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1 Introduction

1.1 Executive Summary

Structural, geotechnical and hydrologic/hydraulic analyses were performed to assess conditions and
support development of 25% design drawings for the proposed replacement of an existing culvert
structure at Chequessett Neck Road in Wellfleet, Massachusetts with a box beam bridge structure that
will allow for controlled restoration of former tidal salt marsh areas upstream of this road. The Herring
River Restoration Committee (HRRC), a multi-agency group appointed by the Cape Cod National
Seashore and the Towns of Wellfleet and Truro, and the Friends of Herring River, a non-governmental
organization, have recognized the benefits of restoring this tidally restricted and degraded wetland
system, and are undertaking leading roles in developing and implementing this restoration project.

The Herring River was diked in 1909, resulting in reduction of tidal flushing and salt water intrusion,
drastically reducing the salt marsh coastal ecosystem. In 1972 the current culvert structure under
Chequessett Neck Road was constructed, comprising three bays fitted with two flap gates and an
inoperable slide gate in a nearly closed position. The muted tidal range resulting from this structure’s
constriction has caused most formetly salt marshes to convert to deciduous forests and brackish or
freshwater wetlands.

This structure is equipped with two flap gates and an inoperable slide gate fixed in a nearly closed
position. The goal of this restoration project is to restore tidal flow to upstream areas of degraded tidal
river and salt marsh, improving water quality and allowing affected vegetative and aquatic animal
communities to revert to diverse compositions more closely resembling what existed prior to
construction of the Chequessett Neck Road Dike, while avoiding/mitigating impacts to private
properties and public infrastructure resulting from the increased tidal range.

To assess the severity of the restriction and the potential for ecological restoration, the anticipated
effects of replacing the undersized culvert with a larger opening were evaluated in a draft Environmental
Impact Statement/Environmental Impact Report completed in 2012 which is currently in the public
comment phase. This study includes a detailed assessment of natural and cultural resources and the
project’s potential impacts to areas of concern, including potential impacts to private properties and
public infrastructure. A number of alternative restoration approaches have been identified and evaluated
in this report, to support development of the preferred alternative, which includes construction of the
proposed structure at the Chequessett Neck Road dike, in addition to several other activities at upstream
culverts, roads and properties to facilitate the restoration objectives and avoid/mitigate impacts.

A hydrodynamic modeling study completed by the Woods Hole Group (WHG) in 2012 evaluated
alternative structure opening sizes to improve tidal exchange to the Herring River. Through this
analysis, it was determined that a 165-foot long, 10-foot high structure would provide the maximum
amount of tidal flushing allowable while limiting upstream tidal elevations in adjacent properties during
the storm of record. This study also determined that control structures would be required at the
proposed structure to allow tidal flushing to be gradually increased over a period of time to allow
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acclamation and monitoring of system responses/impacts to adjacent properties and infrastructure
under an adaptive management program.

In 2013 Fuss & O’Neill (F&O) completed an alternatives analysis study to evaluate possible structural
alternatives to replace the existing culvert structure with a 165-ft x 10-ft structure equipped with tidal
controls. Three culvert replacement alternatives were evaluated to determine the option best suited to

restore upstream water surface elevations and salinity concentrations:

O Three-sided pre-cast concrete box culvert
0 Four-sided pre-cast concrete box culvert
O Pre-stressed box beam bridge

Based on this study, the box beam bridge structure selected as the preferred alternative. A concurrent
study by WHG in 2013 evaluated alternative gate types/configurations and operating scenatios to
determine the optimal number/type of gates to be constructed with the proposed structure. WHG has
also completed wave generation and scour analyses to evaluate potential wave conditions at the structure
and anticipated velocities under extreme storm/tidal conditions and gate operation configurations.

Subsurface conditions were investigated and assessed by F&O at the proposed location for the bridge
construction in order to provide recommendations for foundation design and construction. Borings
performed along the crest of the embankment indicated approximately 10 to 15 feet of sand fill above
35 to 40 feet of medium dense to dense fine sand. Dense silt was encountered approximately 74 feet
below the embankment crest. Groundwater was encountered at the bottom of the sand fill material,
approximately at the same elevation as the adjacent surface water, varying moderately with the tidal
fluctuation. Due to proposed live and dead loads and subsurface conditions, a tapered steel tube pile
foundation was selected to support the bridge and gate vertical and lateral loads. Sixteen-inch diameter
tapered tube piles will be driven a minimum of 34 feet into the natural sand deposits below the bridge

and gate structures to achieve the required vertical and lateral pile capacities.

A structural evaluation was completed by F&O to address applicable items in the LRFD report,
including a type study to review existing data, assess alternative replacement structure configurations and
identify the most appropriate structure type for the site conditions and required operations. Fvaluations
completed to date in support of the 25% complete design drawings are documented in this report.

1.2 Project Description

The Project Site is located at the point where Chequessett Neck
Road (CNR) crosses the Herring River in Wellfleet,
Massachusetts.

The purpose of this project is to replace the three-bay culvert

structure with a larger box beam bridge structure to allow

controlled restoration of the upstream salt marsh by gradually Figure 1 — Photograph of Existing
increasing tidal flushing between the Herring River and Wellfleet Culvert Structure
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Harbor under monitoring and control procedures contained indicated in an adaptive management plan

currently being developed.

1.3 Site Description

The Herring River (River) is located in Wellfleet, MA
and runs from Herring Pond south through a series of
channels, road crossings and former salt marsh
embayments to Wellfleet Harbor. Historically, the
nearly four-mile river supported extensive salt marsh
and coastal wetland communities, including salt-water
dependent flora and fauna, particularly river herring,

cels and shellfish communities. Figure 2 — Photograph of Herring River

The mouth of the River, located at Chequessett Neck, was diked in 1909 to create land for development
and reduce mosquito populations for the local population and to support nearby tourism enterprises.
The River was manipulated further by channelizing/straightening sections and through construction of
culverted roadway crossings to further these goals and provide access for development of areas drained
by the reduced tidal range.

These changes had a drastic effect on this coastal ecosystem,
resulting principally from subsidence of wetland areas,
reduced tidal range into upstream marshes and a reduction of
salinity. Several areas that were formetly salt marshes have
converted to deciduous forests and brackish or freshwater

wetlands.

Numerous studies have documented changes to these
wetland communities and the accompanying decline in water
quality upstream of the CNR dike, including most
Figure 3 — Photograph of significantly alewife and eel fish kills in the 1980’s and a
Wellfleet Harbor decline in viable shellfish populations, all resulting from
reduced tidal flushing. The Cape Cod National Seashore
(CCNS) and the Town of Wellfleet have been studying approaches to restore the River’s natural coastal
ecosystem since the 1980s by removing or modifying the CNR dike, as documented by numerous
investigations and modeling studies.

Detailed descriptions of site characteristics and areas of concern are contained in the October 2012

Draft Environmental Impact Statement/Environmental Impact Report included in A#achment A of this

report.
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1.4 Scope of Report

The primary scope of this report is to present findings of the geotechnical and scour analyses and
present the 25% design of the Chequessett Neck Road bridge structure. The following attachments are
referenced in subsequent sections of this report.

Attachment A — Project Background and Hydrodynamic Modeling Information

e Draft Environmental Impact Statement/Environmental Impact Report (October 2012)

e Hydrodynamic Modeling Final Comprehensive Report (June 2012)

Final Dike Control Structure Hydrodynamic Modeling Report (December 2013)

e Construction Drawings: Proposed Relocation of Water Control Structure — Herring River Dike

Attachment B — Scour and Wave Analysis Information

e Sediment Laboratory Gradation Test Reports
e Scour Analysis Modeling and Design Report (July 2014)
e Wave Generation Modeling Report (June 2014)

Attachment C — Geotechnical Investication and Evaluation Information

e Boring Logs

e Soil Laboratory Analytical Test Results

e In-Situ Hydraulic Conductivity Test Results
e Seepage Analysis Figures

e Pile Foundation Design Calculations

Attachment C — Structural Design Drawings and Supporting Information

e 25% Design Drawing Set
e Opinion of Construction Cost

2 Hydrodynamic Modeling and Scour/Wave
Analyses

2.1 Project Description

A description of the project site and objectives is provided in Sections 1.2 and 1.3 above.

2.2 Scope of Analysis

The following analyses are addressed in this report, in support of the developed design.
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e Hydrodynamic modeling has been completed to evaluate alternative bridge opening sizes and
determine the optimal configuration that achieves restoration objectives while
avoiding/minimizing impacts to adjacent properties and infrastructure.

e A scour analysis has been completed to evaluate potential scour conditions following
construction of the proposed structure and determine design requirements for scour
countermeasutes at/adjacent to the structure.

e A wave generation analysis has been completed to evaluate potential wave conditions from
Wellfleet Harbor and determine the suitability of the proposed structure to withstand
hydrodynamic loadings during a maximal event.

It was determined that an ice loading analysis was not required for the proposed structure based on the
Town’s record of observations at the site reflecting no significant ice dams/floes at the existing
structure, due principally to limited ice formation in the harbor and alternating diurnal tidal flows
through the culvert structure, which will continue subsequent to construction of the proposed structure.

2.3 Data Collection

To evaluate hydrologic conditions at the site and determine the most appropriate restoration approach,
data on the salt marsh and estuarine habitat were collected from a number of previous studies and
assessments of the site. Topographic mapping of the project site was developed from both
photogrammetric and Light Detection and Ranging (LiIDAR) surveys, bathymetric surveys and
supplemented by a field topographic ground survey in 2012.

Tidal monitoring studies have been completed to assess tidal elevations and salinity ranges in respective
portions of the Herring River’s coves and embayments. Wetland assessments have also been completed
to characterize existing salt marsh, estuarine and aquatic habitats throughout the site. The results of
these assessments are documented in the Draft Environmental Impact Statement/Environmental
Impact Report and June 2012 Hydrodynamic Modeling Final Comprehensive Report included in
Attachment A of this report.

2.3.1 Sediment Investigation

Six sediment grab samples were collected at and adjacent to the existing culvert structure to characterize
native sediment that could be mobilized by scour conditions following construction of the proposed
structure. These samples were collected using a hand auger at locations depicted on Figure 4 below.

Collected samples generally consisted of fine to medium sand with trace amounts of silt. Organic
material was present in the samples, indicated by dark coloration and odor of the samples. This
information, supplemented by subsurface borings conducted through the embankment (documented in
Section 3 below), was used in the scour analysis and development of requirements for scour
countermeasures.
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Figure 4 — Sediment Sample Locations

Laboratory gradation testing was performed on the sediment samples; results from this testing are provided
in Attachment B. Sediment classifications for each of the samples, based on laboratory sieve analyses, are
summarized in Table 1 below.

Table 1
Sediment Sample Classifications

Sample ID ASTM Classification AASHTO Classification

SD-1 Pootly graded sand (SP) Stone Fragments, Gravel and Sand (A-1-b(1))
SD-2 Pootly graded gravel (GM) Silty Gravel and Sand (A-2-4(0))

SD-3 Pootly graded sand (SP) Stone Fragments, Gravel and Sand (A-1-b(1))
SD-4 Pootly graded sand (SP) Stone Fragments, Gravel and Sand (A-1-b(1))
SD-5 Pootly graded sand (SP) Stone Fragments, Gravel and Sand (A-1-b(1))
SD-6 Well-graded sand (WG) Stone Fragments, Gravel and Sand (A-1-b(1))

It is noted that sediment samples taken in deeper water both upstream and downstream of the existing dike
consisted of poorly graded sands, whereas the sediment sample taken from the shallower area of sediment
deposit (i.e., SD-2) consisted of silty gravel with sand.

2.4 Modeling Methodologies,
Findings and Recommendations

As part of the restoration project’s eatlier study phases, alternative hydrodynamic models incorporating
algorithms accurately representing determinant physics principles for changes to water surface elevation,
current velocities, salinity, sediment transport, and water quality parameters associated with potential
modifications to the system’s hydrology were evaluated. Model requirements included being dynamic
and capable of representing bi-directional tidal flows, having high resolution to accurately identify and
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represent important physical processes, and having adequate flexibility to link with other potential
modeling tools (e.g., biological models) in an adaptive management setting.

After evaluating more than 10 capable hydrodynamic models in conjunction with the goals of the
restoration project, the Environmental Fluid Dynamics Code (EFDC) model was selected to simulate
the Herring River estuarine system. This model has been successfully used on other projects for studies
of circulation, discharge dilution, water quality, Total Maximum Daily Load (TMDL), and sediment
transport. It is capable of predicting hydrodynamics and water quality changes in multiple dimensions
and is accepted as an approved model by the Environmental Protection Agency (EPA) and other state
and federal agencies.

Further descriptions of the modeling methodology, results and conclusions/recommendations
determining the proposed structutres opening size and numbet/types of control gates are provided in the
June 2012 Hydrodynamic Modeling Final Comprehensive Report and December 2013 Final Dike
Control Structure Hydrodynamic Modeling Report, both included in A#achment A. 1t should be noted
that the gates will be power-actuated with the use of a portable trailer-mounted generator transported to
the site. The powet/control panels for the gates will be located on the south end of the hatrbor-side
platform.

Summaries of methodologies, conclusions and recommendations for scour and wave analyses are
provided in A#tachment B and analyzed below.

Wave Analysis
e The current configuration is capable of withstanding the wave action determined from the

analysis. Any connections or details will be designed in the 75% submittal to address wave
loadings as needed.

e Wave overtopping is expected to be minimal for the design storm event during the full sea level
rise scenario predicted at the end of the75- year design life.

e Within the limits of the project, stone armor protection on the harbor-side of the embankment
and vegetated soil-filled stone armor protection on the river-side of the embankment will
provide wave/overtopping scour protection adjacent to the bridge structure.

e Wave/overtopping protection requirements for portions of the embankment outside the project
limits will be addressed in the future when uncertainty associated with sea level rise predictions
and modeling data/methodologies is reduced.

Scour Analysis
e Lxisting stone armor protection on the harbor-side and river-side of the embankment will be

reinstalled within the limits of current placement within the limits of disturbance.

e The area immediately under the gates will be composed of a concrete base to provide adequate
closure for the gates and minimize leaking. This will also resist scour expected from high
velocities and transitional flow in and around the gate openings.

e The area under the bridge structure and in front of the panels will be protected with large rip-
rap scour protection. Excess existing riprap from the embankment slopes can be used in these
locations, and supplemented from suitable off-site sources.
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e Channel areas below and upstream/downstream of the bridge structure will be protected by
stone armor sized and placed in layer thicknesses as indicated by WHG’s scour analysis and
recommendations.

3 Geotechnical Evaluation

3.1 Description of Local Geology

The local geology of the site is characteristic of low-lying areas typical of Cape Cod, being formed as part
of a terminal glacial moraine in recent geological history (approximately 18,000 years ago) with
significant sand outwash deposits. As parts of this moraine eroded from the receding ice sheet,
deposition within outwash plains created salt marshes that are present today, as found currently at the
site of the Chequessett Neck dike.

According to the USGS’s Geologic Map of Cape Cod and the Islands, Massachusetts, the site lies within
an area mapped as Qwo, Wellfleet Plain Deposits. This map describes the Wellfleet Plain Deposits unit
as “Mostly gravelly sand with scattered boulders.” As noted in the description of the subsurface
investigation program completed at the site in 2013, the majority of the soils underlying Chequessett
Neck Road are sands.

3.2 Subsurface Exploration Program

Fuss & O’Neill subcontracted Soil Exploration Corp of Leominster, Massachusetts, to drill test borings
at the site. These borings were performed on November 18, through 21, 2013. The locations of the
four test borings are depicted on Figure 5 below, as well as on Sheet CS-102 — Existing Conditions Plan

in the drawing set included in A#tachment D. Boring locations were selected based on the proposed
locations of bridge abutments and piers, as reflected on Sheet CS-103 — Proposed Conditions Plan in
Attachment D.
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B-4

B-3

B-1

B-2

B-1

Figure 5 — Soil Boring Locations

Test borings B-1, B-2, B-3 and B-4 were advanced to depths of 41 feet, 78 feet, 42 feet, and 41 feet
below the existing ground surface, respectively. Borings were completed using a truck-mounted drill rig
and standard hollow stem auger techniques. Each boring was observed and logged by a Fuss & O’Neill
engineer. Boring logs from the field program are provided in Aztachment C.

Standard penetration tests (SPT's) were performed at maximum 5-foot intervals in the test borings. The
SPT consists of advancing a 2-inch outside-diameter split spoon sampler a total of 24 inches into the
bottom of a borehole with a 140-pound hammer free-falling 30 inches. The number of blows required
to drive the sampler the second and third 6-inch interval is the Standard Penetration Resistance, also
known as the SPT N-value, which is a relative indicator of the in-place soil’s relative density.

Laboratory testing (ASTM D 422) was performed on soil samples selected from the drilling activities to
confirm field identification and for use in subsequent foundation design. Representative soil samples were
obtained from boring B-1 at depth interval 10 to 12 feet, from B-2 at depth intervals 5 to 7 feet and 19 to 21
feet, from B-3 at depth interval of 19 to 21 feet, and from B-4 at depth interval 74 to 76 feet. Sieve test
results are provided in As#tachment C.

A piezometer was installed in borehole B-2 and a single-well pumping test was conducted to estimate
the horizontal soil permeability. The piezometer consists of a 2-inch diameter slotted PVC screen with
solid riser. The screen was installed between 40 and 50 feet below the ground surface. Well development
procedures consisted of purging groundwater with a peristaltic pump and periodically agitating the
suction line to mobilize sediment from the bottom of the well. The well was developed for
approximately 30 minutes, at which point agitating the suction line did not mobilize additional sediment.
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Following well development, Fuss & O’Neill personnel allowed the well to return to equilibrium and
then completed a single-well pumping test.

The hydraulic conductivity within the screened interval was calculated to be 10.8 feet per day (3.81x10-3
centimeters per second; cm/s). The literature notes that hydraulic conductivities for glacial outwash
deposits ate typically in the range of 10-3 to 10-! cm/s, and therefore the calculated hydraulic
conductivity was consistent with the soil materials identified at the site. A summary of the pump test is
included in Attachment C.

3.3 Verification of Sample
Descriptions of Boring Logs

Fuss & O’Neill’s senior geotechnical engineer collected and reviewed jar samples collected duting the
drilling program. The field logs and data sheets were prepared by Fuss & O’Neill’s field geotechnical
engineer who observed the borings and obtained the samples. Based on the laboratory test results and
the senior engineer’s review with the field engineer, the boring logs were accepted as documented in the
field.

3.4 Subsurface Profile

The soil observed in the borings generally consisted of approximately 11 to 14 feet of medium-dense,
fine to coarse or fine to medium sand with trace amounts of silt (embankment fill) beneath the road
surface. The fill was observed to be relatively loose in boring B-4. Below this layer of embankment fill, a
layer of medium dense wet fine to medium sand, having an approximate thickness of 40 feet in boring
B-2. Below this sand deposit, the soil to the bottom of borings B-1, B-3, and B-4 consisted of medium
dense to very dense fine sand. A very dense layer of silt was encountered in boring B-2 at a depth of 74
feet.

The depth to saturated soil in boreholes B-2 and B-3 was approximately 15 feet below the existing
ground surface at mid-tide (observed at approximately 0830 and 1030 hours for the two borings, with
high tide at approximately 1200 hours). The ground water table was encountered at a depth of 13 feet
and 12 feet in boreholes B-1 and B-2, respectively. The depth to groundwater within the embankment
will fluctuate with the tide as well as with precipitation and other factors.

A graphical depiction of the infetred subsutface profile at the site, including approximate depths/ elevations
of observed soil layer transitions and Standard Penetration Resistance values is provided in Atzachment C.

3.5 Seismic Design Parameters and
Liquefaction Potential

Seismic design parameters are summarized in Table 2 below.
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Table 2
Seismic Parameters (from IBC2009 and Massachusetts Amendments)

Site Class E
Ss 0.20
N 0.054

Liquefaction potential was considered using a design earthquake of magnitude 7.5 and a Peak Ground
Acceleration of 0.054g (from Massachusetts Amendments to the IBC for Wellfleet). Using these

parameters, the driving force Cyclic Stress Ratio for the design earthquake was calculated to be 0.04 for the

saturated sand layer below the fill.

After correcting the average blow count data for overburden effects and rod and hammer efficiencies, a

shear resistance Cyclic Stress Ratio for the same saturated sand using the soil parameters described

previously was calculated to be 0.2. The factor of safety against liquefaction was estimated to be greater than

4.0. Based on this evaluation, liquefaction is not expected at this site.

3.6 Recommended Foundation
System

The bridge structure will allow for the existing salt marsh subgrade to be the invert of the paneled openings,

with support for the structure provided by a new foundation. This foundation will require support of the

ovetlying box beam bridge superstructure, panel/gate structutes, paved road features and live loads, as

indicated below.

The factored vertical live and dead loads required to be supported are 6 kips (live load), 1 kip
(dead load wearing surface), 10 kips (dead load soil), and 28 kips (dead load structure) per linear
foot of the foundations at the abutments.

On the pier foundation a factored load of 34 kips (dead load structure), 6 kips (live load), and 1
kip (dead load wearing surface) needs to be supported.

A factored vertical load of 10 kips (dead loads structure) per linear foot acts on the panel
footing.

The horizontal factored loads acting on per linear foot of the foundation under the abutment is
10 kips (horizontal earth pressure force, water load).

Horizontal load of 2 kips per linear foot and 5 kips per linear foot act on the pier foundation
and panel footings respectively.

Due to vertical and hotizontal loads expected for this structure, and based on the soil types, densities,

groundwater fluctuations, and tidal flows, a uniformly tapered steel pile was selected for use to support the

proposed bridge and gates. Tapered steel piles can develop significant bearing capacity in sand at relatively

shallow driving depths.
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3.7 Embankment Considerations

3.7.1 Embankment Stability

Slope stability analysis was not performed as the existing embankment appears stable and has not
exhibited evidence of instability or settlement since reconstruction in 1972-73 (slopes are armored or
suitably vegetated with no slides/sloughs, runoff erosion, vertical/horizontal misalignment of slopes,
road surface or poles/structures). Structural backfill material proposed for the project with excavated
areas to be backfilled will be compacted to specified densities (i.e., 95% of maximum dry density) to
ensure stability of portions of the embankment adjacent to the proposed bridge structure. No other
portions of the dike structure will be modified by this project.

3.7.2 Seepage through Embankment

Seepage analysis was performed using the SEEP2D finite element analysis software with the GMS
Version 8.3 Windows-based interface to estimate the potential for excessive seepage gradient under
mean high water and tail water elevations. Seepage through the embankment was performed for mean
high head water at elevation 12 on the Wellfleet harbor side and a low water elevation of -2.8 on the
Herring river side.

The results of the analysis indicate a maximum exit gradient of 0.37, a gradient that should not present
any issues with seepage or piping. It is noted that this analysis excluded any consideration of the timber
sheeting that is noted to existing in the 1972 drawing set, and any further reduction of seepage from this
structure, or remnants of this structure, would further reduce the maximum reported exist gradient..

3.7.3 Seepage under Gate Structure

Seepage analysis was performed to analyze the flow under the sheet pile cut off wall when the sluice gate
under the bridge is closed. From the exit gradients computed it was determined that a sheet pile cutoff
wall driven to EL -24 (NAVDS88) will be required to reduce the exit gradient sufficiently below the
critical gradient at which instability could occur. This cutoff wall depth reduces the estimated exit
gradient to 0.38, avoiding the potential for piping or sand boils channel bottom material.

3.8 Shallow Foundation Design

Based on proposed vertical and horizontal loads expected for this bridge, as well as potential scour
conditions, it was decided that a deep foundation system would be more appropriate for support of the
structures than shallow spread footings. As such, a shallow foundation design was not evaluated further.
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3.9 Deep Foundation Design

The following foundation design recommendations have been developed based on a review of subsurface
data collected, the engineering evaluation completed as part of this assessment, and the requirements of the
proposed replacement structure for this project.

As with any subsurface investigation program, the nature and extent of variations between the borings
may not become evident until construction is underway. If variations appear evident at that time, it will
be necessary to reevaluate these recommendations and implement revisions issued by a qualified
geotechnical engineer, based on the new observations, test data and analyses undertaken at the time of
construction.

The following design factors are noted for the proposed structure’s deep foundation:

e Due to potential for scouring it is recommended that the proposed bridge be supported on tapered
steel tube piles driven through the underlying natural sand deposit. Soil properties for this profile
layer are summarized below in Table 3.

Table 3
Deep Foundation Soil Parameters (Saturated Sand Layer)

Unit Weight 57.6 pcf
Internal friction angle 33 degrees
Pile/sand interface friction angle 29 degrees
Active Earth Pressure Coefficient 0.21

e Tapered tube pile capacities were estimated using the Nordlund method with an Allowable Stress
Design Factor of Safety of 3.5. Tapered tube piles driven to the design embedment depth should
develop an allowable axial capacity of 108 kips per pile.

e Fuss & O’ Neill used COM 624 as packaged by CivilTech Software’s AllPile analysis program to
estimate the horizontal deflection due to lateral loading. Using a maximum horizontal load of 9 kips
per pile at the pile cap, a deflection of 0.1 inches was predicted, well within any deflection limits for
the type of structure proposed for this project.

e Piles should have a minimum tip diameter of 8 inches and butt diameter of 16 inches, uniform
taper length of 20 feet measured 14 feet from the butt. The piles should penetrate to a minimum
embedment depth of 34 feet below the mud line.

e One full-scale static pile load test should be performed to verify predicted pile capacity. Increasing
the number of piles to reduce the applied load on each pile may eliminate the need for a pile load
test, which may be more cost effective depending on the difference in cost between the additional
piles and the pile load test.

e Jetting and predrilling of piles will not be permitted unless approved in writing by a qualified
geotechnical engineer responsible for oversight of the construction project, which would be
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accepted with additional installation requirements and controls to ensure proper support for the
proposed replacement structure.

Using the Nordlund analysis method to estimate the size and depth of pile required, Fuss & O’Neill’s
analysis results indicate 16-inch diameter (Butt) tapered steel piles shall be embedded 34 feet into the sand
below the pile cap base elevations to adequately support the proposed structure. Pile group locations and
configurations (i.e., vertical, inclined) are reflected on structural profiles, sections and details in the drawing
set provided in A#tachment D.

3.10 Construction Considerations

3.10.1 Water Table

The water table was observed close to the base of the sand fill layer while conducting the borings. This
elevation is expected to fluctuate moderately with the varying tidal elevations during construction.
Groundwater cutoff and dewatering systems will be required to establish and maintain suitable
conditions for construction of the substructure elements, as discussed below.

3.10.2 Water Control

Water control will be required at the bottom of deep excavations during construction. The specific type
and configuration of the dewatering system will be determined by the contractor, based on its proposed
means and methods, such that performance requirements, principally to establish “dry” work areas, are
achieved. Depending on the excavation depth in relation to actual tidal/storm elevations, actual soil
conditions, and leakage through temporary cofferdams installed around excavation areas, the depth, size,
spacing and type of sump drains (dewatered by suction or submerged pumps) will be determined.

Bypass of surface tidal flows will be required to maintain flood and ebb tides across the embankment
and into/from the Herring River system. Similar to groundwater dewatering methods, the approach to
bypassing surface waters around active construction areas will be determined by the contractor, based
upon its means/methods and construction sequence. A “control of water” plan will be required to be
submitted for review and acceptance by the project engineer, based on conformance to project
specification requirements. A conceptual approach to controlling water during construction is described
below and on Sheet CP-101 — Construction Sequence and Water Control Plan in the drawing set

included in Attachment D. Potential scour conditions and required countermeasures for temporary
cofferdams/sheeting will be determined as part of the 75% design analysis.

3.10.3 Excavations

Excavation of fill material around the existing culverts will be required to a depth that will allow
construction access to both drive piles into the underlying sand layer and construct the proposed
abutment and pier foundations. Temporary excavation slopes will be to a maximum of 2H:1V, unless
otherwise reinforced or shored, to allow construction equipment to reach the work area on a stable
surface. It is possible that the excavation will need to be benched or ramped to achieve this, depending
on the type of equipment used to complete the work. Temporary steel sheeting is reflected on the
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drawings included in A#achment D for control of water, and due to this mobilization of materials and
equipment, it will likely be cost effective to utilize steel sheeting to retain earth slopes adjacent to active
work areas.

3.10.4 Obstructions

Obstructions will be removed if the depth of the obstruction is not beyond the reach of excavation
equipment. Otherwise, if an obstruction is encountered during pile driving at an elevation too shallow
to achieve design load capacity, but too deep to be removed, the pile will be relocated, and redesign
provided, as directed by the on-site engineer. Itis noted the timber cutoff sheeting is reflected on both
sides of the existing culvert structure in the 1972 drawings, which will be removed as required within the
limits of construction, such that the proposed structures and cutoff sheeting can be constructed to
match portions remaining outside the project limits.

3.10.5 Protection of Adjacent
Structures and Utilities

Adjacent structures include Chequessett Neck Road and its underlying embankment, guard rails along
the edges of the road, and utility poles supporting overhead utilities. The road/embankment, guardrails
and several utility poles will need to be removed for the construction work and replaced during the final
stages of construction. Relocation of utility poles and overhead lines will need to be completed in
consultation with the utility company owners. A preliminary alignment for the temporary relocation of
overhead utilities is shown on Sheet CG-101 — Grading and Drainage Plan included in A#tachment D,
reflecting burial of respective utilities in belowground conduits immediately adjacent to, and below, the
proposed bridge structure.

Guardrail systems will be removed from within the footprint of the proposed bridge structures
construction area; portions of guardrails not removed will be protected throughout construction.
Proposed guardrail systems extending from the proposed bridge abutments will tie into these existing
guardrails to remain.

An alternate work items have been indicated on the drawings reflecting potential removal/replacement
of remaining sections of guardrail systems and overhead utilities beyond the project limits, subject to
ongoing coordination between the HRRC and the Town of Wellfleet.

Adjacent portions of the will need to be repaired following construction and prepared to satisfactorily
match to the new pavement to be placed within the limits of excavation required to construct the bridge
structure. The site contractor will be required to protect adjacent structures beyond the work limits
during construction.
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3.10.6 Sequence of Construction
Activities

In order to replace the existing culverts that hydraulic connect Wellfleet Harbor with Herring River, an
approximate 525-foot section of Chequessett Neck Road will be temporarily closed to traffic. This
section of roadway is expected to be closed for approximately 7-9 months, subject to permitting
windows and weather conditions. Refer to Sheet CP-101 — Construction Sequence & Water Control

Plan in Attachment D for descriptions and depictions of the five general stages of construction, reflecting
planned cofferdamming, water control and traffic bypass provisions in respective project phases.

3.10.7 Adjacent Properties and
Infrastructure

In October 2012, the HRRC initiated an outreach effort with low-lying property owners in the Herring
River estuary. There are approximately 376 parcels of low-lying private land adjacent to the restoration
area. The HRRC compiled a database of all these properties and using the hydrodynamic modeling
performed by the Woods Hole Group (WHG) was able to estimate physical impacts to these properties
resulting from the maximum increased tidal/flood elevations associated with the structure’s largest
potential opening size (all panels/gates removed, resulting in a fully open bridge structure).

The HRRC developed a classification system to evaluate the types and severity of impacts under
different tidal benchmarks (e.g. mean high water, mean high water spring, average annual high water,
100 year storm, etc.). The classification system evaluates a range of different types of potential impacts
such as infrequent and frequent flooding of natural vegetation, cultivated vegetation (such as lawns and
gardens), and structures (such as buildings, driveways, wells, etc.). While the majority of impacts would
be changes to natural vegetation, there are approximately two-dozen parcels that could experience some
kind of structural impact if no mitigation efforts are made. The classification system also evaluates
potential changes in regulatory jurisdiction such as the boundary of the Riverfront Area under the
Wetlands Protection Act.

The HRRC conducted a letter campaign to low-lying property owners after publication of the
DEIS/EIR in October 2012. Each letter explained the types of impacts that could be expected for that
property, and invited the landowners to contact the HRRC if they wished to get further information. Of
the total number of letters sent out, approximately 40 landowners have responded to date, seeking more
information. The HRRC established a landowner database system to track these contacts and manage
communications and mitigation strategies at the respective properties. The HRRC is currently working
directly with landowners that have contacted them to conduct site surveys and develop site-specific
plans to mitigate impacts and address concerns.

The HRRC will continue to work with landowners to develop individual mitigation plans to prevent

flooding impacts to properties, proceeding to development of legal agreements with each structurally-
affected property owner to detail the agreed-upon mitigation approach.
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Potential impacts to roadways and other public infrastructure is also addressed in the DEIS/EIR, where

certain impacts roadways may be abandoned, raised or otherwise modified to address potential flood

impacts.

3.10.8 Additional Earthwork

Considerations

The following controls or methods should be employed during construction to ensure that the proposed

bridge structures or adjacent structures to remain are not compromised by inadequate structural fill or

improper construction approaches.

4

Fill used to backfill should meet the gradation requirements of MassDOT Item No. M1.04.0 Type
B and should be free of organic material, construction debris, ice, snow, and other deleterious
material. Existing site soils in general may be suitable for reuse as bedding and backfill materials
adjacent to the structure, subject to inspection and testing to verify gradation requirements are met

in other excavation areas.

Fill placed above footings should be placed in loose lifts not to exceed 12 inches in thickness and
should be compacted to 95 percent of maximum dry density as determined by American Society of
Testing and Materials Test 1557, Method C.

Excavation, fill placement, and footing construction should be conducted under dry conditions.
Excavation shoring and side slopes, where used, should be in accordance with Occupational Safety
and Health Administration (OSHA) standards. This will require that methods be developed and
implemented to bypass tidal and storm flows at the site through temporary structures while the
bridge is being constructed.

Subsurface cutoff walls and sumps will be required to draw down groundwater levels to below
excavated areas untll constructed features are in place and backfilled to a sufficiently high elevation
that structutes and matetials are not potentially compromised by natural high surface water and/or
groundwater conditions (e.g., floods, seasonal high tides, storm surges, etc.) once the cutoff
structures are removed and dewatering systems cease operating.

The size, spacing and depths of sumps in concert with positive cutoff methods (e.g., driven
cofferdam/shoting sheets) will need to be determined by an engineeting analysis as patt of the
contractor’s submittal for control of water, demonstrating the ability to maintain water levels
sufficiently below the bottom of excavations to allow placement of soil materials and structures
under controlled conditions.

Structural Evaluation

4.1

Project Location

Available project location information for the structure is provided below.
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Town: Wellfleet

District: MASSDOT District #5
Bridge Number: N/A
BIN: N/A
Structure Number: N/A

Roadway on Bridge: Chequessett Neck Road
Feature Intersected: Herring River

4.2 Description of Existing Site
Conditions

4.2.1 Description of Existing Bridge
Structure

A description of the existing drainage structure at the project site is provided in Sectzons 1.2 and 1.3.

4.2.2 Description of Approach
Roadway

The existing approach roadway is located on the crest of an earthen embankment with a base width of
approximately 80 feet and a crest width of approximately 30 feet in the vicinity of the proposed bridge.
The approach roadway carries two travel lanes, each measuring approximately ten feet wide with 12 inch
wide asphalt berm curbs along both travel lanes. The approach roadway does not have formal shoulders
or sidewalks. A guard rail is located behind the berm curbs, offset approximately 1-3 feet from the edge
of pavement to each guard rail’s face.

The approach roadway slopes up to the and north from the site of the existing culverts. The cross slopes
of the travel lanes vary along the length of the embankment, between approximately 0.5% to 5.0%, due
to localized settlement along the embankment crest.

4.2.3 Description of Features under
the Bridge Structure

There is no bridge currently on the site. The existing drainage structure was constructed in 1972-73 and
is described in Section 1.3 and graphically depicted on Sheet CS-102 — Existing Conditions Plan in the
drawing set included in A#achment D. Design drawings from the 1972-73 reconstruction are provided as

information in Attachment A.
This structure’s flap/slide gates ate in poor condition. Viewing platforms on the upstream and

downstream side of the embankments are provided with steps from the roadway and guardrails, inviting
members of the public to stop/patk on the roadway where no shoulder exists for vehicles to move out
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of the travel lane; stopped vehicles this become an impediment to passing vehicles, pedestrians and
bikers, generating a safety concern.

4.2.4 Description of Existing
Hydraulics at the Bridge Site

The existing hydraulic opening under the causeway is comprised of three 6-foot wide box culverts with
tlow control structures. One culvert has an adjustable sluice gate (currently in a fixed position resulting
in an approximately 2-foot high vertical opening). The other two culvers have tidal flap gates that only
allow ebbing tide flows to Wellfleet Harbor. The culverts severely restrict tidal flow between the Herring
River and Wellfleet Harbor.

4.2.5 Description of All Utilities within
the Bridge Site

No underground utilities were located in the vicinity of the work areas associated with the proposed
structure. Overhead utility wires are located along the western edge of the embankment’s crest, with
timber utility poles located to the north and south of the culvert structure, continuing in both directions
along the embankment crest to adjacent land on each side of the river. The poles and the overhead lines
will need to be temporarily relocated and reset as part of the project.

A pair of catch basins is located on either side of Chequessett Neck Road just north of the proposed
bridge structure. These catch basins, as well as an adjacent small drainage culvert, will be removed
during excavation of the bridge’s northern abutment. As shown Sheet CG-101 — Grading and Drainage
Plan in Attachment D, these catch basins are proposed to be replaced by new structures, and other
drainage features proposed as part of the bridge structure. A catch basin further to the north, and
outside the proposed limit of work, will remain.

4.2.6 Description of Environmentally
Sensitive or Cultural Resource
Areas

The Herring River is designated as an Outstanding Resource Water (ORW), being identified as the
largest migratory fish run on the outer cape. In addition, Wellfleet Harbor is designated by
Massachusetts Office of Coastal Zone Management as an Area of Critical Environmental Concern
(ACEC), with its 2003 fact sheet noting the following:

“the diverse and relatively unaltered habitats of this ACEC provide feeding, spawning, and
nursery grounds for numerous shellfish, finfish, amphibians, reptiles, birds, and mammals. In
2002, the state’s Natural Heritage and Endangered Species Program (NHESP) identified
approximately 7,990 acres or 65% of the ACEC as core habitat through their BioMap project...
Habitat for oysters, bay scallops, quahogs, blue mussels, and razor, soft shell, and surf clams can
be found within the ACEC boundary according to draft maps made in 2003 by the Division of
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Marine Fisheries and based on historical information and interviews with local shellfish
officers.”

Wetlands have been flagged and surveyed along the both sides of the embankment as shown on Sheet
CS-102 — Existing Conditions Plan in Attachment D, and will be reflected on site plan drawings

transmitted to respective regulatory review agencies as part of the project’s permitting phase.

Portions of the ACEC have also been designated by the Massachusetts Department of Conservation and
Recreation as containing visual landscapes and cultural resources that place it in the top 5% of all
landscapes in the Commonwealth (1982 Massachusetts Scenic Landscape Inventory). An area of
potential cultural resources has been identified on the upstream side of the northern end of the
embankment, and is currently being evaluated by the Cape Cod National Seashore archaeologists to
identify particular resources that might be affected by the project.

4.2.7 Hazardous Materials

There are no known or expected hazardous materials or contaminants in the approach roadways or
otherwise in the embankment at the location of the proposed bridge.

4.3 Description of Project Parameters
and Constraints

4.3.1 Description of Proposed
Roadway Cross-Section

The roadway cross-section on the bridge will consist of two travel lanes, each measuring 11’-0” and will
tie into existing lane widths at the limits of construction (refer to Roadway Transition Plan on Sheet CD-
502 — Construction Details in Attachment D). The asphalt berm curbs on the roadway approaches will be
transitioned to the CT-TL2 railing and will not be present within the footprint of the bridge itself. An 8-
0” wide parking lane and adjacent 5’-0” wide sidewalk will be constructed on the western side of the

bridge structure, and a 5-0” wide sidewalk will be constructed on the eastern side. Concrete ADA-
accessible platforms will be provided on both sides of the bridge structure as well.

The curbing outside the bridge footprint will consist of modified Type A asphalt berm curbs measuring
12 inches wide. Guard rails will be set back from the gutter line approximately 3’-6” and will tie into the
existing guardrail locations within the limits of construction.

The roadway approaches and the roadway on the bridge will be crowned with cross-slopes of %4 inch per

foot, with the center of the crown located along the centerline of the roadway. Approach slabs will be
constructed adjacent to the abutments.
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4.3.2 Proposed Traffic Management

The proposed traffic management plan during construction has been developed with as part of the
staged construction approach described in Seczzon 3.10.6 above.

Based on a review of traffic count data obtained from Cape Cod Commission website for Chequessett
Neck Road (just south of Duck Harbor Road), the estimated annual average daily traffic and peak hour
volumes were relatively low with the highest volumes anticipated to occur during the summer

months. The estimated annual average daily traffic volume was 811 vehicles, while the estimated
summer average daily traffic was 1,067 vehicles. The estimated summer peak hour volume (between 4-
5pm) was 97 vehicles with 37 vehicles per hour travelling in the northbound direction and 60 vehicles
per hour traveling in the southbound direction. This translates to approximately one vehicle per minute
travelling in the southbound direction during the peak hour.

Due to the relatively low traffic volumes, it was determined that a one-lane signalized alternating two-
way traffic setup would be adequate to regulate traffic flow during construction. Since Chequessett
Neck Road is a two lane roadway (with one lane in each direction), stop bars will be provided at the
entrances to the bypass route from both directions along with pre-timed signals. Using Synchro 8 and
SimTraffic capacity and signal timing software, it was determined that each of the signals would be fixed
(pre-timed) with green, yellow, and all red times of 16 seconds, 3 seconds, and 22 seconds,

respectively.  This was based on an assumed design speed of 25 mph. The analysis also reveals that this
signal will have minimal impact on capacity and roadway operating conditions with a ‘B’ level of service

LOS).

The temporary bypass route will be constructed on the eastern (Herring River) side of Chequessett Neck
Road, as reflected on Sheet CT-101 — Conceptual Traffic Diversion and Sheeting Lavout Plan in
Attachment D. A bridge consisting of prefabricated modular steel components (e.g., fabricated by Acrow,

or equal) will span approximately 190 feet across the Herring River in order to facilitate bypass of
sutface water around respective active work areas and avoid/minimize impacts to wetland

resources. Temporary sheeting will be installed to form the embankments that will serve as the
temporary bridge’s abutments as well as northbound and southbound approaches from portions of the
existing roadway to remain outside the construction area. The geometric layout of the bypass route was
designed to accommodate the turning movements of a WB-62 vehicle.

A cantilevered walkway platform will be included with the temporary bridge to provide a separate bypass
route for pedestrians and dismounted bikers. A separate lane will be provided for pedestrians/bikers on
each of the northbound and southbound approaches. Guardrail systems will be provided on both sides
of the bypass roadways on the approaches, to guard vehicles from the adjacent sheeting and to provide
separation from the pedestrian/biker path. A handrail system will be provided on the upstream side of
the approaches to protect pedestrians/bikers from the sheeting and associated fall hazard. As noted
above, overhead utilities will be temporarily routed along this bypass route, supported by temporary
poles set in the backfill material placed to form the two approaches to the bridge structure.
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4.3.3 Proposed Stormwater
Management

Stormwater runoff from the structure will be treated with deep sump catch basins with hoods and
stormwater treatment planter/filter boxes adjacent to both bridge abutments. The deep sump/hooded
catch basins will collect and separate debris and some sediment, oil and grease from the stormwater
runoff being conveyed. Stormwater will be discharged from these structutes to one of four planter/filter
boxes that will provide treatment function similar to bioretention basins, further treating stormwater by
filtering out additional sediment, nutrients and other pollutants. Runoff will be discharged from these
structures by underdrains at the bottom of the planter/filter boxes.

The planter/filter boxes were sized in accordance with the Massachusetts Stormwater Handbook
(Handbook) and cover approximately 270 square feet (5% of the area draining to the boxes, per the
Handbook). The two planter/filter boxes at the south end of the bridge will have 30” of soil media as
recommended by the Handbook for nitrogen removal, while the two planter/filter boxes at the north
end of the bridge will have 24” of soil media due to roadway and tidal elevation constraints. It is noted
that 24” of soil media is the minimum depth of media recognized by the Handbook to achieve 80%-
90% of total suspended solids removal.

4.3.4 Proposed Clearances

Overhead Clearances: ~ Not Applicable

Under Clearances: Horizontal: 65’-11” min. clearance below the haunches of the center bay.
49-8.5” min. clearance below the haunches of the two outer bays.

Vertical: ~ 9°-0” from the proposed channel bed (EL. -4.0) to the low chord
of the arch openings (EL. 5.0).
10’-0” from the proposed channel bed (EL. -4.0) to the high
chord at the center of the arch openings (EL. 6.0).

4.3.5 Hydraulic Data

The existing culverts are restrictive and mute the tidal regime upstream of Chequessett Neck Road. The
tidal hydrographs generated through the project’s hydraulic study have the signature curve of a restricted
marsh and conclusively demonstrate that the upstream marsh system is tidally restricted. The following
metrics wete taken from Woods Hole Group’s hydrologic/hydraulic study report included in
Attachment A.
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Drainage Area: 11.0 Square Miles

Design Discharge: 41,670 Cubic Feet per Second
Design Frequency: 100-year Recurrence
Design Velocity: ~20-30 Feet per Second

Design High Water Elevation: 7.5 Feet NAVDS8S)

The peak discharge for the 100-year storm event is approximately 31,800 cubic feet per second (cfs). This is
for the fully open case (165' wide and 10" high opening). Under normal conditions and adaptive
management cases (gates closed) the flux is smaller. It should also be noted that the peak influx for the 100-
year storm is actually higher than the discharge due to the tidal asymmetries (this is a flood dominated
system). The peak influx is 41,670 cfs because the flooding tide is shorter than the ebbing tide. As a result,
the bridge is actually designing for a peak influx, not discharge.

With regard to the Design High Water Elevation, the bridge structure's full open dimensions (i.e. when all
panels are removed) has been sized to limit maximum water surface elevations in the lower Herring River
basin to EL 7.5 NAVDS88, and maximum water surface elevations in upgradient portions of the drainage
system to respective elevations below this maximum.

4.3.6 Preliminary Geotechnical Data

A description of subsurface profiles observed during the boring investigation is provided in Seaion 3.2 and
3.4 of this report. A detailed assessment of foundation requirements is also provided in Section 3.9 above.
A graphical profile of depths/elevations of observed soil layer transitions is provided in Appendix C.

4.3.7 Constraints Imposed by
Approach Roadway Features

The width of the existing embankment’s crest and base, and the configuration of the existing roadway
upon the crest, dictate the layout of the proposed roadway approaches and travel lanes within the
proposed bridge’s footprint. The proposed travel lane widths are set at 11 feet while the existing travel
lanes are 10 feet wide. The configurations and relative locations of the proposed replacement asphalt
berm curbs and guard rails tie into the existing features.

4.3.8 Constraints Imposed by Utilities

Overhead wires will be temporarily relocated and protected during construction as reflected on Sheet
CT-101 — Conceptual Traffic Diversion and Sheeting Layout Plan in the drawing set included in

Attachment D. Two existing utility poles near the proposed structure will need to be removed and
temporarily reset by two or more additional poles along the alignment of the temporary traffic bypass
route. The design calls for these utilities to be routed belowground within the limit of construction, to
junctions at adjacent poles to remain outside the work area. These activities will be coordinated with the
utility service owner(s) as part of ongoing design, and prior to/during construction.
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4.3.9 Constraints Imposed by
Environmentally Sensitive Areas

Work will be conducted to protect wetland resources and water quality on both sides of the
embankment. Appropriate controls and precautions to be employed will be reflected on Sheet CE-101
— Soil Frosion and Sediment Control Plan in the drawing set included in A#achment D. This plan and

other pollution prevention plans (e.g., SWPPP) will be prepared for respective permit submissions to
state and federal regulatory agencies.

4.3.10 Constraints Imposed by Cultural
Resource Areas

An area of potentially sensitive archeological areas was provided by the National Park Service. This area
is shown on the Sheet CS-102 — Existing Conditions Plan in the drawing set included in A#achment D

and is currently being evaluated as part of the project’s planning and coordination activities with the
National Park Service’s Cape Cod National Seashore staff. Potential impacts to cultural resources will
be refined once the definitive limit of disturbance is determined in ongoing design.

If it is determined that the work could impact sensitive archeological resources, the site plan will the
altered to avoid such areas if possible. If the project requires work within an area of concern, appropriate
controls and monitoring procedures will be established, in consultation with NPS staff, the
Massachusetts Historical Commission and tribal representatives, as appropriate.

4.3.11 Hazardous Material Disposition

There are no known hazardous or other contaminated materials at the site that would need to be
managed during construction of the proposed structure.

4.3.12 Other Project Constraints

As noted above, the width of the embankment’s base and crest and proximity immediately adjacent to
adjacent tidal wetlands restrict the layout of the proposed roadway and bridge. In order to minimize
impacts to these wetland resources, the width of the embankment’s base will not be increased except
where required by a 2H:1V slope (maximum proposed slope grade). The proposed roadway lane widths
will be one-foot wider than existing lanes, transitioning to match existing widths at the limits of
construction. Public safety will be improved by the provision of parking spaces along the bridge’s
southbound lane and a marked/signed crosswalk across both lanes.

Boater and rescue safety is an ongoing concern at this design phase, and will be addressed further in the
75% design phase. Specific considerations for the proposed bridge structure are discussed below in
Section 4.4. Itis noted that potential development of portage facilities is currently being
considered/discussed by the HRRC and the Town of Wellfleet.
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4.4 Appropriate Bridge Structure
Types
A hydrologic and hydraulic study completed in December 2013 by Woods Hole Group determined the

required hydraulic openings and gate configurations to meet the required opening to provide required
tidal flushing upstream of the embankment.

In accordance with the MassDOT bridge design manual, the following bridge systems are acceptable

alternatives for use on state highways.

e Structural Plate Pipes: Pre-engineered structures made of steel or aluminum, generally for spans
less than 20 feet.

e  Pre-cast Concrete Four-Sided Box Culvert: Reinforced concrete structures that are assembled

away from the construction site before being delivered. Shipping considerations restrict the
spans of these structures to less than 15 feet.

e DPre-cast Concrete-Three Sided Culvert: Reinforced concrete structures similar to the four-sided

box culvert, except without a base slab. Three-sided culverts are supported on strip footings,
allow for the use of native streambed materials, and are suitable for spans up to 40 feet.

e Slabs or Composite Deck/Stringer Designs: Pre-cast, reinforced concrete slabs or steel stringer

beams with composite concrete decks. Concrete slabs can be quickly assembled and supported
on abutments, though the span is generally limited to less than 25 feet. Steel stringer beams with
a composite deck allow for spans greater than 25 feet but come at the disadvantage of increased
construction schedule and decreased service life (due to steel in a marine environment).

e Adjacent Pre-stressed Concrete Beams: Pre-cast, reinforced concrete beams are assembled side-
by-side and supported on abutments. The top surface of the beams may be used as a deck.
This bridge type is suitable for spans up to 55 feet with Deck Beams and 110 feet with Box
Beams.

e Spread Pre-stressed Concrete Beams: Similar to Adjacent Pre-stressed Concrete Beam bridges
except that the beams are deeper and spaced apart, as opposed to sitting side-by-side.

e Steel Stringer and Pre-stressed Concrete NEBT Girders with a Composite Concrete Deck:

Choice of steel beams or New England Bulb-Tee concrete beams, which are constructed with a
composite deck. Making the deck a separate composite structure attached to the beams gives
improved strength to the structure, allowing for spans up to 90 feet.

All of the above alternatives were considered and based on a meeting workshops with the HRRC, the
following three structure alternatives were evaluated in a detailed alternatives analysis.

e Four Sided Pre-cast Concrete Box Culvert

e Three Sided Pre-cast Concrete Box Culvert
e Adjacent Pre-stressed Concrete Box Beams
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While each of the alternatives would meet the project’s functional requirements and conform to site
constraints, selection of the preferred alternative was achieved by weighing the relative importance of a
variety of considerations including effects on natural resources, physical processes including low tide
drainage, sediment transport and scour, long-term maintenance requirements and costs, construction
costs, aesthetics, site safety and security.

A comparative constraints analysis matrix was created to assimilate the respective advantages/
disadvantages of the alternative structures, and was reviewed and discussed with the HRRC in
workshops through between September and November 2012, and subsequently with the Town of
Wellfleet in a December 13, 2012 workshop. This matrix reflected numerical weighting of respective
criteria to characterize relative importance in meeting project objectives, and scoring of the respective
alternatives under each of these criteria. Weighted scores were then totaled for each alternative, such
that an overall score for each alternative is provided. This approach determined that the adjacent pre-
stressed concrete box beam bridge structure supported on piles was most advantageous to meet the
project’s respective objectives.

The selected structure is described in further detail in the following sections.

4.5 Proposed Substructure
Arrangement, Span and
Foundation Type

This proposed structure is comprised of two outer spans of approximately 49.5 feet and one center span
of approximately 66 feet, for a total hydraulic opening potential of approximately 166 feet. The number
of spans and their respective lengths were determined based on relative span length ratios required by
the MassDOT LRFD Bridge Manual. A three span structure was determined to be most appropriate, as
a two-span structure would lead to span lengths of 88 feet, exceeding the reasonable capacity of a pre-
cast box beam, while a four-span structure would increase the overall length of the structure and
increase construction costs beyond what would be required for a three-span structure (due to an
additional pier and time to place the additional bridge beams).

Current design evaluations indicate that excavation to EL -9 (NAVDS88) would likely be required to
meet channel invert elevations and provide sufficient pile cap depths supporting abutments and piers.
Pile cap foundations below piers are proposed to be 10-feet wide, and approximately 16-feet wide below
abutments, to provide adequate clearance for the anticipated arrangement of vertical and battered
tapered steel tube piles. Wingwalls are proposed to retain adjacent embankment soils and stone armor
protection on upstream and downstream ends of the north and south abutments.

Piers are proposed to be 5-feet wide, and will support removable pre-cast concrete panels spanning each
of the bays. These panels will be either equipped with tide control gates, or “dead” panels with no
openings, as reflected on Sheet SA-103 — Bridge Elevation and Longitudinal Section in the drawing set
included in Attachment D. A concrete base will be constructed below the pre-cast panels, at the proposed
channel invert elevation, with a keyway to seat the bottom of the panels. The top of the pre-cast panels
will be restrained horizontally by the bridge deck, and through interlocking keys between adjacent panels
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continuing to guides in sidewalls of the piers and abutments. Panels have been sized to accommodate
the configuration of gate frames providing 6-foot wide by 10-foot high openings through the panels, and
provide consistent/regular dimensions between the respective bays. The typical configuration of the
panels is shown on Sheet SA-105 — Structural Details in the drawing set included in A#achment D.

A permanent steel sheeting cutoff wall will be constructed along the length of the concrete bases below
the panels, extending continuously below the bridge piers and abutments, and continuing beyond the
abutments to meet existing timber cutoff sheeting at the limits of excavation. As noted above, this
sheeting will extend to at least 24-feet below the mudline to achieve adequate seepage cutoff below the
panels under the maximum hydraulic loading. Vertical and battered piles will provide vertical and
horizontal support below the pre-cast panels. Stone armor channel scour protection will extend from
the piers and the concrete bases below the panels, as shown on the Sheet SA-103 — Bridge Elevation and

Longitudinal Section and SA-104 — Structural Sections included in A#tachment D.

4.6 Proposed Superstructure Type

The main bridge span will be comprised of adjacent pre-stressed, pre-cast concrete box beams. Nine
adjacent B48-27 box beams will support the main bridge deck underlying the roadway and sidewalk
areas. Two utility bay keeper blocks are proposed below the two sidewalks to house utility supports for
separate conduits routing relocated utilities (electrical and communication) below the bridge deck.
These utilities will continue in trenches with handholes to the nearest adjacent utility poles to remain.
Type 1 approach slabs will be constructed at both south and north abutments.

Public access platforms offset from the main bridge deck over the center span will be supported by
adjacent B-36-24 box beams (four (4) for the platform upstream of the main deck, and six (6) for the
downstream platform). These platforms will be supported by the two piers supporting the main bridge
decks

Bridge parapets (CT-TL2 barriers) will be constructed along the edges of the main bridge deck spanning
all bays. Steel-backed timber guardrails will extend from the north and south abutments to existing
guardrails to remain (noting these guardrails may be extended, as an alternate, to the ends of the
embankment). A sloped safety barrier will be constructed along the westbound patking lane/sidewalk
area to protect the gate frames and persons located in the access area immediately adjacent to the gate
frames. Four openings will be provided in this barrier for movement of persons from the crosswalk and
parking spaces to the platform areas (see Sheet SA-105 — Structural Details for an elevation view of the
barrier). One of these openings (at the south end of the platform) will provide access for personnel
operating the gate structures, which will be powered by a portable trailer-mounted generator brought to
the site, with power/control cabinets located at the south end of the platform.

A railing system will be provided around openings in the bridge deck created to allow removable panels
to be raised for removal or lowered into position. While the tops of the removable panels will be
exposed within these openings and located less than one-foot below the bridge deck elevation, a space
will exist within the footprint of the each gate frame mounted to the downstream face of the removable
panel. These opening will be less than one-foot wide and less than 7-5-feet long at panels with gates,
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and less than two-feet wide at “dead” panels without gates. Secured grating will be provided at “dead”
panel openings to avoid the hazard of persons falling in the opening. A similar railing system will be
installed along perimeters of the platforms, to protect against falling hazards.

The proposed bridge structure type will provide the largest horizontal clearance within the channel
structures of the considered alternatives, and result in a significant improvement of boatet/rescue safety
in comparison to the existing structure. The structure’s vertical clearance from the roof of the platforms
above the Mean High Water elevation is more than approximately 4.5-feet, and more than 4-feet below
the roof of the main bridge deck.

Arched facia panels will extend down vertically from the top of the upstream and downstream faces of
the bridge openings. These fascia panels, together with warning signage posted on the upstream and
downstream bridge faces and/or signage posted on warning buoys immediately upstream and
downstream of the bridge structure, would provide a visual warning to approaching boaters of the
hazard present.

4.7 Preliminary Project Cost Estimate

The budgetary opinion of construction cost to construct the proposed bridge structure, appurtenances
and other site improvements is approximately $13,100,000 including a 20% contingency and two years
of inflation at 3% per annum. A budgetary opinion of cost is typically expected to be accurate within a
range of -15% to +30%, resulting in an expected cost range of between $11,100,000 and $16,980,000.
As the project design progresses to completion of construction and bidding documents the cost will be
updated, with the contingency and cost range both reduced accordingly.

4.8 Proposed Bridge Structure Type

As noted above, the proposed bridge structure is an Adjacent Pre-Stressed Concrete Box Beam Bridge.
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Attachment B

Scour and Wave Analysis Information
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Client: Fuss & O'Neill, Inc.
Project: Herring River Drilling
Location: Wellfleet, MA Project No: GTX-301245
Boring ID: SEDIMENT Sample Type: bag Tested By: jbr
Sample ID: S-1 Test Date: 12/05/13 Checked By: jdt
Depth : - Test Id: 284498
Test Comment: -
Sample Description:  Moist, dark yellowish brown sand
Sample Comment: -
Particle Size Analysis - ASTM D422
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Coefficients
D30=0.3799 mm

D15=0.2766 mm
D10=0.2463 mm

Dg5=1.1611 mm
De0p=0.6326 mm
D50 =0.5385 mm

Cu =2.568 Cc =0.926
Classification
ASTM Poorly graded sand (SP)

AASHTO Stone Fragments, Gravel and Sand
(A-1-b (1))

Sample/Test Description
Sand/Gravel Particle Shape : ---

Sand/Gravel Hardness : ---




Client:

Fuss & O'Neill, Inc.

Project: Herring River Drilling
Location: Wellfleet, MA Project No: GTX-301245
Boring ID: SEDIMENT Sample Type: bag Tested By: jbr
Sample ID: S-2 Test Date: 12/05/13 Checked By: jdt
Depth : - Test Id: 284499
Test Comment: -
Sample Description:  Moist, very dark gray silty sand
Sample Comment: -
Particle Size Analysis - ASTM D422
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0.75in 19.00 100 Deo=0.4550 Dis =N/A

0.5in 12.50 %6 60 =% mm 15—
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100 010 i AASHTO  Silty Gravel and Sand (A-2-4 (0))
#200 0.075 25

Sample/Test Description
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Sand/Gravel Particle Shape : ROUNDED
Sand/Gravel Hardness : HARD




Client: Fuss & O'Neill, Inc.
Project: Herring River Drilling
Location: Wellfleet, MA Project No: GTX-301245
Boring ID: SEDIMENT Sample Type: bag Tested By: jbr
Sample ID: S-3 Test Date: 12/05/13 Checked By: jdt
Depth : - Test Id: 284500
Test Comment: -
Sample Description:  Moist, light yellowish brown sand
Sample Comment: -
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Sample/Test Description
Sand/Gravel Particle Shape : ROUNDED

Sand/Gravel Hardness : HARD




Client:

Fuss & O'Neill, Inc.

Project: Herring River Drilling

Location: Wellfleet, MA Project No: GTX-301245
Boring ID: SEDIMENT Sample Type: bag Tested By: jbr

Sample ID: S-4 Test Date: 12/05/13 Checked By: jdt

Depth : - Test Id: 284501

Test Comment: -

Sample Description:

Sample Comment: -

Wet, dark olive gray sand

Particle Size Analysis - ASTM D422
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Classification
ASTM Poorly graded sand (SP)

AASHTO Stone Fragments, Gravel and Sand
(A-1-b (1))

Sample/Test Description
Sand/Gravel Particle Shape : ROUNDED

Sand/Gravel Hardness : HARD




Client: Fuss & O'Neill, Inc.
Project: Herring River Drilling
Location: Wellfleet, MA Project No: GTX-301245
Boring ID: SEDIMENT Sample Type: bag Tested By: jbr
Sample ID: S-5 Test Date: 12/05/13 Checked By: jdt
Depth : - Test Id: 284502
Test Comment: -
Sample Description:  Moist, light yellowish brown sand
Sample Comment: -
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100 oS < ASTM Poorly graded sand (SP)
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AASHTO Stone Fragments, Gravel and Sand
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Sample/Test Description
Sand/Gravel Particle Shape : ---

Sand/Gravel Hardness : ---




Client: Fuss & O'Neill, Inc.
Project: Herring River Drilling
Location: Wellfleet, MA Project No: GTX-301245
Boring ID: SEDIMENT Sample Type: bag Tested By: jbr
Sample ID: S-6 Test Date: 12/05/13 Checked By: jdt
Depth : - Test Id: 284503
Test Comment: --
Sample Description:  Wet, black sand
Sample Comment: --
Particle Size Analysis - ASTM D422
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D30=0.7686 mm
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Cu =10.109 Cc =1.138
Classification
ASTM Well-graded sand (SW)

AASHTO Stone Fragments, Gravel and Sand
(A-1-b (1))

Sample/Test Description
Sand/Gravel Particle Shape : ROUNDED

Sand/Gravel Hardness : HARD







Attachment C

Geotechnical Investigation
and Evaluation Information
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FUSS & O'NEILL, INC. BORING LOG Boring ID: B-1
CONSULTING ENGINEERS Project: Herring River Restoration Sheet 1 of 1
MANCHESTER, CT Location: Wellfleet, MA Project No.: 20120636.A13
Contractor: Soil Exploration Corp Water Level Measurements
Operator: Tim Flores Date Ref. Pt. Depth Time
F&O Rep.: Dan La France
Drilling Method: HSA/Drive & Wash
Sampling Method: Split Spoon (2" OD)
Hammer Wt.: 140 Ibs Hammer Fall (in.): 30
Boring Location: North Pier
Ground Elevation: 12.1 (NAVD88)
Date Start: 11/20/13 Date Finish: 11/20/13 Time & Date of Completion: 1500- 11/20/2013
Sample
Depth Elevation | Sample | Depth | Rec/ Blows/ Sample Description Strata USCS Remarks
(ft) (NAVD88) No. (ft) Pen 6" Change Class.
0 12.1 0.0-0.5 Asphalt Asphalt AS
0.5 11.6 S-1 0.5-25 | 6/24 12 Dense red brown fine to medium FI/SP
20 SAND,some Gravel
ig Sand/
Fill
5 7.1 S-2 5-7 12/24 7 Medium dense red brown fine to medium, !
6 SAND, trace Gravel. Asphalt fragments in FI/SP
19 the recovery
9 AS
10 21 S-3 10-12 | 8/24 3
g Loose red brown fine to medium SAND Siz}?y SP 1
4
14 -1.9 S-4 14-16 | 7/24 3 Medium dense, yellowish brown fine to
5 medium, SAND, little Gravel,wet
5 SP
7
19 -6.9 S-5 19-21 | 9/24 6 Medium dense, greyish fine to medium
6 SAND , trace Gravel, wet sp
7
7
24 -11.9 S-6 24-26 | 9/24 12 Medium dense, reddish brown fine to
14 medium SAND , trace Gravel, wet sp
15
9 Sand
29 -16.9 S-7 29-31 | 5/24 5 Medium dense, yellowish fine to medium
7 SAND , trace Gravel, wet
7 SP
8
34 -21.9 S-8 34-36 | 14/24 3 Medium dense, greyish fine to medium
5 SAND , trace Gravel, wet
7 SP
7
39 -26.9 S-9 39-41 | 6/24 4 Medium dense, greyish fine to medium
6 SAND, wet Sp
9
10
End of Boring 41'; No refusal
MINOR CONSTITUENT PROPORTIONS: REMARKS:
Trace 0to 10% Some 20 to 35% End of Boring 41'; No refusal
Little 10 to 20% And 35 to 50% Auto hammer
1. Ground water table encounterd at 13' from the ground surface.
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FUSS & O'NEILL, INC.
CONSULTING ENGINEERS
MANCHESTER, CT

BORING LOG

Boring ID: B-2

Project: Herring River Restoration

Sheet 1 of 2

Location: Wellfleet, MA

Project No.: 20120636.A13

Contractor: Soil Exploration Corp

Water Level Measurements

Operator: Tim Flores Date Ref. Pt. Depth Time
F&O Rep.: Dan La France
Drilling Method: HSA/Drive & Wash
Sampling Method: Split Spoon (2" OD)
Hammer Wt.: 140 Ibs Hammer Fall (in.): 30
Boring Location: North Pier
Ground Elevation:
Date Start: 11/18/13 Date Finish: 11/19/13 Time & Date of Completion: 1300- 11/19/2013
Sample
Depth Elevation | Sample | Depth | Rec/ Blows/ Sample Description Strata USCS Remarks
(ft) (NAVD88) No. (ft) Pen 6" Change Class.
0 12.3 0-0.5 Asphalt upto 3" and then Gravel Asphalt AS
0.5 11.8 S-1 0.5-2.5 | 14/24 7 Medium dense brown moist fine to medium
12 SAND, little Gravel FI/SP
14
17
5 7.3 S-2 5-7 12/24 14 Medium dense moist brown fine to medium
140 SAND, little Gravel FI/SP
4 Sandy
10 2.3 S-3 10-12 | 11/24 9 Medium dense moist brown fine to medium Fill
11 SAND
13 FI/SP
15
14 -1.7 S-4 14-16 8/24 3 Loose moist brown fine to medium SAND
3
3 FI/SP 1
4
19 -6.7 S-5 19-21 8/24 8 Medium dense wet light grey fine to medium
8 SAND, some Gravel
SP
7
8
24 -11.7 S-6 24-26 8/24 9 Medium dense wet light grey fine to medium
11 SAND, some Gravel
SP
12
15
29 -16.7 S-7 29-31 0/24 14 No Recovery, Gravel in Spoon tip
16
14
9
34 -21.7 S-8 34-36 | 16/24 7 Medium dense wet greyish brown fine to
g medium SAND, trace Gravel Sand sp
8
39 -26.7 S-9 39-41 9/24 8 Medium dense wet greyish brown fine to
9 medium SAND, trace Gravel
9 SP
10
44 -31.7 S-10 44-46 9/24 6 Medium dense wet greyish brown fine to
8 medium SAND, some Gravel
8 SP
10
49 -36.7 S-11 49-51 | 11/24 4 Medium dense , wet, reddish brown fine to
5 medium SAND, some Gravel
6 SP
12
MINOR CONSTITUENT PROPORTIONS: REMARKS:

Trace 0to 10%
Little 10 to 20%

Some 20 to 35%
And 35 to 50%

End of Boring 78'; No refusal

Auto hammer

1. Ground water table encounterd at 15' from the ground surface.
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FUSS & O'NEILL, INC.
CONSULTING ENGINEERS
MANCHESTER, CT

BORING LOG

Boring ID: B-2

Project: Herring River Restoration

Sheet 2 of 2

Location: Wellfleet, MA

Project No.: 20120636.A13

Contractor: Soil Exploration Corp Water Level Measurements
Operator: Tim Flores Date Ref. Pt. Depth Time
F&O Rep.: Dan La France
Drilling Method: HSA/Drive & Wash
Sampling Method: Split Spoon (2" OD)
Hammer Wt.: 140 Ibs Hammer Fall (in.): 30
Boring Location: North Pier
Ground Elevation:
Date Start: 11/18/13 Date Finish: 11/19/13 Time & Date of Completion: 1300- 11/19/2013
Sample
Depth |Elevation| Sample Depth Rec/ Blows/ Sample Description Strata USCS | Remarks
(ft) (NAVDA88) No. (ft) Pen 6" Change Class.
54 S-12 54-56 12/24 22 Very dense wet reddish brown
26 fine to medium SAND, little Gravel sp
25
25
59 S-13 59-61 18/24 7 Medium dense wet reddish brown
14 fine to medium SAND, trace sp
11 Gravel
22
- - - Sand
64 S-14 64-66 13/24 5 Medium dense wet olive grey fine
9 SAND
13 SP
15
69 S-15 69-71 16/24 16 Very dense wet grey fine SAND,
23 trace Silt
29 SP
37
74 S-16 74-76 17/24 16 Very dense dark grey SILT, trace
25 Sand.Moist
26 ML
33 silt
76 S-17 76-78 16/24 19 Dense dark grey SILT, trace
21 Sand.Moist
26 ML
29
78 End of boring @ 78 ft
MINOR CONSTITUENT PROPORTIONS: REMARKS:

0to 10%
10 to 20%

Trace
Little

Some 20 to 35%
And 35 to 50%

End of Boring 78'; No refusal
Auto hammer




FUSS & O'NEILL, INC.
CONSULTING ENGINEERS
MANCHESTER, CT

BORING LOG

Boring ID: B-3

Project: Herring River Restoration

Sheet 1 0f 1

Location: Wellfleet, MA

Project No.: 20120636.A13

Contractor: Soil Exploration Corp Water Level Measurements
Operator: Tim Flores Date Ref. Pt. Depth Time
F&O Rep.: Dan La France
Drilling Method: HSA/Drive & Wash
Sampling Method: Split Spoon (2" OD)
Hammer Wt.: 140 Ibs Hammer Fall (in.): 30
Boring Location: North Pier
Ground Elevation:
Date Start: 11/21/13 Date Finish: 11/21/13 Time & Date of Completion: 1500- 11/21/2013
Sample
Depth Elevation | Sample | Depth Rec/ Blows/ Sample Description Strata USCs Remarks
(ft) (NAVD88) No. (ft) Pen 6" Change Class.
0 121 0.0-0.3 Asphalt
Asphalt AS
0.3-0.5 Gravel
0.5 11.6 S-1 0.5-2.5 | 15/24 8 Dense yellowish brown fine to medium
16 SAND,trace Gravel FI/SP
18
14
5 7.1 S-2 5-7 14/24 7 Medium dense yellowish brown fine to
S medium SAND SandyFill|  FI/SP
9
10 2.1 S-3 10-12 16/24 11 Medium dense yellowish brown moist fine to
11 medium SAND, little Gravel
SP
13
11
15 -2.9 S-4 15-17 11/24 2 Loose,wet, yellowish brown fine to
2 mediumSAND, trace Gravel
5 SP
2
19 -6.9 S-5 19-21 10/24 10 Medium dense,wet, light grey fine to
12 medium SAND, trace Gravel
SP
12
12
24 -11.9 S-6 24-26 8/24 10 Medium dense,wet, light grey fine to
14 medium SAND, trace Gravel sp
13
12 - - Sand
29 -16.9 S-7 29-31 0 10 No Recovery, Rock in Spoon tip
12
22
26
34 -21.9 S-8 34-36 11/24 14 Dense,wet reddish brown fine to medium
14 SAND, some Gravel, trace Silt sp
16
11
39 -26.9 S-9 39-41 1/24 7 Poor recovery; reddish brown fine to
9 medium SAND, little Gravel
SP
10
10
End of Boring @ 41 ft
MINOR CONSTITUENT PROPORTIONS: REMARKS:
Trace 0to 10% Some 20 to 35% End of Boring 41'; No refusal
Little 10 to 20% And 35 to 50% Auto hammer
Ground water table encounterd at 15' from the ground surface.
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FUSS & O'NEILL, INC. BORING LOG Boring ID: B-4
CONSULTING ENGINEERS Project: Herring River Restoration Sheet 1 of 1
MANCHESTER, CT Location: Wellfleet, MA Project No.: 20120636.A13
Contractor: Soil Exploration Corp Water Level Measurements
Operator: Tim Flores Date Ref. Pt. Depth Time
F&O Rep.: Dan La France
Drilling Method: HSA/Drive & Wash
Sampling Method: Split Spoon (2" OD)
Hammer Wt.: 140 Ibs Hammer Fall (in.): 30
Boring Location: North Pier
Ground Elevation:
Date Start: 11/20/13 Date Finish: 11/20/13 Time & Date of Completion: 1100- 11/20/2013
Sample
Depth Elevation | Sample | Depth | Rec/ Blows/ Sample Description Strata USCS Remarks
(ft) (NAVD88) No. (ft) Pen 6" Change Class.
0 11 0.0-0.25 Asphalt
Asphalt AS
0.25-0.5 Gravel
0.5 10.5 S-1 0.5-2.5 | 14/24 8 Medium dense reddish brown fine to
14 medium SAND, some Gravel FI/SP
12
11
5 6 S-2 5-7 15/24 3 Loose moist reddish brown fine to medium
2 SAND trace Gravel Sar_1dy FI/SP
2 Fill
2
10 1 10-12 0 2 No Recovery
2
3 FI/SP
2
12 -1 S-3 12-14 | 14/24 3 Loose, wet reddish brown fine to medium
2 SAND,trace Gravel
SP
2
3
15 -4 S-4 15-17 | 16/24 2 Loose,wet, yellowish brown fine to medium
2 SAND, trace Gravel
SP
2
4
19 -8 S-5 19-21 6/24 3 Loose, wet, yellowish brown fine to medium
2 SAND, trace Gravel
SP
2
3
24 -13 S-6 24-26 | 13/24 3 Medium dense, wet, light grey fine to
; medium SAND, little Gravel Sand sp
12
29 -18 S-7 29-31 | 11/24 7 Medium dense, wet, light brown fine to
7 medium SAND, little Gravel
8 SP
12
34 -23 S-8 34-36 | 14/24 5 Medium dense,wet, light brown fine to
8 medium SAND
SP
9
11
39 -28 S-9 39-41 | 17/24 13 Dense,wet, reddish brown fine to medium
21 SAND, little Gravel
SP
27
35
End of Boring 41'; No refusal
SP
MINOR CONSTITUENT PROPORTIONS: REMARKS:
Trace 0to 10% Some 20 to 35% End of Boring 41'; No refusal
Little 10 to 20% And 35 to 50% Auto hammer
Ground water table encounterd at 12' from the ground surface.
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Client:

Fuss & O'Neill, Inc.

Project: Herring River Drilling

Location: Wellfleet, MA Project No: GTX-301245
Boring ID: B-2 Sample Type: jar Tested By: jbr

Sample ID: S-16 Test Date: 12/05/13 Checked By: jdt

Depth : 74-76 ft. Test Id: 284504

Test Comment:

Sample Description:

Sample Comment:

Moist, dark gray silt

Particle Size Analysis - ASTM D422

10
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Grain Size (mm)

0.01

0.001

printed 12/6/2013 9:44:46 AM

% Cobble % Gravel % Sand % Silt & Clay Size
- 0.0 6.5 93.5
Sieve Name [Sieve Size, mm| Percent Finer [Spec. Percent Complies Coefficients

Dgs =N/A D3o=N/A
#4 4.75 100 Deo =N/A Dic =N/A
#10 2.00 100 60— 5=
#20 0.85 99 Dso=N/A Dio=N/A
#40 0.42 98 Cu =N/A Ce =N/A
#60 0.25 98
#100 0.15 97 Classification
#200 0.075 93 ASTM N/A

AASHTO  Silty Soils (A-4 (0))

Sample/Test Description

Sand/Gravel Particle Shape : ---
Sand/Gravel Hardness : ---




Client:

Fuss & O'Neill, Inc.

Project: Herring River Drilling

Location: Wellfleet, MA Project No: GTX-301245
Boring ID: B-4 Sample Type: jar Tested By: jbr

Sample ID: S-2 Test Date: 12/05/13 Checked By: jdt

Depth : 5-7 ft. Test Id: 284505

Test Comment:
Sample Description:
Sample Comment:

Moist, yellowish brown sand

Particle Size Analysis - ASTM D422

Percent Finer
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1 0.1
Grain Size (mm)

0.01 0.001

% Cobble

% Gravel

% Sand

% Silt & Clay Size

0.7

96.3

3.0

Sieve Name

ISieve Size, mm| Percent Finer

Spec. Percent

Complies

Dg5=1.1043 mm

Dso=0.5859 mm

Ds50=0.4852 mm

Cy =3.239

Coefficients
D30=0.3252 mm

D15=0.2260 mm
D10=0.1809 mm
Cc =0.998

ASTM Poorly

0.375in 9.50 100
#4 4.75 99
#10 2.00 97
#20 0.85 80
#40 0.42 43
#60 0.25 17
#100 0.15 6
#200 0.075 3

printed 12/6/2013 9:44:46 AM

Classification
graded sand (SP)

AASHTO Stone Fragments, Gravel and Sand
(A-1-b (1))

Sample/Test Description

Sand/Gravel Particle Shape : ---
Sand/Gravel Hardness : ---




Client:

Fuss & O'Neill, Inc.

Project: Herring River Drilling

Location: Wellfleet, MA Project No: GTX-301245
Boring ID: B-1 Sample Type: jar Tested By: jbr

Sample ID: S-3 Test Date: 02/06/14 Checked By: jdt

Depth : 10-12 ft Test Id: 287962

Test Comment:
Sample Description:
Sample Comment:

Moist, brown sand

Particle Size Analysis - ASTM D422

Percent Finer
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% Cobble

% Gravel

% Sand

% Silt & Clay Size

1.7

96.0

2.3

Sieve Name

ISieve Size, mm| Percent Finer

Spec. Percent Complies

Dg5=1.3703 mm

Deo=0.6556 mm

Ds50=0.5341 mm

Cy =3.581

Coefficients
D30=0.3422 mm

D15=0.2274 mm
D10=0.1831 mm
Cc. =0.976

ASTM Poorly

0.375in 9.50 100
#4 4.75 98
#10 2.00 95
#20 0.85 73
#40 0.42 39
#60 0.25 17
#100 0.15 5
#200 0.075 2

AASHTO Stone

printed 2/6/2014 1:48:10 PM

Classification
graded sand (SP)

Fragments, Gravel and Sand

(A-1-b (1))

Sample/Test Description

Sand/Gravel Particle Shape : ---
Sand/Gravel Hardness : ---




Client:

Fuss & O'Neill, Inc.

Project: Herring River Drilling

Location: Wellfleet, MA Project No: GTX-301245
Boring ID: B-2 Sample Type: bag Tested By: jbr

Sample ID: S-5 Test Date: 02/06/14 Checked By: jdt

Depth : 19-21 ft Test Id: 287963

Test Comment: -—

Sample Description:  Moist, pale brown sand

Sample Comment:

Particle Size Analysis - ASTM D422
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1 0.1 0.01 0.001
Grain Size (mm)

% Cobble

% Gravel

% Sand % Silt & Clay Size

5.3

92.7 2.0

Sieve Name

ISieve Size, mm|

Percent Finer

Spec. Percent Complies Coefficients

Dg5=1.7522 mm D30=0.3955 mm

0.5in

12.50

100

De0o=0.7726 mm D15=0.2615 mm

0.375in

9.50

98

#a

4.75

95

D50=0.6211 mm D10=0.2049 mm

#10

2.00

89

Cy =3.771 Cc =0.988

#20

0.85

64

#40

0.42

33

#60

0.25

13

ASTM Poorly graded sand (SP)

#100

0.15

#200

0.075

AASHTO Stone Fragments, Gravel and Sand
(A-1-b (1))

printed 2/6/2014 1:48:11 PM

Sample/Test Description
Sand/Gravel Particle Shape : ROUNDED

Sand/Gravel Hardness : HARD




Client:

Fuss & O'Neill, Inc.

Project: Herring River Drilling

Location: Wellfleet, MA Project No: GTX-301245
Boring ID: B-3 Sample Type: jar Tested By: jbr

Sample ID: S-5 Test Date: 02/06/14 Checked By: jdt

Depth : 19-21 ft Test Id: 287964

Test Comment:
Sample Description:
Sample Comment:

Moist, pale brown sand

Particle Size Analysis - ASTM D422

Percent Finer
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£
[T]
N~
M
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1 0.1
Grain Size (mm)

0.01 0.001

% Cobble

% Gravel

% Sand

% Silt & Clay Size

0.5

95.1

4.4

Sieve Name

ISieve Size, mm| Percent Finer

Spec. Percent Complies

Dg5=1.0044 mm

Dso=0.5708 mm

D50=0.4756 mm

Cy =3.788

Coefficients
D30=0.3070 mm

D15=0.1886 mm
D10=0.1507 mm
Cc =1.096

ASTM Poorly

0.375in 9.50 100
#4 4.75 99
#10 2.00 98
#20 0.85 82
#40 0.42 44
#60 0.25 21
#100 0.15 10
#200 0.075 4

AASHTO Stone

printed 2/6/2014 1:48:11 PM

Classification
graded sand (SP)

Fragments, Gravel and Sand

(A-1-b (1))

Sample/Test Description

Sand/Gravel Particle Shape : ---
Sand/Gravel Hardness : ---




Single Well Steady State Pumping Test--Radial Flow

Sampler Info Site Info
P-transducer reading at start (ft): 10.69(Site Herring River
Saturated Screen Length [ L ] (ft): 10.00{Sampler WRFS-22
Well Intake Radius[ R ] (ft): 0.083|Date 11/20/13
Radius of Influence [ Ri J(assume 50* R) (ft) 4.17|Personnel D. Hollibaugh-Baker
Test 1 Test 2 Test 3
Steady State head (ft) 10.69 Steady State head (ft) 10.75 Steady State head (ft) 10.85
Volume (ml) 500.0 Volume (ml) 1020.0 Volume (ml) 2000.0
Time (sec) 140 Time (sec) 90 Time (sec) 150
Flow Rate Q (ml/sec) 3.57 Flow Rate Q (ml/sec) 11.33 Flow Rate Q (ml/sec) 13.33
K (cm/s) Description
slope (Q/h)= 56.82701652 ml/sec/ft <10” cyrstalline rocks, clays
k= 1.08E+01 ft/day 10°-10* clay-->silty sand--> fine sand (till)
k= 3.81E-03 cm/s 10°-10* med sand to gravel
>10™ coarse gravels, cobbles

Comments:

Copyright © 2008 Gary Robbins. All rights reserved.




Q (ml/sec)

16.00

14.00 -

12.00 -

10.00 -

8.00 -

6.00 -

4.00 -

2.00

y = 56.827x - 602.24
R2=0.7935

0-00 T T T T T T T
10.68 10.70 10.72 10.74 10.76 10.78 10.80 10.82

Head (ft)

10.84 10.86
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Attachment D

25% Design Drawings (Rolled Separately)
and Opinion of Construction Cost
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BRIDGE CONSTRUCTION PROJECT
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OVERHEAD UTILITY
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RIM ELEVATION=

INVERT=

SUMP=

UTILITY POLE

SIGN

BORING LOCATION

EXISTING STONE ARMOR

LIMIT OF DISTURBANCE

PROPOSED CONTOUR

TEMPORARY COFFERDAM/SHEETING
PROPOSED GUARDRAIL

COIR ROLL BARRIER

APPROXIMATE BOUNDARY OF
WETLAND VEGETATIVE COMMUNITY

NON—-TIDAL BORDERING VEGETATED
WETLAND

SALT MARSH

LAND UNDER WATER

EXISTING STONE ARMOR WAVE/SCOUR
PROTECTION REMOVED AND
REINSTALLED AS SLOPE PROTECTION

SOIL-FILLED STONE ARMOR SCOUR AND SLOPE PROTECTION
SIZED TO WITHSTAND INTERMEDIATE TO HIGH FLOW
VELOCITIES AND/OR WAVE ACTION; SLOPE PROTECTION ON
HERRING RIVER SIDE OF ROADWAY SHALL BE VEGETATED

SOIL—FILLED STONE ARMOR SCOUR
PROTECTION SIZED TO WITHSTAND
LOW FLOW VELOCITIES

MAP NOTES AND REFERENCES: CONTROL OF WATER AND PROTECTION OF WORK REQUIREMENTS

1. PROJECT LOCATION AREA:
CHEQUESSETT NECK ROAD AT THE LOCATION OF 1.
THE HERRING RIVER CULVERT
ASSESSOR MAP NOs. 18 AND 19
WELLFLEET, MASSACHUSETTS

2. EXISTING SITE CONDITIONS INCLUDING SITE FEATURES, WETLAND FLAGGING, AND TOPOGRAPHICAL 2
INFORMATION WITHIN THE IMMEDIATE PROJECT AREA ARE BASED UPON AN ON-GROUND ’
SURVEY PERFORMED BY BAXTER NYE ENGINEERING & SURVEYING BETWEEN AUGUST 14 THROUGH 27, 2012.

3. ALL SURVEY ELEVATIONS DEPICTED HEREON ARE IN ENGLISH UNITS (FEET) AND REFERENCED TO
NAVD88, UNLESS OTHERWISE NOTED.

3.
4. SURVEY BENCHMARKS:
 ROD AND CAP (EL. 11.61—NAVD88) ESTABLISHED SOUTH OF CULVERT STRUCTURE ADJACENT TO ROADWAY SHOULDER
AS SHOWN HEREIN. THE BENCHMARK WAS ESTABLISHED BY LEICA RX 1250 TC GPS RTK. 4

4. PROPERTY BOUNDARIES SHOWN HEREON WERE OBTAINED FROM MASSGIS PROPERTY LINE DATABASES, ARE NOT TO BE
CONSTRUED AS AN ACCURATE BOUNDARY SURVEY, AND ARE SUBJECT TO SUCH CHANGES AS AN ACCURATE BOUNDARY
SURVEY MAY DISCLOSE.

5. FLOOD ZONE INFORMATION:
THE PROJECT SITE IS LOCATED IN SPECIAL FLOOD HAZARD AREAS (SFHAs) ZONE °‘AH’ UPSTREAM/RIVERSIDE (EL 2.14") 5.
OF THE CHEQUESSETT NECK ROAD CULVERT AND ZONE ‘A3’ DOWNSTREAM/HARBORSIDE (EL 11.14’) OF THE CULVERT AS
REFLEC';ED ON FIRM 2500140011C FOR THE TOWN OF WELLFLEET, MASSACHUSETTS IN BARNSTABLE COUNTY (DATED JULY
2, 1992).

6. ENVIRONMENTAL INFORMATION:

o TIDAL ELEVATIONS WERE OBTAINED FROM A REPORT ENTITLED "HERRING RIVER HYDRODYNAMIC MODELING, FINAL
COMPREHENSIVE REPORT,” PREPARED BY THE WOODS HOLE GROUP, AND DATED JUNE 2012. 7.

e THE SITE IS LOCATED WITHIN THE WELLFLEET HARBOR AREA OF CRITICAL ENVIRONMENTAL CONCERN (ACEC).

« THE SITE IS WITHIN AN AREA OF ESTIMATED HABITAT OF RARE WILDLIFE PER NHESP MAP OCTOBER 1, 2010
"ESTIMATED HABITATS OF RARE WILDLIFE” FOR USE WITH THE MA WETLANDS PROTECTION ACT REGULATIONS (310 CMR
10).

o SITE DOES NOT CONTAIN CERTIFIED VERNAL POOLS PER NHESP MAP OCTOBER 1, 2010 "CERTIFIED VERNAL POOLS.” 8.

e THE SITE IS WITHIN A PRIORITY HABITAT PER NHESP MAP OCTOBER 1, 2010 "PRIORITY HABITATS OF RARE SPECIES”
FOR SPECIES UNDER THE MASSACHUSETTS ENDANGERED SPECIES ACT, REGULATIONS (321 CMR 10).

e THE SITE IS NOT WITHIN A GROUND WATER PROTECTION AREA.

e WETLAND FLAG SERIES NOs. SMH 1 THROUGH 16 AND SMH 20 THROUGH 36 WERE DELINEATED BY THE NATIONAL PARK
SERVICE ON JULY 5 AND AUGUST 9, 2012 AND FIELD LOCATED BY BAXTER NYE ENGINEERING & SURVEYING.

7. UTILITY INFORMATION: 9.

o OVERHEAD ELECTRIC/COMMUNICATION LINES AND UTILITY POLES (UP NOs. 15/40 THROUGH 46), REFLECTED HEREIN, 10
WERE FIELD LOCATED BY BAXTER NYE ENGINEERING & SURVEYING. ’

e AS CONFIRMED THROUGH CORRESPONDENCE WITH DIG—SAFE BETWEEN JULY 12 AND 17, 2012 AND NATIONAL GRID; NO

GAS MAINS/FACILITIES, WATER MAINS, OR UNDERGROUND ELECTRIC/COMMUNICATION CONDUITS WERE LOCATED WITHIN
THE PROJECT AREA.

e STORM DRAINS AND FEATURES REFLECTED HEREIN WERE OBTAINED SOLELY FROM SURVEY. NO OTHER AS—-BUILT OR

CONSTRUCTION PLANS ARE AVAILABLE AS WELLFLEET DPW CONFIRMED THAT ALL WITHIN THE PROJECT AREA ARE
LEACHING BASINS. ..

GENERAL CONSTRUCTION AND COORDINATION REQUIREMENTS

1. VERIFY THE LOCATIONS OF EXISTING STRUCTURES AND THE PROPOSED LAYOUT OF THE REPLACEMENT BRIDGE IN ITS
RELATIONSHIP TO THE EXISTING SITE SURVEY. THE CONTRACTOR SHALL ALSO VERIFY ALL DIMENSIONS, SITE CONDITIONS,
AND MATERIAL SPECIFICATIONS AND SHALL NOTIFY THE OWNER AND ENGINEER OF ANY DISCREPANCIES BEFORE 3.
COMMENCING OR PROCEEDING WMITH THE WORK.

2. OBTAIN FIELD MEASUREMENTS AS REQUIRED TO FIT THE WORK PROPERLY. RECHECK MEASUREMENTS BEFORE
CONSTRUCTING EACH WORK ITEM. WHERE PORTIONS OF THE WORK ARE INDICATED TO FIT TO OTHER CONSTRUCTION,
VERIFY DIMENSIONS OF OTHER CONSTRUCTION BY FIELD MEASUREMENTS BEFORE FABRICATION. COORDINATE FABRICATION 4.
SCHEDULE WITH CONSTRUCTION PROGRESS TO AVOID DELAYING THE WORK.

3. VERIFY SPACE REQUIREMENTS AND DIMENSIONS OF ITEMS SHOWN ON DRAWINGS. CHECK THE LOCATION, LEVEL AND
GRADE, OF EVERY MAJOR ELEMENT AS THE WORK PROGRESSES.

4. ESTABLISH BENCHMARKS AND CONTROL POINTS IN ADDITION TO THOSE INDICATED TO SET LINES, GRADES, AND LEVELS
AT EACH STAGE OF CONSTRUCTION. LOCATE THE WORK AND COMPONENTS OF THE WORK ACCURATELY, IN CORRECT
ALIGNMENT AND ELEVATION, AS INDICATED.

5. THE CONTRACTOR SHALL BE RESPONSIBLE FOR REPLACING, WITH MATCHING MATERIALS, ANY PAVEMENT, WALKS, SIGNS,
CURBS, ETC., THAT MUST BE CUT OR THAT ARE DAMAGED DURING CONSTRUCTION.

6. COMPLY WITH MANUFACTURER'S WRITTEN INSTRUCTIONS AND RECOMMENDATIONS FOR INSTALLING MATERIALS AND
PRODUCTS.

7. INSTALL PRODUCTS AT THE TIME AND UNDER CONDITIONS THAT WILL ENSURE THE BEST POSSIBLE RESULTS. MAINTAIN
CONDITIONS REQUIRED FOR PRODUCT PERFORMANCE UNTIL SUBSTANTIAL COMPLETION.

8. CONDUCT CONSTRUCTION OPERATIONS SO NO PART OF THE WORK IS SUBJECTED TO DAMAGING OPERATIONS OR
LOADING IN EXCESS OF THAT EXPECTED DURING NORMAL POST—CONSTRUCTION CONDITIONS.

9. PROVIDE ANCHORS AND FASTENERS AS REQUIRED TO ANCHOR EACH COMPONENT SECURELY IN PLACE, ACCURATELY
LOCATED AND ALIGNED WITH OTHER PORTIONS OF THE WORK.

10. USE PRODUCTS, CLEANERS, AND INSTALLATION MATERIALS THAT ARE NOT CONSIDERED HAZARDOUS.

11.  CONTRACTOR AGREES THAT IT ASSUMES SOLE AND COMPLETE RESPONSIBILITY FOR JOB SITE CONDITIONS DURING THE
COURSE OF CONSTRUCTION OF THIS PROJECT, INCLUDING SAFETY OF ALL PERSONS AND PROPERTY; THAT THIS
REQUIREMENT SHALL APPLY CONTINUOUSLY AND NOT BE LIMITED TO NORMAL WORKING HOURS; AND THAT THE
CONTRACTOR  SHALL DEFEND, INDEMNIFY AND HOLD THE CONTRACT OWNER, PROPERTY OWNERS AND THE ENGINEER 9.
HARMLESS FROM ANY AND ALL LIABILITY, REAL AND ALLEGED, IN CONNECTION WITH THE PERFORMANCE OF WORK ON

THIS PROJECT, EXCEPTING FOR LIABILITY ARISING FROM "THE SOLE NEGLIGENCE OF THE CONTRACT OWNER, PROPERTY
OWNER OR THE ENGINEER.”

12. PRIOR TO CONSTRUCTION, ACCESS AND CONSTRUCTION EASEMENTS MUST BE GRANTED BY PROPERTY OWNERS WHERE

ACCESS AND CONSTRUCTION (INCLUDING STORAGE/STAGING) WILL BE REQUIRED. 10

1.

EXISTING UTILITY COORDINATION REQUIREMENTS
1.

BEFORE BEGINNING SITE WORK, THE CONTRACTOR SHALL INVESTIGATE AND VERIFY THE EXISTENCE AND LOCATION OF

UNDERGROUND UTILITIES AND OTHER CONSTRUCTION AFFECTING THE WORK. THE CONTRACTOR SHALL MAKE

EXPLORATORY EXCAVATIONS AND LOCATE ANY EXISTING UTILITIES SUFFICIENTLY AHEAD OF CONSTRUCTION TO PERMIT

REVISIONS TO PLANS IF NECESSARY. THE EXISTENCE AND/OR LOCATION OF UTILITIES SHOWN ON THESE PLANS MAY BE

ONLY APPROXIMATELY CORRECT AND THE CONTRACTOR IS REQUIRED TO TAKE PRECAUTIONARY MEASURES TO PROTECT 12
THE UTILITES SHOWN HEREON AND ANY OTHER EXISTING UTILITIES NOT OF RECORD OR NOT SHOWN ON THESE PLANS.

THE CONTRACTOR SHALL BE RESPONSIBLE FOR REPAIRING, AT ITS OWN EXPENSE, ANY EXISTING UTILITES DAMAGED

DURING CONSTRUCTION.

2. THE CONTRACTOR SHALL CONTACT DIG SAFE (811) AND UTILITY COMPANIES TO LOCATE ALL EXISTING UTILITIES, AT 13

LEAST 72 HOURS PRIOR TO THE START OF CONSTRUCTION. THE LOCATION OF EXISTING UNDERGROUND
INFRASTRUCTURE, UTILITIES, CONDUITS AND LINES ARE SHOWN IN AN APPROXIMATE WAY ONLY, MAY NOT BE LIMITED TO
THOSE SHOWN HEREIN AND HAVE BEEN RESEARCHED BASED ON THE AVAILABLE UTILITY RECORDS NOTED HEREON. THE
CONTRACTOR AGREES TO BE FULLY RESPONSIBLE FOR ANY AND ALL DAMAGES WHICH MIGHT RESULT FROM THE
CONTRACTOR’S FAILURE TO LOCATE SAID INFRASTRUCTURE AND UTILITIES EXACTLY. IF FIELD CONDITIONS DIFFERS FROM
PLAN INFORMATION, THE CONTRACTOR SHALL NOTIFY THE ENGINEER IMMEDIATELY FOR POSSIBLE REDESIGN.

14,

3.  PROCEED WITH INSTALLATION ONLY AFTER UNSATISFACTORY CONDITIONS HAVE BEEN CORRECTED. 15.
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THE WORK AND SITE SHALL BE PROTECTED AT ALL TIMES UNTIL FINAL ACCEPTANCE BY THE OWNER. CARE SHALL BE
EXERCISED WHILE OPERATING EQUIPMENT ON AND ADJACENT TO THE WORK AREA. THE CONTRACTOR SHALL BE RESPONSIBLE
TO ASSURE THE UTIUZED EQUIPMENT DOES NOT CAUSE DAMAGE TO THE BRIDGE STRUCTURE, HEADWALLS OR OTHER
CONSTRUCTED OR EXISTING FEATURES.

ACCESS TO VARIOUS PORTIONS OF THE SITE SHALL BE UNDERTAKEN IN SUCH A MANNER THAT THE WORK AND SITE ARE
PROTECTED AT ALL TIMES. ACCESS WAYS SHALL BE CONSTRUCTED, MAINTAINED, AND PROTECTED WITH TEMPORARY
COFFERDAM(S), WATER BYPASS CONVEYANCES AND EROSION AND SEDIMENT CONTROLS TO PREVENT DAMAGE FROM EROSION
DURING MAJOR STORM EVENTS.

PLACEMENT AND COMPACTION OF FILL MATERIALS SHALL BE COMPLETED IN SUCH A MANNER THAT THE WORK AND ADJACENT
ROADWAYS ARE PROTECTED FROM DAMAGE AT ALL TIMES.

BACKFILL OPERATIONS SHALL PROCEED TO RAISE THE GROUND SURFACE UNIFORMLY AND SHAPED TO PROVIDE POSITIVE
DRAINAGE AT ALL TIMES. CONSTRUCT AND MAINTAIN ON THE SITE, ALL DITCHES AND CHANNELS NECESSARY TO KEEP THE
SITE IN A DRY AND WORKABLE CONDITION. WHERE WATER IS FLOWING OR OTHERWISE INFILTRATING INTO AN EXCAVATION,
PROVIDE FOR PUMPING AND OTHER DRAINAGE FACILITIES, INCLUDING EROSION AND SEDIMENT CONTROLS, TO DIVERT WATER
FROM SUCH EXCAVATION.

TEMPORARY COFFERDAM AND WATER BYPASS CONVEYANCE SYSTEMS AND MEASURES TO DISCHARGE CHANNEL FLOW THROUGH
THE SITE SHALL BE INSTALLED, OPERATED, MAINTAINED AND REMOVED IN SUCH MANNERS TO PROTECT THE WORK AND
EXISTING FEATURES FROM DAMAGE AT ALL TIMES UNTIL FINAL ACCEPTANCE BY THE OWNER.

DO NOT ALLOW WATER TO ACCUMULATE IN EXCAVATIONS. REMOVE WATER TO PREVENT SOFTENING OF FOUNDATION BOTTOMS,
UNDERCUTTING OF FOOTINGS AND SOIL CHANGES DETRIMENTAL TO STABILITY OF SUBGRADES, FOUNDATIONS AND STRUCTURES.

THE TEMPORARY WATER CONTROL SYSTEM (INCLUDING COFFERDAMMING AND BY—PASS STRUCTURES) MUST BE MAINTAINED TO
ALLOW A DRY WORKING CONDITION (NO SEDIMENT PLUME) IN THE WATERCOURSE. PROVIDE AND MAINTAIN PUMPS, WELL
POINTS, SUMPS, SUCTION AND DISCHARGE LINES, AND OTHER DEWATERING SYSTEM COMPONENTS NECESSARY TO CONVEY
WATER AWAY FROM EXCAVATIONS. UTILIZE COFFERDAMS, TEMPORARY PIPE CULVERTS WITH OTHER EROSION AND SEDIMENT
CONTROLS AS NECESSARY TO MINIMIZE THE POTENTIAL FOR EROSION IN WORK AREAS. SOIL DISTURBANCE WITHIN THE
WATERCOURSE MUST TEMPORARILY CEASE IN THE EVENT OF ANY ABNORMALLY HIGH STORMWATER RUNOFF OR TIDAL
SURCHARGE EVENT IF A DRY WORKING CONDITION CANNOT BE MAINTAINED BY USE OF WATER PUMPS OR OTHER MEANS.

PUMP DISCHARGES FROM LOCALIZED TRENCH/FOOTING EXCAVATIONS SHALL BE MANAGED SUCH THAT THESE DO NOT CAUSE
EROSION OF SOILS. FOR EXAMPLE, PUMP INTAKES SHALL BE FLOATED TO MINIMIZE SEDIMENTATION. ADDITIONALLY, PUMPED
WATER SHALL BE DISCHARGED INTO CONSTRUCTED DEWATERING AREAS (AS REFLECTED HEREIN), CONSISTING OF FILTER BAGS
SURROUNDED BY A TIGHT ENCLOSURE OF CRUSHED STONE AND PORTABLE CONCRETE BARRIERS, IN ORDER TO PROPERLY
FILTER TURBID WATER PRIOR TO ITS RETURN TO THE WATERCOURSE. STONE ARMOR PROTECTION SHALL BE INSTALLED AS
REQUIRED AT THE DISCHARGE OF THE DEWATERING AREA TO AVOID SCOUR OR SUSPENSION OF SOIL AT THE DISCHARGE.
WATER SHALL NOT BE DISCHARGED ONTO FILL OR BACKFILL AREAS OR FOUNDATIONS. WATER SHALL ONLY BE ALLOWED TO
DISCHARGE DIRECTLY INTO THE WATERCOURSE AFTER EMERGING CLEAR WITHOUT ANY SUSPENDED SEDIMENT OR SILT.

PROTECT CONSTRUCTED WORK ON THE SITE DURING FLOOD CONDITIONS.

CONSTRUCT TEMPORARY COFFERDAM(S) AND WATER DIVERSION STRUCTURE(S) OF MATERIALS THAT CAN BE COMPLETELY

REMOVED FROM THE RIVER UPON COMPLETION OF CONSTRUCTION. REMOVAL OF THE TEMPORARY COFFERDAM(S) SHALL BE
CONDUCTED IN A CONTROLLED MANNER.

EROSION CONTROL NOTES

PRIOR TO THE COMMENCEMENT OF CONSTRUCTION ACTIVITIES, INSTALL ALL EROSION AND SEDIMENT CONTROL DEVICES AS
SHOWN ON THE PLAN OR AS REQUIRED BY SITE CONDITIONS. ALL EROSION CONTROL DEVICES WILL BE MAINTAINED
THROUGHOUT CONSTRUCTION.

DISTURBANCE OF SOIL SURFACES IS REGULATED BY STATE LAW AND LOCAL ORDINANCE. ALL WORK SHALL COMPLY WITH THE
FOLLOWING CRITERIA AND OTHER PERMIT CONDITIONS TO PREVENT OR MINIMIZE SOIL EROSION AND SEDIMENTATION TO
OFF—SITE AREAS.

THE CONTRACTOR SHALL COMPLY WITH THE LATEST EDITION OF THE "MASSACHUSETTS EROSION AND SEDIMENT CONTROL
GUIDELINES FOR URBAN AND SUBURBAN AREAS” IN CONSTRUCTING THE EROSION AND SEDIMENT CONTROLS INDICATED ON THE
PLANS. ALL EROSION AND SEDIMENT CONTROL MEASURES OR WORKS AND REHABILITATION MEASURES MUST CONFORM TO OR
EXCEED THE SPECIFICATIONS OR STANDARDS SET OUT IN THIS HANDBOOK.

THE CONTRACTOR IS RESPONSIBLE FOR THE TIMELY INSTALLATION, INSPECTION, MAINTENANCE, AND/OR REPLACEMENT OF ALL
TEMPORARY AND PERMANENT EROSION CONTROL DEVICES SHOWN ON THESE PLANS TO ENSURE PROPER OPERATION
THROUGHOUT THE LIFE OF THE PROJECT. THE CONTRACTOR IS RESPONSIBLE FOR MAINTENANCE OF PERMANENT MEASURES
UNTIL CONSTRUCTION OF THE PROJECT IS COMPLETED OR UNTIL IT IS ACCEPTED BY THE OWNER. REMOVE EROSION AND
SEDIMENTATION CONTROLS AFTER STABLE VEGETATIVE GROWTH IS ESTABLISHED.

THE CONTRACTOR SHALL INSPECT EROSION AND SEDIMENT CONTROL DEVICES AT THE END OF EACH WORKING DAY, AFTER
EACH STORM EVENT, AND AT LEAST DAILY DURING PROLONGED RAINFALL. CLEAN OUT ACCUMULATED SEDIMENT BEHIND
CONTROLS. REPAIR OR REPLACE PROMPTLY. REPAIR OR REPLACE CONTROLS PROMPTLY AS NEEDED. REMOVE ACCUMULATED
SEDIMENT FROM BEHIND PERIMETER CONTROLS WHEN ONE—HALF OF THE ORIGINAL HEIGHT OF THE COIR ROLLS BECOME FILLED
WITH SEDIMENT. REMOVE SEDIMENT FROM CATCH BASIN INSERTS IN ACCORDANCE WITH MANUFACTURER RECOMMENDATIONS.
DISPOSE OF REMOVED SEDIMENT IN ON-SITE FILL AREAS OR LAWFULLY OFF-SITE.

TREES AND OTHER EXISTING VEGETATION NOT WITHIN THE LIMITS OF DISTURBANCE SHALL BE PROTECTED FROM DAMAGE.
RESTORE DISTURBED AREAS AS CLOSELY AS POSSIBLE. AREAS DAMAGED DURING CONSTRUCTION SHALL BE RE—SEEDED OR
OTHERWISE RESTORED TO THEIR ORIGINAL CONDITION.

TEMPORARY VEGETATIVE COVER SHALL BE ESTABLISHED FOR ANY DISTURBED AREAS THAT HAVE NOT YET REACHED FINISHED
GRADE AS SOON AS POSSIBLE, BUT NOT MORE THAN FOURTEEN (14) DAYS AFTER CONSTRUCTION ACTIVITY IN THAT AREA HAS
TEMPORARILY CEASED, UNLESS THE ACTIMITY IS TO RESUME WITHIN TWENTY—ONE (21) DAYS. TEMPORARY VEGETATIVE COVER
SHALL CONSIST OF 40% ANNUAL RYEGRASS AND 60% PERENNIAL RYEGRASS FROM APRIL 1 TO NOVEMBER 15 AND WINTER
RYEGRASS BETWEEN NOVEMBER 15 AND MARCH 31. SEED AT A RATE OF 75 LBS/ACRE BY HAND.

PERMANENT VEGETATIVE COVER SHALL BE ESTABLISHED TO ALL DISTURBED AREAS THAT HAVE REACHED FINISHED GRADE AS
SOON AS POSSIBLE, BUT NOT MORE THAN FOURTEEN (14) DAYS AFTER THE CONSTRUCTION ACTIMTY IN THAT AREA HAS
PERMANENTLY CEASED. RECOMMENDED PERMANENT SEEDING DATES ARE APRIL 15 TO JUNE 15 AND AUGUST 15 TO OCTOBER
15. PERMANENT VEGETATIVE COVER SEED MIXTURES AND APPLICATION RATES FOR ROADWAY SHOULDER AND EMBANKMENT
SLOPE RESTORATION AREA SHALL BE IN ACCORDANCE WITH THE SITE RESTORATION PLAN. PLUG PLANTINGS FOR MARSH AND
EMBANKMENT SLOPE RESTORATION AREAS SHALL BE IN ACCORDANCE WITH THE SITE RESTORATION PLAN AND SHALL BE
INSTALLED BASED ON SEASONAL AVAILABILITY AND VIABILITY, AS RECOMMENDED BY THE NURSERY PROVIDING PLANT STOCK.
ALL PLANTINGS AND SEED SHALL BE COVERED BY A ONE—YEAR WARRANTY PERIOD; RESEEDING/RE—PLANTING SHALL BE
COMPLETED TO ENSURE STABLE VEGETATIVE COVER IS ESTABLISHED OVER ALL DISTURBED AREA.

IF PERMANENT SEEDING CANNOT BE COMPLETED IMMEDIATELY OR WITHIN THE RECOMMENDED SEEDING DATES, TEMPORARY
BIODEGRADABLE EROSION CONTROL BLANKETING (CONTAINING NO PLASTIC COMPONENTS) SHALL BE SPREAD/INSTALLED OVER
ALL DISTURBED AREAS TO PROTECT THE SITE UNTIL ARRIVAL OF THE NEXT RECOMMENDED SEEDING PERIOD. MULCHING
/BLANKETING SHOULD BE PERFORMED AS SOON AS POSSIBLE, BUT NOT MORE THAN FOURTEEN (14) DAYS AFTER THE
?Oi\;STRUCTION ACTIVITY IN THAT AREA HAS TEMPORARILY CEASED UNLESS THE ACTIVITY IS TO RESUME WITHIN TWENTY—ONE
21) DAYS.

BLANKETING MUST BE INSPECTED PERIODICALLY, IN PARTICULAR AFTER RAINSTORMS, TO CHECK FOR RILL EROSION. WHERE
EROSION IS OBSERVED, ADDITIONAL MULCH MUST BE APPLIED OR BLANKETING REPAIRED OR REPLACED. INSPECTIONS SHALL
TAKE PLACE UNTIL VEGETATION IS THOROUGHLY ESTABLISHED.

GOOD HOUSEKEEPING: THE PROJECT SITE SHALL PROVIDE FOR THE MINIMIZATION OF EXPOSURE OF CONSTRUCTION DEBRIS
(INCLUDING, BUT NOT LIMITED TO, INSULATION, WIRING, PAINTS AND PAINT CANS, SOLVENTS, WALL BOARD, ETC.) TO
PRECIPITATION BY MEANS OF DISPOSAL AND/OR PROPER SHELTER OR COVER. CONSTRUCTION WASTE MUST BE PROPERLY
DISPOSED OF IN ORDER TO AVOID EXPOSURE TO PRECIPITATION AT THE END OF EACH WORKING DAY.

STORAGE AND DISPOSAL: MATERIALS WHICH COULD BE A POTENTIAL SOURCE OF STORMWATER POLLUTION SUCH AS GASOLINE,
DIESEL FUEL, HYDRAULIC OIL, ETC., WILL BE STORED AT THE END OF EACH DAY IN A LOCKED STORAGE TRAILER OR COVERED
LOCATION AND TAKEN OFF—-SITE AND PROPERLY DISPOSED OF. ALL TYPES OF WASTE GENERATED AT THIS SITE WILL BE
DISPOSED OF IN A MANNER CONSISTENT WITH STATE LAW AND/OR REGULATIONS.

SPILL/LEAK PROTECTION AND RESPONSE: FUEL VEHICLES AND EQUIPMENT AWAY FROM THE WETLAND AND DRAINAGE SYSTEM
AND PREVENT CONTAMINATION OF SOIL, GROUNDWATER OR SURFACE WATER FROM SPILLS OR LEAKS.. DEPLOY BOOMS AND
OTHER CONTAINMENT/CLEANUP MEASURES IN THE EVENT OF A SPILL OR LEAK. NOTIFY LOCAL FIRE DEPT. AND DEP
IMMEDIATELY OF ANY SPILLS.

DEWATERING: DEWATERING SHALL BE IN ACCORDANCE WTH THE "MASSACHUSETTS EROSION AND SEDIMENT CONTROL
GUIDELINES FOR URBAN AND SUBURBAN AREAS.” ALL TEMPORARY COFFERDAM AND WATER BYPASS CONVEYANCE PRODUCTS
AND MATERIALS SHALL BE COMPLETELY REMOVED FROM THE SITE.

TRACKING AND DUST CONTROL: IT SHALL BE THE CONTRACTOR'S RESPONSIBILITY TO CLEAN ADJACENT ROADS WHERE
CONSTRUCTION VEHICLES HAVE TRACKED SEDIMENT FROM THE PROJECT, CONTROL DUST, AND TAKE ALL NECESSARY MEASURES
TO ENSURE THAT THE SITE AND ALL ADJACENT ROADS BE MAINTAINED IN A MUD— AND DUST—FREE CONDITION AT ALL TIMES
THROUGHOUT THE LIFE OF THE CONTRACT. ALL SEDIMENT SPILLED, DROPPED, WASHED, OR TRACKED ONTO THE SURROUNDING
ROADWAYS MUST BE REMOVED IMMEDIATELY. DUST CONTROL MAY INCLUDE APPLICATION OF CONTROLLED AMOUNTS OF WATER
ONTO AFFECTED AREAS OR OTHER CONTROL MEASURES APPROVED BY THE ENGINEER.
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PROGRESS CLEANING REQUIREMENTS

CLEAN PROJECT SITE AND WORK AREAS DAILY, INCLUDING COMMON AREAS. MAINTAIN PROJECT SITE FREE OF WASTE
MATERIALS AND DEBRIS. DISPOSE OF MATERIALS LAWFULLY OFF-SITE.

CLEAN AREAS WHERE WORK IS IN PROGRESS TO THE LEVEL OF CLEANLINESS NECESSARY FOR PROPER EXECUTION OF
THE WORK.

A. REMOVE LIQUID SPILLS PROMPTLY.
B. APPLY WATER AS NEEDED TO CONTROL DUST.

BURYING OR BURNING WASTE MATERIALS ON—SITE WILL NOT BE PERMITTED. WASHING WASTE MATERIALS INTO STORM
DRAINS AND WATERWAYS WILL NOT BE PERMITTED.

DURING HANDLING AND INSTALLATION, CLEAN AND PROTECT CONSTRUCTION IN PROGRESS AND ADJOINING MATERIALS
ALREADY IN PLACE. APPLY PROTECTIVE COVERING WHERE REQUIRED TO ENSURE PROTECTION FROM DAMAGE OR
DETERIORATION AT SUBSTANTIAL COMPLETION.

LIMITING EXPOSURES: SUPERVISE CONSTRUCTION OPERATIONS TO ASSURE THAT NO PART OF THE CONSTRUCTION,
COMPLETED OR IN PROGRESS, IS SUBJECT TO HARMFUL, DANGEROUS, DAMAGING, OR OTHERWISE DELETERIOUS
EXPOSURE DURING THE CONSTRUCTION PERIOD.

ROADWAY/TRAFFIC DIVERSION REQUIREMENTS

TRAFFIC ALONG CHEQUESSETT NECK ROAD WILL BE IMPACTED THROUGHOUT CONSTRUCTION.

IN ORDER TO REPLACE THE EXISTING CULVERTS THAT HYDRAULIC CONNECT WELLFLEET HARBOR WITH HERRING RIVER, AN
APPROXIMATE 525—-FOOT SECTION OF CHEQUESSETT NECK ROAD WILL BE TEMPORARILY CLOSED TO TRAFFIC. THIS
SECTION OF ROADWAY IS EXPECTED TO BE CLOSED FOR MOST OF THE DURATION OF CONSTRUCTION WHICH IS
ANTICIPATED TO LAST APPROXIMATELY FORTY—TWO (42) TO FIFTY—TWO (52) WEEKS.

A TEMPORARY SINGLE—-LANE BYPASS ROUTE AND BRIDGE WILL BE CONSTRUCTED TO DIVERT TRAFFIC AROUND THE WORK
AREA/ZONE. THIS TEMPORARY BYPASS ROUTE WILL BE CONSTRUCTED ON THE EASTERN (HERRING RIVER) SIDE OF
CHEQUESSETT NECK ROAD. THE BRIDGE WILL CONSIST OF PREFABRICATED MODULAR STEEL COMPONENTS THAT WILL
SPAN APPROXIMATELY 190 FEET ACROSS THE HERRING RIVER IN ORDER TO MINIMIZE CONSTRUCTION IMPACTS.
TEMPORARY SHEETING WILL BE INSTALLED TO FORM THE EMBANKMENTS THAT WILL SERVE AS THE BRIDGE'S NORTHBOUND
AND SOUTHBOUND APPROACHES AND ABUTMENTS. THE LAYOUT OF THE BYPASS ROUTE WAS DESIGNED TO
ACCOMMODATE THE TURNING MOVEMENTS OF A WB—-62 VEHICLE. THE TEMPORARY BRIDGE AND ROADWAY WILL BE
DESIGNED AND CONSTRUCTED TO SUPPORT A HS—25 LOAD RATING.

DUE TO THE RELATIVELY LOW TRAFFIC VOLUMES, IT WAS DETERMINED THAT A ONE—LANE SIGNALIZED ALTERNATING
TWO-WAY TRAFFIC SETUP WOULD BE ADEQUATE IN REGULATING TRAFFIC FLOW DURING CONSTRUCTION. SINCE
CHEQUESSETT NECK ROAD IS A TWO LANE ROADWAY (WTH ONE LANE IN EACH DIRECTION), STOP BARS WLL BE
PROVIDED AT THE ENTRANCES TO THE BYPASS ROUTE FROM BOTH DIRECTIONS ALONG WITH PRE-TIMED SIGNALS. USING
SYNCHRO 8 AND SIMTRAFFIC, CAPACITY AND SIGNAL TIMING SOFTWARE, IT WAS DETERMINED THAT EACH OF THE
SIGNALS WOULD BE FIXED (PRE-TIMED) WITH GREEN, YELLOW, AND ALL RED TIMES OF 16 SECONDS, 3 SECONDS, AND 22
SECONDS, RESPECTIVELY. THIS WAS BASED ON AN ASSUMED DESIGN SPEED OF 25 MPH. THE ANALYSIS ALSO REVEALS
THAT THIS SIGNAL WILL HAVE MINIMAL IMPACT ON CAPACITY AND ROADWAY OPERATING CONDITIONS WITH A 'B’ LEVEL OF
SERVICE (LOS).

ALL REQUIRED BARRICADES, SIGNAGE, AND OTHER TEMPORARY TRAFFIC CONTROL MEASURES SHALL BE INSTALLED AND
MAINTAINED THROUGHOUT CONSTRUCTION AS DEPICTED ON SHEET CT—101, CONCEPTUAL TRAFFIC DIVERSION & SHEETING
LAYOUT PLAN.
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CE-101, LA-101

RECREATIONAL BOATING HAZARD COMMUNICATION/PORTAGE NOTE:

STAGING AREA NOTES:

RECREATIONAL BOATING HAZARD COMMUNICATION SIGNAGE/BARRIERS AND FORMAL/INFORMAL PORTAGE PROVISIONS
WILL BE INCORPORATED BASED ON THE OUTCOME OF ON—GOING REVIEW AND COORDINATION BETWEEN THE NATIONAL
PARK SERVICE AND THE TOWN OF WELLFLEET. WARNING SIGNAGE/BARRIERS, PORTAGE SIGNAGE, AND POTENTIAL
PARKING/DESIGNATED PORTAGE IMPROVEMENTS AT THE NORTH END OF THE DIKE STRUCTURE SHALL BE REFLECTED
ON THE 75% DESIGN DRAWINGS.

1. STAGING AREAS SHOWN HEREON ARE PROVISIONAL AS OF THE DATE OF THIS DRAWING SET, AND SUBJECT TO
REVISION OR EXCLUSION, PENDING INITIATION AND COMPLETION OF DISCUSSIONS WITH RESPECTIVE PROPERTY
OWNERS AS TO THE EXTENT, TYPE AND SEASONALITY OF POTENTIAL STAGING/STORAGE ACTIVITIES ASSOCIATED WITH
THE PROJECT.

2. IN ADDITION TO THE SPECIFIC LOCATIONS SHOWN HEREON, ADDITIONAL OFF—SITE STAGING AREAS MAY BE UTILIZED,
SUBJECT TO DISCUSSION AND AGREEMENT WITH RESPECTIVE PROPERTY OWNERS, THE TOWN OF WELLFLEET, AND
THE NATIONAL PARK SERVICE. THESE INCLUDE A PUBLIC PARKING AREA AT THE END OF DUCK HARBOR ROAD, A
FORMER BORROW PIT ON POLE DIKE ROAD (CURRENTLY OWNED BY THE TOWN OF WELLFLEET), AND A PARKING
AREA ON GRIFFIN ISLAND ROAD (ALSO OWNED BY THE TOWN OF WELLFLEET).

3. BARGES WILL BE MOBILIZED TO THE SITE FOR ADDITIONAL STAGING OF MATERIALS (E.G., STEEL SHEETING, PIPE
PILES) AND TO PROVIDE OPERATING PLATFORMS FOR CRANE EQUIPMENT AT VARIOUS STAGES OF CONSTRUCTION.
IT IS EXPECTED THAT THE MAJORITY OF BARGES, IF NOT ALL BARGES, WILL BE LOCATED ON THE HARBOR-SIDE
OF THE EMBANKMENT, HOWEVER ONE OR MORE BARGES MAY BE DEPLOYED ON THE RIVER-SIDE OF THE
EMBANKMENT, SUBJECT TO THE ENGINEER'S REVIEW AND ACCEPTANCE OF THE CONTRACTOR'S PROPOSED ACCESS
PLAN SUBMITTAL PRIOR TO CONSTRUCTION,

/
ANY BARGES MOBILIZED TO THE SITE WILL BE REQUIRED TO BE CLEANED IMMEDIATELY PRIOR TO TRANSPORT, BE
EQUIPPED WITH SPUDS TO SECURE THE BARGE FROM WAVES, CURRENTS, AND TIDAL FLUCTUATIONS, AND BE
\ PROVIDED WITH A SITE-SPECIFIC FUELING PROTOCOL, SPILL CONTROL AND COUNTERMEASURE PLAN AND
APPROPRIATE SPILL CONTAINMENT/CLEANUP MATERIALS.
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