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MEMORANDUM

DATE December 2, 2019

TO Amy Whitesides
Stoss Landscape Urbanism
(617) 464-1140

FROM  Woods Hole Group
(508) 540-8080

CcC Julie Eaton, P.E., Weston and Sampson

Moakley Park Master Plan — Task 1.1Q - Coastal Assessment of Initial Design
A. Introduction

Woods Hole Group was tasked with assessing the coastal flood resiliency of the initial Moakley Park design as
presented in the Moakley Park Vision plan, created by Stoss Landscape Urbanism. The proposed design concept
primarily consisted of elevational elements (berms, hills, raised roads, etc.) that were integrated into the overall
park vision and layout. The development of this proposed design vision utilized results from the Boston Harbor
Flood Risk Model (BH-FRM) to assist in the conceptual design of the Moakley Park Master Plan. Specifically, the
results of the flood risk model were utilized to help guide flood protection methods, locations, and elevations.
The primary flood protection elements consist of a northern berm that crests at an elevation of approximately 16
feet NAVD8S, two central hills with a frontal berm cresting at approximately 16-18 feet NAVD88, and a linear
southern berm that elevates the harbor walk to the south of Moakley Park to an elevation of 16 feet NAVD88.?

B. Alternative Model Cases

Based on the probabilistic results and phasing of flood entry locations determined from the Boston Harbor Flood
Risk Model, three model specific alternatives were created by modifying the existing Moakley Park landscape in
BH-FRM. These three alternatives were developed to determine the relative contribution of ocean-based flood
water to the Moakley Park area, as well as identify phasing approaches that could be implemented to reduce risk
and allow for various construction timing/approaches. All three alternatives were developed from the vision plan
design elements to assess the coastal flood resiliency of the Park with the design elements in place (post-
construction). The three alternative model cases considered were:

e Alternative 1 includes the complete flood protection layout for the Moakley Park area as presented in the
Moakley Park Vision plan. This alternative includes the northern berm extension that fronts the MWRA
Columbus Park Headworks building, the two central hills within Moakley Park, and the linear southern
berm that extends from the southern end of Moakley Park and becomes the new elevated Harbor walk

1 NAVDS8S8 datum can be converted to the City-wide datum Boston City Base (BCB) by using a conversion factor of NAVDS88 +
6.46 feet = BCB.
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fronting Bayside and portions of UMass-Boston. Figure 1 presents the areas within the BH-FRM model
grid that were modified to represent the proposed Moakley Park vision. These areas (shown in yellow)
were modified in terms of elevations and layouts to represent the design concept. The proposed digital
elevation model (DEM) for the Moakley Park vision was provided by Stoss to Woods Hole Group and
changes were made in the model domain by Woods Hole Group.

Alternative 2 removed the southern berm from the proposed layout and only includes the northern berm
extension and the hills within the park. This alternative focused on the design changes that primarily
resided within Moakley Park (eliminating the longer linear berm to the south). Additionally, this
alternative was simulated to evaluate the potential volumetric flood contributions that were entering the
area from the Bayside flood pathway relative to direct entry from the Moakley Park shoreline. Figure 2
presents the areas that were modified (shown in yellow) in the model domain for Alternative 2.

Alternative 3 includes only the northern berm extension and the northern hill located within the park.
This alternative was identified as a potential first construction phase based on the higher probability flood
pathways shown in the BH-FRM. For example, Figure 3 presents the 2030 probabilistic results for the
Moakley Park area and shows a higher probability of flooding (orange colors) entering the northern
portion of the Moakley Park shoreline and flooding the northern section of the Park. As such, it may be
warranted, especially if funding is limited, to construct the northern hill portion as a first element of the
Moakley Park design. This phased construction approach may provide potential cost savings and a more
flexible design approach. Figure 4 presents the areas that were modified (shown in yellow) in the model
domain for Alternative 3.

Northern Berm:
16 feet

Two Center hills with
connecting frontal
berm (16-18 feet)

Southern Berm:
(16 feet)
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Figure 3: BH-FRM results indicating higher probability of flooding and entry point of flooding on northern portion
of Moakley Park.
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Figure 4: Alternative 3 including just the northern berm extension and the northern hill within Moakley Park.
C. Results

The performance of each of the alternatives in providing flood protection for Moakley Park (as well as inland
areas) was determined by simulating BH-FRM with the proposed alternative configurations in place (constructed).
Two specific return period storm events (1% or 100-year return period and 10% or 10-year return period) with
climate conditions representing 2030- and 2070-time horizons, consistent with MassDOT and Climate Ready
Boston scenarios, were simulated. The storm events and flooding results were compared for existing conditions
(no alternative) and post-construction conditions (alternatives 1, 2, and 3). Flooding extents were evaluated for
a 1% annual chance storm (100-year return period) and a 10% annual chance storm (10-year return period) for
2030 (approximately 9 inches of sea-level rise) and 2070 (approximately 40 inches of sea-level rise) climate
conditions. While the entire suite of probabilistic storms (100s to 1000s of storm events) that make up the BH-
FRM results were not simulated, these select storm events adequately capture the efficacy of the design
alternatives in providing coastal flood resiliency to Moakley Park.

Additionally, for each storm scenario, the waves, wave run-up, and wave overtopping occurring during the storm
events were dynamically simulated in the BH-FRM model. Specifically, this includes these processes that would
occur on the proposed berm designs. For example, the volume of water that may propelled over the crest of each
berm for each incoming wave. This analysis is dynamically computed throughout the length of the storm at each
berm location.

Figure 5 presents the comparison results for a 1% annual exceedance storm in 2030. The dark blue area shows
the flooding extent for existing conditions (upper left panel) and is also shown for comparison purposes in the
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alternative panels. The flooding extent for the same storm with the alternative designs (1,2, and 3) in place is
shown as light blue areas in each of the alternative panels. The full Moakley Park vision, alternative 1, provides
full protection for the entire Park and surrounding areas (e.g., Bayside, UMass-Boston, etc.) under 2030 1% storm
conditions. Flood risk is reduced in the Bayside area and interior areas where flooding from the Bayside entry
point caused further inland flooding. Alternative 2 also keeps Moakley Park free of coastal storm-based flooding;
however, flood waters do enter through the Bayside area, flooding Morrissey Blvd and surrounding areas.
Alternative 3 shows similar results to Alternative 2 as the flooding south of Moakley Park remains. The comparison
between Alternative 2 and 3 also indicates that the northern berm extension and northern hill (Alternative 3)
could be constructed without inclusion of the southern hill and provide the same protection level for near to mid-
term conditions, and likely offer the same level of protection as Alternative 2 for more frequent storms in the mid
to long-term. As such, the construction of the Moakley Park design could be phased with early emphasis given to
the northern portions of the design concept.

Additionally, the 10% annual chance storm event for sea-level rise conditions in 2030 was simulated; however,
flood extents for this event did not change between alternatives and no flooding occurred for existing conditions.

Alternative 1
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Figure 5: Flooding extents for the three design alternatives for the 1% annual chance storm for 2030 climate
conditions.

Figure 6 presents the comparison results for a 10% annual exceedance storm in 2070. Again, the dark blue area
shows the flooding extent for existing conditions (upper left panel) and is also shown for comparison purposes in
the alternative panels. The flooding extent for the same storm with the alternative designs (1,2, and 3) in place is
shown as light blue areas in each of the remaining panels. As was the case for the 2030 1% results, the full Moakley
Park vision provides full protection for the entire Park; however, it does not adequately function for the
surrounding areas (e.g., Bayside, UMass-Boston, Morrissey Blvd. etc.) to the south of the Park. While the proposed
linear berm along the shoreline south of Moakley Park adequately inhibits coastal storm waters from entering
from the Bayside shoreline, coastal flooding propagates to the area from the south at Morrissey Blvd and
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specifically the area near the entrance to UMass-Boston (at Pattens Cove and Bianculli Blvd). Therefore, this
renders the southern berm ineffective by 2070 if actions are not taken to the south of the UMass-Boston peninsula
as well. Under the 2070 10% storm scenario, Alternative 2 functions essentially the same as Alternative 1, keeping
Moakley Park dry, while flooding to the south persists. Results for Alternative 3 indicate that coastal flood waters
will enter Moakley Park if the southern hill(s) are not constructed. As such, by 2070, the interior hill designs are
required to keep Moakley Park from flooding during a coastal storm event.
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Figure 6: Flooding extents for the three design alternatives for the 10% annual chance storm for 2070 climate
conditions.

Figure 7 presents the comparison results for a 1% annual exceedance storm in 2070. Again, the dark blue area
shows the flooding extent for existing conditions (upper left panel) and is also shown for comparison purposes in
the alternative panels. The flooding extent for the same storm with the alternative designs (1,2, and 3) in place is
shown as light blue areas in each of the remaining panels. As was the case for the 2070 10% event, the full Moakley
Park vision provides full protection for the entire Park; however, it does not adequately function for the
surrounding areas (e.g., Bayside, UMass-Boston, Morrissey Blvd. etc.) to the south of the Park. Coastal flood
extents and volumes are increased as more flood water enters from the north (from the Fort Point Channel flood
pathway), but this added volume does not enter Moakley Park, rather just increases Morrissey Blvd flooding.
Similar to the 10% 2070 results, the proposed linear berm along the shoreline south of Moakley Park adequately
inhibits coastal storm waters from entering from the Bayside shorelines; however, coastal flooding propagates to
the area from Morrissey Blvd and specifically the area near the entrance to UMass-Boston (at Pattens Cove and
Bianculli Blvd). Therefore, this renders the southern berm ineffective by 2070 if actions are not taken to the south
of the UMass-Boston peninsula as well. Under the 2070 1% storm scenario, Alternative 2 functions essentially the
same as Alternative 1, keeping Moakley Park dry, while flooding to the south persists. Results for Alternative 3
indicate that coastal flood waters will enter Moakley Park if the southern hill(s) are not constructed. As such, by
2070, the interior hill designs are required to keep Moakley Park from flooding during a coastal storm event.
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Figure 7: Flooding extents for the three design alternatives for the 1% annual chance storm for 2070 climate
conditions.
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Technical Review Committee (TRC) Form
PROJECT: Moakley Park Master Plan

TASK NUMBER: 1.1: Baseline Technical Assessment
SUB-TASK NUMBER: 1.1Q: Coastal Assessment of Initial Design

CLIENT: Boston Parks & Recreation Department

DATE: December 2, 2019

This form is intended to: 1) be completed by the TRC reviewer(s) at each stage of deliverable
review; 2) assure that the deliverable satisfies the project team’s quality standards; 3) reduce the
project team’s exposure to liability by detecting and correcting gross negligence and errors and;
4) reduce the possibility of future extra work due to errors and omissions on our part. The sub-
task leader is responsible for hosting a kick-off meeting at the start of each task and the
designated TRC reviewer must attend the kick-off meeting. This form is required for all project
deliverables, but not necessarily all sub-tasks. This form should be attached to draft and final
project deliverables.

Deliverable Description: 1.1Q: Coastal Assessment of Initial Design

Deliverable Type (Interim or Final): Final; work completed to date includes critical
predecessors:

e 1.1J: Boston Harbor Flood Risk Model Grid Modifications
¢ 1.1M: Simulation Runs and Model Results

TRC Review Team:

Matt Shultz, P.E., Senior Coastal Engineer, Team Leader - Coastal Engineering and
Modeling

Woods Hole Group

508-495-6259

mshultz@woodsholegroup.com

Design Team: (generally the sub-task lead & others key contributors)

Kirk Bosma, P.E., Senior Coastal Engineer and Innovation Director
Woods Hole Group

508-495-6228

kbosma@woodsholegroup.com

Eric Holmes, Coastal Modeler
Woods Hole Group
508-495-6245
eholmes@woodsholegroup.com

Grace Medley, Coastal Engineer
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mailto:mshultz@woodsholegroup.com
mailto:kbosma@woodsholegroup.com
mailto:eholmes@woodsholegroup.com

Woods Hole Group
508-495-6236
gmedley@woodsholegroup.com

TRC Hours Spent Reviewing Project: 4.5
Date for Meeting with Team to Discuss Resolution of Comments, if Required: Not required
Major Comments on Project Review:

1. Minor text edits were included as PDF comments in the Technical Memorandum.

2. Was potential for wave overtopping assessed for the storm events simulated at the northern
and southern berms? It’s not clear in the document if this was taken into account. If not, this
should be considered or provide reasoning for why it was not assessed at this stage. If so,
please clarify and provide additional details/assumptions (i.e. side slopes assumed for the
berms).

Response: Wave overtopping was explicitly assessed and this discussion was added to the
deliverable technical memorandum.

W&S Review Comments:
1. Please add conversion between NAVD88 and BCB to the report.
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FINAL DELIVERABLE REVIEW SIGN-OFF SHEET

This sign-off is intended to ensure that all members of the project team are satisfied that they
have adequately reviewed the attached deliverable, and that the deliverable can be used by
others for project advancement.

By signing this sheet, the reviewers indicate that they have completed an independent final review
of the deliverable and feel that, pending execution of all changes recommended by the reviewer,
the deliverable represents industry best practices and can be considered final. The sub-task lead
shall initiate the form. The Principal-in Charge shall be the last to sign-off. Copies of the original
and the draft deliverables shall be saved in the SharePoint folder directory.

NAME SIGNATURE DATE
Project Director
Project Manager

Sub-task Lead
TRC Reviewer
TRC Reviewer
Principal-in-

Charge
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PRE-PERMITTING FEASIBILITY ASSESSMENT -|2A

PERMIT MATRIX
NITSCH ENGINEERING AND WESTON & SAMPSON

« LOCAL, STATE, AND FEDERAL PERMITTING MEMORANDUM + TRC FORM
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EXECUTIVE SUMMARY

Using the Moakley Park Vision Plan Final Report (January 2019) for conceptual design, a permitting
feasibility study was conducted for the City of Boston Parks and Recreation Department to determine
which local, state and federal permits would likely be required for Moakley Park overall improvements.
Nitsch Engineering conducted the local permit requirement investigation while Weston & Sampson
conducted the state and federal permit investigation.

A preliminary desktop survey of environmental resource areas within the proposed limit of work for
Moakley Park project was conducted in ArcView using MassGIS data layers. Once environmental
resources at the park were identified, the overall project was then split up into five components, including
park improvements, berm construction, promenade construction, beach improvements, and ocean
barrier system.

Likely required local, state and federal permits were then identified for each of the components.
Accompanying permit costs and review periods were then identified for each component to determine
different costs and review periods for each component. Table ES-1, below, provides overall permitting
costs and review durations for each of the five components of the Moakley Park project.

Table ES-1. Overall Permit Costs and Review Duration

Review

Duration
Component Cost (months)
Park improvement $205,000 - $432,500 18
Berm construction $205,000 - $432,500 18
Promenade system construction | $160,000 — $365,000 9
Beach improvement $255,000 - $432,500 43
Ocean barrier system $390,000 - $537,000 43

The components considered less costly and with shorter local, state and federal permit approval
timelines included park improvements, berm construction and promenade system construction.
Permitting costs for these can range between $160,000 and $432,500 and require up to 18 months to
gain permit approval. The more environmentally complex beach improvement and ocean barrier system
permitting costs can range from $255,000 to $537,000 with state and federal review times up to 43
months. These permitting costs are provided for each component as stand-alone project. Permitting
cost savings may be realized should multiple components be undertaken simultaneously or in
conjunction with each other.

If the City wants to start the Moakley Park improvements process, but does not have the finances to
undertake all five park component efforts, the City may want to consider permitting just the park
improvements, berm construction and promenade system construction components first.  These
components could be permitted together which would reduce permitting costs and permit approval
timelines. Once these projects have been completed, the City may then be ready to undertake the more
expensive and longer duration beach improvement and ocean barrier system components of the
project.
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INTRODUCTION

As part of the initial planning efforts for the Moakley Park project, the City of Boston Parks and Recreation
Department should understand associated local, state and federal permits. Using the Moakley Park
Vision Plan Final Report (January 2019) for conceptual design, this permitting feasibility study provides
permits, associated costs and approval schedules. As project design is fine-tuned, so will be the list of
required permits, costs and timelines.

Moakley Park is located in South Boston and overlooks Boston Harbor and is bordered to the east and
south by Day Boulevard and to the north and west by Columbia Road. The Vision Plan for the park has
contains the following goals:

- Provide climate resiliency thereby protecting the community from future flood impacts
- Rehabilitate the recreational facilities at the park
- Provide improved access to the park

The park currently contains numerous sporting areas including softball and baseball fields, running
track, sports court complex, soccer and multi-use fields and a beachfront plaza. The layout of these
facilities can be more efficiently arranged which would allow for additional opportunities at the park,
including a sledding hill, waterpark, field houses, waterfront café, playground area and BBQ area.

The park is considered a water pathway for flooding events in neighboring communities. The park
currently has insufficient stormwater infrastructure and the fields frequently flood. Flooding will only
increase in the future based on climate change projections. The Moakley Park vision plan notes that
the park will be vulnerable to coastal flooding by 2030 and, in fact, has already experienced coastal
flooding episodes. With an increase of 3-feet in sea level, Moakley Park and neighboring Fort Point
Channel will become a flood pathway for the south end of Boston and Roxbury during the 100-year
storm events.

The Vision Plan proposed many park renovations to improve stormwater management, maximize park
enjoyment and improve park accessibility. These renovations include, but are not limited to:

- Re-organization and construction of fields

- Construction of 2,600-foot earthen levee/vegetated berm barrier
- Installation of large underground chambers to retain stormwater
- Create stormwater wetland systems

- Creation of sledding and viewing hill

- Creation of waterfront promenade

- Creation of event plaza

- Creation of adventure play forest

- Creation of restaurant and shelters

- Creation of offshore barrier

- Beach improvement

Before park renovations can begin, various permits will need to be submitted to, and approved by,

various local, state and federal permitting agencies. For the purpose of this report, permit requirements,
timelines and costs will be grouped into five different stand-alone components; permits required for
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work at the park, for the berm construction, for promenade construction, for beach improvements and
for ocean barrier installation. Figure 1 shows the location of these five components.

57

>

D PROMENADE D OCEAN BARRIER
D BERM EI BEACH

Figure 1. Component areas.

The park improvements component would include re-organization and construction of fields, creation
of sledding and viewing hill, creation of event plaza, creation of adventure play forest, and creation of
restaurant and shelters. Moving in an easterly/seaward direction, the berm would include the
construction of a 6-8-foot high, 2,600-foot length earthen levee/vegetated berm barrier. The promenade
system would involve the creation of waterfront promenade on what is currently the William J. Day
Boulevard. Further east would be the beach improvement project which would include beach
nourishment. Finally, furthest east and in the ocean would be the ocean barrier.

It should be noted that Boston Parks and Recreation Department (BPRD) owns the land for the park
improvement area and berm area components, but does not own the area associated with the
promenade, beach nourishment and ocean barrier components. Land ownership also plays a role in
permitting. If BPRD wants to permit all five components of the project, the permitting process will be
much easier on land it owns compared to permitting a project on land that it does not own.

Permitting cost savings may be realized should multiple components be undertaken simultaneously or
in conjunction with each other.
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Environmental permitting requirements are provided in Section 2, while summary and conclusions are
provided in Section 3.

A description of the typical permits that might be required for these components can be seen in
Appendix A, while Appendix B provides a permit approval schedule for the project and Appendix C
provides a permitting cost summary table.

Overall permitting considerations are compiled in matrix form in Appendix D. This Permitting Matrix

includes permit type and jurisdiction (federal, local, or state), timeline, cost, and ownership for each
component.
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ENVIRONMENTAL PERMITTING REQUIREMENTS

To determine which permits will be required for the Moakley Park project, protected resource areas must
first be identified. Once identified, area impacts must then be estimated to then determine which permits
would be required as many of these permits are triggered by impact areas. Resource areas are
identified, below, followed by estimates of impact based on the conceptual design provided in the Vision
Plan.

1.1 Environmental Impact Areas

A preliminary desktop survey of environmental resource areas at the proposed limit of work for Moakley
Park project was conducted in ArcView using MassGIS data layers. The environmental resources map
contained the following information resources:

Aerial photography

Perennial rivers and intermittent streams (USGS 1:25,000 Topographic Quadrangle)

Ponds, lakes, oceans, reservoirs (USGS 1:25,000 Topographic Quadrangle)

MassDEP mapped wetlands (Stereo color infrared photography at 1:12,000 scale)

100-year flood zone (FEMA, 2017)

Natural Heritage and Endangers Species Program (NHESP) Estimated and Priority habitats
(NHESP, 2017)

o NHESP certified vernal pools (NHESP, 2017)

e Areas of Environmental Concern (ACECs) (EEA, 2009)

e Chapter 91 jurisdictional areas (MassDEP c. 91 Tidelands Jurisdiction, 2014)

Figure 2, below, provides an ArcGIS map showing environmental resources and limit of work. The
westerly-most environmental resource area is Land Subject to Coastal Storm Flowage (LSCSF), also
known in general terms as the coastal flood zone. Jurisdictional filled tidelands (defined as filled
tidelands seaward of the first public right of way, including right of way), includes William J. Day
Boulevard (the first right of way) and land seaward of the boulevard. Further east is coastal beach,
which is also the location of mapped NHESP habitat area. Furthest east is the ocean and land under
ocean.
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igure 2.MassIS environmental resources mapping with limits of work.

Environmental resources that will be impacted as part of the park improvements work include the
following (all calculations are estimates based on current conceptual designs):

e Land Subject to Coastal Storm Flowage (60 acres)
The berm construction work will impact the following:
e Land Subject to Coastal Storm Flowage (0.6 acres)
Additional environmental impacts associated with the proposed barrier system include:
e Land under Ocean (> 10 acres). While there is only a conceptual design, a conservative
estimate of barrier area size of 10 acres was used to trigger the most permits. When design

plans are developed, a better estimate of required permits, costs and review times will be had.

Other areas will be impacted, however without design plans, these areas cannot be calculated. The
resource areas will, however, be included as part of this report. These resources include:

315



Coastal beach

Natural Heritage and Endangered Species Program (NHESP) habitat for any work on the beach
Jurisdictional filled tidelands for any work east of William Day Boulevard

Navigable waters of the United States

1.2 Local Permitting Strategy

It should be noted that the local permitting strategy information came from the November 2019 Nitsch
Engineering local permitting report for the Moakley Park project. The Nitsch report was submitted to
Weston & Sampson to be incorporated into this larger, overall permitting strategy report.

1.2.1 Potential Local Permits

See Appendix A for a more in-depth discussion of each permit and how they are applicable to the
project. An overview of local permits for each component is provided, below.

Park Improvements, Berm Construction, and Promenade System

The park improvements component includes work to the west of William J. Day Boulevard on Boston
Parks and Recreation Department (BPRD) land. Currently, an estimated 60 acres of land under coastal
storm flowage will be impacted due to this work.

Figure 3, below, shows conceptual ideas of that may be incorporated as part of the park improvement
component.

softball and
little league fields

basketball courts baseball and multi-use fields

track & field sledding hill |+

ootball ex field N soccer and
multi-use fields

- ture playground
& Comlunily/cufé building

e SO v
Figure 3. Park Improvements
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Parts of the park improvement component include, but are not limited to, re-organization and
construction of fields, creation of sledding and viewing hill, creation of event plaza, creation of adventure
play forest, and creation of restaurant and shelters.

Similar to the park improvement project mentioned above, work to construct a berm would be located
west of William J. Day Boulevard and located on Boston Parks and Recreation department (BPRD) land.
The berm would act to stop flood waters from entering the park, thus eliminating an estimated 60 acres
of LSCSF landward of the berm.

Figure 4, below, shows the general location of the berm.
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Figure 4: Wave attenuation (barrier) and berm.

From a conceptual design, the berm would be constructed 6- to 8-foot high with a length of 2,600-feet.
The berm at this point in time is considered to be an earthen levee/vegetated berm.
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The creation of a waterfront promenade would occur on what is currently the William J. Day Boulevard.
Impacted resource areas for this work will include LSCSF and filled tidelands.

Figure 5, below, give a visual representation of what the promenade may look like.

——
. "

Figure 5. Promenade.
These three components would each require the following local permits:

A Boston Water and Sewer Commission Site Plan Approval will be required for modifications or
connections to the Boston Water and Sewer Commission sewer, water, or drainage systems; and for
change in surface cover on the site.

A Boston Conservation Commission Notice of Intent (NOI) will be required for proposed removal, fill,
dredge and/or alteration of a resource. The Massachusetts Wetlands Protection Act (MGL ¢.131 § 40)
(WPA) and implementing regulations (310 CMR 10.00) is a State statute administered locally by the
Boston Conservation Commission. The WPA requires the preparation of a NOI for work within a wetland
resource area, work within 100 feet of certain resource areas and/or within the 100-year flood plain. The
general performance standards for work or activities occurring within each wetland resource are
identified in the WPA.

A Boston Public Improvement Commission Specific Repairs approval may be required if there are
proposed modifications within City of Boston Public Right-of-Ways, including surface improvements.
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A Boston Transportation Department Construction Management Plan approval, Transportation Access
Plan Agreement and/or design approval may be required if there is roadway and/or intersection
modifications to City of Boston Right-of-Ways.

A Boston Public Works Department Site Plan and/or roadway modifications review will be required if
there is site work completed in the City of Boston. BPDA approval under small or large project review
(depending on size of the building) would be required. If the BPDA deems it necessary, they may even
want to call this a Planned Development Area which would undergo a separate review process.

Boston Parks Department Street Tree Removal and/or Approval will be required for site work within 100-
feet of a City, State, or Federal park or parkway and/or the removal of street trees.

Boston Planning and Development Agency Development Review will be required if there is development
of sites which require modifications to the zoning code.

An MWRA 8(m) permit will be required for work within an MWRA easement or other property interests
held by the Authority.

Beach Improvement
Sand augmentation to the existing DCR owned beach would occur as part of this effort. Coastal beach
and endangered species habitat would be impacted as a result of this work. Assuming more than 10
acres of coastal beach is impacted, local permits associated with the beach improvement would likely
include the following:

A Boston Conservation Commission Notice of Intent (NOI) will be required for proposed removal, fill,
dredge and/or alteration of a resource. The Massachusetts Wetlands Protection Act (MGL ¢.131 § 40)
(WPA) and implementing regulations (310 CMR 10.00) is a State statute administered locally by the
Boston Conservation Commission. The WPA requires the preparation of a NOI for work within coastal
wetland resource area, including coastal beach.

Boston Parks Department approval will be required for site work within 100-feet of a City, State, or
Federal park or parkway and/or the removal of street trees.

Boston Planning and Development Agency Development Review will be required if there is development
of sites which require modifications to the zoning code.

An MWRA 8(m) permit will be required for work within an MWRA easement or other property interests
held by the Authority.
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Ocean Barrier System
To attenuate ocean wave action, the creation of an offshore ocean barrier is proposed as part of the
Vision Plan. Figure 6, below, shows a conceptual image of how the barrier may look in the ocean.
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Figuré 6. Ocean Barrier System.

While the design of this barrier structure is not yet known, it is assumed that it will be larger than 10
acres.

The ocean barrier system work would require the following local permits:

A Boston Conservation Commission Notice of Intent (NOI) will be required for proposed removal, fill,
dredge and/or alteration of a resource. The Massachusetts Wetlands Protection Act (MGL ¢.131 § 40)
(WPA) and implementing regulations (310 CMR 10.00) is a State statute administered locally by the
Boston Conservation Commission. The WPA requires the preparation of a NOI for work within a wetland
resource area, including land under ocean.

Boston Parks Department approval will be required for site work within 100-feet of a City, State, or
Federal park or parkway.

1.2.2 Local Permit Costs

Local permitting costs are provided, below, for each component as stand-alone projects. Permitting
cost savings may be realized should multiple components be undertaken simultaneously or in
conjunction with each other. Permits noted “if required” are subject to the reviewing authority’s
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discretion, given the separation of the work into stand-alone projects. Costs provided below for local
permitting include the following:

O
O

(0]

O O O O O

Preparation of application form(s) and address all relevant elements

Preparation of Project Narrative providing history and justification of project
|dentification of resources and methods for mitigation and restoration as well as
minimization of impacts

Incorporation of plans illustrating project limits and resource areas

Provide public advertising as required

Attend and assist in presentation of project at public site meetings

Continued communication with reviewing agencies throughout the permit review period
Incorporation of agency and client comments from site meeting

Permitting costs do not include the following:

O O O O

Engineering design

Plan set development

No project segmentation within component

Studies or monitoring efforts as may be required by the MEPA, NEPA, MESA, or any
other review agency as part of their permit review.

Permit costs can vary depending on resource area impacts, project complexity, and reviewer comments.

Table 1. Local City of Boston Permit Costs for Park Improvements

Minimum Maximum

Permit Cost Cost
Boston Water and Sewer Commission $15,000 $30,000
Boston Conservation Commission $20,000 $40,000
Boston Public Improvement Commission $15,000 $30,000
Boston Transportation Department $15,000 $50,000
Boston Public Works Department $20,000 $40,000
Boston Parks Department (if required) $10,000 $50,000
Boston Planning and Development Agency
(if required) $15,000 $50,000
MWRA 8(m) $5,000 $10,000

TOTAL | $115,000 $300,000
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Potential local City of Boston permit costs associated with the berm construction work include:

Table 2. Local City of Boston Permit Costs for Berm Construction Work

Minimum Maximum

Permit Cost Cost
Boston Water and Sewer Commission $15,000 $30,000
Boston Conservation Commission $20,000 $40,000
Boston Public Improvement Commission $15,000 $30,000
Boston Transportation Department $15,000 $50,000
Boston Public Works Department $20,000 $40,000
Boston Parks Department (if required) $10,000 $50,000
Boston Planning and Development Agency
(if required) $15,000 $50,000
MWRA 8(m) $5,000 $10,000

TOTAL | $115,000 $300,000

Potential local City of Boston permit costs associated with the promenade system include:

Table 3. Local City of Boston Permit Costs for Promenade System Work

Minimum Maximum

Permit Cost Cost
Boston Water and Sewer Commission $15,000 $30,000
Boston Conservation Commission $20,000 $40,000
Boston Public Improvement Commission $15,000 $30,000
Boston Transportation Department $15,000 $50,000
Boston Public Works Department $20,000 $40,000
Boston Parks Department (if required) $10,000 $50,000
Boston Planning and Development Agency
(if required) $15,000 $50,000
MWRA 8(m) $5,000 $10,000

TOTAL | $115,000 $300,000

Potential local City of Boston permit costs associated with the beach improvement work include:
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Table 4. Local City of Boston Permit Costs for Beach Improvement Work

Minimum Maximum
Permit Cost Cost
Boston Conservation Commission $20,000 $40,000
Boston Parks Department (if required) $10,000 $50,000
Boston Planning and Development Agency
(if required) $15,000 $50,000
TOTAL | $45,000 $140,000

Potential local City of Boston permit costs associated with the ocean barrier system include:

Table 5. Local City of Boston Permit Costs for Ocean Barrier System Work

Minimum Maximum
Permit Cost Cost
Boston Conservation Commission $20,000 $40,000
Boston Parks Department (if required) $10,000 $50,000
TOTAL | $30,000 $90,000

1.2.3 Local Permit Approval Schedule

To efficiently gain local permit approvals, it is recommended that the project proponent meet with the
reviewing agencies before finalizing design or submitting permits. It is helpful to understand what the
reviewer's questions or concerns will be and incorporate their comments when applicable into the permit
submission. Once reviewers’ comments are incorporated into the design plans, it is recommended that
the Boston Planning and Development agency plan be submitted first for the park improvements project.
Of the local permits, this permit has the longest approval time, up to 175 days. It is helpful to get initial
comments first and incorporate these comments into the remaining permit submissions to minimize the
amount of back and forth with all reviewers involved.

For the park improvements, berm and promenade components, upon Boston Planning and
Development Agency submission and receipt of any initial comments, the remaining local permits can
be submitted simultaneously to the reviewing agencies. These submissions include:

- Boston Water and Sewer application

- Boston Conservation Commission Notice of Intent

- Boston Public Improvement Commission submission

- Boston Transportation Department application

- Boston Public Works Department application

- Boston Parks Department — tree hearing application and/or approval
- MWRA 8(m)

In all, total permitting time to gain local approvals is upwards of 9 months for the park improvements,
berm and promenade components.
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For the beach nourishment component, once the Boston Planning and Development Agency
submission and receipt of any initial comments, the remaining local permits would include:

- Boston Conservation Commission Notice of Intent

- Boston Parks Department approval

- MWRA 8(m)

In all, total permitting time to gain local approvals is upwards of 6 months for the beach nourishment
component.

Finally, upwards of 2 months would be required for local permit approval for the ocean barrier system
component since the local permits would include:

- Boston Conservation Commission Notice of Intent

- Boston Parks Department approval

See Appendix B for a visual representation of local, state and federal permitting timelines.
1.3 State Permitting Strategy

1.3.1 Potential State Permits

Please see Appendix A for a more in-depth discussion of each permit and how they are applicable to
the project. An overview of state permits for each component is provided, below.

Park Improvements:

Park improvements includes work to the west of William J. Day Boulevard on Boston Parks and
Recreation Department (BPRD) land. Currently, an estimated 60 acres of land under coastal storm
flowage will be impacted due to this work. This level of impact, combined with the project receiving
state funding (Municipal Vulnerability Preparedness (MVP) funding), would result in a need to submit an
Environmental Notification Form (ENF) followed by an Environmental Impact Report (EIR) to the
Massachusetts Environmental Protection Act (MEPA) office. The more complex EIR is triggered
because of more than 50 acres of land being disturbed as well as impacting more than 10 acres of other
wetlands being impacted (LSCSF). Construction and access in this area will require a MassDOT State
Highway Construction and Access permit.

Berm Construction:

Similar to the park improvement project mentioned above, work to construct a berm would be located
west of William J. Day Boulevard and located on Boston Parks and Recreation department (BPRD) land.
The berm would act to stop flood waters from entering the park, thus eliminating an estimated 60 acres
of LSCSF landward of the berm. As is the case with the park improvements project, this will trigger an
ENF and EIR under the State MEPA process because of more than 10 acres of other wetlands may be
impacted (LSCSF). Construction and access in this area will require a MassDOT State Highway
Construction and Access permit.

Promenade System:

The creation of a waterfront promenade would occur on what is currently the William J. Day Boulevard.
Impacted resource areas for this work will include LSCSF and filled tidelands.

324



Because work would be in the first right of way landward of ocean (William J. Day Boulevard), a non-
water dependent Chapter 91 license will be required.

William J. Day Boulevard is considered a Massachusetts Department of Conservation and Recreation
(DCR) property. As such, this work will require a DCR Construction and Associated Access to DCR Park
Lands and Roadways.

While this work will not directly impact Columbia Road, there will likely be indirect impacts. By closing
this section of William J. Day Boulevard, traffic demands will likely be increased at Columbia Road,
which is considered a state highway. As such, the Massachusetts Department of Transportation
(MassDOT) should be notified of the work to see if they would have any concerns over possible impacts
to Columbia Road.

Beach Improvement:

Sand augmentation to the existing DCR owned beach would occur. Coastal beach and endangered
species habitat would be impacted as a result of this work. Assuming more than 10 acres of coastal
beach is impacted, state permits associated with the beach improvement would likely include the
following:

- MassDEP Chapter 91 permit

- MEPA EIR or expanded ENF (with copies being sent to Division of Marine Fisheries,
Massachusetts Historical Commission and Massachusetts Board of Underwater Archaeological
Resources and other reviewers for comments).

- MassDEP 401 Water Quality Certification

- Massachusetts Endangered Species Act (MESA) Project Review

- DCR Construction and Associated Access to DCR Park Lands and Roadways

Construction and access in this area will require a MassDOT State Highway Construction and Access
permit.

Ocean Barrier System:

To attenuate ocean wave action, the creation of an offshore barrier is proposed as part of the Vision
Plan. While the design of this barrier structure is not yet known, it is assumed that it will be larger than
10 acres. Anticipated required state permits include:

- MassDEP Chapter 91 license (for structure)

- MEPA EIR or expanded ENF (with copies being sent to Division of Marine Fisheries,
Massachusetts Historical Commission and Massachusetts Board of Underwater Archaeological
Resources and other reviewers for comments).

- MassDEP 401 Water Quality Certification

- DCR Construction and Associated Access to DCR Park Lands and Roadways

Construction and access in this area will require a MassDOT State Highway Construction and Access
permit depending on staging area and access locations.
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1.3.2 State Permit Costs

State permitting costs are provided, below, for each component as stand-alone projects. Permitting
cost savings may be realized should multiple components be undertaken simultaneously or in
conjunction with each other. Costs provided below include the following:

o Preparation of application form(s) and address all relevant elements

o Preparation of Project Narrative providing history and justification of project
|dentification of resources and methods for mitigation and restoration as well as
minimization of impacts

Incorporation of plans illustrating project limits and resource areas

Provide public advertising as required

Attend and assist in presentation of project at public site meetings

Continued communication with reviewing agencies throughout the permit review period
Incorporation of agency and client comments from site meeting

o

O O O O O

Permitting costs do not include the following:

Engineering design

Plan set development

No project segmentation within component

Studies or monitoring efforts as may be required by the MEPA, NEPA, MESA, or any
other review agency as part of their permit review.

O O O O

Permit costs can vary depending on resource area impacts, project complexity, and reviewer comments.
The typical range of costs per likely required permit for the park improvements project is provided in
Table 6, below.

Table 6. State Permit Costs for Park Improvements

Minimum Maximum
Permit Cost Cost
MEPA ENF/EIR $50,000 $75,000
MassDOT State
Highway Access $5,000 $10,000
TOTAL $55,000 $85,000

It is assumed that one MassDOT access permit will be required for the entire project and would be
carried through multiple years if needed.

Berm construction work would trigger the following State permits:
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Table 7. State Permit Costs for Berm Construction Work

Minimum Maximum
Permit Cost Cost
MEPA ENF/EIR $50,000 $75,000
MassDOT State
Highway Access $5,000 $10,000
TOTAL $55,000 $85,000

It is assumed that one MassDOT access permit will be required for the entire project and would be
carried through multiple years if needed.

All state permit costs associated with the promenade system include:

Table 8. State Permit Costs for Promenade System Work

Minimum Maximum

Permit Cost Cost
MassDEP Ch 91
license $10,000 $15,000
DCR Construction and
Access permit $10,000 $15,000
MassDOT State
Highway Access $5,000 $10,000

TOTAL $25,000 $40,000

Impact area for the promenade work would occur only within existing, altered Boulevard. Not impacts
outside the Boulevard would occur. It is assumed that one MassDOT access permit will be required for
the entire project and would be carried through multiple years if needed.

All state permit costs associated with the beach improvement work include:

Table 9. State Permit Costs for Beach Improvement Work

Minimum Maximum

Permit Cost Cost
MEPA ENF/EIR $50,000 $75,000
MassDEP Ch 91
permit $20,000 $25,000
MassDEP 401 WQC $20,000 $25,000
MESA Project Review $20,000 $30,000
DCR Construction and
Access permit $10,000 $15,000
MassDOT State
Highway Access $5,000 $10,000

TOTAL $125,000 $180,000
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It is assumed that part of the impact area will be within the ocean, or seaward of the mean low water
line. One DCR construction and access permit and one MassDOT access permit will be required for
the entire project and would include multiple locations and years if needed.

All state permit costs associated with the ocean barrier system include:

Table 10. State Permit Costs for Ocean Barrier System Work

Minimum Maximum

Permit Cost Cost
MEPA ENF/EIR $150,000 $175,000
MassDEP Ch 91
license $30,000 $40,000
MassDEP 401 WQC $30,000 $40,000
MESA Project Review $20,000 $30,000
DCR Construction and
Access permit $10,000 $15,000

TOTAL $240,000 $300,000

These costs assume that the ocean barrier will be at least 10 acres in size. One DCR construction and
access permit will be required for the entire project and would include multiple locations and years if
needed.

1.3.3 State Permit Approval Schedule

To efficiently gain permit approvals, it is recommended that the project proponent meet with the
reviewing agencies before finalizing design or submitting permits. It is helpful to understand what the
reviewer’s questions or concerns will be and incorporate their comments when applicable into the permit
submission. Once design plans are finalized, it is recommended that the MEPA ENF/EIR process be
completed before submitting other permits since this review solicits input from many different state
reviewing agencies whose comments will be compiled and used for final design plans for the park
improvements project. It is helpful to get the MEPA comments first and incorporate these comments
into the remaining permit submissions to minimize the amount of back and forth with reviewers. Once
submitted, the review time for the ENF/EIR submission is approximately 18 months for a project of this
magnitude.

For the park improvements, berm and promenade component, upon MEPA approval, the remaining
state permits can be submitted simultaneously. In all, total permitting time to gain state approvals is
upwards of 18 months for the park improvements, berm and promenade component.

For the beach nourishment and ocean barrier projects, a lengthier review period will be required
depending on impacts and permits. Upon MEPA approval, the local Notice of Intent and MESA permits
should be submitted to incorporate local comments and endangered species concerns. Review time
for these permits can be up to 8 months. Upon NOI approval (receipt of the Order of Conditions), the
remaining permits (401 WQC, Ch. 91, and DCR, and MassDOT) can be submitted simultaneously. The
joint 401 WQC / Chapter 91 submission can take up to 8 months for review, depending on if MassDEP
determines there are administrative or technical deficiencies with the submission and requests
additional information. It should be noted that a Ch 91 license will be needed for the ocean barrier work
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(because of a structure being involved), and a Ch 91 permit will be required for the beach nourishment
work (because no structure involved). The time required to obtain state permit approvals for the beach
improvement and ocean barrier projects can be upwards of 43 months.

Please see Appendix B for a visual representation of local, state and federal permitting timelines.
1.4 Federal Permitting Strategy

1.4.1 Potential Federal Permits

Please see Appendix A for a more in-depth discussion of each permit and how they are applicable to
the project. An overview of federal permits for each component is provided, below.

Park Improvements:

Currently, an estimated 60 acres of land under coastal storm flowage (LSCSF) will be impacted due to
this work. This level of impact, combined with the project receiving federal funding, a National
Environmental Protection Act (NEPA) environmental assessment (EA) will be required, and, based on
the EA determination, a NEPA Environmental Impact Statement (EIS) will likely be required. The EA is
triggered because of more than 50 acres of land being disturbed as well as impacting more than 10
acres of other wetlands being impacted (LSCSF).

Because more than one acre of land will be disturbed, a US Environmental Protection Agency (EPA)
National Pollution Discharge Elimination System (NPDES) Construction General Permit will be required.
As part of this submission, a stormwater pollution prevention plan (SWPPP) will need to be developed.

Berm Construction:

The berm would act to stop flood waters from entering the park, thus eliminating an estimated 60 acres
of LSCSF landward of the berm. As is the case with the park improvements project, a NEPA
environmental assessment (EA) will be required, and, based on the EA determination, a NEPA
Environmental Impact Statement (EIS) will likely be required.

Assuming the berm will physically disturb more than one acre of land by removing topsoil, an EPA
NPDES Construction General Permit will be required.

Upon project completion, a Federal Emergency Management Agency (FEMA) Letter of Map Revision
(LOMR) will need to be submitted after project completion for to update FEMA flood insurance rate
maps (FIRM). The construction of the berm effort does not need to gain FEMA approval before work
begins. However, upon project completion, documentation will need to be submitted to FEMA so that
they can update their flood insurance maps. For example, at this point in time, the park is mapped
within the FEMA flood zone. However, after a berm is constructed, flood waters would no longer enter
the park, so the FEMA flood maps will need to be updated to show that the park is no longer in the
FEMA flood zone.

Promenade System:

This work includes creation of waterfront promenade on what is currently the William J. Day Boulevard.
Impacted resource areas for this work will include LSCSF and filled tidelands.
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Assuming more than 1 area will be disturbed as a result of the creation of the promenade system, an
EPA NPDES Construction General Permit will be required.
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Beach Improvement:
This work will include adding sand to the DCR owned beach. Coastal beach and endangered species
habitat would be impacted as a result of this work. Assuming more than 10 acres of coastal beach is
impacted, state permits associated with the beach improvement would likely include the following:

o NEPA EA and possible EIS

o ACOE Individual Permit

o Coastal Zone Management Federal Consistency Review

Ocean Barrier System:

This work will include the creation of an offshore ocean barrier to attenuate wave action. While the
design of this barrier structure is not yet known, it is assumed that it will be larger than 10 acres.
Anticipated required federal permits include:

o NEPAEA and likely EIS
o ACOE Individual Permit

o Coastal Zone Management Federal Consistency Review
o US Coast Guard Private Aids to Navigation Application

1.4.2 Federal Permit Costs

Federal permitting costs are provided, below, for each component as stand-alone projects. Permitting
cost savings may be realized should multiple components be undertaken simultaneously or in
conjunction with each other. Similar to the State permitting costs, costs provided below for federal
permitting include the following:

o Preparation of application form(s) and address all relevant elements

o Preparation of Project Narrative providing history and justification of project
|dentification of resources and methods for mitigation and restoration as well as
minimization of impacts

Incorporation of plans illustrating project limits and resource areas

Provide public advertising as required

Attend and assist in presentation of project at public site meetings

Continued communication with reviewing agencies throughout the permit review period
Incorporation of agency and client comments from site meeting

o

O O O O O

Permitting costs do not include the following:

Engineering design

Plan set development

No project segmentation within component

Studies or monitoring efforts as may be required by the MEPA, NEPA, MESA, or any
other review agency as part of their permit review.

O O O O

Permit costs can vary depending on resource area impacts, project complexity, and reviewer comments.
The typical range of costs per likely required federal permit for the park improvements project is provided
in Table 11, below.
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Table 11. Federal Permit Costs for Park Improvements

Minimum Maximum
Permit Cost Cost
NEPA EA/EIS $50,000 $75,000
NPDES CGP $20,000 $25,000
TOTAL $70,000 $100,000

Costs for the National Pollutant Discharge Elimination System (NPDES) Construction General Permit
(CGP) includes cost to develop a Stormwater Pollution Prevention Plan (SWPPP).

All federal permit costs associated with the berm construction work are provided in Table 12 and include:

Table 12. Federal Permit Costs for Berm Construction Work

Minimum Maximum
Permit Cost Cost
NEPA EA/EIS $50,000 $75,000
NPDES CGP $20,000 $25,000
TOTAL $70,000 $100,000

Costs for the National Pollutant Discharge Elimination System (NPDES) Construction General Permit
(CGP) includes cost to develop a Stormwater Pollution Prevention Plan (SWPPP).

Promenade system work would require the following federal permits:

Table 13. Federal Permit Costs for Promenade System Work

Minimum Maximum
Permit Cost Cost
NPDES CGP $20,000 $25,000
TOTAL $20,000 $25,000

It is assumed that the impact areas would not trigger a NEPA EA or EIS.
All federal permit costs associated with the beach improvement work include:

Table 14. Federal Permit Costs for Beach Improvement Work

Minimum Maximum

Permit Cost Cost
NEPA EA/EIS $150,000 $175,000
ACOE Individual
Permit $40,000 $50,000
CZM Federal
Consistency Review $25,000 $30,000

TOTAL $215,000 $255,000
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It is assumed that part of the impact area will be within the ocean, or seaward of the mean low water
line.

All federal permit costs associated with the ocean barrier system include:

Table 15. Federal Permit Costs for Ocean Barrier System Work

Minimum Maximum

Permit Cost Cost
NEPA EA/EIS $150,000 $175,000
ACOE Individual
Permit $40,000 $50,000
CZM Federal
Consistency Review $25,000 $30,000
USCG Private Aids to
Navigation $10,000 $15,000

TOTAL $225,000 $270,000

These costs assume that the ocean barrier will be at least 10 acres in size.

1.4.3 Federal Permit Approval Schedule

To efficiently gain permit approvals, it is recommended that the project proponent meet with the
reviewing agencies before finalizing design or submitting permits. It is helpful to understand what the
reviewer’s questions or concerns will be and incorporate their comments when applicable into the permit
submission. After incorporating reviewer comments into design plans, it is recommended that the NEPA
EA/EIS submissions be submitted first for the park improvements project. The process requires
consideration of environmental impacts that include, among others, impacts on social, cultural, and
economic resources, as well as natural resources. Opportunities for public review and comment are
also provided. It is helpful to get these comments first and incorporate these comments into the
remaining permit submissions to minimize the amount of back and forth with reviewers. Once
submitted, the NEPA review time can be up to 18 months for such a complex project. After incorporating
the NEPA comments into the remaining permits, the USGS and NPDES CGP can be submitted which
have a 3-month and 0 month review time, respectively.

For the park improvements, berm and promenade component, upon NEPA approval, the remaining
federal permits can be submitted simultaneously. In all, total permitting time to gain federal approvals
is upwards of 18 months for the park improvements, berm and promenade component.

For the beach nourishment and ocean barrier projects, a lengthier review period will be required
depending on impacts and permits. Before the CZM federal consistency review can be submitted, the
state 401 WQC and Ch 91 approvals need to be in hand (approximately 34 months after MEPA/NEPA
submission). CZM approval is normally obtained within three months of submittal.

The ACOE Individual permit should be submitted after CZM approval (37 months after MEPA/NEPA
submission), with a review time of six months.
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The NPDES CGP does not have a time review period since it only needs to be submitted electronically
to EPA as formal notification. No approval is provided by the Environmental Protection Agency (EPA).

The federal review times for both the beach improvement and ocean barrier project would require a total
of up to 43 months to gain approval of all federal permits because of the additional need to obtain CZM
and ACOE approval.

Please see Appendix B for a visual representation of local, state and federal permitting timelines for all
five project components.
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SUMMARY

To determine local, state and federal permitting requirements for the Moakley Park project, potentially
impacted environmental resources for the entire site were estimated using MassGIS data layers to map
these resources. The overall project was then split up into five components, including:

- Park improvements

- Berm construction

- Promenade construction
- Beach improvements

- Ocean barrier system

Likely required local, state and federal permits were then identified for each of the components.
Associated permit costs and review periods were then identified for each component to determine
different costs and review periods for each component. A description of the typical permits that might
be required for these components can be seen in Appendix A, while Appendix B provides a permit
approval schedule for the project and Appendix C provides a permitting cost summary table. Table 16,
below, provided overall permitting costs and review durations for each of the five components of the
Moakley Park project.

Table 16. Overall Permit Costs and Review Duration

Review

Duration
Component Cost (months)
Park improvement $205,000 - $432,500 18
Berm construction $205,000 - $432,500 18
Promenade system construction | $160,000 — $365,000 9
Beach improvement $255,000 - $432,500 43
Ocean barrier system $390,000 - $537,000 43

A permitting matrix has been developed (see Appendix D) to rank the following permitting categories
for each component:

- Required permits

- Permit approval schedule

- Costs

- Land ownership (is land owned by BPRD or not)

A value between 1 and 5 was assigned for each category for each component, with the value of “1”
representing the least favorable and a value of “5” being considered the most favorable. The matrix
indicates that the park improvements and berm components rank the most favorable components to
permit while the beach improvement and ocean barrier system rank the least favorable for BPRD to
permit.
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CONCLUSION

The following protected environmental resources are present at the overall potential project limits of the
overall Moakley Park project:

- Land Subject to Coastal Storm Flowage
- Land Under Ocean

- Coastal Bank

- NHESP Habitat

- Filled Tidelands

- Navigable Waters of the United States

The components considered less costly and with shorter local, state and federal permit approval
timelines included park improvements, berm construction and promenade system construction.
Permitting costs for these can range between $160,000 and $432,500 and require up to 18 months
to gain permit approval. Additionally, the park improvements and berm component areas are owned
by BPRD, thus making these components easier for BPRD to permit than the other three
components. The more environmentally complex beach improvement and ocean barrier system
permitting costs can range from $255,000 to $537,000 with state and federal review times up to 43
months.

These permitting costs are provided for each component as stand-alone project. Permitting cost
savings may be realized should multiple components be undertaken simultaneously or in
conjunction with each other.

The reviewing timelines provided are considered the longest duration for review times that may occur
per local, state and federal regulations. It is possible that the components could obtain permit
approvals sooner than the provided time frames.

If the City wanted to start the Moakley Park improvements process, but does not have the finances
to undertake all five park component efforts at this point in time, the City may want to consider
permitting just the park improvements, berm construction and promenade system construction
components first.  These components could be permitted all together which would reduce
permitting costs and permit approval timelines rather than permitting and constructing each
component one at a time. While these three components of the park project are being permitted
and constructed, time can also be spent obtaining funding and additional information for the more
complex beach improvement and ocean barrier system components. Once the park improvements,
berm construction and promenade system construction efforts are completed, the City may then be
ready to undertake the more expensive and longer duration beach improvement and ocean barrier
system components of the project.
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LOCAL PERMITS

Boston Water and Sewer Commission: Site Plan Approval is required for any proposed
changes to surface cover on a site, or modifications or connections to Boston Water and
Sewer Commission water, sewer, or drainage infrastructure or work within an easement.

Boston Conservation Commission: A Notice of Intent (NOI) is required for proposed
removal, fill, dredge and/or alteration of a resource. The Massachusetts Wetlands
Protection Act (MGL ¢.131 § 40) (WPA) and implementing regulations (310 CMR 10.00) is
a State statute administered locally by the Boston Conservation Commission. The WPA
requires the preparation of a NOI for work within a wetland resource area, work within 100
feet of certain resource areas and/or within the 100-year flood plain. The general
performance standards for work or activities occurring within each wetland resource are
identified in the WPA.

Boston Public Improvement Commission: Specific Repairs approval required for any
proposed modifications within City of Boston Public Right-of-Ways, including surface
improvements.

Boston Transportation Department: Construction Management Plan, Transportation
Access Plan Agreement, and/or Design Review approval, and design approval is required
for roadway and/or intersection modifications to City of Boston Right-of-Ways.

Boston Public Works Department: Site Plan and/or roadway modifications review required
for site work completed in the City of Boston.

Boston Parks Department: Street Tree Removal and/or Parks Review approval is required
for site work within 100-feet of a City, State, or Federal park or parkway and/or the removal
of Boston street trees.

Boston Planning and Development Agency: Development Review is required for
development of sites which require modifications to the zoning code.

The MWRA 8(m) permit allows the MWRA to approve work to other entities to build, construct, excavate,

or cross within an easement or other property interest held by the Authority under Section 8(m) of
chapter 372 of the Acts of 1984.
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STATE PERMITS

Massachusetts Environmental Policy Act (MEPA, 301 CMR 11.0)

The purpose of MEPA and 301 CMR 11.00 is to provide meaningful opportunities for
public review of the potential environmental impacts of a project for which a Permit is
required from an agency of the Commonwealth, and to assist agencies of the
Commonwealth in using all feasible means to avoid damage to the environment or, to the
extent damage to the environment cannot be avoided, to minimize and mitigate damage
to the environment to the maximum extent practicable. MEPAs review is intended to
inform the participating agencies of the project, to maximize consistency between agency
actions, and to facilitate coordination of all environmental and development review and
permitting processes of the Commonwealth. The MEPA process provides an opportunity
for the project proponent to identify required agency actions and to describe and analyze
how the project will comply with applicable regulatory standards and requirements.
Through review of the MEPA documents, each participating agency can comment on
aspects of the Project or issues regarding its agency action that require additional
description or analysis.

MEPA review is required when one or more review thresholds are met or exceeded and
the subject matter of at least one review threshold is within MEPA jurisdiction. Both of the
Moakley Park project components (i.e., beach nourishment, offshore wave attenuation)
are likely to trigger MEPA Wetlands, Waterways and Tidelands thresholds (301 CMR
11.03(3)). Although the project is still in the early planning phase, it is likely that the beach
nourishment and offshore wave attenuation project components will trigger 301 CMR
11.03(a)1.b. which requires an Environmental Notification Form (ENF) and Mandatory
Environmental Impact Report (EIR). This threshold applies to projects that require a
Permit from an agency of the Commonwealth and also propose to alter ten or more acres
of a wetland.

Upon filing an ENF for the project, the Secretary of Energy and Environmental Affairs will
issue a Certificate outlining the scope and content of the EIR. Following review of the Draft
and Final EIRs, the Secretary’s Certificate that indicates the documents are adequate or
that there has been other due compliance with MEPA and 301 CMR means that the
proponent has adequately described and analyzed the project and its alternatives, and
assessed its potential environmental impacts and mitigation measures. Upon completion
of the MEPA process, each participating agency retains authority to fulfill its statutory and
regulatory obligations in permitting or reviewing the project.

Massachusetts Endangered Species Act (MESA) (321 CMR 10.00)

Because the beach nourishment portion of the Moakley Park project is located within
Priority Habitat mapped by the Massachusetts Natural Heritage and Endangered Species
Program (NHESP), the project will be required to be reviewed under the Massachusetts
Endangered Species Act (MESA) (321 CMR 10.00). The MESA review assists proponents
with projects or activities that will take place in mapped Priority Habitat in order to avoid
a take of a state-listed species. This review occurs at the same time as the NOI review by
the Boston Conservation Commission.
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Massachusetts 401 Water Quality Certification (314 CMR 9.00)
Projects in Massachusetts involving the discharge of dredged or fill material, dredging,
or dredged material disposal activities in waters of the United States, which require
federal licenses or permits are subject to 314 CMR 9.00. 314 CMR 9.07 also applies to
any dredging project and the management of dredged material within the marine
boundaries and at upland locations within the Commonwealth.

The purpose of the 401 Water Quality Certification is to ensure that proposed discharges
of dredged or fill material, dredging and dredged material disposal in the waters of the
United States within the Commonwealth comply with the Surface Water Quality Standards
and other appropriate requirements of the state law.

Per 314 CMR 9.04(9), both the beach nourishment and offshore wave attenuation
elements of the Moakley Park project will trigger the requirement for a 401 Water Quality
Certification because they are subject to an individual Section 404 permit from the United
State Army Corps of Engineers. If the projects involve dredged material reuse or disposal
of 100 cubic yards or more, they would also trigger the need for a 401 Water Quality
Certification per 314 CMR 9.04(12). Projects must meet the criteria listed in 314 CMR 9.06
and 9.07 to receive a Certification authorizing the work.

Massachusetts Waterways Regulation (310 CMR 9.00) (Ch. 91 Review)

310 CMR 9.00 was enacted for the following purposes: (1) to protect and promote the
public’s interest in tidelands, Great Ponds, and non-tidal rivers and streams in
accordance with the public trust doctrine, (2) to preserve and protect the rights in
tidelands of the inhabitants of the Commonwealth by ensuring that the tidelands are
utilized only for water-dependent uses or otherwise serve a proper public purpose, (3)
protect the public health, safety, and general welfare as it may be affected by any project
in tidelands, Great Ponds, and non-tidal rivers and streams, (4) support public and private
efforts to revitalize unproductive property along urban waterfronts in a manner that
promotes public use and enjoyment of the water, and (5) foster the right of the people to
clean air and water, freedom from excessive and unnecessary noise, and the natural,
scenic, and historic, and esthetic qualities of their environment.

Per 310 CMR 9.05(2)(a) the beach nourishment portion of the Moakley Park project would
be required to file an application for a Chapter 91 permit. The wave attenuation portion of
the project would be required to file for a Chapter 91 license per 310 CMR 9.05(1)(a), as
this work would involve the construction and/or placement of not previously authorized
fill.

Massachusetts Historic Commission (MHC)

Because state actions (i.e. state permits and state funding) are involved with this project,
an MHC permit will be required. An MHC submittal will address any historic locations in
close proximity to the limit of work. This process will allow MHC to comment on the project
and identify any historic properties currently unknown to exist the proponent..
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FEDERAL PERMITS

National Environmental Policy Act (NEPA)

A project review under the NEPA process is triggered when a federal agency develops a
proposal to take one or more federal actions. The actions include new and continuing
activities, including projects and programs entirely or partly financed, assisted,
conducted, regulated, or approved by a federal agency. The federal actions tend to fall
within one of the following categories:

e Adoption of official policy, such as rules, regulations, and interpretations adopted
pursuant to the Administrative Procedure Act, 5 U.S.C. 551 et seq.; treaties and
international conventions or agreements; formal documents establishing an
agency's policies which will result in or substantially alter agency programs.

e Adoption of formal plans, such as official documents prepared or approved by
federal agencies which guide or prescribe alternative uses of federal resources,
upon which future agency actions will be based.

e Adoption of programs, such as a group of concerted actions to implement a
specific policy or plan; systematic and connected agency decisions allocating
agency resources to implement a specific statutory program or executive
directive.

e Approval of specific projects, such as construction or management
activities located in a defined geographic area. Projects include actions
approved by permit or other regulatory decision as well as federal and
federally assisted activities.

Under the NEPA review process, potential impacts of the proposed project are evaluated
and alternative actions to achieve the goals of the project are investigated. The process
requires consideration of environmental impacts that include, among others, impacts on
social, cultural, and economic resources, as well as natural resources. Opportunities for
public review and comment are also provided.

For the Moakley Park project, NEPA review would be triggered if federal funding is used
for project planning, engineering, permitting, or construction, or if any part of the project
is located within the boundaries of the Boston Harbor Islands National Park. NEPA review
can follow three basic pathways, or levels of analysis and documentation, depending on
the complexity of the project; Categorical Exclusion (CE), Environmental Assessment
(EA), or Environmental Impact Statement (EIS). It is possible the beach nourishment
portion of the Moakley Park project would trigger the need for an EA, and likely that the
offshore wave attenuation portion of the project would trigger the more detailed EIS filing.
Following review of an EA or EIS, a Finding of No Significant Impact (FONSI) or Record of
Decision (ROD) is issued when it is determined that the proponent has adequately
described and analyzed the project and its alternatives, and assessed its potential
environmental impacts and mitigation measures.
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Massachusetts Coastal Zone Management Federal Consistency (15 CFR 930 Subparts A-I)
The federal consistency requirement of the CZMA (16 U.S.C. § 1456) holds that federal
actions that have reasonably foreseeable effects on any land or water use or natural
resources of a state coastal zone must be consistent with the enforceable policies of the
federally approved coastal management program for that state. Within this authority of
the CZMA, Massachusetts Coastal Zone Management (CZM) may review federal actions
affecting their coastal uses and/or resources, regardless of whether the action occurs
within or outside the state coastal zone boundary, to ensure that such activities are
consistent with the state’s enforceable program policies. The Massachusetts CZM
reviews the coastal effects of proposed actions, including environmental effects (i.e.,
impacts on biological or physical resources found within the state coastal zone), as well
as effects on human uses, such as fishing and boating, public access and recreation,
scenic and aesthetic enjoyment, and resource creation or restoration.

The Moakley Park project will be subject to a federal consistency review by CZM because
the project will be performed by a non-federal entity and will require an Individual Permit
from the United States Army Corps of Engineers. An application demonstrating
consistency of the project with CZM’s coastal policies will be required in order to receive
approval by CZM.

US Army Corps of Engineers General Permits for the Commonwealth of Massachusetts
The U.S. Army Corps of Engineers (Corps) regulates construction and other work in
navigable waterways under Section 10 of the Rivers and Harbors Act of 1899, and has
authority over the discharge of dredged or fill material into "waters of the United States"
(a term which includes wetlands and all other aquatic areas) under Section 404 of the
Clean Water Act. Under these laws, those who seek to carry out such work must first
receive a permit from the Corps. The program considers the full public interest by
balancing the favorable impacts against the detrimental impacts. This is known as the
“public interest review.” The program reflects the national concerns for both the protection
and utilization of important resources.

In Massachusetts regional general permits can be issued for certain activities with no
more than minimal adverse effects on the aquatic environment. Given the scope and
extent of the Moakley park project, it is likely that the activities would not be eligible for
authorization under a General Permit, and would therefore require an Individual Permit.
The Individual Permit process includes a public notice with a public comment period.

US Coast Guard Private Aids to Navigation Application (33 CFR Part 66)

Private Aids to Navigation (PATON) refers to all marine aids to navigation operated in the
federally recognized navigable waters of the United States other than those operated by
the federal government or those operated in state waters for private aids to navigation.
This includes lighted structures and day beacons, lighted and unlighted buoys, RACONs
and fog signals.

To ensure the safety of the boating public the Coast Guard is required to review all work
performed within the navigable waters of the United States and determine whether or not

342


https://www.nae.usace.army.mil/LinkClick.aspx?link=http%3a%2f%2fscholarship.law.duke.edu%2fcgi%2fviewcontent.cgi%3farticle%3d2734%26context%3ddlj&tabid=11731&portalid=74&mid=30343
https://www.epa.gov/cwa-404/section-404-permit-program
https://www.epa.gov/cwa-404/section-404-permit-program

such work (i.e. installation of a fixed structure or floating object) will require to be marked
with PATON. The required application is the US Coast Guard Private Aids to Navigation
Application (CG-2554) Questionnaire. The ocean barrier will require this Coast Guard

approval.
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Project Specific Environmental Agency Review Timeline: Boston - Moakley Park Project
Overall Permitting Timeline
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Boston - Moakley Park
Permit Costs Summary

Project Component Cost

Park Berm Promenade Beach Ocean Barrier
Minimum | Maximum | Minimum | Maximum [ Minimum | Maximum | Minimum | Maximum [ Minimum | Maximum

Local Permits
Boston Water and Sewer Commission $15,000 $30,000 $15,000 $30,000 $15,000 $30,000
Boston Conservation Commission $20,000 $40,000 $20,000 $40,000 $20,000 $40,000 $20,000 $40,000 $20,000 $40,000
Boston Public Improvement Commission $15,000 $30,000 $15,000 $30,000 $15,000 $30,000
Boston Transportation Department $15,000 $50,000 $15,000 $50,000 $15,000 $50,000
Boston Public Works Department $20,000 $40,000 $20,000 $40,000 $20,000 $40,000
Boston Parks Department (if required) $10,000 $50,000 $10,000 $50,000 $10,000 $50,000 $10,000 $50,000 $10,000 $50,000
Boston Planning and Development Agency $15,000 $50,000 $15,000 $50,000 $15,000 $50,000 $15,000 $50,000
MWRA $5,000 $10,000 $5,000 $10,000 $5,000 $10,000 $5,000 $10,000

Sub-Total| $115,000 | $300,000 | $115,000 | $300,000 | $115,000 | $300,000 $50,000 $150,000 $30,000 $90,000
State Permits
MEPA ENF/EIR $50,000 $75,000 $50,000 $75,000 $50,000 $75,000 $150,000 | $175,000
MassDEP Ch 91 permit $10,000 $15,000 $20,000 $25,000 $30,000 $40,000
MassDEP 401 WQC $20,000 $25,000 $30,000 $40,000
MESA Project Review $20,000 $30,000 $20,000 $30,000
DCR Construction and Access permit $10,000 $15,000 $10,000 $15,000 $10,000 $15,000
MassDOT State Highway Access 5000 10000 5000 10000 5000 10000 5000 10000

Sub-Total $55,000 $85,000 $55,000 $85,000 $25,000 $40,000 | $125,000 [ $180,000 | $240,000 | $300,000
Federal Permits
NEPA EA/EIS" $15,000 | $22,500 | $15,000 | $22,500 $0 $0 $15,000 | $22,500 | $45,000 | $52,500
NPDES CGP $20,000 | $25,000 | $20,000 | $25,000 | $20,000 | $25,000
ACOE Individual Permit $40,000 $50,000 $40,000 $50,000
CZM Federal Consistency Review $25,000 $30,000 $25,000 $30,000
USCG Private Aids to Navigation $10,000 $15,000

Sub-Total[ $35,000 | $47,500 | $35,000 | $47,500 | $20,000 | $25,000 | $80,000 | $102,500 | $120,000 | $147,500

Overall Permitting Costs (TOTAL)| $205,000 | $432,500 | $205,000 | $432,500 | $160,000 [ $365,000 [ $255,000 | $432,500 | $390,000 | $537,500

Note: Costs do not include engineering design, plan set development, or additional studies or monitoring efforts
1. Assumed MEPA and NEPA filing will be similar and filed simultaneously. NEPA costs will be 30% of MEPA costs
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Moakley Park

Boston, Massachusetts

Permitting Matrix
December, 2019

COMPONENT

Permit

Jurisdiction

Timeline
(months, total)

Cost (total)

BPRD
Ownership?

Park Improvement

NEPA
NPDES CGP

Federal

MassDOT State Highway
MEPA

State

Boston Water and Sewer Commission
Boston Conservation Commission
Boston Public Improvement Commission
Boston Transportation Department
Boston Public Works Department
Boston Parks Department

Boston Planning and Development Agency
MWRA

Local

18

$205,000 - $432,500

YES

Berm

NEPA
NPDES CGP

Federal

MEPA
MassDOT State Highway

State

Boston Water and Sewer Commission
Boston Conservation Commission
Boston Public Improvement Commission
Boston Transportation Department
Boston Public Works Department
Boston Parks Department

Boston Planning and Development Agency
MWRA

Local

18

$205,000 - $432,500

YES

Promenade

NPDES CGP

Federal

MassDEP Ch 91
MassDOT State Highway
DCR Construction and Access

State

Boston Water and Sewer Commission
Boston Conservation Commission
Boston Public Improvement Commission
Boston Transportation Department
Boston Public Works Department
Boston Parks Department

Boston Planning and Development Agency
MWRA

Local

$160,000 — $365,000

NO

Beach Improvement

NEPA
ACOE Individual

Federal

Combined Ch 91/401 WQC
MEPA

MESA

CzZm

MassDOT State Highway
DCR Construction and Access

State

NOI
Boston Conservation Commission
Boston Parks Department

Boston Planning and Development Agency
MWRA

Local

43

$255,000 - $432,500

NO

Ocean Barrier

NEPA
USCG
ACOE Individual

Federal

MEPA

Combined Ch 91/401 wQC
MESA

CzZm

MassDOT State Highway
DCR Construction and Access

State

Boston Parks Department

Boston Planning and Development Agency
NOI

Local

43

$390,000 - $537,000

NO
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Technical Review Committee (TRC) Form
PROJECT: Moakley Park Master Plan

TASK NUMBER: 1.2: Permitting Feasibility Study
SUB-TASK NUMBER: 1.2G: Overall Permitting Report

CLIENT: Boston Parks & Recreation Department

DATE: 06/26/20

This form is intended to: 1) be completed by the TRC reviewer(s) at each stage of deliverable
review; 2) assure that the deliverable satisfies the project team’s quality standards; 3) reduce the
project team’s exposure to liability by detecting and correcting gross negligence and errors and;
4) reduce the possibility of future extra work due to errors and omissions on our part. The sub-
task leader is responsible for hosting a kick-off meeting at the start of each task and the
designated TRC reviewer must attend the kick-off meeting. This form is required for all project
deliverables, but not necessarily all sub-tasks. This form should be attached to draft and final
project deliverables.

Deliverable Description: 1.2G: Local, state and federal permitting report including the permits
needed, possible challenges and anticipated timelines

Deliverable Type (Interim or Final): Final (100%):
TRC Review Team:

Anthony Zerilli, Associate

Weston & Sampson Engineers, Inc.
978-977-0110

zerillia@wseinc.com

Design Team: (generally the sub-task lead & others key contributors)

Mel Higgins, Senior Environmental Scientist
Weston & Sampson Engineers, Inc.
978-977-0110

higginsm@wseinc.com

TRC Hours Spent Reviewing Project: 1
Date for Meeting with Team to Discuss Resolution of Comments, if Required:
Major Comments on Project Review:

After final document had been submitted, it was noticed that a permitting matric was not
included in the final report.
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FINAL DELIVERABLE REVIEW SIGN-OFF SHEET

This sign-off is intended to ensure that all members of the project team are satisfied that they
have adequately reviewed the attached deliverable, and that the deliverable can be used by
others for project advancement.

By signing this sheet, the reviewers indicate that they have completed an independent final review
of the deliverable and feel that, pending execution of all changes recommended by the reviewer,
the deliverable represents industry best practices and can be considered final. The sub-task lead
shall initiate the form. The Principal-in Charge shall be the last to sign-off. Copies of the original
and the draft deliverables shall be saved in the SharePoint folder directory.

NAME SIGNATURE DATE
Project Director
Project Manager Julie Eaton 91./;.,{;‘:{:_, 6/30/20
Sub-task Lead Mel Higgins 0y 0/ s 6/30/20
JIA &‘J/’\%Cf\{,\

TRC Reviewer Anthony Zerilli W 6/30/20

TRC Reviewer Lee Koska VRN 6/30/20

Principal-in- Cheri Ruane [(MV Puam Ll 6/30/20
Charge
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STORMWATER + COASTAL DEFENSE STRATEGIES -l BA

UPDATED COASTAL DEFENSE STRATEGY
WOODS HOLE GROUP, STOSS + WESTON & SAMPSON

« BEACH NOURISHMENT MEMORANDUM + TRC FORM
* LANDSCAPE CROSS-SECTION: BEACH NOURISHMENT + FLOOD BARRIER

CONSTRUCTION TOOLKIT
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MEMORANDUM

DATE May 13, 2020 JOB NO. 2019-0056

TO Amy Whitesides
Studio Director
STOSS Landscape Urbanism
54 0Old Colony Avenue | Third Floor | Boston, MA 02127

FROM  Woods Hole Group, Inc.

Boston, MA — Moakley Park
Beach Nourishment Design, Modeling Assessment, and Development of Design
Parameters

This technical work was completed to support Stoss and Weston and Sampson (W&S) in the continued
development of a Vision Plan for Moakley Park aimed at fostering resilient open space. As a potential
component of the overall resilient design, Woods Hole Group has evaluated conceptual restoration of the beach
and dune system along Carson Beach, which lies just seaward of Moakley Park with William J Day Blvd bisecting
the two. The coastal beach and dune system at Carson Beach represent the first line of the defense for Moakley
Park, but also represents a significant entry point of flooding under future conditions. This future flood risk is not
just limited to Moakley Park itself, but penetrates surrounding neighborhoods and beyond. This area represents
one of the major flood pathways for the City of Boston, and therefore building resilience at Moakley Park and
the surrounding region is important. Restoring and improving the dune and beach system at Carson Beach, while
not able to limit storm surge based flooding as a standalone measure, represents a potential natural solution to
ensure long-term resilience, improves the natural habitat and recreational potential of the site, and provides an
energy buffer for waves and currents that helps support the resilient park features and elements.

In order to assist in the development of potential conceptual designs for the beach and dune improvement
portion of the project, Woods Hole Group has evaluated the resilience of beach and dune restoration templates
at Carson Beach by evaluating (1) potential reduction in wave energy during storm events in present day and
future conditions (2070), (2) the potential movement of sediment in a cross-shore direction during these storm
events, (3) the performance life of a proposed beach and dune restoration projects at Carson Beach, and (4) the
impact a potential restoration project may have on design parameters (e.g., recommended design flood
elevations).

Beach and Dune Restoration

Beach nourishment is typically the most non-intrusive technique for coastal protection and involves placing
sand, from an offshore or upland source, in a designed template on an eroding beach. Beach nourishment is
intended to widen the beach, as well as provide added storm protection, increased recreational area, and in
some cases, added habitat area. Although nourished sand is eventually displaced alongshore or transported
offshore, the nourished sand that is eroded takes the place of the upland area that would normally have been
lost or eroded during a storm event. Therefore, beach nourishment serves a significant role in storm protection.
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In addition, beach nourishment is the only alternative that introduces additional sand into the system. For
coastlines with a dwindling sediment supply, this is critical for long-term usage of the beach and successful
protection.

Environmental concerns with beach and dune restoration projects include the potential for temporary
decreased water quality when sediments are deposited and disturbing natural habitat when placing the
material. These concerns can be addressed by adhering to time windows that avoid periods of shellfish, finfish,
and shorebird activity. Grain size compatibility between the borrowed and native beach sediments should be
maximized in order to avoid disturbance of offshore resources such as shellfish and submerged aquatic
vegetation, as well as to increase the lifespan of the nourished beach. For example, large differences in grain size
between the native and borrow material may lead to changes in beach slope through natural adjustment of the
new grain size introduced to the beach. This change in beach slope, as well as the change in grain size directly,
may negatively influence the offshore resources when the sediment is distributed.

A successful beach nourishment project consists of more than simply placing sediment on a beach. Beach
nourishment projects are engineered. A beach nourishment template, which consists of numerous design
parameters, is based on the characteristics of the site and the needs of a project. Every beach nourishment
design is unique, since different beaches in different areas have different physical, geologic, environmental, and
economic characteristics, as well as different levels of required protection. The design must consider
climatology, the shape of the beach, type of native sand, volume and rates of sediment transport, erosion
patterns and causes, waves and water levels, historical data and previous storms, probability of certain beach
behaviors at the site, existing structures and infrastructure, and past engineering activities in the area.

The structure of a nourishment template is designed to yield a protective barrier that also provides material to
the beach. A restored beach berm is designed to absorb wave energy. Dunes may need to be constructed or
existing dunes improved to reduce damage, including potential upland flooding, from storms. Figure 1 depicts a
beach berm and dune on a typical beach profile. Nourishment length, berm height and width, dune height, and
offshore slope are critical elements of a beach nourishment design. Periodic renourishment intervals are also
usually a part of the nourishment design. If renourishment is required in less than 5 years, then the nourishment
is probably not cost-effective. If renourishment is required around 10 years or more, then a nourishment project
is likely cost-effective. The renourishment interval will vary based on the initial design, wave climate, sand used,
number and types of storms, and project age. In addition, beach nourishment is not an exact science; variables
and uncertainties exist. Actual periodic renourishment intervals may differ from planned intervals based on
conditions at the nourished beach and the frequency and intensity of storms from year to year.

Dune

Profile A: Baach s

normal

Figure 1: Typical beach profile and features (USACE, Coastal Engineering Manual, 2003).
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Evaluated Alternatives

There were a wide range of alternatives that were screened prior to advancing to the more rigorous scientific
evaluation. These alternatives were developed based on experience in beach and dune restoration, as well as
existing topography at the site, and the project goals. The initial set of alternatives included a range of beach
and dune templates (heights, widths, elevations, etc.). Ultimately, two distinct beach and dune restoration
templates were selected to be evaluated that represented a smaller nourishment volume and a larger
nourishment volume, but fits within the framework of the existing beach infrastructure. These two alternatives
were also compared to existing conditions.

e Alternative A — This proposed dune and beach restoration template consisted of a smaller volume of
nourishment (43,000 cubic yards) that would expand the existing dune to an elevation of 16.5 feet Boston
City Base (BCB) or 10 feet NAVD88 with a crest width of 20 feet and a nourishment component that had
a beach berm of 50 feet wide at an elevation of 12.5 feet BCB (6 feet NAVD88). The details of all
parameters are presented in Table 1.

e Alternative B — This proposed dune and beach restoration template consisted of a larger volume of
nourishment (128,000 cubic yards) that would expand the existing dune to an elevation of 17.8 feet BCB
(11.3 feet NAVD88) with a crest width of 30 feet and a nourishment component that had a beach berm of
100 feet wide at an elevation of 12.5 feet BCB (6 feet NAVD88). The details of all parameters are presented
in Table 1.

Table 1: Comparison of beach and dune restoration parameters for Alternative A and B.

Beach Restoration Parameter

Alternative A (Smaller)

Alternative B (Larger)

Nourishment Length (feet)

2900

2900

Beach Berm Width (feet) 50 100
Beach Berm Elevation (feet BCB) 12.5 12.5
Slopes 1/10 1/10
Dune Crest Elevation (feet BCB) 16.5 17.8
Dune Crest Width (feet) 20 30
Volume (cubic yards) 43,000 128,000

Grain Size

Matches Native

Matches Native

In all cases, the nourishment material was assumed to be beach compatible with the native sediment (same
grain size distribution and a median grain size sand). Figure 2 shows an aerial view of Carson Beach that
compares the approximate location of the Mean High Water (MHW) shoreline for existing conditions, as well as
the potential location under the two alternatives. Figure 3 presents a comparison of the present-day beach to
the Alternative B (larger nourishment).
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Figure 2: Location of Mean High Water (MHW) shoreline for existing conditions and alternatives (Background
image source: MassGIS, 2019: USGS Color Ortho Imagery (2013/2014),
https://docs.digital.mass.gov/dataset/massgis-data-usgs-color-ortho-imagery-20132014).
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Figure 3: Aerial image showing the existing shoreline at Moakley Beach and the potential shoreline with the
large nourishment (Alternative B) in place (Background image source: MassGIS, 2019: USGS Color Ortho
Imagery (2013/2014), https://docs.digital.mass.gov/dataset/massgis-data-usgs-color-ortho-imagery-
20132014).

Cross-shore Performance
In order to evaluate the conceptual design alternatives, estimate service life, and to determine the protective

level of the proposed designs during high-energy storm events, a cross-shore sediment transport model
(XBeach) was utilized. XBeach is a numerical model developed to simulate wave, hydrodynamic and
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morphodynamic processes. It has been developed with support of various agencies including the US Army Corps
of Engineers, Rijkswaterstaat and the EU, together with a consortium of UNESCO-IHE, Deltares (formerly
WL | Delft Hydraulics), Delft University of Technology, and the University of Miami.

The model includes the hydrodynamic processes of short-wave transformation (refraction, shoaling and
breaking), long wave (infragravity wave) transformation (generation, propagation, and dissipation), wave-
induced setup and unsteady currents, and overwash and inundation. The morphodynamic processes include bed
load and suspended sediment transport, dune face avalanching, bed update and breaching. The model has been
validated with a series of analytical, laboratory and field test cases using a standard set of parameter settings.
Further details of the XBeach model and its theory can be found in the XBeach Technical Reference (Deltares,
2015).

To assess the proposed beach and dune templates in terms of wave impacts and erosional processes, XBeach
was used to simulate the wave and sediment processes along a representative cross-shore transect. Figure 4

shows a plan view map of the transect utilized, which represents the one of the narrow sections along Carson
Beach.

Moakley Park

. Boston, MA
N

0 375 750 1,500 Feet
ST T e [ PR T T |

== XBeach Transect

Figure 4: Transect location used for XBeach modeling (background image source: MassGIS, 2019: USGS Color
Ortho Imagery (2013/2014), https://docs.digital.mass.gov/dataset/massgis-data-usgs-col or-ortho-imagery-
20132014). The distance along the transect is indicated by the white numbers, such that zero (0) represents the
start of the transect offshore of Moakley Park. The total distance of the transect is 5,700 feet, which ends in
Moakley Park. Day Boulevard is located at approximately 5,650 along the transect.

Figure 5 shows a cross-sectional view of each alternative evaluated. Elevation along the transect is shown on the
y-axis, while distance along the transect is shown on the x-axis. Figure 6 shows a conceptual visualization of
these two dune and beach restoration alternatives, as provided by STOSS.
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Moakley Park XBeach Conceptual Design Transects
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Figure 5: Cross-section alternatives used for XBeach modeling. The small nourishment (Alternative A) is shown in
green, while the larger nourishment (Alternative B) is shown in blue.
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Figure 6: Conceptual visualization of proposed dune and beach restoration alternatives.
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Each alternative, as well as existing conditions, was simulated using three (3) different storm cases:

1. A 100-year return period storm surge level combined with associated wave conditions with existing sea
level.

2. A 100-year return period storm surge level combined with associated wave conditions with a sea level
corresponding to 2030.

3. A 100-year return period storm surge level combined with associated wave conditions with a sea level
corresponding to 2070.

To establish wave and water level boundary conditions for each of these simulation cases, site specific wave and
water level model results were utilized. All boundary conditions utilized for this study were extracted from the
Massachusetts Coast Flood Risk Model (MC-FRM) developed by Woods Hole Group for the Massachusetts
Department of Transportation.

A storm corresponding to a 1% annual chance (100-yr return period) storm event at Moakley Park was selected
from the overall MC-FRM storm set. A time series of wave and water level data from this storm was extracted at
the start of the transect (Figure 4) for use as a boundary condition. Each case was run over a 48-hour period
corresponding to the length of the storm extracted.

Model simulations were performed for existing conditions and each alternative using the three storm cases over
time. The results from these simulations are displayed in Figures 7, 8, and 9. The vertical axes in these figures
show the elevation (in feet, BCB), while the horizontal axes show the distance along the transect (in feet). The
black line shows the existing conditions profile (without nourishment), while the orange, green, and blue lines
show the final eroded profile after the storm case simulations for current, Alternative A, and Alternative B,
respectively. The three figures demonstrate the performance of the beach and dune system for each alternative
under each storm case and can be compared to the performance without a restoration element/project. For this
exercise, no unerodable structures were simulated (road, buildings, walls, etc.). As such real results may be
expected to differ from those simulated here where walls and hard structures are present.
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Figure 7: Erosion results for present day 1% storm case.

Figure 7 presents the results of the three different alternatives in a 100-yr event occurring in present day. The
results indicate that under existing conditions (orange line), it would be expected that a majority of the beach
and dune system would be eroded and not be able to provide robust protection against wave advancement
inland, and certainly would be compromised during subsequent storm events. The small nourishment (Alt. A,
green line), experiences erosion, but does not suffer a complete failure, and the beach and dune system remain
viable after the storm event. This also indicates under a restored scenario; wave overtopping would be
insignificant. With the large nourishment (Alt. B, blue line), there is relatively minor erosion due to the large
beach berm that breaks wave energy offshore before it reaches the shoreline. The dune itself remains relatively
intact and would provide a protective barrier against storm surge-based flooding.

The results of 2030 and 2070 (Figure 8 and 9 respectively) are similar to present day, except that a sediment is
mobilized both offshore (to create a protective offshore bar against incoming storm waves) as well as
transported landward into the parking lot areas. As expected, in 2030 and 2070, the existing conditions profile
does not adequately function and allows wave energy to propagate landward. The small nourishment (Alt. A)
does provide improved performance, reducing erosion, wave transmission, and less sediment being mobilized
landward. The large nourishment (Alt. B) further improves overall performance. The nourished cases also lead to
a wider beach after all storm cases than the existing conditions profile. This suggests that the nourished beach
would recover better in a post-storm scenario since sediment is available offshore to move back onto the beach
during normal wave conditions.
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Moakley Park 2030 100yr Storm Results
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Figure 8: Erosion results for 2030 1% storm case.
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Figure 9: Erosion results for 2070 1% storm case.
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Beach Performance Service Life

Since the nourishment material diffuses (spreads) over time, it is possible to evaluate the longevity of the
nourishment by looking at the amount of material left in the project area. The lifetime of the beach nourishment
is based upon the volume of the initial beach fill left within the boundary of the initial fill template. The
percentage remaining will decrease with time, but that material is not necessarily lost from the system, it has
just spread to regions outside of the original nourishment template. For example, sediment will likely be
transported to other portions of the Carson Beach shoreline. Therefore, although the sediment no longer falls
within the initial nourishment template, it has not disappeared from the system.

Evaluation of nourishment combines the conservation of sediment equation with the linearized transport
equation. This formulation, called the Pelnard-Considére (1956) equation, is used in obtaining theoretical
results to establish design and performance standards for nourishments. This formulation is the standard
methodology applied to evaluate the performance of beach nourishment projects. More details on this can also
be found in Dean (2002).
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Figure 10: Beach restoration performance (volume remaining as a function of time) for Alternatives A and B at
Carson Beach.
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Figure 10 presents the performance of Alternatives A and B at Carson Beach. The performance is expressed in
terms of amount of material remaining in the initial template region, as a function of time, for Alternative A
(green line) and Alternative B (blue line). The volume of initial material remaining is presented along the vertical
axis, while the time (in years) is presented along the bottom axis. For example, after 8 years, approximately
60,000 cubic yards of the initial Alternative B fill volume is remaining in the initial template area, whereas just
under 20,000 cubic yards of the initial Alternative A fill volume remains in the initial template area. In each case,
the initial fill volume that is not still residing in the initial template area has not necessarily been lost from the
system. Curves similar to those presented in Figure 10 were also used to determine the relative performance
impacts of various beach berm widths and heights.

Similarly, the berm width (i.e., beach area) can also be evaluated as a function of time. As the nourishment
spreads over time, the available width of beach is reduced. Figure 11 presents the beach width remaining in
years after the nourishment for each of the Alternatives at Carson Beach. The vertical axis presents the width of
the beach berm in the center of the proposed nourishment region, while the horizontal axis represents years
after placement. For example, after 10 years, the beach width under Alternative B would be 45 feet wider than
the existing beach berm. In other words, a zero (0) beach berm width corresponds to the current location of the
beach berm, and 50 feet on the vertical axis corresponds to a beach berm that is 50 feet wider than it is today.
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Figure 11: Beach restoration performance (beach berm width as a function of time) for Alternatives A and B at
Carson Beach.
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This beach performance assessment can also be used to provide a potential maintenance schedule for the beach
and dune system. For example, once the beach material has spread to a certain extent, potential replenishment
can be considered to restore the template to the full restoration amount. Typically, this occurs when the 30% of
the original nourishment sediment is left in the nourishment template. For example, replenishment of
Alternative B should be considered after approximately 18-20 years, while replenishment of Alternative A should
be considered after approximately 14-15 years.

Wave Energy Reduction and Development of Design Parameters

In addition to the cross-shore movement and performance modeling, these analyses also were used to
determine the flood protection benefits associated with a restored beach and dune system. For example, the
wave propagation that occurs with and without the restored beach in place can be evaluated under 2030 and
2070 wave conditions. Therefore, updated design parameters for the inland flood protection features at
Moakley Park were developed for conditions with the beach nourishment in place. Originally, design parameters
(specifically design flood elevations [DFEs]) were developed using results of the Boston Harbor Flood Risk Model
(BH-FRM). Subsequently, during the process of the development of the Moakley Park Master Plan, the
Massachusetts Coastal Flood Risk Model (MC-FRM) was completed. As such, these updated data, along with the
results of including a beach and dune restoration at Carson Beach, are utilized to provide updated design flood
elevations). Table 2 presents the target design flood elevations for the various cases using a 1% 2070 storm
condition as the design benchmark, consistent with the other Climate Ready Boston projects. The design flood
elevation recommendations do not depend on which beach and dune restoration alternative is implemented.
Both Alternative A (smaller nourishment) and Alternative B (larger nourishment) reduce the wave energy
significantly enough to relax the target flood elevation. However, more frequent maintenance would be
required with Alternative A, and it would be necessary to ensure that the restored beach and dune system is
maintained for the corresponding target design flood elevations to remain the standard. The recommended
design flood elevation to utilize for the Moakley Park coastal flood protection elements is 21.5 feet Boston City
Base. As such, the beach nourishment effectively reduces the required DFE for the more landward coastal
protection features. Additionally, with the beach and dune restoration element of the project in place, there
would be no need for determination of wave forces, erosion, or scour processes at the Moakley Park coastal
flood protection features since the wave energy would be insignificant. The beach and dune restoration would
not have any significant impact on the overall coastal surge elevation (or still water level), but does play a role in
reducing the wave energy at Moakley Park.

Table 2: Design Flood Elevations for Moakley Park Coastal Flood Protection Elements.

Model utilized Beach restoration Target Design Flood Elevation
(feet-BCB)

BH-FRM Not included 22.6

MC-FRM Not included 23.8

BH-FRM Included 20.5

MC-FRM Included 21.5

Permitting Implications

A potential beach nourishment project at Carson Beach will require several permits, many of which can be
incorporated into the overall Moakley Park permitting project or could be done independently at a later date.
This section describes the potential permitting requirements for a beach and dune restoration project at Carson
Beach.
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Massachusetts Environmental Policy Act (MEPA, 301 CMR 11.0) - The purpose of MEPA and 301 CMR 11.00 is to
provide meaningful opportunities for public review of the potential environmental impacts of a project for which
a Permit is required from an agency of the Commonwealth, and to assist agencies of the Commonwealth in
using all feasible means to avoid damage to the environment or, to the extent damage to the environment
cannot be avoided, to minimize and mitigate damage to the environment to the maximum extent practicable.
MEPAs review is intended to inform the participating agencies of the project, to maximize consistency between
agency actions, and to facilitate coordination of all environmental and development review and permitting
processes of the Commonwealth. The MEPA process provides an opportunity for the project proponent to
identify required agency actions and to describe and analyze how the project will comply with applicable
regulatory standards and requirements. Through review of the MEPA documents, each participating agency can
comment on aspects of the Project or issues regarding its agency action that require additional description or
analysis.

MEPA review is required when one or more review thresholds are met or exceeded and the subject matter of at
least one review threshold is within MEPA jurisdiction. The Carson Beach restoration project is likely to trigger
MEPA Wetlands, Waterways and Tidelands thresholds (301 CMR 11.03(3)). Although the project is still in the
early planning phase, it is likely that the beach nourishment will trigger 301 CMR 11.03(a)1.b. which requires an
Environmental Notification Form (ENF) and Mandatory Environmental Impact Report (EIR). This threshold
applies to projects that require a Permit from an agency of the Commonwealth and propose to alter ten or more
acres of a wetland.

Upon filing an ENF for the project, the Secretary of Energy and Environmental Affairs will issue a Certificate
outlining the scope and content of the EIR. Following review of the Draft and Final EIRs, the Secretary’s
Certificate that indicates the documents are adequate or that there has been other due compliance with MEPA
and 301 CMR means that the proponent has adequately described and analyzed the project and its alternatives,
and assessed its potential environmental impacts and mitigation measures. Upon completion of the MEPA
process, each participating agency retains authority to fulfill its statutory and regulatory obligations in
permitting or reviewing the project.

National Environmental Policy Act (NEPA) - A project review under the NEPA process is triggered when a federal
agency develops a proposal to take one or more federal actions. The actions include new and continuing
activities, including projects and programs entirely or partly financed, assisted, conducted, regulated, or
approved by a federal agency. The federal actions tend to fall within one of the following categories:

e Adoption of official policy, such as rules, regulations, and interpretations adopted pursuant to the
Administrative Procedure Act, 5 U.S.C. 551 et seq.; treaties and international conventions or
agreements; formal documents establishing an agency's policies which will result in or substantially alter
agency programs.

e Adoption of formal plans, such as official documents prepared or approved by federal agencies which
guide or prescribe alternative uses of federal resources, upon which future agency actions will be based.

e Adoption of programs, such as a group of concerted actions to implement a specific policy or plan;
systematic and connected agency decisions allocating agency resources to implement a specific
statutory program or executive directive.

e Approval of specific projects, such as construction or management activities located in a defined
geographic area. Projects include actions approved by permit or other regulatory decision as well as
federal and federally assisted activities.
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Under the NEPA review process, potential impacts of the proposed project are evaluated and alternative actions
to achieve the goals of the project are investigated. The process requires consideration of environmental
impacts that include, among others, impacts on social, cultural, and economic resources, as well as natural
resources. Opportunities for public review and comment are also provided.

For a potential beach nourishment project at Moakley Park, NEPA review would be triggered if federal funding is
used for project planning, engineering, permitting, or construction, or if any part of the project is located within
the boundaries of the Boston Harbor Islands National Park. NEPA review can follow three basic pathways, or
levels of analysis and documentation, depending on the complexity of the project: Categorical Exclusion (CE),
Environmental Assessment (EA), or Environmental Impact Statement (EIS). It is possible the beach nourishment
portion of the Moakley Park project would trigger the need for an EA, and likely that the offshore wave
attenuation portion of the project would trigger the more detailed EIS filing. Following review of an EA or EIS, a
Finding of No Significant Impact (FONSI) or Record of Decision (ROD) is issued when it is determined that the
proponent has adequately described and analyzed the project and its alternatives, and assessed its potential
environmental impacts and mitigation measures. This process could be complete in concert with the MEPA
review.

Massachusetts Wetlands Protection Act (310 CMR 10.00) - Any activity proposed or undertaken within a
resource area protected by the Massachusetts Wetlands Protection Act (310 CMR 10.00), that will remove, fill,
dredge or alter the resource, is subject to regulation under M.G.L. c. 131 §40 and requires the filing of a Notice
of Intent (NOI) with the local Conservation Commission. The proponent must demonstrate that the proposed
work within regulated resource area(s) will contribute to the protection of the interests identified in M.G.L. c.
131 8§40 by complying with the general performance standards established by 310 CMR 10.00 for that area.

Wetland resources likely to be involved with the Moakley Park project include land under the ocean (310 CMR
10.25), coastal beach (310 CMR 10.27), coastal dune (310 CMR 10.28), land containing shellfish (310 CMR 10.34),
and estimated habitats of rare wildlife (310 CMR 10.37). Consequently, it must be demonstrated to the Boston
Conservation Commission and the Massachusetts Department of Environmental Protection (DEP) that the
project meets the performance standards for work in each of these resource areas. Once the NOI has been filed
and public hearings held, the Conservation Commission must issue an Order of Conditions (OOC) approving or
denying the project. For approval OOCs, the Commission will often include special conditions specific to the
proposed project that must be followed during the construction phase of the project.

Because the beach nourishment portion of the Moakley Park project is located within Priority Habitat mapped
by the Massachusetts Natural Heritage and Endangered Species Program (NHESP), the project will be required
to be reviewed under the Massachusetts Endangered Species Act (MESA) (321 CMR 10.00). The MESA review
assists proponents with projects or activities that will take place in mapped Priority Habitat to avoid a Take of a
State-listed Species. This review occurs at the same time as the NOI review by the Boston Conservation
Commission.

Massachusetts 401 Water Quality Certification (314 CMR 9.00) - Projects in Massachusetts involving the
discharge of dredged or fill material, dredging, or dredged material disposal activities in waters of the United
States, which require federal licenses or permits, are subject to 314 CMR 9.00. 314 CMR 9.07 also applies to any
dredging project and the management of dredged material within the marine boundaries and at upland
locations within the Commonwealth. The purpose of the 401 Water Quality Certification is to ensure that
proposed discharges of dredged or fill material, dredging and dredged material disposal in the waters of the
United States within the Commonwealth comply with the Surface Water Quality Standards and other
appropriate requirements of state law.
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Per 314 CMR 9.04(9), the beach nourishment elements at Carson Beach will trigger the requirement for a 401
Water Quality Certification because they are subject to an individual Section 404 permit from the United State
Army Corps of Engineers. If the projects involve dredged material reuse or disposal of 100 cubic yards or more,
they would also trigger the need for a 401 Water Quality Certification per 314 CMR 9.04(12). Projects must
meet the criteria listed in 314 CMR 9.06 and 9.07 to receive a Certification authorizing the work.

Massachusetts Waterways Regulation (310 CMR 9.00) - 310 CMR 9.00 was enacted for the following purposes:
(1) to protect and promote the public’s interest in tidelands, Great Ponds, and non-tidal rivers and streams in
accordance with the public trust doctrine, (2) to preserve and protect the rights in tidelands of the inhabitants of
the Commonwealth by ensuring that the tidelands are utilized only for water-dependent uses or otherwise serve
a proper public purpose, (3) protect the public health, safety, and general welfare as it may be affected by any
project in tidelands, Great Ponds, and non-tidal rivers and streams, (4) support public and private efforts to
revitalize unproductive property along urban waterfronts in a manner that promotes public use and enjoyment
of the water, and (5) foster the right of the people to clean air and water, freedom from excessive and
unnecessary noise, and the natural, scenic, and historic, and esthetic qualities of their environment.

Per 310 CMR 9.05(2)(a) the beach nourishment project would be required to file an application for a Chapter 91
permit. The wave attenuation portion of the project would be required to file for a Chapter 91 license per 310
CMR 9.05(1)(a), as this work would involve the construction and/or placement of not previously authorized fill.

Massachusetts Coastal Zone Management Federal Consistency (15 CFR 930 Subparts A-1) - The federal
consistency requirement of the CZMA (16 U.S.C. § 1456) holds that federal actions that have reasonably
foreseeable effects on any land or water use or natural resources of a state coastal zone must be consistent with
the enforceable policies of the federally approved coastal management program for that state. Within this
authority of the CZMA, Massachusetts Coastal Zone Management (CZM) may review federal actions affecting
their coastal uses and/or resources, regardless of whether the action occurs within or outside the state coastal
zone boundary, to ensure that such activities are consistent with the state’s enforceable program policies. The
Massachusetts CZM reviews the coastal effects of proposed actions, including environmental effects (i.e.,
impacts on biological or physical resources found within the state coastal zone), as well as effects on human
uses, such as fishing and boating, public access and recreation, scenic and aesthetic enjoyment, and resource
creation or restoration.

The nourishment at Carson Beach will be subject to a federal consistency review by CZM because the project will
be performed by a non-federal entity and will require an Individual Permit from the United States Army Corps of
Engineers. An application demonstrating consistency of the project with CZM’s coastal policies will be required
to receive approval by CZM.

US Army Corps of Engineers General Permits for the Commonwealth of Massachusetts - The U.S. Army Corps of
Engineers (Corps) regulates construction and other work in navigable waterways under Section 10 of the Rivers
and Harbors Act of 1899, and has authority over the discharge of dredged or fill material into "waters of the
United States" (a term which includes wetlands and all other aquatic areas) under Section 404 of the Clean
Water Act. Under these laws, those who seek to carry out such work must first receive a permit from the Corps.
The program considers the full public interest by balancing the favorable impacts against the detrimental
impacts. This is known as the “public interest review.” The program reflects the national concerns for both the
protection and utilization of important resources.
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In Massachusetts regional general permits can be issued for certain activities with no more than minimal
adverse effects on the aquatic environment. Given the scope and extent of the Moakley Park project, it is likely
that the activities would not be eligible for authorization under a General Permit and would therefore require an
Individual Permit. The Individual Permit process includes a public notice with a public comment period.

Cost Estimates

This section provides an approximate cost estimate for a potential beach and dune nourishment project at
Carson Beach. Costs for beach restoration projects can vary widely based on the source of the nourishment
material. If using an upland source, current costs range from $30-45 per cubic yard (cy), depending on the
quarry. For the Alternative A nourishment (43,000 cubic yards), an upland source would require approximately
1,650 loads using 26yd dump trailers with around 2,500cy delivered per day. This amount of trucking would
require some post-construction road repairs (assume $2M), and costs for spreading the material into the
engineered template ($48,000/day). Ideally, the beach restoration sediment could be supplied by an offshore
borrow site or beneficial re-use dredged materials project that would lower the cost to approximately $25/cy
with mobilization fees in the $2M range. The Alternative B nourishment project (128,000 cy) would be on the
upper end of a feasible project to source from an upland quarry (due to the amount of material and construction
length). Table 3 presents cost estimates for each alternative using a potential upland source and a potential
dredged source.

Table 3: Cost Estimates for Potential Beach and Dune Restoration Project at Carson Beach.

Alternative Volume (cy) Upland Source Dredge Source
(Cost in Millions of Dollars) | (Cost in Millions of Dollars)
A 43,000 S4.47 $3.08
B 128,000 $9.36 $5.20
Summary

The proposed beach and dune restoration at Carson Beach supports the overall flood resiliency and master
planning effort at Moakley Park by reducing the flood risk, and subsequently the design flood elevation
requirements, as well as expanding recreational and habitat areas. The enhanced system dissipates wave
energy more efficiently before flood waters reach the proposed flood protection measures at Moakley Park.
Therefore, the overall design flood elevation, as well as potential erosion countermeasures can be reduced.
While the beach and dune restoration element do not halt the progression of flood waters during a coastal
storm, nor do they significantly change the storm surge level, they do reduce the wave heights and energy at
Moakley Park.

Since the design service life for the Moakley Park Master Plan is based on a 2070 1% annual chance storm
condition, the beach and dune nourishment do not have to be constructed in the initial phases to provide the
DFE reduction. While the beach and dune restoration project at Carson Beach certainly will provide flood
protection benefits immediately under the current climate conditions, it is not essential that this component of
the Master Plan be constructed now, or even in the relatively near-term time frame. Moakley Park flood
protection elements are being designed for a 2070 1% annual exceedance coastal flood event; as such these
flood protection features will be more than adequate for the storm of today and the near future (e.g., 2030).
The beach and dune restoration element of the project can be considered a future phase of the project, but
would then be required by approximately 2050 if Moakley Park flood protection elements are designed to the
reduced DFE values presented in Table 2.
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August 26, 2020

Stoss Landscape Urbanism
c/o Ms. Cheri Ruane, RLA
Weston & Sampson

85 Devonshire Street, 3" Floor
Boston, Massachusetts 02109

RE: Task 1.3 Construction Decision Toolkit
Proposed Moakley Park Improvements
Boston, Massachusetts

INTRODUCTION

In accordance with our agreement, Weston & Sampson Engineers, Inc. (Weston & Sampson) has
developed preliminary foundation design alternatives for the proposed flood protection barrier to
support Stoss in the continued development of the Vision Plan for Moakley Park. The foundation support
alternatives have been prepared as part of the Construction Decision Toolkit for the project.

Based on the subsurface soil conditions observed in the geotechnical explorations completed to date
and the proposed site grading plans and sections provided by Stoss, geotechnical engineering
analyses have been performed to evaluate the impacts of proposed construction. At six (6) critical cross-
sections along the proposed alignment of the flood protection barrier preliminary design evaluations of
settlement, slope stability (i.e., global stability) and seepage have been completed. The results of the
geotechnical analyses have been used as the design basis for the Construction Decision Toolkit.

The toolkit identifies feasible alternatives for the foundation support of the flood protection barrier,
associated fill required to meet proposed grades, and proposed site features (e.g., hardscape,
adventure play areas, etc.). In addition, the design alternatives have considered the presence of existing
utilities and are intended to mitigate adverse impacts to those utilities based on the currently available
information.

The Construction Decision Toolkit and preliminary foundation support alternatives demonstrate how the
proposed design can be constructed using a combination of techniques, including the use of lightweight
fill, lightweight fill in combination with an interior core wall, and column supported embankments. The
preliminary design sections and engineering analyses will be summarized in more detail in the Task 3.2
design memorandum to be submitted under a separate cover.

Enclosures:  Construction Decision Toolkit
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GEOTECHNICAL DESIGN
CONSIDERATIONS

" GEOTECHNICAL FEASIBILITY PHASE
EXPLORATIONS

* GENERALIZED SUBSURFACE SOIL CONDITIONS

* GEOTECHNICAL DESIGN CONSIDERATIONS
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FLOOD BARRIER
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l GENERALIZED SUBSURFACE CONDITIONS

Typical Boston Subsurface Stratigraphy

Urban Fill
. Up to 22 ft. thick

. Variable consistency, fine-grained silt and clay or sand with varying amounts of
debris

Organics

. Intermittent layers up to about 4 ft. thick
. Very soft organics with varying amounts of clay/sand

Native Sand, Silt

. Generally up to about 10 ft. thick

. Loose to medium dense sand or very soft to soft silt with some clay

Boston Blue Clay

. Desiccated Clay Crust up to about 10 to 15 ft. thick
. Very Soft, Thick Deposits to 200 ft

Glacial Till

. Sand and Gravels at depths of 164 ft. and 218 ft.
Bedrock

. Diabase intrusion in B-2, cored rock at 62 ft.

. Quickly drops in depth to the south
Groundwater

. Shallow, 4 to 8 ft. below existing grade

AUGUST 2020



GENERALIZED SUBSURFACE CONDITIONS

SUBSURFACE EXPLORATION PROGRESS
As of October 23, 2019 GENERALIZED OBSERVATIONS - NOT FOR DESIGN

VERY SOFT CLAY

BEDROCK
(POSSIBLE

IGNEQUS
DIKE) GLACIAL TILL

OR BEDROCK

DRAFT DIAGRAM NOT TO BE
USED FOR DESIGN.

i SUBSURFACE LAYERS SHOWN
THICKNESS OF FILL ) DEPTHTO | ARE BASED ON CONDITIONS
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GENERALIZED SUBSURFACE CONDITIONS

SUBSURFACE EXPLORATION PROGRESS
As of October 23, 2019

GENERALIZED OBSERVATIONS - NOT FOR DESIGN
B13

VERY SOFT CLAY

GLACIAL TILL
OR BEDROCK o

DRAFT DIAGEAM NOT TO BE
USED FOR DESIGN.

SUBSURFACE LAYERS SHOWN

THICKNESS OF FILL " DEPTHTO ARE BASED ON CONDITIONS
\TER OBSERVED IN BORINGS B2, B13,

"""1 2'22 FT .- ._ o = AND B20. CONDITIONS MAY

VARY BETWEEN BOREHOLE

18/18* 3/3* 12/12

3 TEST PITS N o
BORINGS, PROBES  TES S ORGANIC/ ~  BELOW GROUND AND STRATA ARE APPROXIMATE

. | A . SAND  SURFACE DIAGRAMS ARE NOT TO SCALE,
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GENERALIZED SUBSURFACE CONDITIONS

Typical Boston Subsurface Stratigraphy

Variability of Existing Fill

. Non-uniform Immediate Settlement

Thick Deposits of Compressible Soils

. Consolidation Settlement of the Organics/Clay
. Approx. 2 to 4 ft. of Settlement Possible

. Impacts to Buried Utilities

. Loss of Freeboard along Flood Barrier

. Impacts to Adjacent Roads and Utilities

. Slope Instability along the Flood Barrier

Poor Bearing for Proposed Structures

. Deep Foundations Required for Heavily Loaded Bldgs. (e.g, Piles, Drilled Shafts, Ground

Improvement, etc.)
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PRELIMINARY PROPOSED GRADING
CUT (RED) AND FILL (GREEN) GRADING PLAN

ST R
B

P
/l

Cut/Fill Summary
Hame Cut Factor Fill Factor 2d Area Cut Fill Net

Cut and Fill 1.00 1.00 2555297.40 Sg. Ft. 8349.84 Cu. Yd. 198426.34 Cu. Yd. 190076.50 Cu. ¥Yd.<Fill>»

Totals 2555297.40 5q. Ft. 8349.84 Cu. ¥d. 198426.34 Cu. Yd. 190076.50 Cu. Yd.<Fill>
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PRELIMINARY SETTLEMENT ESTIMATES -
NORMAL WEIGHT FILL
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CONSTRUCTION DECISION
FLOW DIAGRAM

CONSTRUCTION OPTIONS

FLATTEN SLOPE /
INCREASE BERM WIDTH SHEET PILE AND FOAMED GLASS

AGGREGATE

BERM HEIGHT
ABOVE GRADE

COLUMN SUPPORTED EMBANKMENT

BERM SEEPAGE AND

STABILITY EVALUATION

BERM BOTTOM WRAPPED FOAM GLASS AGGREGATE
WIDTH
.......................... SETTLEMENT
o ASSOCIATED WEIGHT OF o
. PROPOSED DESIGN : EVALUATION
: : OVERBUILD AND ALLOW
DESIGN . . <1/2" FOR BERM SETTLEMENT
CONSIDERATIONS FILL ABOVE 1:1 UTILITY ZO!

TREES <1" FOR FOUNDATIONS

: HARDSCAPE E AND HARDSCAPE AREAS
PLANTING SOIL g
: cuT . <6" FOR UNPAVED /
: : GENERAL AREAS
00000000 c 00000000000’ STRUCTURALLY SUPPORT PIPE
NO SOLUTION NEEDED
SLEEVE OR BRIDGE OVER PIPE
NO UTILITIES PRESENT
UTILITIES PRESENT RELOCATE PIPE
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CONSTRUCTION DESIGN TOOLBOX

SHEET PILE AND FOAMED COLUMN SUPPORTED
GLASS AGGREGATE EMBANKMENT

. Pile Cutoff Wall
- Seepage Cutoff during Flood

. Pile or Ground Improvement
Supported Embankment
Events
. Reinforced Load Transfer Platform
.Lightweight Fill to Mitigate to Span Between Elements
Settlement due to Grade Increases
-Normal Weight Fill or a
Combination of Lightweight Fill

Embankment

Foamed Glass
Aggregate (FGA) Fill
| | T |
PROPOSED GRADE Narmal ] — PROPOSED GRADE
MAX ELEVATION 25.00 W Eighl Fill _\ MAX ELEVATION 25.00
Seotextile to Sufround Load lfansfer
i " FGA Platform with
Normal Weight :
Fill for r-mfg? N Em B - W) |—
. o ] - = ! L [F—
Soils > EA | S ... | C . " _ =
..... i e ‘ \
e N
Steel Sheegt Pile, \ EXISTING GRADE \— EXISTING GRADE
Drrven to Clay Crupt
00 ' ‘5060 —40.00 -30.00 -20.00 -10.00 '|p.od0 ' "10.00" "Zo.0b" "Jo.ob" "40.0b" "s50.0b" 'dﬂob ?u.ob' E'ﬂt]b' "do.ob" "100.00 R0.00 -70.00 -50.00 Budm : m | —30.0 cn.Eb_“ "30.00° " 40.00" '50.00' '€©0.00 ' 70.00' ' 80.0t

Timber Piles Extending
to Clay Crust

SI0SS
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CONSTRUCTION DESIGN TOOLBOX

WRAPPED FOAM GLASS ALTERNATIVES
AGGREGATE OTHER OPTIONS CONSIDERED

.Foamed Class Aggregate (~20 PCF) . .EPS Block (Geofoam) Lightweight

\m o

I:l | | Sand-leveling course

-Wrapped in HDPE Liner to Prevent

[andscaping/sall Geomembrane/separation layer [if required)

Seepage and Uplift .Extremely Lightweight (~2 PCF)

Interior Drain to Collect Potential

.Susceptible to Uplift due to
Buoyancy

Water Intrusion

.Normal Weight Soil Fill Cap for
Plantings and Uplift Resistance

. Pre-cast Concrete Culvert Along

INnterior of Barrier Alignment

Schematic drawing of vegetative roof

EPS geofoam blocks

I I , I |
PROPOSED GRADE Tragezoidal — PROPOSED GRADE
Surface [aye of HDRE MAX ELEVATION 25.00 E’D /_ MAX ELEVATION 25.00
i i [ L L i
sea & | FGA to paftially compensaje applidd load such
Norrhal ' boxleulvert. lnd that the bdrrier 15;1; is lim|ted to Ejinchas?ll
Weidht Ell | — ) I conpecting dulverts long-term gettlemant within 50 yeat design Jife.
A rﬁ = N =
Water collecjon drain, ncased il HDPE, Igr
Anchpr _/ waler 5-.=.{4.1:|.|r11; through punctures |n surlace \_ EXISTING GRADE \— EXISTING GRADE
Trengh Hrl PE layer I | | |
=70.00 =60.00' =50.00 =40.00 =30.00 =20.00 =10.00 " 0.00 " "10.00 "20.00" "30.00" "40.00" "50.00" "60.00" "70.00" "80.00° "9 -60.00 -50.00 -40.00 -30.00 -20.00 -10.00 0.00 10.00 2000 "30.00 "40.00° "50.00 '60.00 '70.00 '80.00 90.00 100

- Overexcavate existing soils to limit new applied pressure.

- Culverts will serve as emergency stormwater cistern during
flash flooding. Drained/pumped out after storm. (Although
need to consider temporary water weight on settlement).
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PRELIMINARY FLOOD
BARRIER DESIGN
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Elevation (BCB Datum)

SECTION 1

Option A: Lightweight Fill and Interior Core Wall

o
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Elevation (BCB Datum)

SECTION 1

Option B: Lightweight Fill

o
O
Coastal Side
of Berm
o Proposed Grade
o Increase = 7.5ft 15B0R
1245 BCB an 245 BCB Lightweight Fill P— Lightweight Fill
o GO
ﬂ-
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Elevation (BCB Datum)

SECTION 2

Option A: Lightweight Fill and Interior Core Wall

o
O
Coastal Side
of Berm
o
LN
Proposed Grade
Increase = 6.5t +21.5 BCB Normal Weight Fill
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Elevation (BCB Datum)

SECTION 2

Option B: Lightweight Fill
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SECTION 3

Option A: Lightweight Fill and Interior Core Wall

o
O
Coastal Side
of Berm
- Normal Weight Fill
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SECTION 3

Option B: Column Supported Embankment

o
Coastal Side
of Berm
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SECTION 4

Option A: Lightweight Fill and Interior Core Wall

Coastal Side
of Berm
Proposed Grade
Lightweight Fill Increase =10 ft
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& +20 BCB
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SECTION 4

Option B: Column Supported Embankment

. . Coastal Sid
Normal Weight Fill or oaz?Be|rn?
Combination of Normal
and Lightweight Fill Proposed Grade
Increase =10 ft
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Elevation (BCB Datum)

SECTION S5

Option A: Lightweight Fill and Interior Core Wall
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Elevation (BCB Datum)
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SECTION S5

Option B: Column Supported Embankment
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Elevation (BCB Datum)
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SECTION 6

Option A: Lightweight Fill
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Cone Truck

Shear Wave
Arrivals taken
at 1-m rod
intervals

Seismic Cone Penetration Test (SCPT)
ASTM D 5778 and ASTM STP 1213

Surface Seismic Source (parallel with geophone axis)

Horizontally- : Electronic Penetrometer
polarized . '

and vertically- horizontal geophone
propagating |

shear waves o, . Inclinometer

fs = sleeve friction resistance

Penetrometer Readings
taken every 1 or 2 seconds
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NEXT STEPS IN THE GEOTECHNICAL

DESIGN PHASE GEOTECHNICAL EXPLORATIONS

SPT and CPT Explorations

. Evaluate Thickness and Strength of Clay Crust

. More Deep Explorations to Evaluate Strength Profile

Additional Laboratory Testing

. Soil Strength and Compressibility Testing

More Groundwater Monitoring Wells

ENGINEERING ANALYSES

Update Settlement, Slope Stability and Seepage Models

DESIGN

Incorporate CPT and Lab Soil Parameters
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SECTION 1
Introduction

Moakley Park is located in the Dorchester area of Boston, Massachusetts. The site is owned by Boston
Parks and Recreation and is approximately 57 acres. It is bounded by Columbia Road to the north,
William J Day Boulevard to the east, Columbia Road and Old Colony Avenue to the west, and Columbia
Circle to the south (Figure 1). Immediately to the east of the William J Day Boulevard is Carson Beach,
which borders on North Dorchester Bay.
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Figure 1: Site Locus

In 2017, the City of Boston Parks and Recreation Department (BPRD) initiated a transformative project
at Moakley Park that redevelops the Park into a vibrant and resilient open space that can reduce the
impacts of climate change and sea level rise on the surrounding community. The first phase of the



project, the Vision Plan, was completed in early 2018 by the Stoss team. The Vision Plan developed a
concept for Moakley Park (the Park) that proposed four key elements:

e Building an earthen berm into the landscape to reduce the impact of sea level rise and storm
surge,

e Relocating playing fields,

e Reconnecting the neighborhood with the waterfront, and

e Providing sustainable stormwater management through green infrastructure and underground
storage.

Following the completion of the Vision Plan, the project entered a Concept Verification Phase (Task 1.1)
to further review the existing conditions and Vision Plan conceptual design elements. To support this
effort, Nitsch Engineering (Nitsch) performed a preliminary hydraulic and hydrologic (H&H) analysis
using PCSWMM to understand how stormwater runoff from upstream of the Park and stormwater
runoff from within the Park affect each other and create flooded conditions in the Park. This analysis
helped to better understand the location, conveyance capacity, and overflow contributions of the
combined sewer system located within and surrounding the Park, assess various current and future
rainfall and tidal conditions, and identify the potential for surcharging within the Park. In Task 1.1, the
results of the analysis showed that a “no action” scenario would leave the functionality of the existing
system to be heavily dependent on the BWSC/MWRA infrastructure and downstream tailwater
conditions.

Task 1.1 was completed in December 2019 and the project has since entered a Preliminary Stormwater
Design phase (Task 1.3), the purpose of which is to provide conceptual sizing recommendations and
identify the benefits of stormwater strategies, such as green infrastructure and underground storage in
the Park to mitigate stormwater flooding under present and future conditions. This technical
memorandum is intended to summarize the methodology, data sources, and results of the Preliminary
Stormwater Design in Task 1.3 that will lead into the Schematic Design phases.



SECTION 2
Transition from Task 1.1 to Task 1.3

Nitsch Engineering (Nitsch), the Boston Parks and Recreation Department (BPRD), Stoss Landscape
Urbanism (Stoss), and Weston and Sampson met with the Boston Water and Sewer Commission (BWSC)
on January 15, 2020 to discuss the findings of Task 1.1. During the meeting, BWSC provided the Project
Team with the following new information regarding the stormwater infrastructure in the vicinity of the
Park. This information was further discussed and confirmed with the Massachusetts Water Resources
Authority (MWRA) on March 16, 2020.

e The BWSC outfalls into North Dorchester Bay include the Vale St Overflow/B0OS085, the Kemp St
Overflow/B0OS086, and the Morrissey Blvd Storm Drain/BOS087 as depicted in Figure 2. BOS085
and BOS086 convey combined sewage while the watershed that discharges to BOS087 has been
separated and consists solely of stormwater runoff.

* |n addition to the BWSC infrastructure that directs stormwater and combined sewage to the
MWRA Columbus Park Headhouse, there is a 17-foot-diameter MWRA tunnel located along the
eastern boundary of the park. The MWRA tunnel was constructed to provide a secondary
control to prevent combined sewer overflows into North Dorchester Bay. The MWRA tunnel is a
Combined Sewer Overflow (CSO) system.

* The MWRA tunnel captures and stores overflow from Vale St Overflow/B0OS085, the Kemp St
Overflow/B0OS086, and the Morrissey Blvd Storm Drain/BOS087 before pumping after each
storm event to the local BWSC system for handling at Columbus Park and treatment at Deer
Island. The MWRA tunnel currently controls flow during storm events as indicated in the Table 1
below, provided by the MWRA:

Table 1. South Boston CSO and Stormwater Control Strategy (source: MWRA)

Up to 1-Year Storm Capture all CSO and stormwater in tunnel from outfalls BOS085
and BOS086.

~2.8” of rainin 24

hours Capture all stormwater from outfall BOS087.

1- to 5-Year Storm Capture all CSO and stormwater in tunnel from outfalls BOS085
and BOS086.

2.8-4” of rain in 24

hours After taking in first flush from BOS087, close gate to divert BOS087
stormwater to BWSC’s Morrissey Boulevard Storm Drain.

5- to 25- Year Storm Close BOS085, BOS086, and BOS087 stormwater gates.

>4” of rain in 24 hours  Dedicate tunnel to capturing CSO up to tunnel storage capacity
(25-year, 24-hour storm).



Figure 2. Existing BWSC and MWRA Infrastructure

During the meetings, MWRA and BWSC indicated that the Vale St Overflow/BOS085 or the
Kemp St Overflow/BOS086stormwater gates have never had to be closed during past storm
conditions and the tunnel has accepted runoff from all rainfall events to-date. Refer to Appendix
E for the record design and operation information from the MWRA.




e Asnotedin Table 1, storms greater than the 25-year storm outlined in the MWRA table have the
potential to exceed tunnel capacity resulting in combined sewage and stormwater discharge to
North Dorchester Bay or to the Morrissey Overflow.

o Therefore, we understand that a goal of the MWRA and the BWSC is to separate
stormwater from the combined sewer overflows so that the tunnel can accept more
sewage flow during large storm events.

o Inour discussion with BWSC, they have requested that the Moakley Team reduce
stormwater discharges to the MWRA tunnel by redirecting stormwater flow to the
Morrissey Blvd Storm Drain/BOS087.

e BWSC indicated that the secondary control provided by the MWRA tunnel is not currently
included in the city-wide PCSWMM stormwater model that was provided to the Moakley Park
Project Team during Task 1.1. They indicated that this may be included in subsequent iterations
of the model in the future.

¢ BWSC and MWRA indicated that there were tide gates as part of the MWRA tunnel system but
have not confirmed the exact location of the tide gates at this point. Additional information will
be provided to the Project Team regarding the tide gates when it becomes available.

The stormwater analysis in Task 1.1 built upon the BWSC PCSWMM model and modeled various storm
scenarios using BWSC’s infrastructure data and assumptions. Because the BWSC PCSWMM model does
not currently include the MWRA tunnel or tide gates, the Task 1.1 model results indicated that the Vale
St Overflow/BOS085 and the Kemp St Overflow/B0OS086 discharge into North Dorchester Bay. From
subsequent conversations with BWSC and MWRA, it has been clarified that these flows would first be
intercepted by the MWRA tunnel before overflowing to the Bay, and that tidal flows are not likely to
surcharge into the Park because there are tide gates installed as part of the MWRA tunnel.

Since BWSC’'s PCSWMM model does not yet include some of the key infrastructure elements (i.e. the
MWRA tunnel and associated operating procedures), the model results do not accurately reflect the
future flood risks at Moakley Park. Therefore, the BWSC PCSWMM model was not used under Task 1.3.
As presented within this memorandum, Nitsch developed a spreadsheet and hydrologic model of the
Park to provide conceptual sizing recommendations for the green infrastructure and underground
stormwater storage systems.



SECTION 3
Overview of Scope and Goals for Task 1.3

The Task 1.3 stormwater analysis scope includes two boundary scenarios: Moakley Park itself — the
primary focus area — and the immediately adjacent roadways — the secondary focus area. The secondary
focus area includes only the adjacent roadways that immediately border and slope toward the Park,
creating the potential for stormwater runoff that sheet flows off the road to be intercepted by
stormwater features along the Park perimeter. The stormwater infrastructure required to treat and
detain the stormwater runoff from the secondary focus area will be quantified separately from the
primary area.

The Task 1.3 stormwater analysis excludes additional surface areas and roadways around the perimeter
of the Park that would require additional infrastructure such as catch basins and piping to be routed into
the Park. Offsite areas that are conveyed through the Park in the Boston Water and Sewer Commission
(BWSC) and Massachusetts Water Resources Authority (MWRA) infrastructure are also excluded from
the analysis.

The purpose of the Task 1.3 Stormwater Design phase is to provide conceptual sizing recommendations
for stormwater strategies, such as green infrastructure and underground storage in the Park to provide
stormwater treatment and mitigate flooding under present and future conditions. The analysis
performed to determine the recommended sizing is based on the Project’s ability to meet the following
goals:

1. Flood Resilience in Current and 2070 Conditions

The Moakley Park project seeks to increase short- and long-term flood resilience through the
reduction of stormwater flooding within the Park and the immediately surrounding roadways.
Flood resilience is being considered for current and future precipitation events and tidal
conditions, specifically the current and 2070 100-year design storms. In the next phase of the
design, Nitsch will evaluate how the proposed infrastructure will function in smaller and more
frequent storm events such as the current and future (2070) 10-year storms.

2. Regulatory Compliance with Current Local and State Stormwater Requirements

The Moakley Park project is subject to local and state stormwater requirements as promulgated
by the City of Boston, BWSC, and the Massachusetts Department of Environmental Protection
(MassDEP):

e BWSC requires that all projects infiltrate a volume of runoff equivalent to one inch of
rainfall times the total footprint of proposed impervious area onsite. The Boston
Planning and Development Agency (BPDA), on June 14, 2018, increased this
requirement from a 1-inch rainfall depth to the 1.25-inch depth to allow for a reduced
pollutant loading on stormwater leaving the Park and to reduce excessive diversion of
stormwater into the city’s infrastructure.

e The Wetlands Protection Act and its Regulations, including the MassDEP Stormwater

Standards, which is under jurisdiction of the City of Boston Conservation Commission,
requires peak runoff rate mitigation such that the proposed peak does not exceed the
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existing peak, water quality treatment for the 1.0 inch rainfall depth, and promotion of
groundwater recharge (unless site conditions do not allow due to restrictive soils or high
groundwater).

As part of the MassDEP Stormwater Standards, the project will be required to match the
existing peak runoff rates of stormwater from the Park. Although portions of the Park
ultimately discharge to a coastal water and therefore this standard may not be
applicable, the Park will target meeting this requirement since the immediate design
points are existing infrastructure owned by BWSC and MWRA.

To meet these goals, the Park is using a combination of underground storage and green infrastructure
to slow, filter, and detain the contributing stormwater runoff prior to releasing from the Park to the
downstream systems. The underground systems are the primary strategy to achieve flood resilience
and peak runoff rate mitigation (refer to Section 5). The green infrastructure systems are the primary
strategy to provide water quality treatment, while also providing peak rate mitigation in smaller storm
events. The green infrastructure overflow will be routed to the underground systems.

11



SECTION 4
Preliminary Stormwater Storage Sizing

In concert with the proposed green infrastructure, underground systems are proposed to provide
significant storage of current and future rainfall events to mitigate peak runoff rates and reduce the
vulnerability to flooding within the Park during high tide conditions®. HydroCAD was used to analyze the
storage required to hold/detain the current 100-year storm volumes as outlined under the Design Goals
for Stormwater Strategies.

Three (3) underground systems are proposed for the Park and will be located beneath athletic fields in
order to avoid conflicts with existing and proposed trees and other surface features:

e UG-1is the system furthest to the north and will have the shallowest section of 2.33 feet.
e UG-2 is the central underground system and will have a section of 3.5 feet.
* UG-3is located furthest to the south and will have a section of 5.5 feet.

Refer to Figure 4 for underground system locations. Nitsch has assumed chamber sizes for the
underground systems based on where they are located in the Park. Shallower systems are proposed in
the northern portion of the Park where earthwork is anticipated to be more costly based on the
Subsurface Explorations (refer to Section 4.2). By keeping the system furthest north shallow, this will
allow the drainage collection system to flow by gravity to the southern Morrissey Boulevard Stormwater
Outfall connection point.

The results of Task 1.1 highlighted that the tidal conditions are a driving factor in how stormwater
moves through the Park’s drainage system. High tides in the current and future conditions restrict flows
by gravity and indicate the need to delay discharge until the tide has gone down (the preferred
approach) or to install a pump capable of discharging the stormwater during high tide. This information
has helped inform the modelling performed under Task 1.3, specifically that the tailwater boundary
condition must be accounted for, regardless of whether there are tide gates or not at all the discharge
locations.

The Morrissey Boulevard Overflow discharges to the Savin Hill Cover to the south of the Park site. Nitsch
Engineering assumes that the outfall will have the same tidal conditions as the outfalls directly adjacent
to the Park in North Dorchester Bay. Table 2 shows the maximum tidal elevation of the Dorchester Bay

in the current normal tide, “Grayson” Nor’easter Tide, projected 2070 Normal Tide, and projected 2070

Nor’easter tide on Boston City Base (BCB).

L For this analysis, the stormwater storage is assumed to be underground; however, future design
scenario could include floodable surface areas such as sport courts or fields.
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Table 2: Summary of Peak Tidal Elevations in North Dorchester Bay

Scenario Max. Tidal Elevation (ft, BCB)

March 3, 2018 Nor’easter Tidal Condition 15+
Current Normal High Tide 9+
“Grayson” Nor’easter High Tide 16+
2070 Normal High Tide 16+

2070 Nor’easter High Tide 20+

The elevations of the underground storage systems must carefully consider tidal elevations so that
check valves or tidal controls can be proposed as needed. Table 3 shows the maximum invert elevation
of the underground systems based on the current design assumptions for system height, proposed
grading, and the system cover requirements.

Table 3: Maximum Elevation of the Invert of the Proposed Underground Systems

System Name Maximum Invert of System (BCB)
UG-1 11 + ft
UG-2 9t ft
UG-3 8 +ft

Comparing the maximum inverts of the UG systems in Table 3 to the tidal elevations in Table 2 confirms
that there is risk for the high tide to be above the maximum invert of the systems in normal and storm
scenarios.

Gate valves should be installed within the Park upstream of the connection points to the drainage
systems to prevent tidal and/or other flows from the systems from backing up into the Park drainage
system during high tide events. With these gate valves in place, the underground systems must be
designed to provide full storage of the design storm runoff volume until low tide conditions allow the
stored stormwater to discharge (further discussed in Section 4.1). This will protect the Park from
surcharged conditions causing surface flooding.

Weston and Sampson performed 18 borings and 12 test pits within the Park to observe the subsurface
soil and groundwater conditions. They also installed 11 monitoring wells. The soil profile was generally
found to be variable urban fill over naturally occurring organics and clay. A sand layer was observed
between the fill and organics layers towards the northwest portion of the Park. The depth of fill was
generally found to be greater in the northern portion of the Park than the southern portion. The fill layer
was observed to be between 12 and 22 feet deep. A portion of the Park was found to contain



contaminated soils which make the soil unsuitable for infiltration. This portion of the Park is shown with
cyan outline in Figure 4.

A memorandum prepared by Weston and Sampson, dated March 20, 2020 includes observations of the
monitoring wells and elevations of the Estimated Seasonal High Groundwater Table elevation based on
the Frimpter Method?. A summary of the monitoring well results and the proposed surface elevation
are shown in Table 4.

Table 4: Proposed Surface Elevation vs. Seasonal High Groundwater Elevations (summarized from Weston and Sampson
Report)

Estimated Depth from

Peak Observed . Proposed Surface
Proposed Surface Groundwater Seasonal High to Estimated

Flevation (BCB)  plevation (BcB)  _CroUNIWAter  gonsonal High
Elevation (BCB) Groundwater (ft)

Monitoring Well

MW 1 13.75 11.15 12.88 <1
MW 2 17.51 11.22 12.92 4.6
MW 3 15.00 11.02 12.72 2.3
MW 4 18.89 14.82 15.46 3.4
MW 5 15.95 7.13 6.58 9.4
MW 6 15.49 11.84 13.12 2.4
MW 7 15.58 12.20 13.04 2.5
MW 8 21.62 13.19 14.06 7.6
MW 9 21.09 11.31 13.00 8.1
MW 10 17.61 13.07 14.79 2.8
MW 11 20.23 16.06 16.72 3.5

The depth from proposed surface to estimated seasonal high groundwater is an important indicator of
the potential for infiltration of stormwater. MassDEP requires a minimum 2-foot separation between
estimated seasonal high groundwater and the bottom of an infiltration system. Based on the depths
shown in Table 4, a typical underground system with a height ranging from 3-6 feet could not be sited
with adequate separation to groundwater. Therefore, all of the underground systems are currently
assumed to provide detention only.

There is some potential for targeted green infrastructure practices to include infiltration; however, that
will depend on the designed section and the location onsite. This could include a porous pavement
section for pedestrian areas or a bioretention meadow that can be designed with a shallower footprint.
The subsurface conditions and related stormwater constraints and opportunities will continue to be
reviewed and refined by the Project Team in subsequent design phases.

2 The United States Geological Survey (USGS) developed the Frimpter method to estimate probable high
groundwater levels at unmonitored sites of interest in the early 1980s.
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The purpose of the Task 1.3 HydroCAD model is to provide a conceptual sizing of the underground
systems proposed to meet the Park’s stormwater design goals outlined in Section 3. The model also
provides a preliminary evaluation of the potential for managing additional runoff from the secondary
focus area that includes the roadways around the Park perimeter.

Design Points

The existing stormwater from the Park is collected into a closed drainage system and conveyed to the
three (3) BWSC outfalls into North Dorchester Bay: Vale St Overflow/BOS085, the Kemp St
Overflow/B0OS086, and the Morrissey Blvd Storm Drain/BOS087. Currently, the northern and central
portion of the Park are collected in area drains/catch basins and routed to the BWSC/MWRA system
through either the Vale St Overflow/B0OS085 or the Kemp St Overflow/B0OS086 (Design Point 1). The
southernmost portion of the Park discharges to Morrissey Blvd Storm Drain/BOS087 (Design Point 2).

In the proposed condition, a berm will traverse the Park in the north/south direction and will split the
Park into two areas. Based on feedback from BWSC, Nitsch Engineering is proposing to decrease the
area of the Park that discharges to the BWSC/MWRA system by rerouting the inland areas of the Park to
Morrissey Blvd Storm Drain/BOS087. The coastal area to the east of the berm will be routed to the
BWSC/MWRA system (DP-1). Any connections from the Park to the MWRA infrastructure will be made
through existing BWSC infrastructure. No new connections to the MWRA infrastructure are proposed.
All stormwater directed to the existing BWSC infrastructure will be treated and there will be a significant
reduction in quantity of flow to this design point. The inland area on the west side of the berm will be
routed south to the Morrissey Blvd Storm Drain/BOS087 (DP-2). Figure 3 shows the existing drainage
areas to DP1 and DP2.

With the construction of the berm, the inland areas (west of the berm) will be protected from coastal
storm flowage and therefore the inland stormwater system can be isolated to treat, detain, and slowly
discharge to the Morrissey Blvd Storm Drain/BOS087 during low tide conditions. The coastal areas (east
of the berm) will not be protected from coastal storm flowage and may therefore be inundated in high
tide/storm surge events. Connecting the coastal green infrastructure to the inland portion of the Park
would increase the risk of interior flooding during storm events. Therefore, green infrastructure on the
coastal side of the berm will provide water quality treatment and mitigation in smaller storms prior to
discharging to the existing BWSC/MWRA system connections.

Watershed Delineation and Landcover Assumptions

Throughout Task 1.3, the Project Team collaborated on layout and grading to develop proposed
drainage areas based on the different programmatic zones. Stoss provided current assumptions for the
anticipated land cover type in each zone, which were translated into pervious and impervious areas for
each drainage area and for use in the Task 1.3 calculations and modeling. Nitsch considered these areas
to be the “minor subcatchments” for the primary focus area, which were used to size and design the
green infrastructure (Section 5). Refer to Figure 4 for the watershed delineations.
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Primary Focus Area Subcatchments
e Baseball Field (DA-1)
e Soccer Fields (DA-2)
e Little League Fields (DA-3)
e Stadium (DA-4)
e Urban Edge South (DA-5)
e Urban Edge North and Center (DA-6)
e Waterfront Plaza (DA-7A and DA-7B)
e Adventure Play (DA-8A through DA-8E)
e Hammock Grove (DA-9A and DA-9B)
e Southern Edge (DA1-0)

In addition to the areas Stoss provided, Nitsch delineated the drainage areas for the secondary focus
area which includes the adjacent roadways that pitch towards the Park.

Secondary Focus Area Subcatchments
e Roadway South (DA-11)
e Roadway North and Center (DA-12)
e Roadway East (DA-13)

The minor subcatchments flow into larger major subcatchments that reflect the associated underground
systems. As noted previously, the underground systems are located interior of the proposed berm and
overflow to the Morrissey Boulevard Overflow. Refer to Table 5 and Figure 4 for a summary of the minor
subcatchments, major subcatchments, design points, and location of underground systems.

Table 5: Summary of Major Subcatchments and their Tributary Areas

Major Subcatchment Tributary Minor
! / Location of System i Overall Design Point
Underground System Subcatchments
Underneath the
UG-1 Baseball Field DA-1 Morrissey Blvd Overflow
Und th the S
UG-2 n erne;eldse oceer DA-2 Morrissey Blvd Overflow

Underneath the Little | > D= DA6,
oo League Fields DA-8, DA-9, DA-  Morrissey Blvd Overflow
; 11, DA-12

DA-4, DA-7A, and
MWRA Existing MWRA Tunnel an MWRA Tunnel
DA-7B, DA-10
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Precipitation Events

The goal of Task 1.3 is to provide conceptual sizing of the underground systems and green infrastructure
to meet the flood resilience and regulatory goals of the project. Based on the design goals outlined in
Section 4, the following storm events were selected by the Project Team to be analyzed in the Task 1.3
Stormwater Design:

Water Quality Storm 1.25 inches (BWSC and BPDA)
Current 100-yr, 24-hr Storm 8.09 inches in 24 hours (Atlas 14)
2070 100-yr, 24-hr Storm 11.70 inches in 24 hours (City of Cambridge)

Note: By evaluating the water quality storms and the current and 2070 100 year, 24-hour storms to
conceptually size the underground systems, the systems will be adequately sized for mid-sized storm
events as well. For example, the 2070, 10-year, 24-hour storm depth is 6.4 inches whereas the current
100-year, 24-hr storm depth is 8.09 inches. Because the current 100-year storm depth was greater than
the 2070, 10-year storm depth, the underground system sizing would be adequate to control flooding in
the 2070, 10-year storm. In the next phase of the design, Nitsch will evaluate how the proposed
infrastructure will function in smaller and more frequent storm events such as the current and future
(2070) 10-year storms.
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Model Assumptions

The HydroCAD model is based on the following assumptions:

e The Time of Concentration is assumed to be six (6) minutes in both the existing and proposed
conditions. Because the green infrastructure has not been fully sited and the layout and grading
is in flux, Nitsch could not determine the time of concentration in the proposed condition. In
order to be consistent from existing to proposed conditions, Nitsch assumed the same value of
six minutes for both. This approach is conservative because it assumes that all stormwater
runoff reaches the storage areas at the same time instead of being staggered.

¢ The Hydrologic Soil Group for the entire site is assumed to be “D” soil, indicating the soil is
poorly drained. The geotechnical reports describe variable fill soil conditions and high
groundwater. Nitsch chose to represent these conditions with HSG “D” soils for this analysis
because it is a conservative approach that will produce more runoff and therefore larger
required detention volumes.

e Based on the subsurface explorations, the underground systems are assumed to be lined and
there will be no infiltration from the systems to the subgrade.

* Inorder to model the green infrastructure in HydroCAD, Nitsch assumed that the first 1.25-
inches will be diverted to the green infrastructure and then overflow to the underground system
via an underdrain. In the HydroCAD model, the rainfall greater than 1.25-inches bypasses the
green infrastructure and is directed to the underground systems. As the design progresses and
the green infrastructure is laid out throughout the Park, the model will be refined to show all of
the stormwater being directed to the green infrastructure with appropriate overflow controls
embedded into the individual green infrastructure elements to direct it to the underground
systems.

e The underground systems are assumed to be plastic arch chambers because these systems
provide better footprint to volume ratio than pipe storage and are generally less expensive and
easier to construct than concrete chambers, which require a crane. Concrete chambers provide
a higher void ratio than plastic chambers and could be considered in subsequent phases of the
project if it becomes necessary to reduce the footprint of the systems.

20



To address the goals of the Park to provide flood resilience and regulatory compliance, the HydroCAD
model was used in two ways to provide sizing guidance for the underground systems:

(1)

(2)

Flood Resilience - Hydrologic analysis of the Park’s contributing drainage area to
determine the runoff volume from the primary and secondary focus areas.

This analysis provides conceptual sizing of the underground system based on the total
runoff volume from the contributing drainage area for the design storm events. It
conservatively assumes that the storm duration will coincide with high downstream
tailwater conditions (i.e. high tide, storm surge, or system surcharge). This will result in a
condition where the underground systems will be required to hold the runoff volume
until downstream conditions recede and flow can leave the Park. Using this
methodology, the conceptual underground systems will be sized with enough volume to
meet the flood resilience goal of the project. The sizing and system footprints shown on
Figure 4 are preliminary and are intended to provide an estimate of the anticipated
required volume. The geometry and footprint of each system will continue to be refined
to avoid earthwork in areas of elevated contamination in subsequent design phases.

Regulatory Compliance - Hydrologic analysis of the proposed underground systems
during low tide to estimate the maximum peak rates being discharged to the design
points.

This analysis provides a comparison of the peak rates of runoff being discharged from
the Park when there is no tailwater impacts. This scenario is when the maximum peak
runoff rates would be expected from the Park and therefore demonstrates that the
underground systems are adequately sized to meet the regulatory rate reduction
requirements.

Flood Resilience — Volume Recommendations

In the current 100-year, 24-hour storm, approximately 930,000 cubic feet of storage is required to
detain the runoff volume generated by the proposed Park. This results in a total footprint of 433,100
square feet or 9.94 acres. The layout of these underground systems is shown in Figure 4 and Appendix 1.

Nitsch evaluated the implications of sizing the underground systems to hold additional stormwater
runoff either from the secondary focus area (adjacent roadways) or from the Park in the future 2070,
100-year rainfall event. Table 6 includes a summary of the volume and square footage required in base
conditions for the primary focus area and the current 100-year storm as well as the increase in storage
volume that would be required in each subsurface system.
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Table 6: Comparison of Underground Systems in Storm Scenarios

Additional Additional Additional
Current 100- Current 100- Storage for Volume for Footprint for
System Year Volume Year 2070, 100- Roadways in Roadways in
(cf) Footprint (sf) Year Volume  Current 100- 2070, 100
(cf, %) Year (cf) Year (cf)
UG-1 123,000 126,000 72,700 (59%) N/A N/A
UG-2 217,000 118,100 119,000 (55%) N/A N/A
UG-3 590,000 189,000 329,000 (56%) = 54,900 (9%) 80,100 (14%)
Total 930,000 433,100 520,700 (56%) | 54,900 (9%) 80,100 (14%)

In the current 100-year storm condition, the Park would require an additional 9% of underground
storage to capture the runoff from the adjacent roadway. In the future 2070 100-year storm condition,
the Park would require 56% more storage in order to capture the runoff from within the Park and an
additional 14% to capture stormwater runoff from the adjacent roadway (secondary focus area).

Regulatory Requirements — Peak Rate Reduction

Nitsch evaluated the change in peak runoff rate for the Park in the current and projected 2070, 100-year
storms. Nitsch Engineering evaluated the peak runoff rates to both Design Points 1 and 2 and found a
significant reduction in peak runoff rate to both. Refer to Table 7 for the existing and proposed 100-year
peak runoff rates.

Table 7: Existing and Proposed Peak Runoff Rates in the Current and 2070, 100-year Storms
Peak Runoff Rate (cfs)

Design Point Condition c © 100-Year St Peak Runoff Rate (cfs)
HEFERE SESEYEar Storm 2070 100-year Storm
" 300 = 460
DP-1 Existing
(BWSC/MWRA CSO 150 + 220 +
System) Proposed
DP-2 . 110+ 160 +
. Existing
(Morrissey Blvd
Stormwater Outfall) 30+ 60
Proposed

The peak runoff rate to DP-1 (BWSC/MWRA CSO System) will decrease by 55% in the existing 100-year
storm and the peak runoff rate to DP-2 (Morrissey Blvd Stormwater Outfall) will decrease by 77% in the
current 100-year storm. This analysis was performed for the current 100-year design storm, though
rates for the 2- and 10-year storms can be expected to have similar reductions due to the amount of
storage being provided in the underground systems.
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SECTION 5
Preliminary Green Infrastructure Sizing

Green infrastructure will be integrated throughout the Moakley Park landscape to slow, filter, and
detain runoff and meet the BWSC requirement to infiltrate or detain the 1.25-inch storm. Although
infiltration will not be feasible in all areas of the Park, it will be promoted to the maximum extent
practicable and green infrastructure will be used at a minimum, to provide treatment for the 1.25-inch
water quality volume from impervious areas on the Park. A combination of green infrastructure
strategies are proposed to meet this goal, including bioretention meadows, stormwater marshes,
stormwater corridors, tree filters, and porous pavement. In future design phases, the green
infrastructure locations will be evaluated to determine if infiltration is feasible based on the
geotechnical investigations.

Bioretention Meadows

Bioretention meadows are a form of bioretention systems that filter stormwater using hearty native
meadow plant species that can tolerate conditions of drought and flooding (Figure 5). Additionally,
these systems incorporate soils and microbes to treat stormwater before water infiltrates into the
ground and/or is discharged. Bioretention meadows aim to mimic the natural ecological functions found
in wild meadows which is why these systems are vegetated with ornamental grasses intertwined with
wildflowers, which when successful will imitate the ecological succession that occurs in wild meadow
habitats.

Figure 5: Precedent for Stormwater Meadow - Butterfly Acres CARA Restoration, Lititz, PA (Land Studies)

Bioretention meadows can be used to infiltrate and provide pollutant removal including total suspended
solids (TSS), phosphorus, nitrogen, and other metals. Bioretention meadows can be used in either inland
or coastal conditions provided they are planted appropriately for anticipated fresh and saltwater
conditions.
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Figure 6: Typical Section for Stormwater Meadow / Meadow Bioswale

Stormwater Marshes

Stormwater marshes are a constructed wetland system that retain and filter stormwater (Figures 7 and
8). Treatment is provided to the stormwater runoff through the uptake of water through plantings and
extended detention and settling. Salt tolerant plantings can be used to allow for seawater inundation.
Stormwater marshes aim to mimic the natural ecological functions found in seaside habitats.

Figure 7: Precedent for Stormwater Marshes - orth Carolina useum of Art
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Figure 8: Qun/i Stormwter etland Park by Turenscape in Harbin

Stormwater Corridor (Grassed Trench or Swale)

Stormwater corridors are integrated systems that collect, filter, and convey stormwater runoff from a
linear feature such as a walkway or parking edge (Figures 9 and 10). Impermeable surfaces are designed
to slope towards grassed trenches or swales that are integrated into the section of the walkway to
reduce the need for catch basins and area drains and associated piping. Stormwater corridors can be
planted and designed to remove TSS, phosphorus, nitrogen, and other metals. Stormwater corridors can
be used in both coastal and inland areas.
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Figure 9. Typical Section for a swale along linear path with integrated trench

Figure 10. Precedent for Stormwater Corridor along parking and walkway — Cornell University
Tree Filters

Tree filters provide a decentralized approach for stormwater treatment along urban streetscapes.
Stormwater percolates through the soil media and is either infiltrated into the ground or collected by an
underdrain system. Excess water that is directed to a tree filter will be collected by the underdrain
system and directed to the onsite closed drainage system. Tree filters can be used on either side of the
proposed berm.
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Figure 11. Typical Detail for Tree Filter (City of Cambridge)
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Permeable Pavement

Permeable pavement provides a hardscape alternative that allows for water infiltration and pollutant
removal. Implementing an area of permeable paving on a sidewalk or other paved area increases the
permeability of an otherwise impermeable space (Figure 12). Permeable pavement can have an
underdrain to allow the system to work with high groundwater conditions. Permeable pavement is not
recommended on the east side of the proposed berm, due to the maintenance challenges associated
with potential saltwater inundation and sand migration during coastal events.

Rain Barrels and Rain Chains

Rain barrels can be used onsite as small-scale interventions to collect and reuse stormwater runoff
(Figure 13). Rain barrels can be used as instructional tools for children to teach about the hydrologic
cycle and the importance of water conservation. Collected stormwater can be used to water gardens
and other small landscapes areas.

Rain chains can be used in coordination with stormwater collection systems such as a rain barrel or

infiltration trench. Rain chains are a decorative feature that serve a similar function to a downspout-
they direct stormwater runoff from the roof to a collection system in a controlle