations for each placement of transmitter electrodes. MDEQ
hypothesized that the native white sands along the Gay Site, which are derived from Jacobsville
sandstone, would have a different resistance value than that of the stamp sand. MDEQ located
each electrode using a global positioning system (GPS) and surveyed the vertical elevation using
USACE benchmark TB-103 (1982) located on the Traverse River harbor breakwall. Elevations
were verified by comparing local benchmarks established by MDEQ with CRA’s topographic
and hydrographic data.
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Table 2-2
Length of DCRES Lines
Line Electrodes Spacing Total Distance

(m) (m)

A 46 2 90
B 112 2 222
C 112 2 222
D 112 2 222
E 112 2 222
F 108 2 214
G 36 2 70
H 40 2 78

| 35 2 68
Total Distance (m) 1,408

2.4  GEOTECHNICAL INVESTIGATION

DATA COLLECTION

Sediment characteristics heavily influence coastal processes since particle size and density affect

cross-shore and longshore transport rates. A review of existing geotechnical data was conducted

to determine the characteristics of the material in the beach profile, its vertical and lateral extent,

and the depth of closure.

Throughout this discussion, several important geological terms were used to define and analyze

beach sediment. The key terms discussed in this report are defined as follows by the Coastal

Engineering Manual (CEM) (USACE, 2002):

1. Phi: A phi unit (¢) is an alternative method for describing grain sizes, in millimeters

(mm), in terms of whole numbers.

¢ =—log, D (mm)

[Equation 2-1]

2. Median grain size (Dsp): The definition of median grain size is that, by weight, half
the particles in the sample will have a larger diameter and half will have a smaller.

3. Hazen uniformity coefficient (C,):

distribution.
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DATA COLLECTION

If the uniformity coefficient is less than 4 or 5, the material is considered uniform in
particle size, which means that the particles fall within a narrow range of sizes. If the
uniformity coefficient is great than 10, the material is not uniform in particle size and
therefore regarded as well-graded, having a continuous, wide range of particle sizes.

4. Coefficient of curvature (C.):

Also known as the coefficient of gradation that
quantifies the statistical deviation of grain sizes. The index is represented by the
following equation,

[Equation 2-3]

The coefficient of curvature for sands generally ranges from 1 to 3.

2.4.1 Sediment Analysis

Six sand samples were collected along the Gay Site in August 2001 as part of the Draft

Quantification and Fate of Keweenaw Stamp Sand (USACE, 2001). The sampling locations are

shown in Figure 2-10. Sediment analysis included the visual classification and grain size

distribution for each sample. The results of the sediment analysis are presented in Table 2-3 and

gradation curves are included in Appendix A.

Table 2-3

Analysis of Sediment Samples

Group

DSO

Sample Symbol® Classification? (mm) () Cy C. Sample Location
Gay 1 SP Medium Sand 0.35 | 1.51 | 1.40 | 0.98 | Mid-beach south of Traverse River harbor
Gay 2 SP Coarse Sand 051 | 097 | 1.60 | 1.06 Mid-beach south of Gay deposit
Gay 3 SP Very Coarse Sand 1.10 | 0.14 | 2.00 | 0.99 Swash zone south of Gay deposit
Gay 4 SP Fine Sand 023 | 212 | 1.90 | 1.10 Underwater, 10 ft depth contour
Gay 5 SP Fine Sand 0.16 | 2.64 | 1.90 | 1.16 Underwater, 10 ft depth contour
Gay 6 SP Medium Sand 0.34 | 156 | 1.60 | 0.94 Underwater, no depth given

! Unified Soil Classification System.
2 Wentworth Classification system. USACE, 1984. Shore Protection Manual. Pg. 4-13.
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Figure 2-14
Lateral Extent of Stamp Sand

(To be provided by MDEQ)
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quantities, additional deposition of stamp sands, incomplete removal of smaller quantities, and

over-excavation of stamp and native sands (MDEQ, 2005).
2.4.3 Depth of Closure

Depth of closure (h;) is an engineering concept defined as the seaward limit of significant beach
profile fluctuations. Seaward of the depth of closure, it is assumed that the net sediment

transport does not result in significant changes in mean water depth (Dean, 2002).

Calculation of the depth of closure is given in Equation 2-4, known as the Birkemeier
approximation (Birkemeier, 1985), and is a function of “effective” wave height. “Effective”
wave height (He) is related to the annual mean wave height (Hys) and the standard deviation in

annual wave heights, oy, in Equation 2-5.
h, =1.57*H, [Equation 2-4]

H, =H ,+5.60, [Equation 2-5]

bar

For the Gay Site, depth of closure was analyzed using offshore Wave Information Study (WIS)
data (Station 41) for 1978 through 1987. Results of the calculations are shown in Table 2-4.
Since the depth of closure is dependent on annual wave height, it is reasonable to assume that the
depth fluctuates to some degree over time. As seen in the table, the depth of closure varies
between approximately 4.6 and 6.2 m (15.0 and 20.3 ft). These values are consistent with the

beach profiles surveyed in 2001 and 2004.

According to the Draft Quantification and Fate of Keweenaw Stamp Sand (USACE, 2001), the
specific gravity (SG) of the samples collected at the Gay Site range from 2.67 to 2.91. Using the
original depth of closure equation developed by Hallermeier (Hallermeier, 1978), the depth of
closure for a sediment with a SG of 2.9 and the same wave hindcast data set, ranges from 6.5 ft
(2.0 m) to 8.3 ft (25 m). Equation 2-4 was developed using field data by Birkemeier
(Birkemeier, 1985). The original equation does not distinguish between various values of the
SG, but it is assumed sand was used in the field data. Quartz sand has a SG of 2.65.

The use of a depth of closure of 20 ft was selected since it was the more conservative value.
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Table 2-4
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Calculation of Depth of Closure (Birkemeier Approximation)

Year Mean Wave Height (m) | Standard Deviation | Effective Wave Height Depth of Closure
(m) (m)
1978 0.69 0.48 3.37 5.29
1979 0.67 0.47 3.30 5.18
1980 0.65 0.45 3.17 4.97
1981 0.62 0.41 2.95 4.62
1982 0.75 0.56 3.88 6.09
1983 0.73 0.57 3.92 6.16
1984 0.70 0.48 3.37 5.28
1985 0.65 0.55 3.73 5.86
1986 0.64 0.48 3.35 5.26
1987 0.63 0.48 3.30 5.18

The depth of closure is used as input for the alternatives modeling process, as discussed further
in Subsection 4.2.2.1.
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SECTION 3
DESCRIPTION OF ALTERNATIVES

3.1 DEVELOPMENT OF ALTERNATIVES

The intent of the modeling process during the TE design stage was to develop and evaluate
conceptual alternatives for shoreline stabilization and, using modeling analysis, determine the

alternatives that best met the project objectives of:

= Precluding further erosion of the original deposit at the original deposit; and,

= Ensuring the unaffected, clean beach south of the Traverse River harbor breakwall is
not impacted by the southward migration of the previously eroded stamp sand.

Following the development of the alternatives, an evaluation and comparison of alternatives was

conducted to recommend an alternative for conceptual design.

Any coastal structure in a surf zone will have a limited lifespan and require maintenance. Unless
the stamp sand is removed entirely from the ecosystem, pathways of groundwater and surface
water will be impacted. Given the magnitude of the stamp sand, complete removal is not

practical.

The Gay Site shoreline was initially divided into two reaches, each dependent on the project
objectives, as depicted on Figure 3-1. The first section, Reach 1, extends from the northern
project boundary at Station (Sta.) 86+00 and ends 3,580 m (11,745 ft) to the south of the original
deposit at Sta. 54+00. To preclude further erosion of the original deposit, hard armoring in the
form of a revetment is proposed. The stamp sand from the original deposit is known to be toxic
to benthic organisms as well as organisms in the water column when introduced into an aquatic
environment (Lake Superior). Therefore, precluding further erosion of the original deposit by

constructing a revetment would be beneficial to the Lake Superior ecosystem.

A revetment is a good wave energy dissipater and has less scour on the beach fronting the
structure than a smooth-faced vertical bulkhead. A revetment would be more stable and likely
less expensive than the alternative erosion protection structures such as sheetpiling or a

bulkhead. The revetment could potentially reduce the amount of stamp sand supplied to the surf
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Figure 3-1

Project Shoreline Reaches

WESTON SOLUTIONS OF MICHIGAN, INC. 3_2 10/12/2007



Migrating Stamp Sand Mitigation Plan Technical Evaluation

DESCRIPTION OF ALTERNATIVES

zone and “washed” of contaminants which will enter Lake Superior’s ecosystem. Secondly, the
physical characteristics of the stamp sand are suspected to be adverse to the aquatic ecosystem,
and therefore limiting the amount of physical material into the system will contribute to the

overall health of the system.

Revetments armor the existing slope face of an embankment and are usually composed of one or
more layers of stone or precast concrete armor units. Typically, geotextile fabric overlays a
graded in-situ soil slope; the use of which would help prevent stamp sand from leaching through

the armor.

A revetment requires a stable slope since it is not a retention structure (SPM, 2004). For this
study, three construction methods were evaluated: quarrystone (minerock), TerraFirm Blocks,
and Armorflex Units. Design details for each construction method are presented in Section 5.
The design provided in this TE is considered conceptual; and final design may include a deeper

toe to limit undermining by scour.

Reach 2 is from Sta. 41+00 to Sta. 05+00. The length of shoreline within Reach 2 is 3,545 m
(11,630 ft). To prevent stamp sand from impacting the white sand beaches south of Traverse
River harbor, combinations of groins, dredging, and excavation are proposed to limit migration
of stamp sand that is already in the littoral system south of the original deposit. A groin is a
barrier-type structure that extends from the backshore into the littoral zone to modify the
longshore movement of sand and to either accumulate sand on the shore or slow sand losses.
The entrapment of sand by a groin results in erosion of the shoreline immediately downdrift.
Groins may be constructed of concrete, quarrystone, steel, or timber. Groins also have varying
levels of permeability that allows some of the wave energy and sand movement through the
structure (SPM, 1984).

In developing alternatives for Reach 2, the location of the groin was placed in the vicinity of the
identified salient and nodal point. A salient is herein defined as a bulge in the shoreline typically
influenced by offshore contours or offshore structures. Due to shallow offshore contours
associated with the salient, placement of the groin in this vicinity reduced the required quantity
of stone required for construction, thus reducing overall cost.
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However, it should be noted that a nodal point is not a barrier. It is a location at the shoreline
where the positive and negative littoral transports have the same magnitude, yielding no net
transport. In addition, the location of the nodal point can have significant variation due to the
changes in the annual littoral drift rates. Sediment transport and therefore, migrating stamp sand,

can pass a nodal point in both directions.

Dredging is the mechanical movement of material from a water-covered area to the surface and
transporting the material over a given distance (Herbich, 2000). Excavation is similar to
dredging with the exception that the material to be removed is located on dry land. Dredging and
excavation of stamp sand to the native sand depth within Reach 2 is intended to further eliminate

the possible migration of stamp sand to the beach south of the Traverse River harbor.

3.2 DESCRIPTION OF ALTERNATIVES

A total of twelve conceptual alternatives were developed for the TE and consist of a revetment
along Reach 1 and combinations of a groin, dredging, and excavation for Reach 2. The original
USACE recommendation presented in the Draft Quantification and Fate of Keweenaw Stamp
Sand (USACE, 2001) is Alternative 2b. This alternative served as a basis for the remaining
alternatives in an effort to optimize the original recommendation. A brief summary of the

alternatives is provided in Table 3-1.

Table 3-1
Summary of Alternatives
Reach 2
Reach 1 . .
Length and No Excavation Above Lake Dredging Below
Location of Groin Dredging* | Level’/Dredging Below Level Lake Level
Revetment 150 m @ Sta. 29+00 la 1b lc
Revetment 150 m @ Sta. 24+50 2a 2b 2c
Revetment 120 m @ Sta. 21+00 3a 3b 3c
Revetment No Groin 4a 4b 4c

*Although no linear shoreline excavation or dredging is recommended for the “a” alternatives, periodic maintenance dredging would be
recommended if these alternatives were selected. The purpose of maintenance dredging is not to reduce the overall stamp sand loading in the
system (reduce the rate of accretion), but to maintain the shoreline in the current in-place position.

®The Lake Level is the shoreline observed during the 2004 Geophysical Survey performed by MDEQ
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A detailed description of each alternative is as follows:

= Alternative 1a, Figure 3-2 — Hard armoring of the original deposit at the northern end
of the project extent from Sta. 86+00 to Sta. 54+00. Single groin 150 m (495 ft) in
length at Sta. 29+00, which is to the north of the salient. No dredging or excavation
of stamp sand within Reach 2 is evaluated for Alternative la.

= Alternative 1b, Figure 3-3 — Hard armoring of the original deposit at the northern end
of the project extent from Sta. 86+00 to Sta. 54+00. Single groin 150 m (495 ft) in
length at Sta. 29+00, which is to the north of the salient. Dredging and excavation of
700,000 cy of material above and below lake level within Reach 2.

= Alternative 1c, Figure 3-4 — Hard armoring of the original deposit at the northern end
of the project extent from Sta. 86+00 to Sta. 54+00. Single groin 150 m (495 ft) in
length at Sta. 29+00, which is to the north of the salient. Dredging of 181,300 cy of
material below lake level within Reach 2.

= Alternative 2a, Figure 3-5 — Hard armoring of the original deposit at the northern end
of the project extent from Sta. 86+00 to Sta. 54+00. Single groin 150 m (495 ft) in
length along the midpoint of the salient at Sta. 24+50. No dredging or excavation of
stamp sand within Reach 2 is evaluated for Alternative 2a.

= Alternative 2b, Figure 3-6 — Alternative 2b is the recommended USACE alternative
presented in Draft Quantification and Fate of Keweenaw Stamp Sand (MDEQ), 2001).
Hard armoring of the original deposit at the northern end of the project extent from
Sta. Sta. 86+00 to Sta. 54+00. Single groin 150 m (495 ft) in length along the
midpoint of the salient at Sta. 24+50. Dredging and excavation of 507,000 cy of
material above and below lake level within the boundary of Reach 2.

= Alternative 2c, Figure 3-7 — Hard armoring of the original deposit at the northern end
of the project extent from Sta. 86+00 to Sta. 54+00. Single groin 150 m (495 ft) in
length along the midpoint of the salient at Sta. 24+50. Dredging of 154,600 cy of
material below lake level within the boundary of Reach 2.

= Alternative 3a, Figure 3-8 — Hard armoring of the original deposit at the northern end
of the project extent from Sta. 86+00 to Sta. 54+00. Single groin 120 m (395 ft) in
length at Sta. 21+00, which is to the south of the salient. No dredging or excavation
of stamp sand within Reach 2 is evaluated for Alternative 3a.

= Alternative 3b, Figure 3-9 — Hard armoring of the original deposit at the northern end
of the project extent from Sta. 86+00 to Sta. 54+00. Single groin 120 m (395 ft) in
length at Sta. 21+00, which is to the south of the salient. Dredging and excavation of
426,000 cy of material above and below lake level within the boundary of Reach 2.

= Alternative 3c, Figure 3-10 — Hard armoring of the original deposit at the northern
end of the project extent from Sta. 86+00 to Sta. 54+00. Single groin 120 m (395 ft)
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in length at Sta. 21+00, which is to the south of the salient. Dredging of 98,400 cy of
material below level within the boundary of Reach 2.

= Alternative 4a, Figure 3-11 — Hard armoring of the original deposit at the northern
end of the project extent from Sta. 86+00 to Sta. 54+00. No dredging or excavation
of stamp sand within Reach 2 is evaluated for Alternative 3a.

= Alternative 4b, Figure 3-12 — Hard armoring of the original deposit at the northern
end of the project extent from Sta. 86+00 to Sta. 54+00. Dredging and excavation of
426,000 cy of material above and below level within the boundary of Reach 2.

= Alternative 4c, Figure 3-13 — Hard armoring of the original deposit at the northern
end of the project extent from Sta. 86+00 to Sta. 54+00. Dredging of 98,400 cy of
material below level within the boundary of Reach 2.
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Figure 3-2
Alternative la
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Figure 3-3
Alternative 1b
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Figure 3-4
Alternative 1c
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Figure 3-5
Alternative 2a
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Figure 3-6
Alternative 2b
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Figure 3-7
Alternative 2¢
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Figure 3-8
Alternative 3a
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Figure 3-9
Alternative 3b

WESTON SOLUTIONS OF MICHIGAN, INC. 3'13 10/12/2007



Migrating Stamp Sand Mitigation Plan Technical Evaluation

DESCRIPTION OF ALTERNATIVES

Figure 3-10
Alternative 3¢
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Figure 3-11
Alternative 4a
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Figure 3-12
Alternative 4b
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Figure 3-13
Alternative 4c
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SECTION 4
HYDRODYNAMIC MODELING

Hydrodynamic modeling was conducted for each alternative to determine its potential to meet
the project goals. Since the future performance of sand migration alternatives is uncertain,
hydrodynamic modeling predicts long-term shoreline response to a reasonable level of accuracy
based on the anticipated wave climate that would typically impact the Gay Site over the design
life.

Hydrodynamic modeling for the TE was conducted in three phases: Phase I, Coastal Processes;
Phase 11, Model Selection, Calibration and Validation; and Phase 111, Modeling and Analysis.

41 HYDRODYNAMIC MODELING PHASE | - COASTAL PROCESSES

Coastal processes at the Gay Site are a combination of natural factors, including winds, waves,
water level, bathymetry, and sediment composition. To select numerical models that adequately
simulate the controlling hydrodynamic processes, it is important to understand the overall coastal
processes affecting the Gay Site. An analysis of existing data and previous studies identified the
primary factors governing coastal processes, which are wind waves and sediment transport

trends.
4.1.1 Wind Waves

Wind waves, which induce currents locally along the shoreline that result in sediment transport,
play a significant role in shoreline change at the Gay Site. Oblique incident waves break along
the shoreline and generate longshore and cross-shore currents that transport and disperse
sediments in the nearshore zone. Wind waves are created when a wind of a given speed and
duration blows across a continuous stretch of open water called a fetch. The length of the fetch,
water depth, wind speed, and duration of wind event determine the size of the waves.

A wave climate may be predicted using accepted equations based on fetch, water depth, and
wind speeds. However, it is preferable to use recorded historical data for modeling purposes.
Hindcast wave data applicable to the Gay Site is available through the Center for Operational
Oceanographic Products and Services (CO-OPS) and the WIS websites that measure nearshore
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and deep water waves, respectively. For modeling purposes, deep water wave data was used in
the prediction of the nearshore wave climate. WIS Station 41, shown in Figure 4-1, was chosen
due to its close proximity to the Gay Site. Wave and wind records for Station 41 are available
for 1957 through 1987.

Keweenaw Bay in Lake Superior is a shallow-water, fetch-limited system. The erosional waves
affecting the project shoreline are primarily short period, wind-driven waves. By inspection of
the wave rose in Figure 4-2, the predominant waves affecting the Gay Site are generated from
headings of 90° and approximately 155°. The Keweenaw Peninsula shelters the Gay Site from

wind generated waves with headings between 210° and 360°.
4.1.2 Sediment Transport Trends

Sediment transport trends are a combination of the volume of material within a littoral system,
hydrodynamic/meteorological impacts to the system, and morphological features in the vicinity
of the Gay Site. The combined effects of sediment transport trends determine historic shoreline
change rate and volumetric changes to the littoral system. Each component as it relates to the

Gay Site is described in the following subsections.

4121 Sediment Volume

Stamp sand is the primary sediment present at the Gay Site. The report Draft Quantification and
Fate of Keweenaw Stamp Sand (USACE, 2001) estimated the volume of stamp sand using aerial
photographs, bathymetric data, sediment analysis, ground surveys, and visual observations. The
aerial extent of surface stamp sand is approximately 411 acres. This estimate was quantified
using 1998 DOQQs of the Gay Site and GIS software. Subaqueous material measured 1,005
acres and was quantified using color infrared photography and bathymetric profiles.

Using GIS techniques, the USACE created two 3-D surfaces of the Gay Site that represented the
lake bottom and beach prior to the placement of stamp sand and the lake bottom and beach under
existing conditions.  The volumetric difference between the two surfaces was calculated to
estimate the volume of 37.3 mcy of stamp sand at the original deposit and between the deposit
and Traverse River harbor breakwall. For validity, the USACE report compared the calculated
volume with the amount of stamp sand that could have been produced by the mills near Gay,

which was estimated at 43.3 mcy.
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Figure 4-1
Lake Superior WIS Stations
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Figure 4-2
Wave Rose, WIS Station 41 (1957-1987)
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As discussed in Subsection 2.3.2, MDEQ conducted a geophysical survey between the Traverse
River harbor breakwall and the salient in October 2004, as shown in Figure 2-14. The purpose
of the survey was to estimate the depth of the stamp sand layer, both above and below the lake
level, and to better quantify the amount of stamp sand within the littoral system in that region.
Based on the geophysical survey results summarized in Subsection 2.4.2.2, it is estimated that
approximately 505,800 cy of stamp sand exists between the boundaries identified in Figure 2-
14. MDEQ estimated that 352,400 cy exists above the lake level within the survey boundary and
153,400 cy exists below the lake level within the survey boundary. This volume serves as the
basis for calculating the volume of material to be dredged and excavated as part of the

alternatives analysis.

41.2.2 Hydrodynamic and Meteorologic Impacts

Wind waves impacting the Gay Site generally originate from the headings of 60° to 180°. Due
to its location along the Keweenaw Peninsula, the Gay Site is protected from wind waves
generated from 210° to 360°. As wind waves approach the shoreline, the wave height increases
as the water depth decreases until the wave becomes unstable and breaks. A general rule of
thumb is that a wave will break when its height is approximately 0.78 of the water depth
(USACE, 2002). In addition, as a wave with a long crest propagates into shallower water, the
period remains constant, and the wave length and wave speed decrease as the water depth
decreases. The wave begins to turn direction toward regions of shallower water and away from
deeper water (Dean, 2002), known as “refraction.” Wave refraction is an important
hydrodynamic factor because it contributes to the alteration of the shoreline by its effect on the
erosion and deposition of beach sediments, and the change in wave direction creates either a
convergence or divergence of wave energy that affects the wave forces exerted on structures
(SPM, 1988). In Figure 4-3, wave direction vectors along the Gay Site are denoted by red
arrows for waves approaching the shoreline on a heading of 157°. Inspection of the vector plot
indicates strong wave refraction immediately north of the Traverse River harbor breakwall, along

the salient and intermittently along the original deposit.
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Figure 4-3

Wave Direction Vectors, 157° Heading
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The Gay Site is subjected to ice formation along the shoreline for approximately three to four
months of the year. Most likely, the shoreline experiences minimal erosional forces once the
shoreline is frozen. As ice forms, it acts as a barrier to shoreward-moving wave energy and an
impoundment to littoral drift, in turn protecting the shoreline against erosion. However, masses
of ice put into motion by winds or currents can scour the banks and nearshore bluffs and
introduce additional material into the littoral system. The amount of ice scour is dependent upon
several factors, including the thickness of the ice, composition of the shoreline, water level, and
water depth. Therefore, it is further assumed that as the ice begins to thaw and/or breakup, the
bluffs along the original deposit experience scour along the base creating an unstable slope.
Material from the bluff then collapses onto the dry beach and into the littoral zone, where it is

transported downdrift.

41.2.3 Morphological Features

Coastal shorelines tend to mimic the offshore contours due to refraction. As shown in Figure 4-
4, the nearshore bottom contours at the Gay Site are rather straight and parallel out to
approximately the 10 m (33 ft) depth, with exceptions just offshore and southwest of the original
deposit, indicated as point “A,” and surrounding the salient at point “B.” It is assumed that the
nearshore contours in the vicinity of point “A” are impacted by the deposition of eroded stamp
sand from the original deposit. It is further assumed that the nearshore contours near point “B”

are a natural formation, and that the dry beach is accreting according to the contour alignment.
4.1.3 Shoreline Change

Shoreline change is measured by the recession or accretion of the dry beach, as well as by the
volumetric change in material above and below the Chart Datum. Shoreline change is an
important factor in determining long-term effects of shoreline protection measures. The
predicted shoreline change rate and volumetric change rate for the Gay Site are described in the

following subsections.
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Figure 4-4
Morphological Features
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The location of the shoreline positions for 1998 and 2004 is depicted on Figure 4-5. The
computation of the shoreline change rate is shown in Table 4-1. Beginning at the original
deposit, the shoreline from Sta. 86+00 to 69+80 is eroding at a rate of approximately 7 m/yr (23
ft/yr), and is comparable to the erosion rate predicted by the USACE in 2001. South of the
deposit, the shoreline from Sta. 69+80 to 54+00 accretes at a rate of 7.2 m/yr (23.5 ft/yr). From
Sta. 54+00 to 41+17, the shoreline undulates in an alternating erosive and accretion pattern in
response to the irregular bathymetric contours in the nearshore zone (see Subsection 4.1.2.3).
The net shoreline change within this region is 0.5 m/yr (1.6 ft/yr). The remaining shoreline from
Sta. 41+17 to the Traverse River harbor breakwall at Sta. 05+00, is experiencing an accretion
rate of 2.2 m/yr (7.2 ftlyr).

4.1.3.1 Shoreline Change Rate

The report Draft Quantification and Fate of Keweenaw Stamp Sand (USACE, 2001) calculated
the erosion rate of the original deposit using aerial photographs from 1938 (Figure 2-11) and
1998 (Figure 2-12). With a shoreline retreat of approximately 490 m (1,610 ft) over a 61-year
period, the estimated erosion rate is 8 m/yr (26 ft/yr). At this rate, the original deposit will
completely erode within the next 45 years and the stamp sand will continue to migrate offshore
and towards the south along the shoreline.

Additional analysis of the shoreline change rate was conducted using the 1998 USGS DOQQs
and the location of the shoreline in 2004, as determined by the topographic and hydrographic
survey of the Gay Site. At the time of the aerial photo taken in April 1998, USACE —Detroit
District historic water level records indicated that the water level measured 183.35 m IGLD 85.
The water level at the time of the survey in October 2004 was approximately 183.4 m IGLD 85.
Because the difference in water level was minimal the use of these two shorelines was adequate
to obtain the estimated recession rate. The recession rate from station 69+80 to 86+75, is only
slightly lower than the estimate presented in the document Draft Quantification and Fate of
Keweenaw Stamp Sand (USACE, 2001).
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Figure 4-5
Shoreline Change (1998-2004)
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Table 4-1
Shoreline Change (1998-2004)
Shoreline Shoreline Shoreline
Starting Ending Distance Chande Area Change Rate
Station Station (m) (212) +/-
(m/yr)
86+00 69+80 1,707 - 68,773 -6.7
69+80 54+00 1,613 + 69,095 +7.2
54+00 41+17 1,393 +4,385 +0.5
41+17 5+00 3,555 + 45,980 +22
42 HYDRODYNAMIC MODELING PHASE IIl — MODEL SELECTION,

CALIBRATION AND VALIDATION
4.2.1 Model Selection

A variety of one- and two-dimensional numerical models are available to the coastal engineering
industry that simulate one or several of the erosion processes, such as cross-shore and long-shore
transport. The selection of a model(s) is dependent on its ability to adequately simulate existing
and future conditions for a specific Gay Site with known limitations, such as field data, complex
site conditions, and budget. Such models include Storm Induced Beach Change (SBEACH),
Numerical Model for Simulating Long-Shore Current (NMLONG), Steady Wave (STWAVE),
Wave Refraction/Diffraction Model (REF/DIF), Simulating Waves Nearshore Model (SWAN),

etc.

Hydrodynamic modeling parameters were determined during Phase | — Coastal Processes to
evaluate the wave forces impacting the Gay Site that best simulate the effect of future long-term
impacts to the alternatives. Since no one model can accurately assess the various components of
coastal processes, a suite of numerical models were reviewed and selected based on their ability

to address each of the major hydrodynamic components present at the Gay Site.

42.1.1 Shoreline Response Modeling

Wave transformation and shoreline response models were evaluated and selected as part of the
analysis of the alternatives for the TE using one and two-dimensional Coastal Engineering and
Design and Analysis System (CEDAS) models. Wave transformation models simulate the

refraction and diffraction of wind waves propagating from deep water to the Gay Site. Shoreline
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response models predict the future shoreline change in response to natural forces and/or
engineering components imposed on the system.

The following models were selected to evaluate the alternatives: Beach Morphology Analysis
Package (BMAP), Generalized Model for Simulating Shoreline Change (GENESIS), and
STWAVE. Model descriptions are presented in 4.2.1.2. These models were selected as
described below:

= All models are part of the Nearshore Evolution Modeling System (NEMOS), which is
a set of codes that operates as a system to simulate the long-term planform evolution
of the beach in response to imposed wave conditions, coastal structures, and other
engineering activity. NEMOS is an interactive, Windows-based design and analysis
system for engineers and scientists working in the fields of coastal, ocean, and
hydraulic engineering and oceanography. The program is a comprehensive collection
of coastal engineering design and analysis software, developed by or for the U.S.
Army Engineer Waterways Experiment Station.

= BMAP and GENESIS were selected to evaluate shoreline change and response.
BMAP is used to evaluate the cross-shore profile change based on two or more
chronological survey profile lines. GENESIS evaluates the change in shoreline
position of a project site in response to wave action and the implementation of the
various alternatives.

= STWAVE was selected as the wave transformation model based on its ability to
import wave hindcast data from the WIS database, grid generation capabilities, and
graphic interface visualization tools. Modules within STWAVE transform deep
water waves into shallow water with a known bathymetry.

42.1.2 Model Descriptions

BMAP: is an integrated set of beach profile analysis routines developed to automate and support
mainframe and desktop studies of beach profile change, beach-fill design, and numerical

simulation of storm-induced beach erosion.

GENESIS: is a model for calculating shoreline change caused primarily by wave action and can
be applied to a diverse variety of situations involving almost arbitrary numbers, locations, and
combinations of groins, jetties, detached breakwaters, seawalls, and beach fills. The system is
based on one-line theory, whereby it is assumed the beach profile remains unchanged permitting

beach change to be described uniquely in terms of the shoreline position. Other features included
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in the system are wave shoaling, refraction, and diffraction; sand passing through and around
groins, and sources and sinks of sand.

Along the Gay Site, there are two sections of beach with contour lines straight and parallel
within the depth of closure (the original deposit and the Traverse River Breakwall areas).
GENESIS was calibrated to reflect the shoreline change based on historical shoreline locations
within these two sections. Based on the scope of work to determine mitigation options at the
original stockpile and in the vicinity of the breakwall, GENESIS was selected to provide an

accurate depiction of shoreline change along these two sections of shoreline.

STWAVE: is a 2-dimensional finite-difference representation of a simplified form of the
spectral balance equation to simulate near-coast, time-independent spectral wave energy
propagation. The model assumes:

= Only wave energy directed into the computational grid is significant, i.e., wave
energy not directed into the grid is neglected; and,

= Wave conditions vary slowly enough that the variation of waves at a given point over
time may be neglected relative to the time required for waves to pass across the
computational grid.

STWAVE is based on a simplified form of the spectral balance equation. The model has
capability of using tidal currents, nested grids, and a variable ocean boundary condition.

4.2.2 Modeling Assumptions, Calibration, and Validation
42.2.1 Assumptions

To properly interpret modeling results, the assumptions chosen during the model construction
and calibration process must be thoroughly taken into account. The assumptions chosen for
modeling the study alternatives include the physical parameters required to conduct an accurate
hydrodynamic model: typical wave characteristics, sediment data, bathymetry, boundary
conditions, time step, modeling duration and governing processes during the model runs. The
selection of modeling assumptions is often subjective, dependent on available data, the models

used, and the primary information needed from the modeling results.
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To compare the performance of each alternative in relation to one another, a number of
assumptions pertaining to the initial conditions and wave mechanisms were consistent

throughout the modeling process. The assumptions for the alternative modeling are as follows:

= Wave characteristics and resulting currents are determined from statistical analysis of
wave hindcast data from 1987. Deepwater wave characteristics were transformed
into the nearshore using WIS Phase 3 Wave Transformation (WISPH3), a module of
STWAVE. A representative group of wave events were calculated by another
STWAVE module, Wave Station Analysis and Visualization (WSAV), and used as
input for STWAVE and GENESIS;

=  Beach sediment is uniform sand with Dsy = 0.35 mm, based on actual Dsqy calculations
from existing geotechnical investigations examined in this report;

= Depth of closure is 5.5 m;
= Berm heightis 2.0 m;

= Model grid generation is based on topographic and hydrographic survey data
collected in October 2004;

= The time step for each simulation is three hours. Model simulation is for a period of
10 years and 20 years;

= |t is assumed that the shoreline is covered by ice approximately three months of the
year, which prevents littoral transport. The model is set to a wave height of zero from
December 15 through March 15 to simulate ice effects on sediment transport; and,

= GENESIS only simulates shoreline change produced by spatial and temporal
differences in longshore transport (USACE, 1989). Cross-shore sediment transport is
assumed to average out over a sufficiently long simulation interval or, in instances of
a new structure within the system, be dominated by rapid changes in shoreline
position from a non-equilibrium to an equilibrium profile.

42272 Calibration and Validation

Direct calibration and verification was conducted for GENESIS. Since STWAVE is purely a
wave transformation model and BMAP a quantification tool, calibration of these two models was
not required. However, WIS hindcast data was retrieved for the aerial photograph date of 17
May 1982. The wave heights ranged from 0.7 to 1.2 m, period 5.0 s, and wave directions from
65° to 146°. Upon inspection of the photograph, the incident wave angle appears to be
approximately 120°. In STWAVE orientation, this angle translates to approximately 50°. Using
WSV, a visualization tool for STWAVE, the wave event that most closely matched the waves in
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the photograph was Event #68. The wave characteristics included a 0.86 m wave height, 4.47 s
period, and theta of 45°. The wave direction vectors of Event #68 compare favorably to the wave

crests in the aerial photograph, validating the use of this calibration method for STWAVE.

Direct calibration for GENESIS was achieved by comparing results predicted by the model to
measured field data. Topographic and bathymetric survey data collected in 2004 were used to
delineate the present day shoreline. Although the USACE collected limited survey profile data
in 2001, the location of the shoreline could not be interpolated between profiles due to the
significant distance between transects. Therefore, a historic shoreline location was acquired
from the 1998 DOQQs. Wave information was collected from WIS station 41, located
approximately 16.5 km (10.25 mi) to the east-northeast of the Gay Site. Wave characteristics
(direction, period, and height) were recorded by the wave hindcast from wind data recorded at
the station for 1957 through 1987. Ideally, calibration would involve the use of wave records
collected during the span of available shoreline data. Since this information was not available
for the Gay Site, the wave data was analyzed to determine long-term trends in wave activity to
best predict the wave forces that would impact the outcome of the alternatives development. The
wave data set was narrowed to the year 1987. Only one historic photo was located for the time
frame of the hindcast data, which was 1983. The next available photo was 1992. The only
available wind data for the years of the aerial photos is from the Coast Guard station in
Marquette, Michigan, located over 50 miles away. Review of historical WIS data allowed for
identification of recognizable wave climate patterns over a period of 30 years. The wave climate

represented by the historical WIS data shows consistency in seasonal wave patterns over time.

WESTON previously concluded that replicating the hydrographic survey lines completed by the
USACE, which provided a measure of changed conditions over a known period of time, would
provide a better means of calibrating the Gay Site model than deployment of the temporary wave
gauge. The wave gauge would provide a brief representation (approximately 30 days) of the
wave information at only one point along the shoreline. Therefore, it was decided to forgo wave
gauge deployment and direct those funds towards additional hydrographic survey. Secondly, the
WIS hindcast data provides 30 years of historical wind and wave data which is more

representative of the wave climate and recognizing typical wave patterns near the Gay Site
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shoreline. The STWAVE module, WISPH3, transformed the deepwater wave set (Figure 4-6)

into the nearshore wave climate (Figure 4-7).

Figure 4-6
Wave Rose, WIS Station 41 (1987)
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Figure 4-7

Wave Rose, Nearshore Wave Climate (Based on 1987 WIS Data)
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Of note, wave directions for the WISPH3 nearshore wave transformation are limited to those
directions that directly impact the project shoreline. WSAV, another STWAVE module,
performed a statistical analysis of the nearshore wave climate to produce a representative group
of wave events for use in GENESIS simulations. GENESIS was run against the 1998 shoreline

for the 1998 through 2004 period using the representative wave events from STWAVE.

STWAVE is a solution of the steady-state spectral balance equation for wave transformation.
The NEMOS package contains several auxiliary codes that develop input data sets. For
STWAVE, these auxiliary codes include WISPH3, WSAV, and Spectrum Generation
(SPECGEN). Hindcast data from WIS Station 41 was obtained for 1987. As wave patterns were
observed to be consistent from year to year, when the entire season of data was considered, 1987
was selected as it was the most recent year of data. First, the hindcast data was transformed from
deeper water to a shallower water depth found offshore the project shoreline. The transformed
wave height, period, and direction were entered into WSAV to perform a statistical analysis of a
series of wave events that represent wave action in the project area. SPECGEN was then used to
derive input spectra from the WSAV permutation file for STWAVE.

Final calibration was achieved by adjusting physical parameters until the predicted model results
closely resembled the actual survey data upon visual inspection of the reference shoreline as
discussed in Subsection 4.1.3.1. Graphical results of the calibration for Reach 2 are shown in
Figure 4-8.

4.3 HYDRODYNAMIC MODELING PHASE Ill - MODELING AND ANALYSIS

4.3.1 Modeling Analysis

Shoreline response modeling of each alternative was conducted using GENESIS for a simulation
period of 10 years and 20 years. To provide a baseline comparison, an additional “no-action”
model simulation was performed for the 10 and 20 year periods. The model was run against the
initial shoreline position as determined by the 2004 survey. A graphical representation of the 10
and 20 year shoreline positions and the 20 year GENESIS shoreline comparison plots for each
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alternative and the “no-action” simulation are located in Appendix B and Appendix C,

respectively.

Figure 4-8
GENESIS Calibration, Reach 2

Legend:
1998 Shoreline
[——_ 2004 Shoreline

—— Harbor Breakwall
The GENESIS Shoreline is where the land

(green) meets the water (blue)
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As shown in the graphical results and shoreline comparison plots, the shoreline in Reach 1 is
stable for each alternative due to the proposed revetment. Hard armoring protects the original
deposit from further erosion due to wave action and ice forces. However, erosion of the existing
shoreline rapidly increased immediately south of Reach 1. This reaction is typical of shorelines
immediately downdrift of hard structures. While the erosion introduces new material into the
littoral system, the volume of material eroded is considerably less than the volume of material
that would have eroded from the original deposit. Moving further south, the erosion rate
decreased until the shoreline began to accrete approximately mid-distance along the project

shoreline (within Reach 2).

Modeling results of the shoreline response at the proposed groins in Reach 2 are shown in Table
4-2. The groin in Alternative 1 was placed to the north of the salient, and the groins for
Alternatives 2 and 3 were placed along the midpoint and south of the salient, respectively.
Furthermore, material accretes to the north of the groin for Alternative 1 and south of the groins
in Alternatives 2 and 3. After 20 years, dredging and/or excavation of existing stamp sand
between the proposed groins and the Traverse River harbor breakwall reduces the rate of
accretion for Alternative 1 and increases the accretion rate for Alternative 3. Dredging and/or

excavation have no impact on the rate of accretion south of the groin for Alternative 2.

Table 4-2
Shoreline Response at Groin

Alternative | 1a | 1b | 1c | 2a | 20 | 2c | 3a | 3b | 3¢ | 4a | 4b | ac | NO

Action

o | North b oo | 15 | 94| 60| -25]-30]|-15|-23|-20|nNA|NA|NA|] NA
g | i
Z | south

=) ou 00 | 01| 01|60/ 45| 40| 40| 58|63 |NA|NA|NA| NA
(m/yr)

o | North 1 oo | a0 | 31 | 28| -15|-16| 15 | -08|-08|NA|NA|NA| NA
g | (i
Z | south

S ou 09 | 01 | 01| 40| 40 | 40 | 30| 47 |50 | NA|NA|NA| NA
(m/yr)
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This section of the shoreline from the harbor to the stockpile is accretionary due to the continual
feeding of stamp sand from the stockpile. Although new stamp sand is added to the system by
sand migration from the north to south, the stamp sand material is moved both to the south and to

the north depending on wave direction.

The predominate wave direction affecting the project shoreline changes throughout the year.
From March through May, incident waves are generated from 60-150°. Incident waves are
generated from 60-180° during June through August, and from 150-180° during September
through December. The angle that the incident waves impact the shoreline, after shoaling,
affects the direction of the littoral current. Therefore, the predominate littoral transport is to the
south during the spring and to the north during the fall.

Because of the constant addition of stamp sand to this section of the system, coupled with dual
directional littoral transport, material will build up against the simulated groin to the north and

the breakwall to the south.

The shoreline response north of the Traverse River harbor breakwall was essentially identical for
each alternative, including the “no action” simulation. As shown in Table 4-3, the shoreline
accretes at an average rate of 2.5 m/yr (8.2 ft/yr) over the 10 year and 20 year simulation period.
This accretion rate is nearly identical to the rate of accretion experienced from 1998 to 2004, as
shown in Table 4-1. An additional simulation was run to determine the approximate time period
required to advance the existing shoreline north of the Traverse River harbor breakwall to the
lakeward tip of the breakwall, provided no maintenance dredging or other stabilization actions
were performed. The model indicated that for each alternative, including the “no action”
simulation, the shoreline would advance to the lakeward tip of the breakwall in approximately 60
years.
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Table 4-3
Shoreline Response at Traverse River Harbor Breakwall

Alternative | 1a | 1b | 1c | 2a | 20 | 2c | 3a | 3b | 3¢ | 4a | 4b | ac | NO
Action

10 Years 24 | 23 | 24 | 24 | 22 | 23| 24 | 20| 20| 24| 23| 24| 24

(m/yr)

0vears | 50 | 9g 127 | 27 | 27 | 25 | 27 | 27 | 27 | 27 | 28 | 27 | 27

(m/yr)

Accretion can continue despite the implementation of the alternatives due to the transport of
material from offshore to the shoreline north of the breakwall, as evidenced by the existence of
quartz sand mixed with stamp sand observed at that location during the site visit performed in
October 2004. Furthermore, the breaking waves will suspend the stamp sand at the tip of the
salient. Depending on the direction of the incident waves, this suspended material is carried
north or south by the littoral current. Stamp sand can therefore be directed in both directions
from the salient and the groin.

4.3.2 Conclusions

Based on the modeling results in Reach 2, a nodal point exists along the northern portion of the
salient. A nodal point is a location at which the positive and negative littoral transports are
equal, yielding no net transport (Dean, 2002). As discussed previously, a nodal point is not a
barrier. In addition, the location of the nodal point can have significant variation due to the
changes in the annual littoral drift rates. Sediment transport and therefore, migrating stamp sand,

can pass a nodal point in both directions.

Visual inspection of the graphical plots in Appendix B and the quantitative results in Table 4-2
demonstrate that the nodal point is located between the proposed groin locations in Alternatives
1 and 2. When the groin was placed to the north of the nodal point, as in Alternative 1, material
accretes to the north of the groin. However, placement of the groin south of the nodal point, as

in Alternatives 2 and 3, material accretes to the south of the groin.

Each alternative successfully met the project goal to preclude further erosion of the original

deposit. By armoring the existing shoreline of the original deposit, new stamp sand is no longer
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introduced into the littoral zone. However, a significant amount of material continues to enter

the littoral zone due to erosion south of the proposed revetment.

Modeling analysis indicates that the position of the shoreline north of the Traverse River harbor
breakwall will not bypass the breakwall within approximately 60 years, regardless of the
proposed shoreline stabilization measures. The limited effect of the proposed groins on shoreline
change at the Traverse River harbor breakwall is due to the nodal point and the distance of the
groins to the breakwall. The net transport at a nodal point is zero, and the net transport either
increases positively or negatively with increasing distance from the nodal point. If the proposed
groins are placed in relative proximity to the nodal point, and thus in an area of decreased net
transport, the structures are not capable of influencing shoreline response at significant distances

from the nodal point.

Consequently, the placement of the proposed groins has little effect on the second objective of
the project, which is to ensure the unaffected, clean beach south of the Traverse River harbor
breakwall is not impacted by the southward migration of the previously eroded stamp sand. In
addition, the placement of a groin at locations closer to the breakwall than Sta. 21+00 was
modeled to determine the effects on the shoreline. In each case, when a groin was placed closer

to the Traverse River harbor breakwall, the shoreline experienced an increased accretion rate.
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SECTION 5
ALTERNATIVES ANALYSIS

Alternatives were evaluated using a variety of criteria as shown in the matrix presented in
Appendix D. The following subsections discuss the alternatives analysis process in further
detail.

5.1 ALTERNATIVE ANALYSIS ASSUMPTIONS

Development of the alternatives required several assumptions that are constant for each

alternative:

= Conceptual cost estimates for each alternative includes first costs for material,
transport of material to the Gay Site, construction, and labor, as estimated by local
suppliers and contractors. Costs for structural repairs, operation and maintenance,
maintenance dredging (other than the selected alternative), and plans and
specifications for the alternatives were not included in this TE;

= Construction schedule was based on daily production rates as quoted by local
contractors. The schedule does not assume that various construction activities occur
simultaneously;

= The construction schedule assumes construction activities will occur from late spring
to early fall when weather is most favorable;

= Based on the hydrodynamic modeling, hard armoring of the original deposit
precludes further erosion of the stamp sand along the project shoreline and
subsequent introduction into the littoral system. The shoreline north of the Traverse
River harbor breakwall does not bypass the breakwall after a period of 20 years.
However, the shoreline is expected to reach the tip of the breakwall in approximately
60 years as the shoreline continues to experience an average existing shoreline rate
change of 2.5 m/yr (8.2 ft/yr) for each alternative if maintenance dredging is not
implemented. It is assumed a maintenance dredging program would be implemented
with the selected alternative to maintain the shoreline north of the Traverse River
harbor breakwall in the 2004 position and prevent bypassing of the breakwall.

= Quantification of the material to be dredged and excavated between the proposed
groin and the Traverse River harbor breakwall was calculated using 1) volume
estimates provided by MDEQ resulting from the geophysical survey (for Sta 5+00 to
Sta 24+00 [geophysical survey area]), and 2) an estimate of the volumes above and
below the lake level for Sta 24+00 to Sta 29+00 as follows: For the subsurface
material to be dredged, a 2004 hydrographic survey line from south of the breakwall,
which consists of native sand, was overlain on two survey lines north of the
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breakwall. The slope of the native sand was extrapolated along the survey lines of the
stamp sand surveys and a difference in area between the two slopes was calculated
using BMAP. The volumetric difference was determined using the average end area
approach. To estimate quantities of material to be excavated, the surface area above
the Chart Datum (183.3 m IGLD 85) was obtained from the 1998 DOQQ and
multiplied by an assumed average depth of 1.5 m (5.0 ft) to calculate a volume.
Conceptual engineering estimates of dredging and excavation volumes are presented
in Appendix I; and,

= Contingency factors were assigned to the cost estimates to account for unknowns.
Associated costs based on the conceptual level of design are expected to provide an
accuracy of +50% to -30%. Final costs would depend on pilot tests, implementation
of legal agreements for land use restrictions, site access, actual labor and material
costs, actual site conditions, market conditions, final project scope, engineering
between the TE and conceptual design, conceptual project schedule, productivity, and
other variable factors. As a result, the final costs would likely vary from the
estimates presented in this TE. However, most of these factors should not affect the
relative cost differences between alternatives.

5.2 ANALYSIS CRITERIA

An analysis of the twelve alternatives presented in Subsection 3.1 was conducted to evaluate
each in terms of performance, constructability, cost-efficiency, and permitting requirements.
The purpose of the alternatives analysis was to assess the advantages and disadvantages of the
alternatives to recommend a preferred alternative to carry over into the next design phase.
WESTON developed the evaluation criteria used in the alternatives analysis, which are defined

as follows:

= Performance — Performance was based on the alternative’s ability to meet or exceed
project goals established by MDEQ and outlined in Subsection 1.5. Performance
was assessed by the modeling results presented in Subsection 4.3 and the fourth
assumption listed in Subsection 5.1;

= Constructability — The constructability of the alternatives was based on its ease of
construction. Construction schedule and productivity vary depending on the
configuration of the alternative;

= Cost-Efficiency — Cost-efficiency was the total cost of the alternative, including labor
and materials. Each alternative was evaluated on its anticipated construction costs
and presented as an overall net project cost. Costs for alternatives that include
dredging were based on an estimate of the amount of material to be dredged and
excavated according to a limited amount of existing geophysical and bathymetric
data; and,
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= Permitting Requirements — Permitting and regulatory acceptance was based on the
regulatory process, restrictions, and associated costs to obtain a permit for each
alternative.

5.3 EVALUATION

The twelve alternatives were evaluated using a matrix scoring system with respect to
performance, constructability, cost-efficiency, and permitting requirements. To evaluate the
alternatives, a matrix scoring system was developed by WESTON. Specific components of the
criteria were assigned a numerical value between 0 and 8, as outlined in Table 5-1. The
alternatives were ranked according to their total score, with the highest ranking alternative
receiving the highest score. The top four scores of the alternatives analysis are given in Table 5-
2. A summary of all alternatives with cost and scores is given in Table 5-3. A complete matrix

of the alternatives analysis scoring and results are presented in Appendix D.
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Table 5-1
Criteria Values

Criteria

| Value

Performance

Precludes Further Erosion of Original deposit

Does Not Preclude Further Erosion of Original deposit

Shoreline Does Not Bypass Breakwall after 20 Yrs

Accretion of Shoreline at Breakwall Slower than No Action Alternative

Accretion of Shoreline at Breakwall Faster than No Action Alternative

Accretion of Shoreline at Breakwall Same as No Action Alternative

= O N[N |O |~

Constructability

Schedule 0-100 days

Schedule 100-200 days

Schedule 200-300 days

Schedule 300 - 400 days

Schedule Greater than 400 days

o |IN [ OO [

Cost Efficiency

Total Cost < $2.0M

Total Cost $2.0M - $4.0M

Total Cost $4.0M - $6.0M

Total Cost $6.0M - $8.0M

Total Cost > $8.0M

o |IN [ O (0

Permitting Requirements

Major Project

Minor Project

Testing of Dredge Materials

No Testing of Dredge Materials

AINID N
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Table 5-2
Matrix Scoring of Top 4 Alternatives
2 Py %)
(5] — (&) -
Q —_ c o C
c Qo 5 C o j=2
g g S | 2| 2 £
. |5} _—
Alternative 5 c E ES § =
_ wn 4 [N el [nd
g | 5| & | &
3 &) &
Alt. #1a — Minerock Revetment, Groin
@ Sta. 29+00, No Dredging ! 8 6 6 27 2
Alt. #2a — Minerock Revetment, Groin .
@ Sta. 24+50, No Dredging ! 8 8 6 29 1(tie)
Alt. #3a — Minerock Revetment, Groin .
@ Sta. 21+00, No Dredging ! 8 8 6 29 1(tie)
Alt. #4a — Minerock Revetment, .
Dredging 7 8 8 6 29 1(tie)
Table 5-3
Summary of Alternatives Cost and Scores
Alternative Revetment A - Minerock Revetment B - TerraFirm Revetment C - Armorflex
Alternative 1a — 150 m Groin, No Cost: Score: 27 Cost: Score: 23 Cost: Score: 21
Dredging $2,156,487 $4,610,243 $6,339,334
Alternative 1b — 150 m Groin, Cost: Score: 13 Cost: Score: 11 Cost: Score: 11
700,000 cy Dredging/Excavation $6,578,760 $9,032,517 $10,761,607
Alternative 1c — 150 m Groin, Cost: Score: 15 Cost: Score: 13 Cost: Score: 11
181,300 cy Dredging/Excavation $4,794,413 $7,248,170 $8,977,260
Alternative 2a — 150 m Groin, No Cost: Score: 29 Cost: Score: 23 Cost: Score: 21
Dredging $1,914,611 $4,368,367 $6,097,458
Alternative 2b — 150 m Groin, Cost: Score: 15 Cost: Score: 13 Cost: Score: 11
507,000 cy Dredging/Excavation $5,430,828 $7,884,584 $9,613,675
Alternative 2c — 150 m Groin, Cost: Score: 17 Cost: Score: 13 Cost: Score: 11
154,600 cy Dredging/Excavation $4,215,048 $6,668,803 $8,397,893
Alternative 3a— 120 m Groin, No Cost: Score: 29 Cost: Score: 23 Cost: Score: 21
Dredging $1,993,674 $4,447,430 $6,176,521
Alternative 3b — 120 m Groin, Cost: Score: 15 Cost: Score: 13 Cost: Score: 11
426,000 cy Dredging/Excavation $4,712,930 $7,166,687 $8,895,777
Alternative 3c — 120 m Groin, 98,400 | Cost: Score: 21 Cost: Score: 15 Cost: Score: 15
cy Dredging/Excavation $3,582,966 $6,036,722 $7,765,813
Alternative 4a — No Groin, No Cost: Score: 29 Cost: Score: 23 Cost: Score: 23
Dredging $1,621,319 $4,075,076 $5,804,166
Alternative 4b — No Groin, 426,000 Cost: Score: 15 Cost: Score: 13 Cost: Score: 11
cy Dredging/Excavation $4,340,576 $6,794,332 $8,523,423
Alternative 4c — No Groin, 98,400 cy Cost: Score: 21 Cost: Score: 17 Cost: Score: 15
Dredging/Excavation $3,210,611 $5,664,367 $7,393,458
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5.3.1 Alternative la

Alternative la consists of hard armoring along the original deposit and a rubble-mound groin at
Sta. 29+00. The hard armoring is installed along 3,580 m (11,745 ft) of shoreline from Sta.
86+00 to Sta. 54+00, with an additional 15.3 m (50.0 ft) of revetment installed into the shoreline
at each end to tie the structure into the existing shoreline. The groin is 150.0 m (495.0 ft) in
length and oriented perpendicular to the shoreline.

53.1.1 Performance

Alternative 1la was assigned a performance score of “7” in accordance with the assumptions
listed in Subsection 5.1.

5.3.1.2 Constructability

Alternative 1a consists of two construction components, a revetment and a groin. The alternative
was assigned a score for constructability ranging from “6” to “8,” depending on the revetment
construction method. A description of the revetment, groin, and the estimated construction

schedule are described in the following paragraphs.
Revetment

Three construction options for the hard armoring of the original deposit were analyzed: Rock
Revetment, Terrafirm Blocks, and Armorflex Units. For each option, hard armoring of the
original deposit begins at Sta. 86+00 and terminates at Sta. 54+00. For conceptual design
purposes, it was assumed that from Sta. 86+00 to Sta. 75+00, the existing stamp sand bluff is 6.0
m (20.0 ft) in height and from Sta. 75+00 to Sta. 54+00, the existing bluff is less than 3.0 m
(10.0 ft).

The revetment was designed at a conceptual level to resist a typical storm wave impacting the
Gay Site shoreline with wave height of 0.75 m (2.5 ft) and wave period of 7.5 seconds (s). The
wave height was determined by calculating the largest unbroken wave that could impact the
revetment given a water depth at the toe of the revetment of 0.9 m (3.0 ft). Larger waves in Lake
Superior are evidenced by the WIS hindcast data of “deep water” waves upward of 10-15 feet

directed normal to our project area (worst case scenario). However, these waves are broken and
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reduced to a size of 2.5 ft (approximately 7/10ths the water depth in accordance with CEM,
EM1110-2-1100, Part Il, Chapter 4, Section 3) by the time they reach the shoreline, or the
proposed revetment. Based on the estimation of water depth at the toe of the revetment, 2.5 ft

was the largest estimated wave height.

Conceptual design engineering calculations for the rock revetment are located in Appendix E.
Engineering design for the Terrafirm Blocks and Armorflex Units was based on manufacturer

recommendations for the given slope and design wave height.

A typical cross-section of the rock revetment is shown in Figure 5-1. The revetment is placed
atop graded stamp sand on a 1V:2H slope to a height of 3.0 m (10.0 ft) above the existing grade.
A 0.3 m (1.0 ft) thick layer of bedding material, consisting of minerock 1.5-in or less in diameter,
is overlain with a 1.0 m (3.0 ft) thick layer of 18- to 24-inch graded minerock armor stones. The
revetment is protected against scour by a 1.0 m (3.0 ft) extension of the revetment into the
existing grade at the toe. Construction of the revetment will consist of the use of an excavator to
grade the existing stamp sand to the desired slope. Graded material will be transported by the
excavator and deposited at a new location within the original deposit. A trench for the
embedment of the toe protection will be excavated along the waterline, followed by the
placement of the bedding layer and armor stones using a wide track dozer. The trench will be
backfilled with existing stamp sand and compacted into place. It was assumed that all
construction is land-based and that the minerock will be transported to the Gay Site via truck

from a local source.

TerraFirm T-60 Blocks are an interlocking articulating concrete block system that is used as
shoreline protection. The cross-section for the TerraFirm revetment is shown in Figure 5-2.
The revetment is placed atop graded stamp sand on a 1V:2H slope to a height of 3.0 m (10.0 ft)
above the existing grade. A 0.15 m (0.5 ft) thick layer of bedding material, consisting of 1.5-in
and under minerock, is overlain with a non-woven geotextile and TerraFirm T-60 Blocks. The
T-60 Blocks are anchored into the top of the revetment using a crest anchor, as illustrated in
“Detail B.” The revetment is protected against toe scour by a 1.2 m (4.0 ft) extension of the T-60
Blocks, as shown in “Detail A.” Following installation, a series of anchors will be installed to

further secure the revetment against wave action and other geotechnical forces. Construction of
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Figure 5-1

Rock Revetment Cross-Section
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Figure 5-2

TerraFirm Revetment Cross-Section
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the TerraFirm revetment will consist of the use of an excavator to grade the existing stamp sand
to the desired slope. The blocks may be transported to the Gay Site by either barge in a single
shipment, or by relocating a mobile plant near the Gay Site and producing the Blocks with local
aggregates. Excess graded stamp sand will be transported by the excavator and deposited at a
new location within the original deposit. The TerraFirm Blocks may be positioned along the
revetment using either a front end loader or spreader bar and crane. It was assumed that all
construction is land-based and that the minerock for the bedding layer will be transported to the

Gay Site via truck from a local source.
TerraFirm T-60 technical information is located in Appendix F.

Armorflex 55S mats consist of machine compressed cellular concrete units appropriate for use in
the protection of waterfront slopes. A typical cross-section of the Armorflex revetment is shown
in Figure 5-3. The revetment is placed atop graded stamp sand on a 1V:2H slope to a height of
3.0 m (10.0 ft) above the existing grade. A 0.1 m (.33 ft) thick layer of bedding material,
consisting of 1.5-in and under minerock, is overlain with a non-woven geotextile and Armorflex
55S Units. The Armorflex Units are anchored into the top of the revetment by extending the
revetment a minimum of 0.6 m (2.0 ft) at an approximately 45° angle. The revetment is
protected against scour by a 1.0 m (3.0 ft) extension of the revetment into the existing grade at
the toe and covering the toe and an additional 0.6 m (2.0 ft) width with 1.5-inch and under
minerock. Construction of the revetment will consist of the use of an excavator to grade the
existing stamp sand to the desired slope. Material will be transported by the excavator and
deposited at a new location within the original deposit. The Armorflex Units will be constructed
at an existing manufacturing facility in Houghton, Michigan and transported to the Gay Site via
trucks. The units arrive on-site as a system of factory-assembled mats. The mats are placed
along the slope using a lifting beam and conventional construction equipment. A trench for the
embedment of the toe protection will be excavated along the waterline, followed by the
placement of the bedding layer and armor stones using a wide track dozer. The trench will be
backfilled with existing stamp sand and compacted into place. It was assumed that all
construction is land-based and that the minerock for the bedding layer will be transported to the
Gay Site via truck from a local source. Armorflex 55S technical information is located in

Appendix G.
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Figure 5-3

Armorflex Revetment Cross-Section
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Groin

The proposed 150.0 m (495.0 ft) groin at Sta. 29+00 is a rubble-mound structure, as shown in
Figure 5-4 and Figure 5-5. The groin is designed at a conceptual level to resist a typical storm
wave impacting the Gay Site shoreline with a characteristic wave height, Hy10, of 2.1 m (6.8 ft).
The characteristic wave is the average height of the highest one-tenth waves in a given data set.
Wave data used in the calculation of Hyo included wave heights from 1957 through 1987 as
recorded by WIS Station #41. Conceptual design engineering calculations for the groin armor

stone size and foundation layer are in accordance with the CEM and located in Appendix H.

The foundation consists of a 0.6 m (2.0 ft) thick bedding layer of 18- to 24-inch minerock, which
protects the structure against excessive settlement and scour. The cross-section was divided into
nearshore and foreshore zones. The nearshore zone includes a bedding layer that extends a
minimum of 1.2 m (4.0 ft) in each direction past the armor units. The bulk of the groin consists
of 3-ft diameter limestone rock constructed to a crest elevation 0.9 m (3.0 ft) above the Chart
Datum of approximately 183.5 m (602.3 ft) IGLD 85. The crest width is 2.5 m (8.0 ft) and side
slopes are 1V:2H. The foreshore portion of the groin requires minor grading for proper
embedment of the groin. Material is excavated down to a distance equivalent to the continuation
of the nearshore slope. The groin is constructed to a height of 0.9 m (3.0 ft) above the existing
foreshore slope. The foundation in the foreshore zone is reduced to 0.3 m (1.0 ft) and extends a
minimum of 0.6 m (2.0 ft) in each direction past the armor units. The crest width is 2.5 m (8.0
ft) and side slopes are 1V:2H. For conceptual design purposes, it was assumed that the existing

subsurface will consolidate and settle 0.3 m (1.0 ft).

Construction Schedule

The construction schedule for Alternative 1a varies depending on the revetment construction
method. A breakdown of the construction schedule estimate is located in Appendix J.
Construction of the minerock revetment is approximately 92 days, with a production rate of
1,800 tons per day (tons/day). The installation of the TerraFirm T-60 Blocks will require
approximately 190 days (2,500 square feet per day [sf/day]) of completion, and the Armorflex
55S Units 127 days (10,000 sf/day). At a production rate of 2,400 tons/day, the groin for

Alternative 1a could be constructed in under a week.
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Figure 5-4
Typical Groin Cross-Section
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Figure 5-5
Typical Groin Elevation
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5.3.1.3 Cost-Efficiency

A spreadsheet detailing the conceptual estimate of probable cost for Alternative 1a is located in
Appendix K. The total cost for the alternative varies depending on the revetment construction
method, ranging from $2.16 million (M) to $6.34 M.

Alternative 1a was assigned a score for cost-efficiency ranging from “2” to “6,” depending on
the revetment construction method. The cost estimate for the revetment is $1.62 M for
minerock, $4.08 M for the TerraFirm T-60 Blocks, and $5.8 M for the Armorflex 55S Units.
The cost of the groin for Alternative 1a is $535,200.

5.3.1.4 Permitting Requirements

Construction activities for Alternative 1a are regulated under the following authorities:

= Michigan’s Natural Resources and Environmental Protection Act, 1994 PA 451
(NREPA), Part 325 Great Lakes Submerged Lands — Permit is required for activities
that occur below the Ordinary High Water Mark (OHWM) of the Great Lakes;

= Section 10 of the Rivers and Harbors Act of 1899 — USACE permit is required for
any obstruction or alternation of navigable waters, including Lake Superior; and,

= Section 404 of the Clean Water Act — USACE permit is required for the discharge of
dredged or fill material into all waters of the United States. Discharge of any fill
materials must comply with state water quality standards.

To reduce the process time for applications that fall under both state and federal authority, a
“Joint Permit Application” may be submitted to MDEQ and the USACE. Once the permit is
submitted to the Permit Consolidation Unit, the file will be sent to the appropriate MDEQ
District/Field office and to the USACE — Detroit District for processing. The permitting process
requires 45 to 180 days from the date of completion before acceptance or denial of the
application is determined. Alternative 1a is classified as a “Major Project” and will incur a State
fee of $2,000 and a Federal fee of $10. A “major project” includes a) revetment greater than 150
m (500 ft) in length and b) shore protection constructed more than 45 m (150 ft) into the lake,
and c¢) more than 10,000 cy of material dredged.
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Alternative 1a was assigned a score of “6” for permitting. Since it is a “Major Project,” a higher
fee is assessed for processing by the State. However, this alternative does not incur additional

costs associated with sediment testing since dredging is not a construction component.
5.3.2 Alternative 1b

Alternative 1b consists of hard armoring along the original deposit and a rubble-mound groin at
Sta. 29+00. The hard armoring is installed along 3,320 m (10,900 ft) of shoreline from Sta.
86+00 to Sta. 54+00. The groin is 150.0 m (495.0 ft) in length and oriented perpendicular to the
shoreline. Approximately 700,000 cy of stamp sand is to be dredged and excavated between Sta.
29+00 and 5+00.

5.3.2.1 Performance
Alternative 1b was assigned a performance score of “7” in accordance with the assumptions
discussed in Subsection 5.1.

5.3.2.2 Constructability

Alternative 1b consists of four construction components including a revetment, groin, dredging,
and excavation. The alternative was assigned a score for constructability of “0.” A description
of the revetment, groin, dredging, excavation, and the estimated construction schedule are

described in the following paragraphs.
Revetment

The three revetment construction options for Alternative 1b are the same as Alternative 1la. A

detailed description of the conceptual revetment design is located in Subsection 5.3.1.1.

Groin

The design of the proposed 150.0 m (495.0 ft) groin at Sta. 29+00 for Alternative 1b is the same
as the groin in Alternative 1a. A detailed description of the conceptual groin design is located in
Subsection 5.3.1.1.
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Dredging

Conceptual engineering volume estimates are presented in Appendix I. “Dredging” includes
dredging 181,300 cy of subsurface stamp sand in the nearshore zone and excavation of 700,000
cy of stamp sand above the lake level. Dredging would be conducted using two 10-inch
hydraulic pipeline dredges. Prior to construction, a temporary containment area would be
constructed on the beach north of the existing houses using existing stamp sand. The
containment area would be sectioned off to provide a settling area for discharge water to reduce
the amount of sediment released back into the lake. Material would be pumped from the dredge
to the containment area through a series of pipelines and a booster pump, as required. Once the
dredged stamp sand is allowed to dewater, the material, along with the existing surface stamp
sand proposed for excavation, will be loaded into large trucks with typical front end loaders. The

trucks will transport the stamp sand along existing roads and placed within the original deposit.

Construction Schedule

The construction schedule for the revetment and groin in Alternative 1b is the same as
Alternative 1a. Assuming the use of two hydraulic dredges at a production rate of 800 cubic
yards per day (cy/day) each, dredging subsurface stamp sand will require approximately 230
days. The excavation and placement of dewatered dredged stamp sand and existing surface
stamp sand at the original deposit can be completed in approximately 290 days at a rate of 2,440

cy/day.

5.3.2.3 Cost-Efficiency

A spreadsheet detailing the conceptual estimate of probable cost for Alternative 1b is located in
Appendix K. The total cost for the alternative varies depending on the revetment construction
method, ranging from $6.6 M to $10.8 M.

Alternative 1b was assigned a score for cost-efficiency ranging from “0” to “2,” depending on
the revetment construction method. The cost for the revetment in Alternative 1b is the same as
Alternative la, $1.62 M for minerock, $4.08 M for the TerraFirm T-60 Blocks, and $5.8 M for
the Armorflex 55S Units. Additionally, the cost of the groin for Alternative 1b is $535,200.
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Dredging and excavation of existing stamp sand between the proposed groin and the Traverse
River harbor breakwall is an additional $4.4 M.

5.3.24 Permitting Requirements

Construction activities for Alternative 1b would be permitted under the same authority and

requirements as Alternative la.

In addition to the standard permitting process, Part 325, Great Lakes Submerged Lands, dredging
proposed for Alternative 1b will require sediment testing to be submitted with the permit
application to MDEQ. For material placed upland, outside a licensed Type Il landfill, or at an
USACE confined disposal facility, sediment testing is required to determine if the dredged
material is contaminated and considered a solid waste. For bottom sediments consisting of sand
(95 percent or more are retained on a No. 200 sieve), a sieve grain size analysis is to be
conducted on a minimum of six representatively sampled sediment samples and their results
reported as a mass percentage of retained sediments. If the mass percentage retained on the No.
200 sieve is 95 percent or greater, no additional sediment testing may be required. If the material
is less than 95 percent sand, bottom sediments must be representatively sampled and tested for

both total concentrations and leachable concentrations of contaminants.

Alternative 1b was assigned a score of “4” for permitting. Since it is a “Major Project,” a higher
fee is assessed for processing by the State. In addition, this alternative incurs additional costs

associated with sediment testing since dredging is a construction component.
5.3.3 Alternative 1c

Alternative 1c consists of hard armoring along the original deposit and a rubble-mound groin at
Sta. 29+00. The hard armoring is installed along 3,320 m (10,900 ft) of shoreline from Sta.
86+00 to Sta. 54+00. The groin is 150.0 m (495.0 ft) in length and oriented perpendicular to the
shoreline. Approximately 181,300 cy of stamp sand is to be dredged between Sta. 29+00 and
5+00.
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5.3.3.1 Performance

Alternative 1c was assigned a performance score of “7” in accordance with the assumptions
discussed in Subsection 5.1.

5.3.3.2 Constructability

Alternative 1c consists of three construction components, including a revetment, groin, and
dredging. The alternative was assigned a score for constructability of “0”. A description of the
revetment, groin, dredging, and the estimated construction schedule are described in the
following paragraphs.

Revetment

The three revetment construction options for Alternative 1c are the same as Alternative 1la. A

detailed description of the conceptual revetment design is located in Subsection 5.3.1.1.

Groin

The design of the proposed 150.0 m (495.0 ft) groin at Sta. 29+00 for Alternative 1c is the same
as the groin in Alternative 1a. A detailed description of the conceptual groin design is located in
Subsection 5.3.1.1.

Dredging

Conceptual engineering volume estimates are presented in Appendix I. “Dredging” includes
dredging 181,300 cy of subsurface stamp sand in the nearshore zone. A detailed description of

the conceptual dredging design is located in Subsection 5.3.2.2.

Construction Schedule

The construction schedule for the revetment and groin in Alternative 1c is the same as
Alternative 1la. Assuming the use of two hydraulic dredges at a production rate of 800 cy/day
each, dredging subsurface stamp sand will require 230 days. The excavation and placement of
dewatered dredged stamp sand at the original deposit can be completed in approximately 75 days
at rate of 2,440 cy/day.
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5.3.3.3 Cost-Efficiency

A spreadsheet detailing the conceptual estimate of probable cost for Alternative 1c is located in
Appendix K. The total cost for the alternative varies depending on the revetment construction
method, ranging from $4.8M to $9.0 M.

Alternative 1c was assigned a score for cost-efficiency ranging from “0” to “4,” depending on
the revetment construction method. The cost for the revetment in Alternative 1c is the same as
Alternative la, $1.62 M for minerock, $4.08 M for the TerraFirm T-60 Blocks, and $5.8 M for
the Armorflex 55S Units. Additionally, the cost of the groin for Alternative 1c is $535,200.
Dredging of existing stamp sand between the proposed groin and the Traverse River harbor
breakwall is an additional $2.6 M.

5.3.34 Permitting Requirements

Construction activities for Alternative 1c would be permitted under the same authority and

requirements as Alternative 1b.

Alternative 1c is assigned a score of “4” for permitting. Since it is a “Major Project,” a higher
fee is assessed for processing by the State. In addition, this alternative incurs additional costs
associated with sediment testing since dredging is a construction component.

5.3.4 Alternative 2a

Alternative 2a consists of hard armoring along the original deposit and a rubble-mound groin at
Sta. 24+50. The hard armoring is installed along 3,320 m (10,900 ft) of shoreline from Sta.
86+00 to Sta. 54+00. The groin is 150.0 m (495.0 ft) in length and oriented perpendicular to the

shoreline.

534.1 Performance

Alternative 2a was assigned a performance score of “7” in accordance with the assumptions
described in Subsection 5.1.
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5.3.4.2 Constructability

Alternative 2a consists of two construction components, a revetment and a groin. The alternative
was assigned a score for constructability ranging from “6” to “8,” depending on the revetment
construction method. A description of the revetment, groin, and the estimated construction
schedule are described in the following paragraphs.

Revetment

The three revetment construction options for Alternative 2a are the same as Alternative 1la. A

detailed description of the conceptual revetment design is located in Subsection 5.3.1.1.

Groin

The design of the proposed 150.0 m (495.0 ft) groin at Sta. 24+50 for Alternative 2a is the same
as the groin in Alternative 1a. A detailed description of the conceptual groin design is located in
Subsection 5.3.1.1.

Construction Schedule

The construction schedule for the revetment and groin in Alternative 2a is the same as

Alternative 1a.

5.3.4.3 Cost-Efficiency

A spreadsheet detailing the conceptual estimate of probable cost for Alternative 2a is located in
Appendix K. The total cost for the alternative varies depending on the revetment construction
method, ranging from $1.91 M to $6.1 M.

Alternative 2a was assigned a score for cost-efficiency ranging from “2” to “8,” depending on
the revetment construction method. The cost for the revetment in Alternative 2a is the same as
Alternative 1a, $1.62 M for minerock, $4.08 M for the TerraFirm T-60 Blocks, and $5.8 M for
the Armorflex 55S Units. Additionally, the cost of the groin for Alternative 2a is $293,000.
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5.34.4 Permitting Requirements

Construction activities for Alternative 2a would be permitted under the same authority and

requirements as Alternative 1a.

Alternative 2a was assigned a score of “6” for permitting. Since it is a “Major Project,” a higher
fee is assessed for processing by the State. However, this alternative does not incur additional

costs associated with sediment testing since dredging is not a construction component.
5.3.5 Alternative 2b

Alternative 2b consists of hard armoring along the original deposit and a rubble-mound groin at
Sta. 24+50. The hard armoring is installed along 3,320 m (10,900 ft) of shoreline from Sta.
86+00 to Sta. 54+00. The groin is 150.0 m (495.0 ft) in length and oriented perpendicular to the
shoreline. Approximately 507,000 cy of stamp sand is to be dredged and excavated between Sta.
24+50 and 5+00.

5.3.5.1 Performance
Alternative 2b was assigned a performance score of “7” in accordance with the assumptions
described in Subsection 5.1.

5.3.5.2 Constructability

Alternative 2b consists of four construction components, including a revetment, groin, dredging,
and excavation. The alternative was assigned a score for constructability of “0”. A description of
the revetment, groin, dredging, excavation, and the estimated construction schedule are described
in the following paragraphs.

Revetment

The three revetment construction options for Alternative 2b are the same as Alternative 1la. A

detailed description of the conceptual revetment design is located in Subsection 5.3.1.1.
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Groin

The design of the proposed 150.0 m (495.0 ft) groin at Sta. 24+50 for Alternative 2b is the same
as the groin in Alternative 1la. A detailed description of the conceptual groin design is located in
Subsection 5.3.1.1.

Dredging

Conceptual engineering volume estimates are presented in Appendix I. “Dredging” includes
both dredging of 154,600 cy of subsurface stamp sand in the nearshore zone and excavation of
507,000 cy of stamp sand above the lake level. The total excavation volume includes the
154,600 cy that will be dredged and placed above the lake level for excavation. A detailed

description of the conceptual dredging design is located in Subsection 5.3.2.2.

Construction Schedule

The construction schedule for the revetment and groin in Alternative 2b is the same as
Alternative 1a. Assuming the use of two hydraulic dredges at a production rate of 800 day each,
dredging subsurface stamp sand will require 190 days. The excavation and placement of
dewatered dredged stamp sand at the original deposit can be completed in approximately 210

days.

5.3.5.3 Cost-Efficiency

A spreadsheet detailing the conceptual estimate of probable cost for Alternative 2b is located in
Appendix K. The total cost for the alternative varies depending on the revetment construction
method, ranging from $5.4 M to $9.6 M.

Alternative 2b was assigned a score for cost-efficiency ranging from “0” to “4,” depending on
the revetment construction method. The cost for the revetment in Alternative 2b is the same as
Alternative 1a, $1.62 M for minerock, $4.08 M for the TerraFirm T-60 Blocks, and $5.8 M for
the Armorflex 55S Units. Additionally, the cost of the groin for Alternative 2b is $293,000.
Dredging and excavation of existing stamp sand between the proposed groin and the Traverse

River harbor breakwall is an additional $3.5 M.
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5.3.54 Permitting Requirements

Construction activities for Alternative 2b would be permitted under the same authority and

requirements as Alternative 1b.

Alternative 2b was assigned a score of “4” for permitting. Since it is a “Major Project,” a higher
fee is assessed for processing by the State. In addition, this alternative incurs additional costs

associated with sediment testing since dredging is a construction component.
5.3.6 Alternative 2c

Alternative 2c consists of hard armoring along the original deposit and a rubble-mound groin at
Sta. 24+50. The hard armoring is installed along 3,320 m (10,900 ft) of shoreline from Sta.
86+00 to Sta. 54+00. The groin is 150.0 m (495.0 ft) in length and oriented perpendicular to the
shoreline. Approximately 154,600 cy of stamp sand is to be dredged and excavated between Sta.
24+50 and 5+00.

5.3.6.1 Performance
Alternative 2c was assigned a performance score of “7” in accordance with the assumptions
discussed in Subsection 5.1.

5.3.6.2 Constructability

Alternative 2c consists of three construction components, including a revetment, groin, and
dredging. The alternative was assigned a score for constructability ranging from “0” to “2,”
depending on the revetment construction method. A description of the revetment, groin,
dredging, and the estimated construction schedule are described in the following paragraphs.

Revetment

The three revetment construction options for Alternative 2c are the same as Alternative 1la. A

detailed description of the conceptual revetment design is located in Subsection 5.3.1.1.

WESTON SOLUTIONS OF MICHIGAN, INC. 5_24 10/12/2007



Migrating Stamp Sand Mitigation Plan Technical Evaluation

ALTERNATIVES ANALYSIS

Groin

The design of the proposed 150.0 m (495.0 ft) groin at Sta. 24+50 for Alternative 2c is the same
as the groin in Alternative 1la. A detailed description of the conceptual groin design is located in
Subsection 5.3.1.1.

Dredging

Conceptual engineering volume estimates are presented in Appendix I. “Dredging” includes
dredging of 154,600 cy of subsurface stamp sand in the nearshore zone. A detailed description

of the conceptual dredging design is located in Subsection 5.3.2.2.

Construction Schedule

The construction schedule for the revetment and groin in Alternative 2c is the same as
Alternative 1la. Assuming the use of two hydraulic dredges at a production rate of 800 cy/day
each, the dredging of subsurface stamp sand will require 190 days. The excavation and
placement of dewatered dredged stamp sand at the original deposit can be completed in

approximately 60 days at a rate of 2,440 cy/day.

5.3.6.3 Cost-Efficiency

A spreadsheet detailing the conceptual estimate of probable cost for Alternative 2c is located in
Appendix K. The total cost for the alternative varies depending on the revetment construction
method, ranging from $4.2 M to $8.4 M.

Alternative 2c was assigned a score for cost-efficiency ranging from “0” to “4,” depending on
the revetment construction method. The cost for the revetment in Alternative 2c is the same as
Alternative la, $1.62 M for minerock, $4.08 M for the TerraFirm T-60 Blocks, and $5.8 M for
the Armorflex 55S Units. Additionally, the cost of the groin for Alternative 2c¢ is $293,000.
Dredging of existing stamp sand between the proposed groin and the Traverse River harbor
breakwall is an additional $2.3 M.

WESTON SOLUTIONS OF MICHIGAN, INC. 5_25 10/12/2007



Migrating Stamp Sand Mitigation Plan Technical Evaluation

ALTERNATIVES ANALYSIS

5.3.6.4 Permitting Requirements

Construction activities for Alternative 2c would be permitted under the same authority and

requirements as Alternative 1b.

Alternative 2c was assigned a score of “4” for permitting. Since it is a “Major Project,” a higher
fee is assessed for processing by the State. In addition, this alternative incurs additional costs

associated with sediment testing since dredging is a construction component.
5.3.7 Alternative 3a

Alternative 3a consists of hard armoring along the original deposit and a rubble-mound groin at
Sta. 21+00. The hard armoring is installed along 3,320 m (10,900 ft) of shoreline from Sta.
86+00 to Sta. 54+00. The groin is 120.0 m (395.0 ft) in length and oriented perpendicular to the

shoreline.

53.7.1 Performance

Alternative 3a was assigned a performance score of “7” in accordance with the assumptions
discussed in Subsection 5.1.

5.3.7.2 Constructability

Alternative 3a consists of two construction components, a revetment and a groin. The alternative
was assigned a score for constructability ranging from “6” to “8,” depending on the revetment
construction method. A description of the revetment, groin, and the estimated construction
schedule are described in the following paragraphs.

Revetment

The three revetment construction options for Alternative 3a are the same as Alternative 1la. A

detailed description of the conceptual revetment design is located in Subsection 5.3.1.1.
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Groin

The design of the proposed 120.0 m (395.0 ft) groin at Sta. 21+00 for Alternative 3a is the same
as the groin in Alternative 1a. A detailed description of the conceptual groin design is located in
Subsection 5.3.1.1.

Construction Schedule

The construction schedule for the revetment and groin in Alternative 3a is the same as

Alternative 1a.

5.3.7.3 Cost-Efficiency

A spreadsheet detailing the conceptual estimate of probable cost for Alternative 3a is located in
Appendix K. The total cost for the alternative varies depending on the revetment construction
method, ranging from $1.99 M to $6.18 M.

Alternative 3a was assigned a score for cost-efficiency ranging from “2” to “8,” depending on
the revetment construction method. The cost for the revetment in Alternative 3a is the same as
Alternative 1a, $1.62 M for minerock, $4.08 M for the TerraFirm T-60 Blocks, and $5.8 M for
the Armorflex 55S Units. Additionally, the cost of the groin for Alternative 3a is $372,000.

5.3.7.4 Permitting Requirements

Construction activities for Alternative 3a would be permitted under the same authority and

requirements as Alternative 1a.

Alternative 3a was assigned a score of “6” for permitting. Since it is a “Major Project,” a higher
fee is assessed for processing by the State. However, this alternative does not incur additional
costs associated with sediment testing since dredging is not a construction component.

5.3.8 Alternative 3b

Alternative 3b consists of hard armoring along the original deposit and a rubble-mound groin at
Sta. 21+00. The hard armoring is installed along 3,320 m (10,900 ft) of shoreline from Sta.
86+00 to Sta. 54+00. The groin is 120.0 m (395.0 ft) in length and oriented perpendicular to the
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shoreline. Approximately 426,000 cy of stamp sand is to be dredged and excavated between Sta.
21+00 and 5+00.

5.3.8.1 Performance
Alternative 3b was assigned a performance score of “7” in accordance with the assumptions
discussed in Subsection 5.1.

5.3.8.2 Constructability

Alternative 3b consists of four construction components, including a revetment, groin, dredging,
and excavation. The alternative was assigned a score for constructability of “0”. A description
of the revetment, groin, dredging, excavation, and the estimated construction schedule are

described in the following paragraphs.
Revetment

The three revetment construction options for Alternative 3b are the same as Alternative 1la. A

detailed description of the conceptual revetment design is located in Subsection 5.3.1.1.

Groin

The design of the proposed 120.0 m (395.0 ft) groin at Sta. 21+00 for Alternative 3b is the same
as the groin in Alternative 1a. A detailed description of the conceptual groin design is located in
Subsection 5.3.1.1.

Dredging

Conceptual engineering volume estimates are presented in Appendix I. “Dredging” includes
both dredging 98,400 cy of subsurface stamp sand in the nearshore zone and excavation of
426,000 cy of stamp sand above the lake level. A detailed description of the conceptual dredging

design is located in Subsection 5.3.2.2.

Construction Schedule

The construction schedule for the revetment and groin in Alternative 3b is the same as
Alternative 1la. Assuming the use of two hydraulic dredges at a production rate of 800 cy/day
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each, the dredging of subsurface stamp sand will require 120 days. The excavation and
placement of dewatered dredged stamp sand and existing surface stamp sand at the original

deposit can be completed in approximately 180 days at a rate of 2,440 cy/day.

5.3.8.3 Cost-Efficiency

A spreadsheet detailing the conceptual estimate of probable cost for Alternative 3b is located in
Appendix K. The total cost for the alternative varies depending on the revetment construction
method, ranging from $4.7 M to $8.9 M.

Alternative 3b was assigned a score for cost-efficiency ranging from “0” to “4,” depending on
the revetment construction method. The cost for the revetment in Alternative 3b is the same as
Alternative 1a, $1.62 M for minerock, $4.08 M for the TerraFirm T-60 Blocks, and $5.8 M for
the Armorflex 55S Units. Additionally, the cost of the groin for Alternative 3b is $372,000.
Dredging and excavation of existing stamp sand between the proposed groin and the Traverse
River harbor breakwall is an additional $2.7 M.

5.3.84 Permitting Requirements

Construction activities for Alternative 3b would be permitted under the same authority and
requirements as Alternative 1b.

Alternative 3b was assigned a score of “4” for permitting. Since it is a “Major Project,” a higher
fee is assessed for processing by the State. In addition, this alternative incurs additional costs

associated with sediment testing since dredging is a construction component.
5.3.9 Alternative 3c

Alternative 3c consists of hard armoring along the original deposit and a rubble-mound groin at
Sta. 21+00. The hard armoring is installed along 3,320 m (10,900 ft) of shoreline from Sta.
86+00 to Sta. 54+00. The groin is 120.0 m (395.0 ft) in length and oriented perpendicular to the
shoreline. Approximately 98,400 cy of stamp sand is to be dredged and excavated between Sta.
21+00 and 5+00.
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5.3.9.1 Performance

Alternative 3c was assigned a performance score of “7” in accordance with the assumptions
discussed in Subsection 5.1.

5.3.9.2 Constructability

Alternative 3c consists of three construction components, including a revetment, groin, and
dredging. The alternative was assigned a score for constructability ranging from “2” to “4,”
depending on the revetment construction method. A description of the revetment, groin,
dredging, and the estimated construction schedule are described in the following paragraphs.

Revetment

The three revetment construction options for Alternative 3c are the same as Alternative 1la. A

detailed description of the conceptual revetment design is located in Subsection 5.3.1.1.

Groin

The design of the proposed 120.0 m (395.0 ft) groin at Sta. 21+00 for Alternative 3c is the same
as the groin in Alternative 1a. A detailed description of the conceptual groin design is located in
Subsection 5.3.1.1.

Dredging

Conceptual engineering volume estimates are presented in Appendix I. “Dredging” includes
dredging 98,400 cy of subsurface stamp sand in the nearshore zone. A detailed description of the

conceptual dredging design is located in Subsection 5.3.2.2.

Construction Schedule

The construction schedule for the revetment and groin in Alternative 3c is the same as
Alternative 1la. Assuming the use of two hydraulic dredges at a production rate of 800 cy/day
each, the dredging of subsurface stamp sand will require 120 days. The excavation and
placement of dewatered dredged stamp sand and existing surface stamp sand at the original
deposit can be completed in approximately 40 days at a rate of 2,440 cy/day.
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5.3.9.3 Cost-Efficiency

A spreadsheet detailing the conceptual estimate of probable cost for Alternative 3c is located in
Appendix K. The total cost for the alternative varies depending on the revetment construction
method, ranging from $3.6 M to $7.8 M.

Alternative 3c is assigned a score for cost-efficiency ranging from “2” to “6,” depending on the
revetment construction method. The cost for the revetment in Alternative 3c is the same as
Alternative la, $1.62 M for minerock, $4.08 M for the TerraFirm T-60 Blocks, and $5.8 M for
the Armorflex 55S Units. Additionally, the cost of the groin for Alternative 3c is $372,000.
Dredging of existing stamp sand between the proposed groin and the Traverse River harbor
breakwall is an additional $1.6 M.

5.3.94 Permitting Requirements
Construction activities for Alternative 3c would be permitted under the same authority and

requirements as Alternative 1b.

Alternative 2c was assigned a score of “4” for permitting. Since it is a “Major Project,” a higher
fee is assessed for processing by the State. In addition, this alternative incurs additional costs
associated with sediment testing since dredging is a construction component.

5.3.10 Alternative 4a

Alternative 4a consists of hard armoring along the original deposit. The hard armoring is
installed along 3,320 m (10,900 ft) of shoreline from Sta. 86+00 to Sta. 54+00.

5.3.10.1 Performance

Alternative 4a was assigned a performance score of “7” in accordance with the assumptions
discussed in Subsection 5.1.

5.3.10.2 Constructability

Alternative 4a consists of one construction component, a revetment. The alternative was

assigned a score for constructability ranging from “6” to “8,” depending on the revetment
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construction method. A description of the revetment and the estimated construction schedule are
described in the following paragraph.

Revetment

The three revetment construction options for Alternative 4a are the same as Alternative 1la. A

detailed description of the conceptual revetment design is located in Subsection 5.3.1.1.

Construction Schedule

The construction schedule for the revetment in Alternative 4a is the same as Alternative 1la.

5.3.10.3 Cost-Efficiency

A spreadsheet detailing the conceptual estimate of probable cost for Alternative 4a is located in
Appendix K. The total cost for the alternative varies depending on the revetment construction
method, ranging from $1.62 M to $5.8 M.

Alternative 4a was assigned a score for cost-efficiency ranging from “4” to “8,” depending on
the revetment construction method. The cost for the revetment in Alternative 4a is the same as
Alternative 1a, $1.62 M for minerock, $4.08 M for the TerraFirm T-60 Blocks, and $5.8 M for
the Armorflex 55S Units.

5.3.10.4 Permitting Requirements

Construction activities for Alternative 4a would be permitted under the same authority and

requirements as Alternative 1a.

Alternative 4a was assigned a score of “6” for permitting. Since it is a “Major Project,” a higher
fee is assessed for processing by the State. However, this alternative does not incur additional
costs associated with sediment testing since dredging is not a construction component.
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5.3.11 Alternative 4b

Alternative 4b consists of hard armoring along the original deposit. The hard armoring is
installed along 3,320 m (10,900 ft) of shoreline from Sta. 86+00 to Sta. 54+00. Approximately
426,000 cy of stamp sand is to be dredged and excavated between Sta. 21+00 and 5+00.

5.3.111 Performance

Alternative 4b was assigned a performance score of “8” in accordance with the assumptions

discussed in Subsection 5.1.

5.3.11.2 Constructability

Alternative 4b consists of three construction components, a revetment, dredging, and excavation.
The alternative was assigned a score for constructability of “0”. A description of the revetment,
dredging, excavation, and the estimated construction schedule are described in the following
paragraphs.

Revetment

The three revetment construction options for Alternative 4b are the same as Alternative 1la. A

detailed description of the conceptual revetment design is located in Subsection 5.3.1.1.

Dredging

Conceptual engineering volume estimates are presented in Appendix I. “Dredging” included
both dredging 98,400 cy of subsurface stamp sand in the nearshore zone and excavation of
426,000 cy of stamp sand above the lake level. A detailed description of the conceptual dredging
design is located in Subsection 5.3.2.2.

Construction Schedule

The construction schedule for the revetment in Alternative 4b is the same as Alternative la.
Assuming the use of two hydraulic dredges at a production rate of 800 cy/day each, the dredging
of subsurface stamp sand will require 120 days. The excavation and placement of dewatered
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dredged stamp sand and existing surface stamp sand at the original deposit can be completed in
approximately 180 days at a rate of 2,440 cy/day.

5.3.11.3 Cost-Efficiency

A spreadsheet detailing the conceptual estimate of probable cost for Alternative 4b is located in
Appendix K. The total cost for the alternative varies depending on the revetment construction
method, ranging from $4.3 M to $8.5 M.

Alternative 4b was assigned a score for cost-efficiency ranging from “0” to “4,” depending on
the revetment construction method. The cost for the revetment in Alternative 4b is the same as
Alternative la, $1.62 M for minerock, $4.08 M for the TerraFirm T-60 Blocks, and $5.8 M for
the Armorflex 55S Units. Dredging and excavation of existing stamp sand between the proposed

groin and the Traverse River harbor breakwall is an additional $2.7 M.

5.3.11.4 Permitting Requirements

Construction activities for Alternative 4b would be permitted under the same authority and

requirements as Alternative 1b.

Alternative 4b was assigned a score of “4” for permitting. Since it is a “Major Project,” a higher
fee is assessed for processing by the State. In addition, this alternative incurs additional costs

associated with sediment testing since dredging is a construction component.
5.3.12 Alternative 4c

Alternative 4c consists of hard armoring along the original deposit. The hard armoring is
installed along 3,320 m (10,900 ft) of shoreline from Sta. 86+00 to Sta. 54+00. Approximately
98,400 cy of stamp sand is to be dredged and excavated between Sta. 21+00 and 5+00.
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5.3.12.1 Performance
Alternative 4c was assigned a performance score of “7” in accordance with the assumptions
discussed in Subsection 5.1.

5.3.12.2 Constructability

Alternative 4c consists of two construction components, a revetment and dredging. The
alternative was assigned a score for constructability ranging from “2” to “4,” depending on the
revetment construction method. A description of the revetment, dredging, and the estimated
construction schedule are described in the following paragraphs.

Revetment

The three revetment construction options for Alternative 4c are the same as Alternative 1la. A

detailed description of the conceptual revetment design is located in Subsection 5.3.1.1.

Dredging

Conceptual engineering volume estimates are presented in Appendix I. “Dredging” included
both dredging 98,400 cy of subsurface stamp sand in the nearshore zone. A detailed description

of the conceptual dredging design is located in Subsection 5.3.2.2.

Construction Schedule

The construction schedule for the revetment in Alternative 4c is the same as Alternative la.
Assuming the use of two hydraulic dredges at a production rate of 800 cy/day each, the dredging
of subsurface stamp sand will require 120 days. The excavation and placement of dewatered
dredged stamp sand and existing surface stamp sand at the original deposit can be completed in
approximately 40 days at a rate of 2,440 cy/day.

5.3.12.3 Cost-Efficiency

A spreadsheet detailing the conceptual estimate of probable cost for Alternative 4c is located in
Appendix K. The total cost for the alternative varies depending on the revetment construction
method, ranging from $3.2 M to $7.4 M.
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Alternative 4c was assigned a score or cost-efficiency ranging from “2” to “6,” depending on the
revetment construction method. The cost for the revetment in Alternative 4c is the same as
Alternative 1a, $1.62 M for minerock, $4.08 M for the TerraFirm T-60 Blocks, and $5.8 M for
the Armorflex 55S Units. Dredging of existing stamp sand between the proposed groin and the

Traverse River harbor breakwall is an additional $1.6 M.

5.3.12.4 Permitting Requirements

Construction activities for Alternative 4c would be permitted under the same authority and

requirements as Alternative 1b.

Alternative 4c was assigned a score of “4” for permitting. Since it is a “Major Project,” a higher
fee is assessed for processing by the State. In addition, this alternative incurs additional costs

associated with sediment testing since dredging is a construction component.
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SECTION 6
DISCUSSION AND RECOMMENDATIONS

6.1 DISCUSSION

As outlined in Subsection 1.5, the primary objectives of the project were to preclude further
erosion of stamp sand from the original deposit and to prevent the stamp sand already within the
littoral system from impacting the beach south of the Traverse River harbor. Unless the stamp
sand is removed entirely from the ecosystem, pathways of groundwater and surface water will be

impacted. Given the magnitude of the stamp sand, complete removal is not practical.

To determine which alternative should be considered for conceptual design, a matrix scoring
system was developed to rate each alternative in terms of performance, constructability, cost-
efficiency, and permitting requirements.

Hydrodynamic modeling of the alternatives indicated that each alternative meets the primary
objectives at the end of a 20-year simulation period. Hard armoring in the form of a revetment
from Sta. 86+00 to Sta. 54+00 precludes further erosion of the original deposit. To prevent
material within the littoral system south of the original deposit from impacting the beach south of
the Traverse River harbor breakwall, several combinations of a groin, dredging, and/or
excavation of stamp sand were modeled to determine their effects on the shoreline change rate
immediately north of the breakwall. Modeling indicated that neither the placement of a groin
north of the breakwall nor dredging and/or excavation of existing stamp sand affected the
shoreline change rate due to a nodal point north of the salient. Instead, the shoreline between the
nodal point and the breakwall continued its existing accretion rate of 2.5 m/yr (8.2 ft/yr) until it

reached the lakeward tip of the breakwall in approximately 60 years.

6.2 RECOMMENDATIONS

As summarized in Table 5-2, three alternatives tied for the highest ranking score based on the
matrix scoring system: Alternative 2a, minerock revetment with a groin at Sta. 29+00 and no
dredging; Alternative 3a, minerock revetment with a groin at Sta. 24+50 and no dredging; and

Alternative 4a, minerock revetment with no groin or dredging. Based on all things considered
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equal, the recommended alternative to carry over into final design is the least cost alternative,
Alternative 4a, shown in Figure 6-1.

The recommended alternative consists of hard armoring in the form of a minerock revetment
along 3,320 m (10,900 ft) of the original deposit. The revetment begins at Sta. 86+00 and
terminates at Sta. 54+00. For conceptual design purposes, it was assumed that from Sta. 86+00
to Sta. 75+00, the existing stamp sand bluff is 6.0 m (20.0 ft) in height and from Sta. 75+00 to
Sta. 54+00, the existing bluff is less than 3.0 m (10.0 ft). The revetment was designed at a
conceptual level to resist a typical storm wave impacting the Gay Site shoreline with a wave
height of 0.75 m (2.5 ft) and a wave period of 7.5 s. Larger waves in Lake Superior are
evidenced by the WIS hindcast data of “deep water” waves upward of 10-15 feet directed normal
to our project area (worst case scenario). However, these waves are broken and reduced to a size
of 2.5” (approximately 7/10ths the water depth in accordance with USACE CEM, EM1110-2-
1100, Part Il, Chapter 4, Section 3) by the time they reach the shoreline, or the proposed
revetment. Based on the estimation of water depth at the toe of the revetment, 2.5° was the

largest estimated wave height.

A typical cross-section of the rock revetment is shown in Figure 6-2. The estimated
construction schedule for the revetment is less than 100 days, assuming a production rate of
1,800 tons/day.

6.2.1 Maintenance Dredging

To ensure that the recommended alternative is a long-term solution in preventing stamp sand
impacts along the beach south of Traverse River harbor, maintenance dredging is recommended
every 10 years to restore the shoreline at its current day position. Based on the current accretion
rate of approximately 2.5 m/yr (8.2 ft/yr), the maintenance dredging volume from Sta. 05+00 to
16+00 every 10 years is 44,000 cy. Maintenance dredging would be conducted using a hydraulic
pipeline dredge. Prior to construction, a temporary containment area would be constructed on
the beach and sectioned off to provide a settling area for discharge water to reduce the amount of
sediment released back into the lake. Material would be pumped from the dredge to the

containment area through a series of pipelines and a booster pump, if required.
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Figure 6-1

Recommended Alternative
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Figure 6-2

Rock Revetment Cross-Section
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Once the dredged stamp sand is allowed to dewater, the material would be loaded into large
dump trucks and transported along existing roads to a placement area within the original deposit.

6.2.2 Recommended Alternative Cost Estimate

The conceptual estimate of probable cost for the recommended alternative over a 10 year period,
including maintenance dredging at construction inception and 10 years later, is presented in
Appendix L. The cost of the minerock revetment is $1.62 M. The cost for two cycles of
maintenance dredging is $1.8 M. The total estimated 10 year cost for the recommended
alternative is $3.42 M.

6.2.3 Additional Recommended Studies

Upon the selection of the recommended alternative for the Gay Site, it is suggested that the final

design phase include the following additional studies to further optimize the design:

= Geotechnical study;
= Detailed structural design; and,
= Shoreline monitoring.

A detailed geotechnical study along the original deposit and north of the Traverse River harbor
breakwall is recommended for final design to determine geotechnical properties required for
structure design and dredging. This study should include, but is not limited to, grain size
analysis, the determination of bearing capacity, standard penetration number, shear strength,
permeability, and location of the water table. A detailed structural design of the revetment is
recommended to further refine the conceptual level design and cost presented in this TE that
incorporates results of the geotechnical investigation. Furthermore, additional considerations
should be given to the configuration of the southern boundary of the revetment to minimize
erosion of the beach immediately downdrift. Shoreline monitoring through annual or bi-annual
surveys is also recommended as part of the final design package. Beach profiles in the vicinity
of the proposed maintenance dredging area will provide a more accurate indication as to the
frequency of maintenance dredging, aid in the quantification of the volume of material to be

dredged, and refine maintenance dredging costs.
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