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1 INTRODUCTION

1.1 Mid-Bay lIsland. The Mid-Bay Island Project, located north of Taylor Island in Dorchester County, is
an environmental restoration/beneficial dredge use project proposed for the Chesapeake Bay. Dredged
material from the Upper Chesapeake Bay Approach Channels to the Port of Baltimore will be
beneficially used to restore wetland and upland habitat. Mid-Bay Island will be developed through the
cooperative efforts of Federal and State agencies. The Maryland Department of Transportation Maryland
Port Administration (MPA) is the non-Federal project sponsor. Maryland Environmental Services
(MES), a not-for-profit public corporation, will act as the MPA’s Project Manager.

The Mid-Bay Island Project will restore remote island habitat, a scarce and rapidly vanishing
ecosystem component within the Chesapeake Bay region. Loss of remote island habitat within the
middle eastern Chesapeake Bay has been estimated at approximately 10,500 acres in the last 150
years, a trend that will continue because of erosive forces and sea level rise. Remote islands in the
Chesapeake Bay serve as an important stop-over point for migratory avian species, providing
forage and protected resting habitat during spring and fall migration along the Atlantic Flyway for
many shorebird and waterbird species. Additionally, the remote island habitat restored at James and
Barren Islands will provide valuable wetlands and a vital connection between open-water and
mainland terrestrial habitats within the region and provide valuable nesting habitat for a variety of
colonial nesting and wading bird species.

The Mid-Bay Island Project is an integral component of the Federal Dredged Material Management Plan
(DMMP), which is the long-term regional plan for managing sediments from the Chesapeake Bay Federal
navigation channels. The significance of the fish and wildlife resources of the Chesapeake Bay is widely
recognized by resource agencies, the public, and academic institutions. For more than 20 years, extensive
efforts have been expended to support natural resources management and restoration plans in the
Chesapeake Bay region. The restoration projects at James and Barren Island will contribute to the goals of
the Chesapeake Bay Program watershed partnership through its habitat and ecosystem recovery and
preservation efforts. Both James and Barren Islands will contribute to the Chesapeake 2000 Agreement
goal to restore 25,000 acres of tidal and non-tidal wetlands. In addition, the protection of 1,325 acres of
submerged aquatic vegetation (SAV) habitat adjacent to Barren Island will contribute to the Chesapeake
2000 Agreement goal to protect and restore 114,000 acres of SAV and to develop strategies to address
water clarity in areas of critical importance for SAV. Both the James and Barren Island projects will
improve water clarity by associated with localized erosion by reducing wave heights and buffering storm
impacts to the shoreline.

1.2 Barren Island Site and Objective. Barren Island, located approximately 1 mile east of Hoopers
Island, is a small island located in the Chesapeake Bay off the coast of Dorchester County. Originally
attached to the Delmarva Peninsula, Barren Island has now eroded into two smaller, separate land masses.
The island was obtained in 1993 by the United States Fish and Wildlife Service (USFWS). A small
portion of the island was created by United States Army Corps of Engineers, Baltimore District (USACE
NAB) Operations and Navigation Division in 2003 using dredge material taken from the realignment of
the adjacent Honga River channel. This small spit of land is owned and maintained by the Maryland
Department of Natural Resources (DNR) as the Tar Bay Wildlife Management Area.



The goal of the Barren Island Restoration (BIR) Project is to stabilize the existing island, prevent further
erosion, construct 77 acres of new wetlands using dredge material from the nearby shipping channels, and
protect the 1,325 acres of SAV adjacent to the island. While the primary owner of Barren Island is the
Federal Government, the created wetlands and protected SAV will be located in State owned waters.
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Figure 1 Project Location Map

1.3 Scope of Report. The Design Documentation Report (DDR) provides the technical basis for the
preparation of the plans and specifications for construction of the Barren Island stabilization and dredged
material containment facilities to be added to the existing island. The DDR will not address: (1) routine
maintenance dredging that generates the material placed into the containment facility, (2) management of
the dredged material placement within the new wetland cells, or (3) development of the wetland habitat
within the project. The report complies with the guidance presented in Appendix D of engineering
regulation ER 1110-2-1150, Content and Format of Design Documentation Report, 31 August 1999. The
DDR will not be finalized until the completion of construction of the total build out of the Barren Island



Restoration so that design changes made in connection with contract modifications can be added to the
initial DDR.

2 SITE PROJECT AND DESCRIPTION

2.1 Barren Island Total Build Out Description. The following description is based in part on the
recommendations found in the Final Mid-Chesapeake Bay Island Ecosystem Restoration Integrated
Feasibility Report & Environmental Impact Statement EIS dated June 2009. Most of the recommended
features were subject to adjustment due to the current conditions at Barren Island; the stone sill
alignments have been shifted, proposed outfalls have been included, total area for wetland development
has changed, and unvegetated migratory bird habitat islands will be incorporated into the segmented
breakwater.
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Figure 2 Barren Island Restoration Total Build Out

2.1.1 Stone Structures.

2.1.1.1 Stone Sills. The design for Barren Island calls for 13,546 linear feet of trapezoidal stone sills to
be constructed off the shoreline in relatively shallow water with portions of the sill incorporating the
existing, smaller sill constructed under a previous island stabilization project. The proposed height of the
sill is 3.52 feet to protect the shore from a 30-year design storm water surface elevation. However, stone
sizing computations used the wave energy from a 100-year storm to size the armor stone. Resiliency has
been built into the sill design; the crest of the sill is 10.8 feet wide which allows for increasing the height



of the sill to accommodate future sea level rise without increasing the footprint of the stone structures.
Subsurface samples indicate that soils located along the northeast sill alignment do not have the requisite
shear strength. Therefore, foundation remediation will be required. An area 60 feet in width and ten feet
in depth, with side slopes of three to one extending back to the surface, will be excavated and material
from the sand borrow site placed in its stead. This area will extend from Station 100 to Station 125.
Specific alignments of the sills will act as the seaward protection to future, beneficial dredge-use, wetland
creation, however, each sill is designed to be free-standing and independent of fill material

2.1.1.2 Stone Breakwater. To minimize wave energy and prevent the loss of SAV habitat east of Barren
Island, a total of 4,269 linear feet of stone breakwaters will be constructed. The structures will be built to
an elevation of 5.52 feet and were designed to the water surface elevation of the 50-year storm with stone
sized for the 100-year storm.

2.1.1.3 Bird Island Habitats. Two unvegetated islands, 4.9 acres and 3.41 acres, isolated from the main
Barren Island by 366 feet of open water, will be incorporated into the breakwater alignment. The interior
of the islands will be filled with a well-draining material and capped with a sand and clam shell mixture.
The height of the island is set at the 10-year design storm water surface elevation to facilitate periodic
overtopping for the purpose of vegetation management. The east end of the islands will step down in
elevation until the edge reaches MHW so that hatchlings will be able to access the water. The back end
of each island will be protected by a rock reef that will form a slight embayment along the eastern edge of
each island. These islands will provide high quality nesting habitat for migratory birds.

2.1.2 Outfalls. Outfalls were not identified under the Feasibility Report because it was initially believed
that source material for the wetlands would be clean sand. However, Honga River dredge material has
been identified as silty material, and once hydraulically placed behind the stone sills, this material will
need to be dewatered, and clear effluent discharged to the Bay. Six outfalls, two for each proposed
wetland, will be permitted. The proposed locations of these outfalls were chosen for the relatively deep
discharge point. The outfalls will not have electrical power provided from the mainland, and any
mechanism, whether gate or valve, will need to be operated manually.

2.1.3 Wetlands. The design team has identified three areas for dredge disposal acceptance: the northeast
corner, the northwest corner, and the western edge of the island. The boundaries of the wetlands will be
defined by the stone sills and the Mean High Water elevation along the shore of Barren Island; the
majority of the wetlands will be created on the land controlled by the State with minor tie-ins to the
property owned and maintained by FWS. The wetlands will take multiple inflows of dredge material.
Planting of the wetlands will commence after each backfilled portion or cell is filled and consolidated to
the required elevations.

2.1.4 Source of Construction Material. A sand borrow area, first identified under the EIS, will be
permitted under the Nontidal Wetland Construction License. This borrow area is XX acres in size and
located a mile to the west of Barren Island. Sand dredged from this area will be stockpiled at the north
end of the island for use in construction of the dredge disposal containment units. Dredging and
stockpiling will not be a part of Phase 1.

2.2 Stone Structures Phase 1.

2.2.1 Sill Alignments and Cross Sections. Sills will be constructed from Station 125+00 to 138+25, Sta
200+00 to 255+48, Sta 300+00 to 326+00, and Sta 400 to 410+73. Each sill will be constructed to an
elevation of 3.52, be 10.8 feet wide at the crest, extending to the surface at a 2:1 slope. A layer of
geotextile will be placed along the sill alignment prior to installation of stone where possible. The interior



of the sill will be constructed of quarry spalls, with the exterior constructed of two layers armor stone at a

Wsq varying according to the alignment. The existing sill will be raised to a design elevation with quarry
spalls and capped with armor stone.
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Figure 3 Typical Sill Cross Section

2.2.2 Breakwater Alignments and Cross Sections. The segmented breakwater will be constructed from
Sta 500+00 to 514+05, Sta 600+00 to 615+00, and Sta 700+00 to 713+64. Each segment of the
breakwater is designed to be constructed to an elevation of 5.52, have a crest width of 10.8 feet, extending
the ground at a 2:1 slope. A layer of geotextile will be placed along the breakwater alignment beneath the
initial course of core stone. The interior of the breakwater segments will be constructed of core stone, and
an outer layer of armor stone with a Wso of 4200 pounds will be added.
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Figure 4 Typical Breakwater Cross Section

2.2.3 Exclusions. There will be no dredging or placement of dredge spoil in Phase 1 of the BIR Project.
There will be no dredging for the purpose of sand borrow or stockpile. There will be no dredging of sand
for the purposes of constructing the bird island habitat in Phase 1. There will be no wetland planting save
for any re-seeding of disturbed areas where the stone structures may tie-in to Barren Island. There will be
no outfall/spillway installed under Phase 1.

2.3 Phase 2.
This section left blank



3 PHASE 1 DESIGN

3.1 Hydraulic Modeling. The ERDC modeling that was undertaken for the Mid-Chesapeake Bay Island
Ecosystem Restoration project for James and Barren Islands focused on determining the existing and
proposed alternative conditions to provide the design data for wetland and terrestrial habitat creation
through the beneficial use of dredged materials. A feasibility study previously completed in 2009
recommended constructing environmental restoration projects at both James and Barren Islands.

The analysis described below concentrates on the Barren Island project. Storm surge and nearshore wave
modeling focused on the project area was conducted by the Coastal and Hydraulics Laboratory (CHL)
using the Coastal Storm Modeling System (CSTORM-MS) (Massey et al. 2011, Massey et al. 2015).
CSTORM-MS is composed of the coupled Advanced Circulation (ADCIRC) model and the Steady State
Wave (STWAVE) model for this study. The hydrodynamic modeling focused on several proposed
project scenarios as well as existing conditions to determine the impact of the project conditions on storm
surge water levels, current velocities, and wave properties at Barren Island and in Tar Bay during storm
events. These modeling results were also used as inputs to determining stone sizes for the project
construction.

Model setups developed as part of the North Atlantic Coastal Comprehensive Study (NACCS) were
leveraged and refined specifically in the Barren Island region. Out of the 1050 synthetic tropical storms
developed for the NACCS, 100 storms were selected for use for Mid-Bay. Those 100 storms were then
narrowed down to a set of 25 storms that were used as screening storms on all of the with- and without
project scenarios. This set of storms made landfall near the project area. These storms represent a variety
of storm tracks, wind and pressure conditions, and water level annual recurrence intervals (ARIs) so that
the impacts of a wide range of different storm conditions may be captured. Each of the 25 storms was run
for existing conditions as well as for six (6) with-project alternatives. The six alternatives represent a
variety of different sill, breakwater, and island configurations being considered for the final Barren Island
protection project design. Additional wave diffraction modeling was conducted using the Coastal
Modeling System (CMS) Wave model (CMS-Wave) for one of the with-project scenarios to determine
the impact of various gap design widths between breakwaters/islands on wave energy. The alignment is
currently being optimized with bird habitat islands and the associated segmented breakwater. This final
alignment will be modeled and results incorporated into the 65% design submission.

The project design for the Barren Island protection effort must take a number of factors into account
including the presence of local aquatic vegetation. Surveys at the project site have observed a significant
incidence of submerged aquatic vegetation (SAV) to the east of Barren Island in Tar Bay (See Appendix
B, Error! Reference source not found.). To maintain the natural habitat in this area, it is important that
construction of new protective features do not have significant adverse impacts to the SAV by any
changes in hydrodynamics during major storm events. Further, the intent was to design the structures to
continue to provide conditions suitable for SAV habitat. Although it is estimated that SAV can withstand
water velocities of up to 180 cm/s, the upper velocity threshold that SAV in this region routinely survive
without being damaged or otherwise adversely affected is approximately 100 cm/s. Thus, water velocities
in Tar Bay during storm events should ideally remain below that threshold after the Barren Island
restoration project is completed. Further details about the model development and setup, storm selection
process, simulation results, and the conclusions drawn from this design study are discussed in Appendix
B.



3.2 Coastal Design Considerations.

3.2.1. Wave Diffraction. PED phase alignment changes raised concerns about wave action between the
segmented breakwater. Wave diffraction analyses were performed using the program CMS-Wave to
assess the changes in the design wave conditions. A total of 480 cases were run and of those, 36 were
selected that represent an annual recurrence interval (ARI) of 50-100 years for both water level and wave
heights. The same 25 storms used in the hydrodynamic modeling were also used in the wave diffraction
analysis. Results of this analysis are provided in Appendix B. Based on these results, no offset
breakwaters are proposed to protect the gaps between the breakwater and bird islands. Instead, the
breakwater cross section will wrap around the southern side of Island M to protect the island fill. Rock
reefs may be added in a future phase to protect the island coves from erosion.

3.2.2. Navigation. During the feasibility phase, it was recommended by the US Coast Guard to raise the
crest elevation of the breakwater section from 4> MLLW to 6 MLLW to prevent navigational hazards.
This height was supported by the ERDC Life Cycle Analysis and was used as the basis for the PED phase
cross section development.

3.3 Alignment Changes. The original alignment for Phase | stone sills and breakwater is presented in the
Feasibility Report and the Environmental Impact Statement. Adjustments to the original alignment of the
stone sills were required to accommodate for poor soil foundation conditions. Adjustments to the stone
breakwater were made to incorporate the findings of the ERDC modeling.

3.3.1 Feasibility alignment. The alignment laid out in the Feasibility Report was a Conceptual level
design that attempted to follow the shore of the then existing island. The stone sill structures were
proposed to be built in the shallow waters (3 to 4 feet depth at MLLW) just off Barren Island. The
elevation of the stone sill was proposed to be +4 ft MLLW and provide a continuous line of protection
from the northeast side of the island, running along the western edge, extending along the now eroded
southern footprint of Barren, and wrapping back around to the east to form a new southern tip of the
island. This sill would provide protection along the seaward side of future wetlands built between the
island and the leeward side of the stone structures.
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Figure 5 Feasibility Report Barren Island Alignment

3.3.2 Major changes to alignment. While the proposed northwest and west alignments were determined
to traverse stable ground, analysis shows that significant portions of the northeast and southeast

alignments would require soil remediation of the in situ material to provide a stable foundation for the
stone structures. Consequently, Phase 1 will entail construction of the northeast alignment beginning at
Station 125. The northeast alignment will be extended at a future date, maintaining the available area for
dredge disposal and wetland creation. However, it was determined that the length of the southeast
alignment made foundation remediation cost prohibitive. Consequently, the southeast alignment was

shifted closer to the existing shorelineg, intercepting the southwest alignment 970 feet farther to the north.
The main effect of the shift removed the 21 acres identified behind the sill for disposal and wetland

creation from the project’s overall restoration plan. The ancillary effect of shifting the southeast
alignment closer to the mainline was to extend the breakwater cross section to the new point where the
southwest sill and southeast sill met.



The second major change in alignment occurs along the breakwater. The feasibility report called for a
longer alignment to extend farther south and to the east. ERDC modeling indicated that this feasibility
alignment did not provide a level of energy dissipation and protection to the adjacent SAV to justify the
longer extents. Therefore the alignment was shortened and shifted to the west where soil borings
indicated a stronger foundation material.

The third major change to the feasibility alignment altered the breakwater from a single continuous stone
structure to a segmented breakwater. This segmented breakwater reduced anticipated velocities at the
southern tip while providing the open water separation between the bird island habitats to reduce the risk
of mammalian predation. Changes to the alignment are documented in the Design Decision Register
(Appendix E).

3.3.3 Phase 1 Final alignment. For the purposes of design and documentation, the island’s stone
structures were split into different alignments.

3.3.3.1 Northeast Alignment (NE). Phase 1 will construct the NE alignment from Station 125+00 to Sta
138+25.

3.3.3.2 Modification of Existing alignment (NW). Phase 1 will construct new sills and modify existing
sills from Sta 200+00 to Sta 255+48. This alignment will incorporate portions of the existing sill built
under a previous shoreline stabilization project

3.3.3.3 Southwest Alignment (SW). The SW connects to the NW alignment, begins with Sta 300+00
and ends at Sta 326+00, where it ties into the breakwater and SE alignment

3.3.3.4 Southeast Alignment (SE). The SE alignment begins at Sta 400+00 where it connects to the SW
and BW alignments and hugs the southern edge of Barren Island, terminating at Sta 410+73.

3.3.3.5 Breakwater. The breakwater is broken into three sections. Sta 500+00 to Sta 514+06, Island A
Sta 600+00 to Sta 615+00, and Island M Sta 700+00 to Sta 713+64. The bird habitat islands will be
constructed under a future phase; the southern portion of the breakwater will turn east to provide
protection along the southern edge of Island M.

3.4 Stone Sizing Considerations.

3.4.1. Design Event. Stone sizing computations were completed using ERDC’s draft Coastal Structure
Calculator (version 1). Maximum wave height, wave period, and sea water level statistics were provided
by ERDC for the 313 save points around Barren Island. All elevation data was converted from meters in
MSL to feet in NAVD88. The maximum 100-year wave height and corresponding wave period along
each structure reach was used to compute the stone sizes for all the sills and the breakwater. The data
from alternative 4 (breakwater with windows) was selected for the stone sizing analysis because it is most
similar to the alignment refined during the PED 35% phase.

3.4.2. Water Depth. Water depth was determined using the 2020 bathymetric data and the 100-year
water surface elevation provided by ERDC for alternative 4. The depth at each structure alignment was
determined and points were placed at an offset located at approximately the seaward and leeward toes.
The maximum of the depths at these points was used as the total depth at the structure toe. These points
were also used to develop the cross section coordinates in the Coastal Structure Calculator.

3.4.3. Assumptions. Perpendicular wave attack and the corresponding berm influence factor were used
when computing the stone sizes. Generally, the cross sections from the feasibility report were used to
determine the roughness factor, porosity, and stability coefficient, assuming random placement of two



layers of armor stone. However, the side slopes were revised from 1.5:1 to 2:1. These cross sections were
also used to determine the ratio of the underlayer weight to the armor weight. The zero-damage level and
number of waves are based on feedback from ERDC and the 2005 “Life-Cycle Analysis of Mid-Bay and
Poplar Island Projects” report provided by ERDC.

3.4.4. Stone Size Methodology. Three methodologies are analyzed using the Coastal Structure
Calculator: Melby & Hughes, Hudson, and Low Crest. The Hudson method assumes a very tall structure
with no overtopping. The Melby & Hughes method assumes a smaller structure with minimal
overtopping. The Low Crest method assumes a small structure with waves crashing directly on the crest
and is the most applicable to the Barren Island stone structures. The Low Crest method produces the
largest stone sizes of the three methods because the crest of the structure is most vulnerable to rock
displacement. Input data and results from the stone sizing computations are provided in Appendix B.

Table 1 Proposed Stone Sizes

Structure Computed Stone Size W50 (Ib) Proposed Stone Size W50 (Ib)
Northeast Sill 2025 2100
Modification of Existing Sill 3038 3500
Southwest Sill 3265 3500
Southeast Sill 3520 3500
Breakwater 4111 4200

3.5 Subsurface Investigation and Laboratory Testing. Three separate subsurface explorations have
been performed at Barren Island. Details and results of the first two explorations can be found in the final
Feasibility Report and EIS. The third and latest round of exploration was undertaken as design support for
Phase 1 of the BIR Project. Details of this task are fully described in Appendix D

3.6 Design of Cross Section of Sill and Breakwater. Cross sections of the sill and breakwater were
designed with sea level rise resiliency in mind. The crest width will be wider such that the structures’
overall elevation can be increased if need be at a future date to accommodate higher sea levels. The sills
were only designed for energy dissipation and are meant to be free-standing; i.e. the stability of the sill
does not require a backfill to provide support. The sills will require modification for dredge spoil
containment.

3.6.1 Sill Cross Section Description. The four sill alignments share the same geometry and elevations.
All the sills will be built to an elevation of 3.5 ft, have a crest width of 10.8 feet, and side slopes of 2:1.
The NE sill has a smaller Wso armor stone of 2100 pounds, whereas the remaining sills share a Wso of
3500 pounds. The sills will be constructed on top of a geotextile filter with a bedding layer of quarry
spalls. A more detailed description on the sill cross section is provided in Appendix D



3.6.2 Breakwater Cross Section Description. The breakwater will have a crest width of 10.8 feet, be
built to an elevation of 5.5 ft, and will have 2:1 slopes. The W5, of the armor stone is 4200 pounds. The
breakwater will be constructed on top of a geotextile filter and a bedding of core stone. A more detailed
description on the sill cross section is provided in Appendix D.

Table 2 Structure Cross Section Geometry

Alignment Crest Width Crest Elevation | Armor Stone Wso | Side Slope (H:V)
(NAVD 88)
Northeast Sill 10.8 ft 3.5t 2100 pounds 2:1
Modification of 10.8 ft 3.5t 3500 pounds 2:1
Existing Sill
Southwest Sill 10.8 ft 3.5t 3500 pounds 2:1
Southeast Sill 10.8 ft 3.5t 3500 pounds 2:1
Breakwater 10.8 ft 55 ft 4200 pounds 2:1

3.7 Slope Stability Analysis. A detailed slope stability analysis has been provided in Appendix D.

3.8 Stone Structures Foundation Considerations. As detailed in Appendix D, poor soil conditions
were identified along the alignment laid down in the Feasibility Report and EIS. Where avoidable, the
alignment has been shifted. Where the Design Team determined the alignment could not be shifted,
foundation removal and replacement has been proposed. There will be no foundation removal and
replacement under Phase 1 of the project.

3.9 Sea Level Rise Resiliency Considerations

Coastal areas are vulnerable to hazards posed by waves and surges associated with sea level rise and
coastal storms. These hazards can cause damages to human life and property as well as ecosystems.
Recent hurricane events have demonstrated the increasing vulnerability of coastal areas to natural
disasters through the combination of sea level rise, land subsidence, and erosion. Sea level will continue
to rise; however, much uncertainty still surrounds the expected magnitude of sea level rise.

The Mid-Bay ecosystem restoration project will restore remote Barren Island habitat, a vanishing
ecosystem component within the Chesapeake Bay region. Loss of remote island habitat within the Mid-
Bay has been estimated at approximately 10,500 acres in the last 150 years, a trend that will continue
because of erosive coastal forces and sea level rise. Beneficial use of dredged material will be used as a
method of replacing lost habitats. Armoring, or "hardening", a shoreline is a protection measure that
typically consists of installing dikes, riprap, or bulkheads adjacent to a shoreline to prevent erosion. For
Barren Island, stone sills will be used to attenuate waves and provide protection against erosion during
coastal storms and hurricanes. Measures outlined above will reduce vulnerabilities from coastal forces
and sea level rise and will increase resiliency for Barren Island. Further sea level rise analysis is provided
in Appendix C.

3.10 Real Estate Considerations. The Government will exercise its right of navigational servitude for
construction of the project on lands below the mean high-water line. However, it is noted that the State of
Maryland owns the bay bottom in fee simple. The majority of Barren Island is owned by the Federal
Government and is managed by the USFWS as part of the Chesapeake Island Wildlife Refuge Complex.
Since there will be construction on the shoreline of Barren Island, possibly overlapping the mean high
water line, a Special Use Permit, will be obtained from the USFWS for project purposes for an area near



the shore during the design phase of the project. During the construction phase of the project, the Corps
is working to secure an Authorization for Entry for Construction real estate instrument, on behalf of the
Non-Federal Sponsor, to acquire the rights to construct the project on USFWS shoreline

lands. Additionally, as requested by the USFWS, a Memorandum of Understanding will be executed,
further outlining the relationship between both government agencies for the Mid-Bay Project. The
dredged material utilized to fill the Mid-Bay Project sites will be from several navigation projects around
the Chesapeake Bay. No additional real estate will have to be acquired in conjunction with the project,
other than a yet to be determined temporary leased staging and harbor area on the mainland.

3.11 Operations and Maintenance Considerations. In accordance with the Project Management Plan,
the Operations, Maintenance, Repair, Replacement and Rehabilitation (OMRR&R) manual will be
prepared under the guidance of the Project Design Team consisting of the representatives from USACE
and MPA.



REFERENCES (to be completed)



APPENDIX A
DDR PLAN SET



/

NV O
MARYLAND DEPARTMENT
OF TRANSPORTATION._

MARYLAND PORT
ADMINISTRATION

ia

MID-CHESAPEAKE BAY ISLAND ECOSYSTEM
RESTORATION PROJECT, CHESAPEAKE BAY

DORCHESTER COUNTY,
MARYLAND

BARREN ISLAND RESTORATION
STONE STRUCTURES




V | i )
- | Il
MID-CHESAPEAKE BAY ISLAND ECOSYSTEM i [l
ZY
RESTORATION PROJECT 22 US Army Corps
S Z of Engineers ©
> o|m
DORCHESTER COUNTY, MARYLAND & BALTIMORE DISTRICT
) BALTIMORE s |
WASHINGTON L - \_ J
INTERNATIONAL \
THURGOOD \ ( n?
BARREN ISLAND RESTORATION e e f :
VIR’GI,\EA S \\
. ANNAPOLIS &4 ' L
STONE STRUCTURES - X | :
WASHINGTO |
REAGAN ¢ |
NATIONAL \
INDEX OF DRAWINGS AIRPORT \
\
PLATE NO. TITLE FILE & MAP NO. | FILE NAME | SHEET NO. |
. =
o
GENERAL ‘\ E
x
1 COVER SHEET 514GI000 GI000 | 2
v [a]
|
2 INDEX, LEGEND, AND VICINITY MAP 514GI001 GIl001 : I
A <
3 GENERAL NOTES - PLACEHOLDER 514GI1002 G1002 ( 7; \,_ ___ _DELAWARE
2 MARYLAND
4 SURVEY CONTROL PLAN - PLACEHOLDER 514VHO001 VHO001 Z 2 » } 4 <
% [he
% 2 PROJELT AREA =
< (7¢ o
’2—, (@) o
> o
CIVIL % <
e
%
5 SITE PLAN - KEY MAP 514C101 C101 Tou4c m E
o
6 NORTHEAST STONE SILL PLAN (1 OF 4) 514C102 C102 @
‘ 4
7 NORTHEAST STONE SILL PLAN (2 OF 4) 514C103 C103 b@&
> MARYLAND
8 NORTHEAST STONE SILL PLAN (3 OF 4) 514C104 C104 < ~ NIRGINA
9 NORTHEAST STONE SILL PLAN (4 OF 4) 514C105 C105 Q Y% 5
|_
o
10 MODIFICATION OF EXISTING SILL PLAN (1 OF 7) 514C106 C106 \ Q o
()
7 L
11 MODIFICATION OF EXISTING SILL PLAN (2 OF 7) 514C107 C107 ‘5’44) [ \ e
A
12 MODIFICATION OF EXISTING SILL PLAN (3 OF 7) 514C108 C108 e S
=
13 MODIFICATION OF EXISTING SILL PLAN (4 OF 7) 514C109 C109 ~ g
&, =] ) x
14 MODIFICATION OF EXISTING SILL PLAN (5 OF 7) 514C110 C110 &L a, > L 52:;
15 MODIFICATION OF EXISTING SILL PLAN (6 OF 7) 514C111 C111 <t Q?’ 4 ~\
16 MODIFICATION OF EXISTING SILL PLAN (7 OF 7) 514C112 C112 0N y Q)
= o
17 SOUTHWEST STONE SILL PLAN (1 OF 4) 514C113 C113 ) - Q : % N
o © [Z |uw
18 SOUTHWEST STONE SILL PLAN (2 OF 4) 514C114 C114 4’& O O% O E % %
i |9 g
19 SOUTHWEST STONE SILL PLAN (3 OF 4) 514C115 C115 RIVvER N gfg §, ] § | t'=': |
e
20 SOUTHWEST STONE SILL PLAN (4 OF 4) 514C116 C116 "; %&’ 1 0
.. < ..
> a) wQ
21 SOUTHEAST STONE SILL PLAN (1 OF 1) 514C117 C117 t?,, o X a 5 §§
* N T LS P [
22 STONE BREAKWATER PLAN (1 OF 2) 514C118 C118 ‘, & @ 2 W |Es
PN a2 . | (S
23 STONE BREAKWATER PLAN (2 OF 2) 514C119 C119 ® X § E % %’ =2
24 BIRD ISLAND A PLAN (1 OF 2) 514GC120 C120 10 0 SC?"E 10 20 2 |12 |3 27|52
™ ™ e e P VICINITY MAP 2
25 BIRD ISLAND A PLAN (2 OF 2) 514C121 C121 NAUTICAL MILES 7 i o
{ Z - > z
26 BIRD ISLAND M PLAN (1 OF 2) 514C122 C122 % % ; %
w — S
27 BIRD ISLAND M PLAN (2 OF 2) 514C123 C123 S %’ g a
w w . )
28 NORTHEAST SILL PROFILE (1 OF 2) 514C201 C201 % % 'E'g %
=
O = w
29 NORTHEAST SILL PROFILE (2 OF 2) 514C202 C202 E E E (ZD
-
o< Z
30 MODIFICATION OF EXISTING SILL PROFILE (1 OF 3) 514C203 C203 < o L
0
31 MODIFICATION OF EXISTING SILL PROFILE (2 OF 3) 514C204 C204 LEGEND \_
EXISTING MINOR CONTOUR 7 N\
THIS PROJECT WAS DESIGNED BY THE BALTIMORE
32 MODIFICATION OF EXISTING SILL PROFILE (3 OF 3) 514C205 C205 DISTRICT OF THE U.S. ARMY CORPS OF ENGINEERS.
EXISTING MAJOR CONTOUR THE INITIALS OR SIGNATURES AND REGISTRATION
33 SOUTHWEST SILL PROFILE (1 OF 2) 514C206 C206 DESIGNATIONS OF INDIVIDUALS APPEAR ON THESE
SUBMERGED AQUATIC EVPLOYMENT AS REQUIRED BY ER 1110-1.8152. 5 o
34 SOUTHWEST SILL PROFILE (2 OF 2) 514C207 C207 VEGETATION (SAV) : Y o
Y Y SLOPE INDICATOR SUBMITTED: % < 258 o
35 SOUTHEAST SILL PROFILE (1 OF 1) 514C208 C208 ? % <2 % <§E
S > D ==
36 BREAKWATER PROFILE (1 OF 1) 514C209 C209 § = E > z <§( >
|- POSITION MARKER CHIEF, CIVIL WORKS BRANCH g Wwde E
37 ISLAND A PROFILE (1 OF 1) 514C210 C210 SUBMITTED: < e g:c FQO Z
' B Dk Q
38 ISLAND M PROFILE (1 OF 1) 514C211 C211 TREE LINE f,‘f) DEC E g S Z
L
VY Y I R R R Y T w o) w Ll =
S < N
39 CROSS SECTIONS 514C301 C301 SAV LIMITS OF SAV CHIEF. MILITARY DESIGN BRANCH 8¢ T W Z <
: =2 o)
40 EROSION AND SEDIMENT CONTROL GENERAL NOTES 514ES001 ES001 50 PROPOSED CONTOUR SUBMITTED: § =
41 EROSION AND SEDIMENT CONTROL PLAN (1 OF 2) 514ES101 ES101 A POINT OF INTERSECTION
42 EROSION AND SEDIMENT CONTROL PLAN (2 OF 2) 514ES102 ES102 - o
LIMIT OF DISTURBANCE
LOD oD CHIEF, GEOTECHNICAL BRANCH
o L CONSTRUCTION BASELINE APPROVED: SHEET
" BARREN ISLAND SHORELINE IDENTIFICATION
- T T T MEAN HIGH WATER LINE CHIEF, ENGINEERING DIVISION \ G I OO 1 y




1 2 | | 4 5
4 N
MID-CHESAPEAKE BAY ISLAND ECOSYSTEM
RESTORATION PROJECT US Army Corps
of Engineers ©
DORCHESTER COUNTY, MARYLAND BALTIMORE DISTRICT
J
D:“
BARREN ISLAND RESTORATION :
w
STONE STRUCTURES :
5
5
N INCH 5
LIST OF ABBREVIATIONS: N NCH , :
INFO INFORMATION DRAWING SYMBOLS & TAGS:
& AND KSI THOUSANDS OF POUNDS PER SQUARE INCH
@ ATENTERUNE LB POUND, POUNDS
v < MANUF- MANUFACTURER DETAIL SECTION/ DIRECTION OF CUT/VIEW WORKING POINT (BY NO.)
o VA MAX MAXIMUM PARTIAL SECTION :
NUMBER MAX. MAXIMUM DETAIL/SECTION NO. WREFERENCE <
AASHTO AMERICAN ASSOCIATION OF STATE HIGHWAY AND TRANSPORTATION OFFICIALS  MES MARYLAND ENVIRONMENTAL SERVICE L # POINT =
AISC AMERICAN INSTITUTE OF STEEL CONSTRUCTION MIN MINIMUM R 3
APPROX.  APPROXIMATE MIN. MINIMUM SHEET WHERE SHOWN WP#- WORKING
ASTM AMERICAN SOCIETY FOR TESTING AND MATERIALS MLLW MEAN LOWER LOW WATER POINT NO. w
AWPA AMERICAN WOOD—PRESERVERS’ ASSOCIATION MSE MECHANICALLY STABILIZED EARTH 5
CADD COMPUTER AIDED DESIGN AND DRAFTING MTL MEAN TIDE LEVEL FULL SECTION DIRECTION OF CUT/VIEW WORKING POINT (BY STA.)
CONC CONCRETE N NORTH, NORTHING SECTION NO.
CONC. CONCRETE N.O.B. NATURAL OYSTER BAR L @ EETSTRENCE
CONT CONTINUOUS NAD83 NORTH AMERICAN DATUM OF 1983 ST -
DET. DETAIL NO. NUMBER SHEET WHERE SHOWN 4+ fal EXIST
DIA. DIAMETER NOAA NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION ALIGNMENT z
DWG DRAWING NTS NOT TO SCALE B4+ STA =
DWGS DRAWINGS 0.C. ON CENTER DIRECTION OF VIEW ' &
E FAST, EASTING, TABULATED MODULUS OF ELASTICITY P.C. POINT OF CURVATURE 5ROPOSED i
EF FACH FACE P.I. POINT OF INTERSECTION VIEW LETTER ALIGNMENT
E.F. FACH FACE P.T. POINT OF TANGENCY STA
EW FACH WAY PCD POPLAR CONSTRUCTION DATUM SHEET WHERE SHOWN :
E.W. FACH WAY PS POUNDS PER SQUARE INCH
ELEV ELEVATION & RADIUS STATIONING _
ELEV. ELEVATION REV. REVISION &
ENC ELECTRONIC NAVIGATIONAL CHART SC SILT CURTAIN Lt i+ ot ?EELMENT =)
EX. EXISTING SIM. SIMILAR HORIZONTAL RUN S STA \
EXIST EXISTING STA STATION :
EXIST. EXISTING STA. STATION — ARROW=DIRECTION OF SLOPE )
Fb TABULATED BENDING DESIGN VALUE STD. STANDARD @\ VERTICAL RUN PROPOSED S |.
Fe TABULATED COMPRESSION DESIGN VALUE PARALLEL TO GRAIN TBD TO BE DETERMINED ¢ ALIGNMENT z |2 |a
Fc TABULATED COMPRESSION DESIGN VALUE PERPENDICULAR TO GRAIN THK THICK STA. = |5 |2
Ft TABULATED TENSION DESIGN VALUE PARALLEL TO GRAIN THRU THROUGH RERENE
FT FEET TRM TURF REINFORCED MATTING =x (3 (18 (|2
FT. FEET TYP TYPICAL Slak K LA
Fy YIELD STRENGTH TYP. TYPICAL i | oo
GAB GRADED AGGREGATE BASE USACE UNITED STATES ARMY CORPS OF ENGINEERS 5 s |ug
GALV. GALVANIZED WP WORKING POINT g 5 |28
H.S. HIGH STRENGTH W/ WITH SN LS - o (T
z 152 [E |9 | &
o [a) 7] o w0 <
()]
o
m
[m]
K 5
Z o J n
w = > S
w wnx =
O g o
0w . o
QL w Z
0.33 MEAN HIGHER HIGH WATER (MHHW) § % % é
0.16’ MEAN HIGH WATER (MHW) z ; % z
0.00’ NORTH AMERICAN VERTICAL DATUM OF 1988 (NAVD88) Etc @ g E
)
—0.45’ MEAN TIDE LEVEL (MTL) \j J
THIS PROJECT WAS DESIGNED BY THE BALTIMORE ( )
DISTRICT OF THE U.S. ARMY CORPS OF ENGINEERS.
) THE INITIALS OR SIGNATURES AND REGISTRATION
—1.06 MEAN LOW WATER (MLW) DESIGNATIONS OF INDIVIDUALS APPEAR ON THESE
122 MEAN LOWER LOW WATER (MLLW) FMPLOYMENT AS REQUIRED BY ER 1110-1-8152

TIDAL DATUMS AT BARREN ISLAND, MD FOR THE
1985—2001 TIDAL EPOCH*

NOT TO SCALE

DATUM NOTES

1.

ALL COORDINATES ARE IN FEET AND REFERENCE THE
MARYLAND STATE PLANE COORDINATE SYSTEM, NORTH
AMERICAN DATUM OF 1983 (NAD83).

ALL ELEVATIONS ARE IN FEET. UNLESS OTHERWISE NOTED, ALL
ELEVATIONS REFERENCE THE NORTH AMERICAN VERTICAL
DATUM OF 1988 (NAVD88)..

TIDAL DATUMS ARE BASED ON A TWO YEAR SERIES (JAN
2001—MAR 2003) USING NATIONAL OCEANIC AND ATMOSPHERIC
ADMINISTRATION TIDE STATION 8571579 AS THE CONTROL TIDE
STATION.

SUBMITTED:

CHIEF, CIVIL WORKS BRANCH

SUBMITTED:

CHIEF, MILITARY DESIGN BRANCH

SUBMITTED:

CHIEF, GEOTECHNICAL BRANCH

APPROVED:

CHIEF, ENGINEERING DIVISION

MID-CHESAPEAKE BAY ISLAND
ECOSYSTEM RESTORATION PROJECT
PHASE | - BARREN ISLAND
STONE RESTORATION STRUCTURES
GENERAL NOTES AND ABBREVIATIONS

SHEET
IDENTIFICATION

G002

J

\




1 | | 4 5
SHEET STATIONS - \
NORTHEAST SILL (1) BREAKWATER (1) SHEET STRUCTURE | START STATION | END STATION
c102 NORTHEAST SILL 100+00 107+60 H
Number | Radius | Length | Line/Chord Direction Number | Radius | Length | Line/Chord Direction C103 NORTHEAST SILL 107+60 119+57
o . C104 NORTHEAST SILL 119+57 130+08 US Army Corps
L3t 27.94 | N25 54 23.43F L174 494.42 | S9" 33" 21.86"E C105 NORTHEAST SILL 130+08 138+25.09 of Engneers
. ) N : C105 BALTIMORE DISTRICT
C16 | 200.00 | 180.38 | NO* 04’ 06.92"E L175 27812 | SO 44’ 14.46"F 106 MOD. SEﬁST'NG 200400 209+50 \ /
- 46" » C106 AN
L32 298.72 N25° 46" 09.58"W L176 142.17 S8 17" 32.91"E C107 MOD. SI?K(”_S-HNG 209450 217438 y’ \"":12::5-'-”-'-'-'-1112:::::::_-_-_-_-_-_-_-_-_ ____________ C104 ( gﬁ
» » ;/‘ o
C17 | 200.00 | 34.98 | N30° 46’ 44.94"W c78 | 20000 | 22.25 S11° 28 46.81"E 108 MOD. SE”i(|I_STING 517438 526+90 =
° ) ”» L
L33 300.01 N35° 47 20.30°W L177 33.92 S14* 40° 00.70°E 109 MOD. SEK(”_S'HNG 226420 035463 g
C18 | 200.00 | 44.75 | N42' 11’ 55.40"W . e | e e e - —— — g e T C103
L178 435.00 | sS14° 52" 00.24E 110 MOD. EXISTING 235+63 243+50 c107 77— | ™S
L34 449.86 | N48° 36’ 30.49"W OB EXISTING A e R
: - ISLAND A (1) C111 oL 243+50 251+34
C19 |200.00 | 63.67 | N57° 43" 43.79"W D EXISTING 0 600 1200
L35 473.64 | N66" 50 57.10"W ius | Length | Line/Chord Directi ci SILL 251+34 255+48.15 | = | Feet
: : Number | Radius | tength | Line/Chord Direction 113 SOUTHWEST SILL| __ 300+00 307+37 ci02 8
L36 491.43 | N66° 56" 55.03"W L197 128.44 | S20° 21’ 26.52"F C114 SOUTHWEST SILL 307+37 314+58 o
. mqt " Cc115 SOUTHWEST SILL 314+58 321+65 %
il 432:47 | NGE ST 26.53°W L198 256.31 | S22" 49 37.72"E 116 SOUTHWEST SILL| 321465 325199.66 X &
g Dror) Y0 nent CB2_| 20000 | 1409 | $24' 50" 45.98' 7 [SOUTHEAST ST | 403400 | 1017278
. ’ ”» + + . /
C20 | 200.00 | 32.96 | N75% 43" 28.47"W L195 192.27 | S26° 51’ 54.23"E c118 BREAKWATER 500+00 506+67
L39 311.95 | N8O0" 26’ 45.45"W . . C119 BREAKWATER 506+67 514+05.89 C108
e " 196 409.69 | S29° 13 18.55% C120 ISLAND A 600+00 607+50 N 5
: " C122 ISLAND M 700+00 711+ 96 o
MOD EXISTING SILL L193 345.73 | S39° 06’ 07.63"E =153 ISLAND M ZETS —T3TE6377 &
\
Number | Radius | Length | Line/Chord Direction ISLAND M (1) 109 \ " ’
N <
L96 23.39 | N43" 32’ 40.31"W : " )
Number | Radius | Length | Line/Chord Direction
C44 |200.00 | 72.98 | N53° 59’ 50.84”W \
L183 310.06 | S52° 48' 49.77°E ‘
L97 11.29 | N64" 27’ 01.37"W
C80 |200.00 | 30.84 | S57° 13 51.33"E
C45 | 24.65 | 14.62 | N81* 26’ 12.40"W L § -
L184 144.63 | SB1" 38" 52.89"E S
L98 31.28 | S81° 34’ 36.56"W 3
L185 495.21 | SB5° 24' 12.71"E &5
C46 | 65.45 | 40.37 | SB63° 54’ 16.69"W @
L186 383.03 | N28" 32 06.99"E °
L99 35.46 | S46° 13’ 56.81"W
C111
C47 | 75.46 | 3217 | S34° 01’ 14.97"W
L105 42.50 | S21° 48 33.13"W _
e
L106 30.62 | S9° 47 12.67"W 112 % Sy
C48 |200.00 | 66.71 | S19° 20' 32.05"W C113 r D
L107 38.70 | S28 53’ 51.43"W
L108 372.24 | S33 08 25.17"W % S |
) ” C114 W S |2 |G
L109 152.52 | S31° 22' 44.09"W < |2 |5
3 .. rEY 14 =
L110 65.40 | S35° 24’ 32.78"W ERERE
o§ n | (&} | [ |
C49 |200.00 | 18.22 | S32° 47° 56.15"W Ny
L
'_
° ) ”» .. < .
L111 153.64 | S30° 11" 19.53"W 115 o - =
L112 168.23 | S29° 25' 28.19"W s 1B s |2 o
o — =
m L
L113 1117 | S32° 42" 37.86"W s . 1B R
Z o = ]
C50 | 200.00 | 177.46 | S7° 17° 29.30"W 2 |z |2 |5 |uz
0l = o S N Z
C116 212 |2 |7 |5z
SOUTHEAST SILL (1) , _ 2
‘.:" é o
Number | Radius | Length | Line/Chord Direction z 5 z (z)
: . C117 G s @
L163 32.52 | N34° 37 01.917E Lok >
3 O n s ()
C74 |200.00 | 70.58 | N44° 43’ 39.64"E & & u 2
O x o
L164 85.94 | N54° 50" 17.38"E S =28 i
Pl <
C75 |200.00 | 62.78 | N63" 49’ 48.90"E oy 2 o
< i
L166 11.76 N72° 49’ 20.42"E )
” \_ J
L167 193.86 | N78" 27 53.37°E - N
L168 194.96 | N79° 15" 13.67"E
C76 |200.00 | 31.44 | N83" 45’ 24.44"E - 0
O
L165 388.94 | N88' 15’ 35.21"E = g
$8 oF
o
SOUTHWEST SILL (1) 25 <>5%
>0 ®FE =2
sSE z27x
Number | Radius | Length | Line/Chord Direction m % H:J % i
< = X = é
L154 823.36 | S25° 28 31.76"E do 3 % 3
< ¥ 2 o
C69 |200.00| 7851 | S14° 13 47.50"E Gz you
[ < ow
L155 1461.29 | S2° 59’ 03.25"E 22 ZTu
= 5
C70 | 200.00 | 22.94 S6* 16’ 12.63"E 3 o
L
L156 213.56 | S9° 33’ 22.02"E
\ J
f )
SHEET
103 IDENTIFICATION

C122

C101

v,




‘SALON

(]

‘I

‘LOVULNOD 3ALVVd3S V

*10€=0 133HS NO NOLD3S TVOIdAL TIIS LSV3HLYON 33S
Y3ANN Q3LONYULSNOOD 38 TIM 00+GZL OL 00+00L SNOLLVLS

= 3
-U a .o
3 2 7
. o &
> o +
o =+ »
F o B
@ S & <
o e ©
. &
o
o
+
o
o
o
o
5
o —
Q
N ‘ 3
3 = +
N a &
‘\l - w
© o N
* i
o
™
pr— O S—
\J
) NN( DESIGNED BY: DATE: N[ N (
] MID-CHESAPEAKE BAY ISLAND U.S. ARMY CORPS OF ENGINEERS XXX 222G
O g ECOSYSTEM RESTORATION PROJECT BALTIMORE DISTRICT DWNBY: |CKDBY: SOLICITATION NO.: = §_§
Sw BALTIMORE, MARYLAND — S3s
— T % PHASE | - BARREN ISLAND SUBMITTED BY: CONTRACT NO.: Q 3 %
o om STONE RESTORATION STRUCTURES — E °q
N ZE' — PLOT SCALE{| PLOT DATE: | FILE NUMBER: 3
—_ (@]
@) ENGINEERING DIVISION — =
=z NORTHEAST SILL PLAN VIEW SIZE: FILE NAME:
) JAS ANSI D ) \wark DESCRIPTION DATE |APPR.|MARK DESCRIPTION DATE [aPPR) \_




MATCH LINE SHEET C104 AT
NE SILL STATION 119+57

\

NOTES: 1. STATIONS 100+00 TO 125+00 WILL BE CONSTRUCTED UNDER

A SEPARATE CONTRACT. -

2. SEE NORTHEAST SILL TYPICAL SECTION- ON-SHEET C—301.

.. —— — ¢ ¢ ¢ S L ¢ 0 ¢ e p— ¢ ¢ ¢ — — o o
T —— . o o—

|

-

ll‘ll

mmmmmmmmmmmmmmmmm

J

z
Q
n

L
(@]

m W 2
= L

m W &

) 9 N =
SSSSS

BALTIMORE, MARYLAND
ENGINEERING DIVISION

U.S. ARMY CORPS OF ENGINEERS
BALTIMORE DISTRICT

N[

.

MID-CHESAPEAKE BAY ISLAND

ECOSYSTEM RESTORATION PROJECT
PHASE | - BARREN ISLAND
STONE RESTORATION STRUCTURES

NORTHEAST SILL PLAN VIEW

v,

7

\.

SHEET J
IDENTIFICATION

C103

J




NOTES: 1. STATIONS 100+00 TO 125+00 WILL BE CONSTRUCTED UNDER
A SEPARATE CONTRACT.
2. SEE NORTHEAST SILL TYPICAL SECTION ON SHEET C-301.

4 )
US Army Corps
of Engineers ©
BALTIMORE DISTRICT
\. J
( o)
o
o
<
pd
Q
T
o
74
&)
(7]
L
=)
s
Q
T
o
74
&)
(7]
L
o)
X
(4
<
. =/
4 )
5 |.
)
s |2 |&
SEE
c |E |z
| Z w
3 118 I|& |
o [|o ||
ii
<
|
2 S
) o
—
-
' Z
>
5 @ s 2.0
Q =
gl 5 |8 [n2
DDDDDD
%)
o
mw
z 2 m
00 < %)
Z x A =
w = > =
wonX a
ODAMn O]
» w . Z
Q¥ w o
X o |
Q=0 ]
z 2 F O]
= << =
¥ o< |
< m
0
\2 J
( A
5 n
T w
o o x W
Zz2 op U4
mm zZ0 =
SN < 2 pd
= J o <
> O N
< = w o
¥ O rc o
< = AT -
w o < 0
<x O g
] =T
w = W n =
T w o w o
S <
i wn T o]
a > o =z Z
M% @)
O =
i (7]
. J
r

SHEET

S

IDENTIFICATION

- C104

J




(uddv| 3Lva NOILdI¥OS3a wuvin | uadv|  3Lva NOILdI¥OS3a MHVIA) alsny ) a )
INVN 3714 :37IS M3IA NV1d TS LSVYIHLHEON pd
— — NOISIAIA SNIH33INIDONT n|U
. . . = O
o ¥39WNN 3114 | :31va 107d [37vos 107d — <
Be — SFHNLONYLS NOILVHOLSTH INOLS TINS) O
85 e “ON LOVY1INOD ‘A8 @3LLINGNS ANVISI N3YYvg - | 3SVHJ % L =
m, o n% — ANVIAYVYIN ‘FHONILTVE ) _m C
Es = - : :
m_m = ~ON NOLLY.LIOIT0S AG@IO|  AGNMA 10181810 SHONILTvE 103r0o¥d NOILYHOLSTY NILSASOD3 n
Ssd ) ) 22X Ag aanoisaa | oS INIONT H0 SdHO0 ANV 'S ANVISI AVE INYIdVSIHO-AIN = )
R O  —t
U/

135+40.03

Pl:

"‘,.

00+00z
ww ST+821L Noyyys

8019 133Hs

2
NOWVLS Ty X3

ann

132+11.59

PT: 132+28.07
Mid:

TS aN
HOLVYW

PC: 131+95.11

NOTES: 1. SEE NOJ(THEAST SILL TYPICAL SECTION ON SHEET C-301.




( \ (uddv| 3iva NOILdI¥OS3a wuvin | uadv|  3Lva NOILdI¥OS3a vy alIsNy N ( ) -
FNVYN T14 3218
. — NOISIAIQ ONINIINIONT M3IA NV1d TS ONILSIX3 40 NOILVOIdIAON n|U
x ¥3aWNN 3714 | :3Lva 107d [31vos 101d - _M (@
Be — SFHNLONYLS NOILVHOLSTH INOLS TINS) O
8¢ a “ON LOVYLINOD :A9 @3LLINENS ANV1SI N394vg - | I3SVHd % THgp—
m, o n% — ANVIAYVYIN ‘FHONILTVE wn _m C
= b M . . .
L Ssd ) L 22X 8 QINSISTa L ANVISI AVE 3MVIdVYSIHO-QIN JLU =

'
—= O &
60 93002 Nowvis Ty yq
G019 15 NOLVLS Tis 3y
..Imuz: HOLVW
—
0 o
O © o
Noy + o
R S 9
S5 * &8 S
= p)
rso : +
SN .. 4 o
S + m
o = 0 W
o .
< r+W.« e
Avg) Sk AN
NN 5
B\
3 =
1
\ 3
\
\
“,
75\
8 R
S g
Te]
+ 5
S
3
© L
o w8
(o)}
¥+ -
ﬂ + ©
~N g &
& « S
.o -.a. .
£ 3¢

Pl: 203+04.05
PC: 203+34.67
Mid: 203+68.03

PT: 204+01.38

Pl: 208+12.32

1. SEE MODIFICATION OF EXISTING SILL TYPICAL SECTION ON SHEET C-301.

NOTES:




) @&n:q 31vda NOILdIFdOs3a MHVIN | dddVv 31vda NOILdIFdOs3a v_w_<§ @ a ISNVY N ( NN( = )
-ANVN 3114 -3ZIS
, — NOISIAI] ONINTANIONT M3IA NY1d TTIS ONILSIXT 40 NOILYOI4IAOW m ~
_Dln HIGNNN IT4 | 31va LO1d [(31vIS 101d <
20 — SIYUNLONYLS NOILYHO1SIY INOLS wo O
8 m m “ON LOVYLNOD ‘A9 d3LLINGNS ANVISI NIddvd - | 3SVHJ % T .-
>822 — ANVTAYVIN ‘FHOWILTVE sE ()
2 = “ON NOILYLIOIOS AGDIO| ASNMA 10141510 IHONILTVE 103r0dd NOILYHO1S3d WILSAS0D3 i
n! — P D
Ssd ) L 22X A8 aaNoisaa | oS INIONT 0 SJH0D ANV 'S | ANVISI AVE INYIdVSIHO-AIN ) = )
Y
— O  w—
N
s Ay
Q. o m - ¢¢ ¢¢
- ; .
h\%/tﬂ Y~ o \ - m o/ s“\\
" 3 X4
% ' /}-4 Q / A \ — »...em . \ )
2% &4% iﬂﬁl . ) 1 o s RS
2 A IR o/
+ _ . — / . \\
(@] \ ) . / QQ
N \ N N NAL . \\
- N . \ 7
o * A~ / oo \
, \ — \ ~ l// ~~
. . | / f;
7o
\ .
/
/e
' 4
4
e |
~. n
N, . /1
N /!
S L .
\. /' ... & \
~N <D /s
”..f.\ / 1 |
03 —-— o “ \
/& I
" Y [
— _AN kY \ s\ . ﬁv
m M jl 1 : \~ - X
o M . ; -
+ N ﬂ \ Jo f e % Mﬂ»
N .. M ! o \
& X g A
= R Y '} “\.
a N -

PC: 213+81.52

Pl:

Mid: 214+70.24

PT: 215+58.97

216+87.44

PIl:

217+27.68

PI:

1. SEE MODIFICATION OF EXISTING SILL TYPICAL SECTION ON SHEET C-301.

NOTES:




) @&n:q 31vd NOILdI40S3a MUVIA | 4ddV 31vd NOILdI40S3a v_w_<g ( ad ISNVY ) 1 NXN( = )
JNVYN 314 -3ZIS
. — NOISIAID ONINIINIONS MIIA NVId TTIS ONILSIX3 40 NOILYDIHIAOW m .
m H3IGNNN 314 :31vad 1071d |-37v0S 101d - A
20 b — SIUNLONYLS NOILYHOL1SIY INOLS wo O
Sen "ON 1OVYINOO :A9 @3LLINGNS ANV1SI NIYYvVE - | ISVYHd % L
L — ANVIAYVIN ‘SHOWILTVE “E
<2 m “ON NOLLY1I9110S AGDO]  AGNMA 10141810 JHONILLTVE 103rodd NOILYHO1SIY WILSASODT M
ol 2 XXX SYIANIONT 40 SAHOD ANNY "S'N i a
L 5538 ) O L 2 8 QINSISI L ANVISI AVE IMVIdYSIHO-AIN JL )

Pl: 221+04.29

PT: 219+433.15—=

Mid: 218+89.91

PC: 218+46.67

1. SEE MODIFICATION OF EXISTING SILL TYPICAL SECTION ON SHEET C-301.

NOTES:




) @&n:q 31vd NOILdI40S3a NEVIN | 4ddV J1va NOILdIYO0S3a v_m_<§ ( ad ISNV ) 1 NN( )
SNVNITE) 3219 M3IA NY1d TTIS ONILSIXT 40 NOILYOIHIdOW 5
5 — NOISIAIA ONIYIINIONT =)
m H3gINNN 3714 :31vad 1071d |-37v0S 101d - A
2. b - SIUNLONYLS NOILYHOL1SIY INOLS wo O
S¢g 4 “ON LOVYHLNOO :A8 G3LLINENS ANV1SI N3YYve - | 3SVYHd UL ~—
=8 g — ANVIAYYIN ‘SHOWILTVE O
= " M . . .
M_m = “ON NOILVLIOIT0S ASO|  CASNMA 10141810 JHONILLTVE 103roYd NOILVHOL1S3Y WILSAS0D3 _m_
o2 XXX SHIINIONT 40 SAHOD ANNY "S'N - a
L Ssd ) L 22X 8 QINSISTa L ANVISI AVE IMVIdYSIHO-AIN JL )

PT: 234+68.84

PC: 234+37.52
Mid: 234+53.18

Mid: 233+37.34
PT. 233+57.46

PC: 233+17.23

Pl: 227+50.20

Mid: 228+12.67
PT: 228+33.59

PC: 227+91.74

1. SEE MODIFICATION OF EXISTING SILL TYPICAL SECTION ON SHEET C-301.

NOTES:




> w O O
5
i
9
-
S
3
>
g
7]
=
4
o
(7]
F
2
#
g
o
|
g
o,
= &
= % Q>
N
NS Cr,
&3 %
+ < -
N .
o+ oL
N [\ l/a) -
(A N
QU
N
W
[(6)]
Y +
y (03]
h S
o ¥ o o
.. Q
N
[¢X] =z N
F ° 5 o
& = ¢ ¥
~ ) N
5] o N W
o o 4§ o N
G - P> g + N
J (6]
= » " 2 N
> g :
& { ~ \ = © &
3 N 2
= 2 .
i 5 3 .-
N + 1) .
& g i >
: /o
8 8 \..‘/.'f \
3 o2 2o0" ‘
. e
lfk’lx—ﬂl; 1111 ’lxl1_L.glxl1lxlt-l~rl‘i4w“l’"l/(£klxlm1 = ~ - _.,_,i.‘.—‘ . "\A\
j\:“j — ~ —+— : | oA ™ \/\ g _J \
PR S W R, N g — ¢ o @
T TTYTTT \BRREGANARAS (‘.74 TrPT VYV VT VY J YT YT, AR RRESARARERAS 2 .
a i M ll“’llllljj______ > \.
Q ' \
= '/l
7, RS
) S Sn \] G
yﬂ ° oo m
S / A\
R
» !
E /7
NS
3= NEINAT
\‘\ N
'..A':
¢
M\
pe— O —
. '»5 i
2/ i\
e
7~ 4
\ N\ ; ; N\ ( ) )
] MID-CHESAPEAKE BAY ISLAND U.S. ARMY CORPS OF ENGINEERS | " XX 222G
g ECOSYSTEM RESTORATION PROJECT BALTIMORE DISTRICT DWN BY: CKD BY: SOLICITATION NO.: g @_g E
O JHw BALTIMORE, MARYLAND — 93<
-\ T % PHASE | - BARREN ISLAND SUBMITTED BY: CONTRACT NO.: g 7] 8
— Om STONE RESTORATION STRUCTURES — @ 3
o J_>| — PLOT SCALE:| PLOT DATE: | FILE NUMBER: Py
—_ (@]
o) MODIFICATION OF EXISTING SILL PLAN VIEW ENGINEERING DIVISION 41— 9
Z VAN VAW ANSI.D - Yy, MARK DESCRIPTION DATE APPR.|MARK DESCRIPTION DATE APPR) )




( \ (uddv| 3iva NOILdI¥OS3a wuvin | uadv|  3Lva NOILdI¥OS3a MHVIA) alIsNy ) a )
SWVNINS] 3218 M3IA NY1d TTIS ONILSIX3 40 NOILYDIHIdON 5
5 — NOISIAIA OSNIH3IINIONT =
e ¥3aWNN 3714 | :3Lva 107d [31vos 101d - <
Be — SFHNLONYLS NOILVHOLSTH INOLS wey
85 o “ON LOVHLNOD A8 @aLLnans ANVISI N3Hdvd - | 3SVYHd % TR
m, o n% — ANVIAYVYIN ‘FHONILTVE wn _m C
= b M . . .
L Ssd ) ) 22X 8 QINSISTa J ANVISI AVE 3MVIdVYSIHO-QIN = )
—/I -
R O  —t
N U/
b‘.\
.
2 ..
"
A
A
A Y
/ .
... vr =,
AN 1
| q
I/ ‘
\\
... [ ]
N ]
2 o
. -
A ) 00
’ <
5 &
'
4 m S
W
n
\t []
]
ﬂ [ ]
| |
=
...A\\
\
V¢
-2
K sﬁ .
\.\ D
\s
K4
¢ rrepe®® 4
v/
i o
’ =
~
wn
+
4
4
N
© T
M
0
+
M
4
N
a =

4
™
0
o
l—l
M
4
~
o
a

1. SEE MODIFICATION OF EXISTING SILL TYPICAL SECTION ON SHEET C-301.

NOTES:




@&n:q 31vd NOILdI40S3a MUVIA | 4ddV 31vd NOILdIYO0S3a v_m_<§ ad ISNVY ) 1 a = )
ELLIELE BEE2 M3IA NY1d TTIS ONILSIX3 40 NOILYDIIAOW ©)
5 — NOISIAIQ ONIYIINIONT =N
x H3IGNNN 314 :31vad 1071d |-37v0S 101d - A
20 b — SIUNLONYLS NOILYHOL1SIY INOLS WS v
w 4 o "ON LOVHINOD ‘A8 43LLINENS . ANVISI N3H¥vd - | 3SVHd TL
~£ 3 — ANVIAYYIN ‘SHOWILTVE = C
<2 m - ON NOILVLIOINOS ASDIO|  AGNMA 10141810 JHONILLTVE 103roYd NOILVHOL1S3Y WILSAS0D3 _m_
nd XXX SHIINIONT 40 SAHOD ANNY "S'N - a
S5 & C ) 22X 8 QINSISTa L ANVISI AVE IMVIdYSIHO-AIN )
— O  —
\
@wm.
,,107®
OB %
e 8
% A
2 Doz
o e
[Ts] % “n@
N 0O &
. =
< N
n—l
un
un
N
a
L)
3
|
o
LY
b
o
-
7,
)
&
2
E
S
[
=
-
&
o
r4




:S3LON|

‘10£=0 133HS NO NOLD3S TVOIdAL TIS LS3MHLNOS 33S °I

00+00¢

00°00+00¢ :d€g

( N( ( DESIGNED BY: DATE: ( AW 4 A
] MID-CHESAPEAKE BAY ISLAND U.S. ARMY CORPS OF ENGINEERS XXX z2g
E ECOSYSTEM RESTORATION PROJECT BALTIMORE DISTRICT DWN BY: CKD BY: SOLICITATION NO.: = a é:g
O 0 BALTIMORE, MARYLAND — o<
-_— T r:II':l PHASE | - BARREN ISLAND SUBMITTED BY: CONTRACT NO.: m el
— Om STONE RESTORATION STRUCTURES — 2R
:f| — PLOT SCALE:| PLOT DATE: | FILE NUMBER: 2
LW = ENGINEERING DIVISION — Q
O SOUTHWEST SILL PLAN VIEW - - -
Z SIZE: FILE NAME:
\ PAN \ ANSI D \MARK DESCRIPTION DATE  [APPR |MARK DESCRIPTION DATE |APPRJ \_ )y




) \N_n_n_< 31va NOILdI4Os3a NIV | dddVY 31va NOILdIdOs3a v_m_<_\9 ( aISNY NN( \N( =
JNVYN 3114 -3ZIS
- — M3IA NY1d T1IS LSIMHLNOS O
m HIGINAN FTId | :31vad LO1d |:3TVvOS LO1d NOISIAIQ ONIHFANIONS - K 4
2. & — SIYNLONYLS NOILYHOLSTY INOLS LLJ % ~
S&u “ON LOVMINOD ‘A8 Q3LLINENS aNVISI NIYYve - | 3SYHd FL
3 — ANV IAYYIN ‘FHOWILTVE o= S
EEQ . . .
< = “ON NOILYLIOIOS ASGDIO]  ASNMA 1O141S1a FHONILTVE 103r0Yd NOILVHOL1S3Y WILSASOD3 L
- XXX SYIIANIONT 40 SIHOD AWHY 'S'N - o
553 ) AN 23X 8 QANSISIa JAN ANVY1SI AVE IMVIdYSIHO-AIN JAR )
! ; BN e o . ¢ Z
| , Ny, 4801 AN N~
\\ . o .. ‘ \.j..l. — —
— - N v // :&\\ \Z
'S - O E =N
€ g
O  —
e @, R
)
3
}

2]
,.Ovﬁ.bwbwbw>ﬁﬂn
- L Al
+E1LE A 4 A L AS—0 } }
’ DN S S _ _ <
L _log+zlg 4 A _ _ T2
NQ+ALE A A s & ~— . } ' T Y 7 7 ] [ i S0
2 N a5 - 1 T v T Y |
| ol ) botaigd 1 AL AL " ' T YT YTV ]V |
= ] 1 < —~ T v 7 m
I 4w4w4u4w4u4 Y Tg
—_— Y 3

PT: 309+01.87

N
Mid: 308+62.62

o
PC: 308+23.36

1. SEE SOUTHWEST SILL TYPICAL SECTION ON SHEET C-301.

NOTES:




LINE SHEET C114
g‘:‘rgll:.‘l- STATION 314+58

v’ Z\w;v.ﬁ\....fv.f.. N 77 M
.1\«.\6\ Vn‘\ /:m\
hQ ..\N
/
* 1
<./

= 8 ] —_ _ _.— - Q0 -E A / AN =
-- 0 AN e -. Ja\ — J _ )
& A 3
AN = AN AN AN AN _ _
D\ s A= N ) —
} " 1
1

.___._— _ _ — _7- L) £ 2 AN =
A -- A QL A) AN
& AN 2 AN =
--.. 0.0k 1a¥" = AN AN ) _
!

AN AQ A = AN AN _ —
AN AN _ " _

} )

1

(uddv| 3Lva NOILdI¥OS3a MV | ¥ddv|  3Lva NOILdI¥OS3a vy a ISNY N\
— ELVAELE! ‘3ZIs hNu
5 — M3IA NV1d TTIS LSIMHLNOS O
o m *{39NNN 3T1d | *31vad 1O1d ['31vOS LO1d NOISIAIQ ONIHIINIONS - _A|n 5
2 & — S3™NLONYLS NOILYHOLSIY INOLS WO e
- O
35 i “ON LOVYLNOD ‘A9 @3LLINENS ANVISI NIHdvd - | 3SVHd _u.__nL L
228 — ANVIAYVI ‘THOWILTVE wE
c O =2 - : . Z
<05 ONNOLvIOToSL ASCWo] ASNMd 10181810 JHONILTvE 103r0¥d NOILYHOLSTY WILSASODT i O
S5s5& ) C AN s A8 Ganoisaa | SO ANIONS 4O SAHO0 ANYY 'S aNY1SI AVE IMYIdVSIHO-AIN JLU =
N i T
. — \\x ..‘.\ — - ~— '......“w_. —
v\\a ..............il ,,,,, . \\ 'll’l —
- P L} 'S
- A.. U S e ~i=
S "~ - \‘\ N /.l/ll -
o — ~,* - k
"= Sy ~ .....f./...\ \ ‘
IG / ....EIFII\I-II‘ \/J
\ / ) =\ — < —, a\“‘ / ‘:
e S /
P ]
- = 3 { .
/.. . -ofb9~
3

EET
STATION 321+65

ATCH UNE SH

SW SILL

1. SEE SOUTHWEST SILL TYPICAL SECTION ON SHEET C-301.

3
o

INOTES




LINE SHEET C115
gv??ll STATION 321+65

4

NOTES:

1. SEE SOUTHWEST SILL TYPICAL SECTION ON SHEET C-301.

——., .,

——

.

PC: 323+63.17

Mid: 323+74.64

{]
BB}
-
{]
‘
—
PT. 323+86.11

‘ (5]
u
Pl: 402+63.58 403+00~\\x

PT: 402+51.82 “\\
Mid: 402+20.44 ‘\“ e

Mid: 400+67.81

PC: 400+32.52

400+00
BP: 400+00.00

EP: 325+99.66

( N
US Army Corps
of Engineers ®
BALTIMORE DISTRICT
. J
e 2)
o
o
<
L
'_
<
a
=z
)
|_
o
o
O
(]
1]
fa)
X
o
<
=
o
o
o
<
L
'_
<
a
=z
)
|_
o
o
O
(]
1]
fa)
X
o
<
L =)
( N
o
Z |3
- ..
5 |2 |G
2 |2 |
= 4 )
a |19 [E |Z
Ex |4 Z L
<213 118 1|2 |
ax |» (&) T
i
. S
L
5 5 |4
g e |2 |2
% & 2
a o |2
z | |E |o
9 uZ: = [ [y2
a1z (8 (2 [n2
o | | |T n<
%)
o
L
Z - 2 z
00O < =
Zxy n
w = > =
L nX a
oR <
o= O
EIEIEJLJ =
X o« n'd
O sSO0 i
°F = Z
D [y = =
S < g o
oY MO < Z
< o0 L
2
\__ y,
4 N\
[
)
S i
n - o
zO0 L2 3
< =W
J o =z O =
) <2 =
- Z J =z
90 9L+ <
<|_ wn I
m< ZZ o
L
X O d = =
< <|<_: (7]
B2 o =
o 0l o o
< + 0 o
(7)) =
w = won =
T W v w T
O E < @ [
) ILIJ )
Q > o= O
(@]
O =
| (7))

. J
a )
SHEET
IDENTIFICATION
\, J




1
2
° 4
( ™\
f &u ‘q\{'-’
~\..--~\<~‘&3?\' .-
N (o j 00/ UfSEArmy Corps
of Engineers ©
\‘\ > '/ BALTIMORE DISTRICT
) . L )
- -l o '0 7 0?
o
\\(’ R s
‘ . 4
1 A o
: 4’ <
. / 0
.-.\ N
\\St/ ¢
Y {
l{ KY Z
AN L\ :
,-‘_;;../’\\i \ N\ 0
‘{ ‘\ \ 20’ 40 [a)
P L) ]
I! » {
VN )\& \ \ x
s <
\‘. \J‘ }//"\,f\ \ &—‘E <§(
j}‘ﬂ_'.. .-..\i/ \ “ \ g
[ | P .\.. \ \ : %
.." \.. .
f\/’/ \.. ™ “ H E
S \ A -
:\I E/f'.i\l}\ %
[ | | 5‘\
\‘ﬂ/ \""‘ “\
1) \
/31 ::\X.. 5
~ . o~ .
T -~ '/ - \\-. Y E
.v‘ 8
\.\ g
nhlrlmllllllHllll111111JJ.L)LQELAQHLLLLLLLLL ﬁld;lhnlqmmlJLLLLLLLHlllll
,\’ : : l : : T T T T Af T T T T T T <
'H‘l‘H'I'H'I‘I'I‘I'I‘\'I'l‘l’l‘l'l‘l‘l‘l‘l'H TTTTTTT T T I MMM \ g
\ ( ™\
PT: 406+83.84
Mid: 406+68.13 ¥
| ) ) ..
PC: 406+52.41 \ ‘\ % g %
. 2 = 5 )
] I '<£ b4 %
N/ 513 E |2
s =213 118 1|2 |
o o u
9 5 |2
PO SR - L
g | |E |3
0} m = (2] a
n |Z 2 5 i %
2 18 |3 |2 |52
wn
hd
m -
zZ a
c0%| o
Z x Jd =
w = > =
L nX @)
cag 0
o w . =z
O o w X
X o w
Q=0 L
N Zz
z JF O]
Z 52 Z
< o)
2
\_— )
( )
[
D D
n - n'd
ANe) S5 =2
<x S5 ¢
22 <> 2
>0 0 £ Z
< = wn —
o < Z o
w o wz
¥yo o 2
< TE o
w o < < —
o ul n 0
< + 0 <
o0 = w
w = w o T
I uw 0 w =
o f£x 5
cf £y 3
= o |C_)
9 »
NOTES: 1. SEE SOUTHEAST SILL TYPICAL
SECTION ON SHEET C-301. & )
( ™
SHEET
IDENTIFICATION




‘Id

v v6++08

> w O &)
S
v
f
2
3
>
g
3
>
@
3
2
2
@
il
(o)
|
g

(o
o
o
+
o
o

CRP— O S—
U/
( — MID-CHESAPEAKE BAY ISLAND ([ DESIGNED BY: DATE: [ A woc
S U.S. ARMY CORPS OF ENGINEERS XXX > -0
O E ECOSYSTEM RESTORATION PROJECT BALTIMORE DISTRICT DWN BY: CKD BY: SOLICITATION NO.: = a é:g E
=2 BALTIMORE, MARYLAND — 2 8 <
— T r:|'-:| PHASE | - BARREN ISLAND SUBMITTED BY: CONTRACT NO - meo
— C:; m STONE RESTORATION STRUCTURES — TR
m 2 — PLOT SCALE:| PLOT DATE: FILE NUMBER: ?)
5 BREAKWATER PLAN VIEW ENGINEERING DIVISION __ N — _ 3
\ < \ ANS|-D MARK DESCRIPTION DATE APPR.| MARK DESCRIPTION DATE APPR)




\ ((udav Jiva NOILdI4Os3d NHVIN | dddVv Jiva NOILdI4Os3d savin aISNV Y ( N (

. . z
“JAVN 3114 ‘3ZI1S

5 — NOISIAIQ ONIYIINIONT MAIA NV = LvMAVIEE 2

m H39NNN 3714 | *31vad LO1d |'31vOS 1071d < 9
2. & — STHNLONYLS NOILYHOLSTY INOLS O =
S&u “ON 1OVMINOD A8 G3LLINENS ANVISI NIHVE - | ISVHd P «—
-8 & — ANVTANYIN ‘FHOWILTVE 5E O
Eo= v : :
<55 ONNOlvIofios| wedi) J9NWd LOMLSIA FHONILIVE 103r0Yd NOILVHOLSTY WILSASO03 W
S5s5& ) C AN 2 A8 aanoisaa | So I INIONS 0 SJHO0 ANV 'S | | ANVTISI AVE IXV3dVSIHO-AIN A

__—"EP: 514+05.89

509+70.89

Pl:

507+72.54

Pl:

PC: 509+14.71
Mid: 509+25.84
PT: 509+36.96

514+06

1. SEE BREAKWATER TYPICAL SECTION ON SHEET C-301.

(d
o

NOTES:




) @&n:q 31vd NOILdI40S3a MUVIA | 4ddV 31vd NOILdI40S3a v_m_<g ad ISNVY ) ( = )
awvNIa|  3zis M3IA NY1d ¥V ANVISI
. — NOISIAIQ ONIYIINIONT o
m H3gINNN 3714 :31vad 1071d |-37v0S 101d - _A|n O
20 b — SIUNLONYLS NOILYHOL1SIY INOLS wo N
S¢g 4 "ON LOVYINOD ‘A9 Q3LLINENS ANVISI NIY¥ve - | ASVHd % L
~£ 3 — ANVIAYYIN ‘SHOWILTVE = ®)
= b M .. . .
M_m = “ON NOILVLIOIT0S ASO|  CASNMA 10141810 JHONILLTVE 103roYd NOILVHOL1S3Y WILSAS0D3 _m_
e XXX SHIINIONT 40 SAHOD ANNY "S'N - a
Ssd ) ) 22X 8 QINSISTa J ANVISI AVE IMVIdYSIHO-AIN )
— O  —
\
-
bES
43}
Bz
gk
=8
<
w
gel
g
o
=z
S
o E 5
58
@z E
258
ga
E:JY
"
a%
sob
& g
o
-4
S

BP: 600+00.00

601+28.44

Pl:

PC: 603+84.75
Mid: 603+91.80

PT: 603+98.84

605+91.11

Pl:

1. SEE BREAKWATER TYPICAL SECTION ON SHEET C-301.

NOTES:




‘SALON

'10€=0 133HS NO NOLLO3S TVOIdAL ¥3ILVMXIV3¥E 33S °I

00'00+Gl9 :d3

‘Id

LTYS+LLI

‘Id

18°00+019

LOVULNOD 3ALVYVd3S ¥3IANN

Q3LONMLSNOO 38 Ol

GNVISI QYIS d3s0dodd

O

A ( DESIGNED BY: DATE: ( h h
] MID-CHESAPEAKE BAY ISLAND U.S. ARMY CORPS OF ENGINEERS XXX 222G
@) AL ECOSYSTEM RESTORATION PROJECT BALTIMORE DISTRICT DWNBY: | CKDBY: SOLICITATION NO.: = §_§ E
Sw BALTIMORE, MARYLAND — S3s
— T % PHASE | - BARREN ISLAND SUBMITTED BY: CONTRACT NO.: Q 3 8
N g m STONE RESTORATION STRUCTURES — @ 3
— ZH PLOT SCALE:| PLOT DATE: | FILE NUMBER: z
o) ENGINEERING DIVISION — 9
> ISLAND A PLAN VIEW SIZE: FILE NAME:
L - L ANSI D \MARK DESCRIPTION DATE  |APPR [MARK DESCRIPTION DATE |APPR) y




@&n:q J1va NOILdIYO0S3a NEVIN | 4ddV J1va NOILdIYO0S3a v_m_<§ ad ISNV ) ( = )
AWVNITH)  3ZIS M3IA NVId N ANVISI 5
5 — NOISIAIQ ONIYIIANIONT =
m H3gINNN 3714 :31vd 1071d |-37vOS 1071d - A 2
20 b — SIYUNLONYLS NOILYHOLSTY INOLS WG N
S¢g 4 “ON LOVYLNOO ‘A8 AALLINGNS ANVISI NIYYVE - | ISVHd Wi
>822 — ANVIAYYIN ‘THOWILTVE BE Yo
<2 m - ON NOILVLIOINOS AGDO]  AGNMA 10141810 FHONILTVE 103rodd NOILYHO1SIY WILSASODT M C
ol XXX SHIINIONT 40 SAHOD ANNY "S'N - Q
S5 & C ) 22X 8 QINSISTa J ANVISI AVE IMYIdVYSIHO-AIN )

O

700+00

BP: 700+00.00

TO BE CONSTRUCTED

PROPOSED BIRD ISLAND
UNDER SEPARATE CONTRACT

PC: 703+10.06

PT: 703+40.90

Mid: 703+25.48

704+85.53

PIl:

709+80.74

Pl:

1. SEE BREAKWATER TYPICAL SECTION ON SHEET C-301.

NOTES:




(4ddv J1vd NOILdIdOs3a MHVIN | HddvY 31vd NOILdIdOs3a wavin) a SNV NX(

‘JNVYN 3114 13718 M3IA NV1d IN ANVISI

A
|

~
™~
P
(o]
+
P
—
~
aQ
L

UNDER SEPARATE CONTRACT

TO BE CONSTRUCTED

PROPOSED ROCK REEF

\

TO BE CONSTRUCTED —
UNDER SEPARATE CONTRACT

PROPOSED BIRD ISLAND

J
pd
- — NOISIAIQ ONIYIINIONT o
O =
4 H3gINNN 3714 :31vad 1071d |-37v0S 101d - A 3
2. 5 — SIUNLONYLS NOILYHOL1SIY INOLS WS N
85 " “ON LOVYLNOD A€ @3LLINGNS ANV1SI N3H4ve - | 3SVYHd TL «—
~£ 3 — ANVIAYYIN ‘SHOWILTVE )= C
<2 m - ON NOILVLIOINOS ASDIO|  AGNMA 10141810 JHONILLTVE 103roYd NOILVHOL1S3Y WILSAS0D3 _m_
ol XXX SHIINIONT 40 SAHOD ANNY "S'N - a
S5 & C L 22X 8 QINSISTa L ANVISI AVE IHVIdYSIHO-AIN )

1. SEE BREAKWATER TYPICAL SECTION ON SHEET C-301.

NOTES:




> W 0O o
(@] (1] S S (1] N o o0 '®) 00 N
) —4.08
¥ T —2.084
o
Q -2.05
¥ T —2052
(@]
f —4.17
S —4.174
o
N —2.36
B —2.361
(@]
N —4.23
¥ T —4.232
o
a —2.46
B —2.455
(@]
o —4.28
¥ T —4.283
o
Z - -
O g —-2.65 O
>y B —2.647 bt
(@]
—] ]
3 4.31 L L
N —4,
¥ T —2315 [T ]
e > =
) N
—] -
% %
l_ § -2.83 —
—2.834
|_ 8 |_
R U U
o —4.32 Py -
’8' —4.318 O o
T \ M
I \ —
[T] \\ | MM
) > 0O
\ 8 —-3.14 0 0
—3.144 L m
0T s — o
- ) V)
> —4.36 2 2 — p m
g | —4357 | 0|l o =z m O
m — O > <0
o m & 'P) —
\ o 20 Wi
= 2 e o
% <l C N,
|- J|_-355 <
) O B —3.552 ~
>y ) o
@) %
- C
3 —4.28 =z
¥ T —4.279 )
o
o -3.78
5 —3.784
(@]
® —4.25
¥ T —4.246
o
3 —-3.95
5 —3.952
(@]
§ -4.19
3 —4195 | | | | ~ o~ = | | 5 o R
- | EN -t N
o o
—
I =
S|
- _P

8
oS5
Py —
= 0 |m
N |-

Ol
Z >
_l l_
>
—

( ] 1 MID-CHESAPEAKE BAY ISLAND (1.5, ARMY CORPS OF ENGINEERS | "> =" XX 4 1 ( 222G
O g ECOSYSTEM RESTORATION PROJECT BALTIMORE DISTRICT DWN BY: CKD BY: SOLICITATION NO.: ggg E
N :|U) BALTIMORE, MARYLAND — % §‘<

T % PHASE | - BARREN ISLAND SUBMITTED BY: CONTRACT NO.: Q 7 8
o om STONE RESTORATION STRUCTURES — ﬁ RS
— J_>| —] PLOT SCALE:| PLOT DATE: FILE NUMBER: Py
—_— (@]
o NORTHEAST SILL PROFILE VIEW ENGINEERING DIVISION : 1= -
= SIZE: FILE NAME:
\_ y L \_ ANSI D MARK DESCRIPTION DATE APPR.|MARK DESCRIPTION DATE APPR) \_




> w o o
8 -387 |l || | . o | » o o0 N
¥ [ 386 |O |00 N N 0o N
o
> —4.14
¥ [ —4145
o
§ —4.71
& [ —4.708
o
~ —4.05
& T —4.049
o
« —3.68 |
& T —3683 |
o
N —4.06
¥ [ —4.056
o
§ —4.74
5 [ 4743
o
o —4.14
Y —4.141
Z © \\ Z
. ) 0 N\ ~0
o —4.31 —] \ —]
& —43n | L 1
° il \\ T T
5S¢ > Q! >
> N\ % 2| 20 %
— — - ) ]
= \ R | —4.04 “o
Z & ™ —2.040 S
2 % 3 m @ %
2 33 = oS =
A m o [ < [
¥ | _-456 % =3 U o= U
—4.561 .
8 O m % A 16, A
C S O N O
<l — Bl
= — S —
W= i 3 =410 AN i
o & [ -4095
N
m
i, >
& | —4.61 n
¥ [ —4609 =
© Z
(P
(D)
3 A
> —4.24 O
¥ —4242 C
© Z
O
§ —5.01
5 [ —5.014
o
N -3.97
¥ [ —3.966
o
‘i.‘ —5.14
[ —5.137
o
% —4.79
¥ —4792
o
Ef —0.65
5‘ 0o e | | o 0o =
=—ee ~ =
-—
I =
S|
- DN
I ) g
o S5>
2 D=
N |-
O o
Z >
_l |_
>
—
( ] 1 MID-CHESAPEAKE BAY ISLAND (1.5, ARMY CORPS OF ENGINEERS | "> =" XX 4 1 ( 222G
g ECOSYSTEM RESTORATION PROJECT BALTIMORE DISTRICT DWN BY: CKD BY: SOLICITATION NO.: g@g E
@, 40 BALTIMORE, MARYLAND — 33<
N T % PHASE | - BARREN ISLAND SUBMITTED BY: CONTRACT NO.: 0 3o
O Qm STONE RESTORATION STRUCTURES — @ 3
I\) J_>|—| PLOT SCALE:| PLOT DATE: | FILE NUMBER: Py
1 - (@}
© NORTHEAST SILL PROFILE VIEW ENGINEERING DIVISION SIZE. |FILE NAME: B
\ VAW L ANSI D \VMARK DESCRIPTION DATE  |APPR.|MARK DESCRIPTION DATE |APPR) \_




@&n? 31vd NOILdIFdOS3a MAVIN | HddV 31vd NOILdIFdOSs3a v_m_<g ad ISNY N( ae = )
: -3Z1S
- _ JNVYN 3714 NOISIAID SNINIINIONI M3IA 3T7140dd T1IS ONILSIX3 40 NOILYOIdIAON o
m HIGANNN 34| 3Lva 1LO07d |-131vOS 101d — _A|n 3
20 b — STUNLONYLS NOILYHOLS3Y INOLS wo O
8 m m “ON LOVYLNOD ‘A9 d3LLINGNS ANVISI NIddvd - | 3SVHJ % L AN
L — ONVIAYYIN ‘THOWILTVE SE
<3 : ONNOLvioTos| A9Dio] -and LOIMLSIQ IHOWILTvVE 103r0¥d NOILYHOLSTY WALSASOO3 M
Ssd ) ) 22X A8 aaNoisaa | oS INIONT 0 SJH0D ANV 'S | ANVISI AVE INYIdVSIHO-AIN = )
-
<€
O
[ X 4 T
W o
<C W
O I
wm <+
I @
= ¥
— I
—
_
@)
. < st | o
— (0 @] < @) _ _ _ 90Z°0— w
12°0— @
N
o
LL10= | 9
80— m
N
o
s9z0- | ¢
LC0— «
N
3
£0£°0 ?
0£°0 ©
N
o
ovzo— |
¥Z'0— ~
N
3
- 90Z°0 N
ol +
N
120 5 N
0 R 0
- M) | g
- =™
n = % >
E 1.0
[ oY
tad =] I |
)] N Ll 9
O | Ol 182°0 2
(A7) Qa 82°0 ©
N
& |62 Q|
o
a o se90 | 9 ao
¥9°0 8 —
N
L]
] Lo N
o — AN
O L
> O \ .
Al A ¥000 | <
. Te}
AN 000 0
_
- o
— - Lovo | 2 u
(N 7p) L¥0 3 p—
« )
Ll
@) =
— @) @)
= e =z
— 7)) p—
%) = g
>< m 2 solo | 2
> — | | oL'o hl
— P | N
L 7y A
X " | 8 =
O L 000 3 -
O 00— 3 w )
> L
= Z
O
=
7p)
o
o v620 | 9
Z 620 9
= I
o n
9840 < >
670 0 L
) _
Lv\\
o
¥S00- | 9
GO0'0—- N
N
8
¥GE'0 ?
0) S
N
o
zeLo— | 9
61L0— =
N
: S
gl90— | %
90— by
(o}
I ' w
SLL0 2
4N} o
N
(Q\| < o < o
— - o 00 < O < 0| O
_ _
a) &) m <



\ (2dav 3lva NOILdIFOS3a MHVIN | dddV 3lva NOILdIFOS3a MY ) dISNv N( a = )

] w57 NOISIAI ONMIINIONS M3IA F1140¥d TTIS ONILSIXT 40 NOILYOIHIdON o)

m ™{IGNNN 34| *31vd LO1d [-31vOS LO1d — _A|n 4
2- % — STANLONYLS NOILVHOLSTY ANOLS wo O
3eg “ON LOVMLNOD A8 a3LLINENS aNV1SI NIYYVE - | ISVHd i N
1L — ANVIANVIN ‘THOWILTVE sE
2 = “ON NOILYLIOIOS AGDIO| ASNMA 10141510 IHONILTVE 103r0dd NOILYHO1S3d WILSAS0D3 i
3538 ) ) 22X A8 aaNoisaa | oS INIONT 0 SJH0D ANV 'S | ANVISI AVE INYIdVSIHO-AIN L 9 )

<
-
< =z
OO
e o T
o o N
g
O I
Vg p
o
e
— |
—
o
< o0 o
N 1 i T < 00 —
— N
¥ © S N 00 < S | |
8
586°0 2
66°0 o
N
o
£8z0— | 9
8C°0— S
N
8
696°0 2
£6°0 5
N
o
8520— | %
9z°0— N
N
8
ZLL0 2
- - 1L°0 Q
N N
D 0
1 i o N A
- ™M) ¥szo- | 9 =™
| GC'0- Q =
N S D>
al Ol
] = |
N on |
O —I. P |
» O |
¢ | |
O L) ol | o
aga o 2000- | %
J ~ | 7 N 3 &
e oo 00°0 3
- |
Ll 0sz0- | 9 L] \
— \ 70| § _ \
L N p—
A v
an —
- AR
2~ o
] n N ggzo— | <
— | ] 620— | %
—_— N — N
% & N
o
N = vszo— | S
\ 4/ .
GC0- N @)
i O « —
_— N —_—
— Z —
2 0
il 0 )
< i
> 2 %
Lol S
_ Ll 60¥'0— | 9
- 10— )
N
3 ‘ g ;
O V4 : O
8GC0— ¥ L
M — 3 -
920 S = Z
_-l
"
b
W S
gee0— | 9
Y0 N
N
o
z9zo- | ¢
9z°0— N
N
o
le€ 0= e
£e°0— N
N
o
‘N— o
LS50 3
9¢°0— S
N
S
8620 7
0¥°0 3
N
A o
6£00— | %
Y00~ S
_ N
|
o
N < Q N Pl 2 ~ 00 < o < w| o| roso | 2
_ 1 _ T~ o o
N
a O m <




> w ) o
Lo | -
o | EN o EN N
N
@ 0.66
5 0.659
o
Lo | ~
o |00 BN @ BN 00 N
N
5 0.94
5 0.936
o
N
& 1.71
s 1.713
o
N
§ 0.59
i 0.590
(@]
N
3 —0.03
& [ -0.026
o
/
N
NG 0.97
/ & [ 0.966 (
( o
I < . <
m o
3 V. O O
= 0.55 2 J U).
5 0.553 wn —i O
) — Z
=z [T] O M
© < T >
)] ) N — (N
— . & |__0.40 O V)
@) ! + Z |
5 0.401 1
% e © m -
GO U ®
= =
N
¢ | 088 — U V)
’é 0.879 — —
[ —
U U
AJ N 0
O t 1.08 N\ o
5 1.082
' S Bl
[T M
N
o 0.13 \
S 0.130 ol T
o
33
Ol 0 0
E af>
N
Wl & 1.20 m| &
—| O ps 1.203 O
o
m L <
=M a2
m —
> < W
5% 1A O,
g -0.33 = N
& [ -0.335 W — ™
O *
0))
N
N
& 0.87
s 0.874
o
N
o —-0.27
& [ -0.269
o
| | | @ IN oo —
@) N
4 0.93
s 0.931
o
N
o —_—
5 s |1 |1 I + N
s 1133 | O
o
—
I =
S
- _P
X ) 8
Y=
A —
N |-
ONrS)
P >
_l —
>
—
( ] 1 MID-CHESAPEAKE BAY ISLAND (1.5, ARMY CORPS OF ENGINEERS | "> =" XX 4 A 222G
g ECOSYSTEM RESTORATION PROJECT BALTIMORE DISTRICT DWN BY: CKD BY: SOLICITATION NO.: g@g E
(@ B=1 BALTIMORE, MARYLAND — 2 3%
N T % PHASE | - BARREN ISLAND SUBMITTED BY: CONTRACT NO.: g 7] 8
om STONE RESTORATION STRUCTURES — ZI
O )_>|—| PLOT SCALE:| PLOT DATE: | FILE NUMBER: Py
- - (@]
O1 5 MODIFICATION OF EXISTING SILL PROFILE VIEW ENGINEERING DIVISION 7 TFILE NAME. B
\ < VAW " ANSI D \VIARK DESCRIPTION DATE  |APPR.|MARK DESCRIPTION DATE  |APPR)




> w O o
o |oo IN 1N 00 N 4 | -
N O EN o EN N
§ —6.57
& [ —6.574
o
(]
g -6.76
& [ —6.761
o
[@X]
- —6.75
& [ —6.748
o
(Y]
S —6.86
E [ -6.858
(@]
[@X]
§ —6.73
5 [ -6.732
o
[¢X]
X —6.86
E [ -6.857
(@]
[@X]
Q —6.86
& [ —6.863
o
)
O s )
4; —6.68
- t [ —6.680 O
N\ —] S -
” T —
> | —6.90 1
¥ [ —6.898 | = =
o
O 0 Ml ]
2|0 U) )
m o —
N —
—o ) \
<2 — )
m Mm &
m|O — & |__—6.77 —
\ m — o ’ N
< S | —6.768 | —
N .\ (n o
— U ol
O W
o | 695 _ L 2y Mo S
& [ —6.947 NG O n AJ
S M N —
X ~ ma Q @)
W J— m V) —|—|
— I o —
e [T] m [
= < [T
() N
=
% S | _e69 f': ~
o & [ —6.694 N
Nt o N
C -
O Z
> —6.95 O
¥ [ —6.945
° \
m
X
W 7))
S | -6.59 =
& [ -6.586 pd
S ®
3 6.90 &
~ —0O.
¥ [ —6.897 Y
: 2
Z
)
[¢X]
§ —6.66
& [ —6.655
o
[&X]
§ —6.71
& [ -6.707
o
[¢X]
3 —6.53
¥ [ -6.530
o
[&X]
§ —6.76
8 -6.757 | | | NN o0 G R
o = I~
O
—
I =
3
- _P
r |8
oS>
2 0=
N |-
ONre)
Z >
_l —
>
—
( ] ) MID-CHESAPEAKE BAY ISLAND (1.5, ARMY CORPS OF ENGINEERS | "> =" XX 4 A 222G
g ECOSYSTEM RESTORATION PROJECT BALTIMORE DISTRICT DWN BY: CKD BY: SOLICITATION NO.: g@g E
QIEL” BALTIMORE, MARYLAND — 33<
N T % PHASE | - BARREN ISLAND SUBMITTED BY: CONTRACT NO.: g 7] 8
o om STONE RESTORATION STRUCTURES — @ %
@ J_>| — PLOT SCALE:| PLOT DATE: | FILE NUMBER: Py
_— - (@]
O SOUTHWEST SILL PROFILE VIEW ENGINEERING DIVISION e TFLENATE -
\_ < ) \_ ANSI D MARK DESCRIPTION DATE APPR.|MARK DESCRIPTION DATE APPR)




> w @) O
I
—_ I —_
@) (03] >~ @) >~ N
(&)
§ —6.99
E [ -6.995
o
(&)
N —6.99
¥ [ —6.094
o
(&) C
§ —7.34 |
—7.345
8 €L
—
(&) I
™ —-7.72 \
+
S —-7.720 U
‘ O
W —
O U
\ K -
HIE
] = o
o 92
N | —7.87 M D m
& [ -7874 P ml O
o
v <lw
- =
Z W~
2 o
N
W )
A
e
Z
w O
§ —7.87
s ~7.871
o
I I H =
N
@)
—
S
I =
>
o ll
- _p
ol (90
S 5B
m
—
2 20 [
o3’
@
Z >
Sis
—
é \N( ( DESIGNED BY: DATE: é ) )
] MID-CHESAPEAKE BAY ISLAND U.S. ARMY CORPS OF ENGINEERS XXX 222G
g ECOSYSTEM RESTORATION PROJECT BALTIMORE DISTRICT DWN BY: CKD BY: SOLICITATION NO.: = §_§ E
O =0 BALTIMORE, MARYLAND — 2 3%
N T % PHASE | - BARREN ISLAND SUBMITTED BY: CONTRACT NO.: g 7] 8
O Qm STONE RESTORATION STRUCTURES — & oF
\] 3 — PLOT SCALE:| PLOT DATE: | FILE NUMBER: CZ%
O SOUTHWEST SILL PROFILE VIEW ENGINEERING DIVISION soe TFENAE B
\ < VAN \ ANSI D \VARK DESCRIPTION DATE  |APPR.|MARK DESCRIPTION DATE  [APPR, )




> w @) W)
| |
o N N N
»
Q —7.60
¥ [ —7.598
o
»
NS —5.55
E [ -5.552
o
»
2 —-3.73
[ -3734
o
»
R —2.11
y [ —212
o
)
T \ -
\ |
l |
m 1T
»
& —0.50 x [Tl
t [ —0.504 N P
o —
> )
= | —
=2
) )
> G —
o
C mlle —
Z m|<
O — = U
bl ~U
»
E [ -0.438 =
o . — T
o !
NG r
- [T]
»
Q —0.42
5 [ -0.421
o
»
S —0.41
E [ -0.414
o
»
3 —0.42
5 [ —0.421
o
ry
o —0.38
¥ —0.377
o
-—
I -,
5 | . . = =
« N AR ~ N
- U‘) (@)
I < @)
o5
A —
N |-
ONre)
Z >
_l l_
>
—
(5 MID-CHESAPEAKE BAY ISLAND (1.5, ARMY CORPS OF ENGINEERS | "> =" o ([ ([ 225
g ECOSYSTEM RESTORATION PROJECT BALTIMORE DISTRICT DWN BY: CKD BY: SOLICITATION NO.: é' g § E
@) Sw BALTIMORE, MARYLAND — 2 3%
N T % PHASE | - BARREN ISLAND SUBMITTED BY: CONTRACT NO.: g 3 8
O om STONE RESTORATION STRUCTURES — 2 %
m J_>| — PLOT SCALE:| PLOT DATE: | FILE NUMBER: X
— (@}
o SOUTHEAST SILL PROFILE VIEW ENGINEERING DIVISION T Y — B
\ Z y \ ANSI.D MARK DESCRIPTION DATE APPR.|MARK DESCRIPTION DATE APPR)




> w o o
| |
A, | . a e % I % S
O N 00 o IN 00 N o
a
S |_—854
& [ —8540
o
(6]
Q —7.78
& —7.777
o
a
= | —854
’é —8.536 9y
AJ
[l
\ AN o
| = § —7.74
—7.744
o .
y > ¢
23 —
. 2 [l
§ —8.47 = | A
& [ 8466 o) Ol
o Mo 3
A U0 A
@) — O @)
C m 90 T o
= 5 — S |__-7.786
© m|© I & [ —7.760
< m ©
A
Om
(6)]
G | 854 % ;
& [ —8.541 =
© >
_l
M
A
3
4; —7.65
& [ —7.648 J
S AJ
[T
o | | o A oy 3 >
e -8.68 | — 00 PN
i —B8682 | '~
o
8 =
N\ —|
\ (]
(6]
§ -7.77 L A
~7.772
3 \ j U
AJ
OO O
Mo il
T % % —
) m D
= =
P m o
)
S | 817 ¢ |
: =
t [ —s.168 ) Om
(@] x’ .
a O 2=
c N2
= =
o >
_l
m
A
(6]
N —8.53
& [ -8532
o
(6]
& —8.55
s —8.551
o
(6]
3 —8.52
& [ -8517
o
[1 O SR e o | |3
o N
—
I =
S
- _p
I ) 8
oS
2 e
N |-
O oo
Z >
_l —
>
—
5 [ MID-CHESAPEAKE BAY ISLAND (S, ARMY CORPS OF ENGINEERS | "= S * o ( 1( 225
g ECOSYSTEM RESTORATION PROJECT BALTIMORE DISTRICT DWN BY: CKD BY: SOLICITATION NO.: §§§ E
O So BALTIMORE, MARYLAND — S 3<
N) T % PHASE | - BARREN ISLAND SUBMITTED BY: CONTRACT NO.: o3 8
O om STONE RESTORATION STRUCTURES — E °
@ J_>| — PLOT SCALE:| PLOT DATE: | FILE NUMBER: p
— o (@]
o) BREAKWATER PROFILE VIEW ENGINEERING DIVISION K
\_ Zz - J L \_ ANSID MARK DESCRIPTION DATE APPR.|MARK DESCRIPTION DATE APPR) \_




> W o o
| | ' ' ! '
o1 N 00 IN o IN 00 N
@
o -8.15
By —8.151
o
[e)]
Q —8.43
& [ —8426
(@]
@
= —8.26
& T —8.262
o
\ 3
' S —8.46
DI, — ¥ [ —8459
A A o
m o )
U)| O |
o — O :[>
> =787 m £
—7.875 o
S m| O ),
<lm
) >
Om
W= T 2
P‘\: #N 0 2 —8.54
= & [ —8543
> O S
_l
l 1 Bl
& ;! —
o —7.69 = ]
¥ [ =7.686 ]
S =
=
[e)]
® —8.56
& [ —8560
(@] —_
C )
" o
N -7.23
’é —7.228
W,
[e)]
§ —8.72 U
& [ 8717 \ Py
| | | @) EN 0 3 | T
o 7.55 O 0
& T 7553 22l o [T
o ﬁ 8
0o
—H QO
m @
@ —
o _ O
3 8.46 m
—8.457
S < @
Om
o >
>
m
m =
X
)]
[e)]
% —8.40 %'
—8.400
3 ()
en]
A
@)
C
Z
O
[e)]
8 —8.35
& [ —8354
(@]
[e)]
3 —-8.24
& [ —8236
(@]
| | | | - 0 o
- - U
o N ha
-—
I =,
S|
- D
I ) 8
Y=
PV —
N |-
O 0
Z >
_l l_
>
—
f \ 4 ; : N N
S MID-CHESAPEAKE BAY ISLAND U.S. ARMY CORPS OF ENGINEERS | 0 X 225
O g ECOSYSTEM RESTORATION PROJECT BALTIMORE DISTRICT DWN BY: CKD BY: SOLICITATION NO.: §@§ E
=% BALTIMORE, MARYLAND — S 3<
N T % PHASE | - BARREN ISLAND SUBMITTED BY: CONTRACT NO.: o3 8
= om STONE RESTORATION STRUCTURES — @ o3
o - — PLOT SCALE:| PLOT DATE: | FILE NUMBER: (Z%
o) ISLAND A BREAKWATER PROFILE VIEW ENGINEERING DIVISION T [ T -
\ Z VAW \ ANSI.D - ) MARK DESCRIPTION DATE APPR.|MARK DESCRIPTION DATE APPR) \_




> w @) O
| | , iR iR | ~
» N 00 o IN 00 N o1 N o - o N
~
§ -5.97
& T 5972
(@]
~
g -7.37
¥ T —7.370
(@]
= 6.40 PN
& I —6.403 )
\ >
),
~
\ = § —7.31
\ t =733
(@]
I U
< \ Q|0 2y
,:; \ A0
¥ MO O
8 ) )3 N
M — [
n m|©
= =@ 3
- —-7.04
= 2 ¢
O S_)'l m 8 —7.039
o a2
N
A =
S O
o O >
¥ c —
3 pd m
o A
| | | (@) AN o0 5 E)‘
— — 0 S | -7.01
o1 ™ £ [ -7.009
(@] —_
)
|
),
~
§ —6.91 ne
—6.907
° \ 5
M
\ —
N
m [T]
x
5 G
. z M3
§ —6.85 7o
L
g | —6852 ) %
2 Mm
S O
= <lw
o I
m| >
NS
>
~
S |_—ss m
NI
t [T —=6.783
(@]
~
§ -6.37
+ [ —6.368
(@]
~
3 —-6.17
¥ [ -6.166
(@]
| | | o =
- - (@8]
o N AR
—
=
S
- _P
I ) g
oS
o |~
N dH]-
O o
Z >
— —
>
—
f S 1 ( MID-CHESAPEAKE BAY ISLAND (S, ARMY CORPS OF ENGINEERS | " 0> " XXX ( 1 ( 225
O g ECOSYSTEM RESTORATION PROJECT BALTIMORE DISTRICT DWN BY: CKD BY: SOLICITATION NO.: §§§ E
Sw BALTIMORE, MARYLAND — 9 3<
N T % PHASE | - BARREN ISLAND SUBMITTED BY: CONTRACT NO.: Q 3 Q
= om STONE RESTORATION STRUCTURES — @ o3
-\ 3 —] PLOT SCALE:| PLOT DATE: FILE NUMBER: CZ%
) ISLAND M BREAKWATER PROFILE VIEW ENGINEERING DIVISION SIZE. |FILE NAME. -
L VAN & ANSI D \MARK DESCRIPTION DATE  [APPR.|MARK DESCRIPTION DATE [APPR) \_




1 | 2 3 4 | 5

SOUTHWEST SILL NORTHEAST SILL f )
i =
FROM STA 300+00 TO STA 325+99.66 20 FROM STA 100+00 TO STA 138+25.09 —120 || us Amy coms
TOP EL. 3.52 oo BISTRIGT
TOP EL. 3.52' L )
10 80" —10 ol A
- 1 ' ] <
0.80 ARMOR STONE
- 1.00 g
W EL ot oo ARMOR STONE GEOTEXTILE, EXTEND — 6 90 S
016 —— 0 5 FT MIN. BEYOND 460- .
MLW EL. -1.06— 8.25' —|=—w| 0= QUARRY SPALLS 50— ~— — 5.00 — |I\\/|A|_Hv\</v EELL ? 2)2 °
275 —-——-l — 5.00' - - - | )
< ] ~ 77777 / EXISTING GROUND EL. VARIE
L T EXISTING GROUND EL. VARIES| o QUARRY SPALLS .
1.00 QUARRY SPALLS 10— // s —-10 :
GEOTEXTILE, EXTEND FOUNDATION REMOVAL & REPLACEMENT* | 7
5 FT MIN. BEYOND — EL.-1
120 -
QUARRY SPALLS 20l 60.00 100
| | | | | | | | | | | | | *FOUNDATION REMOVAL & REPLACEMENT REQUIRED FROM STA. 100+00 TO STA. 125+00 :
60 50 40 30 20 10 0 10 20 30 40 50 60 70 | | | | | | | | | | | | | 3
70 60 50 40 30 20 10 0 10 20 30 40 50 60 70
30 — — 30
2oL FROM STA 400+00 TO STA 410+72.78 g g
TOP EL. 3.52 &
10 — 10 80' —10
ARMOR STONE ¢
\_ =)
oL GEOTEXTILE, EXTEND | 5 50 MHWEL 016 | ) .
5 FT MIN. BEYOND 8.25' — MLW EL. -1.06'
QUARRY SPALLS 2 75 ]| — 500 -1
= — : S g
T EXISTING GROUND EL. VARIES 5 |2 |2
PR QUARRY SPALLS cl = |5 |2
10 1. 00' 10 s |5 [ |2
AR ERIE
ax |un | (@] | [T |
-201— —-20 o | |5 |53
R
| | | | | | | | | | | | | 21z 13 |2 |32
70 60 50 40 30 20 10 0 10 20 30 40 50 60 70 2
9 1|0 2|0 w a >
- | Pl 55 2 5
w 9 [m)]
EXISTING SILL %0 s - BREAKWATER 30 || 22| ¢
Xor o
o) L
FROM STA 500+00 TO STA 514+05.89 S £ 2 -
FROM STA 200+00 TO STA 255+48.15 B z 3 2 z
TOP EL. 3.52' TOP EL. 5.52' E© J
] ( 1
10.80" 10.80
—10 49 — 10 — "
O |
m) ] x
‘ ARMOR STONE ARMOR STONE :% or .
] o]
MHW EL. 0.16'— 5.50" ‘ o MHW EL 016 5.80 ; § : S £ 3
106 8.25' — — A — — 2 262
MLW EL. -1.06 __ . MLW EL. -1.06 870" —| <] uz 250
2.75 ] 5.00 | £5 £24
_ ~ CORE STONE 200 —f==—1 — 5.0 2l 2% o
J T EXISTING GROUND EL. VARIES| _ | = —— A ~ as 88
\ —-10 o EXISTING GROUND EL. VARIES —| - 43 9385
1.00° QUARRY SPALLS 10 | _f \ T 01lgg 226
1.00 QUARRY SPALLS S2 "z
l_
GEOTEXTILE, EXTEND GEOTEXTILE, EXTEND Lo
5 FT MIN. BEYOND & ET MIN. BEVOND
QUARRY SPALLS —1-20 pol— ' — 120
QUARRY SPALLS L )
( )
SHEET
| | | | | | | | | | | | | | | | | | | | | | | | | | IDENTIFICATION

60 50 40 30 20 10 0 10 20 30 40 50 60 70 70 60 50 40 30 20 10 0 10 20 30 40 50 60 o || C301




A. MODIFICATION OF EXISTING SILL (STA 200 TO 255+48.15):

1. WITH AUTHORIZATION FROM THE CONTRACTING OFFICER (KO)

OR THE CONTRACTING OFFICER’S REPRESENTATIVE (COR) BEGIN
MODIFICATION OF THE EXISTING STONE SILL.

2. ALL ELEVATIONS ARE IN FEET

5. TYPICAL SECTION FOR MODIFICATION OF EXISTING STONE SILL
FOUND ON SHEET 514C301

4. INSTALL ACCESS POINT AT STATION 200. MAKE REASONABLE

EFFORTS TO MINIMIZE NEED TO EXCAVATE AND/OR DISPLACE BAY
BOTTOM MATERIAL.

5.  STAKE OUT LIMITS OF DISTURBANCE, PLACE TIMBER MATS,
AND INSTALL SILT FENCE.

6. BEGIN PLACEMENT OF FIRST COURSE OF QUARRY SPALLS.
SURVEY HORIZONTAL LOCATION AND VERTICAL ORIENTATION AS
WORK PROGRESSES

7.  AFTER COMPLETION OF THE FIRST LAYER OF QUARRY SPALLS
AND WITH AUTHORIZATION FROM THE COR, THE CONTRACTOR WILL
SURVEY THE FIRST COURSE OF STONE TO DETERMINE THE
STRUCTURES HORIZONTAL LOCATION AND VERTICAL ORIENTATION.
THE CONTRACTOR WILL ASSESS THE HORIZONTAL AND VERTICAL
LOCATION OF THE STRUCTURE FOR COMPLIANCE WITH THE PLANS
AND SPECIFICATION, DOCUMENT THE SURVEYED STONE COURSE ON
THE PROVIDED AS—BUILT TABLE, AND SUBMIT THE PROFESSIONAL
LAND SURVEYOR STAMPED TABLE TO THE KO.

8.  WITH APPROVAL FROM THE COR BEGIN CONSTRUCTION OF THE
ARMOR STONE LAYER MAKING SURE TO MEET THE LINES AND
GRADES AS SHOWN ON THE PLANS. THE CONTRACTOR WILL
MONITOR THE STONE BREAKWATER FOR EXCESSIVE SETTLEMENT
DURING CONSTRUCTION.

9. UPON COMPLETION OF THE INSTALLATION OF ARMOR STONE
ON THE EXISTING SILL MODIFICATION AND WITH AUTHORIZATION
FROM THE COR CONDUCT A COMPLETED CONDITION SURVEY OF THE
MODIFIED STONE SILL. THE CONTRACTOR WILL ASSESS THE
HORIZONTAL AND VERTICAL LOCATION OF THE STRUCTURE FOR
COMPLIANCE WITH THE PLANS AND SPECIFICATION, DOCUMENT THE
SURVEYED STONE COURSE ON THE PROVIDED AS—BUILT TABLE, AND
SUBMIT THE PROFESSIONAL LAND SURVEYOR STAMPED TABLE TO
THE KO.

B. STONE BREAKWATER (STA 500 TO 514+05.89):

1. WITH AUTHORIZATION FROM THE CONTRACTING OFFICER (KO)
OR THE CONTRACTING OFFICER’S REPRESENTATIVE (COR) BEGIN

CONSTRUCTION OF THE STONE BREAKWATER AT IT'S TIE—IN TO STA
342+70 OF THE SOUTHERN SILL.

2.  ACCESS STONE BREAKWATER TIE=IN TO THE EXISTING SILL
FROM THE BAY ONLY. MAKE REASONABLE EFFORTS TO MINIMIZE
NEED TO EXCAVATE AND/OR DISPLACE SOFT RIVER BOTTOM
MATERIAL TO ACCESS BREAKWATER TIE—IN.

5. ALL VERTICAL DATUM IS IN NAVD88, HORIZONTAL DATUM IS IN
MD83

4. ALL ELEVATIONS ARE IN FEET

5.  TYPICAL SECTION FOR STONE BREAKWATER FOUND ON SHEET
514C301

6. BEGIN PLACEMENT OF THE GEOTEXTILE

7.  BEGIN PLACEMENT OF FIRST COURSE OF STONE. SURVEY
HORIZONTAL LOCATION AND VERTICAL ORIENTATION AS WORK
PROGRESSES.

8. AFTER COMPLETION OF GEOTEXTILE AND THE FIRST LAYER OF
QUARRY SPALLS, AND WITH AUTHORIZATION FROM THE COR, THE
CONTRACTOR WILL SURVEY THE FIRST COURSE OF STONE TO
DETERMINE THE STRUCTURES HORIZONTAL LOCATION AND VERTICAL
ORIENTATION. THE CONTRACTOR WILL ASSESS THE HORIZONTAL
AND VERTICAL LOCATION OF THE STRUCTURE FOR COMPLIANCE WITH
THE PLANS AND SPECIFICATION, DOCUMENT THE SURVEYED STONE
COURSE ON THE PROVIDED AS—BUILT TABLE, AND SUBMIT THE
PROFESSIONAL LAND SURVEYOR STAMPED TABLE TO THE KO.

9. WITH APPROVAL FROM THE COR BEGIN CONSTRUCTION OF THE
CORE STONE LAYER MAKING SURE TO MEET THE LINES AND
GRADES AS SHOWN ON THE PLANS. THE CONTRACTOR WILL
MONITOR THE STONE BREAKWATER FOR EXCESSIVE SETTLEMENT
DURING CONSTRUCTION.

10. SEVEN DAYS AFTER COMPLETION OF THE LAYER OF CORE
STONE AND WITH AUTHORIZATION FROM THE COR, THE CONTRACTOR
WILL SURVEY THE CORE STONE COURSE OF STONE TO DETERMINE
THE STRUCTURES HORIZONTAL LOCATION AND VERTICAL
ORIENTATION. THE CONTRACTOR WILL ASSESS THE HORIZONTAL
AND VERTICAL LOCATION OF THE STRUCTURE FOR COMPLIANCE WITH

THE PLANS AND SPECIFICATION, DOCUMENT THE SURVEYED STONE
COURSE ON THE PROVIDED AS—BUILT TABLE, AND SUBMIT THE
PROFESSIONAL LAND SURVEYOR STAMPED TABLE TO THE KO.

1. WITH APPROVAL FROM THE COR BEGIN CONSTRUCTION OF THE
ARMOR STONE LAYER MAKING SURE TO MEET THE LINES AND
GRADES AS SHOWN ON THE PLANS. THE CONTRACTOR WILL
MONITOR THE STONE BREAKWATER FOR EXCESSIVE SETTLEMENT
DURING CONSTRUCTION.

12. INSTALL NAVIGATION OR WARNING BEACONS AND SIGNAGE AS
REQUIRED.

13. UPON COMPLETION OF THE ARMOR STONE BREAKWATER AND
WITH AUTHORIZATION FROM THE COR CONDUCT A COMPLETED
CONDITION SURVEY OF THE STONE BREAKWATER. THE CONTRACTOR
WILL ASSESS THE HORIZONTAL AND VERTICAL LOCATION OF THE
STRUCTURE FOR COMPLIANCE WITH THE PLANS AND SPECIFICATION,
DOCUMENT THE SURVEYED STONE COURSE ON THE PROVIDED
AS—BUILT TABLE, AND SUBMIT THE PROFESSIONAL LAND SURVEYOR
STAMPED TABLE TO THE KO.

14. SUBMIT THE COMPLETED CONDITION SURVEY OF THE STONE
BREAKWATER TO THE COR AND MAKE ANY REQUIRED ALTERATIONS
TO THE STONE BREAKWATER FOR APPROVAL.

C. NORTHEAST STONE SILL (STA 100 TO 138+25.09):

1. WITH AUTHORIZATION FROM THE CONTRACTING OFFICER (KO)

OR THE CONTRACTING OFFICER’S REPRESENTATIVE (COR) BEGIN
CONSTRUCTION OF THE STONE SILL AT STA 100+00.

2. CONSTRUCTION OF STONE SILL FROM THE BAY ONLY. MAKE

REASONABLE EFFORTS TO MINIMIZE NEED TO EXCAVATE AND/OR
DISPLACE BAY BOTTOM MATERIAL.

3. ALL ELEVATIONS ARE IN FEET
4. TYPICAL SECTION FOR STONE SILL FOUND ON SHEET 514C301

5.  BEGIN EXCAVATION OF MATERIAL FOR FOUNDATION
REPLACEMENT. MECHANICALLY/HYDRAULICALLY PLACE DREDGE
SPOILS IN PREAPPROVED SITE NOTED ON PLAN SHEET 514ES101.

6. DREDGE BORROW MATERIAL FROM APPROVED BORROW SITE,
TRANSPORT, AND PLACE MATERIAL FOR FOUNDATION REPLACEMENT.

7. BEGIN PLACEMENT OF THE GEOTEXTILE.

8. BEGIN PLACEMENT OF FIRST COURSE OF QUARRY SPALLS.
SURVEY HORIZONTAL LOCATION AND VERTICAL ORIENTATION AS
WORK PROGRESSES

9. AFTER COMPLETION OF THE LAYER OF QUARRY SPALLS AND
WITH AUTHORIZATION FROM THE COR, THE CONTRACTOR WILL
SURVEY THE FIRST COURSE OF SILL STONE TO DETERMINE THE
STRUCTURES HORIZONTAL LOCATION AND VERTICAL ORIENTATION.
THE CONTRACTOR WILL ASSESS THE HORIZONTAL AND VERTICAL
LOCATION OF THE STRUCTURE FOR COMPLIANCE WITH THE PLANS
AND SPECIFICATION, DOCUMENT THE SURVEYED STONE COURSE ON
THE PROVIDED AS—BUILT TABLE, AND SUBMIT THE PROFESSIONAL
LAND SURVEYOR STAMPED TABLE TO THE KO.

10. WITH APPROVAL FROM THE COR BEGIN CONSTRUCTION OF THE
ARMOR STONE LAYER MAKING SURE TO MEET THE LINES AND
GRADES AS SHOWN ON THE PLANS. THE CONTRACTOR WILL
MONITOR THE STONE SILL FOR EXCESSIVE SETTLEMENT DURING
CONSTRUCTION.

1. UPON COMPLETION OF THE INSTALLATION OF ARMOR STONE
ON THE NEW STONE SILL AND WITH AUTHORIZATION FROM THE COR
CONDUCT A COMPLETED CONDITION SURVEY OF THE NEW STONE
SILL. THE CONTRACTOR WILL ASSESS THE HORIZONTAL AND
VERTICAL LOCATION OF THE STRUCTURE FOR COMPLIANCE WITH THE
PLANS AND SPECIFICATION, DOCUMENT THE SURVEYED STONE
COURSE ON THE PROVIDED AS—BUILT TABLE, AND SUBMIT THE
PROFESSIONAL LAND SURVEYOR STAMPED TABLE TO THE KO.

D. SOUTHEAST STONE SILL (STA 400 TO 410+472.78):

1. WITH AUTHORIZATION FROM THE CONTRACTING OFFICER (KO)

OR THE CONTRACTING OFFICER’S REPRESENTATIVE (COR) BEGIN
CONSTRUCTION OF THE STONE SILL AT STA 400+00

2. ALL ELEVATIONS ARE IN FEET

3. TYPICAL SECTION FOR STONE SILL FOUND ON SHEET 514C301
4.  BEGIN CONSTRUCTION AT STATION 400 UTILIZING LOW GROUND
PRESSURE EQUIPMENT TO CONSTRUCT THE SILL TIE-IN. MAKE
REASONABLE EFFORTS TO MINIMIZE NEED TO EXCAVATE AND/OR
DISTURB THE GROUND AND BAY BOTTOM MATERIAL.

5. BEGIN PLACEMENT OF THE GEOTEXTILE

MID-CHESAPEAKE BAY ISLAND ECOSYSTEM

RESTORATION PROJECT

DORCHESTER COUNTY, MARYLAND

BARREN ISLAND RESTORATION
STONE STRUCTURES

6. BEGIN PLACEMENT OF FIRST COURSE OF QUARRY SPALL
STONE. SURVEY HORIZONTAL LOCATION AND VERTICAL ORIENTATION
AS WORK PROGRESSES

7. AFTER COMPLETION OF THE FIRST LAYER OF ROCK AND WITH
AUTHORIZATION FROM THE COR, THE CONTRACTOR WILL SURVEY
THE FIRST COURSE OF SILL STONE TO DETERMINE THE STRUCTURES
HORIZONTAL LOCATION AND VERTICAL ORIENTATION. THE
CONTRACTOR WILL ASSESS THE HORIZONTAL AND VERTICAL
LOCATION OF THE STRUCTURE FOR COMPLIANCE WITH THE PLANS
AND SPECIFICATION, DOCUMENT THE SURVEYED STONE COURSE ON
THE PROVIDED AS—BUILT TABLE, AND SUBMIT THE PROFESSIONAL
LAND SURVEYOR STAMPED TABLE TO THE KO.

8. WITH APPROVAL FROM THE COR BEGIN CONSTRUCTION OF THE
ARMOR STONE LAYER MAKING SURE TO MEET THE LINES AND
GRADES AS SHOWN ON THE PLANS. THE CONTRACTOR WILL
MONITOR THE STONE SILL FOR EXCESSIVE SETTLEMENT DURING
CONSTRUCTION.

9. UPON COMPLETION OF THE INSTALLATION OF ARMOR STONE
ON THE NEW STONE SILL AND WITH AUTHORIZATION FROM THE COR
CONDUCT A COMPLETED CONDITION SURVEY OF THE NEW STONE
SILL. THE CONTRACTOR WILL ASSESS THE HORIZONTAL AND
VERTICAL LOCATION OF THE STRUCTURE FOR COMPLIANCE WITH THE
PLANS AND SPECIFICATION, DOCUMENT THE SURVEYED STONE
COURSE ON THE PROVIDED AS—BUILT TABLE, AND SUBMIT THE
PROFESSIONAL LAND SURVEYOR STAMPED TABLE TO THE KO.

E. SOUTHWEST STONE SILL (STA 300 TO 325+99.66):

1. WITH AUTHORIZATION FROM THE CONTRACTING OFFICER (KO)

OR THE CONTRACTING OFFICER’S REPRESENTATIVE (COR) BEGIN
CONSTRUCTION OF THE STONE SILL AT STA 300+00

2.  CONSTRUCTION OF STONE SILL FROM THE BAY ONLY. MAKE

REASONABLE EFFORTS TO MINIMIZE NEED TO EXCAVATE AND/OR
DISPLACE BAY BOTTOM MATERIAL.

3. ALL ELEVATIONS ARE IN FEET
4.  TYPICAL SECTION FOR STONE SILL FOUND ON SHEET 514C301
5. BEGIN PLACEMENT OF THE GEOTEXTILE

6. BEGIN PLACEMENT OF FIRST COURSE OF STONE. SURVEY
HORIZONTAL LOCATION AND VERTICAL ORIENTATION AS WORK
PROGRESSES

7.  AFTER COMPLETION OF THE LAYER OF QUARRY SPALL ROCK
AND WITH AUTHORIZATION FROM THE COR, THE CONTRACTOR WILL
SURVEY THE FIRST COURSE OF SILL STONE TO DETERMINE THE
STRUCTURES HORIZONTAL LOCATION AND VERTICAL ORIENTATION.
THE CONTRACTOR WILL ASSESS THE HORIZONTAL AND VERTICAL
LOCATION OF THE STRUCTURE FOR COMPLIANCE WITH THE PLANS
AND SPECIFICATION, DOCUMENT THE SURVEYED STONE COURSE ON
THE PROVIDED AS—BUILT TABLE, AND SUBMIT THE PROFESSIONAL
LAND SURVEYOR STAMPED TABLE TO THE KO.

8.  WTH APPROVAL FROM THE COR BEGIN CONSTRUCTION OF THE
ARMOR STONE LAYER MAKING SURE TO MEET THE LINES AND
GRADES AS SHOWN ON THE PLANS. THE CONTRACTOR WILL
MONITOR THE STONE SILL FOR EXCESSIVE SETTLEMENT DURING
CONSTRUCTION.

9. UPON COMPLETION OF THE INSTALLATION OF ARMOR STONE
ON THE NEW STONE SILL AND WITH AUTHORIZATION FROM THE COR
CONDUCT A COMPLETED CONDITION SURVEY OF THE NEW STONE
SILL. THE CONTRACTOR WILL ASSESS THE HORIZONTAL AND
VERTICAL LOCATION OF THE STRUCTURE FOR COMPLIANCE WITH THE
PLANS AND SPECIFICATION, DOCUMENT THE SURVEYED STONE
COURSE ON THE PROVIDED AS—BUILT TABLE, AND SUBMIT THE
PROFESSIONAL LAND SURVEYOR STAMPED TABLE TO THE KO.

G. BIRD ISLANDS (STA 600 TO 615+00 AND 700 TO
13+465.77):

1. WITH AUTHORIZATION FROM THE CONTRACTING OFFICER (KO)

OR THE CONTRACTING OFFICER'S REPRESENTATIVE (COR) BEGIN
CONSTRUCTION OF THE BIRD ISLANDS

2. ALL ELEVATIONS IN FEET

S PLACE GEOTEXTILE FOR FOUNDATION

4.  PLACE TOE DIKE

S SURVEY, FILL OUT TABLE

6. INSTALL GEOTEXTILE MAKING SURE TO OVERLAP SEAMS
7. INSTALL ROCK

8. SURVEY, FILL OUT TABLE

9. PLACE FILL

10. SURVEY, FILL OUT TABLE

1. PLACE GEOTEXTILE

12. INSTALL CAPPING MATERIAL

13. SUBMIT THE COMPLETED CONDITION SURVEY OF THE BIRD

ISLANDS TO THE COR AND MAKE ANY REQUIRED ALTERATIONS TO
THE BIRD ISLANDS FOR APPROVAL.

NOTE: STONE STRUCTURES MAY BE CONSTRUCTED CONCURRENTLY
OR IN ANY ORDER
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APPENDIX B
BARREN ISLAND COASTAL ENGINEERING

ATTACHMENT — STONE SIZING CALCULATIONS



Barren Island Restoration Stone Sizing Input

Date: 12/10/2020
Computed By: MLM (USACE NAB)
Source: USACE ERDC Coastal Structure Calculator
Structure: Breakwater

Input Wave and Water Level Variables

H o 6.07|ft Wave Height at Structure Toe
T 4.12|s Spectral Peak Wave Period
h = 13.3|ft Total Depth at Structure Toe
g = 32.2|ft/s"2 Acceleration of Gravity
p= 0[deg Wave Obliquity
1 CASE
Hglhg = 0.6 Breaker Ratio for Breaker Height at x 5
Yw = 63.3|pcf Specific Weight of Water
Vr = 165.0(pcf Specific Weight of Armor
Vb = 1.0 Berm Influence Factor

Input Structure Geometry from Crest to Toe

Point X Elevation coords |[Roughness|
ft ft Ys
Leeward Structure Toe 67.36 0.16 X4, €4
Leeward End of Crest 39.24 14.22 X2, €3 0.55
Seaward End of Crest 28.44 14.22 X3, €3 0.55
Seaward Structure Toe 0 0 Xa, €4 0.55
Crest Width 10.8
cot a = 2 Seaward Slope
Vi = 0.55 Roughness
Por = 0.37 Porosity
Example Roughness Coefficients
Surface Covering ¢
Concrete or Asphalt 1
Closed concrete block 1
Grass 1
Armorflex 0.9
Small blocks over 1/25 of surface 0.85
Small blocks over 1/9 of surface 0.8
Armor rock — single layer 0.7
Armor rock — two layers 0.55

Hs/D

2.68

The breaker
Generally 0.

SWL

toe (x, e)=

7 For




Interpolation Tool to compute input values for a specific SWL at 50% CL

Desired SWL = 4 9|ft

Hydraulic oL Annual Exceeda
Parameter 0.2 0.1 0.05 0.02 0.01
SWL (1 50 8.4 10.0 11.9 14.5 17.1
90 87 10.5 12.4 15.1 17.7
Hmo (ft) 50 13 16 19 26 31
Tp (s) 50 28 2.9 3.0 32 33
50 124 44 69 217 255
A
P1 (IbP/ft2) =55 191 e 261 335 395
0 0 0 108 227
02 (Ibfiftr2) |—22
90 0 0 0 199 380
03 (1bf2) 20 340 443 562 735 904
90 406 517 636 821 990
AEP of Desired SWL 0.6536
50 40|t
SWL 90 55|
Hmo 50 0.4|ft
Tp 50 26|s
N 50 37| (b7fr2)
p1 (Ibf/it"2) ——55 58| (Ibf/ft"2)
A 50 -372|(Ibf/ft"2)
p2 (Ibi/it"2) =55 -503](Ibf/ft"2)
50 119](Ibf/ft"2)
A
p3 (Ibf/ft*2) g5 189](Ibf/ft"2)




units of weight: b
units of length A2: fth2

ratio should typically be 0.5 to 0.6.
5 applies to flat bathymetry and 0.6 is for steeper bathymetry.




nce Probability

0.005 0.0033 0.002 0.0013 0.001
19.3 20.4 214 22.2 22.6
19.8 20.7 21.7 224 229

3.6 3.9 4.2 4.4 4.7
3.4 3.5 3.6 3.7 3.8
296 325 362 391 407
457 503 560 604 629
423 550 692 791 850
650 804 979 1102 1173
1040 1105 1170 1212 1264
1121 1193 1250 1297 1338




Input for "Wall Forces" and "Wall Overtopping"” Worksheets

[CASE®

SWL

[CASE 7

Wall-Type

Plain Impe
Plain Impe
Perforated
Perforated

h, Rubibie gver
E’:d“ B RN Sy
it e i J';J AL s bl P d PRSI AT EE T TT T ET I STEET T STSS
B
Caisson or wall Input
hs 50% CL= 13.3|ft Water Depth
h, 50% CL= 18|ft Water depth at 5Hs from Wall
h' 50% CL= 18|ft Water Depth at Toe of wall
d 50% CL= 18|ft Water Depth at Base Armor Crest El
B= 0|ft Wall/Casson Width
h,= 4.7|ft Freeboard
h, = 18|ft Height of Wall
Ve = 155.0(pcf Specific Weight of Caisson
Bm = 0|ft Width of Rock Forward of Wall
Ys = 1 Wall Type Coefficient
0 Wave Type: 0 for long-crested, 1 for short

Input for "Wave Runup” and "Sloped Structure Overtopping™ Worksheets

Flooding Over Levee

n= 0.045(Mannings n for grass
tan 0 = 0.500]|rad backside slope
h, = 13.3|ft Pool Depth at Levee Toe

Input for "Stone Armor" and "Hudson Armor" Worksheets

Armor Stone Stability Input - Melby and Hughes Equation

S =

1

Zero Damage Level

N, =

5000

Number of Waves in a Storm

[CASE 1

SWL




P = 0.37 Structure Permeability
S, = 2.61 Stone Specific Gravity
B. = 10.8|ft Crest Width
Yic = 0.55 Roughness Influence Coef., Cres
Rrear = 0.92|ft Leeside Freeboard
tan ¢ = 0.500(rad backside slope
Ky = 0.100 Underlayer Weight/Armor Weigh

Concrete Stability Input -

Hudson I-Equation

H = 6.07|ft Design Wave Height
Kp = 2 Stability Coefficient
S, = 2.61 Armor Specific Gravity
A= 1.61 S, -1
Ky = 0.100 Underlayer Weight/Armor Weigh

Quarry stone

Armor Type

[cAsE 5




Coefficients for Wave Overtopping

Vs
rmeable Wall 1
rmeable Wall with Recurved Nose 0.78
front (20% hole area) and deck 0.72-0.79
front (20% hole area) and open deck 0.58







Date: 12/10/2020

Computed By: MLM (USACE NAB)

Source: USACE ERDC Coastal Structure Calculator - Delos, EurOtop
Structure: Breakwater

Input Wave and Water Level Variables from Input Sheet

Hpo = 6.07|ft Wave Height at Structure Toe
T, = 4.12|s Spectral Peak Wave Period
h = 13.3|ft Total Depth at Structure Toe
cot a = 2|ft Seaward Slope
Yw = 63.3|pcf Specific Weight of Water
V= 165|pcf Specific Weight of Armor
g= 32.2|ft/s"2 Acceleration of Gravity
B= 0|deg Wave Obliquity
S, = 2.61 Stone Specific Gravity
Hglhg = 0.6 Breaker Ratio for Breaker Height at xB
A= 1.61
R, = 0.92
B= 10.8]ft Crest Width

Computed Variables for Stability and Transmission

Hpo = 6.07(ft Significant Wave Height at Levee Toe
Lo = 86.99ft Deep Wave Length
Eop = 1.89 Surf Similarity Parameter
tan a = 0.5000 Average Slope =h/x

RJ/Hi=[ 0.1516

B/H, = 1.7792

= 1.360

=| -3.98968|ft

c = | 0.050784|ft"2

Computed Armor Size

Dpso = 2.92|ft Median Nominal Stone Size

Wgo =| 4111.42(Ib Median Stone Weight

Overtopping for Rubble Mound

K = 0.267
He= 1.620
Overtopping for Smooth Structure include oblique wave
Kt = 0.413
H,= 0.207

S, = plpw = 17w = specific gravity of stone

pr = Density of Stone

pw = Density of Water

D 50 = (V50)" = Nominal Stone Diameter

V50 = Mgolp, = Woly, = Median Volume of Armor Stone
M 5, = Median Armor Stone Mass

Armor Sizing Equations

_Hs  _ g o06 (Lj _ 5.5 [%J* e

136 D2, +|-]0.23R, + % D,, +0.06R. =0

~b+\b* —4dac

2a
H 2
a=136 b=- 0.23RC+T c=0.06 R;

ns0

Armor Sizing Equations, linearly interpolate for 8<B/Hi<12

Narrow-Berm Crests

R R, ) B\ 081 s ) B
(K) rubble = —0.40 (E) +0.64 (E) (1 —e ’) for T <38
Broad-Berm Crests
R_ B 0.65 ol B
¢ = 0. E Z _ €op or | 2 s g
(K )rubbie = —0.35 <H) +0.51 <H> (1—¢ ) for gz 12

Smooth Low-Crested Structures, Oblique Wave Incidence (/7 # 0)

. R. q 5 ;
(Kt)smooth = [,n_:zn <H> +0.75 (1 —e ”-‘iuvﬂ cos?/3 3 for &, <3




Barren Island Restoration Stone Sizing Input Input for "Wall Forces" and "Wall Overtopping” Worksheets
Date: 12/10/2020 CASE 6 |Floodwall with no flooding |
Computed By: MLM (USACE NAB) _._p[_..l
Source: USACE ERDC Coastal Structure Calculator B
Structure: Modification of Existing Sill
7 s EE
SWL A— fe
Input Wave and Water Level Variables units of weight: Ib I BE f
Hpo = 5.77|ft Wave Height at Structure Toe units of length A2: ftr2 " d hw
T, = 6.33|s Spectral Peak Wave Period e Rubbie layer
h = 14.4(ft Total Depth at Structure Toe
g= 32.2|ft/s"2 Acceleration of Gravity i ,|——_{ B
B= 0|deg Wave Obliquity
1 CASE SRRy Ii - O T e R e CASE 7 _|Floodwall with flooding |
Hglhg = 0.6 Breaker Ratio for Breaker Height at x g The breaker ratio should typically be 0.5 to 0.6. 8
Yw = 63.3|pcf Specific Weight of Water Generally 0.5 applies to flat bathymetry and 0.6 is for steeper bathymetry. *
7= 165.0(pcf Specific Weight of Armor
Vb = 1.0 Berm Influence Factor
Input Structure Geometry from Crest to Toe Caisson or wall Input
Point X Elevation coords [Roughness] hs 50% CL= 14.4|ft Water Depth
ft ft V¢ a sw h, 50% CL= 18|ft Water depth at 5Hs from Wall
Leeward Structure Toe| 59.64 224 x4, €4 h' 50% CL= 18|ft Water Depth at Toe of wall
Leeward End of Crest| ~ 37.46 1333 Xz € 0.55) d 50% CL= 18|ft Water Depth at Base Armor Crest El
Seaward End of Crest| 26.66 13.33( X3 €3 0.55 B= 0|ft Wall/Casson Width Wall-Type Coefficients for Wave Overtopping
Seaward Structure Toe 0 0 X4, €4 0.55 h, = 3.6|ft Freeboard Vs
Crest Width 10.8 hy, = 18|ft Height of Wall Plain Impermeable Wall 1
cot a = 2 Seaward Slope Ve = 155.0|pcf Specific Weight of Caisson Plain Impermeable Wall with Recurved Nose 0.78
Y= 0.55 Roughness Bm = olft Width of Rock Forward of Wall Perforated front (20% hole area) and deck 0.72-0.79
Por = 0.37 Porosity ¥s = 1 Wall Type Coefficient Perforated front (20% hole area) and open deck 0.58
toe (x, €)=(0,0) 0 Wave Type: 0 for long-crested, 1 for short
Example Roughness Coefficients
Surface Covering Ys
Concrete or Asphalt 1
Closed concrete block 1 Input for "Wave Runup" and "Sloped Structure Overtopping" Worksheets
Grass 1 Flooding Over Levee
Armorflex 0.9 n= 0.046|Mannings n for grass CASE 1 _|Uniform Slope, 1 slope |
Small blocks over 1/25 of surface 0.85 tan 6 = 0.500|rad backside slope
Small blocks over 1/9 of surface 0.8 h, = 14.4|ft Pool Depth at Levee Toe
Armor rock — single layer 0.7
Armor rock — two layers 0.55
Input for "Stone Armor" and "Hudson Armor" Worksheets
Hs/D 2.55 Armor Stone Stability Input - Melby and Hughes Equation
S = 1 Zero Damage Level
N, = 5000 Number of Waves in a Storm
P= 0.37 Structure Permeability
Interpolation Tool to compute input values for a specific SWL at 50% CL S, = 2.61 Stone Specific Gravity
Desired SWL = 4.9|ft B, = 10.8|ft Crest Width CASE 5 (Levee/Rubble Mound with flooding| |
Hydraulic oL Annual Exceedance Probability Vrc = 0.55 Roughness Influence Coef., Cre
Parameter 0.2 0.1 0.05 0.02 0.01 0.005 0.0033 0.002 0.0013 0.001 R rear = -1.07|ft Leeside Freeboard Crost
SWL (f) 50 8.4 10.0 11.9 14.5 171 19.3 20.4 214 22.2 22.6 tan ¢ = 0.500|rad backside slope
90 8.7 10.5 12.4 15.1 17.7 19.8 20.7 217 224 22.9 Ky = 0.100 Underlayer Weight/Armor Weigh
Hmo (ft) 50 1.3 1.6 1.9 2.6 3.1 3.6 3.9 4.2 4.4 4.7
Tp (s) 50 2.8 2.9 3.0 3.2 3.3 3.4 3.5 3.6 3.7 3.8 Concrete Stability Input - Hudson Equation
A 50 124 144 169 217 255 296 325 362 391 407 H= 5.77|ft Design Wave Height
p1 (bf/ft"2) 90 191 223 261 335 395 457 503 560 604 629 Kp = 2 Stability Coefficient
02 (Ibf/ft"2) 50 0 0 0 108 227 423 550 692 791 850 S, = 2.61 Armor Specific Gravity
90 0 0 0 199 380 650 804 979 1102 1173 4= 1.61 S -1
p3 (Ibffftr2) 50 340 443 562 735 904 1040 1105 1170 1212 1264 Ky = 0.100 Underlayer Weight/Armor Weigh
90 406 517 636 821 990 1121 1193 1250 1297 1338 Quarry stone Armor Type
AEP of Desired SWL 0.6536
50 4.9|ft
SWL 90 5.5|ft
Hmo 50 0.4|ft
Tp 50 26[s
A
P (b12) |55 S8l
50 -372|(Ibf/ftr2
p2 (IbfIft"2) g5 503 Elbf/ft"Z;
50 119 (Ibf/ftr2
p3 (Ibfit"2) 4, 189 Elbf/ftﬂzg




Date: 12/10/2020

Computed By: MLM (USACE NAB)

Source: USACE ERDC Coastal Structure Calculator - Delos, EurOtop
Structure: Modification of Existing Sill

Input Wave and Water Level Variables from Input Sheet

Hpo = 5.77|ft Wave Height at Structure Toe
T, = 6.33|s Spectral Peak Wave Period
h = 14.4|ft Total Depth at Structure Toe
cot a = 2|ft Seaward Slope
Yw = 63.3|pcf Specific Weight of Water
V= 165|pcf Specific Weight of Armor
g= 32.2|ft/s"2 Acceleration of Gravity
B= 0|deg Wave Obliquity
S, = 2.61 Stone Specific Gravity
Hglhg = 0.6 Breaker Ratio for Breaker Height at xB
A= 1.61
R, = 0
B= 10.8]ft Crest Width

Computed Variables for Stability and Transmission

Hpo = 5.77|ft Significant Wave Height at Levee Toe

Lo = 205.34ft Deep Wave Length

Eop = 2.98 Surf Similarity Parameter

tan a = 0.5000 Average Slope =h,/x,

R/H;=[  0.0000

B/H, = 1.8718
= 1.360
=| -3.59136|ft
c= 0]ft"2

Computed Armor Size

Dpso = 2.64|ft Median Nominal Stone Size

Wso =| 3038.39|Ib Median Stone Weight

Overtopping for Rubble Mound

K = 0.408
He= 2.356
Overtopping for Smooth Structure include oblique wave
Kt = 0.581
H,= 0.291

S, = plpw = 17w = specific gravity of stone

pr = Density of Stone

pw = Density of Water

D 50 = (V50)" = Nominal Stone Diameter

V50 = Mgolp, = Woly, = Median Volume of Armor Stone
M 5, = Median Armor Stone Mass

Armor Sizing Equations

_Hs  _ g o06 (Lj _ 5.5 [%J* e

136 D2, +|-]0.23R, + % D,, +0.06R. =0

~b+\b* —4dac

2a
H 2
a=136 b=- 0.23RC+T c=0.06 R;

ns0

Armor Sizing Equations, linearly interpolate for 8<B/Hi<12

Narrow-Berm Crests

R R, ) B\ 081 s ) B
(K) rubble = —0.40 (E) +0.64 (E) (1 —e ’) for T <38
Broad-Berm Crests
R_ B 0.65 ol B
¢ = 0. E Z _ €op or | 2 s g
(K )rubbie = —0.35 <H) +0.51 <H> (1—¢ ) for gz 12

Smooth Low-Crested Structures, Oblique Wave Incidence (/7 # 0)

. R. q 5 ;
(Kt)smooth = [,n_:zn <H> +0.75 (1 —e ”-‘iuvﬂ cos?/3 3 for &, <3




Barren Island Restoration Stone Sizing Input Input for "Wall Forces" and "Wall Overtopping” Worksheets
Date: 12/10/2020 CASE 6 |Floodwall with no flooding |
Computed By: MLM (USACE NAB) P -
Source: USACE ERDC Coastal Structure Calculator 5
Structure: Northeast Sill
7 s EE
SWL A— fe
Input Wave and Water Level Variables units of weight: Ib T T 1 f
Hpo = 5.04|ft Wave Height at Structure Toe units of length A2: fth2 " d hw
T, = 4.12(s Spectral Peak Wave Period he ' Rubble layer
h = 9.9|ft Total Depth at Structure Toe -
g= 32.2|ft/s"2 Acceleration of Gravity o, )|,.l BEEE
B= 0|deg Wave Obliquity
1 CASE TITITI IR T T Ii 7 T T T T T I I T CASE 7 _|Floodwall with flooding |
Hglhg = 0.6 Breaker Ratio for Breaker Height at x g The breaker ratio should typically be 0.5 to 0.6.
Yw = 63.3|pcf Specific Weight of Water Generally 0.5 applies to flat bathymetry and 0.6 is for steeper bathymetry. B
7= 165.0(pcf Specific Weight of Armor
Vb = 1.0 Berm Influence Factor
Input Structure Geometry from Crest to Toe Caisson or wall Input
Point X Elevation coords [Roughness] hs 50% CL= 9.9|ft Water Depth
ft ft Vs a sw hy, 50% CL= 18|ft Water depth at 5Hs from Wall
Leeward Structure Toe 45.12 0.68] x4, €4 h' 50% CL= 18|ft Water Depth at Toe of wall
Leeward End of Crest| ~ 28.64 8.92| X € 0.55 d 50% CL= 18|t Water Depth at Base Armor Crest El
Seaward End of Crest| 17.84 8.92| X3 €3 0.55 B= 0|ft Wall/Casson Width Wall-Type Coefficients for Wave Overtopping
Seaward Structure Toe 0 0 X4, €4 0.55 h, = 8.1]ft Freeboard Vs
Crest Width 10.8 hy, = 18|ft Height of Wall Plain Impermeable Wall 1
cot a = 2 Seaward Slope Ve = 155.0|pcf Specific Weight of Caisson Plain Impermeable Wall with Recurved Nose 0.78
Y= 0.55 Roughness Bm = olft Width of Rock Forward of Wall Perforated front (20% hole area) and deck 0.72-0.79
Por = 0.37 Porosity ¥s = 1 Wall Type Coefficient Perforated front (20% hole area) and open deck 0.58
toe (x, €)=(0,0) 0 Wave Type: 0 for long-crested, 1 for short
Example Roughness Coefficients
Surface Covering Ys
Concrete or Asphalt 1
Closed concrete block 1 Input for "Wave Runup" and "Sloped Structure Overtopping" Worksheets
Grass 1 Flooding Over Levee
Armorflex 0.9 n= 0.044|Mannings n for grass CASE 1 |Uniform Slope, 1 slope |
Small blocks over 1/25 of surface 0.85 tan 6 = 0.500|rad backside slope
Small blocks over 1/9 of surface 0.8 h, = 9.9|ft Pool Depth at Levee Toe
Armor rock — single layer 0.7
Armor rock — two layers 0.55
Input for "Stone Armor" and "Hudson Armor" Worksheets
Hs/D 2.63 Armor Stone Stability Input - Melby and Hughes Equation
= 1 Zero Damage Level
N, = 5000 Number of Waves in a Storm
P= 0.37 Structure Permeability
Interpolation Tool to compute input values for a specific SWL at 50% CL S, = 2.61 Stone Specific Gravity
Desired SWL = 4.9|ft B, = 10.8|ft Crest Width CASE 5 (Levee/Rubble Mound with flooding| |
Hydraulic oL Annual Exceedance Probability Yec = 0.55 Roughness Influence Coef., Cre|
Parameter 0.2 0.1 0.05 0.02 0.01 0.005 0.0033 0.002 0.0013 0.001 R rear = -0.98|ft Leeside Freeboard Crost
SWL (f) 50 8.4 10.0 11.9 14.5 171 19.3 20.4 214 22.2 22.6 tan ¢ = 0.500|rad backside slope
90 8.7 10.5 12.4 15.1 17.7 19.8 20.7 217 224 22.9 Ky = 0.100 Underlayer Weight/Armor Weigh
Hmo (ft) 50 1.3 1.6 1.9 2.6 3.1 3.6 3.9 4.2 4.4 4.7
Tp (s) 50 2.8 2.9 3.0 3.2 3.3 3.4 3.5 3.6 3.7 3.8 Concrete Stability Input - Hudson Equation
A 50 124 144 169 217 255 296 325 362 391 407 H= 5.04|ft Design Wave Height
p1 (bf/ft"2) 90 191 223 261 335 395 457 503 560 604 629 Kp = 2 Stability Coefficient
02 (Ibf/ft"2) 50 0 0 0 108 227 423 550 692 791 850 S, = 2.61 Armor Specific Gravity
90 0 0 0 199 380 650 804 979 1102 1173 4= 1.61 S -1
p3 (Ibffftr2) 50 340 443 562 735 904 1040 1105 1170 1212 1264 Ky = 0.100 Underlayer Weight/Armor Weigh
90 406 517 636 821 990 1121 1193 1250 1297 1338 Quarry stone Armor Type
AEP of Desired SWL 0.6536
50 4.9|ft
SWL 90 5.5]|ft
Hmo 50 0.4|ft
Tp 50 26[s
50 37| (Ibf/ftr2)
p1 (b"2) 55 58[(Ibf/it"2)
50 -372|(Ibflftr2
p2 (IbfIft"2) —g5 503 Elbf/ft"zg
50 119 (Ibf/ftr2
p3 (Ibfit"2) 4, 189 EIbf/ft"Z;




Date: 12/10/2020

Computed By: MLM (USACE NAB)

Source: USACE ERDC Coastal Structure Calculator - Delos, EurOtop
Structure: Northeast Sill

Input Wave and Water Level Variables from Input Sheet

Hpo = 5.04(ft Wave Height at Structure Toe
Tp= 4.12|s Spectral Peak Wave Period
h = 9.9|ft Total Depth at Structure Toe
cot a = 2|ft Seaward Slope
Yw = 63.3(pcf Specific Weight of Water
Y= 165|pcf Specific Weight of Armor
g= 32.2|ft/s"2 Acceleration of Gravity
= 0[deg Wave Obliquity
S, = 2.61 Stone Specific Gravity
Hglhg = 0.6 Breaker Ratio for Breaker Height at xB
A= 1.61
R, = 0
B= 10.8]ft Crest Width

Computed Variables for Stability and Transmission

Hpo = 5.04|ft Significant Wave Height at Levee Toe
Lo = 86.99ft Deep Wave Length
Eop = 2.08 Surf Similarity Parameter
tan a = 0.5000 Average Slope =h./x .
R/H; =[  0.0000
B/H =| 2.1429
a= 1.360
b =| -3.13699|ft
c= 0]ft"2

Computed Armor Size

Dpso = 2.31|ft Median Nominal Stone Size

Wso =| 2024.92|Ib Median Stone Weight

Overtopping for Rubble Mound

K¢ = 0.326
H, = 1.645
Overtopping for Smooth Structure include oblique wave
Kt = 0.485
H, = 0.242

S, = plpw = 17w = specific gravity of stone

p; = Density of Stone

pw = Density of Water

D50 = (Vo)™ = Nominal Stone Diameter

V50 = Msolpr = Woly, = Median Volume of Armor Stone
M 5, = Median Armor Stone Mass

Armor Sizing Equations
H R :
75:0.06(7"j 70.23[
A D n 50 D n 50

H

Ri() + 1.36
D, 5

R . p
(K¢)smooth = {70.30 (ﬁ) +0.75 <I —e O-%w»)} cos?/3 3

for

Smooth Low-Crested Structures, Oblique Wave Incidence (3 # 0)

3
Sop

2 2
136D, +|—-|023R, + —||D,, +0.06 RZ =0
A
~b+\b* —4dac
D, =
2a
H 2
a=136  b=-[023R, +— ¢ =0.06 R.
A
Armor Sizing Equations, linearly interpolate for 8<B/Hi<12
Narrow-Berm Crests
. R. /BN 5 5
(K ubble = —0.40 <H> +0.64 <§) (1 —¢ “-‘Cw) for T <8
Broad-Berm Crests
i R, 7 B 063 i
(K¢)rubble = —0.35 <ﬁ;> +0.51 <ﬁ7> (l =g &a 5"") for — > 12

< 3




Barren Island Restoration Stone Sizing Input Input for "Wall Forces" and "Wall Overtopping” Worksheets
Date: 12/10/2020 CASE 6 |Floodwall with no flooding |
Computed By: MLM (USACE NAB) P -
Source: USACE ERDC Coastal Structure Calculator 5
Structure: Southeast Sill
7 s EE
SWL A— fe
Input Wave and Water Level Variables units of weight: Ib T T 1 f
Hpo = 6.06|ft Wave Height at Structure Toe units of length A2: fth2 " d hw
T, = 5.92|s Spectral Peak Wave Period he ' Rubble layer
h = 13.2|ft Total Depth at Structure Toe -
g= 32.2|ft/s"2 Acceleration of Gravity o, )|,.l BEEE
B= 0|deg Wave Obliquity
1 CASE TITITI IR T T Ii 7 T T T T T I I T CASE 7 _|Floodwall with flooding |
Hglhg = 0.6 Breaker Ratio for Breaker Height at x g The breaker ratio should typically be 0.5 to 0.6.
Yw = 63.3|pcf Specific Weight of Water Generally 0.5 applies to flat bathymetry and 0.6 is for steeper bathymetry. B
7= 165.0(pcf Specific Weight of Armor
Vb = 1.0 Berm Influence Factor
Input Structure Geometry from Crest to Toe Caisson or wall Input
Point X Elevation coords [Roughness] hs 50% CL= 13.2|ft Water Depth
ft ft Vs a sw hy, 50% CL= 18|ft Water depth at 5Hs from Wall
Leeward Structure Toe| 58.84 012 x4, €4 h' 50% CL= 18|ft Water Depth at Toe of wall
Leeward End of Crest 34.7 11.95] Xz € 0.55) d 50% CL= 18|ft Water Depth at Base Armor Crest El
Seaward End of Crest| 23.9 11.95( X3 €3 0.55 B= 0|ft Wall/Casson Width Wall-Type Coefficients for Wave Overtopping
Seaward Structure Toe 0 0 X4, €4 0.55 h, = 4.8|ft Freeboard Vs
Crest Width 10.8 hy, = 18|ft Height of Wall Plain Impermeable Wall 1
cot a = 2 Seaward Slope Ve = 155.0|pcf Specific Weight of Caisson Plain Impermeable Wall with Recurved Nose 0.78
Y= 0.55 Roughness Bm = olft Width of Rock Forward of Wall Perforated front (20% hole area) and deck 0.72-0.79
Por = 0.37 Porosity Ys = 1 Wall Type Coefficient Perforated front (20% hole area) and open deck 0.58
toe (x, €)=(0,0) 0 Wave Type: 0 for long-crested, 1 for short
Example Roughness Coefficients
Surface Covering Ys
Concrete or Asphalt 1
Closed concrete block 1 Input for "Wave Runup" and "Sloped Structure Overtopping" Worksheets
Grass 1 Flooding Over Levee
Armorflex 0.9 n= 0.046|Mannings n for grass CASE 1 _|Uniform Slope, 1 slope |
Small blocks over 1/25 of surface 0.85 tan 6 = 0.500|rad backside slope
Small blocks over 1/9 of surface 0.8 h, = 13.2|ft Pool Depth at Levee Toe
Armor rock — single layer 0.7
Armor rock — two layers 0.55
Input for "Stone Armor" and "Hudson Armor" Worksheets
Hs/D 2.46 Armor Stone Stability Input - Melby and Hughes Equation
= 1 Zero Damage Level
N, = 5000 Number of Waves in a Storm
P= 0.37 Structure Permeability
Interpolation Tool to compute input values for a specific SWL at 50% CL S, = 2.61 Stone Specific Gravity
Desired SWL = 4.9|ft B, = 10.8|ft Crest Width CASE 5 (Levee/Rubble Mound with flooding| |
Hydraulic oL Annual Exceedance Probability Yec = 0.55 Roughness Influence Coef., Cre|
Parameter 0.2 0.1 0.05 0.02 0.01 0.005 0.0033 0.002 0.0013 0.001 R rear = -1.25|ft Leeside Freeboard Crost
SWL (f) 50 8.4 10.0 11.9 14.5 171 19.3 20.4 214 22.2 22.6 tan ¢ = 0.500|rad backside slope
90 8.7 10.5 12.4 15.1 17.7 19.8 20.7 217 224 22.9 Ky = 0.100 Underlayer Weight/Armor Weigh
Hmo (ft) 50 1.3 1.6 1.9 2.6 3.1 3.6 3.9 4.2 4.4 4.7
Tp (s) 50 2.8 2.9 3.0 3.2 3.3 3.4 3.5 3.6 3.7 3.8 Concrete Stability Input - Hudson Equation
A 50 124 144 169 217 255 296 325 362 391 407 H= 6.06|ft Design Wave Height
p1 (bf/ft"2) 90 191 223 261 335 395 457 503 560 604 629 Kp = 2 Stability Coefficient
02 (Ibf/ft"2) 50 0 0 0 108 227 423 550 692 791 850 S, = 2.61 Armor Specific Gravity
90 0 0 0 199 380 650 804 979 1102 1173 4= 1.61 S -1
p3 (Ibffftr2) 50 340 443 562 735 904 1040 1105 1170 1212 1264 Ky = 0.100 Underlayer Weight/Armor Weigh
90 406 517 636 821 990 1121 1193 1250 1297 1338 Quarry stone Armor Type
AEP of Desired SWL 0.6536!
50 4.9|ft
SWL 90 5.5|ft
Hmo 50 0.4|ft
Tp 50 26[s
A
P (b12) | —55 S8l
50 -372|(Ibf/ftr2
p2 (IbfIft"2) g5 503 Elbf/ft"Z;
50 119 (Ibf/ftr2
p3 (Ibfit"2) g, 189 Elbf/ftﬂzg




Date: 12/10/2020

Computed By: MLM (USACE NAB)

Source: USACE ERDC Coastal Structure Calculator - Delos, EurOtop
Structure: Southeast Sill

Input Wave and Water Level Variables from Input Sheet

Hpo = 6.06|ft Wave Height at Structure Toe
T, = 5.92|s Spectral Peak Wave Period
h = 13.2|ft Total Depth at Structure Toe
cot a = 2|ft Seaward Slope
Yw = 63.3|pcf Specific Weight of Water
V= 165|pcf Specific Weight of Armor
g= 32.2|ft/s"2 Acceleration of Gravity
B= 0|deg Wave Obliquity
S, = 2.61 Stone Specific Gravity
Hglhg = 0.6 Breaker Ratio for Breaker Height at xB
A= 1.61
R, = 0
B= 10.8]ft Crest Width

Computed Variables for Stability and Transmission

Hpo = 6.06(ft Significant Wave Height at Levee Toe

Lo = 179.61|ft Deep Wave Length

Eop = 272 Surf Similarity Parameter

tan a = 0.5000 Average Slope =h,/x,

R/H;=[  0.0000

B/H, = 1.7822
= 1.360
=| -3.77186|ft
c= 0]ft"2

Computed Armor Size

Dpso = 2.77|ft Median Nominal Stone Size

Wso =| 3519.92|Ib Median Stone Weight

Overtopping for Rubble Mound

K = 0.398
He= 2411
Overtopping for Smooth Structure include oblique wave
Kt = 0.558
H,= 0.279

S, = plpw = 17w = specific gravity of stone

pr = Density of Stone

pw = Density of Water

D 50 = (V50)" = Nominal Stone Diameter

V50 = Mgolp, = Woly, = Median Volume of Armor Stone
M 5, = Median Armor Stone Mass

Armor Sizing Equations

_Hs  _ g o06 (Lj _ 5.5 [%J* e

136 D2, +|-]0.23R, + % D,, +0.06R. =0

~b+\b* —4dac

2a
H 2
a=136 b=- 0.23RC+T c=0.06 R;

ns0

Armor Sizing Equations, linearly interpolate for 8<B/Hi<12

Narrow-Berm Crests

R R, ) B\ 081 s ) B
(K) rubble = —0.40 (E) +0.64 (E) (1 —e ’) for T <38
Broad-Berm Crests
R_ B 0.65 ol B
¢ = 0. E Z _ €op or | 2 s g
(K )rubbie = —0.35 <H) +0.51 <H> (1—¢ ) for gz 12

Smooth Low-Crested Structures, Oblique Wave Incidence (/7 # 0)

. R. q 5 ;
(Kt)smooth = [,n_:zn <H> +0.75 (1 —e ”-‘iuvﬂ cos?/3 3 for &, <3




Barren Island Restoration Stone Sizing Input Input for "Wall Forces" and "Wall Overtopping” Worksheets
Date: 12/10/2020 CASE 6 |Floodwall with no flooding |
Computed By: MLM (USACE NAB) P -
Source: USACE ERDC Coastal Structure Calculator 5
Structure: Southwest Sill
7 s EE
SWL A— fe
Input Wave and Water Level Variables units of weight: Ib T T 1 f
Hpo = 5.91|ft Wave Height at Structure Toe units of length A2: fth2 " d hw
T, = 4.12(s Spectral Peak Wave Period he ' Rubble layer
h = 13.3|ft Total Depth at Structure Toe -
g= 32.2|ft/s"2 Acceleration of Gravity o, )|,.l BEEE
B= 0|deg Wave Obliquity
1 CASE TITITI IR T T Ii 7 T T T T T I I T CASE 7 _|Floodwall with flooding |
Hglhg = 0.6 Breaker Ratio for Breaker Height at x g The breaker ratio should typically be 0.5 to 0.6.
Yw = 63.3|pcf Specific Weight of Water Generally 0.5 applies to flat bathymetry and 0.6 is for steeper bathymetry. B
7= 165.0(pcf Specific Weight of Armor
Vb = 1.0 Berm Influence Factor
Input Structure Geometry from Crest to Toe Caisson or wall Input
Point X Elevation coords [Roughness] hs 50% CL= 13.3|ft Water Depth
ft ft Vs a sw hy, 50% CL= 18|ft Water depth at 5Hs from Wall
Leeward Structure Toe 59.44 0.06] Xy, €4 h' 50% CL= 18|ft Water Depth at Toe of wall
Leeward End of Crest| ~ 35.18 1219 Xz, € 0.55 d 50% CL= 18|t Water Depth at Base Armor Crest El
Seaward End of Crest| 24.38 12.19( X3 €3 0.55 B= 0|ft Wall/Casson Width Wall-Type Coefficients for Wave Overtopping
Seaward Structure Toe 0 0 X4, €4 0.55 h, = 4.7|ft Freeboard Vs
Crest Width 10.8 hy, = 18|ft Height of Wall Plain Impermeable Wall 1
cot a = 2 Seaward Slope Ve = 155.0|pcf Specific Weight of Caisson Plain Impermeable Wall with Recurved Nose 0.78
Y= 0.55 Roughness Bm = olft Width of Rock Forward of Wall Perforated front (20% hole area) and deck 0.72-0.79
Por = 0.37 Porosity ¥s = 1 Wall Type Coefficient Perforated front (20% hole area) and open deck 0.58
toe (x, €)=(0,0) 0 Wave Type: 0 for long-crested, 1 for short
Example Roughness Coefficients
Surface Covering Ys
Concrete or Asphalt 1
Closed concrete block 1 Input for "Wave Runup" and "Sloped Structure Overtopping" Worksheets
Grass 1 Flooding Over Levee
Armorflex 0.9 n= 0.045|Mannings n for grass CASE 1 |Uniform Slope, 1 slope |
Small blocks over 1/25 of surface 0.85 tan 6 = 0.500|rad backside slope
Small blocks over 1/9 of surface 0.8 h, = 13.3|ft Pool Depth at Levee Toe
Armor rock — single layer 0.7
Armor rock — two layers 0.55
Input for "Stone Armor" and "Hudson Armor" Worksheets
Hs/D 2.67 Armor Stone Stability Input - Melby and Hughes Equation
= 1 Zero Damage Level
N, = 5000 Number of Waves in a Storm
P= 0.37 Structure Permeability
Interpolation Tool to compute input values for a specific SWL at 50% CL S, = 2.61 Stone Specific Gravity
Desired SWL = 4.9|ft B, = 10.8|ft Crest Width CASE 5 (Levee/Rubble Mound with flooding| |
Hydraulic oL Annual Exceedance Probability Yec = 0.55 Roughness Influence Coef., Cre|
Parameter 0.2 0.1 0.05 0.02 0.01 0.005 0.0033 0.002 0.0013 0.001 R rear = -1.11|ft Leeside Freeboard Crost
SWL (f) 50 8.4 10.0 11.9 14.5 171 19.3 20.4 214 22.2 22.6 tan ¢ = 0.500|rad backside slope
90 8.7 10.5 12.4 15.1 17.7 19.8 20.7 217 224 22.9 Ky = 0.100 Underlayer Weight/Armor Weigh
Hmo (ft) 50 1.3 1.6 1.9 2.6 3.1 3.6 3.9 4.2 4.4 4.7
Tp (s) 50 2.8 2.9 3.0 3.2 3.3 3.4 3.5 3.6 3.7 3.8 Concrete Stability Input - Hudson Equation
A 50 124 144 169 217 255 296 325 362 391 407 H= 5.91|ft Design Wave Height
p1 (bf/ft"2) 90 191 223 261 335 395 457 503 560 604 629 Kp = 2 Stability Coefficient
02 (Ibf/ft"2) 50 0 0 0 108 227 423 550 692 791 850 S, = 2.61 Armor Specific Gravity
90 0 0 0 199 380 650 804 979 1102 1173 4= 1.61 S -1
p3 (Ibffftr2) 50 340 443 562 735 904 1040 1105 1170 1212 1264 Ky = 0.100 Underlayer Weight/Armor Weigh
90 406 517 636 821 990 1121 1193 1250 1297 1338 Quarry stone Armor Type
AEP of Desired SWL 0.6536
50 4.9|ft
SWL 90 5.5]|ft
Hmo 50 0.4|ft
Tp 50 26[s
50 37| (Ibf/ftr2)
p1 (b"2) 55 58[(Ibf/it"2)
50 -372|(Ibflftr2
p2 (IbfIft"2) —g5 503 Elbf/ft"zg
50 119 (Ibf/ftr2
p3 (Ibfit"2) 4, 189 EIbf/ft"Z;




Date: 12/10/2020

Computed By: MLM (USACE NAB)

Source: USACE ERDC Coastal Structure Calculator - Delos, EurOtop
Structure: Southwest Sill

Input Wave and Water Level Variables from Input Sheet

Hpo = 5.91|ft Wave Height at Structure Toe
T, = 4.12|s Spectral Peak Wave Period
h = 13.3|ft Total Depth at Structure Toe
cot a = 2|ft Seaward Slope
Yw = 63.3|pcf Specific Weight of Water
Yr = 165|pcf Specific Weight of Armor
g= 32.2|ft/s"2 Acceleration of Gravity
= 0|deg Wave Obliquity
S, = 2.61 Stone Specific Gravity
Hglhg = 0.6 Breaker Ratio for Breaker Height at xB
A= 1.61
R, = 0
B= 10.8]ft Crest Width

Computed Variables for Stability and Trar

Hpo = 5.91|ft Significant Wave Height at Levee Toe
Lo = 86.99ft Deep Wave Length
Eop = 1.92 Surf Similarity Parameter
tan a« = 0.5000 Average Slope =h/x
RJ/Hi=[  0.0000
B/H, = 1.8274
a= 1.360
b =| -8.6785|ft
c= 0]ft"2

Computed Armor Size

Dpso = 2.70(ft Median Nominal Stone Size

Wso =| 3264.96|Ib Median Stone Weight

Overtopping for Rubble Mound

K = 0.327
He= 1.935
Overtopping for Smooth Structure include oblique wave
Kt = 0.463
H,= 0.231

S, = plpw = 1ilvw = specific gravity of stone

pr = Density of Stone

pw = Density of Water

Dpso= (Vso)”3 = Nominal Stone Diameter

V50 = Mgolp, = Woly, = Median Volume of Armor Stone
M 5, = Median Armor Stone Mass

Armor Sizing Equations

Hs _0.06 (Ri(] - 0.23 (LJ +1.36
AD"SO DnSO DnSU

Smooth Low-Crested Structures, Oblique Wave Incidence (/7 # 0)

(K¢ )smooth = {4;_30 <%> +0.75 (1 - ,r*”‘“ov)} cos?3 3 for Eop

<

2 H 2
136D, +|—-|023R, + = ||D,, +0.06 R =0
A
—bx+b* —4ac
D5 =
2a
Hy 2
a=136 b=- 0'23R"+T c=0.06 R;
Armor Sizing Equations, linearly interpolate for 8<B/Hi<12
Narrow-Berm Crests
. 1% B\ "% 0B . B
(K1) ubte = —0.40 <ﬁ) +0.64 (F) (1—e0ner) for <8
Broad-Berm Crests
. R, B\ 0% iy . B
(Ke)rubtic = —0.35 (H) +0.51 (ﬁ> (1—eouer) for gz 12

3
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Climate Change for the Mid Bay Ecosystem Restoration Project

1. Introduction
Engineering and Construction Bulletin (ECB) 2018-14 requires USACE studies to provide a qualitative
description of climate change impacts to inland hydrology and/or sea level change assessments as
necessary. The objective of this ECB is to enhance USACE climate preparedness and resilience by
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Figure 1 Barren Island Location Map
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incorporating relevant information about observed and expected climate change impacts in hydrologic
analyses for new, and existing USACE projects.

ECB 2018-14 requires at a minimum, a qualitative assessment of potential climate change threats and
impacts that may be relevant to the recommended plan for the Mid Bay Ecosystem Restoration
(hereinafter referred to as Mid Bay) Project. Mid Bay project area covers two very small islands - Barren
Island and James Island. This climate change assessment is focused on Barren Island area shown in
figure 1 above.

2. Scope of Qualitative Analysis

ECB 2018-14 stipulates that for project areas at elevations less than or equal to 50 feet NAVD88, a
determination should be made as to whether Sea Level Change (SLC) will affect flooding by increasing
(or decreasing) water surface elevation of the project area. The entire project area is affected by coastal
flooding from Chesapeake Bay and area elevation is well below 50 feet NAVD88. Therefore, SLC
assessment is necessary for Mid Bay project.

The climate assessment for SLC follows the USACE guidance of Engineer Regulation (ER) 1100-2-8162,
“Incorporating Sea Level Change in Civil Works Programs,” and Engineer Technical Letter (ETL) 1100-2-1,
“Procedures to Evaluate Sea Level Change: Impacts, Responses, and Adaptation.” ER 1100-2-8162 and
ETL 1100-2-1 provide guidance for incorporating the direct and indirect physical effects of projected
future SLC across the project life cycle in managing, planning, engineering, designing, constructing,
operating, and maintaining the federal projects. Planning studies and engineering designs over the
project life cycle, for both existing and proposed projects, will consider alternatives that are formulated
and evaluated for the entire range of possible future rates of SLC.

A qualitative analysis will provide the necessary information to support the assessment of climate
change risk and uncertainties for the Mid Bay project. The Barren Island has an area of 0.3 square mile.
For this small drainage area, riverine flooding is an insignificant issue. Therefore, riverine hydrology will
not be part of this qualitative assessments. The relevant climate variables identified for this study are
temperature, precipitation, and relative sea level rise.

According to the Fourth National Climate Assessment (4th NCA) report on Region 2, The Chesapeake Bay
watershed is experiencing stronger and more frequent storms, an increase in heavy precipitation events,
increasing bay water temperatures, and a rise in sea level. These trends vary throughout the watershed
and over time but are expected to continue over the next century.
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3. Temperature
According to 4th NCA, warming rates on the Northeast Shelf have been higher than experienced in other
ocean regions and climate projections indicate that warming in this region will continue to exceed rates
expected in other ocean regions. NOAA state summary states that the average annual temperatures in
Maryland have increased more than 1.5°F since the beginning of the 20th century (Figure 1) and
temperatures in the 21st Century have been warmer than any other period.
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Figure 2 Observed and Projected Temperature

4. Precipitation
According to 4th NCA, historical precipitation differences across regions are apparent as increases have
occurred in several regions and predominantly in the Northeast. A national average increase of 4% in
annual precipitation since 1901 mostly a result of large increases in the fall season. Annual precipitation
has increased by 5% to more than 15% in parts of the Northeast from the first half of the last century
(1901-1960) compared to present day (1986—2015).

Regional changes in flood dynamics are likely to occur as a result of perturbations to precipitation and
temperature conditions. Flood severity is a result of many interrelated factors including topography, soil
moisture, precipitation amount, precipitation intensity, land cover, and others.

According to NOAA, the observed number of extreme precipitation events (days with precipitation
greater than 2 inches) for 1950-2014, averaged over 5-year periods; these values are averages from 16
available long-term reporting stations. The dark horizontal lines represent the long-term average. The
number of extreme precipitation events has been above average during the last 10 years. The number
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of extreme precipitation events for the contiguous United States (bottom panel) is also shown to
provide a longer and larger context. Long-term stations back to 1900 were not available for Maryland.

Observed Number of Extreme Precipitation Events
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5. Sea-Level Change

SLC has been a persistent trend for decades in the United States and elsewhere in the world. Observed
and reasonably foreseeable global Sea Level Rise (SLR) means that local sea levels will continue beyond
the end of this century. In most locations, global SLR results in local relative SLR, which has already
caused impacts such as flooding and coastal shoreline erosion to the nation's assets located at or near
the ocean. These impacts will continue to change in severity. Accordingly, the risks posed by SLC
motivate decision-makers to ask: “What is the current rate of SLC, and how will that impact the future
conditions that affect the performance and reliability of my infrastructure, or the current and future
residential, commercial, and industrial development?” To better empower data-driven and risk-
informed decision-making, the USACE has developed two web-based SLC tools: Sea Level Change Curve
Calculator and the Sea Level Tracker. Both tools provide a consistent and reproducible method to
visualize the dynamic nature and variability of coastal water levels at tide gauges, allow comparison to
the USACE projected SLC scenarios, and support simple exploration of how SLC has or will intersect with
local elevation thresholds related to infrastructure (e.g., roads, power generating facilities, dunes), and
buildings. Taken together, decision-makers can align various SLR scenarios with existing and planned
engineering efforts, estimating when and how the sea level may impact critical infrastructure and
planned development activities (USACE, 2018b).

Both the Sea Level Change Curve Calculator and the Sea Level Tracker are designed to help with the
application of the guidance found in ER 1100-2-8162 and ETL 1100-2-1. The tools use equations in the
regulation to produce tables and graphs for the following three SLC scenarios:

e Low estimate, which is based on historic trend and represents the minimum expected SLC.
e Intermediate estimate.
e High estimate, representing the maximum expected SLC.

The calculator accepts user input—including project start date, selection of an appropriate NOAA long-
term tide gauge, and project life span—to calculate projected SLCs for the respective project. The Sea
Level Tracker has more functionality for quantifying and visualizing observed water levels and SLC trends
and projections against existing threshold elevations for critical infrastructure and other local elevations
of interest (USACE, 2018b).

i.  Historic and Existing Condition Sea-Level Change

Historically, the relative sea level trend for Solomon Island is 3.88 millimeters/year with a 95%
confidence interval of +/- 0.24mm/yr based on monthly mean sea level data from 1937 to 2019
which is equivalent to a change of 1.27 feet in 100 years. Details of historic trend is shown in NOAA
chart below.
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8577330 Solomons Island, Maryland 3.88 +/- 0.24 mm/yr
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Figure 4 Historic Sea Level Change for Solomon Island, MD

ii. Potential Impacts to the Project from Sea-Level Change
The following analysis evaluates potential effects on Barren Island. For the purpose of this analysis, the
following years are evaluated:

e 2025 (beginning of the Barren Island planning horizon at the completion of construction)

e 2075 (50 years into the future, representing the Barren Island future without project (FWO)
condition)

e 2125 (100 years into the future, representing the end of the Barren Island project life cycle)

Climate for which the project is designed can change over the planning life cycle of that project and may
affect its performance, or impact operation and maintenance activities. Given these factors, the USACE
guidance from ECB 2018-14, suggests that the project life cycle should be up to 100 years. For most
projects, the project life cycle starts when construction is complete which typically corresponds to the
time when the project starts accruing benefits. For some cases, however, the project life cycle starts
before construction completion, typically because these projects start getting benefits during
construction.

For the Barren Island, the project life cycle begins in 2025, when construction is planned to be
completed for any structural or non-structural improvements are made. The 2075 and 2125 conditions
could ultimately affect flooding due to SLC. Hence, SLC considerations may result in an increase in WSEL
under future conditions. The magnitude of those impacts will depend on how soon the sea rises to a
level that impacts project performance.

Sea levels are expected to rise, depending on the projected rates of rise for low, intermediate, and high
scenarios. Figure 5 shows the estimated relative SLC from 2025 to 2125, calculated with the USACE Sea
Level Change Curve Calculator, at the Solomon Island, MD Shores NOAA gauges which closest to the
Barren Island project site.
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Figure 5 Estimated Relative SLC for Solomon Island, MD

Table 1 below shows estimated USACE Low, Intermediate, and High SLC projections at Solomon Island,
MD Shores, in feet relative to NAVD88, from years 2025 to 2125. The USACE Seal level rise calculator is
available at (http://corpsmapu.usace.army.mil/rccinfo/slc/slcc_calc.html).

Table 1 Barren Island Sea Level Rise Projection

Mid Bay Barren Island Protection
8577330, Solomon’s Island, MD
NOAA's 2006 Published Rate: 0.01119 feet/yr
All values are expressed in feet relative to NAVD88
USACE USACE USACE

Year Low Int High
2025 0.28 0.38 0.68
2030 0.34 0.46 0.87
2035 0.39 0.56 1.08
2040 0.45 0.65 1.3
2045 0.5 0.75 1.54
2050 0.56 0.86 1.81
2055 0.62 0.97 2.09
2060 0.67 1.08 2.38
2065 0.73 1.2 2.7
2070 0.78 1.32 3.04
2075 0.84 1.45 3.39
2080 0.9 1.58 3.77
2085 0.95 1.72 4.16
2090 1.01 1.86 4.57
2095 1.06 2.01 5
2100 1.12 2.15 5.44
2105 1.17 2.31 5.91
2110 1.23 2.47 6.39
2115 1.29 2.63 6.9
2120 1.34 2.8 7.42
2125 14 2.97 7.96

iii. Sea Level Change Summary
Top of breawater profile elevation varies from 5.5 to __ feet NAVD88. Future with project
condition , the breakwater structure will over top at Water Surface Elevation (WSEL) elevation
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5.5 feet NAVD88. The following Table 2 shows computed WSEL for Barren Island. It shows
WSEL for different flood frequency events:

Structure

Northeast Sill

Table 2 Flood Inundation Model Water Surface Elevation for Barren Island

2-year

ft,

NAVD88

5-year

iits,

NAVD88

10-year

NAVD88

ft,

ft,

20-year

NAVD88

50-year

ft

NAVD88

100-year

ft

NAVD88

200-year

ft,
NAVD88

500-year

ft,
NAVD88

year

ft,

1000- ‘

NAVD88

2000- 5000-

year year

ft, iits,

NAVD88 NAVD88

10000-
year

ft,
NAVD88

Modification of Existing Sill 0.85 1.72 2.15 2.63 4.07 4.62 5.22 6.32 6.98 7.50 8.05 8.39
Southwest Sill 0.85 1.72 2.15 2.64 4.08 4.62 5.18 6.23 6.88 7.38 7.93 8.26
sill 0.85 1.71 2.14 2.63 4.14 4.70 5.29 6.34 7.02 7.54 8.10 8.45

Breakwater
Lowest WSEL

Elevation

0.85

1.72

2.15

2.63

4.10

4.64

5.21

6.23

6.89

7.40 7.95

8.29

The breakwater structure is designed for the 50-year flood. The top of the breakwater wall is at
5.5 feet NAVD88. Therefore, when relative seal level change exceeds 5.5 foot, the breakwater
starts overtopping and flooding of protected area begins.

Table 3 USACE Sea Level Rise Scenarios

_No flooding will occur during these conditions (WSEL less than or equal to 5.5 feet NAVD88)

Year 2020 2025 2025 2025 2075 2075 2075 2125 2125 2125
USACE Sea Level Rise Scenarios None Low Medium High Low Medium High Low Medium High
Sea Level Rise, ft 0 0.28 0.38 0.68 0.84 1.45 3.39 1.4 2.97 7.96
Recurrence Interval Percent Chance Water Surface Elevations plus Sea Level Rise, ft (Top of Protection 5.5 ft NAVD8S8)
Exceedance
10000-year 0.01 8.3 8.5 8.6 8.9 9.1 9.7 11.6 9.7 11.2 16.2
5000-year 0.02 7.9 8.2 8.3 8.6 8.8 9.4 11.3 9.3 10.9 15.9
2000-year 0.05 7.4 7.7 7.8 8.1 8.2 8.8 10.8 8.8 10.3 15.3
1000-year 0.1 6.9 7.2 7.3 7.6 7.7 8.3 10.3 8.3 9.8 14.8
500-year 0.2 6.6 6.9 7.1 7.7 9.6 7.6 9.2 14.2
200-year 0.5 5.8 6.0 6.6 8.5 6.5 8.1 13.1
100-year 1 6.0 7.9 5.9
50-year 2
20-year 5
10-year 10
5-year 20
2-year 50
Flooding will occur during these conditions (WSEL greater than or equal to 5.5 feet NAVD88)
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1 INTRODUCTION

This report documents the geotechnical design aspects of the Barrenlsland project. As the design
progresses, this report will be updated to include documentation for the geotechnical design. This
report includes information on the subsurface exploration program, foundation conditions, and the
design cross sections. Items highlighted in yellow indicate portions of the report which will be updated
at further stages of deign.

2 SUBSURFACE EXPLORATIONS

Three separate subsurface investigations have been performed for the project. The first was performed
in 2001 as part of a reconnaissance study, investigating the possibility of constructing a 1000 - 2000 acre
island for dredged material disposal and beneficial use. The secondinvestigation was performed in 2004
as part of a similar beneficial use of dredged material study that was finalized in 2008. The current round
of exploration was performed in 2020 as part of the present study.

2.1 PREVIOUS SUBSURFACE EXPLORATION

2.1.1 2001 Investigation (for 2002 Reconnaissance Study)

The Maryland Port Administration (MPA) commissioned a preliminary geotechnical reconnaissance
study for a beneficial use of dredged material project at the west side of Barrenlslandin 2001. The
study had three primary goals (E2CR, 2002, p. 3):

i) “Evaluate the geotechnical conditions at the site, especiallyalong the proposed dike
alignments;”

ii) “Designa stable dike section for the site in order to establish a preliminary cost estimate
for construction;”

iii) “Evaluate the availability of suitable borrow material (sand) at the site, for the
construction of the dike.”

A total of 18 soil borings were collected for the study. All of the borings were located west of the
existing Barrenlsland. Depths for the borings ranged from 35 to 70 feet. Laboratorytesting on the
samples included consolidated undrained testing, unconfined compression testing, consolidation
testing, and grainsize analysis including Atterberg limits. The study concluded that the site contained a
sufficient quantity of suitable borrow material. The study also concluded that the majority of the site
had suitable foundation conditions for the proposed dike construction, but portions of the site would
require foundation removal and replacement.

2.1.2 2004 Investigation (for 2008 Feasibility Study)

In 2004, twenty-seven (27) borings were completed offshore of BarrenIslandto investigate the
subsurface conditions for a proposed island similar to the proposed island in the 2002 study. The borings
collected in 2004 were intended to supplement the borings collected as part of the 2002 study. Testing
consisted of grainsize analysis, Atterberg limits, and water contents. By 2008, the U.S. Army Corps of
Engineers (USACE), along withthe MPA, completed the feasibility study, Mid-Chesapeake Bay Island



Ecosystem Restoration Integrated Feasibility Report and Environmental Impact Statement (USACE,
2008). The plan formulation changed. In the 2008 study, a site adjacent to James Island was selected for
large ecosystem restoration (2072 acres) and a much smaller ecosystem restoration (72 acres) at Barren
Island was formulated. The proposed plan at Barrenlsland consisted primarily of shoreline protection
with stone sills, the creation of wetlands behind the stonesills, and a breakwater. Additional borings to
support the design of the proposed features were not collected.

2.2 2020 SuBSURFACE EXPLORATION (FOR CURRENT STUDY)

A combined geotechnicalinvestigationfor James and BarrenIsland commenced in April 2020 and was
completed in January2021. The geotechnical investigation was developed to determine the engineering
properties of the foundation materials along the alignment proposed in the 2008 Feasibility Report. In-
situtesting included standard penetrationtesting, dilatometer testing, cone penetration testing, vane
shear testing, and collection of 5 inch diameter undisturbed tube samples. Samples collected during
standard penetration testing were sent to the USACE soils laboratoryat Ft. McHenry, Maryland. Shelby
tubes were sent to the USACE soils laboratory at Savannah, Georgia.

The testing plan included collection of cone penetrationtests at 500 ft increments along the Barren
Island shoreline, 1000 ft increments along the proposed breakwater south of Barrenlsland, and some
west of the proposed breakwater. All other tests were performed at the same location as one of the
cone penetration tests. Clusters of tests at the same location allow direction correlation of results from
one type of test toanother. Upon completion of the majority of the investigation, the alignment for the
proposed breakwater was changed. Because the drill crew was stillworking at James Island, additional
standard penetration borings and vane shear tests were added to the investigationto collect data along
the updated alignment. The entire geotechnical investigation for Barrenlslandincluded:

1. 45 Cone Penetration (CPT)

12 Dilatometer (DMT)

17 Standard Penetration Borings (SPT)

4 Shelby Tube Samples at 3 separate locations
17 Vane Shear at 11 separate locations (FVS)

uewnN

A boring location plan as well as logs for all of the tests are included in the attached appendices.

3 FOUNDATION CONDITIONS

Foundation conditions were determined using the results of the extensive field exploration and
laboratory testing program. Geologic strata, strength, and compressibility characteristics of the
foundation material were determined using multiple methods.

3.1 IN-SITUTESTING

Index property testing of the samples obtained from the SPT testing verified the material properties
from the CPT and DMT tests. All logs were used to develop geologic profiles along the proposed
alignment. In-situ testing for the strength of the foundation materials consisted of SPT, CPT, DMT, and
FVS tests. Where tests were clustered together, correlations for all tests were plotted on top of each
other and collectively used to determine the strength of the foundation materials.



3.2 STRATA AND GEOLOGIC PROFILES

CPT testing provided the most comprehensive data on the subsurface stratigraphy. To verify the soil
behavior types determined from the CPT testing, a total of 10 borings, each to a depth of approximately
60 ft, were collected at the same location as 10 of the CPT tests. Two commonly computed CPT soil
behavior types were determined. The first relates the soil behavior type to the friction ratio and cone
resistance (f,/g.and q.) and the second relates the soil behavior type tothe corrected cone resistance
and the pore pressure ratio (g: and Au/(qg: —up) ) (FHWA, 1988, p. I1: 63). Upon inspection of the SPT logs,
it was clear that soil behavior type based on the pore pressure ratio corresponded better to the
collected samples. By comparing the laboratory testing results to the CPT soil behavior types, the
following correlation between soil behavior type and gradation was developed:

CPT Soil Behavior Type Corresponding USCS
Classification Classification
(Pore Pressure Parameter)
2,3,4 CL,CH, ML
5,6,7,8 SM
9 SM, SP-SM

3.2.1 Stratum 1:Silt

This stratum is encountered primarily at the existing mudline and canalso be found underlying Stratum
2: Silty Sand and Clayey Sand. This stratum consists primarily of non-plastic silts of low strength. The sail
behavior type (SBT) is generally between 2 and 4, indicating the silts behave in an undrained manner.
Shear strengths outside of the footprint of the historic island are generally quite low, in the range of
approximately 50 psf to 200 psf. Blow counts range from weight of hammer (WOH) to four (4). Shear
strengths within the historic footprint of the island are higher (300 psf and higher).

3.2.2 Stratum 2:Silty Sand and Clayey Sand

This stratum is the primary stratum that underlies the entire site. This stratum consists of silty sands and
clayey sands, with varying fines contents. Almost no clean sands were encountered. The SBTis generally
between 5 and 9. Increasing SBT indicates decreasing fines content. This stratum has a wide range of
thicknesses and can be found interspersed with Stratum 1: Silt. Blow counts range from WOH to thirty-
nine (39). Correlatedfriction angles vary from as low as thirty (30) degrees toas high as fifty (50)
degrees, but these values were not directly used in the analyses. Refer toSection 3.4 for more details.
This stratum is underlain by Stratum 3: Clay.

3.2.3 Stratum 3:Clay

The stratumis found in almost every log. It consists of lean clay and fat clay, with an average plasticity
index of approximately 25. This stratum is usually encountered at depths around 30 ft, but can be found
in depths as shallow as 22 ft. Pockets of silty sand were encountered in a few boreholes. The strength of
this stratumvaries, but all of it is overconsolidated. Blow counts range from WOH to seventy-one (71).
Shear strengths inthis layer are generally over 1000 psf and increase with depth, up to approximately
10,000 psf for the depths measured.

3.3 UNDRAINED SHEAR STRENGTH DETERMINATIONS

Undrained shear strengths were determined using all of the available data (SPT, CPT, DMT, and FVS)
except SPT data. Data from CPT tests was calibrated with the FVS data to determine correlation



coefficients for undrained shear strength. Shear strengths derived from the dilatometer data and blow
counts were plotted on top of the CPT data. At every CPT location, plots were created showing the shear
strengths calculated from each method. Blow counts were ultimately not correlatedto undrained shear
strengths because of the wide range of shear strengths one blow count represents.

3.3.1 Field Vane Shear

Field vane shear was the basis against which undrained shear strengths fromall other in-situ testing
were calibrated and compared. Fifteen (15) vane shear tests were performedat eleven (11) separate
locations. All of these locations coincided with SPT testing. Six of the locations coincided with CPT testing
and four of these locations coincided with DMT testing. FVSwas primarily collected in depths of less
than 20 ft to verify the strengths inthe shallow layers most important tothe slope stability analysis, but
a few tests were performed to verify strengths inthe foundation clays.

Gradation analysis and Atterberg limit testing was performed for the samples collected during the
associated SPT testing. With the exception of samples taken at B-246, all tested samples in depths less
than 20 ft had a plasticity index less than 16. All samples tested at depths greaterthan 20 ft had a
plasticityindex between 20 and 25. Undrained shear strengths were corrected using the Bjerrum
correction (Duncan, 2014, p. 67) factor. Because none of the materials were highly plastic, the corrected
shear strengths are very close to the uncorrected shear strengths.

Samples collectedin Stratum 1: Silt were either nonplastic or had a low plasticityindex (Pl <=10). Care
must be taken interpreting results of in-situ testing of low-plasticity silts because it is difficult to assess
whether the tests are determining drained behavior, undrained behavior, or something in-between
(Duncan, 2014, p. 52). CPT soil behavior types indicate the soil was behaving in an undrained manner.
Strength used for slope stability analysis were determined by taking into consideration the results of all
in-situ testing, and are discussedin Section 5.7.



Boring | Associated | Depth | Elevation | USCS, Uncorrected | Bjerrum | Corrected
DMT/CPT [ft] [ft, Plasticity Shear Correction Shear
NAVDS88] | Index Strength Factor Strength
(psf) (psf)
B-201 None 7 -9.7 CL * 40 1.0 40
8 -10.7 CL * 20 1.0 20
41 -43.7 CL, 25 2320 0.9 2090
B-224 CP-224, 35 -41.6 CL, 24 4220 0.9 3800
DMT-206
B-227 CP-227 6 -15.5 CL * 200 1 200
30 -39.5 CL 21 5200 0.9 4680
B-230 CP-230 4 -10.4 CL* 40 1.0 40
14 -20.4 SC, 3 40 1.0 40
B-232 CP-232, 13 -20.1 SC, 16 340 1.0 340
DMT-205
B-244 CP-244, 7 -12.1 ML, 10 100 1.0 100
DMT-201
B-246 CP-246, 7 -12.1 CH, 31 100 0.9 90
DMT-212
B-302 None 6 -14.8 + 1000 1.0 1000
B-303 None 6 -14.7 + 1180 1.0 1180
B-304 None 4 -11.9 + 1230 1.0 1230
B-305 None 10 -17.5 + 940 1.0 940

*Not enough sampleto run PI.
+Sample has not been testedyet.

Table 1: FVS Summary

332 CPT

Two different methods were used to calculate the undrained shear strengthfor soil having a SBT below
4. The first method is the Nkt method in which shear strengthis determined according to the following
equation:

S, = undrained shear strength

_ 4t~ 0yo
Sy="7""

q: = corrected cone tip resistance
Niet

0,, = total vertical stress
Ny = correlation coef ficient

The second method correlates the excess pore pressure to the undrained shear strength according to
the following equation:



Au Au = excess pore pressure

5= N

Ny, = pore pressure parameter

The first method requires an estimate of the total vertical stress. Soil unit weights were estimated using
the correlation presented by Mayne (Mayne, 2010, p. 4).

Values of both correlation coefficients were varied until the shear strengths computed from the CPT
data most closely matched the shear strengths computed from the vane shear data. For the Nkt
method, two values provided best fit. Best fitin Stratum 1: Silt was found using Nkt =20. Best fitin
Stratum 3: Claywas found using Nkt = 11. Best fit using the pore pressure method of computing
strengths was found using N, = 8 and did not require different parameters in the two different strata.

Attachment G includes the plots used to calibrate the CPT data against the FVS data. The CPT logs
provided in Attachment Cinclude the measured CPT data and basic index parameters. Attachment H
includes plots of the correlated shear strengths.

333 DMT

Undrained shear strengths were computed from the DMT results using the WinDMT program. Shear
strengths were determined for all testing intervals with an |y (materialindex) less than 0.6. The program
uses the following equation:

S, = undrained shear strength

Sy = 0.220",(0.5k)125 o', = ef fective vertical stress

kp = horizontal stress index

The program computes unit weights for materials using Marchetti’s relationship between |, andthe
dilatometer modulus (Ep) (FHWA, 1988, p. l11: 4.19). DMT logs are provided in Attachment D and include
measured DMT data, calculated intermediate parameters, and computed shear strengths. Shears
strengths derived from the DMT are also plotted against shear strengths derived from the CPT data in
Attachment H.

334 SPT

A single blow count from anSPT test covers a wide range of shear strengthvalues. Ablow count of less
than N=1 (WOH or WOR) covers strengths between approximately 0 psf and 800 psf. In every case, a
blow count greater thanor equal to 1 will provide an adequate factor of safetyagainst slope failure.
Unfortunately, many of the blow counts were less than 1. Enough FVS and CPT data was collected so
that shear strengths did not have to be determined with blow counts.

3.4 DRAINED SHEAR STRENGTH DETERMINATIONS

Drained shear strengths were determined primarily from SPT and DMT testing. For the few SPT borings
where a CPT was not also performed at the same location, drained shear strengths were determined
from blow counts.
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341 CPT

Two different methods were used to calculate the friction angle for soil having a SBT greaterthan4.
Both friction angles are effective stress friction angles for triaxial compression. The Kulhawy and Mayne
(Kulhhawy., 1990, p. 4.15) approximation was computed according to the follow equation:

@rc = Friction angle (triax. compression)

q. = tip resistance

!

@rc =tan™1[0.1+ 0.38 * log( i )]
T vo o',, = ef fectivevertical stress

The Robertsonand Campanella correlation, as reported by Duncan (2014, p. 48) was computed
according to the follow equation:

q
o,

vo

c All variables same as above.
!

Dre = tan‘l[L [log(—-)] + 0.29]

2.68

While the use of the triaxial compression friction angle is almost always conservative, care must be
taken when using these correlations for sands with high fines contents. Both of these methods are
based on laboratory testing of unaged and uncemented sands, primarily low to medium compressibility
sands with little fines (Kulhhawy., 1990, p. 2.30). Because nearly all the sands at Barrenlslandare ilty or
clayey, friction angles were reduced to account for the decreasein strength due to the presence of fines.

342 DMT

Drained shear strengths were computed from the DMT results using the WinDMT program. Friction
angles were determined for all testing intervals with an Iy (materialindex) greater than 1.2. The program
uses a complex iterative procedure which does not lend itselfto hand or spreadsheet computation. The
procedure is documented in (FHWA, 1988, p. 4.28). The program reports the plane strainfriction angle,
which is different than the friction angle computed with the CPT correlations. To convert the plane
strainfriction angle to the triaxial compression friction angle, the following equation from (FHWA, 1988,
p. 5.14) was used:

Dps—32

(DTC = Q)ps _( 3
®TC = Q)ps fOT' sts 32

) for @ps > 32 @rc = triaxial compression friction angle
@,s = plane strain friction angle

343 SPT

A short portion of the southeast sill and the breakwater will be constructed where thereis no CPT data.
As of the 35% design, the location and extent of these reaches are still being changed. This section will
be updated at the 65% design level to discuss SPT and friction angle correlations.

3.5 LABORATORY TESTING

As of the 35% design, laboratory strengthtesting of the undisturbed samples is ongoing. This section will
be updated at the 65% design level to discuss the results of the laboratory testing.
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3.6 COMPRESSIBILITY CORRELATIONS

DMT tests provide one of the best sources of compressibility and deformation characteristics of in-situ
soil. At every testing interval, the DMT provides an estimate of the in-situ elastic modulus at in-situ
effective stress. Similarly, correlations can be usedto determine the elastic modulus with CPT data,
though DMT is generally recognized as providing better estimates of elastic modulus.

The constrained modulus was computed from the DMT data using the WinDMT program, which
computes it according to the following formula:

M = constrained elastic modulus
M =Ry * Ep Ry, = correlation coef ficient
Ep = dilatometer modulus

Equations for the correlation coefficient can be found in FHWA 1988 (l11: 4.43). Using the CPT data, the
constrained modulus canbe correlatedto the cone resistance:

M= ax*q, a = correlation coef ficient

For each DMT test that was performed, there was alsoa corresponding CPT test. The moduli computed
using the CPT and DMT test were plotted against each other for each of the 12 DMT tests. Assuming that
the values derived from the DMT were more accurate, values of the a coefficient were varied to provide
the best agreement between the twotests. It was found that one value of a provided good agreement
for drained soils, and two values of a provided good agreement for undrained soils. The two values for a
corresponded to the two different strata of undrained soils: Stratum 1: Silt and Stratum 3: Clay. This is
because the DMT data does a much better job at accounting for the stress historyand corresponding
elastic properties. The CPT data does not directly account for variations in over-consolidation ratioand
their effect on compressibility characteristics. Insummary, the best-fit a values were:

Qarained =9
Xundrained, silt — 6

Xundrained, clay = 17

Values of a are independent of units used because units for the modulus and the cone resistance are the
same.

4 CROSSSECTION DESIGN

Cross sections were designed according to procedures established in the Shore Protection Manual and
EM 1110-2-2903: Design of Breakwaters and Jetties. The coastal engineer provided critical design
parameters. Geotechnical aspects of the designincluded armor stone geometry, underlayer design, and
foundation filter design.
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41 DESIGN PROCEDURE

The design of the cross sections for all structures followed the guidance of the Shore Protection Manual
and EM 1110-2-2903: Design of Breakwaters and Jetties. EM 1110-2-2903 provides a comprehensive
design procedure for the design of rubble-mound structures. The manual provides recommendations for
rubble-mound structures subject toseaward wave exposure with zero-to-moderate overtopping and
structures with wave exposure from both sides with moderate overtopping. In the long-term, the
majority of structures on Barrenlsland will not be subject to waves from both sides, but because the
construction sequencing will subject the structures towaves on both sides for many years, the cross
sectionfor wave exposure from both sides was selected as the basis for design. Figure 1 is the cross
sectionfrom the manual.

Crest Width
Breakwater Cresf,;

Max. Design SWL
.

Swt {Minimum) SWL (Minimum)

i

Figure 1: Rubble-Mound Section for Wave Exposure from Both Sides with Moderate Overtopping
(USACE, 1986, p. 4.13)

Some modifications had to made to the cross section for the conditions at BarrenIsland. The typical
cross sections are for traditional high-crested breakwaters. At BarrenIsland, the coastal engineer
recommended a more shallow structure. Given the shallow height of the structures, incorporating
multiple underlayers was not practical. For every section except the breakwater section, the core and
bedding layer was designed sothat it could also meet filter requirements for the armor stone,
eliminating the need for a separate underlayer.

4.2 COASTAL CONSIDERATIONS

The coastal engineer separated the BarrenIsland alignment into five distinct sections based on the
coastal climate and the existing structures: NortheastSill, Existing Sill, Southwest Still, Southeast Sill, and
Breakwater. For eachsection, the coastal engineer provided the crest elevation, crest width, armor
stone size, number of armor stone layers, and armor stone slopes. Random placement was specified for
all armor stone sections.
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Reach Crest Elevation | Crest Width | ArmorStone | Number of Armor Stone
(ft, NAVDS8S8) (ft) W5, (lbs) Armor Units Slope
Northeast Sill 3.52 10.8 2100 2 2H:1V
Existing Sill 3.52 10.8 3500 2 2H:1V
Southwest Sill 3.52 10.8 3500 2 2H:1V
Southeast Sill 3.52 10.8 3500 2 2H:1V
Breakwater 5.52 10.8 4200 2 2H:1V

Table 2: Coastal Reaches and Parameters

4.3 ARMORSTONE DESIGN

EM 1110-2-2903 and the Shore Protection Manual gointo great detail on the engineering design of
cover layers. They present several alternatives and design methods for the alternatives. Rubble mound
structures are the most common. Based on previous experience with armored slopes at Poplar Island,
the coastal engineer selected a rubble mound structure for the design.

The manual specifies that armor stone slopes shall be no steeperthan 1.5 Horizontal : 1 Vertical (1.5:1)
(USACE, 1986, p. 4.11). The existing structures at BarrenIsland were built with 1.5:1 slopes. Given that
the structures were built between 2003 and 2009 and are still standing with little damage, it canbe
surmisedthat 1.5:1slopes are indeed stable. Typically, selection of the side slopes is based on a cost
optimization of the structure. The coastal engineer decided not to optimize the parameters of the
structure, andselected a 2:1 side slope for both sides of all structures.

Crest elevationand width of the structures were specified by the coastal engineer. Typically, at the
beginning of the design, the coastal engineer selects a design wave height which will reduce the wave
climatein the lee of the structure toan acceptable limit. For the current design, the coastal engineer
specified the crest elevation corresponding to total water level (TWL) elevations at varying recurrence
intervals. EM 1110-2-2093 specifies that the armor stone should be extended downslope to an elevation
below minimum still water level (SWL) elevation of 1.5 times the design significant wave height (see
Figure 1). Given the shallow elevation of the structures and the design wave heights, the armor stone
was extended all the way down both slopes. The armor stone was also selected for the toe of the
structures for the same reasons.

4.4 UNDERLAYER DESIGN

According to EM 1110-2-2093, the first underlayer shall be at least two stones thick and be 1/10t the
weight of the armor stone (USACE, 1986, p. 4.16). With the shallow height of the structures and
relatively large thickness of armor stone, a first underlayer is impractical for every section except the
breakwater. The breakwater was designed with core stone that serves as both the underlayer and the
core stone. For the remaining structures, there were two options to consider. The structure could be
built as one large section of armor stone or the core could be built out of the same material as the
bedding layer. Filter requirements would have to be met between the bedding layer and the armor
stone. For the 35% design, the bedding was chosen to serve as the core stone too. Further analysis of
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proposed cross sections at the 65% design level will be examined to determine if it is better tobuild the
core out of armor stone too for constructability concerns.

4.5 FOUNDATION FILTER DESIGN

The foundation along the alignment changes and is either silty sand or silt, as indicated on the geologic
profiles provided in Attachment F. EM 1110-2-2093 recommends the use of a bedding layer. The
bedding layer serves many purposes including protecting the structures from excessive settlement
resulting from leaching, protecting the foundation of the structures from undermining, and also
preventing damage to geotextiles used as foundation filter blankets (USACE, 1986, p. 4.16). The manual
recommends a protective layer of quarry spalls between4 and 7 inches in diameter. Filter criteria must
be met betweenthe quarry spalls and adjacent stone according to the following equation (USACE, 1986,
p. 4.17):

Dis (rittery < Dgs (roundationy Where D = diameter of percent passing

Preliminary calculations at the 35% design indicated that filter criteria can be achieved between the
armor stone and quarry spalls close to the recommended size. Slight adjustment of the size range may
be necessarytomeet filter criteria. The 65% design will include a gradation of the quarry spalls designed
to meet filter criteria for all armor stone sizes. Each cross section has a one-foot layer of quarry spalls. If
the size of the quarry spalls is increased, the corresponding thickness on the cross sections may need to
be increasedto insure that the thickness is no less than 1.5 times the mean grainsize diameter.

The manual alsorecommends use of a geotextile filter when the foundation is a cohesive material. A
coarse gravel may also be required for cohesionless foundation materials sothat waves and currents
acting on the bottom of the structure do not disturb the foundation. A geotextile was chosen for
foundation filtration. The exact specifications are yet to be determined, but will closely reflect the
geotextiles usedat Poplar Island. The foundation geotextile used at Poplar Island has an apparent
opening size corresponding to the #70 sieve and is rated for an AASHTO survivability index of Class 1. In
recent years, finding a Class 1 geotextile with such anapparent opening size has been difficult. During
the next phase of design, potential sources of geotextile will be investigated.

4.6 SLOPESTABILITY ANALYSIS

Slope stability analysis was conducted with Slope/W in accordance with EM 1110-2-1902: Slope Stability
(USACE, 2003). Critical cross sections for each coastal reach were identified. At eachlocation, simplified
soil profiles were generatedandthe proposed structures were modeled. The analysis revealed areas of
poor foundation conditions which are incapable of supporting the proposed structures.
Recommendations are provided if the structures needto be built on the poor foundation.

46.1 Design Conditions and Methods

EM 1110-2-1902 identifies four design conditions for which slope stability should be evaluated: end-of-
construction, long-term, maximum surcharge pool, and rapid drawdown (USACE, 2003, p. 3.2). The
manual was primarily written for stability analysis of dams and levees, but can also be applied to coastal
structures. The proposed structures at Barren Island will not be subjected to pools and rapid
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drawdowns. Only end-of-construction and long-term conditions are applicable. Past experience with
design of coastal structures at Poplar Island indicates the most critical design condition is the end-of-
construction condition. For the 35% design level, only end-of construction design conditions were
analyzed. Ongoing triaxial testing on the undisturbed samples at Barren Island will provide betterinsight
into the long-term (drained) properties of the cohesive foundation soils. Analysis for long-term
conditions is not expected to dictate the design, and results of the long-term stability analysis will be
included for the 65% level of design.

The Slope/W program was selected to perform the stability analysis. Slope/W gives several options for
analysis method (for example Morgenstern and Price, Spencer, Bishop, Janbu). Each of the analysis
methods employ different assumptions for inter-slice forces so that the resulting system of equations
can be solved. Some methods satisfy all conditions of conditions of equilibrium (sum of horizontal
forces, sum of vertical forces, and sum of moments) and some methods don’t. A study by Duncan and
Wright concluded that all methods which satisfyall conditions of equilibrium result in a factor of safety
within +/- 5% (Duncan., 1980). For this analysis, Spencer’s method was selected. Spencer’s method
satisfies all conditions of equilibrium.

4,6.2 Identification of Critical Sections

At least one cross section for each of the reaches identified by the coastal engineer was selected for
slope stability analysis. Locations were selected by inspection of the plots of strength correlations at
each CPT location, as shown in Attachment H. The worst locations for foundation strengthare the
locations which have thick layers of low-strength cohesive materials close to the ground surface.
Cohesive materials were not encountered at the surface for the entire alignment. Near the northwest
end of the project, the surficial geology is composed of silty sands, as indicated on the geologic profiles
in Attachment F. Such locations were expectedto yield acceptable factors of safety against slope failure,
but slope stability analysis for these reaches was also performed.

4.6.3 Piezometric Line

Selection of pore water pressure conditions can have a significantimpact on the computed factor of
safety. While pore water pressure conditions don’t affect the strengths of materials assumedto behave
in an undrained matter, they decrease the strengths of cohesionless materials. Water pressures acting
on the face of the proposed structures canalso provide stabilizing forces on the structure which change
as the water level changes. It’s not immediately clear which water level is most conservative.

A series of analyses was performed to examine the effect of the water level on the factor of safety.
Water levels were varied between mean lower low water (MLLW) and mean higher high water (MHHW)
for two different foundation conditions: one with a cohesive foundation and one with a cohesionless
foundation. Inboth cases, the same stone structure was modeled. In both cases, the lowest factor of
safety was found using the lowest water elevation. For all subsequent analyses, a water elevation
corresponding to MLLW (El. -1.2 NAVD88) was selected.

4.6.4 Material Properties

Material properties for the foundation were interpreted from the DMT and CPT correlations provided in
Attachment H. A simplified soil profile was created at each CPT location a stabilityanalysis was
performed. The soil profiles canbe seenon the slope stability figures provided in Attachment K. The soil
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profile consisted of drained layers with an effective stress analysis (c=0 and ¢), and undrained layers
with a total stress analysis (¢ = 0 and c). Unit weights were estimated from the CPT logs and the
correlation from Mayne. (2010). Soil unit weights correlated well with strengths. Higher unit weights
were found in higher strength materials and lower unit weights were found in lower strength materials.
Unit weights derived from the CPT and DMT correlated well.

Undrained shear strengths were used for the undrained analysis. The undrained shear strengths on the
CPT plots were calibrated against the vane shear tests and corrected according to the Bjjerum
correction, so they could be directly usedin analysis. Layers with different shear strengths were
identified and the average strength value from available correlations was used. In most cases, this
meant that the average strength value from the Nkt and NAu correlations was used. When there was
alsoDMT data, the shear strength fromthe DMT data was also considered.

Drainedshear strengths were also determined from the CPT and DMT correlations. Layers were
identified based on trends in the correlated friction angle, but layers were not as distinct as the
undrained layers. The correlations showed that the friction angle varied over short distances. Toerron
the side of conservatism, peaks in the friction angle with depth were ignored and values used were the
low to average values. To correct for the fact that the correlations were derived from mostly clean sand,
friction angles were further reduced by 2 degrees. There is precedent to suggest that with increasing
fines, the peak friction angle decreases, but 2 degrees was a judgement call after consulting Chapter 2 of
(Kulhhawy., 1990). Most discussion on the topic primarily deals with the effect of soil compressibility on
correlations between cone tip resistance andrelative density. However, fines content correlates directly
with soil compressibility and relative density correlates directly with friction angle. Friction angles for
drained layers were capped at 40 degrees.

Because the proposed structures consist entirely of stone, they were all modeled as one region. Stone
was assigned a unit weight of 125 pcf (pounds per cubic foot) and a friction angle of 40 degrees. Tensile
strengths from any geotextiles were ignored. The geotextile is intended to provide filtration between
the foundation and stone materials. While it can provide strengthtothe dike, potential damage during
constructionand degradation of the geotextile could minimize or eliminate the potential strength.

46.5 Bearing Capacity Analysis

Bearing capacityis not generallythe critical failure mechanism for embankments and similar structures.
Bearing capacity was computed for the Northeast Sill section while investigating alternatives for
foundation removal and replacement. Bearing capacity analysis for the northeast sill and select sections
will be included with the 65% design report.

46.6 Slope Stability Results and Recommendations

Slope stability was calculated for each reach. Early analysis of CPT data revealed extremely poor
foundation conditions for the southernmost extent of the breakwater alignment provided in the
feasibility study. This extent included CP-238 through CP-244. Through coordination with the
environmentalist and coastal engineer, this problematic reach was eliminated prior to the 35% design,
and the results are not included in this appendix. A summary of the results is presented below. Graphics
are provided in Attachment K.
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Reach Critical Foundation | Factorof | Failure Type Acceptable
Condition Safety

Northeast Sill CP-202 0.97 deep-seated No

Existing Sill CP-210 2.13 toe Yes
CP-219 2.06 deep-seated Yes

Southwest Sill CP-220 2.15 toe Yes

Southeast Sill CP-246 0.76 deep-seated No

Breakwater CP-225 1.59 deep-seated Yes

Table 3 : Slope Stability Summary

As expected, deep-seated failures were observed for structures founded on cohesive foundations and
toe failures were observed for structures founded on cohesionless foundation materials. EM 1110-2-
1902 recommends a minimum factor of safety of 1.3 for end-of-construction conditions (USACE, 2003,
p. 3.2). The analysis revealed two additional problematic areas —one along the northeast sill and one
along the southeast sill. The existing sill, southwest still, and revised breakwater reaches all have an
acceptable factor of safetyagainst slope failure.

Poor foundation conditions were encountered from CP-202 through CP-205. CP-201 was never
performed because the shallow depth of water did not allow access for the CPT barge. Average shear
strengths for the surficial layer of silt were approximately 100 psf, far less than what is needed to
support the proposed structure. Upon further examination of historic dredging documents, it is
surmisedthat this poor foundation materialis the disposal site of dredged material from the Honga
River in the 80s. The material was likely placed unconfined, forming what is now known as Tar Bay
Wildlife Management Area. Subsequent drilling was not performed because it was assumedthat the
unconfined disposal of the dredged material created poor foundation conditions in the entire vicinity
and the ability to relocate the proposed structure would not be possible. As of the 35% design, the
geotechnical section recommends that if the sills must be built in this area, foundation removal and
replacement will be necessary. This will require removal to a depth of approximately 7 ft for alength of
2500 ft. The team has yet to determine the future course of action.

Problematic foundation was also encountered along the southeast sillat CP-246. CP-246 contains a 10 ft
layer of silt with a shear strength of approximately 100 psf. B-306 also shows the presence of this layer.
Historical mapping of the island from as far back as 1898 reveals that this a portion of the southeast
alignment is not founded on the historic footprint of the island. Accretion of silt in this area could
explain the poor foundation conditions. Fortuitously, the environmentalist wanted to change the
southeast alignment sothat it is much closer to the existing shoreline at BarrenlIsland. The change was
made after the demobilization of the drill crew, soadditional subsurface exploration could not be
performed. Itis assumedthat if the proposed southeastsillis located near the shore and on the
historical footprint of the island, the sill can be placed without the need for foundation removal and
replacement.
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47 SETTLEMENT ANALYSIS

Settlement was calculated at every CPT location using the Janbu method, as describedin (FHWA, 1988,

p. IV:5.2):
n
Ao, p = settlement
p= Z M hi ’ ] } }
= Ag, = increase in ef fective stress

M = constrained modulus

n = number of layers
h = height of layer

The Janbu method is also known as the ordinary method. As opposed the special method, the ordinary
method assumes that the constrained modulus is constant and equal tothe modulus at the current
state of effective stress. As was discussed earlier, the moduli derived from the CPT were calibrated to
the moduli derived from the DMT. The ordinary method generally provides an acceptable estimate of
settlement, but can be problematicin cases where the foundation loads are high compared to thein-
situ effective stress orin cases where the soil is slightly overconsolidated. For preliminary design, the
Janbu method was deemed acceptable. The surficial soils appear to be either normally consolidated or
overconsolidated from the former island that washed away. None of the proposed foundation loads will
greatly exceed the loads from the former island. Both the DMT and CPT data indicate the clay
foundation is highly overconsolidated.

The DMT provides the drained, constrained modulus, at the current state of effective stress. By using a
drained constrained modulus, both the immediate and primary consolidation settlement are taken into
account. Secondary compression is not. Settlement for drained and undrained layers was calculated
separately. Drained settlement was defined as settlement for any soil layer with a SBT greaterthan4.
Drained settlement is the immediate settlement. It was assumed that undrained settlement up to a foot
could be tolerated, but at that point the slope stability may govern the design. Drained settlement will
occur during construction and not cause any issues. Undrained settlement is the primary consolidation
settlement. It was also assumed that undrained settlement less than half a foot would not require any
overbuild of the structures. Given no negative construction tolerances for armored slopes, the
contractor will likely build the structures slightly above the construction template, making it
unnecessaryto overbuild if settlements are less than half a foot.

Plots of settlement are provided in Attachment I. For all structures, immediate settlement was less than
approximately one inch. This will not cause any issues during construction nor will it cause significant
increases in material quantities. Primary consolidation settlement for all structures was less than
approximately sixinches. As the design progresses and cross sections are updated, the need for
overbuild will be reexamined if primary consolidation settlement exceeds sixinches. At this stage of
design, secondary consolidation settlement was not estimated. Estimates of secondary settlement will
be provided after the laboratory oedometer testing is complete.
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5 ALTERNATIVES FOR DEALING WITH POOR FOUNDATION

As of the 35% design, the recommended alternative for dealing with poor foundation conditions is
foundation removal and replacement. Inthe past, this method has proven to be the most cost-effective
alternative on Poplar Island. Additional alternatives will be examined for the 65% design and this section
will be updated.

5.1 POTENTIAL METHODS
5.2 INVESTIGATED METHODS

5.3 DESIGN AND RECOMMENDATIONS

6 BORROW AREA ANALYSIS

A sand borrow source will likely be required for foundation removal and replacement, construction of
the bird islands, and construction of containment dikes. Additional drilling will be performed prior to the
95% designlevel to investigate potential borrow sources. This section will be updated at the 95% design
level with the borrow area analysis.

6.1 BORROW NEEDS
6.1.1 Foundation Removal and Replacement
6.1.2 BirdlIslands

6.1.3 Containment Dikes

6.2 POTENTIAL BORROW SOURCES

6.3 BORROW AREA MATERIAL PROPERTIES

6.4 DREDGING CONSIDERATIONS

6.5 BORROW AREA RECOMMENDATIONS
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7 MATERIAL SOURCE INVESTIGATION

Sources of armor stone will be investigated as part of the 95% design. Potential geotextile
manufacturers and products will be identified as part of the 65% design.

7.1 STONE
7.1.1 Armor Stone Requirements
7.1.2 Other Stone Requirements

7.1.3 Potential Quarries

7.2 GEOTEXTILE

8 WETLAND DESIGN

The goal of the project is ultimately to create wetlands from dredged material. As of the 35% design, the
source of this dredged materialis unknown. Creation of wetlands is not part of the current contract.
Different sources of dredged materialimpose different requirements for wetland design. This section
will be updated when the source of the material has been identified.

8.1 CONTAINMENT STRUCTURES

8.1.1 PerimeterSills and Filtration Design

8.1.2 Containment Dikes

8.2 INFLOWS

8.2.1 Material Source for Inflow
8.2.2 Available Capacities

8.2.3 Inflow Schedule and Sequence

8.2.4 Wetland Planting and Grading
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10 ATTACHMENTS

Attachment A Boring Location Plan (2020 Exploration)
Attachment B Boring Logs and Gradation Analyses
Attachment C Cone Penetration Logs

Attachment D Dilatometer Logs

Attachment E Field Vane Shear Reports

Attachment F Geologic Profiles

Attachment G CPT Shear Strength Calibration

Attachment H Strength Correlations

Attachment | Compressibility Correlations and Settlement

Attachment J Laboratory Strength Testing (Not Yet Complete. to be included at 65% design
level.)

Attachment K Slope Stability Results

Attachment L Proposed Cross Sections
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