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Appendix Overview

The purpose of this appendix is to provide further information related to the planning analysis of each
alternative and will discuss:

e Beach Nourishment

e O&M Dredging Duration & Schedule
e Disposal Facility Selection

e Water Treatment Selection

e Beneficial Cost Savings Analysis
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1. Introduction

Buffalo Reef is a 2,200-acre cobble field in Lake Superior adjacent to the Keweenaw Peninsula of
Michigan and provides critical spawning habitat for Lake Trout and Lake Whitefish. The reef is popular
for anglers and has been closely connected to Tribal fishers, (commercial and subsistence), who
reserved their rights to fish near the reef through the Treaty of 1842. The reef and surrounding habitat
are in jeopardy of being inundated by an estimated 12.7 million cubic yards of copper-containing mining
waste, known as stamp sands, from mining operations which ended in the 1930s. Studies have
estimated that 30% of Buffalo Reef is negatively impacted by encroaching stamp sands (Kerfoot 2017).

. Gay, Michigan

Coal Dock Pand

Grand Traverse
Bay Harbor

Buffalo Reef

Figure 1. Buffalo Reef is located off the Keweenaw Peninsula in Gay, Michigan

2. Beach Nourishment

Once dredging is completed in the South Shoreline and small portion of the Middle Shoreline, beach
nourishment would be required to create a beach profile similar to the pre-stamp sands condition and
to provide protection from wave surge and ice shove. The boring investigations completed over the
summer of 2021 were used to determine the volume of stamp sands and also where stamp sands lie on
top of native sand or bedrock (Engineering Appendix). The Beach Nourishment Analysis provides
preliminary findings related to the scope of beach nourishment required for this project.

The Beach Nourishment Analysis can be found in Attachment 1. The purpose of this document was to
evaluate potential borrow sites for renourishing the shoreline adjacent to Grand Traverse Harbor. Once
the stamp sands are removed from this portion of the shoreline, native sand will be required to restore
the native beach profile. This analysis documents ideal grain size requirements and potential options for
sourcing native sand. Based on the analysis, the Project Development Team (PDT) recommended using
an Eastern UP company, Sand Products, for beach nourishment purposes.
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3. Dredging at the Coal Dock Jetty Occurring during 1) Construction and
2) Operation, Maintenance, Repair, Rehabilitation and Replacement
(OMRR&R), & the Estimated Duration

Once the Coal Dock Jetty (CDJ) is constructed, stamp sands would accumulate against this structure.
During the construction and OMRR&R phases, maintenance dredging would occur at the CDJ to
minimize updrift stamp sands from bypassing the CDJ. This effort is based on existing dredging efforts
conducted at the Grand Traverse Bay Harbor. This analysis provides preliminary estimates for dredging
frequency and durations at the CDJ for both construction and OMRR&R phases.

The dredging occurring during construction and OMRR&R can be found in Attachment 2. The purpose of
this document was to estimate the frequency and duration of dredging to occur during the O&M phase
of the project. Using the results of the sediment transport model to establish assumptions and
conditions, this analysis provided an estimated volume of stamp sands to be dredged during O&M which
then informed the duration (range of 20 — 190+ years) and frequency (every three years) of O&M
Dredging at the Coal Dock Jetty.

4. Disposal Facility Selection

After estimating the volume of stamp sands to be dredged, the three potential placement sites were
further evaluated based on the costs to transport 12.7 MCY of stamp sands to the White Pine Mine
facility, Lakeside Placement Site, or the Upland Placement Site. The Lakeside Placement Site was
screened out prior to completing the following two analyses due to permitting requirements and the
perpetual maintenance required for this potential placement site.

Two analyses were completed to evaluate potential disposal sites that would contain the dredged stamp
sands.

White Pine Mine

The White Pine Mine Analysis can be found in Attachment 3. The purpose of this document was to
evaluate various transportation methods that could be used to dispose of the stamp sands at the White
Pine Mine Tailings Basin. The analysis concluded that this disposal location was not feasible due to high
transportation costs.

Upland Placement Site Selection

The Upland Placement Site Selection Analysis can be found in Attachment 4. The purpose of this
document was to evaluate nine potential disposal sites that were all upland of the project area. The
analysis recommends the selection of Site B which was carried forward during the formulation of
alternatives.

5. Water Treatment Selection

After selecting a placement site to dispose of the stamp sands, an appropriate water treatment method
must be determined to treat the stamp sands leachate (e.g., precipitation that lands in the placement
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site and comes in contact with stamp sands). This analysis provides preliminary findings for the
treatment of leachate via dilution.

The Water Treatment Analysis can be found in Attachment 5. The purpose of this document was to
analyze dredging techniques (hydraulic versus mechanical) and the water treatment requirements for
each option. The analysis concludes with the selection of mechanical dredging and the use of dilution
(8:1) as the appropriate water treatment technique. Material would be removed via mechanical dredge
equipment and trucked to the Upland Placement Site (see Attachment 4). To treat the leachate, or the
water that is removed with the stamp sands, the water would need to be diluted 8:1, pumping Lake
Superior Water to a mixing tank located near the Lake Linden-Gay Road and then allowing a safe
discharge back into Lake Superior. An estimated peak flow of 16.5 MGD would be required to treat the
leachate and this value was used to estimate pump sizing for the pump station.

6. Beneficial Cost Savings Analysis

This feasibility study recommends a Potential Plan that includes constructing a landfill, dredging stamp
sands and transporting to and disposing of the stamp sands in the landfill. However, if a beneficial use
for the dredged stamp sands can be identified, then transportation costs and landfill size may be
reduced. Beneficial use(s) of stamp sands continues to be investigated; therefore, an analysis was
completed to estimate potential cost savings that may result from beneficial use of stamp sands rather
than landfill disposal. An analysis of cost savings from beneficial use was completed for the two phases
of the project:
e Project implementation phase when large-scale dredging in the dredging polygons would occur
(Chapter 6 of Main Report) (Table 6-1); and
e QOperation, Maintenance, Repair, Rehabilitation, Replacement (OMRR&R) phase when 100,000
cubic yards (CY) is assumed to be dredged every three years. The duration of OMRR&R dredging
varies per alternative scale (Table 6-2).
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Table 6-1 Marginal Cost Savings if a Portion of Stamp Sands is Beneficially Used During Project Implementation

Portion of Stamp Sands Beneficially Used
Features/Activities Smalll Mediumi All1
Landfill S 265,449,000 | S 368,786,000 | S 465,924,000
Transportation from CDJ to Landfill 5 34,400,000 | & 69,600,000 | & 101,840,000
Estimated Construction Cost 5 299,849,000 | & 438,386,000 | 5 567,764,000
Planning, Engineering, and Design®
(8% of Estimated Construction Cost except RE) 23,987,920 35,070,880 45,421,120
Construction l’-.-'lanager‘nent3
(4% of Estimated Construction Cost except RE) 11,993,960 17,535,440 22,710,560
Subtotal 335,830,880 490,992,320 635,895,680
Contingency (%)° 36 30 36
Estimated Construction Cost Contingency 5 120,899,117 | § 147,297,696 | S 228,922,445
Unescalated Total Construction Cost’ g 456,729,997 | 5 638,290,016 | S 864,818,125
UNIT COST SAVINGS IF A PORTION OF STAMP SANDS IS BENEFICIALLY USED, October 2022 price level
Total Volume 4,300,000 | 8,700,000 | 12,700,000
Marginal Cost Saved Per CY (5/CY)
Using the ALL and Small 49
5{Ton, Assuming a density of 1.8 Tons/CY 27

1All costs are presented at the October 2022 price level and rounded to the nearest $1,000.

2Planning, engineering, design phase costs were estimated as 4% of the total construction cost.
3Construction management cost was estimated as 8% of the total construction cost. It includes costs of monitoring and

adaptively managing the implementation.

4Because of the uncertainty in the dredging quantities, contingency for Small and All-scaled alternatives is 36% and
Medium-scaled alternative is 30%. See Cost Appendix for more information.

>The total project cost was not escalated.

Table 6-2 Estimated Cost Savings During the OMRR&R Phase

OMRR&R Phase
Activity Volume (CY) Cost
Transportation to Landfill & Disposal 100,000 | $8,083,000
Cost Savings Per CY (S/CY) 81
S/Ton, Assuming a density of 1.8 Tons/CY 4491
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8. Acronyms

Bete Grise (BSG)

Big Bay (BIG)

Buffalo Reef Task Force (BRTF)

Catch Per Effort (CPE)

Centers for Disease Control (CDC)

Clean Water Act (CWA)

Coal Dock Jetty (CDJ)

Coastal Barrier Resources Act (CBRA)

Council on Environmental Quality (CEQ)

Cubic Yards (CY)

Department of Natural Resources (DNR)

Ecosystem Service Valuation (ESV)

Engineer Research and Development Center (ERDC)
Engineering Regulation (ER)

Environment, Great Lakes, and Energy (EGLE)
Executive Orders (EOs)

Grand Traverse Bay (GTB)

Great Lakes District, Buffalo (LRB)

Great Lakes District, Chicago (LRC)

Great Lakes District, Detroit (LRE)

Great Lakes Fishery and Ecosystem Restoration (GLFER)
Great Lakes Fishery Commission (GLFC)

Great Lakes Indian Fish and Wildlife Commission (GLIFWC)
Great Lakes National Program Office (GLNPO)
Great Lakes and Ohio River Division (LRD)

Great Lakes Regional Collaboration (GLRC)

Great Lakes Restoration Initiative (GLRI)

Great Lakes Water Quality agreement (GLWQA)

Planning Appendix
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Great Sand Bay (GSB)

Hydrology and Hydraulics (H&H)

Information for Planning and Consultation (IPAC)
Indigenous Traditional Ecological Knowledge (ITEK)
Keweenaw Bay Indian Community (KBIC)
Keweenaw County Road Commission (KCRC)
Lakewide Action and Management Plan (LAMP)
Light Detection and Ranging (LIDAR)

Little Traverse Bay (LTB)

Michigan Technological University (MTU)

Million Cubic Yards (MCY)

Million Gallons per Day (MGD)

National Ambient Air Quality Standards (NAAQS)
National Environmental Policy Act (NEPA)
National Register of Historic Places (NRHP)
National Water Research Institute (NWRI)

Native Sands (NS)

No Observable Effects Concentrations (NOECs)
Non-Federal Sponsor (NFS)

Northern Long-Eared Bat (NLEB)

Operation, Maintenance, Repair, Rehabilitation, and Replacement (OMRR&R)
Parts Per Million (ppm)

Probable Effects Concentrations (PEC)

Project Delivery Team (PDT)

Stamp Sands (SS)

State of Michigan (SOM)

Suspended Particulate Phase (SPP)

Acute Toxic Units (TUa)

Unified Soils Classification System (USCS)

Planning Appendix
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Upland Placement — Small (Upland-SM)

Upland Placement — Medium (Upland-Medium)
Upland Placement — All (Upland-All)

Unified Soils Classification Systems (USCS)

U.S. Army Corps of Engineers (USACE)

U.S. Environmental Protection Agency (EPA)
U.S. Fish and Wildlife Service (FWS)

U.S. Geological Survey (USGS)

White Pine Mine (WPM)

Young of the Year (YOY)

Planning Appendix
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Attachment 1: Beach Nourishment
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Attachment 1:

Beach Nourishment

1. Introduction

The shoreline around Buffalo Reef stretches from the harbor jetty all the way up to the original pile in
Gay, Michigan. Using boring logs and sediment sampling data from the summer of 2021, the regions
where native sand underlies stamp sands was determined. In these regions, the stamp sands would be
removed via dredge and a portion of native sand would be removed from the shoreline as well. To
restore the shoreline beach width to the pre-stamp sands conditions, this project would require beach
nourishment. The purpose of the beach nourishment analysis is to determine the volume of native sand
necessary to replenish the shoreline after dredging of the South Shoreline is completed, to evaluate the
local sources of native sand, and the potential transportation methods.

Once the stamp sands are removed from the shoreline, the beach would need to be restored to the pre-
stamp sands conditions. Enough native sand needs to be placed along the South Shoreline and small
portion of the Middle Shoreline to stabilize the shoreline and protect against erosion, wave surges, etc.
Several cottages have developed along the shoreline and would also benefit from a native sand beach
for recreation purposes.

2. Calculating the Volume of Native Sand Necessary for Beach
Nourishment

The State of Michigan completed a boring contract in the summer of 2021. According to the boring logs,
native sand lies beneath the stamp sands along the shoreline from the harbor jetty and northward just
east of the proposed Coal Dock Jetty (CDJ). Figure 2 shows the borings distinguished based on the
presence of bedrock or native sand below the stamp sand. From the harbor jetty (Transect A) to just
east of the CDJ (Transect T), the native sand was present beneath the stamp sands. However, further
northeast along the shoreline, the stamp sands was consistently resting on top of bedrock (more
information can be found in the Engineering Appendix). To optimize removal of stamp sands the
dredging plan would include an estimated 1-foot overdredge depth between Transect A and Transect T.

Attachment 1-1
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Figure 2. Borings Indicating Native Sand (red) or Bedrock (green) Beneath Stamp Sands

Native Sand Beach Profile South of the Harbor

The stamp sands have been moving south bound for years, and there is very little information on the
original beach profile along the entire stamp sands covered shoreline. The native sand shoreline south
of the harbor jetty was used as a comparable shoreline to the stamp sands-dominated shoreline north
of the harbor. This assumption helps to determine the appropriate beach profile for the shoreline
(Transects A-T) once the stamp sands are removed.

Using ArcGIS and USGS 2019 LIDAR, cross sections of the beach were created to estimate the beach
width and profile of the native sand beach.

Beach Width

The beach width along the South Shoreline and Middle Shoreline was calculated using a historic aerial
photo from 1938. According to the aerial photo, stamp sands had not yet reached the entire south
shoreline, so this photo could be used to approximate the pre-stamp sands beach width. The map was
scaled to 1 inch = 350 feet. Figure 3 show how the map was scaled and the locations where the
shoreline was measured.

Attachment 1 -2
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Figure 3. Scaling 1938 Aerial to Estimate Beach Width Prior to Stamp Sands Migration

Beach Slope

15 cross sections of the native beach south of the harbor were developed to estimate the average beach
slope. Figure 4 shows a profile of the beach south of the harbor (blue line). The profile indicated that
there was a natural break in slope at the water elevation, so there were two averaged slopes (shown in
red): one slope for above the gray water line, and one slope for below the water line. The average above
water line slope across all 15 cross sections was 0.11. The average below water line slope was 0.02.

Slope above Transect 3
620
610
600
590
580 ‘§
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560 water: 0.02
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Figure 4. Profile of Native Sand Beach South of the Grand Traverse Harbor.

Attachment 1 -3
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Proposed Beach Profile Along South and Middle Shoreline (Transects A-T)

Once the native beach width and slope were calculated, the volume of native sand required to nourish
the beach was calculated. Previously, the slope between the native sand and stamp sands was
calculated as shown in Figure 5 as the orange line. The post-stamp sands beach profile would be similar
to the shoreline south of the harbor, so the 0.1 and 0.02 slopes were applied to the beach cross sections
from Transect Ato T.

T Transect B
o0 s /\ Above 601.6': 43.75™.11 = 4.8' + GOL6' = 606.4' 2019 LIDAR
Below 601.6": (067-43.75)*.02 = 18.4' > G016 - 18.4'=583.0" |
605 e h: Proposed Nourished Beach Slope

1938 Water Level (601.6")

OO N OO O N OO PO OO NN ONCIN O N O PO

R R R R R R R e R R R R

Figure 5. South Shoreline profile with Stamp Sands (blue) and Proposed Native Sand Nourishment Slope (red)

Now, the volume of native sand for nourishment could be calculated using excel. Using an average end
method where the cross-sectional area between the proposed beach profile slope (red line) and the
native sand/stamp sands interface slope (orange line) would be averaged with the adjacent transect’s
cross-sectional area and then multiplied by the beach width and distance between the two transects.
This procedure was repeated from Transect A to T with a total of quantity of one MCY of native sand for
nourishment. This includes the 1-foot overdredge depth. Table 1 shows the results.

Attachment 1-4
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Table 2-1: Estimated Volume of Native Sand Required for Nourishment from Transect Ato T

Transect :::2?::::?:; Average Area (sf) Distance (ft) Volume (CY)

A 1030

B 1855.987303 1442.923124 1045 55,846

C 160.4451189 1008.216211 830 30,993

D 1188.299898 674.3725085 843 21,055

E 1727.658794 1457.979346 799 43,145

F 4248.782115 2988.220455 618 68,397

G 1672.925518 2960.853817 940 103,082

H 140.5586547 906.7420862 861 28,915

| 675.1158805 407.8372676 1006 15,196

J 392.6301028 533.8729916 506 10,005

K 1205.630388 799.1302455 732 21,665

L 1367.165706 1286.398047 711 33,875

M 1857.543255 1612.354481 630 37,622

N 0.00306644 928.7731608 545 18,747

(0] 2534.892037 1267.447552 576 27,039

P 2534.892037 2534.892037 370 34,737

Q 1354.748907 1944.820472 437 31,477

R 1354.748907 1354.748907 475 23,834

S 1354.748907 1354.748907 444 22,278

T 1357.804578 1357.804578 686 34,498

662,408

Overdredge Volume (CY) 360,000

Total Native Sand Nourishment Volume (CY) 1,022,408

3. Calculating the Overfill Factor

After calculating the volume of native sand used to nourish the beach, the grain size distribution of
native sand particles in the trough, offshore south of the harbor, and along the shoreline south of the
harbor was reviewed. The grain size distribution is used to determine what the overfill factor will be. If
the borrow source (trough or offshore) is a finer grain size than the existing beach (shoreline south of
the harbor) there will be a higher overfill factor due to the higher risk of finer sand grains eroding
offshore faster than coarser grain sizes. The overfill factor is multiplied by the original volume of native
sand to estimate the total volume of native sand required to nourish a beach accounting for the higher
risk of nourishment loss due to the grain size.

Grain Size Distribution

In 2013, a USACE Trip Report documented several sediment samples including grain size distribution
data. In 2019, Charles Kerfoot, Professor at MTU, provided another set of sediment samples and both
datasets were evaluated to verify if the trough and south of the harbor could be local borrow sites. The
data was also used for the shoreline south of the harbor to represent the shoreline conditions of the
South Shoreline and Middle Shoreline that would be nourished (Transects A-T).

Attachment 1 -5
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Shoreline South of the Harbor

Figure 6 shows a sample from along the native sand beach south of the harbor. The dominant grain size
particle found in 15 of the 20 samples was 1.25mm.

P4
Mean particle Per Cent Mass for Each Screen Size
Unique ID Station Date Latitude Longitude Depth (m) %SS size (pum) 5.3mm 3mm_1.25mm 0.375mm 0.188mm 0.094mm 0.047mm
B2019_09 #7 4/5/2019 47°11.340 88°14.195 Q GTB-S. 8.3 810.16 0.00 0.00 0.50 0.49 0.01 0.00 0.00
B2019_10 #8 4/5/2019 47°11.327 88°14.221 Q GTB-S. 9.5 469.12 0.00 0.00 0.12 0.82 0.06 0.00 0.00
B2019_11 #9 4/5/2019 47°11.310 88°14.251 QGTB-S. 6.7 622.71 0.00 0.00 0.29 0.66 0.05 0.00 0.00
B2019_12 #10 4/5/2019 47°11.288 88°14.275 QGTB-S. 7.9 831.78 0.00 0.00 0.52 0.47 0.01 0.00 0.00
B2019_13 #11 4/5/2019 47°11.273 88°14.289 QGTB-S. 9.4 849.52 0.00 0.00 0.54 0.45 0.01 0.00 0.00
B2019_14 #15 4/5/2019 47°10.908 88°14.414 QGTB-S. 6.3 973.58 0.00 0.00 0.67 0.32 0.01 0.00 0.00
B2019_15 #18 4/30/2019 47°10.907 88°14.414 QGTB-S. 4.9 1070.87 0.00 0.00 0.80 0.20 0.00 0.00 0.00
B2019_16 #14 4/5/2019 47°10.877 88°14.421 QGTB-S. 5.8 710.24 0.00 0.00 0.38 0.58 0.03 0.00 0.00

Figure 6. Samples pulled from Shoreline South of Grand Traverse Harbor

Local Borrow Sites

The sediment samples offshore did not have a complete grain size distribution analysis, but the available
data indicated that the dominant grain size particle in many of these samples was 0.25mm. The trough
data provided similar findings, a dominant grain size of 0.25mm. Both potential sources would require
an overfill factor to account for the loss of finer grains once the nourishment sand was placed.

Overfill Factor Calculations

The overfill factor for the trough was calculated using the limited information below. The particle size
distribution report was used to calculate the mean particle size of the borrow material which was
converted to phi units. The mean particle size of the native sand was also converted to phi units. The
equation requires the mean particle size of the native sand to be less than one, so the 1.25mm was
adjusted to 0.95mm. From there, the standard deviation of the borrow material (trough) was calculated
using the equation below. The mean particle size of the native sand and borrow material were divided
by the standard deviation of the borrow material and plotted on the chart below. The points intersected
on the overfill factor line 2. So, the original 1 MCY * Overfill Factor of 2 =2 MCY necessary to nourish the
beach.

This quantity may be too high and a more reliable borrow site should be identified during PED. If more
borings and sediment sampling occur in the South Shoreline, offshore region south of the harbor, and
the trough, these findings will be verified to determine if these regions could be used to source
appropriate native sand grain size for nourishment.

If either of these two locations is still considered during PED, the sand is likely to by hydraulically
dredged and brought to the South Shoreline. Specifically for the offshore area south of the harbor, the
existing beach and potential spawning areas for juvenile fish must be protected while dredging of native
sand would occur near these areas. If there is an interest in using this area, the source must be located
as not to disrupt the existing beach/littoral system and juvenile fish, but also not too deep that the
dredging equipment cannot reach the material. During PED, a model would run that can identify the
depth at which it is safe to dredge and coordination with biologists would be important to verify where
the fish are spawning south of the harbor.

Attachment 1-6
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Keweenaw Stamp Sands Geotechnical and Chemical Investigation

Gay, Michigan

Appendix T

DLZ Grain Size Soil and Sediment Reports

Particle Size Distribution Report
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1. Calculate mean grain size of Fill and Native Sand in phi units
a. WFill = (P84 + ®50 + ®15)/3
i. WFill=(.3179 +.1391 + .0535)/3
ii. WFill=(1.65+2.84+4.22)/3=2.9
b. uNative = (use the mean particle size in Kerfoot’s Data Table)
i. Assume 0.95mm =-3.322log(0.95) =.074
2. Calculate Standard Deviation = (084 - ©16/2)
a. oFill= (D84 -d16)/2
i. oFill=(.3179 - .0535)/2
ii. oFill =-3.322log(.1322)
iii. oFill=2.9
3. Calculate Y-axis and X-axis
a. Y-Axis=2.9/29=1
b. X- Axis=0.074/2.9 = 0.255
4. Overfill Factor =2
5. Total Quantity of Native Sand Needed for Beach Nourishment =1 MCY * 2 = 2 MCY

4. Potential Native Sand Sources/Borrow Sites for Beach Nourishment

After calculating the initial volume estimate for beach nourishment, two potential borrow sites on land
were considered. The first location is approximately 8 miles north of Gay and the second location is west
of Buffalo Reef near Lake Linden. These two sites have not been investigated thoroughly and would
require sediment sampling analysis and real estate acquisition if the sites had the appropriate size and
guantity of native sand. If either of these sites had a suitable grain size distribution, (coarser or equal to
the existing native sand on beach) then the overfill factor would be much lower, and a smaller quantity
of native sand would be used for beach nourishment. Both borrow sites would require trucking the
borrow material to the CDJ and creating a slurry to be distributed along the shoreline.

Coordination with the State of Michigan may have resolved this predicament. A contractor has provided
cost estimates to use their facility to supply approximately 1 MCY of native sand for beach nourishment
with a custom grain size distribution. During PED, contact with the contractor would be appropriate
once samples of native sand are analyzed to ensure the correct size grain of native sand is available in
their pit for nourishment.

5. Conclusion

Regardless of which alternative is selected, this project will require beach nourishment. Once the stamp
sands are removed, the nourishment will provide protection and recreation for residents living along the
shoreline. Based on the limited available data at the time, approximately 1 MCY of native sand (up to 2
MCY including overfill factor) will be required to nourish the South Shoreline and Middle Shoreline
(Transects A-T). This initial estimate would require more attention during the PED phase, such as
additional sediment sampling, modeling, drilling/boring, even real estate acquisition.
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Attachment 2:

Dredging at the Coal Dock Jetty Occurring during 1) Construction and
2) Operation, Maintenance, Repair, Rehabilitation and Replacement
(OMRR&R), & the Estimated Duration
February 2022

The purpose of this write-up is to estimate the duration and frequency of Construction and Operation,
Maintenance, Repair, Rehabilitation, and Replacement (OMRR&R) Dredging for each alternative of the
project. The current assumption is that a certain amount of dredging will occur during the construction
of the project and during the OMRR&R phase of the project, the Non-Federal Sponsor will dredge the
remaining stamp sands as they pile up against the already constructed Coal Dock Jetty (CDJ). This
assumption mirrors the Non-Federal Partner’s current work of excavating Stamp Sands that piles in front
of the north jetty at Grand Traverse Harbor and relocating the Stamp Sands to the base of the original
pile.

Using the H&H Team’s modeling and expertise, and understanding the assumptions and associated
uncertainties, estimates of Construction and OMRR&R dredging duration and frequency were calculated
and discussed below. Based on the insight gained from the existing without project conditions modeling,
the team assumed approximately100,000 cy could accumulate at the CDJ without appreciable bypass
(more study is needed), and removal of this volume would be cost-effective. The OMRR&R dredging
duration per project is shown in Table Error! Reference source not found..

Table 1: OMRR&R Dredging Duration

Alternatives OMRR&R Dredging Duration (years)
Upland - All > 20
Lakeside - Large >12
Upland - Medium > 100
Lakeside - Medium >30
Upland - Small > 100
Lakeside - Small > 100

*Years were rounded based on certainty and assumptions established for each alternative.

1. Modeling with Current Conditions

e Sediment Transport Modeling was conducted for the without project condition

e Shoreline Erosion rates were estimated using aerial photos and LIDAR data from 2016 and 2019
prior to the State of Michigan regrading the cliff at the water’s edge of Lake Superior in the Fall
of 2019.

e Estimated Without Project Conditions annual stamp sands accumulation rate on the Middle
Shoreline is 84,000 cy/yr.
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The H&H team tracked different stamp sands particle sizes and modeled the transport of these particles
over five years. Based on this modeling and the estimated erosion rates calculated to determine the flux
of stamp sands leaving the shoreline, a sediment budget was developed and used to help understand
where/how much the stamp sands move over time. This model ran for a 5-year period under without
project conditions, meaning that no features of the project were included. The current condition
modeling also used estimated erosion and accretion rates that were calculated using GIS and different
(SEPT2016 and AUG2019) LIDAR surveys to determine the amount of stamp sands eroding or accreting
per year along different reaches of the project shoreline. These annual rates were used in the model to
determine the flux of stamp sands moving onshore and offshore. This model assumes the erosion rate of
the Original Stamp Sands Pile prior to November 2019 when the State of Michigan regraded the stamp
sands to reduce the erosion rate. The actual erosion rate is lower because of this event, but it is not
captured in this modeling effort.

The sediment budget of the 5-year, without project conditions, modeling is below. The blue arrows
show the direction of stamp sands movement, and the values inside the arrows estimate the
approximate annual volume of stamp sands moving to each area. Based on this figure below, the annual
movement of stamp sands from the Middle Shoreline to the South Shoreline in the without project
conditions scenario is approximately 84,000 cy/yr. The other values of importance are the arrows from
the Dune to Lake Superior and the North Shoreline to Lake Superior. This is the volume of stamp sands
lost offshore into Lake Superior.

Volumetric Mass Balance, cy/yr (FWOP)
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Figure 1-1: Volumetric Mass Balance - Future Without Project Condition. The figure above uses the net accretion (+) and erosion
(-) rates and modeling completed with existing conditions to describe the stamp sands movement throughout the system. (The
boxes represent the dredging region and associated net accretion/erosion rate, and the arrows indicate the direction of stamp
sands movement and the estimated rate of stamp sands movement (cy/yr). The North Shoreline, the original pile of stamp
sands, has an estimated net total of 230,400 cy/yr of stamp sands eroding into the Middle Shoreline (60,000 cy), the Dune
(120,000 cy), and offshore into the Lake (50,400 cy). The Dune has an estimated net accretion rate of 11,900 cy/yr. 120,000 cy
comes from the North Shoreline into the Dune, and 11,900 cy/yr accrete in the Dune. The rest of the stamp sands move to the
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Trough (30,000 cy), the Middle Shoreline (49,100 cy), and offshore into the Lake (29,900 cy). The Middle Shoreline has an
estimated net accretion rate of 24,700 cy/yr. 60,000 cy comes from the North Shoreline into the Middle Shoreline and 49,100 cy
comes from the Dune into the Middle Shoreline. 24,700 cy accrete into the Middle Shoreline annually, and 84,400 cy/yr leave the
Middle Shoreline and move to the South Shoreline. The South Shoreline receives 84,400 cy/yr from the Middle Shoreline and
12,000 cy/yr from the Trough. The South Shoreline has an estimated net accretion rate of 16,400 cy/yr. 80,000 cy/yr wash
offshore into the lake annually. The Trough has an estimated accretion rate of 12,100 cy/yr. 30,000 cy/yr come from the Dune
into the Trough, and 12,000 cy/yr leave the Trough and move towards the South Shoreline while 5,900 cy/yr leave the Trough
and move offshore further into the lake.

2. Modeling with Project Conditions

e Because of the time and budget constraints, no modeling was conducted on with project
conditions.

e Two Scenarios were used to estimate the annual stamp sands accumulation rate at the CDJ.

o Scenario 1: CDJ is constructed.
o Scenario 2: CDJ is constructed, and the North Shoreline is no longer a source of stamp
sands.

e When the North Shoreline is blocked off as a stamp sands source, the accumulation rate at the
CDJ is assumed to decrease because of the smaller quantity of updrift stamp sands that will be
transported to the CDJ.

e A portion of stamp sands will bypass the CDJ and/or move offshore into Lake Superior.

To estimate the Construction and OMRR&R dredging duration and frequency, the same modeling and
sediment budget would need to be run for the with project conditions, with project features such as the
CDJ represented in the model. This change would alter the numbers drastically because the
Construction of the CDJ or the Lakeside Armor Stone will impact sediment transport. However, there
was no time/resources to rerun this model scenario. Based on the insight gained from the existing
without project conditions modeling, the team assumed approximately 100,000 CY could accumulate
at the CDJ without appreciable bypass (more study is needed), and removal of this volume would be
cost-effective.

The accumulation of stamp sands at the CDJ is not necessarily one constant rate. After the immediate
construction of the CDJ the rate will steadily increase as the stamp sands move towards the jetty. After
several years, the rate will decrease as the source of the stamp sands dwindles, (e.g., once the Lakeside
Placement Site is built). However, to simplify the analysis, 2 scenarios were created.

Scenario 1 — Coal Dock Jetty is Constructed

e Estimated accumulation rate = 42,000 CY/yr

e Assumed CDJ bypass rate of 5,000 CY/yr and offshore loss rate of 95,000 CY/yr

e Scenario 1 conditions based on insight from without project conditions modeling.
e Estimated rates hold uncertainty — need to model during PED

Scenario 1, shown in the figure below, represents the period during construction where the coal dock
jetty is already constructed and the updrift stamp sands come from the Dune, North Shoreline, and
Middle Shoreline. Based on the without project conditions and the available data, it was assumed that
half of the original accumulation, 84,000 CY/yr, would be a reasonable estimate because the CDJ will
greatly reduce the movement of stamp sands from the Middle Shoreline to the South Shoreline.
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However, some stamp sands will eventually bypass the CDJ or move offshore into Lake Superior. Based
on the sediment budget, prior knowledge, and the natural movement of the stamp sands, the CD)J
bypass rate was estimated to be 5,000CY/yr and the offshore loss to Lake Superior was estimated to be
95,000 CY/yr. Because no modeling was completed for this scenario, there is still quite a bit of
uncertainty with these values, but these can be used as estimates to help with the analysis. Continued
modeling must occur with the CDJ feature in the model during the PED phase to update these values.

Volumetric Mass Balance, cy/yr (CDJ Constructed)

Coal Dock
Jetty

Coal Dock Jetty North Shereline
\ Constructed 42,000 M‘dtﬂ:;:;g:"ne 60,000 (Original Pile)
+2,000 4 -230,400

Trough

45,000 ]

120,000
50,000

g
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s

Figure 2-1: Volumetric Mass Balance — Coal Dock Jetty Constructed. The figure above uses the net accretion (+) and erosion (-)
rates and modeling completed with existing conditions to describe the stamp sands movement throughout the system with
the CDJ in place. (The boxes represent the dredging region and associated net accretion/erosion rate, and the arrows indicate
the direction of stamp sands movement and the estimated rate of stamp sands movement (cy/yr). The North Shoreline, the
original pile of stamp sands, has an estimated net total of 230,400 cy/yr of stamp sands eroding into the Middle Shoreline
(60,000 cy), the Dune (120,000 cy), and offshore into the Lake (50,000 cy). The Dune has an estimated net accretion rate of
25,000 cy/yr. 120,000 cy comes from the North Shoreline into the Dune, and 25,000 cy/yr accrete in the Dune. The rest of the
stamp sands move to the Trough (10,000 cy), the Middle Shoreline (40,000 cy), and offshore into the Lake (45,000 cy). The
Middle Shoreline has an estimated net accretion rate of 58,000 cy/yr. 60,000 cy comes from the North Shoreline into the
Middle Shoreline and 40,000 cy comes from the Dune into the Middle Shoreline. 58,000 cy accrete into the Middle Shoreline
annually, and 42,000 cy/yr would pile up against the CDJ instead of moving to the South Shoreline. The South Shoreline does
not receive any flux of stamp sands from the Middle Shoreline but 5,000 cy/yr comes from the Trough. The South Shoreline has
an estimated net accretion rate of 2,000 cy/yr. 3,000 cy/yr wash offshore into the lake. The Trough has an estimated accretion
rate of 10,000 cy/yr. 10,000 cy/yr come from the Dune into the Trough, and 5,000 cy/yr leave the Trough and move towards
the South Shoreline while 5,000 cy/yr leave the Trough and move offshore further into the lake.

Scenario 2 — Coal Dock Jetty and Lakeside Placement Site is Constructed

e Estimated accumulation rate = 10,000 CY/yr

e Assumed CDJ bypass rate of 2,500 CY/yr and offshore loss rate of 5,000 CY/yr

e Scenario 2 conditions based on insight from without project conditions modeling.
e Estimated rates hold uncertainty — need to model during PED

Scenario 2 represents the period when the coal dock jetty is already constructed and the stamp sands in
the North Shoreline are blocked off or removed. The updrift stamp sands come from the Dune and
Middle Shoreline. Based on the without project conditions, Scenario 1, and available data an estimated
10,000CY/yr would accumulate at the CDJ. This rate is much lower because the largest source of stamp
sands (North Shoreline and part of the Middle Shoreline) is assumed to be blocked off by armor stone or
removed via dredge. With a smaller source, the assumption is that there is a smaller quantity of stamp
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sands that will pile up at the CDJ each year. The CDJ is also assumed to still greatly reduce the amount of
stamp sands that move to the South Shoreline. The bypass rate around the CDJ is estimated to be 2,500
CY/yr because the CDJ will not be able to trap all stamp sands (especially during storms), but because
the largest source is blocked off, a reduced rate was assumed. However, the stamp sands moving
offshore into the deeper waters of Lake Superior was adjusted to be 5,000 CY/yr. This is because the
North Shoreline is no longer a source of stamp sands, and while there may be some losses to Lake
Superior, it will be greatly reduced. Because no modeling was completed for this scenario, there is still
quite a bit uncertainty with these values, but these estimates are sufficient for this phase of the project
and can be further analyzed during PED to update these values. This model would include the CDJ and
an input to represent the removal of the North Shoreline as a stamp sands source.

Stamp Sands Transport (CDJ Constructed, North Shoreline Dredged)

Coal Dock
Jetty

DREDGED - North Shoreline
(Original Pile)
1

DREDGED - Trough
4 Dune
2
]

Middle Shoreli
\ DREDGED - South Coal Dock Jetty iddle Shoreline
i Constructed 3
Shoreline

Figure 2-2: Volumetric Mass Balance — Coal Dock Jetty Constructed and North Shoreline, South Shoreline, and Trough are Dredged. The
figure does not include approximate fluxes of stamp sands because of high uncertainty based on assumptions from the modeling of
existing conditions. The North Shoreline, the original pile of stamp sands, would be dredged and only residual stamp sands would
move to the Middle Shoreline and Dune. The stamp sands from the North Shoreline that move into the Dune would likely move to the
Middle Shoreline, Trough, and further offshore. The stamp sands from the Middle Shoreline would move down to the CDJ. The South
Shoreline would be dredged and only some stamp sands that bypass the CDJ into the Trough would eventually move to the South
Shoreline. Any stamp sands that move to the already dredged South Shoreline would likely move offshore. The Trough would already
be dredged and any residual stamp sands coming from the Dune would lay in the Trough until it is full or during storm events when the
stamp sands would be moved to the South Shoreline or further offshore.
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3. OMRR&R Duration Calculation

UPLAND ALL
OMRR&R Dredging Duration: >20 years

Total Volume of Updrift Stamp Sands (CY) During Construction During OMRR&R
Annual Duration (years)| Volume Estimated Estimated [4in Depth Over Annual Estimated CDJ Estimated Total Duration
Accumulation Removed Bypass Offshore Bedrock Accumulation Bypass (cy/yr) | Offshore Loss
Rate (cy/yr) (cy) (5,000cy/yr) Loss Rate (cy/yr) (cy/yr)

Alternatives
Unland All 42,000 11 462,000 = 352,000 10,000 2,500 5,000 20
s 10000 5 50000
Subtotal 512,000

YEAR

[
FEATURE 2023 (2024|2025 (2026|2027 2028|2029 | 2030 | 2031 (2032|2033 | 2034|2035|2036 (2037 | 2038 |2039|2040|2041| 2042+
Harbor Jetty Dredging

Placement Site - Upland | | | [ | | | [ [ |
Capital Cost-Water Treatment Pump Station

Water Treatment During Implementation

South Shoreline
Beach Nourishment

North Shoreline - Upland
Dune
Middle Shoreline

Real Estate

Wetland Mitigation
Replacement of Septic Fields

Monitoring & Adaptive Management W
Operations & Maintenance | |

The Upland All Scale Construction Dredging duration would be 16 years and 512,000 CY would
accumulate at the CDJ in total. This was calculated using the 42,000 CY/yr rate for the first 11 years
because the North Shoreline is still a stamp sands source, and then the last 5 years the rate was changed
to 10,000 CY/yr because the North Shoreline was dredged. All stamp sands are removed during
Construction, but roughly 352,000 CY of stamp sands would not be picked up assuming that 4 inches of
stamp sands will be left atop bedrock from the Middle and North Shoreline due to lack of equipment
precision. The OMRR&R duration would be > 20 years (352,000/(10,000+2,500+5,000).

Attachment 2 -7



Buffalo Reef — Final Alternatives Analysis Planning Appendix

LAKESIDE LARGE

OMRR&R Dredging Duration: >12 years

Total Volume of Updrift Stamp Sands (CY) During Construction During OMRR&R

Annual Duration (years)| Volume Estimated Estimated |4in Depth Over| Annual Estimated CDJ Estimated Total Duration

Accumulation Removed Bypass Offshore Bedrock Accumulation Bypass (cy/yr) | Offshore Loss

Rate (cy/yr) (cy) (5,000cy/yr) Loss Rate (cy/yr) (cy/yr)
Alternatives

. 42,000 3 126,000 211,000 10,000 2,500 5,000 12
Lakeside Large 10,000 9 90,000
Subtotal 216,000
YEAR
FEATURE
2023 2024 2025|2026 | 2027 | 2028 | 2029 | 2030 | 2031|2032 | 2033 | 2034 | 2035|2036 | 2037 | 2038+
Harbor Jetty Dredging
Placement Site - Lakeside _ - -
Stone Armoring i

South Shoreline
Middle Shoreline
North Shoreline Lakeside -
Dune
Real Estate
Replacement of Septic Fields

Monitoring & Adaptive Management | | +5 Years
Operations & Maintenance | |

The Lakeside Large Scale Construction Dredging duration would be 12 years and 216,000 CY would
accumulate at the CDJ in total. This was calculated using the 42,000 CY/yr rate for the first 3 years
because the armor stone hasn’t been constructed (North Shoreline is still a stamp sands source), and
then the last 9 years the rate was changed to 10,000 CY/yr because the North Shoreline was blocked off
with the armor stone. All stamp sands are removed during Construction, but roughly 211,000 CY of
stamp sands would not be picked up assuming that 4 inches of stamp sands will be left atop bedrock
from the Middle Shoreline due to lack of equipment precision. The OMRR&R duration would be > 12
years (211,000/(10,000+2,500+5,000).

UPLAND MEDIUM
OMRR&R Dredging Duration: >139 years

Alternatives Total Volume of Updrift Stamp Sands (CY) During Construction During OMRR&R
Annual Duration (years)| Volume Estimated Estimated Volume Annual Estimated CDJ Estimated Duration = (Volume
Accumulation Removed Bypass Offshore Remaining= | Accumulation | Bypass (cy/yr) | Offshore Loss Remaining After
Rate (cy/yr) (cy) (5,000cy/yr) Loss Total - Rate (cy/yr) (cy/yr) Construction/(10,000 +
Removed - Estimated CDJ Bypass)
Bypass
Upland - Medium 4,000,000 42,000 11 462,000 55,000 1,045,000 2,438,000 10,000 2,500 5,000 139
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YEAR

FEATURE 2023 | 2024 |2025) 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 2034 | 2035 | 2036 | 2037 | 2038+
Harbor Jetty Dredging

Placement Site - Upland
Capital Cost-Water Treatment Pump Station
Water Treatment During Implementation
South Shoreline
Beach Nourishment

North Shoreline - Upland

Real Estate -!

Wetland Mitigation

Repl.acelment of Sep.tic Fields

Monitoring & Adaptive Management +5Years
The Upland Medium Scale Construction Dredging duration would be 11 years and 462,000 CY would
accumulate at the CDJ in total. This was calculated using the 42,000 CY/yr rate for the first 11 years
because the North Shoreline is still a stamp sands source. The total amount of updrift stamp sands that
will move down to CDJ is 4 MCY. 55,000 CY of stamp sands will bypass the CDJ (5,000 CY/yr*11yrs) and
1,045,000 CY will move offshore into Lake Superior (95,000 CY/yr*11). The remaining volume to be
dredged at the CDJ during OMRR&R is TOTAL Updrift Volume — Volume Removed during Construction —
Bypass Volume — Offshore Loss Volume. For the Upland Medium, 2,438,000 CY remain to be dredged at
the CDJ. With an assumed 10,000 CY/yr and estimated minor losses to CDJ bypassing and Offshore
movement, the OMRR&R duration would be > 139 years (2,438,000/(10,000+2,500+5,000)).

LAKESIDE MEDIUM
OMRR&R Dredging Duration: >29 years

Alternatives Total Volume of Updrift Stamp Sands (CY) During Construction During OMRR&R
Annual Duration (years)| Volume Estimated Estimated Volume Annual Estimated CDJ Estimated Duration = (Volume
Accumulation Removed Bypass Offshore Remaining = Accumulation Bypass (cy/yr) | Offshore Loss Remaining After
Rate (cy/yr) (cy) (5,000cy/yr) Loss Total - Rate (cy/yr) (cy/yr) Construction/(10,000 +

Removed - Estimated CDJ Bypass)
Bypass
Lakeside - Medium 1,100,000 42,000 3| 126,000 15,000 285,000 514,000 10,000 2,500 5,000 29
10,000 8| 80,000 40,000 40,000
YEAR
FEATURE
2023 | 2024 (2025| 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 2034 | 2035 | 2036 | 2037+
Harbor Jetty Dredging
Placement Site - Lakeside I
Stone Armoring R |

South Shoreline
Beach Nourishment

Dune
North Shoreline Lakeside -

Real Estate

Replacement of Septic Fields

Monitoring & Adaptive Management

Operations & Maintenance | |

The Lakeside Medium Scale Construction Dredging duration would be 11 years and 206,000 CY would
accumulate at the CDJ in total. This was calculated using the 42,000 CY/yr rate for the first 3 years
because the armor stone hasn’t been constructed (North Shoreline is still a stamp sands source), and

then the last 8 years the rate was changed to 10,000 CY/yr because the North Shoreline was blocked off
with the armor stone. The total amount of updrift stamp sands that will move down to CDJ is 1.1 MCY.
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55,000 CY of stamp sands will bypass the CDJ (5,000 CY/yr*11yrs) and 325,000 CY will move offshore
into Lake Superior (95,000 CY/yr*3 + 5,000 CY/yr*8). The remaining volume to be dredged at the CDJ
during OMRR&R is TOTAL Updrift Volume — Volume Removed during Construction — Bypass Volume —
Offshore Loss Volume. For the Lakeside Medium, 514,000 CY remain to be dredged at the CDJ. With an
assumed 10,000 CY/yr and estimated minor losses to CDJ bypassing and Offshore movement, the
OMRR&R duration would be > 29 years (514,000/(10,000+2,500+5,000)).

UPLAND SMALL
OMRR&R Dredging Duration: >195 years

Total Volume of Updrift Stamp Sands (CY) During Construction During OMRR&R
Annual Duration (years)| Volume | Estimated | Estimated | Volume |Volume of North|  Volume Annual Estimated CDJ Bypass | Estimated Offshore | Subtotal | Total

Accumulation Removed | Bypass Offshore | Remaining= |  Shoreline |Remaining After | Accumulation (ev/y) Loss (cy/yr) Duration | Duration
Alternatives Rate (cy/yr) (&) | (5,000cy/yr) Loss Total - North shoreline | Rate (cy/yr)
Removed - Dredged
Bypass

42,000 8] 336,000 40,000 760,000 7,264,000 P
Upland - Small 8,400,000 T 42,000 5,000 95,000 31 195
2,864,000 10,000 2,500 5,000 164

| YEAR

FEATURE 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 2034 2035+
Harbor Jetty Dredging

Placement Site - Upland [ [ [
Capital Cost-Water Treatment Pump Station
Water Treatment During Implementation

South Shoreline

Real Estate

Wetland Mitigation

Replacement of Septic Fields

Monitoring & Adaptive Management

Operations & Maintenance | |

The Upland Small Scale Construction Dredging duration would be 8 years and 336,000 CY would
accumulate at the CDJ in total. This was calculated using the 42,000 CY/yr rate for the first 8 years
because the North Shoreline is still a stamp sands source. The total amount of updrift stamp sands that
will move down to CDJ is 8.4 MCY. 40,000 CY of stamp sands will bypass the CDJ (5,000 CY/yr*8yrs) and
760,000 CY will move offshore into Lake Superior (95,000 CY/yr*8). The remaining volume to be dredged
at the CDJ during OMRR&R is TOTAL Updrift Volume — Volume Removed during Construction — Bypass
Volume — Offshore Loss Volume. For the Upland Small, 7,264,000 CY remain to be dredged at the CDJ.
Because the North Shoreline will be dredged at an unknown time during OMRR&R, the assumption is
that the accumulation rate will be 42,000 CY/yr until 4.4 MCY of stamp sands reach the CDJ (North
Shoreline is removed). It will take approximately 85 years for the 4.4 MCY to reach the CDJ. Then, the
accumulation rate will change to 10,000 CY/yr. With an assumed 10,000 CY/yr and estimated minor
losses to CDJ bypassing and Offshore movement, the total OMRR&R duration would be > 195 years
(4,400,000/(42,000+5,000+95,000) + (2,864,000/(10,000+2,500+5,000)).

LAKESIDE SMALL

OMRR&R Dredging Duration: >181 years
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Alternatives Total Volume of Updrift Stamp Sands (CY) During Construction During OMRR&R
Annual Duration (years)| Volume Estimated Estimated Volume Annual Estimated CDJ Estimated Duration = (Volume
Accumulation Removed Bypass Offshore Remaining= | Accumulation Bypass (cy/yr) | Offshore Loss Remaining After
Rate (cy/yr) (cy) (5,000cy/yr) Loss Total - Rate (cy/yr) (cy/yr) Construction/(10,000 +
Removed - Estimated CDJ Bypass)
Bypass
Lakeside - Small 3,700,000 Lhi = C20100 Lty 255000 3,174,000 10,000 2,500 5,000 181
akeside - Sma 700/ 10,000 5| 50,000 25,000 25,000 B b i b
YEAR
FEATURE
2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 2034+
Harbor Jetty Dredging
Placement Site - Lakeside _

Stone Armoring
South Shoreline

North Shoreline Lakeside -
Real Estate
Replacement of Septic Fields

Monitoring & Adaptive Management
Operations & Maintenance

The Lakeside Small Scale Construction Dredging duration would be 8 years and 176,000 CY would
accumulate at the CDJ in total. This was calculated using the 42,000 CY/yr rate for the first 3 years
because the armor stone hasn’t been constructed (North Shoreline is still a stamp sands source), and
then the last 5 years the rate was changed to 10,000 CY/yr because the North Shoreline was blocked off
with the armor stone. The total amount of updrift stamp sands that will move down to CDJ is 3.7 MCY.
40,000 CY of stamp sands will bypass the CDJ (5,000 CY/yr*8yrs) and 310,000 CY will move offshore into
Lake Superior (95,000 CY/yr*3 + 5,000 CY/yr*5). The remaining volume to be dredged at the CDJ during
OMRR&R is TOTAL Updrift Volume — Volume Removed during Construction — Bypass Volume — Offshore
Loss Volume. For the Lakeside Small, 3,174,000 CY remain to be dredged at the CDJ. With an assumed
10,000 CY/yr and estimated minor losses to CDJ bypassing and Offshore movement, the OMRR&R
duration would be > 181 years (3,174,000/(10,000+2,500+5,000)).
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Attachment 3:
Disposal Facility Selection — White Pine Mine

Planning Appendix

EVALUATION - Assume trucking to CDJ is not included.
IASSUMPTIONS: - Costs for transportation of dredged material from the Coal
Dock Jetty to the placement site are estimated below
Irransportation Modes (miles) Transportation Infrastructure
Dlspo_sal Variation of ftof Real Estate (H, Procedure Impacts Limitations Cost ($M)
Iternative ISlurry or [Viode W, L) [Cost ($M) Notes (Allrequire Notes Links
[Truck Rail M‘Z‘m [Transfer Effort/Complexity Coal Dock
Barge  [Line Jetty
Construction
so not
[TCI. 2022. Current Freight Rates. Accessed on
I Assume Semi-Truck can March 18, 2022. .
- Expect local traffic delays |- Weather/local traffic hold 40cy (LRE Cost) Ihttps://www.tcicapital.com/tci-
1.) Collect Hanecsczii;:ngiEton W“:i"i": Tsc\,‘\l:;l“' -$2-5/mile linsights/current-freight-trends/
i -12.7MCY/40cy per truck| I-No . .
I/ll'ulelr]gl L istil S(‘SaSr)"pts(a:des -Frequent road -Reliance ongaswill  [Truck: $63 - =317, 40/0 trL:lcis each Infrastructu Method. 2022, Freight Rates: Trucking Rates
F @ ega loo- b ro'a‘:f:fzf's ng o E \ :’la maintenance tooccur | fluctuate cost (likely  [$159 o 0110 NA loer Mile 2022. Accessed on March 18, 2022.
romGay g ock Jetty due to high tonnage increase) traveling 90- ) miles re costs Ittps://www.method.me/pricing-
2| to WPM | 31d7r4°0 truck (cDy) High frequency - No highways (assumed 100miles) ata [assumed  lguides/trucking-rates-per-mile/
oads 2.) Truck S ! i
% ) Trud " maintenance increases | shortest routeruns rate of $2 5/miles
< 90-110 miles .
T o WPM overall cost directly through
2 - Safety and air quality for Downtown
‘; local population Hancock/Houghton
Union Pacific. 2022 Boxcars. Accessed on
March 18, 2022.
lhttps://www.up.com/customers/all/eq
luipment/descriptions/boxcars/index.ht m
ICSX. Railroad Equipment. Accessed on March
-$1M/mile 18, 2022. "
. lhttps://www.csx.com/index.cfm/custo
. " - Assume capacity of based on . "
- Trails reconverted to Rail . N R _ . |mers/resources/equipment/railroad-
Line - Terrainis not flat and ltrain car is 64cy iconvo  with lequipment/
_local recreation lost will """‘t"a” line - Assume train moves . GXPG;\;]:U
X routes rom
Rebuild/Re 1.) Collect - Increased time/cost RR Owners likely to [40mph Rail lhttps://www.progressiverailroading.co
uierrep [sS at CDJ associated with RR v e 9ol 127MCY/64cy = Im/bnsf_railway/article/Class-I-railroads-
air Rail H . P, charge fees for use of |Train: $$ 27 . [Department N .
N . 2.) Rebuild property acquisition and N 200,000 train cars N lcontinue-the-longer-train-trend--
2| Lines for 100 2 - Acquire RR : I " their RR Train: $350- | and RR .
Rail rebuildingRR  lines . needed - $/mile for each N [550354#:~:text=Intermodal%20trains%2
Transport easements . - Trails that could be | Conveyor: $700 industry "
lfrom Gay to stretchin INetwork (Approx. 100 miles converted to rails will ltrain car unknown Additional Daveraged%20173%20boxes, trains%20a
Y 8 from Gay to needed) $51-$64 \Veraged%2071%20cars%2C%20up
@ WPM over 70 miles - need to be rezoned Infrastructur
£ WPM - Rebuilding a two-level " dinated with (Conveyor: $4-5/cy (LRE
= 3.) Transport |bridge to transport S will | " C;;'I é::‘afe w Cost) : " ui;mem Progressive Railroading. 2018. Class |
£ SSto WPM impact local traffic - ) oS a Railroads Continue the Longer-Train Trend.
e - . . - Limited time frame (Two-level
o via Rail - Vegetation clearing to ) N [Accessed on March 18, 2022.
z " " each year to build bridge) o .
convert trails to rails L lhttps://www.progressiverailroading.co
s RailLines due. to escalates Im/railproducts/product.aspx?id=109
weather costs to $5- P P -aspXi
10M/mile
1.) Collect SS - $1,700/hr for barge crew Heartland Barge. 2022. Barge Weight
at CDJ - Constructing Docks will Barge: $1.1 (LRE Cost) ICapacity. Accessed on March 18, 2022.
2.) Construct |likely require blasting into A - Assume 1,500 Ihttps://heartlandbarge.com/barge- weight-
offloadramp |  bedrock (Expensive) .| tons/barge (~1,000cy) lcapacities-chart/
at Big Iron - Schedule and cost Conveyor: -Assume barge moves
River (BIR) |increase due to shipping Keweenaw Waterwa 4mph (LRE Cost) USACE Detroit District. Cargo Capacity.
N 3.) Construct restrictions from A, andy $51-$64 | (1700/4)/ 1000 * 200 mi lAccessed on March 18, 2022.
El M Conveyor Keweenaw County vessel size goin round trip * 12.7M Bedrock lhttps://www.lrl.usace.army.mil/Portals
Shio to Bi ’; -Acquireland | from BIR to - Increased costs to th h P g Ig Truck: $1.9 d 64/docs/Ops/Navigation/BargeVsOver|
! P ; '8 @ and permit to WPM lconstruct conveyor/slurry T roT.g emnsdut: -$4-5/cy for Cost to build WgL{' b land.pdf
“:O" Tlve:( 3 100 2 construct 4.) Transport |system to transportSSto |~ '€ Inlg around the -$4.8 conveyor/slurry system offloading r;ele " Zl ©
en Trud @ loffload platform | SStoWPM | WPMfromBIR offload | Peninsulaincreases (LRE Cost) platformin [, oec©
2| to WPM R " . atf cost/schedule deepen and
s g [ 12,700 barges Ve platform Wave and wind forces Big Iron River | \yiden the
] g would pass barge/dock |- Vegetation clearing to N BIR '- Assume Semi-Truck can h !
a thru during transport construct dock and are s ronger.a | hold 40cy (LRE Cost) channe
2 project conveyor/slurry system (WZSIF:T penlnsu.a) -$2-5/mile
‘; -~317,400 - Increased maintenance a"d I! ey lohredstlrlct -12.7MCY/40cy per truck
truck loads to and costs to maintain elivery schedule = 317,400 trucks each
bring material dock and conveyor/slurry traveling 3miles at a rate
to WPM system of $2-5/miles
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$1,700/hr for barge crew
(LRE Cost)
- Assume 1,500
Barge: $1.1| tons/barge (~1,000cy)
M X . -Assume barge moves
Acauire Eﬁgi'rTa[u):':thV:'r'fhaée Conveyor: | 4P (LRE Cost)
permitand 1) Collectss | - Vegetationclearingto roect " | -(1700/4) / 1000 * 200 mi
Ship to Big lease - access boat launch and prol . round trip * 12.7M
Iron River agreement at e stagin, Wave and wind forces | $51 - $64 -Cost to
i 2.) Construct . Bng are stronger on this Cost to build | maintain
Boat Launch| with DNR to offload ramp | Maintenance over life of | e of peninsula and -$4-5/cy for offloadin ONR boat
4l FromDNR | 3 100 4 construct project to maintain access 201 P : Truck: $1.4| conveyor/slurry system 8
ffload at Boat likely to restrict platformat [launch not
(leased), 3 ottoa Launch to boatlaunch delivery schedule (LRE Cost) isti included
&| [then Truck E platform 3.) Construct - Increased costs to Keween;’w Waterwa <948 oxistine OB $tolease
S| to wem ) -~12,700 barges .Conve or construct limits © " Y - Assume Semi-Truck can |Boat Launch ONR boat
g gﬂ would pass from B‘gat conveyor/slurry system to I\r/"e‘s:el Sizgagiiin hold 40cy (LRE Cost) Jaunch :Zl
: 3 thru during Launch to [fransport S5 to WPM from through Penignsui S25/mie included
£ ks project WPM 4 Boat Launch & ~12.7MCY/40cy per truck
B E -~317,400 T t.)SS -Tra\{ellng afound the =317,400 trucks each
= truck loads to t;?/r\‘/sl’pl\:r via penlns;la;‘n;relases traveling 15milesata
bring material barge/dock cost/schedule rate of $2-5/miles
to WPM arge/doc
transport
-$1,700/hr for barge crew
(LRE Cost)
Barge: $1 - Assume 1,500
tons/barge (~1,000cy)
Conveyor: | -Assume barge moves
4mph (LRE Cost)
- Ki Wat -(1700/4) / 1000 * 170 mi
Shipto - Cost/Scheduleincreased Ii;v:fserlao‘:\/naaeear:? V| ss1-se4 | L rou/n; (rip o
Exis’:ing M 1.) Collect due tomaintenance of vessel size :oing ' -Uncertain if
- i Truck: $9.5 isti
Offload Acquire I.and SS al.CDJ offload platform, road, through Peninsula $ ~84-5/cy for existing )
and permitto  [2.) Ship SS and conveyor/slurry h platform is
Platform at . - Traveling around the conveyor/slurry system .
15 85 1 construct to existing system N N -$24 NA sufficient
(Ontonagon . N peninsulaincreases (LRE Cost) 3
. loffload platform | Ontonagon - Multi-handling of SS for project.
o [ |River, then . ) cost/schedule s
£ -~12,700 barges |River offload increase cost . . . Additional
S|| Truckto would pass latform - Local traffic delays Wave and wind forces " Assume Semi-Truck can cost ma
2 WPM o pA P . ,y are stronger at BIR hold 40cy (LRE Cost) 5 Y
z ] thru during 3.) Transport | - Safety and air quality for (western peninsula) ~62-5/mile required to
2 = project SSto WPM local population " P ) build up
= e} ~317.400 viaTruck and likely to restrict -12.7MCY/40cy per truck
B o ! delivery schedule =317,400 trucks each
x truck loads to " .
& bri terial traveling 15 miles ata
5 ring materia rate of $2-5/miles
g to WPM
Z
e
=
-$1,700/hr for barge crew
Barge: (LRE Cost)
- Assume 1,500
tons/barge (~1,000cy)
$900,000 -Assume barge moves
4mph (LRE Cost)
- Coordination with - Limited by Conveyor: | (1700/4) / 1000 * 100 mi
Ship to M [1.) Collect CertainTeed to confirm  [CertainTeed Schedule round trip * 12.7M
L'Anse, -Acquire permit [SS at CDJ laccess tofacility, potential | for delivering of SS to | $51 - $64
Offload at and lease 2.) Ship SS scheduling delays L'Anse -$4-5/cy for
6|CertainTeed [ 50 50 B agreement with [to existing - Local traffic delays -Reliance ongasfor  [Truck: $32 conveyor/slurry system NA
o | | Plant, and CertainTeed  |L'Anse - higher maintenace costs |trucking will fluctuate (LRE Cost)
§ Truckto -~12,700 barges |offload to repair roads cost (likely increase( -$79
] WPM o would pass  [platform - Safety and air quality for - Weather will - Assume Semi-Truck can
& 3 thru during  ((CertainTeed local population restrict shipping hold 40cy (LRE Cost)
% : project Plant) 3.) and trucking -$2-5/mile
H g -~317,400 [Transport SS schedule -12.7MCY/40cy per truck
3 truckloadsto  [to WPM =317,400 trucks each
5 bring material via Truck traveling 50 milesata
2 to WPM rate of $2-5/miles
&
£
-$1,700/hr for barge crew
(LRE Cost)
- Assume 1,500
tons/barge (~1,000cy)
-Assume barge moves .
Barec: amph (LRE Cost) “Sa/mie
ar8E: | (1700/4) /1000 * 100 mi o it
- Coordination with roundtrip * 12.7M experts
CertainTeed to confirm | - Current RR owner $189 - P
H L) Collect laccess tofacility, potential | not willing to use from MTU
» i i . Rail
shinto Acg:gfe’;:;m't zs)asth?D;S scheduling delays | theirlinesto service |Conveyor: -$4-5/cy for coamment
one I - Rebuilding/acquisition RR this project conveyor/slurry system | Rail Lines: |c"
7|L'Anse, and 50 50 3 agreement wit  [to existing would dela steep grade would (LRE Cost) $200 and RR
Rail to = CertainTeed  [L'Anse hedulei v N P light $51-564 industry
2 WPM 4 -~12,700 |offload schedule/increase - costs require fighter . . $500 -Additional
S 2 - Vegetation clearing to tonnage in each rail Train: $$ - Assume capacity of train
s ° barges pass thru [platform " rain: . Infrastructur
] ] Acquire RR _|(CertainTeed rebuild RR car car is 200,000cy
H g easeqmenl to :’I:;;Ir‘a Te - Limited time frame ” ~Assume train moves re uireement
% 3 haul material [T .tSS to. rebuild RR due to N 40meh ('? level
3 & S0milesto favf\‘;l:\jl" weather - 12:7MCY/200,000cy = 64 I;Nod e\;e
= WPM c.) " train cars needed ridge
ia Rail Line - $/mile for each train car eslcallal;;
unknown €OSts 10 55
10M/mile
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Attachment 4:
Disposal Facility Selection — Upland Placement Selection

1. Background

After the July 2019 Alternatives Analysis was completed, three disposal alternatives were selected for
further analysis:

e Dredging the stamp sands and placing it along the northern shoreline behind a stone armor wall
(Lakeside Placement Site),

e Dredging the stamp sands and placing it within the White Pine Mine, after improvements to
allow for compliant disposal, located approximately 100 miles from the project site (White Pine
Mine), or

e Dredging the material and placing it offsite in a placement site approximately away from Lake
Superior shores and in close proximity of the project site (Upland Placement Site).

This analysis summarizes the screening process used to identify a location for the Upland Placement Site
capable of disposing of approximately 12.7 MCY of stamp sands.

2. Potential Upland Placement Site Locations
Sites 1,2,3,4,5,and 6

The figure below shows six sites that were initially considered for the upland placement site location.
Upon further evaluation, these sites were screened from consideration.

Roads
Potential Inland Disposal Areas (ID and acres)
50 foot River Buffer

NWI Wetlands

Potential Restorable Wetlands

Buffalo Reef

| ] rail Road Grade

Figure 4. Six Initial Potential Disposal Areas
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Sites5&6

These two sites are located 9 miles from the Coal Dock Jetty. While significant space is available for a
new placement site, much of this land is farmland or steep terrain (western half) and would require
acquisition of several properties (Figure 2, Figure 3, and Figure 4). An estimated 317,000 truckloads with
a 40 CY capacity each, would be required to dispose of stamp sands at either of these two locations. To
minimize impact to local traffic a separate haul road would be constructed, but this would require
several easements through Keweenaw and Houghton County and require road maintenance for several
years. Because these two sites were furthest from the project area and would require more construction
and maintenance costs to dispose this material, these sites were screened from further consideration.

Snowshoe
Gay

Lake Linden

Figure 2. Parcels impacted by Site 5&6 (Houghton Counties - Top and Keweenaw Counties - Bottom)
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Figure 4. Aerial of Sites 5&6 (farmlands visible)

Site 3

This site is approximately 1 mile from the Coal Dock Jetty and would be a quick trip distance for disposal.
However, the 68 acres is not large enough to accommodate a disposal facility for an estimated 12.7 MCY
of stamp sands. This site also stretches across Gay-Linden Road and would impact local traffic. Due to
proximity to the road and insufficient acreage, this site was removed from consideration for the disposal
facility (Figure and Figure ).
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Figure 5. Site 3 with Contour Lines

Figure 6. Aerial of Site 3
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Site 4

This site is approximately 1 mile from the Coal Dock Jetty. This 264-acre site has sufficient space for the
disposal facility. However, the boundary is not ideal for constructing a facility due to the “U” Shape and
the steep terrain. The facility design would be complicated by the shape of site 4 and the steep terrain
would require more excavation and increased costs. This site surrounds small streams and is likely to be
surrounded by wetlands which would require mitigation efforts. Site 4 was removed from consideration
because of the site orientation, proximity to wetlands, and steep grade (Figure 7 and Figure 8).

Figure 7. Site 4 with Contour Lines

Figure 8. Aerial of Site 4 ("U" Shape)
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Site1 &2

Sites 1 and 2 were favored out of the initial six sites due to the location and their shape (Figure ).
Existing trails that were historic railroad corridors could be restored for hauling material to the
placement site. Site 1 is approximately 146 acres and Site 2, 165 acres. Site 1 would not be large enough
to contain 12.7 MCY and Site 2 would just barely hold the material, leaving no additional acreage for the
outer berms, staging areas, parking, etc. Additionally, after reviewing the topography, the PDT
discovered both sites sloped significantly downward to the southeast which would require extensive
excavation and earthwork to prep for the construction of the placement site or would require a large
buttress berm along the lowest side of the placement site. These sites were screened from
consideration because of size and constructability considerations.

Keweenaw Community Forest Company Recommended Sites

In the summer of 2021, the Keweenaw Community Forest Company volunteered to scope potential sites
for the upland placement site.

The proposed sites were potentially flatter (Figure 10).
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Gay sands - proposad sites 0 1 2 mi
Keweenaw County, Michigan
June 2021

Keweenaw Community Forest Company

— Proposed parcels

== Areas of interest

— Public roads
Trailsfaccess

@ Borings
=3 Approximate Work Limits

00.08.13 0.25 0.38 0.5
- — — iles

Figure 10. Preliminary Proposed Boring Locations within Site A (top) and Ste B (Bottom)

To investigate site suitability, the State of Michigan drilled borings to determine soil properties and
identify depth to the ground water table in the following areas. Figure 0 shows the preliminary proposed
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[ 1 Placement Site Okd
TRG Orange
Private
TRG Yellow
Estuarine and Marine Deepiwater
Estuarine and Marine Wetland

Freshwater Emergent Wetland — — plaement Ste New

Figure 11. Final Proposed Borings within Site B (top) and Site C (Bottom)

northern area, A, was discovered to be mostly wetland and conditions were very ‘swampy’ indicating
the site would not be appropriate to construct a disposal facility. Borings were relocated and Figure 11
shows the location of the borings that were drilled in October 2021. Monitoring wells detected ground
water at least 3 feet below the ground surface across all 14 borings. All 14 borings were completed
during the drier season, so it was assumed that the water table would be higher during wetter months,
but for preliminary investigation, both sites were still considered potential options. Site C was similar to
Site 4 because of the shape and terrain grade as shown in the green outline in Figure 11. The terrain was
steeper along Site C compared to Site B and would require more excavation and earthwork. A part of
Site Cis also right along the road which would cause similar issues to that of Site 3.

After reviewing all 14 borings, the PDT selected Site B as the most appropriate location to construct a
disposal facility. This site was flatter than Site C and contained enough acreage within manageable
boundaries to construct a disposal facility. Site B runs along the existing trails that would be used for
hauling material to the disposal facility. Site B is owned by a Forestry Company who would consider
selling the land and likely to clear the trees for harvest before construction would begin.

3. Conclusion

The table below summarizes the screening criteria that led to the selection of Site B for the location of
the disposal facility. Figure 12 shows all nine potential sites.
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Table 1: Disposal Facility Considerations and Selection

. Haul Impact to Real Estate Boring Impact to
Site | Acreage Distance | Farmlands | Level of Effort Topography Information Wetlands

1 140 1 mile No L Very Steep No Very Likely

2 165 1 mile No L Very Steep No Very Likely

3 68

4 264 1 mile No L Very Steep No Very Likely
5* 1769 9 miles Yes H Very Flat No Unlikely
6* 310 9 miles Yes H Very Flat No Unlikely
A 170 2.5 No L Flat No Very Likely

B 240 2.3 miles No L Flat Yes Likely

C 400 2 miles No L Steep Yes Very Likely

*Additional Trucking cost for Sites 5 and 6 — 320,000 trucks at 40CY per truckload * 14 miles each * $4/mile = ~S18M.
Considerations for off road or on road trucks could increase this cost as well.

.
f 2
s 4™k 3
LS

Figure 12. Overall Map Including All Potential Sites

4. Selected Upland Placement Site

After analyzing all available information and comparing this site to the other potential sites, Site B was
selected to be the upland placement site. The haul distance is feasible and existing trails would be used
to haul material between the Coal Dock Jetty and the placement site. The Forestry Company would
consider selling and likely to clear the land to harvest the timber before construction begins (this would
be confirmed during PED). The land is relatively flat compared to other nearby sites. While there may by
some wetlands in the vicinity of this site, this location contains fewer wetlands than the other sites. The
boring information has informed the decision to select this location for the placement site. Figure 13
below shows the final placement site and location and features of the project. As mentioned earlier, the
ground water table was several feet below the ground surface, but the borings were taken during the
dry season. During PED, more borings and installation of groundwater monitoring wells should be
completed throughout the year to inform design and construction of the placement site.
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Upland Placement
Site, 240 acres

M Shoreline,
112 acres

Coal Dock
Jetty

Buffalo Reef Stamp Sands Project Road_Improvements M_Shoreline Note:

Upland All Alternative Map coaldockjetty Trough ROlad émprovements: i

Created: 3/22/2022 Total_Footprint 1 Dunet ggfn GSItE t|:431CE)J2—3 Zlﬁ =

Project Coordinate System: - WiayMl= Zimies US Army Corps
NAD 1983 State Plane [ s _shoreline Staging_Area _ . of Engineers ®
Michigan North FIPS 2111 Feet I shoreline HEHIG feainaaes Chicago District

Figure 13. Upland Placement Site - All
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Attachment 5:
Water Treatment Selection

1. Introduction

When handling contaminated dredged materials, water treatment is often required to remove
contaminants and meet National Pollutant Discharge Elimination System (NPDES) requirements before
discharging water that mixed with the dredged material into a nearby water body. This document
provides the assumptions and analyses used to for the following topics related to water treatment:

e Means and Methods Evaluation: Hydraulic Dredging
e Identifying Water Treatment Technique for Upland Disposal Facility
e Estimating the Volume of Water to be Treated

2. Summary of Water Quality Analyses Used to Inform Feasibility

For this project, the dredged material, stamp sands, contains high concentrations of copper, and the
water that comes into contact with the stamp sands or that drains from the stamp sands within the
permitted disposal site (leachate) must be treated before discharging into Lake Superior. There were
four sources of data available providing information on water quality from stamp sands leachate
samples.

USACE August 2021 Leachate Tests

The sampling event objective was to collect and analyze drainage water and stamp sand samples from
simulated mechanical stamp sand dredging. Samples collected underwent physical and chemical
analyses to obtain data necessary to aid the technical team in estimating water treatment requirements
in conjunction with the development of a mechanical dredging cost estimate for the Buffalo Reef project
(Advanced Matrix 2021).

ERDC'’s July 2021 Modified Elutriate Tests

The Engineer Research and Development Center was tasked with analyzing the stamp sands physical
and chemical properties to better understand potential beneficial use opportunities and better
characterize the leachate. The scope of work consisted of seven tasks: Task 1. Physical and chemical
characterization of the stamp sand samples. Task 2. Conduct runoff tests on samples to determine the
potential for copper transport. Task 3. Conduct leaching tests on samples to determine the potential for
copper transport. Task 4. Conduct dredging effluent testing to support discharge permitting. Task 5.
Verification of dredging effluent quality to support discharge permitting. Task 6. Prepare Safety Data
Sheet. Task 7. Prepare report (Schroeder 2021).

The leachate and elutriate testing summarized in this report was used to support the screening of
hydraulic dredging as a viable means to dredge stamp sands.
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EGLE’s September 2006 Toxicological Report with Modified Elutriate and Ground
Water Testing

The purpose of this Toxicological Evaluation is to evaluate the exposure scenarios for stamp sand reuses
including road traction, recreational, and construction use. WESTON assessed the impacts on human
health and aquatic systems. This Toxicological Evaluation is based on both analytical and bioassessment
data from the Keweenaw County Road Commission (KCRC) road traction stockpile and sediment samples
from Lake Superior collected near Gay, Michigan.

This report concluded that there are potential human health risks for drinking water contaminated with
stamp sands due to high levels of Manganese and Aluminum. There are also potential risks to aquatic
organisms as shown in the tables below (Weston 2007).

GAY, MICHIGAN STANP SAND HUMAN HEALTH RISK ASSESSMENT

EXPOSURE SCENARIO | RISK DETERMINATION'
SOUTHERN AREA RESIDENTIAL (STAMP 5AND USE AS ROAD TRACTION)
Indoor I ACCEPTABLE
Qutdoor | ACCEPTAELE

NORTHERN AREA RESIDENTIAL (STAMP S4AND USE AS ROAD TRACTION)

Indoor ACCEPTABLE
Outdoor ACCEPTABLE
RESIDENTLAL (DRINKING WATER)
Dok War [ oocereme |
SOUTHERN AREA RECREATIONAL (SAND BOX 5CENARIO)
Adult | ACCEFTAEBLE
Child (2-12 years) | ACCEPTAELE
NORTHERN AREA RECREATIONAL (5AND BOX SCENARIO)
Adult I ACCEPTAELE
Child (2-12 years) | ACCEPTAELE
SOUTHERN AREA CONSTRUCTION WORKER (STAMP SAND USE 45 CONSTRUCTION MATERIAL)
Adult ACCEPTABLE

NORTHERN AREA CONSTRUCTION WORKER (STAMP SAND USE AS CONSTRUCTION MATERIAL)

A dult | ACCEFTAELE
" Exposure of these recephor growps was quastified wiing the geneml equaticns prevemied by MDEQ iz Part 201 Rule £299.5720. The exposwrs and
chamical-specific parameters wisd by the MDEQ for potental sodl sxporures (Fule 288 57200 were applied, though adjustments wers made to
GXPOSTING parameters to account for thess sxpostre scanarics as discussed in Section 1.1, 1.2, and 1.3,

GAY, MICHIGAN STAMP SAND AQUATIC ORGANISM RISK
ASSESSMENT
{STAMP SAND USE AS ROAD TRACTION OR IN-PLACE DEPOSIT
ADJACENT TO SURFACE WATER)

THEEAT TOXICITY EISE DETERMINATION
PEC: and PEC Quotients excesded 0.5;
Groundwater/Surface Water Interface
Sediment Protection for surface water is
exceaded; acute and chronic effects
observed for benthic organisms
Copper concentrations in groundwater,
pond water, and eluiriate water
Surface exceaded Bule 57 Water Quality
Water Walnes; toxicity observed in SPP tests
resulting in WOECs between 1 and 10;
and TUa between 10 and 100.

MEDIL4

EGLE’s Phase Il Bioassay Report February 2007

Several objectives were established for the Phase Il Bioassessment to distinguish between the
toxicological effects of salt, metals in stamp sand, and acclimation of the stamp sand in the aquatic
environment. Results of the chemical, physical, and bioassay tests performed during the Phase | and

Attachment 5 - 2



Buffalo Reef — Final Alternatives Analysis Planning Appendix

Phase Il Bioassessments for stamp sands near Buffalo Reef (samples labeled ‘Gay’) are found in the
tables reproduced below. The tables show that dissolved and total copper concentrations exceeded the
chronic and acute water quality criteria for all elutriates tested. The report concludes: Results of the
chemical analyses performed for elutriates indicated dissolved copper was present at concentrations
that exceed Rule 57 Water Quality Values for both acute and chronic effects (Weston 2007).

Total Metals Concentrations Detected in Lake Superior Sediment Elatriates Above Rule 57 Water Quality Values

o ____Sample LD. Rule 57 Water Quality Values
COPC Gay Gay Gay Gay Gay
Tox. A Tox.B | Tox.C | Tox.D | Tox.E FCcv AMY i FAv

Total Metals o
Copper 0.81 0.62 0.44 0.96 0.22
Silver 0.0005 | 0.00042 | 0.00034 | 0.00071 | <0.0002 &8

All concentrations in mg/L

Bald font indicates @ Rule 57 Surface Water Quality Value is exceeded. Shaded cells indicaie if the FCV, AMV, andfor FAV are exceeded,
=.05 = The analyte was not detected above the respective reporting limit,

COPC = Coniaminani of Potential Concern

Dissolved Metals Concentrations Detected in Lake Superior Sediment Elutriates Above Rule 57 Water Quality Values |
Sample LD. Rule 57 Water Quality Values
COoPrcC Gay Gay Gay Gay Gay
| Tox A | Tox. B Jﬂ Tox.C | Tox.D | Tox.E Fcv AMV FAV
Dissolved Metals
Copper | 0028 | 0032 | 002 | 0017 | 0.016

All concentrations in me/L
Bold font indicates a Rule 57 Surface Water Quality Value is exceeded. Shaded cells indicate if the FCV, AMY, andior FAV are exceeded.
COPC = Contaminant of Potential Concern

3. Hydraulic Dredging

Summary

Hydraulic dredging can be a cost-effective method for dredging material. This method generates much
water and depending on contaminant concentrations, the water may require treatment prior to
discharge. It is estimated that approximately 1.5 billion gallons of water would be generated when
hydraulically dredging the Stamp Sands that cannot be removed by land-based excavation. Based on the
results of leachate testing and the estimated volume of water, the water fraction of hydraulically
dredged stamp sand would require intensive water treatment and be expensive. Based on the volume of
water generated and cost of treatment, hydraulic dredging was screened out from consideration as a
means and methods for dredging Stamp Sands. The following discussion describes the evaluation.

Water Volume

The following procedure was used to estimate the volume of water required for hydraulically dredging
stamp sands:

1. Forevery 1 MCY of in-situ stamp sands, 0.5 MCY is void space and 0.5 MCY is stamp sands.

2. Hydraulic Dredging requires a slurry, or mixture, of dredged material and water
a. Mixture = 200gm/I (20% by weight)

3. Stamp Sands Specific Gravity = approximately 2.9
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20% by weight

4. Slurry Mixture by % volume = o

= 7% stamp sands

5. Per 1 MCY of in-situ stamp sands, 0.5 MCY of stamp sands will require:
0.5 MCY water

———— = approximately 7 MCY of water per 1 MCY of in-situ stamp sands
7% Stamp Sands

6. So, total water volume needed per 1 MCY of in-situ stamp sands =
a. 7MCY of water * 27% * 7.5% = 1,417,500,000 gallons = 1.4B gal

To dredge 1 MCY of stamp sands hydraulically, over a billion gallons of water, exceeding regulatory
copper concentration levels, would be carried into a pipe with the stamp sands and require intensive
water treatment - the discharge of the effluent would require enhanced suspended solids removal
beyond settling as well as treatment for dissolved copper or a very large mixing zone (Schroeder 2021) -
to remove the copper before discharging the water back into Lake Superior. The cost of treating over a
billion gallons of highly copper-contaminated water would be enormous and the estimated cost would
carry high uncertainty risk, so hydraulic dredging was removed from consideration.

Sampling and Analytical Results

This decision is based on testing completed by the USACE, Engineer Research and Development Center
(ERDC). In their July 2021 report, ERDC analyzed stamp sand samples from Grand Traver Harbor, the
Coal Dock Pond, and the Original Pile of stamp sands near Gay, MI. The concentration of copper in the
samples is reported below. To understand the dissolved concentration from the leachate of stamp
sands, ERDC completed several different tests:

Runoff Testing and Leachate Testing: This testing was completed to determine appropriate water

treatment techniques that would effectively lower dissolved copper concentrations in the water. Based
on testing results, the dissolved copper concentrations were below the Maximum Contaminant Level
(MCL) but were greater than the water quality criteria (WQC) for chronic toxicity.

Column Settling and Jar Testing: This testing was completed to determine how long it would take for
total suspended solids to settle and reduce copper concentrations in the discharge. The results indicate

that without flocculants, it would take more than six weeks for the TSS concentrations to decrease
below 10mg/L which would be needed to reduce copper concentrations. ERDC recommended the use of
flocculants or filtration prior to discharging dredging effluents. Due to the slow settling rate, jar testing
was completed, and results showed that Ferric chloride performed the best, reducing turbidity by about
90% in 20 minutes at the highest dosage of 100mg/L.

Elutriate Testing: This testing was performed to predict the water quality (total and dissolved metals
concentrations) of the effluent from hydraulic dredging following settling. The results shown in Tables

17, 18, and 19, show exceedances of water quality criteria for aluminum and copper in all samples. The
greatest exceedance was for copper for both the unfiltered and filtered elutriate. Additional suspended
solids removal from the supernatant of the settled slurry of stamp sand by filtration or chemically
induced flocculation is needed to reduce the impacts of effluent discharges.
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Table 17. Effluent Modified Elutriate Test Results for Stamp Sand Sample 1
Ratio of Ratio of
MI EGLE | MIEGLE Filtered Filtered
Acute Chronic Conc Conc to
Total Filtered | Toxicity | Toxicity | to Acute Chronic
Analyte Units Conc. Conc. Criteria® | Criteria* Criteria Criteria
Aluminum mg/L 2.29 0.251 0.75** 0.087** 2.89
Antimony mg/L <0.0004 <0.0004 11 0.24
Arsenic mg/L 0.0014 0.0010 0.340 0.150
Beryllium mg/L <0.0004 | <0.0004 0.037 0.0041
Cadmium mg/L <0.0004 <0.0004 0.0031 0.0018
Calcium mg/L 4.39 3.12 NA NA
Chromium mg/L 0.0124 <0.0004 0.45 0.058
Cobalt mg/L 0.0030 <0.0004 0.37 0.10
Copper mg/L 0.577 0.0282 0.010 0.007 2,82 4.03
Lead mg/L 0.0012 <0.0004 0.0953 0.01396
Lithium mg/L <0.008 <0.008 0.44 0.91
Magnesium mg/L 2.13 0.460 NA NA
Manganese mg/L 0.0733 0.0040 33 15
Nickel mg/L 0.0112 0.0011 0.37 0.041
Selenium mg/L <0.0004 <0.0004 0.062 0.005
Strontium mg/L 0.0069 0.0052 36 40
Thallium mg/L <0.0004 <0.0004 0.047 0.0072
Zinc mg/L 0.0322 <0.0004 0.032 0.092
TOC mg/L 1.78 1.37
TSS mg/L 89.5 1.4
mg equil
Hardness CaCO,/L 19.7 9.9
Value exceeds only chronic toxicity criteria.
Value exceeds both chronic and acute toxicity criteria.
* Michigan EGLE value based on a hardness of 75 mg/L CaCO:
** Federal value for toxicity
Table 18. Effluent Modified Elutriate Test Results for Stamp Sand Sample 2
Ratio of Ratio of
MIEGLE | MIEGLE Filtered Filtered
Acute Chronie Conc Concto
Total Filtered Toxicity | Toxicity to Acute Chronic
Analyte Units Cone. Cone. Criteria* | Criteria* Criteria Criteria
Aluminum mg/L 1.81 0.117 0.757 0.087** 1.34
Antimony mg/L <0.0004 <0.0004 11 0.24
Arsenic mg/L 0.0021 0.0016 0.340 0.150
Beryllium mg/L <0.0004 <0.0004 0.037 0.0041
Cadmium mg/L <0.0004 <0.0004 0.0031 0.0018
Calcium mg/L 4.99 3.89 NA NA
Chromium mg/L 0.0044 <0.0004 0.45 0.058
Cobalt mg/L 0.0018 <0.0004 0.37 0.10
Copper mg/L 0.530 0.0239 0.010 0.007 2.39 3.41
Lead mg/L 0.0010 <0.0004 0.0959 0.0196
Lithium mg/L <0.008 <0.008 0.44 0.91
Magnesium mg/L 1.85 0.255 NA NA
Manganese mg/L 0.0643 0.0030 3.3 1.5
Nickel mg/L 0.0045 0.0009 0.37 0.041
Selenium mg/L <0.0004 <0.0004 0.062 0.005
Strontium mg/L 0.0048 0.0047 35 40
Thallium mg/L <0.0004 <0.0004 0.047 0.0072
Zinc mg/L 0.0150 <0.0004 0.082 0.092
TOC mg/L 0.620 0.924
TSS mg/L 56 1
mg equil
Hardness CaCOs/L 20.1 11.0
Value exceeds only chronic toxicity criteria.
Value exceeds both chronic and acute toxicity criteria_
* Michigan EGLE value based on a hardness of 75 mg/L CaCO;
=* Federal value for toxicity

Attachment 5 -5



Buffalo Reef — Final Alternatives Analysis Planning Appendix

Table 19. Effluent Modified Elutriate Test Results for Stamp Sand Sample 3
Ratio of Ratio of
MIEGLE | MIEGLE Filtered Filtered
Acute Chronic Conc Conc to
Total Filtered | Toxicity | Toxicity to Acute Chronic
Analyte Units Cone. Cone. Criteria*® | Criteria* Criteria Criteria
Aluminum mg/L 4.73 0.0526 0.75** 0.087**
Antimony mg/L <0.0004 <0.0004 11 0.24
Arsenic mg/L 0.0065 0.0043 0.340 0.150
Beryllium mg/L <0.0004 <0.0004 0.037 0.0041
Cadmium mg/L <0.0004 <0.0004 0.0031 0.0018
Calcium mg/L 10.8 6.17 NA NA
Chromium mg/L 0.0116 <0.0004 0.45 0.058
Cobalt mg/L 0.0097 <0.0004 0.37 0.10
Copper mg/L 171 0.0432 0.010 0.007 4.32 6.17
Lead mg/L 0.0013 <0.0004 0.0953 0.0196
Lithium mg/L <0.008 <0.008 0.44 0.91
Magnesium mg/L 8.40 0.829 NA NA
Manganese mg/L 0.217 0.0050 33 15
Nickel mg/L 0.0127 0.0020 0.37 0.041
Selenium mg/L 0.0005 0.0005 0.062 0.005
Strontium mg/L 0.0333 0.0278 36 40
Thallium mg/L <0.0004 <0.0004 0.047 0.0072
Zinc mg/L 0.0360 <0.0004 0.092 0.092
TOC mg/L 115 1.66
TS5 mg/L 245 14
mg equil
Hardness CaCOs/L 61.6 188
Value exceeds only chronic toxicity criteria.
Value exceeds both chronic and acute toxicify criferia.
* Michigan EGLE value based on a hardness of 75 mg/L CaCO;
** Federal value for toxicity

After vigorous mixing with water, the copper in the stamp sands becomes available to the water and
produces concentrations of copper that exceed the acute water quality criteria for protection of aquatic
life and concentrations of aluminum that exceed the chronic water quality criteria for protection of
aquatic life as evident by testing of effluent, runoff, and leachate pathways. The effluent from dredging
Stamp Sand #3 hydraulically exhibited considerable toxicity both in the field collected effluent water and
the laboratory elutriate, both filtered and unfiltered. Total concentration and filtered concentrations of
copper were 1.71mg/L and 0.0432mg/L, respectively. The acute and chronic toxicity criteria limits are
0.010mg/L and .007mg/L, respectively (Table 19, above). The discharge of the effluent would require
enhanced suspended solids removal beyond settling as well as treatment for dissolved copper or a very
large mixing zone. The elutriates for Stamp Sands #1 and #2, if hydraulically dredged, showed much less
toxicity and would likely be suitable for discharge after enhanced suspended solids removal (Table 17
and 18), but an estimated 1.4B gallons of water per 1 MCY of in-situ stamp sands would still be required
if hydraulically dredged.

These results indicated that over a billion gallons of water per MCY dredged (see Section 3.2) would
require significant water treatment if hydraulic dredging was the selected dredging method. Due to the
guantity of stamp sands to be removed (12.7 MCY), hydraulic dredging was screened out from
consideration because of high costs.

4. Identifying Water Treatment Technique for Upland Disposal Facility

This document provides the assumptions and analysis used to estimate the volume of leachate collected
within the disposal site and treatment before being discharged into Lake Superior. This analysis was only
completed for the Upland Placement Site project alternative (stamp sands would be removed and
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placed offsite approximately 2 miles north of the project area). The project alternative that included
onsite placement (Lakeside Placement Site) did not assume water treatment because the design
assumed no liner would be required for the Lakeside Placement Site and therefore, leachate treatment
would not be needed because the water would not collect but instead drain through the stamp sands.

Assumptions

The following are assumptions based on collaboration with technical experts and the project delivery
team (PDT).

e Assume the Upland Placement Site will be considered a State of Michigan Type Il landfill and
follow these requirements: Michigan Part 115 Type Il Landfills
o Michigan Part 115 Rules give 7 days to discharge the leachate:
= R 299.4432 Type lll landfill operation; leachate and secondary collection system
monitoring; leachate treatment, storage, and disposal. Rule 432. (1) The owner
and operator of a type Il landfill shall remove leachate from a disposal unit as
frequently as necessary to ensure that the leachate depth on the liner, excluding
the sump, is not more than 1 foot, except after a significant storm event. The
leachate depth on the liner shall not be more than 1 foot for more than 7 days
after a significant storm event. A significant storm event is a storm that generates
0.1 inches or more of rainfall in 24 hours (Michigan EGLE 2022).
e Assume dilution would be an acceptable water treatment technique. Water from Lake Superior
would be pumped to the placement site to dilute the leachate 8:1.
o Assume design storm event is a 25-year, 24 hour-storm event. EGLE accepted this as an
acceptable basis for treatment system design (via email August 18, 2021).
e Stamp Sands would be removed via Mechanical Dredging and trucked to the Upland Placement
Site.
o For every cubic yard of in place Stamp Sands, 0.5 CY is Stamp Sands and 0.5 CY is pore
water. The material dredged in water would drain on land before being trucked to the
Upland site to reduce pore water carried by trucks up to the placement site. Based on
field and laboratory observation, the stamp sands drain quick enough to assume pore
water is negligible compared to the volume of precipitation that will require treatment if
within the disposal facility. Therefore, the estimated treatment volume does not include
pore water capacity.
=  Precipitation Volume based on significant storm event (approximately 3.8” in 24
hours), see Table 1.

Table 1: Estimated Volume of Precipitation to be Treated

Design Storm Event - Calculated in H&H Calculated in H&H Excel Volume
Volume of Water Acres Excel file (cfs) File (acre-feet) (gallons)
Small 82 813 27 7,326,000
Medium 94 938 31 8,411,000
All 170 1653 53 14,387,000

=  Pore Water Volume (negligible) (see Table 2)
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Table 4-1: Estimated Volume of Pore Water to be Treated (significantly less than Precipitation)
Volume of Pore Water to be Treated per Dredging Scale

Pore Water Volume based on the volume of Stamp sands below water line

CY of Water Small Dredging Medium All Dredging
per Bank CY of Water Volume Dredging Water Water
Method of Dredging SS Volume Volume
Mechanical - Above

Water Surface Level

Negligible - Assume No pore water

Mechanical - Below 0.04 132,000 252,000 400,000
Water Surface Level
Total (MG/YEAR) 7 7 7

o Hydraulic dredging was eliminated from consideration due to the anticipated high
leachate treatment costs for the copper and toxicity in carrier water (See Section 3).
e Construction Dredging Durations based on July 2021 Cost Estimate and Schedule for Upland All.
Ratio of dredging volume and dredging duration were proportionately scaled to estimate
dredging duration for Upland Medium and Small project scales (see Table 3).

Table 3: Constructing Dredging Durations Scaled

Dredging Duration Scaled
All Medium Small
Total Volume Dredged (MCY) 12.7 8.7 4.3
Duration of Dredging (Years) 11 7.5 3.7

5. Estimating Water Treatment Volumes

The following calculations were completed to estimate the annual volume of water to be treated and
the daily flow rate of water to be pumped to the placement site for dilution treatment.

Total Volume of Water Required for Water Treatment and Estimating Pump Sizing

This calculation was used to estimate the total volume of water necessary to treat/dilute the
contaminated water from the stamp sands placed in a facility. This volume was used to estimate the
pump size necessary to treat/dilute the water to safely discharge back into Lake Superior. Pore water is
not included in this estimate (see Section 4).

1. Estimate the Design Storm Event (Precipitation) (see Table Error! Reference source not found.)
a. H&H team calculated the volume of water discharged from a 25 year, 24hr-storm event
(3.8”). This is a common storm event that State of Michigan recommended using for this
estimate (see section 8, Assumptions).
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Table 4: Estimated Volume of Water from Design Storm Event

Calculated in
Design Storm Event - H&H Excel file Calculated in H&H Excel Volume
Volume of Water Acres (cfs) File (acre-feet) (gallons)
Small 82 813 27 7,326,000
Medium 94 938 31 8,411,000
All 170 1653 53 14,387,000

2. Estimate the total Volume of Water required for Water Treatment and to Estimate Pump sizes

a.

This table shows the total volume of water used per day (flow rate) for dilution water
treatment.

Assume Dilution Factor of 8 to meet regulatory discharge levels.

Assume leachate collected within the disposal site must be removed from the site
within 7-days after significant storm event.

Flow Rate equals:

Volume * Dilution Factor
( Storm ) = Flow Rate

TimeDischarge
Volumesiorm = Volume of Precipiation from 25 year, 24 hour storm event
Dilution Factor = Amount of Water required to Dilute Leachate = 8:1

Timepischarge = SOM maximum time allowed for leachate discharge = 7 days

Table 5: Estimated Flow Rate for Pump Sizing (MGD)

Pum'?lng Volume of \{Vater Dilution TOTAL ARG Max Flow Rounded
Station from Design Required | (Gal/Day) Time Rate Max Flow
Size Storm Event (Gal) (MGD) Rate (MGD)
Small 7,326,000 8 58,608,002 7 8,372,572 8.5 MGD
Medium 8,411,000 8 67,288,002 7 9,612,572 10 MGD
All 14,387,000 8 115,096,002 7 16,442,286 | MGD
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Attachment 6:
Beneficial Cost Savings Analysis

1. Introduction

This feasibility study recommends a Potential Plan that includes constructing a landfill, dredging stamp
sands and transporting to and disposing of the stamp sands in the landfill. However, if a beneficial use
for the dredged stamp sands can be identified, then transportation costs and landfill size may be
reduced. Beneficial use(s) of stamp sands continues to be investigated; therefore, an analysis was
completed to estimate potential cost savings that may result from beneficial use of stamp sands rather
than landfill disposal. An analysis of cost savings from beneficial use was completed for the two phases
of the project:
e Project implementation phase when large-scale dredging in the dredging polygons would occur
(Chapter 6 of Main Report); and
e QOperation, Maintenance, Repair, Rehabilitation, Replacement (OMRR&R) phase when 100,000
cubic yards (CY) is assumed to be dredged every three years. The duration of OMRR&R dredging
varies per alternative scale.

The measures and activities included in the cost estimate for the Potential Plan were used as the basis of
the marginal cost analysis (See

Table 3). For more information regarding the measures and activities included in

Table 3, please refer to the Main Report and Cost Appendix.

Attachment 6 - 1



Buffalo Reef — Final Alternatives Analysis

Planning Appendix

Table 1-1. Total Cost Implementation Phase - Upland Placement Alternative, Three Scales

Feature Upland-Small Upland- Upland-All
($)* Medium ($)* ($)*
Grand Traverse Harbor Maintenance Dredging 5,250,000 5,250,000 5,250,000
Wetland Mitigation 1,250,000 1,250,000 1,250,000
Haul Roads 5,428,000 5,428,000 5,428,000
Septic Field Relocation 288,000 288,000 288,000
Coal Dock Jetty 55,926,000 55,926,000 55,926,000
Coal Dock Jetty Dredging 9,200,000 11,500,000 11,500,000
Landfill 265,449,000 368,786,000 465,924,000
Water Treatment Facility 24,441,000 24,441,000 24,441,000
South Shoreline 153,650,000 153,650,000 153,650,000
Trough 25,548,000 25,548,000 25,548,000
North Shoreline - 88,400,000 88,352,000
Dune - - 66,645,000
Middle Shoreline - - 33,996,000
Financial Assurances? 1,000,000 1,000,000 1,000,000
Estimated Construction Cost 547,430,000 741,467,000 939,198,000
Contingency (30-36%)3 197,075,000 222,440,000 | 338,111,000
Real Estate® 36,000,000 36,000,000 36,000,000
Total Construction Cost 780,505,000 999,907,000 | 1,313,309,000
Design Phase® 92,152,000 115,640,000 148,908,000
Construction Management® 59,560,000 77,113,000 102,185,000
Total Project Cost (Unescalated) 932,217,000 | 1,192,660,000 | 1,564,402,000
Total Project Cost (Escalated)’ 1,153,167,000 | 1,544,163,000 | 2,119,609,000

1Al costs are presented at the October 2022 price level and rounded to the nearest $1,000.
2Section 324.11523 of the State of Michigan’s Part 115 Solid Waste Management Act

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

4Real estate costs were increased by a 20% contingency.

5Planning, engineering, design phase costs were estimated as 4% of the total construction cost.

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

’To account for inflation, the total project cost was escalated to the midpoint of construction based on forecasted cost
indexes of each feature using USACE Engineering Manual EM 1110-2-1304, Civil Works Construction Cost Index System.

For this document, “the Beneficial User” is the entity that uses stamp sands as a product. The following
assumptions were made in completing these analyses:

o The Beneficial User’s trucks would be loaded by the project’s dredging operation on the Coal
Dock Jetty.

e The Beneficial User would transport the stamp sands to its use/processing location.

e No additional project costs would be incurred by filling the trucks for Beneficial User.

e Stamp sands have an average density of 1.8 tons/cubic yards.
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2. Stamp Sands Beneficially Used During Project Implementation Phase

The estimated unit cost of transportation and disposal are found in Table 4. The marginal cost is the
change in cost divided by the change in quantity. The estimated marginal cost savings of reducing the
volume of stamp sands requiring transport to and disposal in the project landfill was estimated by using
the Small and All alternative scales. The Small and All alternative scales were selected to eliminate the
impact different contingencies would have on the results. The Small and All scaled have a contingency of
36% and the Medium has a contingency of 30%. The marginal cost savings was estimated as:

Unescalated Tot Implementation Costai— Unescalated Total Implementation Costsmai

Marginal Cost Saving =

Total Volumeai— Total Volumesmal

The costs included in the analysis are transportation from the Coal Dock Jetty to the landfill and landfill
construction. Both Preconstruction, Engineering and Design, and Construction Management are applied as a
percentage of construction/activity costs and therefore are included. Contingency is also applied as a percentage

of the project cost and is included in the costs.

Table 2-1. Marginal Cost Savings if a Portion of Stamp Sands is Beneficially Used During Project Implementation

Portion of Stamp Sands Beneficially Used
Features/Activities Small1l Mediuml Alll
Landfill S 265,449,000 | S 368,786,000 | S 465,924,000
Transportation from CDJ to Landfill 5 34,400,000 | & 69,600,000 | & 101,840,000
Estimated Construction Cost 5 299,849,000 | & 438,386,000 | 5 567,764,000
Planning, Engineering, and Design®
8% of Estimated Construction Cost except RE) 23,987,920 35,070,880 45,421,120
Construction l'-.-'lanager‘ment3
(4% of Estimated Construction Cost except RE) 11,993,960 17,535,440 22,710,560
Subtotal 335,330,880 490,992,320 635,895,680
Contingency (%)* 36 30 36
Estimated Construction Cost Contingency 3 120,899,117 | & 147,297,696 | S 228,922,445
Unescalated Total Construction Cost® S 456,729,997 | $ 638,290,016 | $ 864,818,125
UNIT COST SAVINGS IF A PORTION OF STAMP SANDS IS BENEFICIALLY USED, October 2022 price level
Total Volume 4,300,000 | 8,700,000 | 12,700,000
Marginal Cost Saved Per CY (5/CY)
Using the ALL and Small 49
5/Ton, Assuming a density of 1.8 Tons/CY 27

1All costs are presented at the October 2022 price level and rounded to the nearest $1,000.

2Planning, engineering, design phase costs were estimated as 4% of the total construction cost.
3Construction management cost was estimated as 8% of the total construction cost. It includes costs of monitoring and

adaptively managing the implementation.

4Because of the uncertainty in the dredging quantities, contingency for Small and All-scaled alternatives is 36% and
Medium-scaled alternative is 30%. See Cost Appendix for more information.

>The total project cost was not escalated.
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The estimated marginal cost savings for reducing the volume of stamp sands requiring transport and
disposal during project implementation is found in Table 4. The cost savings would be based on the
volume of stamp sands that is beneficially used. This analysis estimates the marginal cost savings based
on a concept-level design and cost estimate. If the design and cost estimates are refined, this marginal
cost analysis should be revisited.

3. Stamp Sands Beneficially Used During OMRR&R

After project implementation of the Small, Medium or All scale, the OMRR&R phase would include
continued stamp sands dredging at the Coal Dock Jetty. If stamp sands dredged during the OMRR&R
phase is beneficially used, then the OMRR&R cost is reduced because the volume of stamp sands
transported to and disposed in the landfill is reduced. The unit cost savings of beneficially using stamp
sands during the OMRR&R phase is based on the estimated OMRR&R cost of stamp sands
transportation to the landfill and its disposal. The estimated unit costs are found in

Table 5.
Table 3-1. Estimated Cost Savings During the OMRR&R Phase
OMRR&R Phase
Activity Volume (CY) Cost
Transportation to Landfill & Disposal 100,000 | $8,083,000
Cost Savings Per CY (S/CY) 81
S/Ton, Assuming a density of 1.8 Tons/CY 4491

This analysis provides a ball-park figure based on a concept-level understanding of OMRR&R transport
and disposal requirements. If OMRR&R and cost estimates are refined, then this analysis should be
revisited.
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