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EXECUTIVE SUMMARY

The Belle Isle Marsh Reservation, part of the Rumney Marsh Area of Critical Environmental Concern and
owned primarily by the MA Department of Conservation and Recreation (DCR, Figure ES-1), has been
dramatically impacted by anthropogenic influence to the detriment of today’s and tomorrow’s natural
habitat and wildlife. Large areas of the marsh have been filled with sediment and landfill materials. The
tidal and stormwater hydraulics have been obstructed by historic berms intended to exclude seawater.
Critical habitat for the saltmarsh sparrow and other wildlife has been squeezed between coastal
development and the rising ocean. Climate change threatens to worsen the ecological and sociological
functions of Belle Isle Marsh, through sea level rise (SLR) and increased coastal storm severity. Such issues
are detailed and addressed within this assessment to create a motivation and framework for marsh
restoration to the benefit of the environment and communities.

Study Area Boundary

_-_-: Rumney Marshes ACEC Boundary

0 250 500 1,000 j&

Feet

4/ DCRIBELLE[ISIE|MARSHIRE SERVATION|

Figure ES-1. Belle Isle Marsh ACEC Boundary and Assessment Study Area.

The quality of Belle Isle Marsh habitat is a function of marsh size, extent and duration of tidal flow,
composition of native salt marsh plant communities, connectivity to other wetland complexes or upland
habitats, and complexity of topography, tidal creeks, and salt pannes. An environmental inventory was
prepared to map habitat distributions and observe hydraulic conditions, including tidal fluctuations,
salinity, and water temperature throughout the marsh. Belle Isle Marsh contains the Belle Isle Creek
(connecting Sales Creek to Boston Harbor), mudflat habitat, a wide low marsh platform, small areas of

Belle Isle Marsh 1 December 2022
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high marsh (supportive of saltmarsh sparrow nesting), transitional marsh areas containing extensive
stands of Phragmites, and upland areas such as the main park supporting trails, forest, and grassland
meadows.

A hydrodynamic model was developed to simulate tidal dynamics under existing conditions, assess future
sea level rise conditions, and test potential restoration concepts. This modeling effort provided the
following conclusions:

e Belle Isle Marsh hydraulics are predominantly forced by the ocean water entering at the southern
inlet. This is evident by the fact that the marsh is relatively saline during high tides, and the high
tides are able to efficiently propagate throughout the system.

e Thereis a predominant freshwater source at the apex of the salt marsh, from the Sales Creek tide
gate connecting the marsh to the Suffolk Downs region. This tide gate opens once per tidal cycle,
and causes freshening of the water salinity. This variability is present throughout all projected sea
level rise scenarios (through year 2070). The freshwater signal is significantly flushed by a single
tidal cycle, and weakens with increasing sea level rise scenarios.

e Low tide attenuation (i.e., tidal muting or dampening) is common across tidal creeks/low marsh
platforms, marsh depressions (Rosie’s Pond), and bermed areas due to channel geometry and
restricting features that act to dampen the lowest tides.

e The L-Berm and the Key, two areas impacted by man-made berms, experience partial hydraulic
disconnection between the main saltmarsh and the regions behind the berms. Existing breaches
in the L-Berm provide hydraulic connection during spring high tides, which leads to the formation
of salt marsh pannes that are infrequently flushed and maintain a relatively stable water level.

o Tidal drainage from depressions and bermed areas is slow during the ebb tide, and the flood tide
returns to the system before these areas are sufficiently drained. This leads to ponding (i.e.,
stagnation), over-saturation, and plant die-off.

e Water velocities play an important role in sediment transport, and high ebb velocities can help to
limit sediment deposition in the main channel or inlet. Velocities and sediment deposition were
not found to be of critical concern within the marsh. Water velocities within the main channel
were found to be typical of a marsh system under current and future (up to the year 2070)
conditions.

In addressing the potential impacts of sea level rise on the marsh, habitat migration modeling was
performed utilizing the Sea Level Rise Affecting Marshes Model (SLAMM). Field observations of tide levels
throughout the marsh were incorporated to account for possible tidal attenuation. Sea level rise scenarios
follow guidance from the Commonwealth of Massachusetts, and match the “High” sea level rise scenario,
intended for planning of high-risk assets or areas. If sea level rise follows the “Intermediate” projection,
the time horizons will shift approximately 30 years into the future. Belle Isle Marsh habitat changes with
sea level rise is characterized in two phases:

e Present day to 2070: Shifts in habitat due to sea level rise include gains in estuarine open water
(+43 acres), low marsh (+48 acres), and transitional marsh (+4 acres). The most significant
corresponding losses occur in tidal flat (-26 acres) and upland (-57 acres). High marsh losses are
observed at a smaller scale (-12 acres), however, this represents over 70% of its current footprint.
The increases in low marsh and transitional marsh are only realistic if development retreats and
open space is provided for this migration.

e 2070 to 2100: Shifts in habitat due to sea level rise include gains in estuarine open water (+25
acres) and tidal flat (+118 acres). Significant corresponding losses occur in low marsh (-45 acres),
high marsh (-4 acres), transitional marsh (-26), and upland (-67 acres). This represents a near

Belle Isle Marsh 2 December 2022
Environmental Inventory, Coastal Modeling, and Restoration Assessment 2020-0076-00



€
Woods Hole Group, Inc. ¢ A CLS Company

complete conversion of the existing marsh habitat to open water and mudflat. Low, high, and
transitional marsh habitat attempt to migrate inland and upland, but will meet barriers in existing
development, except in the L-Berm area where open space currently exists in the Reservation.
Without action, the marsh is anticipated to be almost entirely lost to mudflat and open water.

Discussions held with steering committee members including DCR, Mystic River Watershed Association,
Friends of Belle Isle Marsh, and The Nature Conservancy have identified a list of priorities of Belle Isle
Marsh which would be beneficial to marsh health and function if targeted in future research,
management, and restoration efforts:

e  Existing resources and the natural condition of the marsh

e Habitat diversity and connectivity, food web support, and biodiversity preservation

e  Water quality enhancement through sediment and nutrient cycling, chemical and metal
retention, pathogen removal

e Storm surge and wave attenuation

e Stormwater conveyance and discharge

e Carbon storage for climate change mitigation

e Socio-economic services to humans such as aesthetics, natural heritage, recreation/ecotourism,
education, physical and psychological health

Based on the results of literature review, data collection, existing and future conditions modeling, marsh
migration modeling, stakeholder collaboration, and the above priorities, restoration alternatives across
three time horizons were developed for eleven marsh management areas. Three “catalytic” restoration
alternatives were developed and modeled to advance restoration and adaptation goals (Figure ES-2). Poor
drainage of tidal water, loss of saltmarsh sparrow habitat, and SLR resilience in the three areas are the
critical drivers for proposed conceptual restoration. Restoration concepts involve strategic dredging
(cutting) and grading (filling) of the marsh. Cut and fill volumes across the three sites have the potential
to be balanced through further planning and design, effectively minimizing the need for
importing/exporting material. Sediment analysis (chemical and physical quality) and engineering design
would be required to determine the permitting and construction feasibility of restoration. Observations
from the development and modeling of restoration concepts include:

e Rosie’s Pond: Rosie’s Pond is characterized by a low marsh depression, containing stagnant water,
poor drainage, and degraded marsh habitat. Rosie’s Pond is proposed to be filled with appropriate
marsh-building sediment and raised to the elevation of low marsh, while the outer fringes of the
marsh are proposed to be raised to the elevation of high marsh. Due to the depression in Rosie’s
Pond being 2.8-3.1 ft lower than the preferred elevation of low marsh and a presumed lack of
natural sediment input to the marsh system, filling of the marsh is proposed to allow low marsh
habitat to thrive, while peripheral areas are proposed to support marsh migration. Existing and
new tidal creeks are proposed to be dredged to increase tidal exchange and tidal/stormwater
drainage from Rosie’s Pond. Tidal hydraulic model results show that restoration achieves such
goals, reducing stagnant water, improving flushing and consequently water quality, and creating
an array of marsh habitat types which are inundated at an optimal frequency for survival.

e L-Berm: The L-Berm is characterized by a man-made berm and upland fill area which experiences
minimal tidal exchange. Extended water residence times and poor drainage have led to the
expansion of salt pannes, which leads to poor habitat quality and reduced high marsh habitat (of
which the remainder supports saltmarsh sparrow). The L-Berm is proposed to be breached in
three areas where minor breaches currently exist. Tidal channels are proposed through these
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breaches to extend to salt pannes and through low marsh habitat, increasing tidal exchange and
tidal/stormwater drainage. Tidal hydraulic model results show that restoration achieves such
goals, improving the drainage through the L-Berm which today impounds water once it is
overtopped by high tide. Flushing of salt pannes is anticipated to be improved by 80%, improving
water quality and hopefully reducing salt panne expansion. Existing high marsh habitat is
proposed to remain, while low marsh habitat is anticipated to convert to high marsh naturally
with time as a result of the improved drainage/reduced ponding. The breached berms provide an
opportunity for future-phase adaptive management with weir boards to control water levels
under future SLR scenarios.

o The Key: The Key is characterized by a man-made berm which once acted as a barrier to tides to
protect a low frequency radio range station. Now decommissioned, the un-maintained berm has
breached, causing the area to experience limited tidal exchange through non-engineered
breaches. As such, the Key is currently experiencing poor drainage and degraded marsh habitat.
The Key is proposed to be filled with appropriate marsh-building sediment and raised to the
elevation of high marsh. Tidal channels are proposed through two existing breaches, both of
which will be significantly enhanced to create unrestricted tides between the Key and the main
channel of Belle Isle Marsh. Existing and new tidal creeks are designed to increase tidal exchange
and tidal/stormwater drainage. Tidal hydraulic model results show that restoration achieves such
goals, reducing stagnant water, improving flushing and consequently water quality, and creating
an isolated high marsh area which could support saltmarsh sparrow nest sites. The breached
berms can be adaptively managed with weir boards to control water levels under future SLR
scenarios.

The steering committee - which includes DCR, Mystic River Watershed Association, Friends of Belle Isle
Marsh, and The Nature Conservancy - was instrumental in fundraising to secure resources for this
environmental inventory, coastal modeling, and restoration assessment. While Mystic River Watershed
Association provided support on project management, DCR was and remains the landowner, primary
steward, and ultimate decision maker on any work done in Belle Isle Marsh. All members of the steering
committee intend to continue to provide support as needed moving forward.
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Figure ES-2. Existing and conceptual restoration habitat distributions based on tidal water levels and
corresponding elevations. Due to man-made berms and ditches, ponding in existing conditions is
impacting Rosie’s Pond which is degrading to mudflat, the L-Berm which contains low marsh where high
marsh should be, and the Key’s which contains degraded low marsh below the optimal elevation.
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1.0 INTRODUCTION

The Belle Isle Marsh (BIM) Reservation is an open space and wetlands preserve in northern Boston Harbor,
within the communities of the City of Boston, City of Revere, and Town of Winthrop. Ownership of open
space is segmented across different groups, with the Massachusetts Department of Conservation and
Recreation (DCR) being the primary landowner, while Boston, Revere, and Winthrop own small pieces of
the wetlands (Figure 1). The surrounding uplands contain critical infrastructure such as the Massachusetts
Bay Transportation Authority (MBTA) Blue Line, evacuation routes, an electrical substation, affordable
housing, and a public school, and support Environmental Justice communities.

Belle Isle Marsh is the largest remaining salt marsh in Boston Harbor, designated as a 359 acres Area of
Critical Ecological Concern (ACEC) and supports approximately 266 acres of open space salt marsh wetland
and transitional marsh habitat. Belle Isle Marsh provides habitat for over 250 bird species (seven listed as
threatened or endangered), and serves as a coastal storm buffer to urban development. Finally, Belle Isle
Marsh provides important open and recreational space for the public and delivers ecosystem services
such as carbon sequestration.

Historically, the marsh was wide, undeveloped, and hydraulically connected to Chelsea Creek and the
greater Boston Harbor system. Today, anthropogenic impacts, environmental stressors, and climate
change threaten the health, function, and co-benefits of the marsh. The marsh has been significantly
altered by urban development, artificial fill, mosquito ditches, tidal creek management, stormwater
outfalls, and more. Anthropogenic impacts have negatively impacted habitat extent, hydrology, sediment
delivery, and nutrient loading patterns, leading to the degradation of the marsh and loss of habitat value.
Additionally, the marsh is further threatened by climate change, including sea level rise (SLR) and
increasingly intense coastal storms. Spring high tides have been observed to inundate the marsh platform,
destroying the saltmarsh sparrow (a rapidly declining endemic species) nests. Upland development
presents barriers to natural marsh migration. DCR, along with landowners and non-profit organizations,
have worked for decades to manage and improve the condition of BIM. However, while some restoration
initiatives have been proposed, few have been implemented. Today, there is a need for restoration to
improve tidal hydraulics and marsh habitat. Furthermore, Belle Isle Marsh is at risk of becoming open
water and mudflat in future decades due to sea level rise, eliminating its habitat, recreational, and coastal
protection value. Monitoring and restoration strategies must be considered to manage the system for
long term resilience.

This report presents the culmination of several technical studies intended to understand the existing
environmental conditions (ecological and hydraulic), assess the present and future vulnerability of the
marsh, develop restoration goals and alternatives, and model select, large-scale restoration concepts to
determine how improvements to marsh health can be achieved. Information presented herein is intended
to support restoration planning, permitting, and design. Greater detail on the technical studies which
support this assessment, can be found in the following memos in the Appendix:

Appendix A: Task 1: Review Existing Conditions — Summary Memo
Appendix B: Task 2: Data Collection — Summary Memo
Appendix C: Task 3: Belle Isle Marsh Hydrodynamic Assessment — Summary Memo

Appendix D: Task 4: Belle Isle Marsh Sea Level Rise Affecting Marsh Migration — Summary Memo
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Figure 1. Belle Isle Marsh ownership.

1.1 STuDY AREA

Belle Isle Marsh is designated an ACEC for its significance in protection of wildlife habitat, flood control,
prevention of storm damage, protection of land containing shellfish and fisheries, prevention of pollution,
and protection of public water supplies. The designation further cites the relatively undisturbed nature of
these resource areas within an otherwise heavily developed area as clear indication of their value. The
marsh is part of a larger system, the Rumney Marshes ACEC, which includes the Saugus and Pines River
Estuary and Belle Isle Marsh (Rumney Marshes ACEC Designation 1998).

The Belle Isle Marsh Reservation is a fragmented reservation, requiring a vehicle to get to the various
satellite areas of the park from a management or visitor perspective. For this study, the marsh has been
divided into management areas (Figure 2, Table 1), based on access, use, and habitat distribution. The
landward boundary encompasses the open space areas within the Reservation, including Belle Isle Creek,
the marsh system, and tributary streams, particularly Sales Creek. For greater detail, refer to Appendix A.
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Table 1. Summary of the management areas of Belle Isle Marsh

No. Management Areas Management Areas

Belle Isle Inlet marks the downstream end of Belle Isle Creek. The waterway flows beneath the Saratoga
Street Bridge, connecting East Boston to Winthrop. The height of this bridge is regulated by Massport to
protect from interference with departing and arriving planes at Logan International Airport.

A former train line crossed the main channel just upstream of Saratoga St, and can be identified by the
1 Lower Main Channel abutment infrastructure which remains, as well as deteriorating wooden bridge piles in the channel. The
concrete structures mark where the MA Water Resources Authority (MWRA) sewer line runs under the
river (on its way to Deer Island). A boat yard in Winthrop occupies the upland adjacent to the abandoned
train abutment on the south side of the channel. A launch ramp and dock extend to the main channel.
Recreational and possibly commercial boating is a function of the main channel.

The upper main channel of Belle Isle Creek is bounded by residential development and recreational fields
on the northern shore, and an upstream boundary at the Sales Creek tide gate/outfall. Some residential
homes have experienced flooding, such as during the 2018 winter storm series.

Sales Creek tide gate flushes water into Belle Isle Marsh once each tidal cycle. Upstream flood levels are
2 Upper Main Channel controlled by the Bennington Street Pump Station, owned and managed by DCR. This portion of the
waterway is not tidal. Occasionally (approximately once in the last decade), there is a significant release of
freshwater when heavy rains flood the Sales Creek catchment area. Future stormwater inputs are
anticipated to increase with the construction of a 7,150 unit residential development in the former Suffolk
Downs area (BPDA, 2020).

This East Boston parcel is adjacent to the MBTA Orient Heights railroad maintenance yard. From the parking
lot behind CVS and Excel Academy on Saratoga Street, there is a stone dust road along an MWRA easement.
This site provides access to two “points” in Belle Isle Inlet that attract fisherman to this location. There is a
trailhead behind Excel Academy. The trail is owned/maintained by DCR. There is a concrete structure at end
of trail (and another across the river).

3 Excel Academy Boston Natural Areas Network previously conducted restoration activities just north of main trail (along the

MBTA fence line). Rip rap was added to create a path/viewpoint along with interpretive signs, and native
salt marsh plantings. Prior to restoration the site was heavily contaminated with hazardous waste, lead and
other heavy metals. It was filled with thousands of tons of brick and concrete. While the site was restored
with native planting, much of the waste fill and riprap is being exposed due to the erosion of the bank from
recent storms, including 2018 winter storms. This area is at risk of further erosion from storms and sea level
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No. Management Areas Management Areas

rise. Both Excel Academy and CVS have had serious littering and dumping infractions. This site continues to
be one of the worst areas for trash in the reservation. DEP enforcement is ongoing. Salt marsh in this area
is degraded, and likely experiences poor drainage through a culvert connecting to Belle Isle Creek.

This area is primarily characterized by a low marsh platform, with fringing high and transitional marsh
between the boundary of marsh and development. The marsh is scarred by historic ditching. An
approximately 4 acres depression called “Rosie’s Pond” occupies the western corner, adjacent to 1141
Bennington St/Austin Ave, and is characterized by degraded low marsh habitat. A proposal by Redgate for
a housing development at 1141 Bennington St is underway. Austin Avenue provides access to the MBTA
Orient Heights maintenance yard by an easement; DCR also has an easement to utilize a section of Austin
Avenue. The salt marsh-Austin Avenue interface is characterized by broken fencing, overgrown vegetation,
street runoff, and rock and gravel intrusion from occasional work along Austin Avenue. Ongoing illegal
dumping occurs into the salt marsh at this location. Along Palermo Street, a small parcel was the site of a
major dumping litigation still being enforced by the Commonwealth against D&M Auto Doctor. When the
property sells, over 100 tons of concrete / asphalt material will need to be removed as part of the
settlement. Once the debris is removed, habitat restoration may be needed.

4 | West Marsh / Rosie’s Pond

This area is characterized by a low marsh platform adjacent to Belle Isle Creek. The marsh is scarred by
historic ditching. Salt pannes are present east of the reservation Main Park. Constructed as part of the Belle
Isle Reservation Park in 1986, an artificial channel circles an island supporting the park’s Tower. Edge
erosion of the marsh has been observed here and along many of the larger tidal channels as well.

5 Central Marsh

This section is located off Bennington Street, Leverett Avenue, and Lawn Avenue. Once marsh habitat, the
area was filled and disconnected from tidal influence by a berm. The berm has since breached in a number
of areas. At Lawn Avenue, DCR maintains a ~1-acre mowed grass area with apple trees and a lookout bench.
An adjacent 1,200-foot long trail winds through a dense scrub thicket, over bog bridges and out to a small
observation platform that overlooks a large section of salt pannes and salt marsh. In 2016, there was a
6 L-Berm significant horseshoe crab breeding population using the salt pannes for egg laying.

The salt marsh within this area has some of the highest salt marsh plant diversity of the entire Belle Isle
Marsh system: Spartina alterniflora, Spartina patens, Distichlis spicata, seaside goldenrod, and high tide
bush (DCR staff noted that this is the only known high tide bush in the Reservation). Saltmarsh sparrow
prefer the high marsh habitat of the L-Berm, and it is consequently the site of annual salt marsh sparrow
nest monitoring (spring/summer) and bird banding (fall) activities coordinated by DCR. This area can be
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No. Management Areas Management Areas

seen from an elevated overlook platform extending to the berm. Stagnant water can be seen after a high
tide penetrates behind the berm.

Accessed via Bennington Street, this 30-acre section of the Reservation is a historic landfill that was capped
and landscaped. This area contains a 40-car parking lot, the reservation’s main kiosk, a 20-foot tall
observation tower, a large wooden bridge to the tower, a 12-acre capped grassland/wildflower meadow,
park benches, roughly 1 mile of stone dust pedestrian trails, and two wooden boardwalks overlooking the
marsh. This is one of the most heavily used areas by pedestrians, joggers, dogwalkers, and birdwatchers.

A freshwater wetland adjacent to the parking lot drains by a pipe into the upper main channel, by the Sales
Creek tide gate. DCR unclogs the north end of this pipe typically twice per year. Southwest of the main
parking lot and boardwalk, there is an approximately 30-acre area of Phragmites, interspersed with upland
patches of forest. One forested path, west of the freshwater wetland, is comprised largely of birches. There
is a small freshwater pool in the salt marsh by a small southern walkway (by self-guided tour post #3).

Grassland Meadow / Main
Park

The central grassland meadow contains purple loosestrife in the southwest corner, but controlling the
invasive crown vetch through targeted mowing is the primary issue. Japanese knotweed is also actively and
successfully removed.

This area is characterized by a low marsh platform, scarred by ditches, and backed by a low elevation Marine
Ecology Park and residential community in Winthrop (Morton Street area). There is some ponding atop the
marsh platform, even at low tide. A half-moon shaped area of mudflat and patchy, degraded salt marsh is
Morton St Marsh / Belle located to the southwest. In 2018, with the help of a large grant from the State, the Town of Winthrop in
Isle Marine Ecology Park partnership with DCR excavated existing contaminated material (including abandoned cars) from the
upland site (once a junkyard), and developed a waterfront park with a lookout deck and ~% mile of
boardwalk through the salt marsh. This area is owned in part by DCR and in part by Winthrop, and is
managed by Winthrop. All of Morton Street was flooded during the 2018 winter storm series.

This 7-acre site is accessed by a gate on Summer Street in Beachmont (Revere) and along a long grass path.
DCR’s Office of Cultural Resources indicates that the site is the former site of a “low frequency radio range
station.” These stations were constructed throughout the United States between 1929 and the end of
& The Key World War |l to act as aeronautical beacons to assist pilots in navigating without relying on visual aids or
compasses. Stations would emit four radio beams with unique dot-dash sounds that would allow for aircraft
instrument flying. Later designs used an “Adcock vertical antenna array” consisting of four 134-foot-tall
antenna towers erected on the corners of a 425 x 425 foot square, with an optional central tower for voice
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Management Areas

transmission and homing, which characterizes this site. The development of “VHF omnidirectional range”
(VOR) radio navigation systems led to the widespread decommissioning of low frequency radio range
facilities in the 1970s, which also aligns with the disappearance of the towers at the site on old aerials and
maps. A man-made 2,200 linear foot, square berm which encompassed the radio station remains in the
marsh. Footings from the radio range station are still visible inside the bermed area. A kestrel box has been
installed on a pole along the path to the berm.

The square shaped berm is made of stone and has two breaches (one to the northeast and one to the
southeast). This area was once the site of a planned multi-agency restoration project to breach the berm
and restore the salt marsh within the interior, but the project was ultimately dropped. The northeast breach
was the only place tides could enter the bermed area for a long time, but a southeastern section breached
during a storm in 2018. Prior to the breach, the inner area had been largely unvegetated (only a small bit
of salt marsh had existed in the northeast section where tidal water was able to come in and out). Since the
2018 breach, the interior area has almost entirely re-vegetated over the last 2 years. However, the western
half of the Key still has significant pooling.

A low marsh platform, scarred by ditching, occupies this far edge of the marsh system, and is separated
from the open ocean by the Winthrop Parkway and Short Beach. During events with significant storm surge
and waves, flooding from Short Beach can either go around southern end of a concrete seawall or splash
over the road itself and sheet flow into upper portions of the marsh.

Acquired by DCR in 1993, the upland 23-acre site was heavily contaminated with historic fill, consisting
predominantly of asphalt, granite and other stone material. In 2012, a 1-acre meadow site was somewhat
restored with some of the fill removed and the installation of a stone dust pedestrian path and some park
benches. The main access point is the 20-car Short Beach parking lot off Winthrop Avenue. At the southern
end of this parcel is a footbridge that connects the property across the salt marsh to the Winthrop
Cemetery, and ultimately to the new Belle Isle Marine Ecology Park. This area can also be accessed on foot
from a pathway at the end of Bayou Street.

This area includes one of the largest wooded parcels in the town of Winthrop, with one of the highest tree
canopies. Although it’s not vegetated with an ideal tree species assemblage (the property includes a lot of
non-natives) it is still an important wildlife habitat. Several of the large aspens near the parking area are
starting to die. It’s unclear whether this is due to old age, saltwater intrusion, or other factors. Several
swallow nest boxes are installed out on the salt marsh near the overlook.

No. Management Areas
10 East Marsh / Short Beach
Revere St Marsh / John
11 . .
Kilmartin Pathway
Belle Isle Marsh
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1.2 SITE HISTORY

Belle Isle Marsh has a long history of ecological function and human uses. Previously part of the wider
Chelsea Creek and Boston Harbor tidal and salt marsh estuarine system (Figure 3), the area has been filled
and developed to create today’s Belle Isle Marsh system. A timeline of the evolution of Belle Isle Marsh is
summarized in Table 2. Further detail can be found in Appendix A.
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Figure 3. Map of north Boston Harbor pre-development, Belle Isle Marsh is located in the
vicinity of the red box.
Table 2. Summary of Belle Isle Marsh history.
Year Activity
Pre-1600s Once named Hoggs Island, the area was connected with Rumney Marsh by the

Chelsea River, Mill Creek, and Sales Creek. Based on consultation with the Boston
City Archaeologist, Joe Bagley, there are currently no recorded historical or
archaeological sites within the Belle Isle Marsh site. However, the site likely had a
long history of Native American use. Undisturbed portions of the marsh are
considered to possess archaeological sensitivity for ancient and/or historical period
archaeological resources (see Section 1.3).

1600s-1800s

New England colonization used the site predominately for livestock and agriculture
like most saltmarshes during this period.

Belle Isle Marsh
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Year

Activity

1800s-1900s

Sometimes called Breed’s llse or Belle Isle. Wetlands were filled, a landfill created,
and development encroached on the marsh. This continues to be a source of non-
point source pollution to the marsh and watershed.

1920s

A refuse dump was created in the marsh to relieve Boston’s growing waste problem.
The wetlands were systematically filled. Based on cores, fill material was likely
earthen material, perhaps from nearby dredging, rather than refuse. The landfill
area extends from Belle Isle Marsh across Bennington St, the MBTA Blue Line, and
Suffolk Downs Racetrack.

1930s

Mosquito ditching is implemented in a grid pattern to drain water from the entire
marsh surface, eliminating salt pannes and small tidal creeks. Mosquitoes continued
to breed on the moist marsh surface, but killifish were no longer present to consume
mosquito larvae, one of their preferred food sources. As a result, mosquito
populations increased. Additionally, a 7,000 ft long earthen berm (referred to as the
L-Berm) was constructed separating 52 acres of salt marsh from tidal inundation.

1941

A rock berm was constructed in a square geometry around 7 acres (the Key) to
protect a low frequency radio range station from tidal inundation.

1952-1971

East of Bennington Street, the Suffolk Downs Drive-in Theatre is built and open to
the public. Once closed, the property is abused as a general dumping ground.

1975

With support from the Friends of Belle Isle Marsh (FBIM), 152 acres of Belle Isle
Marsh is acquired by the Metropolitan District Commission (later renamed as DCR)
for protection and management as the last remain saltmarsh in Boston.

1980-1986

Belle Isle Marsh Reservation Park was designed, constructed, and opened.
Landforms were dredged and graded (spoils were placed over the drive-in site), and
infrastructure was installed.

1988

Belle Isle Marsh is designated an ACEC. Water quality monitoring reveals severe
pollution. For example, operations at the Bennington Street pump station included
major discharge events that significantly affected water quality and caused fish kills.

1978-1989

Surveys identified that illegal filling of wetland still occurring.

1990s-2002

Open Marsh Water Management (OMWM) implemented for mosquito control and
to restore lost habitat. This involves the systematic plugging of grid ditches and the
re-establishment of salt pannes and small meandering tidal creeks in order to bring
killifish back onto the marsh surface. For example, a 5-acres OMWM site adjacent
to the path from Summer St to the Key was implemented by the Northeast
Massachusetts Mosquito Control and Wetlands Management District in 1993.

mid-2000s

The “Belle Isle Fish Co.” site remediation and salt marsh restoration project restored
approximately 1.5 acres of salt marsh located off Saratoga Street in Boston bounded
by Belle Isle Inlet to the east, the MBTA Orient Heights Maintenance Yard on the
west, and the DCR’s Belle Isle Reservation to the north and south.

1990s-Present

DCR has diligently worked to protect and acquire abutting parcels from various
municipalities and private landowners, both from purchasing land and pursuing land
deeded to the Commonwealth for conservation purposes. As of December 2019,
DCR owns 233 acres of the 359-acre ACEC. The reservation park is currently
managed by Sean Riley of DCR.
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1.3  HISTORICAL AND ARCHAEOLOGICAL RESOURCES

Based on consultation with the Boston City Archaeologist, Joe Bagley, there are currently no recorded
historical or archaeological sites within the Belle Isle Marsh site. However, very few targeted surveys have
been conducted to date, and the entire marsh has yet to be surveyed. Undisturbed portions of the marsh
are considered to possess archaeological sensitivity for ancient and/or historical period archaeological
resources.

According to the Boston City Archaeologist, the marsh is “sensitive for archaeological resources”, meaning
that it is likely that there are unrecorded historic and Native archaeological sites present there because of
the ecological conditions of the site, which would have been attractive for millennia. Given ongoing sea
level rise, this area would have been dry habitable land no less than 3,000 years ago, and evidence of
Native habitation, including shell middens, have been found in similar areas throughout the state. For
example, a Native site was found in Charlestown during the big dig (Joe Bagley, personal communication,
2020). This site provided evidence of a 3,000-5,000 year old Native habitation near the shoreline of what
had been a similar salt marsh area but was subsequently was drowned by rising seas and found intact
under a later peat deposit along the shore. Bagley agrees that this site displays characteristics similar to
other areas where Native cultural remains have been found, however in a recent low tide site walk
(November 2020), Bagley did not observe any evidence of shell middens eroding from the shore or
exposed areas where the soil had been disturbed near tree plantings or where animals had been digging.

There may be Native cultural remains or evidence of 18" — 19%" century salt marsh hay harvesting activities
that have been covered by fills that are both preserving and preventing visibility to potential
archaeological/historical deposits. Bagley concluded that within the Belle Isle Marsh Reservation
property, the most likely site for Native resources is on the main, larger land mass, with a possibility for
similar resources on the smaller one with the lookout tower.

DCR cultural resource staff suggest a more comprehensive cultural resources assessment as project
planning proceeds. The cultural resource assessment would include comprehensive background research
to develop detailed ancient and historical period contexts, and an archaeological sensitivity assessment
specific to the marine and terrestrial portions of BIM, including upland, intertidal, and inundated areas,
and the preliminary impact areas. The cultural resource assessment should incorporate previous relevant
research contained in multiple other archives and repositories, including but not limited to, DCR’s Office
of Cultural Resources, the Massachusetts Historical Commission MACRIS Inventory, and multiple Local
Historical Commissions and Societies. A synthetic program of marine and terrestrial archaeological field
methodologies that consider historical research, geotechnical, and geophysical data to identify
submerged paleo-landforms, archaeological sites under deep fill deposits, and within wetlands (e.g. in
association with peat deposits), will likely be required to adequately sample and evaluate the complete
site for archaeological sensitivity.

Any adaptations planned for the park to increase its coastal resiliency should be reviewed by DCR's
archaeologist and Native tribal representatives. Intact archaeological resources and indigenous cultural
landscapes within the marsh likely reflect thousands of years of indigenous land use. Early consultation
with tribal partners including the Massachusetts Commission on Indian Affairs (MCIA) will help determine
how to ensure identification, protection, and preservation of indigenous sites as project planning
proceeds.

Furthermore, the reservation includes intertidal and subtidal areas, and historical naval battlefields (e.g.
Revolutionary War Period Battle of Chelsea Creek). Additionally, Winthrop Parkway is listed in the
National Register of Historic Places (MACRIS inventory number: REV.E) just east of Belle Isle Marsh and
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separates the marsh from the Atlantic Ocean. The parkway was constructed between 1909 and 1919 and
is now part of Route 145 between Elliot Circle and the Revere-Winthrop line.

Potential impacts can be mitigated by archaeological survey in areas of proposed ground disturbance to
test if there are surviving archaeological deposits prior to the work beginning. If identified, additional
surveys can document and recover the site before the work continues, or plans can be modified to avoid
disturbances.

1.4  PRESENT AND FUTURE MANAGEMENT PRACTICES

Belle Isle Marsh Reservation is a popular recreation area where visitors take part in hiking, boating, fishing,
and bird watching activities. The upland main park provides open space for passive recreation, including
picnic tables, a watch tower, and a series of accessible trails/boardwalks. Other trails are maintained
around the reservation in areas such as by the Excel Academy, the John Kilmartin Pathway by Short Beach,
and the Belle Isle Marine Ecology Park.

In addition to passive recreation, educational outreach and on-site programing have been a primary goal
of DCR at the Belle Isle Marsh Reservation. DCR currently runs approximately 40 free public programs
each year inside the reservation with the target of enhancing public awareness of local ecology and
wildlife stewardship. To accomplish this, DCR partners with a number of sister organizations, including the
Friends of Belle Isle Marsh, MassAudubon, the Trustees of Reservations, The Nature Conservancy, Essex
County Greenbelt, Northeast Wetland Restoration, Saugus River Watershed Council, Harborkeepers,
MassWildlife, EPA, Brookline Bird Club, Mystic River Watershed Association and the New England
Aquarium. With these various partners, DCR has been able to increase public outreach for the reservation
by offering joint programming, volunteer field work opportunities, or restoration partnerships.

Management, maintenance, and cleanup of Belle Isle Marsh is generally handled by DCR, regardless of
the ownership boundaries within the reservation. Other landowners, municipalities, non-profit
organizations and stakeholders include: City of Revere, Town of Winthrop, City of Boston, MA Water
Resources Authority (MWRA), MBTA, Massport, Natural Areas Network, Friends of Belle Isle Marsh,
MassAudubon, the Trustees of Reservations, The Nature Conservancy, Essex County Greenbelt, Northeast
Wetland Restoration, Saugus River Watershed Council, Harborkeepers, MassWildlife, EPA, Brookline Bird
Club, Mystic River Watershed Association and the New England Aquarium.

The current management of the salt marsh largely consists of annual saltmarsh sparrow monitoring, with
nest monitoring in the spring and summer, bird banding in the fall, and invasive species removal. Mosquito
Control treats the salt pannes with Bacillus thuringiensis (BT), a bacterial larvicide, however rain decreases
the effectiveness of this insecticide. Mosquitoes will likely be an ongoing problem if the region’s weather
continues to trend towards a wetter warmer climate (Sean Riley, 2020).

Restoration within the marsh has been performed and proposed. The “Radio Tower Dike/OMWM Area”
project located on both sides the pathway/dike to the Key was the site of a 5-acre Open Marsh Water
Management (OMWM) project completed by the Northeast Massachusetts Mosquito Control and
Wetlands Management District in 1993. The Rumney Marsh Salt Marsh Restoration Plan (MA Wetland
Restoration Program and MA Department of Environmental Management, 2002) identified a list of
potential restoration projects across Rumney Marsh and Belle Isle Marsh, totaling 131 acres. While most
of the sixteen projects were proposed within the Rumney Marsh, two projects were identified in Belle Isle
Marsh, the first of which was implemented:

o The “Belle Isle Fish Co.” project proposed to restore approximately 1.5 acres of salt marsh located
off Saratoga Street in Boston bounded by Belle Isle Inlet to the east, the MBTA Orient Heights
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Maintenance Yard on the west, and the DCR’s Belle Isle Reservation to the north and south. The
site contained substantial soil contamination. Boston’s Environment Department and Parks
Department worked to develop a site remediation and salt marsh restoration plan. The City of
Boston led and completed construction in the mid-2000s. The project involved the removal of
approximately 7,000 cubic yards of fill, capping of contaminated hot spots, and restoration of salt
marsh in the excavated area and creation of coastal bank and grassland habitat on the capped
area. The project reconnected large areas of fragmented marsh and helped to improve surface
water run-off from the adjacent industrial area. The site is now managed as a natural area for
passive recreation.

e The “Sales Creek/Bennington Street” project proposed to restore 6 acres of wetland at the
Intersection of Sales Creek and Bennington St. A standard flapper type tide gate prevents tidal
flow from going upstream into Sales Creek, although some leakage may occur at Bennington
Street and at a culvert under Route 1A which drains to Chelsea Creek. It may be possible to modify
the standard flapper type tide gate at Bennington Street to include a Self-Regulating Tide Gate to
introduce controlled tidal flow to Sales Creek to help control Phragmites and improve its ecology,
habitat value, and flushing characteristics. This project has not been implemented.

2.0 EXISTING ENVIRONMENT

This section summarizes the existing environment of Belle Isle Marsh, including topography and
bathymetry (topobathy), water levels, tidal circulation, water quality, sediment characterization, wildlife,
and wetland habitat. Greater detail of the existing environment can be found within the appendices.

2.1 TOPOBATHY

On November 25, 2020, Woods Hole Group conducted a targeted topographic survey using an RTK GPS
to 1) collect detailed elevation information for key site features, and 2) validate and refine the publicly
available U.S. Army Corps of Engineers 2018 LiDAR data for the site. On March 11, 2021, Woods Hole
Group conducted a bathymetric survey using an echo sounder paired with a survey grade Real Time
Kinematic (RTK) GPS interfaced through Hypack software to collect detailed elevation information within
the tidal channels. Due to occasional shallow depths and the narrow tidal creeks, the boat-based survey
was unable to capture the elevation details within the smaller tidal channels. To supplement, Woods Hole
Group Coastal Scientists collected elevation information along targeted channel cross sections on March
31, 2021 to fill data gaps. Bathymetric data was unavailable for the salt pannes, and reasonable estimates
to represent these regions based on water surface elevation data from the pressure gauge
instrumentation deployment were applied to the DEM.

The combined topobathymetric DEM created from USACE 2018 LiDAR and field surveys is presented in
Figure 4. This DEM was utilized in both hydrodynamic modeling (Appendix C) and marsh migration
modeling (Appendix D). Belle Isle Marsh channel elevations ranged from 1.5 to -23 ft NAVDS88. Elevations
in the southern portion of the thalweg are deeper, ranging from -10 to -15 feet NAVD88 north of Saratoga
Street, with the deepest soundings around the marina at the southern end of the survey area. The
northern portion of the thalweg is shallower, ranging from approximately -8 to -2 feet NAVDS8S.
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Figure 4. Topography and bathymetry of the Belle Isle Marsh (m NAVD88). Red and yellow
represent low elevations typical of channels, green represents higher elevations
typical of marshes, and blue represents elevations typical of upland areas.

2.2 WATER LEVELS

Woods Hole Group deployed 7 tide gauges and 5 salinity/temperature gauges (Figure 5) throughout Belle
Isle Marsh between the period of November 9 to December 21, 2020 (42 days) to measure site-specific
tidal information across a full spring and neap tidal cycle. Water levels and tidal datums from two sites in
the main channel representing the Belle Isle Inlet and Sales Creek tide gate are compared against the
Boston Harbor tide gauge which has been operating since 1921 (Table 3).Table 4 and Figure 6 present
water levels at each of the seven tide gauge stations distributed across the marsh. Key results include:

e The main channel demonstrated efficient propagation of tidal flows from the Belle Isle Inlet (tidal
range of 9.7 ft) up to the Sales Creek tide gate (tidal range of 9.4 ft), with only minor tidal
attenuation of the low tide and increase of high tide levels, likely representing an influx of
freshwater from Sales Creek.

e Water levels throughout the low marsh plain (BI-3, BI-6, B-7) experience attenuation primarily
with regard to low tide. This is a consequence of streambed elevations and drainage efficiency.
The high tide is able to fully propagate up tidal creeks, unconstrained by channel morphology.
However, during the outgoing (ebb) tide, drainage of the low marsh plain through tidal creeks is
not efficient. Before drainage from the upper marsh can be completed, the next incoming (flood)
tide arrives and begins the cycle over. This has consequences which are discussed in Section 3.0.
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e Two areas characterized by artificial berms, the L-Berm and Key, experience the greatest low tide
attenuation. These areas were observed to severely limit tidal penetration, generally only
becoming inundated by the high tide. The L-Berm serves as a barrier to tides, however, once the
tide rises high enough to overtop the berm, the area floods extensively and then drains very slowly
through the minor natural breaches which exist. Similarly, the Key does flood at high tide, but the
narrow channel at its one breach point leads to slow, poor drainage conditions.

e Precipitation did not appear to have an impact on water surface elevations at any of the stations.

Table 3. Present Day Tidal Datums Boston Harbor (ft NAVD88):
o0 S| B

0.5% WSE - - 9.5
Annual Probabilistic Water Surface 1% WSE - - 9.3
Elevation (WSE)* 29% WSE - - 9.1
10% WSE - - 8.2
Highest Astronomical Tide HAT - - 6.82
Mean Higher High Water MHHW 5.1 5.2 4.98
Mean High Water MHW 4.6 4.7 4.54
Mean Tide Level MTL -0.3 0.0 0.17
North American Vertical Datum 1988 NAVD88 0.0 0.0 0.0
Mean Low Water MLW -5.1 -4.7 -4.95
Mean Lower Low Water MLLW -5.4 -4.9 -5.3
Tide Range from MLW to MHW Tide Range 9.7 9.4 9.49

1Tidal datums represent observations from Bl-1 (downstream of Saratoga St bridge) from Nov-9 to Dec-21, 2020.
2Tidal datums represent observations from Bl-4 (downstream of Sales Creek tide gate) from Nov-9 to Dec-21, 2020.
3Tidal datums represent observations from Boston Harbor Tide Gauge (NOAA Station 8443970) centered on 2008.
4Probabilistic WSE’s were derived from the MC-FRM at a location between Belle Isle Inlet and Logan Airport (Bosma

etal., 2021).

Table 4. Tidal datums at all water level monitoring stations (ft NAVDS88).
BI-1 BI-2* BI-3 BI-4 BI-5 BI-6 BI-7
Datum Belle Isle The John Kilmartin Sales Creek L-Berm Rosie’s Pond | Short Beach
Inlet Key Pedestrian Bridge | Tide Gate Tidal Creek Tidal Creek
MHHW 5.1 5.7 5.1 5.2 5.6 5.2 5.2
MHW 4.6 5.2 4.6 4.7 5.6 4.6 4.6
MTL -0.3 3.9 3.3 0.0 5.6 1.7 0.9
MLW -5.1 2.6 2.1 -4.7 5.5 -1.2 -2.8
MLLW -54 2.6 2.1 -4.9 5.5 -1.2 -2.8
Tide Range 9.7 2.6 2.5 9.4 0.1 5.8 7.4
*BI2 did not record a full spring neap tidal cycle; datums are approximate.
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Figure 5.

Tide Gauge Locations
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Tide gauge locations for seven deployed tide gauges in Belle Isle Marsh from Nov 9 -
Dec 21, 2020. Salinity and temperature gauges were installed at stations Bl1, BI2, BI3,
Bl4, and BI5.
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Figure 6. Time-series of water surface elevations (NAVD88, ft) at all 7 tide gauge stations (top)
and the daily precipitation (inches) recorded at Logan International Airport (bottom).
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2.3 TiDAL CIRCULATION

The Environmental Fluid Dynamics Code (EFDC) model was utilized to assess existing and future
hydrodynamic conditions within Belle Isle Marsh (see Appendix C). The primary forcing of tidal circulation
in Belle Isle Marsh is Belle Isle Inlet, through which tidal flows from Boston Harbor flow into and out of
the main channel. The downstream inlet is fixed in position by the Saratoga Street Bridge, while the
upstream boundary ends at the Sales Creek tide gate beneath Bennington Street (a total distance of 1.4
miles). The marsh is relatively saline during high tides, indicating that ocean-sourced water propagates
efficiently throughout the system at high tide. The two major tributaries of Belle Isle Inlet are Sales Creek
to the west and Short Beach Creek to the east. Sales Creek flows into Belle Isle Inlet from the west side of
Bennington Street. Sales Creek formerly connected with the Chelsea River, but the upper portion of this
system is now partially buried and channelized.

Salinity in Belle Isle Marsh is highly variable, and ranges from 31.5 PSU at the inlet opening to Boston
Harbor, to at times 3 PSU at the Sales Creek tide gate. Freshwater is introduced into the system through
groundwater flow, surface runoff, and the tide gate at Sales Creek connecting the saltmarsh to the Suffolk
Downs region, and upper Sales Creek. The tide gate releases fresh water once per tidal cycle, freshening
the system on the ebb tide. Freshwater flows directly into the main channel and quickly spreads to
adjacent low-lying areas, corresponding with a high density of Phragmites in such areas. During
precipitation events, the whole marsh experiences a freshwater flux that is the most evident on the low
marsh platforms. This effect is visible during precipitation events in all out-years. A low salinity signature
is quickly mixed and dissipated by the following high tide.

Tidal velocities within the marsh were found to be highest within the main channel where the channel
morphology is constrained by existing or remnant structures including the Saratoga Street Bridge and an
area adjacent to the Winthrop boat yard and MBTA Orient Heights railyard which contains deteriorated
piles and abutments which used to support a historic rail line. Maximum velocities during spring flood and
ebb tides range between 3-4 ft/s in these areas (Figure 7 and Figure 8, respectively). Ebb tidal flows
typically exceed flood tidal flows (ebb-dominated estuary). Within Belle Isle Marsh, the main channel was
found to have tidal velocities near 1-2 ft/s. Furthermore, the tidal creeks and bermed areas of Belle Isle
Marsh experience low velocity tidal flows less than 1 ft/s. Low tide attenuation indicative of poor drainage
is observed throughout tidal creeks, the low marsh plain, and the bermed areas of the L-Berm and the
Key. Rosie’s Pond, the L-Berm, and the Key retain water at most times, even while tides within the main
channel recede. The L-berm and the Key experience partial hydraulic disconnection between the main
saltmarsh and the regions behind the berms. Existing breaches in the berms provide hydraulic connection
during high and spring tides, which leads to the formation of salt pannes that are affected by spring high
tides only and maintain a relatively stable water level.

The spring high tide extent was modeled and is depicted in Figure 9. A spring high tide under present day
sea levels is anticipated to inundate all existing marsh habitat, and most areas currently inhabited by
phragmites and considered to be transitional habitat, including inland of the L-Berm.
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Figure 7. Existing Modeled Velocities, Typical Spring Tide Flood. Velocities are reported in
feet/second, with high velocities indicated in blue.
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Figure 8. Existing Velocities, typical Spring Tide Ebb. Velocities are reported in feet/second, with
high velocities indicated in blue.
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Figure 9. Present day spring high tide flooding maximum extent at Belle Isle Marsh.

2.4  WATER QUALITY

Water quality monitoring has been performed periodically within the marsh. A past report (Colarusso,
1988) concluded that there were many water quality problems in Belle Isle Marsh (see Section 0).
Additionally, MyRWA has performed water quality monitoring throughout Belle Isle Marsh since 2004 (see
Section 2.4.2).

The U.S. Environmental Protection Agency (EPA) in collaboration with MyRWA issues a water quality
report card for the Mystic River Watershed, including Belle Isle Marsh, each year. In 2021, Belle Isle Inlet
received a grade of B- (~*70% compliance), down from a B (~78% compliance) in 2020 and B+ (~84%
compliance) in 2019 (https://mysticriver.org/epa-grade). The grade is based on how frequently
waterbodies meet bacteria standards for swimming and boating. The grades are calculated using a three-
year rolling average, allowing for a more complete and accurate assessment of recent water quality that
addresses weather variability from year to year.

Furthermore, MassDEP classifies Belle Isle Inlet as SA waters, defined as:

These waters are designated as an excellent habitat for fish, other aquatic life and wildlife, including for
their reproduction, migration, growth and other critical functions, and for primary and secondary contact
recreation. In certain waters, excellent habitat for fish, other aquatic life and wildlife may include, but is not
limited to, seagrass. Where designated for shellfishing in 314 CMR 4.06(6)(b), these waters shall be suitable
for shellfish harvesting without depuration (Approved and Conditionally Approved Shellfish Areas). These
waters shall have excellent aesthetic value. (Source: Code of Massachusetts Regulations, CMR 314.
https://www.mass.gov/doc/314-cmr-400/download)
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Water Quality Criteria for SA waters include:

e Dissolved Oxygen (DO) greater than or equal to (>=) 6.0 mg/L

e Temperature less than or equal to (<=) 85 F, a maximum daily mean of less than 80 F, and a
maximum Temperature change (A) due to a discharge <= 1.5 F

e pH between 6.5 - 8.5 Standard Units (SU) and less than A0.2 SU outside the natural background
range

e Enterococci Bacteria threshold is a geometric mean <= 35 colonies/mL

e Chlorophyll recommended threshold level of 5 ug/L (unofficial, but noted in DEP documents)

Despite the SA classification, MassDEP further describes the Belle Isle Inlet as Impaired. In other words, it
does not meet MassDEP water quality criteria. MassDEP notes impairments including:

e Fecal Coliform bacteria,
e PCBs in fish tissue, and
e  “Cause Unknown — contaminants in fish/shellfish.”

2.4.1 Belle Isle Marsh Reservation Water Quality Monitoring Program, 1988

In 1988, Philip Colarusso prepared a Belle Isle Marsh Reservation Water Quality Monitoring Program
report. A summary of water quality conditions is provided below for key parameters:

e Water clarity: In general, water clarity decreases as water comes in from the harbor and disperses
throughout the marsh. After operation of the pumping station, water clarity was reduced to zero
and remained in this condition at most sites in the marsh for several days after.

e Dissolved oxygen: DO concentrations varied greatly throughout the site, with concentrations
decreasing as you move upstream. The lowest DO concentrations were near the Bennington
Street pump station. After wet weather, dissolved oxygen concentrations decreased throughout
the marsh due to the influx of organic matter (e.g., pet waste). Low dissolved oxygen
concentrations are probably responsible for the fish kills experienced within Belle Isle Marsh.

e  Fish Kills: During the summer of 1988, there were three incidences of extensive fish kills. The first
occurred in the isolated pools of water out in the lower marsh during a hot, dry period of weather.
These isolated pockets of water heat up and the degradation of organic matter in the pools results
in dangerously low dissolved oxygen levels. An occurrence like this is natural during hot, dry
summer conditions. The other two fish kills were higher causes for concern. Both resulted after
the operation of the pumping station and significant discharge into the marsh, which had a high
organic matter content.

e Coliform Bacteria: High levels of coliform were found at the Bennington Street sample site at all
times. Concentrations were found to be higher after wet weather, so much so that they were too
high to count, even with a dilution factor of 100. Sales Creek was determined to be the major
source of coliform, with the storm drain that empties into this area also contributing varying
amounts. Based on further analysis, it was determined that the majority of the problem already
exists in Sales Creek before it enters Suffolk Downs (i.e., the source of the high coliform from
upstream of Suffolk Downs). Most other sample sites throughout Belle Isle Marsh had coliform
levels that fell within the normal range. It appears that Boston Harbor did not significantly
contribute to the coliform counts within Belle Isle Marsh.
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Oil: The storm drain that empties into the Bennington Street site has a continuous oil slick
associated with it, cause by street runoff. Oil also emanates from the creosote piling on the Island
Bridge. Oil and gas also originate from boat use in the estuary.

2.4.2 Belle Isle Marsh Reservation Water Quality Monitoring Program, 2004-2019

The following figures (Figure 11 through Figure 19) represent water quality data obtained by MyRWA
within Belle Isle Marsh from 2004 to 2019. Water quality monitoring locations vary in space, time, and
frequency. All monitoring stations are depicted in Figure 10. The complete data set from which water
quality figures were prepared is included as Appendix E to this assessment.

MyRWA’s sampling and testing effort evaluates parameters including: Temperature, Salinity, Total
Suspended Solids, Dissolved Oxygen (DO), NO23 (Nitrite-Nitrate), NHs (Ammonia), Total Phosphorous, and
ENT (Enterococcus), the results of which are depicted in the below figures. Other water quality parameters
were measured infrequently and are not presented here, including: Salinity, Chlorine, ECOLI, FCOLI,
SPCOND, and Surf_Anionic. Key takeaways include:

DO regularly triggers MassDEP thresholds for SA classified waters. About 25% of the DO data are
below the threshold value of 6 mg/L.

About 63% of the Enterococcus data exceed the bacteria threshold value for waters with
shellfish (28 mpn/100 mL).
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Figure 10. MyRWA Water Quality Monitoring Stations in Belle Isle Marsh.
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Figure 11. Temperature measurements in Belle Isle Marsh.
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Figure 12. Salinity measurements in Belle Isle Marsh.
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Figure 13. Total Suspended Solids measurements in Belle Isle Marsh.
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Figure 18. Total Phosphorous measurements in Belle Isle Marsh.
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2.5 SEDIMENT CHARACTERIZATION

On October 28, 2020, Woods Hole Group collected 7 sediment samples throughout Belle Isle Marsh
(Figure 21) to characterize the existing conditions within the tidal channels. The marsh platform and higher
elevation areas were not sampled. Samples were tested for grain size. The results are summarized in Table
3 and detailed in Appendix B. Results generally reveal a marsh system with little cobble or gravel material,
and sand material only contained within higher velocity zones of the main channel at Belle Isle Inlet (SED-
1 and SED-2). Upper reaches of the main channel and within tidal creeks contained softer, finer grained
sediments containing predominantly silts and clays (SED-3 through SED-7). Locations SED-5 and SED-6
contained a higher concentration of tight organic matter.

Sediment Sample Locations

0 500 1000 2000
_—— E— et

Figure 21. Sediment sampling locations, October 28, 2020.
Table 3. Summary of sediment sample grain size analysis.
Sample ID Cobble Gravel Sand Silt/Clay Median Grain Size (d50)

SED-1 0% 16% 51.7% 32.3% 0.1242 mm
SED-2 0% 2.9% 63.2% 33.9% 0.1810 mm
SED-3 0% 0.1% 2.7% 97.2% 0.0125 mm
SED-4 0% 0.7% 1.1% 98.2% 0.0044 mm
SED-5 0% 0% 5.6% 94.4% 0.0057 mm
SED-6 0% 0% 11.2% 88.8% 0.0082 mm
SED-7 0% 1.7% 17.9% 80.4% 0.0063 mm
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2.6 WILDLIFE

Wildlife within Belle Isle Marsh is summarized here. Greater detail can be found within Appendix A, as
well as Sean Riley (2020) and MA WRP and MA DEM (2002).

Fish and Marine Invertebrates

Typical of an estuarine system, Belle Isle Marsh contains critical resource areas for both resident and
transient fish species. Year-round resident fish species in the salt pannes and creeks of Belle Isle Marsh
include mummichogs (Fundulus heteroclitus), killifish (Fundulus spp.), three-spined sticklebacks
(Gasterosteus aculeatus), and four-spined sticklebacks (Apeltes quadracus). Additional fish include
American eel, winter flounder, and striped bass which pass through seasonally. These species play a
crucial role in the salt marsh food web. As prey species for larger fish and birds and consumers of detritus,
vegetation, and smaller fish, they represent an important link in the maintenance of trophic structure
relationships. Soft-shell clam (Mya arenaria) and blue mussel (Mytilus edulis) are the most common
shellfish found within Rumney Marsh and Belle Isle Marsh (MA WRP and MA DEM, 2002). Additionally,
ribbed mussels, salt marsh snails, chink snails, horseshore crab, green crab, hermit crab, filler crab, glass
shrimp, amphipods, isopods, periwinkles, and mud dog whelks have been observed (Riley, 2020). The
main channels and tidal creeks/ditches contain oligochaetes and the polychaete, Streblospio benedictii,
to be the dominant taxa, accounting for 89-93% of all individuals found in those locations. The dominance
of these two taxa is characteristic of the intertidal fauna in Boston Harbor. Samples from the salt pannes
found a reduced number of organisms (MA WRP and MA DEM, 2002). The 1988 water quality monitoring
effort noted that aquatic species diversity in the marsh is extremely low; there are several species that
should be abundant in the salt marsh, but do not exist in the marsh.

Insects

Little to no official studies or surveys of the reservation’s insect populations have been completed to date.
Commonly viewed species within the reservation include: Green Darners, Calico Pennant, Seaside
Dragonlet, Monarch Butterfly, Tiger Swallowtail, Black Swallowtail, Cabbage White, Orange Sulphur,
Painted Lady, Northern Crescent, Bumble Bees, European Honey Bee, Carpenter Bees, Sweet Bees, Yellow
Jackets, various Wasp species, Praying Mantis, Milkweed Beatles, Saltmarsh Mosquito, numerous ant
species, Ladybugs and many more. The Belle Isle Meadow is very important to local bee and butterfly
populations as it is the only large foraging habitat in the surrounding towns and cities. During peak bloom
of the meadow, hundreds of thousands of bees and butterflies can be observed. In recent years, Saltmarsh
Mosquitos have seemed to have total proliferation in the reservation. From June through mid-October,
staff typically have to work in full mosquito suits to be able to perform their daily tasks. Patrons are not
able to walk in the reservation somedays as the mosquitos are so voracious.

Birds

Records for birds at Belle Isle Marsh date back to 1975, as it has long been a heavily birded site by
naturalists with 258 total species being viewed in the Reservation. In 2019, species observed to breed in
the marsh include: least bittern, Virginia rail, saltmarsh sparrow, savannah sparrow, osprey, willet,
bobolink, brown thrasher, American kestrel, American woodcock, killdeer, chipping sparrow, black-
capped chickadee, common yellow-throat, yellow warbler, Baltimore oriole, warbling vireo, American
robin, red-winged blackbird, European starling, American black duck, mallard, belted-kingfisher, song
sparrow, spotted sandpiper, northern flicker, tree swallow, barn swallow, northern rough-winged
swallow, willow flycatcher, American goldfinch, mourning dove, downy woodpecker, cedar waxwing,
eastern kingbird, northern cardinal, common grackle, and house sparrow. Additional breeding birds in the
Rumney Marsh ACEC are glossy ibis, great egret, meadowlark, greater and lesser yellowleg, sharp-tailed
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sparrow, common tern, killdeer, and red-tailed hawk. A partial listing of migrants and winter visitors
includes least bittern, short-eared owl, snowy owl, blue-wing teal, hudsonian godwit, osprey, bufflehead,
northern harrier, peregrine falcon, common loon, black-bellied and semi-palmated plover, common eider,
greater and lesser scaup, and red breasted and hooded merganser. Based on conservation status, the
most vulnerable species that use and or breed at BIM are listed in Table 5. A complete collection of historic
bird data in Belle Isle Marsh can be found on E-bird: https://ebird.org/hotspot/L207348.

Table 5. Vulnerable bird species which inhabit Belle Isle Marsh
Species MA Natural Heritage Endangered Species Program (NHESP) Designation
Least Bittern Breeding, Endangered
Virginia Rail Breeding, Conservation interest
Saltmarsh Sparrow Breeding, Special Concern
Bobolink Breeding, Conservation interest
Brown Thrasher Breeding, Conservation Interest
Willet Breeding, Conservation Interest
Savannah Sparrow Breeding, Conservation Interest
American Kestrel Breeding, Conservation Interest
King Rail Nonbreeding, Endangered
Short-eared Owl Endangered, over wintering
Northern Harrier Threatened, over wintering
Least Tern Special Concern, local breeder, daily use
Common Tern Special Concern, local breeder, daily use
American Oystercatcher | Conservation interest, local breeder, daily use
Great Egret Conservation interest, local breeder, daily use
Snowy Egret Conservation interest, local breeder, daily use

Importantly, the saltmarsh sparrow is known to nest within Belle Isle Marsh, exclusively within high marsh
habitat, and predominantly high marsh located behind the L-Berm (Figure 22). Saltmarsh sparrow is the
only species of breeding bird endemic to the saltmarshes of the Northeast. Birds arrive in early to mid-
May and begin nesting by late May to early June. Saltmarsh sparrow is particularly threatened, as
predation pressure and habitat loss have decreased the population by 87% since 1998. Sea level rise is
anticipated to further reduce reproductive success and exacerbate population decline, as high marsh
habitat is squeezed out between the ocean and development (MA Division of Fisheries & Wildlife, 2020).

-

Figure 22. Left — Saltmarsh sparrow (Riley, 2020). Right — Saltmarsh sparrow typical nesting
habitat, occupying high marsh habitat, inland of the L-Berm and salt pannes.
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Mammals and Reptiles

Mammal species known to inhabit Belle Isle Marsh include, but are not limited to, raccoon, muskrat,
meadow vole, striped skunk, Virginia opossum and harbor seal (MA WRP and MA DEM, 2002). Since 2002,
the Belle Isle Marsh Reservation Park Supervisor has noted that mink, gray squirrel, eastern cottontail,
eastern mole, white-footed mouse, brown rat, meadow vole, house mouse, meadow jumping mouse,
long-tailed weasel, fisher, and eastern coyote are also present at the site. White-tailed deer, red squirrel,
and eight bat species have been noted, but are infrequent. Red fox have been extirpated from the park
for about a decade.

Reptiles and amphibians, including garter snake, little brown snake, smooth green snake (infrequent), and
American toad are limited in the marshes because of the small amount of available habitat and are found
mostly on the fringes of the reservation in the uplands or in freshwater areas.

2.7  WETLAND HABITAT

2.7.1 Habitat Distribution

Habitat distribution within Belle Isle Marsh was mapped through a combination of aerial photo
interpretation, a review of the most recent MassDEP wetland layer, and a survey by Woods Hole Group
(October 12, 2020) to ground truth remotely generated wetland cover type. The outer edge of the salt
marsh was refined in many cases to capture more site-specific details and to account for erosion of the
marsh platform that has occurred. Wetland and habitat categories were also refined to provide more
detailed information about the vegetative communities present within the Belle Isle Marsh site. Habitats
within Belle Isle Marsh include primarily open water (subtidal channels and salt pannes), mudflat, low
marsh, high marsh, transitional marsh (primarily Phragmites), some beach/rocky shoreline, and upland
areas such as the main park. A final wetland cover type map was developed across the marsh (Figure 23).
Habitat acreages are quantified in Table 6.

Table 6. Wetland cover type and acreages.
Wetland Cover Type Habitat Type Acreage
Forest Upland 2.9 acres
Rocky/Structure P 0.4 acres
Shrubs 0.7 acres
T itional Marsh
Phragmites ransitional viars 34.0 acres
Open Water Panne Salt Panne 5.5 acres
High Salt Marsh High Marsh 17.4 acres
Low Salt Marsh Low Marsh 121.4 acres
Beach 1.6 acres
Mudfl
Mudflat udflat 65.8 acres
Open Water Channel Subtidal 16.7 acres
Total 266.4 acres*

*Note that the Belle Isle Marsh ACEC boundary extends beyond mapped wetland cover types, and
totals 359 acres.
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Figure 23. Final wetland cover type map based the National Wetlands Inventory and field-based
ground truthing.

2.7.2 Habitat Elevations

Wetland habitat distribution is primarily dependent upon the tidal wetting period of marsh habitat. Areas
which are submerged the majority of the day typically do not support salt marsh vegetation (i.e., subtidal
or mudflat), whereas areas wetted less frequently may support salt tolerant vegetation such as Spartina
alterniflora (typical of low marsh) or Spartina patens (typical of high marsh), and more. Above the high
tide line, less salt tolerant species can begin to establish, and these transitional areas within Belle Isle
Marsh are often occupied by Phragmites and other transitional marsh species (Costa, 2017).

Due to the relationship between wetting period, tidal datum, and elevation, habitat types can be
described by an elevation range for growth, assuming a full tidal range is present. Habitat elevation ranges
and their corresponding tidal datum in Belle Isle Marsh are presented in Table 7, and schematically
depicted in Figure 24 (Stevens et al., 2022).
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Table 7. Belle Isle Marsh habitat elevation ranges and corresponding water level.
. Approximate Elevation Range Corresponding Water Level
Wetland Habitat Type (ft, NAVDSS) Datum
Upland | >9.3 Above 1% WSE!?
Transitional Marsh | 6.8t09.3 HAT to 1% WSE?

High Marsh | 4.6 to 6.8 (mean BIM EL is 4.8) MHW to HAT
Low Marsh | -0.3 to 4.6 (mean BIM ELis 4.4) | MTL to MHW
Mudflat | -5.1 to -0.3 MLW to MTL
Open Water Channel (Subtidal) | <-5.1 Below MLW
1WSE = Water Surface Elevation

Upland
par _ W Uplan

Recently Flooded Forest

Terrestrial Border

Brackish Marsh
Phragmites australis
Panne or Pool

High Marsh /J;”

Low Marsh

MHW

MTL

Mudflat
MLW

Open Water

[ High Marsh may include;
- High Marsh Mix
- High Marsh, J. geradii
- High Marsh, 5. patens / D. spicata

- Short form S. alterniflora

Figure 24. Saltmarsh habitat distribution by tidal datum (Stevens et al., 2022).
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2.7.3 Habitat Descriptions

Below is a brief description of wetland types important to saltmarsh evaluation and potential restoration.

Open Water Channel or Subtidal

The open water channel of Belle Isle Marsh is generally representative of subtidal conditions. The majority
of open water channel area is in the main channel (Belle Isle Creek), which extends from Belle Isle Inlet
(Figure 25) to the upstream boundary of Sales Creek at Bennington Street (Figure 26). The main channel
serves as the pathway for fish and marine invertebrates into the estuary, where they feed and often breed.
Few dendritic channels within Belle Isle Marsh are characterized as open water. The tide range within the
main channel is slightly muted as compared to the tide range of Boston Harbor. See Section 2.2 for a
detailed discussion of water level datums in Belle Isle Marsh.

Figure 25. View of Belle Isle Inlet from Saratoga Street bridge (Google Earth, November 2021).

Figure 26. View of the upstream boundary of Belle Isle Creek, abutting the Sales Creek tide gate
and Bennington Street.
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Open Water Panne or Salt Panne

There are several large salt pannes located across the low marsh and bermed areas of Belle Isle Marsh.
Salt pannes located inland of the L-Berm are of particular interest as they have been observed to be
expanding over time and are encroaching on saltmarsh sparrow nesting habitat (Figure 27). While salt
pannes represent poor drainage, oversaturation, and consequent saltmarsh plant die-off, these open
water areas are also highly valuable to the reservation’s wildlife. Breeding and migratory birds use the
pannes for seasonal foraging. At high tide when most of the estuary is submerged, Belle Isle’s salt pannes
represent some of the only available feeding habitat for birds in the surrounding areas (especially in
summer when beaches are busy with visitors). Historically, the salt pannes behind the L-Berm have also
served as breeding habitats for various fish and invertebrates, including horseshoe crab.

Figure 27. Mixed species high salt marsh community (e.g., Distichlis spicata, Spartina patens,
etc.) intermixed with open water pannes, and patches of Phragmites australis behind
the berm immediately south of the main Belle Isle Reservation.
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Mudflat

Mudflat within Belle Isle Marsh is located adjacent to subtidal areas, such as the main channel (Figure 28),
as well as within tidal creeks and mosquito ditches. During low tide, exposed mudflats serve as foraging
grounds and refuge for migratory shorebirds and wading birds, especially during spring and summer.
These birds move to the saltmarsh/salt pannes, or nearby beaches when the tide submerges mudflat. The
tidal creek network follows natural, dendritic patterns as well as man-made patterns. Tidal creeks extend,
for the most part, into all reaches of the marsh. However, their size and ability to drain tidal and
stormwater is often impaired by historic berms, elongated channels which follow mosquito ditches, and
limited width/depth. Mudflat area has been noted by the Belle Isle Marsh Supervisor to be expanding in
many areas due to calving and collapse of the marsh platform. Tidal flows pull sediment from the base of
the marsh platform, causing instability and collapse. Poor vegetative health can contribute to increased
erosion. In particular, portions of the marsh in Winthrop have been noted to convert to mudflat rapidly.

Figure 28. Mudflat is present across the main channel from the Belle Isle Reservation (at the end
of Crystal Avenue in Revere).
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Low Marsh

The majority of Belle Isle Marsh is classified as low marsh habitat, primarily occupied by salt marsh
cordgrass (Spartina alterniflora). The low marsh exists as a relatively flat, peat marsh platform (i.e., plain),
segmented by the main channel, tidal creeks (Figure 29), mosquito ditches, artificial berms, and
development. Certain areas of low marsh are healthier than others. For instance, low marsh in the western
reach, known as Rosie’s Pond, is a marsh depression often retaining water due to poor drainage and not
drying out between tidal cycles, resulting in poor vegetative growth. The Key is categorized as low marsh,
and too experiences poor drainage and patchy marsh vegetation. Low marsh area behind the L-Berm
exists at an elevation more typical of high marsh, however, because of poor drainage through breaches in
the L-Berm, oversaturation restricts vegetation types to Spartina alterniflora which can withstand such
saturation and salinity. While habitat elevation ranges may cover a large vertical extent, optimal
elevations exist where plant types can thrive. Within Belle Isle Marsh, low marsh vegetation is typically
found to thrive around 4.4 ft NAVDS8S.

Figure 29. Tidal creek edges dominated by low salt marsh (i.e., Spartina alterniflora).
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High Marsh

Saltmarsh plants can live in freshwater, and depend on salinity to kill invasive species and freshwater
wetland species. High marsh areas are typically occupied by salt meadow grass (Spartina patens) and spike
grass (Distichilis spicata) (Figure 30). Other saltmarsh species present include glasswort (Salicornia
europaea), spear saltbush (Atriplex patula), black grass (Ophiopogon planiscapus), sea lavender
(Limonium), and dwarf saltwort (Salicornia bigelovii). High tide bush (lva frutescens) is not abundant in
the marsh, but recent restoration plantings have introduced more to Belle Isle. As previously discussed,
high marsh is the only habitat type which supports saltmarsh sparrow nesting, with the high marsh behind
the L-Berm being a favored location for the species. In Belle Isle Marsh, high marsh vegetation is typically
found to thrive around 4.8 ft NAVD8S.

Figure 30. A large section of high salt marsh (S. patens and D. spicata) adjacent to Excel
Academy.
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Transitional Marsh (e.g., Phragmites)

Large extents of common reed (Phragmites) are found in transitional marsh areas, the majority of which
is located behind the L-Berm (Figure 31). Freshwater ponds in this area do support a number of species of
rare and common nesting birds. This area is functioning as a freshwater marsh which is only intermittently
inundated by a spring high tide. Phragmites typically occupies saturated areas, however, salinities greater
than 15-16 PSU create conditions which would inhibit the recruitment of species like Phragmites. Other
Phragmites stands exist on the fringe of the marsh and upland development, as well as adjacent to the
Sales Creek tide gate which inputs freshwater pulses.

Other transitional marsh areas (verging on upland habitat) are occupied by scrub thicket habitat,
supporting bayberry (Myrica), staghorn sumac (Rhus typhina), juniper (Juniperus), tree of heaven
(Ailanthus altissima), Asiatic bittersweet (Celastrus orbiculatus), multiflora rose (Rosa multiflora), and
Japanese honeysuckle (Lonicera japonica). The scrub thickets are primary hunting habitat for many
mammal species. In spring and fall, they support migrating bird species. In winter, they support roosting
raptors. Stands of trees, particularly deciduous trees like cottonwoods, have been dying from saltwater
intrusion, and are reverting to “ghost forests.” Sea level rise and more frequent flooding are anticipated
to exacerbate this result (Sean Rile, 2020).

Figure 31. Dense stand of Phragmites australis as seen from the boardwalk adjacent to the main
Belle Isle Reservation parking lot.
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Upland

Upland areas of Belle Isle Marsh which support habitat include the main park (Figure 32), and the open
space adjacent to the John Kilmartin Pathway. These areas contain important grassland meadow which
support vegetation and wildlife important to the function of the ecosystem. Beyond Belle Isle Marsh,
adjacent upland is predominantly developed by the City of Boston, City of Revere, and Town of Winthrop.
Development represents a barrier for marsh migration with sea level rise.

Figure 32. Belle Isle Marsh Reservation main park, view from the Tower on February 8, 2022.

3.0 ISSUES AND VULNERABILITY

Belle Isle Marsh, the largest remaining salt marsh in Boston Harbor, has been recognized as a vulnerable
coastal resource. Belle Isle Marsh was once much more expansive. Human impacts to the marsh have
included berming, filling, dumping of waste, digging of ditches, and discharge of pollutants and nutrients
by stormwater. In 2002, MA WRP (currently the MA Division of Ecological Restoration) and MA DEM
(currently the MA Department of Environmental Protection) identified the following threats to the marsh,
“loss of habitats, increase in invasive plant species and loss of native salt marsh plants, impaired water
quality, flooding, increase in mosquitoes, increased risk of fire, and loss of recreational and educational
opportunities, open space and scenic quality.” Additionally, sediment input is assumed to be reduced due
to watershed barriers and development. Furthermore, climate change threatens to accelerate many of
these issues through sea level rise and increased coastal storm intensity. The North American Atlantic
coast is projected to have one of the highest losses of wetlands globally due to sea level rise.

To grapple with such impacts and begin to think about restoration, how the above impacts disrupt the
functioning of Belle Isle Marsh must be clear. A detailed description of key environmental stressors and
the impact on marsh health and resilience is below. A depiction of environmental stressors is provided in
Figure 33.
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Figure 33. Environmental stressors impacting Belle Isle Marsh.
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3.1 TipAL HYDRODYNAMICS

Tidal restrictions exist in many locations throughout Belle Isle Marsh, as described in Section 2.2. Low tide
attenuation was observed throughout tidal creeks, the low marsh platform, and the bermed areas of Belle
Isle Marsh. In the both the Eastern and Western Marsh, while high tide propagates effectively throughout
the system, low tides are perched within depressions such as Rosie’s Pond (Figure 34), or berms such as
the L-Berm and the Key. The L-Berm, in particular, experiences a very limited tidal range, as inefficient
breaches in the berm severely restrict tidal flow, and overtopping of the berm only occurs during a spring
high tide. Low tide attenuation negatively impacts marsh health in two primary ways:

1. Iltisindicative of poor drainage which can lead to: stagnation of water, reduced levels of dissolved
oxygen, increased evaporation which increases water temperature and salinity, increased
concentration of nutrients and pollutants, over-saturation of the marsh, and degraded habitat.

2. Itlimits habitat diversity by constraining the marsh to habitat which can only exist within a narrow
set of tidal ranges and corresponding period of saltwater inundation. A non-attenuated tide range
allows for the complete development of subtidal, mudflat, low marsh, high marsh, and
transitional marsh habitat, while the low tide attenuated marsh tends to squeeze out mudflat.

L

r— P
i
-
o

Modeling result:
Standing water in

Rosie’s pond over
multiple tides

Figure 34. Example EFDC model results depicting tidal perching in Rosie’s Pond during a spring
low tide.

Grid ditching for mosquito control conducted during the 1930s represents another stressor which impacts
tidal hydrodynamics and ultimately marsh health. Ditches enhance tidal drainage from the low marsh
platform, however the excessive drying of the marsh results in peat oxidation and subsidence of the
marsh. Based on a review of aerial imagery, 11.4 miles of mosquito ditches were measured to remain
within Belle Isle Marsh. Ditches may have been present to a greater extent, but have since filled in with
natural sediment, vegetation, or fill material in recent years.

Belle Isle Marsh 45 December 2022
Environmental Inventory, Coastal Modeling, and Restoration Assessment 2020-0076-00



€
Woods Hole Group, Inc. ¢ A CLS Company

Other alterations to natural hydrodynamics and hydrology include the Sales Creek tide gate and
transportation crossings of tidal creeks by roads or trails. These impacts have also had significant adverse
effects on salt marsh health by restricting tidal flow and freshwater run-off, and by fragmenting formally
contiguous marshes. In many cases, areas upstream of such hydrodynamic constrictions do not receive
the necessary tidal saltwater flux to maintain salt marsh vegetation, and the lower salinity levels promote
the establishment of Phragmites. Furthermore, limiting the connection between the marsh and inland
watershed is anticipated to result in a reduction of sediment input into the marsh. Lower sediment supply
results in lower marsh accretion rates. As sea level rise accelerates (see Section 3.2), marsh accretion
cannot keep pace with projected water levels, and marsh habitat is vulnerable to drowning.

3.2  SEALEVEL RISE

Sea level rise (SLR) threatens to inundate our shorelines and coastal low-lying areas, like wetlands,
incrementally over time. Sea level is never static, changing over the course of minutes, to centuries, to
millennia. Currently, the rate of global sea level rise is accelerating. Relative sea level rise refers to the
rate of change experienced at specific locales, in this case being Boston Harbor, which varies from region
to region.

The Commonwealth of Massachusetts has developed probabilistic relative SLR projections and made
them available on the Massachusetts Climate Change Clearinghouse for use (MA EEA, 2022). SLR planning
scenarios are derived from the Massachusetts-specific probabilistic projections downscaled from global
climate models (DeConto and Kopp, 2017). These local projections incorporated the best available
information on the impacts of a range of greenhouse gas emissions, ocean thermal expansion, and ice
sheet melt, and provide a range of sea level rise scenarios based on these parameters. From among four
scenarios (Intermediate, Intermediate-High, High, Extreme), the State has selected the High scenario for
planning purposes in Massachusetts. Flood levels derived from the High scenario are conservative (there
is 2 99.5% confidence level that the “High” scenario will not be exceeded) and are considered appropriate
for application where there is a low tolerance for risk. The High scenario projections are very unlikely to
underpredict SLR across a spectrum of potential greenhouse gas emissions scenarios that do not meet the
targets of the Paris Agreement (both rising or slowly declining scenarios) even when accounting for
contributions from ice sheet melt. In other words, selecting the “High” scenario reduces the risk of under-
preparing and under-designing for the future, while providing flexibility to move the timeline for
adaptation actions further into the future if observed relative SLR follows lower trajectories. If sea level
rises according to the Intermediate scenario, increments of sea level rise are projected to occur 20 to 30
years later.

The “High” SLR planning scenarios for Boston Harbor are summarized in Table 8 and Figure 35. Projections
are anticipated to be no more than 1.3 feet above the 2008 baseline (updated 1999-2017 tidal epoch) by
2030, no more than 2.5 feet above the baseline by 2050, and no more than 4.3 feet above the baseline
by 2070. Future projected water level datums under sea level rise were derived from the Massachusetts
Coast — Flood Risk Model (MC-FRM, Bosma et al., 2021) at the mouth of Belle Isle Inlet and are summarized
in Table 9.

Table 8. Relative sea level rise projections for Boston, MA — “High” scenario
Year Sea Level Rise (ft)
2030 1.29
2050 2.49
2070 4.29
2100 7.69
Belle Isle Marsh 46 December 2022
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Table 9. Future projected water level datums with sea level rise.
wwm | | o | e | 20125 | 2050245 | 07043
Channel! Channel? Harbor®
0.5% WSE> - - 9.5 11.0 12.5 14.2
1% WSE® - - 9.3 10.6 12.2 14.1
2% WSE® - - 9.1 10.4 11.6 13.6
10% WSE® - - 8.2 9.6 10.8 12.8
MHHW 5.1 5.2 4.98 6.5 7.8 9.6
MHW 4.6 4.7 4.54 6.1 7.4 9.3
MTL -0.3 0.0 0.17 1.4 2.6 4.4
NAVDS88 0.0 0.0 0.0 0.0 0.0 0.0
MLW -5.1 -4.7 -4.95 -3.2 -2.3 -0.6
MLLW -5.4 -4.9 -5.3 -3.4 -2.5 -0.8
Tide Range 9.7 9.4 9.49 9.3 9.7 10.1

1Tidal datums represent observations from BI-1 (downstream of Saratoga St bridge) from Nov-9 to Dec-21, 2020.
Tidal datums represent observations from Bl-4 (downstream of Sales Creek tide gate) from Nov-9 to Dec-21, 2020.
3Tidal datums represent observations from Boston Harbor Tide Gauge (NOAA Station 8443970) centered on 2008.
4Future scenarios represent projected water levels at the mouth of Belle Isle Inlet. Values were derived from MC-FRM.
>Probabilistic WSE’s were derived from the MC-FRM at the mouth of Belle Isle Inlet (Bosma et al., 2021).
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* Observed Monthly Average
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Figure 35. Observed relative mean sea level (1920-2020) and State projections (2020-2100) for
Boston Harbor tide gauge (water levels presented in feet, NAVD88).
3.2.1 Spring Tide Flooding

Spring tidal flooding was modeled with EFDC (see Appendix C) and mapped under relative sea level rise
scenarios. A spring high tide scenario is defined as the larger than average tide which occurs twice
monthly, in response to a new and full moon. An example of spring tide (known as a king tide during which
especially large tide ranges and water surface elevations occur) is shown in Figure 36, and can be viewed
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as a timelapse at https://www.youtube.com/watch?v=5FNmF7Djw4g. Spring tide flood extent is
presented for 1.29 feet above present day for 2030 (Figure 37), 2.49 feet above present day for 2050
(Figure 38), and 4.29 feet above present day for 2070 (Figure 39). These sea level rise scenarios were
simulated for a 5-day spring tidal cycle in all out-years. Spring high tide inundation results are summarized
below:

2020 - Existing Conditions

e A spring high tide under present day sea levels inundates existing marsh platform habitat (low
marsh, high marsh), and most areas currently inhabited by Phragmites and considered to be
transitional habitat.

e The L-Berm, which cuts off most tidal penetration to the upland main park, is partially overtopped
during a spring high tide.

e During neap conditions, water is perched in several areas of the marsh, including Rosie’s Pond,
the L-Berm, and the Key.

2030 -1.29 ft SLR

e High marsh and transitional habitat are increasingly flooded during high tides.

e The L-Berm is anticipated to be more frequently and completely overtopped during high tide.
However, the frequency remains low and is not anticipated to significantly affect established
habitat types.

2050 - 2.49 ft SLR

e Spring tidal flooding is anticipated to further inundate the existing marsh and encroach on
transitional and upland areas in Winthrop and Revere.

e Flood depths across the marsh platform increase by a couple of feet and marsh habitat will be
inundated for a longer period of time each day.

e The Key and L-Berm overtopping increases in frequency with sea level rise, more frequently
inundating the areas behind the berms and, because of poor drainage, causing over-saturation.

2070 —4.29 ft SLR

e The L-Berm and Key berms are completely overtopped and areas habitat types are anticipated to
convert to low marsh and/or mudflat.
e Anisland is created of the transitional/upland area of Belle Isle Marsh Reservation Park.

Two anthropogenically impacted areas, the L-Berm and the Key, are characterized by man-made berms
which severely restrict tidal exchange. Water levels behind the L-Berm range approximately 1 ft within
the existing salt panne (Figure 40). Water levels within the primary tidal channel of the Key range
approximately 3.5 ft (Figure 41). Outside of these bermed areas, the main channel displays a full tide
range.

Salinity results for existing conditions as well as sea level rise conditions are presented in Figure 42 through
Figure 45. Salinity is presented in terms of Practical Salinity Units (PSU), for which a value of 0 PSU is
equivalent to a freshwater (no salinity) condition, and a value of 35 PSU would be a near average ocean
(saltwater) condition. Saltmarsh plants can live in freshwater, and depend on salinity to kill invasive
species and freshwater wetland species. Salinities greater than 15-16 PSU create conditions which inhibit
the recruitment of Phragmites. Salinity results are summarized below:

Belle Isle Marsh 48 December 2022
Environmental Inventory, Coastal Modeling, and Restoration Assessment 2020-0076-00


https://www.youtube.com/watch?v=5FNmF7Djw4g

€
Woods Hole Group, Inc. ¢ A CLS Company

2020 - Existing Conditions

e Salinity in Belle Isle Marsh is highly variable, and ranges from 31.5 PSU at the inlet opening at the
Boston Harbor boundary, to 3 PSU at the upstream tide gate.

e Freshwater is introduced into the system through groundwater flow, surface runoff, and a tide
gate at Sales Creek connecting the saltmarsh to the Suffolk Downs region and upper Sales Creek.

e The tide gate releases freshwater once per tidal cycle, freshening the system on the ebb tide. The
freshwater flows directly into the main channel and quickly spreads to adjacent low-lying areas,
corresponding with a high density of Phragmites in such areas.

e  Minimal tidal muting is observed in the upper main channel, and freshwater is typically mixed and
flushed to Boston Harbor within one tidal cycle. Therefore, it is not expected that dredging of the
main channel would improve conditions in the area of the tide gate.

e During precipitation events, the whole marsh experiences a freshwater flux that is the most
evident on the marsh platforms. Peripheral areas of Belle Isle Marsh experience greater
freshening, since flushing by tides is less effective. Capture of stormwater from development’s
runoff or outfalls would help limit Phragmites expansion in these areas.

2030 -1.29 ft SLR

e The water within the marsh is expected to become more saline as more saltwater from Boston
Harbor is introduced through the inlet. Increases in salinity are anticipated to help limit
Phragmites expansion, and will support saltmarsh vegetation growth. Note that Phragmites can
be managed by other manual and chemical methods, which often require repetition.

e The freshwater signal from the tide gate is still evident in 2030 and freshens the system during
the ebb tide and low tide, when seawater volumes are at their lowest.

2050 - 2.49 ft SLR

e The salinity distribution is expected to continue becoming more saline as more water is
introduced through the inlet that connects the system to Boston Harbor.

e The freshwater signal from the tide gate is still evident in 2050 and the system is relatively fresher
during the ebb tide and low tide, when seawater volumes are at their lowest.

2070 —-4.29 ft SLR

e The salinity distribution is expected to continue becoming more saline as more water is
introduced through the inlet that connects the system to Boston Harbor.

e By 2070, the berm to the Key is overtopped, and the flux of ocean water causes the average
salinity to rise (Figure 45).

e The freshwater signal from the tide gate is still evident in 2070 and freshens the system the ebb
tide and low tide, when seawater volumes are at their lowest. This signal is weaker and is quickly
replaced by the high-salinity ocean water entering the system during the recurring incoming tide.
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Figure 36. King Tide event at Belle Isle Marsh on Oct 29, 2019. Top — Low tide; Bottom — High
Tide (Helmuth Lab at Northeastern University Marine Science Center, 2019).
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Figure 38. Spring tide inundation in 2050 - 2.49 ft SLR.
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Figure 39. Spring tide inundation in 2070 — 4.29 ft SLR.
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Figure 40. Water levels upstream of the L-Berm, and in the main channel during a 5-day snapshot
of the existing conditions model.
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Figure 41. Water levels upstream of the Key berm, and in the main channel during a 5-day
snapshot of the existing conditions model.
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Spring Tide Ebb

Figure 42. Salinity distribution during a snapshot of a typical spring tide ebb (three hours after high tide), after a precipitation event, for
2020, 2030, 2050 and 2070.
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Spring Tide Flood 7

Figure 43. Salinity distribution during a snapshot of the beginning of a typical mean tide (3 hours after low tide), during a dry-period, for
2020, 2030, 2050 and 2070.
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Figure 44. Salinity distribution during a snapshot of a neap tide ebb, zoomed in to the L-Berm for 2030, 2050 and 2070.

Belle Isle Marsh 56 December 2022
Environmental Inventory, Coastal Modeling, and Restoration Assessment 2020-0076-00



€
Woods Hole Group, Inc. ® A CLS Company

Figure 45. Salinity distribution during a snapshot of a neap tide ebb, zoomed in to the Key, for 2030, 2050 and 2070.
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3.2.2 Storm Flooding

Storm flooding, being sporadic, plays a lesser role in the daily condition of Belle Isle Marsh. Marshes are
resilient in the face of high-frequency (i.e., common, low intensity) storms, often withstanding or
recovering from storm damage. However, storms play a major role in how adjacent communities perceive
and interact with the marsh. This section presents probabilistic storm flooding projections for present and
future sea level conditions.

Model Details

Storm flood projections are derived from the MC-FRM (Bosma et al., 2021). This hydrodynamic model
simulates a full suite of processes that affect coastal water levels, including tides, waves, winds, storm
surge, sea level rise, and wave set-up at a fine enough resolution to identify site-specific locations that
may require adaptation. Water surface elevations were modeled using the ADvanced CIRCulation
(ADCIRC) software to predict storm surge flooding coupled with the Unstructured Simulating Waves in the
Nearshore (Un-SWAN) software, a third-generation spectral wave transformation model. This modeling
effort was led by the Woods Hole Group in support of Massachusetts Department of Transportation
(MassDOT) to assess potential flooding vulnerabilities to highways and other transportation infrastructure
throughout the State of Massachusetts. The model quantitatively incorporates climate change influences
on sea level rise, tides, waves, storm track, and storm intensity for 2030, 2050, and 2070 time-horizons,
providing discrete risk estimates at various time horizons to assist with both near- and long-term planning.
To do so, it evaluates a statistically robust sample of storms, including hurricanes, tropical storms and
nor’easters, based on the region’s existing and evolving climatology. Using this storm set, the model then
calculates resulting water surface elevations to estimate the probability that various flood depths will be
exceeded at each nodal point within the model boundary.

Storm Flooding Results

Annual probability of inundation results during present day, 2030, 2050, and 2070 are presented in Figure
46. Considering the study area is a marsh system, present day flood probability is high within the marsh
system (100% annual chance) but then decreases significantly over a relatively short distance (on average
approximately 300 ft) to 0.1% annual chance southeast and northeast of Belle Isle Marsh. Probability of
inundation northwest of Belle Isle Marsh decreases over a longer distance extending inland of natural
areas. By 2030, probability of inundation increases, but due to the relatively steep increase in elevation
southeast and northeast of Belle Isle Marsh, probability of flooding decreases relatively abruptly. In
contrast, flooding is anticipated to overtop the marsh boundary northwest of Belle Isle Marsh (i.e., Suffolk
Downs/Sales Creek) and southwest of Belle Isle Marsh (i.e., Austin St/East Boston). By 2050, and then
more significantly by 2070, areas once connected to the mainland may become “islands” isolated by water
during storms, including the Main Park and the John Kilmartin Pathway. Short Beach and the Winthrop
Parkway will be regularly overtopped, with overwash events impacting marsh health through sediment
deposition.

Flood projection results across the region tell a story of existing coastal flood hazards becoming
increasingly exacerbated by sea level rise and climate change. As sea level rises, events that today have a
1% annual chance of flooding will become increasingly frequent, and will become an annual event in areas
of East Boston, Revere, and Winthrop under 2070 sea level rise projections. Depth of inundation during a
1% chance event during present day conditions is deepest within the marsh and bordering the ocean,
decreasing away from these floodwater sources. Depth of inundation increases by each subsequent time
horizon, which will impact developed areas most significantly, while natural areas will incur less damage.

Belle Isle Marsh 58 December 2022
Environmental Inventory, Coastal Modeling, and Restoration Assessment 2020-0076-00



€
Woods Hole Group, Inc. ¢ A CLS Company

Belle Isle Marsh will gradually become more frequently inundated, reducing the coastal flood resilience
and ecological benefits of the resource.

As a result of storm flooding risk to developed areas adjacent to Belle Isle Marsh, municipalities and
communities are planning ways to adapt to coastal hazards. Adaptation holds the potential to significantly
impact the future of Belle Isle Marsh. Traditional engineering relies on hard infrastructure to provide
protection, such as seawalls, bulkheads, and revetments, all of which draw a hard line between nature
and development, diminishing the opportunity for the marsh to function naturally in response to sea level
rise and storms. However, resilience planning across the region and State is motivated to incorporate
nature-based solutions where feasible. Adaptation projects can be developed with multiple goals,
including flood protection, habitat enhancement, and increased public access. Belle Isle Marsh currently
serves an important role by attenuating floodwaters and providing protection from storm damage for
inland development. In order to safeguard Belle Isle Marsh under long-term sea level rise projections, it
is important that future development incorporate strategies which support marsh migration.
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3.2.3 Marsh Migration

Sea level rise threatens to increasingly inundate salt marshes, leading to the conversion of habitat types
in place, and the migration of salt marsh habitat inland and upland as long as barriers are not present. The
Sea Level Affecting Marshes Model (SLAMM) was used to evaluate projected future wetland habitat
conditions of Belle Isle Marsh (see Appendix D). SLAMM was developed specifically to evaluate the
potential impacts to coastal wetlands from sea level rise, and incorporates important parameters, such as
elevation, wetland classifications, sea level rise, tide range, and accretion and erosion rates for various
habitat types. To learn where the marsh wants to migrate, the assumption was made that the marsh could
successfully migrate into nearby developed areas. However, unless efforts are made to retreat impervious
surfaces (roads, buildings, etc.) out of migration pathways, marsh habitat is expected to be lost in these
areas.

SLAMM utilizes unique names of wetland types as compared to wetland habitat types previously
described. Furthermore, the SLAMM analysis boundary extends beyond the Belle Isle Marsh ACEC
boundary and into adjacent uplands to account for potential marsh migration in these areas. Belle Isle
Marsh wetland types, SLAMM classification, and estimated acreages are summarized in Table 10.

Table 10. Belle Isle Marsh wetland type, SLAMM classification, and acreage.
Field Designated Classification SLAMM Wetland Classification | Area (acres)
Fo.rest, Rocky/_Str.ucture, a.nd Upland 159
All uncategorized areas within footprint
Phragmites or Shrubs Transitional Salt Marsh 35
High Salt Marsh Irregularly-Flooded Marsh 17
Low Salt Marsh Regularly-Flooded Marsh 121
Beach or Mudflat Tidal Flat 67
Open Water (Channel) or Open Water (Panne) Estuarine Open Water 22
Total* 421

*Note that the boundary of the SLAMM analysis extends beyond the boundary of the ACEC to allow for analysis of
marsh migration into adjacent upland areas.

Resulting habitat distribution maps under present day, 2030, 2050, 2070, and 2100 sea level rise scenarios
are presented in Figure 47 through Figure 51. Changes in total habitat type acreages referenced
throughout this section are detailed in Table 5. A summary of the existing conditions, and projected
habitat changes within Belle Isle Marsh from present day through year 2100 is described below.

Year 2030 — 1.29 ft of Sea Level Rise (Figure 48, Table 11)

Changes predicted to occur in Belle Isle Marsh include a decrease in all habitats besides estuarine open
water, which is projected to increase by 14 acres. Estuarine open water expands within the main channel
as it increasingly occupies space currently defined as tidal flat. Additionally, open water habitat begins to
penetrate further into tidal creeks. Tidal flats see the greatest loss to 1.29 ft of SLR of any habitat type (-
10 acres). Low marsh habitat persists through year 2030 with no significant change. The bermed areas of
Belle Isle Marsh, within the Key and upland of the L-Berm, do not see significant change. There is little
change to high marsh, except for the migration of about 1 acre of high marsh into inland transitional areas.
However, this migration would be impeded by impervious surfaces under current development
conditions. Upland habitat is projected to decrease by 3 acres, indicating marsh habitat begins to migrate
upland and inland with SLR.
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Table 11. Projected habitat acreage changes — 2020 to 2030
Wetland Classification Area (acres) Change in Area (acres)
2020 2030 2020 to 2030
Upland 159 156 -3
Transitional Marsh 35 33 -2
Irregularly Flooded Marsh 17 17 0
Regularly Flooded Marsh 121 122 1
Tidal Flat 67 57 -10
Estuarine Open Water 22 36 14

Year 2050 — 2.49 ft of Sea Level Rise (Figure 49, Table 12)

A continued increase in estuarine open water is projected, with a gain of 5 additional acres. Open water
gains correspond to a loss of tidal flat (-3 acres). While subtidal habitat expands, mudflat is unable to
migrate into low marsh habitat due to the steep scarp which exists between mudflat and the low marsh
platform. As a result, subtidal habitat encroaches on low marsh habitat, and increases the opportunity for
wave and tidal current action to impact and potentially erode the edge of marsh. There is a modeled gain
of 19 acres of low marsh as it migrates into high marsh areas south of the MBTA railyard in East Boston.
There is also a projected gain of 7 acres of transitional marsh (7 acres). Low marsh and transitional marsh
gains correspond to a loss of high marsh (-7 acres) and a loss of upland area (-3 acres).

The two bermed areas do not change significantly, neither does the tidal creek and low marsh habitat
abutting Winthrop. Expansion of estuarine open water will not be impeded by any current existing
impervious areas. However, migration of approximately 1,300 square feet (sf) of tidal flat and 2,000 sf of
regularly flooded marsh will be impeded by impervious surface.

Table 12. Projected habitat acreage changes — 2020 to 2050
Wetland Classification Area (acres) Change in Area (acres)
2020 2050 2020 to 2050
Upland 159 135 -24
Transitional Marsh 35 40 5
Irregularly Flooded Marsh 17 10 -7
Regularly Flooded Marsh 121 141 20
Tidal Flat 67 54 -13
Estuarine Open Water 22 41 19

Year 2070 — 4.29 ft of Sea Level Rise (Figure 50, Table 13)

Wetland areas that increase include low marsh (28 acres) and estuarine open water (24 acres). These
habitats expand into adjacent areas, where losses are projected in upland (-33 acres) transitional marsh
(-1 acres), high marsh (-5 acres), and tidal flat (-13 acres). Near the inlet, open water habitat in the main
channel overtops almost all tidal flat and abuts low marsh. As a result, wave action and tidal currents will
further interact with low marsh habitat and potentially increase edge erosion. Low marsh is shown to
persist through year 2070, maintaining most of its existing extent indicating that the marsh platform exists
near the top of its viable elevation range. Low marsh habitat struggles to migrate inland in East Boston,
likely due to the steep banks circumscribing the marsh by the MBTA railyard and Austin Street. Low marsh
habitat migrates into low elevation residential neighborhoods of Winthrop and Revere. Additionally,
transitional habitat migrates into Bennington St, Suffolk Downs, and Revere Public Schools. High marsh
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struggles to migrate into transitional habitat. By 2070, a much greater degree of wetland migration will
be prevented by development. Transitional marsh and high marsh will be prevented from migrating and
these wetland types will be lost to sea level rise without the ability to shift location. No significant change
is projected in the bermed areas of the Key and L-berm in 2070.
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Table 13. Projected habitat acreage changes — 2020 to 2070
Wetland Classification Area (acres) Change in Area (acres)
2020 2070 2020 to 2070
Upland 159 102 -57
Transitional Marsh 35 39 4
Irregularly Flooded Marsh 17 5 -12
Regularly Flooded Marsh 121 169 48
Tidal Flat 67 41 -26
Estuarine Open Water 22 65 43

Year 2100 - 7.69 ft of Sea Level Rise (Figure 51, Table 14)

Following 7.69 ft of SLR by year 2100, wetland areas see the most extreme change of any timestep. Habitat
acreage increases are seen in subtidal habitat (25 acres) and tidal flat (118 acres). Habitat acreage losses
are projected in low marsh (-45 acres), high marsh (-4 acres), transitional marsh (-26 acres), and upland (-
67 acres). The subtidal habitat is anticipated to continue its expansion within the main channel and tidal
creeks. Tidal flats are anticipated to finally make the jump onto what today is the low marsh platform, and
as a result this habitat reverses its downward trend and expands dramatically in area. Low marsh within
the Key berm converts to tidal flat as well. The low marsh is pushed out of its existing footprint and
migrates almost entirely into and throughout adjacent jurisdictions, what is today the L-berm area, and
developed/impervious land of East Boston, Revere, and Winthrop. Belle Isle Marsh almost entirely
converts to an open water and tidal flat wetland system with the L-berm are representing the only
remaining viable marsh habitat within the Reservation. High marsh habitat is further squeezed out of
functional space, as it struggles to migrate into transitional areas. Transitional habitat migrates further
into the developed areas of East Boston, Revere, and Winthrop, and would also be expected to expand
far beyond the study area boundary.

Multiple iterations of SLAMM analysis, paired with hydrodynamic modeling performed as a parallel task
to SLAMM, was required to achieve reasonable projections of marsh migration behind the L-berm.
Hydrodynamic model water level results were obtained behind the L-berm at the 2030, 2050, and 2070
planning horizons and manually input to represent tidal conditions at the L-berm. This allowed for the
recognition that from the perspective of land elevation and tidal penetration, the L-berm can serve as
future marsh habitat in long-term sea level rise scenarios. In this assessment, the tipping point for
converting the L-berm to low marsh habitat occurs around 2080.

Table 14. Projected habitat acreage changes — 2020 to 2100
Change in Area
Area (acres % Change
Wetland Classification ( ) (acres) ° g
2020 2100 2020 to 2100 2020 to 2100

Upland 159 35 -124 -78%

Transitional Marsh 35 13 -22 -63%

Irregularly Flooded Marsh 17 1 -16 -94%
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Change in Area
Wetland Classification Area (acres) (gcres) % Change
2020 2100 2020 to 2100 2020 to 2100
Regularly Flooded Marsh 121 124 3 2%
Tidal Flat 67 159 92 137%
Estuarine Open Water 22 90 68 309%

SLAMM Summary
Belle Isle Marsh habitat migration with sea level rise is characterized in two phases:

e Present day to 2070: Changes that occur from 2020 to 2070 include gains in estuarine open water
(43 acres), low marsh (48 acres), and transitional marsh (4 acres). The most significant
corresponding losses occur in tidal flat (-26 acres) and upland (-57 acres). High marsh losses are
observed at a smaller scale (-12 acres) however, this represents over 70% of its current footprint.
The increases in low marsh and transitional marsh are only able to become reality if development
retreats and open space is provided for this migration.

e 2070 to 2100: Changes that occur from 2070 to 2100 include gains in estuarine open water (25
acres) and tidal flat (118 acres). Significant corresponding losses occur in low marsh (-45 acres),
high marsh (-4 acres), transitional marsh (-26) and upland (-67 acres). This represents a near
complete conversion of the existing marsh habitat to open water and mudflat. Low, high, and
transitional marsh habitat attempt to migrate inland and upland but will meet the barriers in
existing development, except in the L-berm area where open space currently exists in the
Reservation. Without action, the marsh is anticipated to be almost entirely lost to mudflat and
open water.

Subtidal habitat is found to continuously expand, increasing by 309% in acreage by year 2100. The main
channel specifically increases in width by up to hundreds of feet, potentially increasing marsh
vulnerability as wave and tidal current forces may increase.

The year 2080 was found to represent a tipping point between the tidal flat and low marsh relationship.
Low marsh was noted to persist through 2070. The Massachusetts Statewide SLAMM model (Woods Hole
Group, 2016) projects low marsh to generally be converted to tidal flats under a 4.29 ft SLR scenario.
However, at Belle Isle Marsh, low marsh habitat exists within the high end of its viable elevation range.
With small amounts of marsh accretion (~2.8 mm/yr), the low marsh will be maintained through about
year 2080 (5.29 ft SLR). This result is consistent with the understanding that marshes under meso- to
macro-tidal ranges are more resilient to changes in sea level. This persistence of low marsh results in a
loss of tidal flat, as tidal flats are squeezed between increasingly widening and deepening channels.
Beyond 2080, the effects of sea level rise on low marsh reach a tipping point, where tidal inundation
overtops the low marsh platform at an increased frequency and it converts nearly entirely to tidal flat,
converting the marsh into a primarily subtidal/mudflat condition. It is anticipated that low marsh will want
to migrate into upland developed areas, especially the areas of the MBTA Blue Line/Suffolk Downs, Revere
Public Schools, residential areas of Revere, and residential areas of Winthrop, especially along Morton St.

High marsh habitat most notably struggles to migrate into transitional areas, and there is a projected 94%
loss of high marsh acreages from present day through 2100. This result is critical to the saltmarsh sparrow
as the high marsh is the only viable nesting habitat for saltmarsh sparrow. The population has declined
85% since 1995 and is predicted to become extinct by year 2050.
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Transitional marsh is observed to over time migrate into East Boston especially in the MBTA railyard, the
Town of Revere by Sales Creek tide gate, and Winthrop residential areas. Through the year 2070, the
perimeter of the marsh in many reaches is too steep for habitat migration inland and upland with SLR.
However, by 2100, low marsh and transitional habitats are projected to migrate out of the current marsh
area and into low-lying areas of the surrounding communities. This is indicated by the estimated 78% loss
in upland acreage between present day and 2100. If developed areas were not present, marsh habitat
could potentially persist, migrating inland and upland in relation to sea level rise. However, under the
current heavily developed conditions surrounding Belle Isle Marsh, marsh habitat is not likely to
successfully migrate with sea level rise, and Belle Isle Marsh would no longer support extensive vegetated
marsh habitat.
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Table 15. Area (acres) of each wetland classification present within the Belle Isle Marsh study area for present day, 2030, 2050, 2070,
and 2100 and change in area (acres) for select year to year comparisons.

Area (acres) Change in Wetland Area (acres) % Change
Wetland
Classification 2020to | 2030to | 2050to | 2070to | 2020to | 2020 to
200 2 AT 2 e 2030 2050 2070 2100 2100 2100
Upland 159 156 135 102 35 -3 -21 -33 -137 -124 -78%
Transitional Marsh 35 33 40 39 13 -2 7 -1 -26 -22 -63%
Irregularly Flooded 17 17 10 5 1 0 7 5 4 16 -94%
Marsh
Regularly Flooded 121 122 141 169 124 1 19 28 28 3 2%
Marsh
Tidal Flat 67 57 54 41 159 -10 -3 -13 118 92 137%
E .
stuarine Open 22 36 41 65 90 14 5 24 25 68 309%
Water
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Figure 47. Present Day wetland conditions used in SLAMM modeling for Belle Isle Marsh and the surrounding area.
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Figure 48. 2030 SLAMM modeling results for Belle Isle Marsh and the surrounding area.
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Figure 49. 2050 SLAMM modeling results for Belle Isle Marsh and the surrounding area.
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Figure 50. 2070 SLAMM modeling results for Belle Isle Marsh and the surrounding area.
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Figure 51. 2100 SLAMM modeling results for Belle Isle Marsh and the surrounding area.
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3.3 IMPAIRED WATER QUALITY

Coastal ecosystem health is directly related to the quality of water. The salt marsh is an essential place for
reproduction and growth of many fish and bird species. Poor water quality has been observed within Belle
Isle Marsh, largely due to the level of development surrounding the marsh (Colarusso, 1998). Water clarity
decreases during Bennington Street pump station operations. Dissolved oxygen levels have been
suspected of causing fish kills. High levels of coliform bacteria have been observed within the marsh
waterways. Trash debris has been observed in many areas, especially by Excel Academy. Qil slicks have
been observed as well. Stormwater runoff to the marsh is a common occurrence, though not well studied,
and is likely flushing pollutants and nutrients into the marsh system. Stormwater runoff containing
pollutants and nutrients has been noted to flow to the marsh from surrounding development, degrading
marsh plant root structure, and consequently destabilizing the marsh edge. Chemical contamination in
sediment has been observed, such as at the Belle Isle Fish Co restoration project area. It is possible that
additional sediment contamination exists within the marsh, especially given the history of dumping, fill,
and development.

Marshes do provide a benefit to water quality, as vegetation and peat development take up and store
pollutants and nutrients. However, poor water quality impacts both wildlife and vegetation. Salt marsh
degradation is a typical outcome of poor water quality. Observed salt panne expansion may be related to
poor water quality, in addition to excessive salinities and freeze/thaw processes. Additionally, significant
marsh dieback has been observed in areas such as the marsh area between Sales Creek tide gate and the
reservation’s main parking lot, as well as the half-moon shaped eroded marsh/mudflat area adjacent to
the boat yard and Morton St in Winthrop. DCR staff have noted that edge erosion is occurring along many
of the larger tidal creek channels as well.

Furthermore, wildlife depend on high water quality to thrive. Belle Isle Marsh subtidal and mudflat habitat
are identified by MassGIS as a Shellfish Suitability Area for soft-shelled clam. Clams provide a water quality
benefit by improving clarity, and taking up nutrients.

3.4  INVASIVE SPECIES

Invasive species threaten to crowd out salt marsh vegetation. Extensive areas of former salt marsh are
now dominated by invasive plant species, most notably the common reed, Phragmites australis.
Phragmites has completely taken over some areas of the Reservation, particularly in the immediate
vicinity of the main recreational area. The 2002 Salt Marsh Restoration Plan states that in Belle Isle Marsh,
previous use of the marsh for dredged material disposal around 1930 created a large Phragmites
dominated area. At disturbed sites, Phragmites frequently forms dense monotypic stands, which can
outcompete native species, especially high and transitional marsh species. Monotypic stands of common
reed typically contain several years’ worth of dead plant material, both on the ground and standing, which
can lead to an increased brush fire risk. Phgramites, however, is more effective at wave energy reduction.
Eliminating Phragmites can be achieved by several methods, including increasing salt intrusion
(Phragmites typically does not tolerate greater than 15-16 PSU), chemical treatment, and mechanical
excavation. Restoration efforts typical require repetition to be effective.

3.5  BELLE ISLE MARSH VULNERABILITY

The Belle Isle Marsh complex contains a wide variety of habitat types and unique anthropogenic influences
which have resulted in areas with distinct characteristics and function. As a result, marsh-wide
generalizations do not bring clarity to developing restoration actions. The marsh was divided into eleven
management areas for developing restoration alternatives which can address the specific concerns of
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each unique area. Belle Isle Marsh Management Areas are depicted in Figure 52, and the vulnerability
results are organized by area in Table 16. Environmental vulnerability was determined through the
culmination of literature reviews (Appendix A), data collection (Appendix B), EFDC hydrodynamic
modeling (Appendix C), and SLAMM analysis (Appendix D).
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Figure 52. General boundaries of management areas in Belle Isle Marsh.
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Table 16. Present and future vulnerability of Belle Isle Marsh management areas.
Management - o
No. g Vulnerability Description
Areas
Sea level rise causes habitat conversion:
e Subtidal habitat expansion
; e Mudflat losses through 2080, then jumps onto the low marsh platform and expands greatly
Lower Main . - . .
1 ch | e Wave energy and tidal current velocities may increase and exacerbate marsh erosion
anne
Tidal current velocities pull sediment loose and cause calving and erosion of marsh edge. Increased velocities would
exacerbate this issue.
Saratoga Bridge is a source of minor tidal constriction
Sea level rise causes habitat conversion:
e Subtidal habitat expansion
e Mudflat losses through 2080, then jumps onto the low marsh platform and expands greatly
e Transitional marsh wants to migrate into developed areas of East Boston and Revere
e Upland areas vulnerable to marsh migration, tidal inundation, and especially storm flooding. Flooding of
supporting and surrounding assets and infrastructure is predicted to increase in frequency and damage
e Wave energy and tidal current velocities may increase and exacerbate marsh erosion
) Upper Main | Tidal current velocities pull sediment loose and cause calving and erosion of marsh edge. Increased velocities would
Channel exacerbate this issue.
Marsh habitat is squeezed between development and the ocean (i.e. coastal squeeze)
Sales Creek Tide Gate
e Builtin 1988 as part of the Sales Creek flood project. In 2005, DCR made repairs
e Point source for widely collected freshwater discharge and coliform bacteria
e Pump station pump events dramatically freshen the system and decrease water clarity
e Upstream sediment impoundment reduces ability of marsh to capture sediment and increase in elevation with
sea level rise
Sea level rise causes habitat conversion:
3 Excel
Academy e Subtidal habitat expansion
o Mudflat losses through 2080, then jumps onto the low marsh platform and expands greatly
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Management - o
No. g Vulnerability Description
Areas
e Low marsh persists through 2080, then converts to mudflat
e High marsh habitat losses anticipated at all time horizons
e Transitional marsh wants to migrate into developed areas of East Boston
e Upland areas vulnerable to marsh migration, tidal inundation, and especially storm flooding. Flooding of
supporting and surrounding assets and infrastructure predicted to increase in frequency and damage
Marsh habitat is squeezed between development and the ocean (i.e. coastal squeeze), especially along steep slopes
around the perimeter (e.g., MBTA Orient Heights Maintenance Railyard)
Runoff washes into the marsh from upland development. Nutrients and chemicals decrease dissolved oxygen, degrade
and alter plant structures, and lead to marsh degradation
Sea level rise causes habitat conversion:
e Subtidal habitat expansion
e Mudflat losses through 2080, then jumps onto the low marsh platform and expands greatly
e Low marsh persists through 2080, then converts to mudflat
e High marsh habitat losses anticipated at all time horizons (saltmarsh sparrow nesting and foraging habitat)
e Transitional marsh wants to migrate into developed areas of East Boston
e Upland areas vulnerable to marsh migration, tidal inundation, and especially storm flooding. Flooding of
supporting and surrounding assets and infrastructure predicted to increase in frequency and damage
: High marsh habitat is squeezed between development and the ocean (i.e. coastal squeeze), especially along steep slopes
4 VI;/es.t !\/Iirs d/ around the perimeter (e.g., MBTA Orient Heights Maintenance Railyard and Lawn Ave)
osie’s Pon
Runoff washes unmanaged into the marsh from nearby municipalities. Nutrients and chemicals decrease dissolved
oxygen, degrade and alter plant structures, and lead to marsh degradation
Mosquito ditches drain water from most of the marsh surface, eliminating salt pannes and small tidal creeks.
e Marsh ditching during the past century has led to partial drying and lowering of the marsh bed
e This eliminated killifish habitat, resulting in loss of ecological function and continued mosquito population issues
e The primary tidal creek follows mosquito ditches, as opposed to a natural path, resulting in inefficient outgoing
tidal and stormwater conveyance
A depression within the marsh known as Rosie’s Pond has poor tidal and stormwater drainage, resulting in oversaturation
of low marsh habitat and resulting degradation. Low tide is not fully observed in the area which increases residence time
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Managemen
No. anagement Vulnerability Description
Areas
of nutrients and contaminants and limits habitat diversity. The sparse low marsh vegetation limits sediment capture and
elevation of the marsh platform
Sea level rise causes habitat conversion:
e Subtidal habitat expansion
o Mudflat losses through 2080, then jumps onto the low marsh platform and expands greatly
Central e Low marsh persists through 2080, then converts to mudflat
5 Marsh e High marsh habitat losses anticipated at all time horizons

Mosquito ditches drain water from most of the marsh surface, eliminating salt pannes and small tidal creeks.

e Marsh ditching during the past century has led to partial drying and lowering of the marsh bed
e This eliminated killifish habitat, resulting in loss of ecological function and continued mosquito population issues

Sea level rise causes habitat conversion:

e Subtidal habitat expansion,

e High marsh habitat losses anticipated at all time horizons (saltmarsh sparrow nesting and foraging habitat)

e Salinity is increasing around deciduous trees in the transitional zone/coastal thickets, causing die off and “ghost
forests”

Marsh habitat is squeezed between development and the ocean (i.e. coastal squeeze)
An artificial berm acts as a barrier to tidal exchange and tidal/stormwater drainage. Poor drainage leads to the expansion
of salt pannes, and the degradation of low and high marsh habitat. Oversaturated areas which would be high marsh are

6 L-Berm converted to low marsh. Poor tidal exchange limits habitat diversity and increases residence time of nutrients and
contaminants.

Marsh migration is not feasible in most low-lying areas due to steep slopes around the perimeter, backed by
development

Runoff washes into the marsh from upland development. Nutrients and chemicals decrease dissolved oxygen, degrade
and alter plant structures, and lead to marsh degradation

Extensive phragmites in the Reservation Park area behind the L-Berm

e Phragmites has overwhelmed multiple freshwater pools, which support endangered species and species of
concern: Least Bittern, Rail, Sora
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Managemen
No. anagement Vulnerability Description
Areas
e Buildup of dead plant matter increases brush fire risk
e Phragmites does support rare and common nesting birds
e Sea levelrise is anticipated to increase salinity and convert phragmites to salt marsh by 2100
Invasives in coastal thickets (e.g., Japanese Honeysuckle) and woodlands (Multiflora Rose, Black Locust, Eastern
Cottonwood, Tree of Heaven, Quaking Aspen and Norway Maple) do not maximize habitat value
Main Park is squeezed between development and the ocean (i.e. coastal squeeze)
Grassland Invasives in coastal thickets (e.g., Japanese Honeysuckle) and woodlands (Multiflora Rose, Black Locust, Eastern
7 Meadow / | Cottonwood, Tree of Heaven, Quaking Aspen and Norway Maple) do not maximize habitat value
Main Park Future residential development threatens to increase pedestrian traffic with dogs, presenting a waste management and
water quality concern
Sea level rise causes habitat conversion:
e Subtidal habitat expansion
e Mudflat losses through 2080, then jumps onto the low marsh platform and expands greatly
e Low marsh persists through 2080, then converts to mudflat
e High marsh habitat losses anticipated at all time horizons
e Transitional marsh wants to migrate into developed areas of Winthrop
e Upland areas vulnerable to marsh migration, tidal inundation, and especially storm flooding. Flooding of
Morton St supporting and surrounding assets and infrastructure predicted to increase in frequency and damage
Marsh / Belle
8 Isle M{arine Marsh habitat is squeezed between development and the ocean (i.e. coastal squeeze), especially at Morton St/Banks St
Ecology Park | Runoff washes into the marsh from upland development. Nutrients and chemicals decrease dissolved oxygen, degrade
and alter plant structures, and lead to marsh degradation
Mosquito ditches drain water from most of the marsh surface, eliminating salt pannes and small tidal creeks.
e Marsh ditching during the past century has led to partial drying and lowering of the marsh bed
e This eliminated killifish habitat, resulting in loss of ecological function and continued mosquito population issues
Ponding of high tide occurs adjacent to the Marine Ecology Park, oversaturating and degrading the marsh
Accelerating marsh erosion has been observed adjacent to the boat yard and main channel
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Management - o
No. g Vulnerability Description
Areas
Sea level rise causes habitat conversion:
e Low marsh persists through 2080, then converts to mudflat
e High marsh habitat losses anticipated at all time horizons
9 The Key An artificial berm acts as a barrier to tidal exchange and tidal/stormwater drainage
Poor drainage results in the oversaturation of low marsh habitat and subsequent degradation. The sparse low marsh
vegetation limits sediment capture and elevation of the marsh platform
Poor tidal exchange limits habitat diversity and increases residence time of nutrients and contaminants
Sea level rise causes habitat conversion:
e Subtidal habitat expansion
e Mudflat losses through 2080, then jumps onto the low marsh platform and expands greatly
e Low marsh persists through 2080, then converts to mudflat
e High marsh habitat losses anticipated at all time horizons
e Transitional marsh wants to migrate into developed areas of Revere and Winthrop
East Marsh / e Upland areas vulnerable to marsh migration, tidal inundation, and especially storm flooding. Flooding of
10 Short Beach supporting and surrounding assets and infrastructure predicted to increase in frequency and damage
Marsh habitat is squeezed between development and the ocean (i.e. coastal squeeze)
Runoff washes into the marsh from upland development. Nutrients and chemicals decrease dissolved oxygen, degrade
and alter plant structures, and lead to marsh degradation
Mosquito ditches drain water from most of the marsh surface, eliminating salt pannes and small tidal creeks.
e Marsh ditching during the past century has led to partial drying and lowering of the marsh bed
e This eliminated killifish habitat, resulting in loss of ecological function and continued mosquito population issues
Sea level rise causes habitat conversion:
Revere St
Marsh / John e Subtidal habitat expansion
1 Kilmartin e Mudflat losses through 2080, then jumps onto the low marsh platform and expands greatly
Pathway e Low marsh persists through 2080, then converts to mudflat
e High marsh habitat losses anticipated at all time horizons
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Management - S
No. g Vulnerability Description
Areas
e Transitional marsh wants to migrate into developed areas of Winthrop
e Upland areas vulnerable to marsh migration, tidal inundation, and especially storm flooding. Flooding of
supporting and surrounding assets and infrastructure predicted to increase in frequency and damage
Marsh habitat is squeezed between development and the ocean (i.e. coastal squeeze)
Runoff washes into the marsh from upland development. Nutrients and chemicals decrease dissolved oxygen, degrade
and alter plant structures, and lead to marsh degradation
Mosquito ditches drain water from most of the marsh surface, eliminating salt pannes and small tidal creeks.
e Marsh ditching during the past century has led to partial drying and lowering of the marsh bed.
e This eliminated killifish habitat, resulting in loss of ecological function and continued mosquito population issues.
Improve stormwater and tide water conveyance.
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4.0 RESTORATION APPROACH

Monitoring and restoration of Belle Isle Marsh is critical to tracking and reversing the negative impacts of
environmental and anthropogenic stressors. In addition, salt marsh restoration addresses other concerns,
including loss of recreational and educational opportunities, threat of brush fire, and lack of aesthetic and
visual resource value (i.e., natural landscape). Restoration alternatives were developed with input from
the steering committee, stakeholder, and community input. Core priority characteristics of Belle Isle
Marsh were assembled, priorities informed establishment of restoration goals, and restoration goals
informed development of appropriate restoration alternatives.

Through discussions with DCR, the current and future state of Belle Isle Marsh should be approached
towards the following goals:

e Gain an understanding of the degraded areas of the marsh and obtain data to support conclusions
regarding the probable causes and/or possible solutions to this degradation.

e Protect and restore salt marsh habitat.

e Prolong the existence of the reservation as Boston’s largest salt marsh. Belle Isle Marsh is part of
the only substantial green space in this Environmental Justice Community and is critically
important to reducing heat island effect.

4.1 SUMMARY OF COLLABORATOR’S PRIORITIES FOR BELLE ISLE MARSH

Discussions with steering committee members have identified the following priority characteristics of
Belle Isle Marsh which would be beneficial to marsh health and function if targeted in future research,
management, and restoration efforts:

Existing resources and the natural condition of the marsh

The marsh has been negatively impacted from significant anthropogenic influence. Preserving and
restoring the natural condition is critical to maintain the ecological and societal benefits provided by
Belle Isle Marsh. Important issues to focus on include:

e The history of restricted/eliminated habitat and impaired water quality.

e Minimizing salt marsh erosion (collapse, calving) and degradation (ponding, pollution).

e Balancing wildlife and human uses.

e Anticipated added pressure of increased visitor usage from ongoing development. Off leash
dogs are a particular concern for wildlife.

e Prevention of illegal dumping.

e Protection of existing salt marsh from encroaching development.

e Ensuring space for natural marsh migration.

Habitat diversity and connectivity, food web support, and biodiversity preservation

Marsh habitat supports critical flora and fauna biodiversity, it is a sanctuary among an urban setting:

e Subtidal habitat supports invertebrate and fish species critical to the food web, as well as
commercial and recreational fishing.
e Mudflat habitat is critical for shorebird foraging:
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o Shorebirds (least terns and plovers, etc.) observed foraging on benthic invertebrates in
late winter. They prefer mudflat of Belle Isle Marsh to the open coast because it is
better sheltered from harsh weather conditions.

o The shelter and food provided to shorebirds promotes an earlier nesting season, and
supports reproductive success.

e Salt pannes provide the most protected foraging habitat for breeding and migratory shorebirds
who feed on small fish and insects.

o Salt pannes behind the L-Berm have previously supported horseshoe crab.

e Low marsh habitat is a sanctuary for birds at low tide, and fish at high tide. Vegetation takes up
pollutants and nutrients, and sequesters them through peat development.
e High marsh habitat is critical for saltmarsh sparrow nesting — Top Priority

o High marsh habitat is currently limited within the marsh, overshadowed by the much
larger low marsh habitat.

o High marsh habitat is the only viable habitat for saltmarsh sparrow breeding and
nesting. Almost 100% of saltmarsh sparrow nesting occurs behind the L-Berm adjacent
to salt pannes.

o Sea level rise threatens saltmarsh sparrow. Almost 100% of saltmarsh sparrow nesting
occurs behind the L-Berm adjacent to salt pannes. They are predicted to go extinct by
2050 without intervention.

e Transitional/upland habitat:

o Forest has been found to support important bird species, but trees are dying from
increased salinity, and elevation would need to be raised to prevent this further.

o Fresh water pools support species of concern and endangered species, and are
threatened by expanding stands of Phragmites.

o Grassland meadow, especially the 12-acre area in the main park is considered an
important and rare habitat. This is the only natural meadow for miles, and supports the
important Meadow Vole and critical pollinator species.

o Preserve and build upland wildlife corridors within an urban setting.

Water quality enhancement through sediment and nutrient cycling, chemical and metal retention,
pathogen removal

e Marshes adjacent to outfalls, large impervious surfaces (i.e. parking lots, roofs), and other
pollution sources provide water quality benefits through nutrient and pollutant uptake and
filtration.

e Protect existing salt marsh from new and existing sources of pollution.

Storm surge and wave attenuation

e Marsh vegetation provides a buffer between the ocean and development. It can serve to
attenuate storm waves.

e Shorelines composed of natural habitat act as a regenerative buffer against storm waves,
providing erosion control and protection of infrastructure/development.

e Encroachment of saltwater threatens to corrode infrastructure.

e Flood projections threaten to cutoff evacuation routes.
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e Sea level rise threatens to exacerbate all issues regarding coastal storm flooding.

Stormwater conveyance and discharge

e Provide flood storage capacity and improve drainage.
e Restore natural sediment inputs to the marsh system.

Carbon storage for climate change mitigation

e Peat marshes provide carbon sequestration which helps mitigate climate change.
e Phragmites stands increase the risk of brush fires, while peat building low and high marsh
vegetation lessen risk.

Socio-economic services to humans such as aesthetics, natural heritage, recreation/ecotourism,
education, physical and psychological health

e Preserve and improve aesthetic quality. Belle Isle Marsh is one of a few green spaces available
to residents of East Boston.

e Increase recreational opportunities. In order to appreciate and understand salt marshes, people
must be able to see them and directly access them. Note that Belle Isle Marsh became a popular
visitor serving space as a relief to the stresses of city and pandemic.

e Continue and create ongoing science and monitoring programs.

4.2  RESTORATION GOALS

The cross-section of Belle Isle Marsh vulnerabilities (see Section 3.5) and the valued characteristics of the
marsh (see Section 4.1) led to the identification of restoration goals. Restoration goals are used to develop
restoration alternatives, and plan catalytic alternatives, near-term alternatives, long-term alternatives,
and monitoring recommendations.

Protect existing resources

Preserving existing peat marshes is the primary way to maintain sequestered carbon and mitigate climate
change. Marsh creation is less significant to carbon sequestration because it depends on a sediment
substrate, not peat:

e Do not disturb sensitive species such as high marsh and saltmarsh sparrow.
e Do not disturb the habitat value provided to breeding and migratory shorebirds in salt pannes.
e Prioritize and design least destructive/minimally invasive restoration approaches.

Increase marsh resilience in the face of sea level rise

e Build elevation capital for resilience to sea level rise (i.e., do not let the marsh drown):
o Increase elevation of existing habitat areas (mudflat/low marsh/high marsh).
o Create high/transitional marsh habitat for marsh migration.
o Target no net loss of habitat area.
e Create open space designated for marsh migration in upland areas.
e Minimize the expansion of salt pannes with sea level rise. Expanded salt pannes could increase
die off. This is accomplished through improved flushing of salt pannes.
e Protect grassland meadow from sea level rise.
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Increase habitat value for sensitive species

e Expand high marsh area for saltmarsh sparrow.

e Reduce Phragmites to restore freshwater pools and replace with high/transitional marsh native
vegetation.

e Restore habitat diversity to enhance connections and migration corridors among isolated
habitats to improve fish and wildlife habitat. This is accomplished through improving tidal range
and elevations throughout the marsh to support co-existence of subtidal (low elevation) through
transitional marsh (high elevation) habitats.

e Enhance tidal drainage to eliminate perched tides and ponding, which subsequently
oversaturate and degrade marsh habitat. Target areas with poor drainage and degraded marsh
habitat, such as Rosie’s Pond, L-Berm, and the Key.

Improve water quality

e Restoration alternatives that are hydrologically connected to point or non-point discharges will
benefit water quality by treating polluted run-off.

e Look to expand habitat for and populations of filter feeders, such as oysters, clams, and mussels.

e Increase tidal prism and reduce residence time, especially in tidally constricted areas such as
Rosie’s Pond, L-Berm, and the Key.

Restore natural marsh condition

e Reverse negative impacts of historic berms by enhancing tidal penetration returning historically
filled areas to marsh habitat.

e Reverse negative impacts of historic ditching to restore salt panne/tidal creek network through
ditch remediation and runneling.

e Remove invasive species and increase native species biodiversity (see Phragmites discussion
under “Increase habitat value...”).

e Restore natural sedimentation patterns by enhancing sediment transport through barriers such
as Sales Creek tide gate.

Address marsh erosion

e Minimize edge erosion along main channel and tidal creeks.

e Reverse historic erosion through marsh restoration.

e Priority areas include Winthrop (between the boat yard and the Marine Ecology Park) and the
upper main channel (by the Sales Creek tide gate).

Maximize social benefit of Belle Isle Marsh, while minimizing human impact to resources

e Increase low impact public access. This may include access points (pedestrians and boaters),
boardwalk trails, formal programming, educational/interpretive and wayfinding signage, and
trash bins and doggie bags for pet waste.

e Protect open space through salt marsh restoration.

e Provide mosquito control, which otherwise discourages visitors.
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e Use alternatives to educate the community regarding wetlands and wetland restoration. Involve
local volunteers.

4.3  RESTORATION ALTERNATIVES

To achieve restoration goals, a “toolbox” of restoration strategies was developed (Table 17). These
strategies were then considered within each of the Marsh Management Areas (Figure 2) to identify
catalytic alternatives (alternatives which can be implemented now for immediate benefit, Figure 53),
near-term alternatives (alternatives to adapt to 2030-2050 conditions), long-term alternatives
(alternatives to adapt to 2050-2100 conditions), and supporting monitoring tasks (Table 18). Note that
the state of the marsh, its function, uses, and the surrounding development are subject to change and
future restoration projects must account for such changes.
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Table 17. Belle Isle Marsh Restoration Toolbox.
Restoration Description
Toolbox

No action may be preferable in areas supporting sensitive species which may be at risk of displacement due to restoration
efforts.

No Action
No action may be preferable in areas with an inherent expectation that issues will naturally resolve as sea level rises. For
instance, existing Phragmites abutting the main channel by Sales Creek is projected to convert to marsh area.
Lack of tidal and stormwater flushing can create areas of stagnant fresh or saltwater, which degrade marsh habitat, support
mosquito breeding, and limit biodiversity (including mosquito-controlling killifish). Alternatives that promote stormwater
drainage from salt marshes by removing impediments to flow, or the strategic creation of ditches, may contribute to

Enhanced mosquito control. Restoration alternatives that increase flow to tidally restricted salt marshes and promote drainage of tides

Tidal and stormwater are recognized to improve water quality, habitat quality, and habitat diversity.

Penetration, | Enhancing tidal and stormwater flows typically is achieved through removing points of constriction, breaching barriers,

and Tidal/ excavating/dredging more direct channels, and increasing channel area through excavating/dredging. Such areas in Belle Isle

Stormwater Marsh include Saratoga Street bridge, Sales Creek tide gate, man-made berms (L-Berm and the Key), and certain tidal

Drainage creeks/mosquito ditches (approaching Rosie’s Pond, approaching Short Beach, and approaching Arglye St/Bayou St,
Winthrop).
Excavated or dredged material may be beneficially re-used for marsh creation. Dredging may also improve navigational use of
channels, a goal of Winthrop and Revere planning documents.
Tidal creek systems consisting of complex, dendritic drainage patterns, containing creeks of several orders and high sinuosity,
generally provide higher habitat quality. A wide range of creek widths, depths, flow rates, water temperatures, salinity levels,
and other physical elements, comprise a corresponding range of microhabitats, each suited to particular species or guilds. This

Open Marsh | ., dition is directly opposite to the existing condition of most Massachusetts salt marshes, including Belle Isle Marsh, which

Water have been subjected to grid ditching for mosquito control.

Management

(OMWM) Ditch remediation and runneling creates an appropriate habitat for the natural enemies of the mosquitoes; and reduce
flooding in areas that are not wet on an ordinary basis which reduces the environment that would support mosquitoes but
not their predators. Plugging grid ditches, re-establishing salt pannes and improving small meandering tidal creeks enhances
killifish and bird foraging habitat.
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Restoration
Toolbox

Description

Marsh areas that are not ditched and drain over a broad surface maintain more contact between water, vegetation, and soil.
This may prevent further subsidence, reduce the rate of marsh loss, enhance nutrient and pollutant uptake, and possibly even
gradually elevate the marsh bed through sediment deposition. This provides co-benefits through storm surge attenuation.

Salt Marsh
Restoration

Salt marsh restoration involves the dredging or grading (cutting/filling) of landforms and planting of vegetation to create
and/or restore salt marsh habitats. Healthy salt marsh habitat reduces storm surge and wave energy, reduces run-off
velocities, promotes sediment deposition and uptake of nutrients and pollutants, and supports biodiversity.

Alternatives may enhance existing habitat such as Rosie’s Pond, the L-Berm, and the Key. Alternatives may expand habitat
seaward into mudflat/open water areas such as in eroded areas of Winthrop or the upper main channel. Alternatives may
expand habitat landward by removal of fill material, such as the L-Berm. Priority habitat types can be expanded, such as high
marsh which supports saltmarsh sparrow nesting and low marsh migration with sea level rise.

Expansion of high marsh, transitional marsh, and open space uplands creates a natural buffer between natural and developed
areas, and creates space for marsh migration. Management practices should focus on the following key areas:

e Areas where marsh elevation is not accreting,

Marsh e Areas where marsh migration is predicted to occur but would be impeded by existing or future development,
Migration e Areas where steep slopes prevent the gradual migration of marsh habitat inland and upland,
Pathways e Areas where tidal flows are attenuated or nearly fully restricted by topography, which consequently limit the
accretion, migration, and expansion of habitat.
Marsh migration pathways are enhanced through retreat of low-lying developed areas, creation of gentle slopes (~12:1 H:V)
so that vegetation can migrate, and enhanced tidal exchange to far reaches of a marsh system.
Shoreline Salt marsh sills can be installed to dampen wave energy, protect the marsh edge, and encouraging sediment accretion. Living
Stabilization | breakwaters using materials which support oyster recruitment and oyster restoration can improve water quality through
(i.e., Erosion | filtration. With sea level rise, areas with increased open water fetch and increased wave energy/current velocities may
Control) become priorities for shoreline stabilization.
Thin Laver TLD refers to the incremental raising of marsh habitat elevation to adapt to sea level rise and/or marsh subsidence. TLD is
Deposi;on typically constructed in low or high marsh areas, and typically raises marsh elevations between 4-10 inches.
(TLD) There was a “natural experiment” in the North Shore’s Great Marsh in the late-2010’s when extreme tides stranded large
chunks of mud-laden ice on the marsh platform. Once ice melted, mudflat-sourced sediment now covered the marsh
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Restoration Description
Toolbox P
platform. Scientists from New Hampshire monitored the subsequent recovery and observed that vegetation recovered
naturally in areas with 4 inches or less of material deposition.
. Removal of non-native species, primarily Phragmites:

Invasive

Species e Mow Phragmites and remove biomass

Management e Allow tidal penetration for saltwater to kill rhizomes (not very effective, need next steps)

& Native e Chemical treatment (glyphosate)

Species e If prefer to avoid chemicals, excavate the rhizomes out.

Pl Revegetate habitat with salt tolerant native species that will increase biodiversity (see Section 2.7).
This would consist of a series of combination slide/flap gates that would be used to allow for full control of the tides. The
structure would be used to attenuate the tide to a certain level, being engaged somewhere along a spectrum of open to
closed. The structure would be an operational element that could be controlled as necessary and allow for storm protection

Water Level (short-to-mid-term) and marsh resiliency in the face of sea level rise (long-term). There would be full control of the volume of

gontrol water entering and exiting the system. An example was constructed in the Herring River Restoration Project, Wellfleet, MA.

tructure
While intended primarily to prevent the marsh from drowning under sea level rise, the control structure would provide
coastal flood risk benefits. However, the structure would not alone would not solve the overall coastal flood risk problem
long-term, which also would require adaptation in other modeled entry points of flood water.
Restoration efforts should be accompanied by a Monitoring and Adaptive Management plan addressing topics such as:
e Long-term environmental conditions (e.g., water levels, water quality, habitat distribution, wildlife populations)
e Success or failure to meet restoration goals

Monitoring e Triggers for re-assessment (e.g., marsh erosion, lack of vegetation establishment, change in species, etc.)

Program e Adaptive management strategies to alter or abandon a restoration approach which is not successful
Install long-term tide gauge to observe king tide, storm surge, and sea level change within the marsh. This can help inform
design criteria for restoration and development.
Areas identified for “No Action” should be monitored to ensure expected changes with sea level rise proceed successfully.
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Figure 53. Catalytic alternatives which could be implemented at Belle Isle Marsh with immediate benefit.
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Table 18. Restoration Alternatives and Implementation Phases.
Management . Catalytic Alternatives Short Term Approach Long Term Approach o
No. & Desired Goal v . il . g PP . Monitoring
Areas (Present Day Implementation) (2030 - 2050 Implementation) (2050 — 2100 Implementation)
At Saratoga St Bridge, install water level control
structure. The structure would control tidal and
storm surge water levels within the marsh,
reserving marsh habitat under SLR and partiall
2 . - . . P y Long-term (25 vyears or
. . ; protecting communities from flooding by way of .
o . . . . Dredging of the main channel could provide permanent) tide gauge to
. Maintain maximum tidal prism and tidal range . . Belle Isle Marsh. The structure would have the . :
Lower Main . ; . . sediment for marsh creation in mudflat, and . . . monitor local dynamics
1 to support water quality and habitat | No catalytic alternatives proposed. . . . . capability of non-linear exchange capacity due to
Channel L . . thin layer deposition in adjacent marsh . and long-term changes to
distribution/diversity the use of slide/flap gates. The system can be set | .
platform. e . . tidal level, storm surge,
to limit water coming in, but still be allowed to )
. . . . and sea level rise.
discharge stormwater during lower tides. Design
would maintain marine habitat connection for
subtidal species, with only short-lived disruption
during a major storm event.
Need for further
understanding of tide gate
Install check valve at Sales Creek tide _ Consider if Revere Public School fields would | management, flow rates,
gate to protect upland flooding while IDeveIopd tide gate mjna.gemfln'; plan to accept any degree of managed retreat for salt | Water quality, and changes
Upper Main | Restore natural sedimentation patterns and STaniiale TN s TeTge e anc searvz t:losdg'?f)isopael?o Hnrmlgoa I ':t S:Serar: marsh migration. If not, along perimeter of marsh | With development.
i u i i . . u itions, wi w-lyi - .
2 PP . . reducing the peak discharge flow rate ' Al [ and development, construct living shoreline/ | Monitoring of tide gate
Channel saltwater penetration up Sales Creek fst t adjacent to the Blue Line to convert to salt . . -
SIS . o horizontal levee with gently sloping face to | gpening schedule
_ _ marsh, and promoting the migration of . , . :
Develop sediment by-passing program | c.iimarsh habitat inland provide elevation protection from storms and | measurements of flow
at Sales Creek. provide habitat migration pathways. rate, and long-term salinity
and tide gauge would
enhance understanding.
Build elevation capital for resilience to sea level Plug some, but not all mosquito_ ditches. Thin | d iti | h platf
q : in layer deposition across low marsh platform .
rise (i.e., do not let the marsh drown) Northern area of stagnant, degraded | >¢lectively enhance tidal exchange through to incrementally raise marsh elevation in parallel Vegetation and water level
o . runneling, with a focus on areas of monitorin
. L . low marsh. Optimize culvert, increase il ol d Tewieel] t 8.
e Increase elevation of existing habitat . .| stagnation/marsh degradation. With observed sea level rise rates.
Excel areas (mudflat/low marsh/high marsh) tidal ~ exchange. Create  hydraulic | i f h and devel City of Boston is planning a
3 Academ Create high/transitional marsh habitat connection between north and south | Pedestrian trail from Excel Academy Along perimeter of marsh and development, berm and/or floodwall
o . . . .
v ; f?ner 'fm, f;' :]o ai marsh habita cell to promote habitat connectivity and | connecting East Boston Greenway with CR Ilv!ng shorelme/horlzon.tal levee W_'th along the perimeter of this
Or marsh migratio marsh migration. Enhance habitat value | Belle Isle Marine Ecology Park. gently slor;mg face to Zrowde . elivat;uon area coordinate
f i : protection from storms and provide habitat L
Restore degraded marsh habitat adjacent to Aaltet i (Pl Mitigate marsh erosion with stabilization | .5t th adaptation efforts.
MBTA maintenance yard . . ST [ Bt
approaches such as installing oyster reefs.
o Channel enhancement to increase tidal
Revitalize degraded wetland. drainage and exchange. Deepen and
Address consequences of mosquito ditching. widen primary tidal creek to increase | plug some, but not all mosquito ditches. - : | ol
q q ) . ’ . Thin layer deposition across low marsh platform .
West Marsh : : tidal penetration back to Rosie’s Pond. | selectively enhance tidal exchange through ) . o Vegetation and water level
4 Rosie’s P d/ En.hf;m.ce t'dal. and‘ STRMIEIE? CETREES @ _ _ i yen h f & gf to incrementally raise marsh elevation in parallel g€ ot
osie’s Fon minimize ponding (Figure 34). U.se fill material to grade up low marsh, S::nnealtrif;m/rr\:l;:sh ;e rc;fj:iiorc:n areas of | +h observed sea level rise rates. monitoring.
Build elevation capital for resilience to sea level h'gh_ marsh, and 'transmonal. marsh 2 3
rise (i.e., do not let the marsh drown) hab!tat. Plant native vegetation per
habitat type.
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Management . Catalytic Alternatives Short Term Approach Long Term Approach o
No. Desired Goal . . . Monitoring
Areas (Present Day Implementation) (2030 - 2050 Implementation) (2050 — 2100 Implementation)
e Increase elevation of existing habitat
areas (mudflat/low marsh/high marsh)
e Create high/transitional marsh habitat
for marsh migration
Minimize the expansion of salt pannes with sea
level rise.
Address consequences of mosquito ditching.
Tl ; il " . Plug some, but not all mosquito ditches. Thin layer deposition across low marsh platform
5 2L B'UI .e o e o ob e 10568 Ve No catalytic alternatives proposed SEIGRATE] CEMEAE El) G E TR Gl to inchment:II raise marsh elevation inp arallel VS ENEIe WEIEr AT
Marsh rise (i.e., do not let the marsh drown) ¥ prop ’ runneling, with a focus on areas of ; ’ . P monitoring.
. _ . . . with observed sea level rise rates.
e Increase elevation of existing habitat stagnation/marsh degradation.
areas (mudflat/low marsh/high marsh)
e Create high/transitional marsh habitat
for marsh migration
Restore tidal penetration behind the Under sea level rise, salt panne and high
berm. Partial removal of existing ;
Do not disturb saltmarsh sparrow nesting (i.e. i marsh can be preserved through tidal
high marsh) and foraging habitat or breaches to enhance natural condition | control measures installed at berm breach
overwintering owl habitat and drainage, while protecting existing | greas, for example a rudimentary control
& : valuable habitat. Enhance channels system like weir boards. Vegetation and water level
Enhance tidal exchange and tidal/stormwater | through the berm and the fill area. ) . . . & L
drainage Removal of non-native species, primarily monitoring.
o ) Comp/ete removal of the berm and Phragmites to promote and expand | Under sea level rise, import material and grade | City of Boston is planning a
6 L-Berm Rewta:clze degiraded}\]/vetland. EXpaI\r;Id high mar;h ngcad/ng the mar57 surfa;e to the level | |ow/high/transitional marsh. high marsh and transitional habitat. The berm can | perm and/or floodwall
area for saltmarsh sparrow. inimize the | of pre-existing salt marsh was be used to act as a sill which retains fill material . .
. . . . . . i i - | along the perimeter of this
expansion of salt pannes with sea level rise. considered, but is anticipated to result * Z/:IOW eraIgm|tes, rgmo;/e biomass areag P coordinate
. . o ow tidal penetration for ’
Remove invasive species and increase native in impacts to existing saltmarsh | kil rhi adaptation efforts.
q e g ] sparrow habitat, and precludes the saltwater to kill rhizomes (not very
species biodiversity. Reduce Phragmites and 2 .
: : effective, need next steps)
restore  freshwater pools and create opportunity to manage future tidal ]
e levels under SLR through a water level e Chemical treatment (glyphosate)
control system installed at breach * If prefer to avoid chemicals,
locations. excavate the rhizomes out.
Reconfigure trails to control traffic flow into
Continue current management activities | Y€ ar€as el ey frf)m SR ar€as- | protect grassland meadow habitat from saltwater
Do not disturb valuable grassland meadow | (e.g., seasonal mowing) Add boardwalks and r:fnls along Fhe tra.ll to intrusion and sea level rise through creation of
bl ; _ prevent human trampling of fragile habitat. ture-based solution. Desi levated feat ; ;
Grassland : Invasive species control of plants suchas | _ _ nature-based solution. Design elevated Teature | Continue ongoing
7 Meadow / | Minimize human impact to resources. Crown Vetch Signage and  educational materlz.als/ with gently sloping face to provide protection | yegetation and wildlife
Main Park L , , : - . . _ | programs to inform public of the ecological | from coastal storm overtopping and provide | monitoring.
RemFJve .|nv.aS|ve. species and increase native Tl!llng and . re-seeding with na}tlve value of Belle Isle Marsh, climate change | habitat migration pathways.
species biodiversity. wildflowers, if past DCR efforts continue vulnerability, and the science and
to prove successful. engineering of restoration alternatives for
long-term preservation of the marsh.
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Management . Catalytic Alternatives Short Term Approach Long Term Approach o
No. Desired Goal . . . Monitoring
Areas (Present Day Implementation) (2030 - 2050 Implementation) (2050 — 2100 Implementation)
Expand marsh area and enhance storm Marsh creation of mudflat on Winthrop
protection value side through creation of a sill (oyster
) ) ) - reef material or rock), filling of landside ) ) Thin layer deposition across low marsh platform
Morton St B.wld.elevatlon capital for resilience to sea level mudflat, and establishment of native Plug some, but not 'aII mosquito ditches. | incrementally raise marsh elevation in parallel ‘
g | Marsh / Belle | rise (i.e., do not let the marsh drown) vegetation. Improves storm surge and | Selectively enhance tidal exchange through | \yith observed sea level rise rates. e and water level
Isle Marine e Increase elevation of existing habitat wave attenuation. runneling, with a focus on areas of M d £ oxisting b dqf | monitoring.
Ecology Park areas (mudflat/low marsh/high marsh) i A demziisifery e el deziad o onee i retr.eat of existing boatyard for natura
_ o g ) Pedestrian trail from Excel Academy marsh migration.
e Create hlgh/jcran§|t|onal marsh habitat connecting East Boston Greenway with
for marsh migration Belle Isle Marine Ecology Park.
Revitalize degraded wetland. Vegetation and water level
Enhance tidal exchange and tidal/stormwater Freate :nr?St”CtEd tlhdal .flow. a.nd monitoring.
o improve drainage by en ar.u:lng existing Monitoring could improve
i i i ili southern breach, breaching the Key | Adaptive management of catalytic Thin layer deposition across marsh platform to | Understanding of
9 The Ke B.Ul|d.e|evatlon captial for resiience 1o sea level | berm to the north, and deepening and | restoration alternative to ensure high incremZntaII praise marsh eIevationpin aralle| | sedimentation and  re-
¥ rise (i.e., do not let the marsh drown) widening tidal channels within the Key. | marsh habitat establishes and entices | . J . 2 vegetation processes
. e . . with observed sea level rise rates.
e Increase elevation of existing habitat Raise marsh elevation to that of high | saltmarsh sparrow nesting. regarding the natural
areas (mudflat/low marsh/high marsh) | marsh. Take advantage of the berm to changes  which  have
e Create high/transitional marsh habitat | act as a sill which retains fill material. occured since  storms
for marsh migration breached the Key in 2018.
- . ) Thin layer deposition across low marsh platform
Address consequences of mosquito ditching. Char:mel enhancement to increase tidal | ¢, incrementally raise marsh elevation in parallel
. . exchange: . .
Enhance tidal exchange and tidal/stormwater g with observed sea level rise rates.
drainage. * Tidal cree.I;—l deepken and W|den.d I Along perimeter of marsh and Winthrop Parkway,
Build elevation capital for resilience to sea level primary tidal creek to increase tidal | copstryct living shoreline/ horizontal levee with .
East Marsh / : , penetration back to Rosie’s Pond : : .| Vegetation and water level
10 Short Beach rise (i.e., do not let the marsh drown) No catalytic alternatives proposed. . gently sloping face to provide elevation monitorin
N N S * Mosqmt.o ditches — PI.ug some, but | nrotection from storm waves overtopping Short &
& not all ditches. Selectively enhance | geach and provide habitat migration pathways.
areas (mudﬂat/IOW marsh/hlgh marsh) tidal exchange through runneling’ ) ) )
e Create high/transitional marsh habitat et 2 e G FEeE o If overwashing of Short Beach increases in
for marsh migration stagnation/marsh degradation frequency and severity, natural sand deposits
could be planted to create coastal dune habitat.
Address consequences of mosquito ditching.
Enhance tidal exchange and tidal/stormwater
drainage.
Revere St . Plug some, but not all mosquito ditches. . -
i i i ili Increase channel width/depth . ’ . Thin layer deposition across low marsh platform .
Marsh / John Build elevation capital for resilience to sea level . . el Selectively enhance tidal exchange through ) v > . . s Vegetation and water level
11 . . rise (i.e., do not let the marsh drown) underneath John Kilmartin Pathway . . to incrementally raise marsh elevation in parallel .
Kilmartin ’ . . runneling, with a focus on areas of ; . monitoring.
. . ) bridge to enhance tidal exchange. . . with observed sea level rise rates.
Pathway e Increase elevation of existing habitat stagnation/marsh degradation.
areas (mudflat/low marsh/high marsh)
e Create high/transitional marsh habitat
for marsh migration
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5.0 RESTORATION CONCEPT DEVELOPMENT AND MODELING

While Table 18 details restoration alternatives from small to large scale, a hydrodynamic modeling
assessment was employed to evaluate three large-scale restoration approaches. The EFDC hydrodynamic
model (see Appendix C) was developed and calibrated to assess existing conditions (see Sections 2.3, 3.1,
and 3.2.1). A representation of hydrodynamic circulation in the marsh was validated with observations,
and was successfully validated with observations. EFDC was then utilized to design and model restoration
alternatives at three sites. This modeling assessment is not comprehensive, and is tailored to the
parameters of the EFDC model. For example, ditch remediation and runneling could not be modeled due
to limitations of model resolution (i.e., ditch remediation involves topographic changes on the scale of
inches, while the model resolution is 3-4 meters). Therefore, the restoration assessment does not explore
modeling of low impact, small-scale restoration concepts. It was decided that the most value that this
assessment could bring would be to model large-scale restoration, and determine the potential benefits.
Once proven to be effective, these approaches can then begin the process of optimization, and can be
scaled back, if necessary, through more detailed analysis in future design phases. Recommended
alternatives were input into the model as a change in the topography, for instance, the creation of a new
channel, breaching of a berm, or grading of habitat. The model was rerun under these conditions and new
water level, velocity, and salinity results were observed to determine if conditions are substantially
improved.

It is important to note, the Assessment does not directly address the current operation of the Bennington
Street Pump Station nor changes that will result from development of Suffolk Downs. Details of model
setup, inputs, and calibration can be found in Appendix C.

5.1 RESTORATION SITES AND CONCEPT DEVELOPMENT

Restoration locations were determined through a series of discussions with the Steering committee,
including DCR, MyRWA, FBIM, and TNC. Through discussions of vulnerability and priorities, three Marsh
Management Areas were selected for the focus of this study: Rosie’s Pond, L-Berm, and the Key (Figure
54). Conceptual restoration approaches were developed for each of these three catalytic alternatives, as
detailed below. The three sites and restoration concepts are not necessarily the top three actions to be
taken within the marsh, and instead represent large-scale actions which are intended to derive the
greatest benefit to degraded parts of the marsh, both in the short and long-term. Other reaches of the
marsh also would benefit from restoration, both small and large-scale, but were beyond the scope of this
work to model.
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Figure 54. Belle Isle Marsh priority restoration areas: Rosie’s Pond, L-Berm, and the Key.

5.1.1 Rosie’s Pond

Rosie’s Pond currently exists as a “depression” in the saltmarsh at an average elevation of 1.6 ft NAVDS88.
Vegetation within Rosie’s Pond is mostly degraded low marsh with large areas of standing water. The goal
of the Rosie’s Pond restoration is to dredge a connecting channel between a flooded mosquito ditch
network and the center of the pond, branching out in order to deliver tidal water to the area, and drain
standing tidal and stormwater. Dredge depths are proposed to -3.2 ft NAVD88. Additionally, healthy low
marsh surrounding the pond sits at an elevation of 4.4-4.7 ft NAVD88. Due to the depression in Rosie’s
Pond being 2.8-3.1 ft lower than the preferred elevation of low marsh and a lack of natural sediment input
to the marsh system, filling of the marsh is proposed to allow low marsh habitat to thrive. The restoration
design raises the surface of the saltmarsh to the upper elevation of healthy ambient (present-day) low
marsh, 4.6 ft NAVDS88. This elevation slopes up to an area of fringe high-marsh proposed at an elevation
of 5.2 ft NAVD88, which ultimately ties into transitional-upland habitat at 7.2 ft NAVD88. Restoration aims
to dredge roughly 20,000 cubic yards (cy) of material for deepening of the primary tidal creek in West
Marsh, enhancement of the existing channels, and creation of secondary channels within Rosie’s Pond.
Raising of the low marsh platform and high/transitional marsh will require roughly 13,000 cy of fill material
to raise Rosie’s Pond and expand high marsh habitat. These volumes were estimated using changes in
topobathy between the existing modeling DEM and the restoration DEM, presented in Figure 55.
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Figure 55. The left panel presents the existing conditions, while the right panel presents the
restoration scenario for the Rosie’s Pond sub-region of Belle Isle Marsh. Higher regions
are presented in orange, brown and yellow, whereas low regions are presented in
shades of blue. All elevations are in feet, NAVDS8S.

5.1.2 L-Berm

The L-Berm is one of the most anthropogenically impacted areas of Belle Isle Marsh. The L-Berm surrounds
aregion of hydraulic disconnection, and is a tidal barrier for a series of salt pannes and high marsh habitat.
Observations and modeling show that the L-Berm acts to trap water, resulting in standing water and
expanding salt pannes and low marsh behind the structure. The restoration design for the L-Berm
enhances the three main existing breaches in the berm, dredging a channel to -3.2 ft NAVD88 which is the
elevation of the mudflat at the edge of the Belle Isle Marsh main channel. Proposed channel enhancement
continues behind the L-Berm to areas of poor drainage. The L-Berm dredge areas are proposed to follow
existing tidal creeks or mosquito ditches and enhance existing breaches in the man-made berm.
Leveraging existing breach areas and low elevation areas is anticipated to benefit this alternative because
it reduces dredge volume and supports the revitalization of habitat types which are struggling to establish
in these impacted areas. Multiple model iterations of increasing dredge depths found that dredging to the
elevation of mudflat is necessary to introduce the full tidal range behind the L-Berm. Furthermore, the
enhanced breaches can be adapted under future SLR conditions with weir boards to effectively control
water levels behind the L-Berm, allowing salt marsh habitat to persist (Figure 56).
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The goal of restoration is to drain the standing water behind the L-Berm, increase the tide range, and halt
the expansion of the salt pannes while allowing critical high marsh habitat for saltmarsh sparrow nesting
to continue to thrive. Improved drainage is also anticipated to expand high marsh area, because present
day elevations which could support high marsh are instead supporting low marsh vegetation which
tolerates the oversaturation. This restoration activity will require the excavation/dredging of roughly
52,000 cy of material, mostly surface material in submerged mosquito ditches (existing channels) and at
the berm. These volumes were estimated using changes in topobathy between the existing modeling DEM
and the designed restoration DEM, presented in Figure 57.

Complete removal of the L-Berm was considered, but was thought to be a heavy-handed approach when
the model shows enhancing existing breaches and connecting channels is enough to improve tidal
exchange behind the L-Berm. Salt marsh re-establishment within the footprint of the berm is an
anticipated result of the proposed restoration. Higher elevation areas currently occupied by Phragmites,
shrubs, and forest would convert to salt marsh under future SLR conditions, facilitated by the improved
tidal exchange of the restoration alternative.

Figure 56. Example of weir boards on the face of a large culvert used for water control in
Orleans, MA.
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Figure 57. The left panel presents the existing conditions, while the right panel presents the
restoration scenario for the L-Berm sub-region of Belle Isle Marsh. Higher regions are
presented in orange, brown and yellow, whereas low regions are presented in shades
of blue. All elevations are in feet, NAVDS88.

5.1.3 The Key

The Key is a small section of Belle Isle Marsh that is experiencing low marsh die off due to a lack of proper
drainage via the natural breaches occurring in an anthropogenic berm. Recent breaching by 2018 storms
has returned some tidal exchange, improving marsh conditions, but full restoration is still lacking. The goal
behind the Key restoration is to increase the tide-range within the Key, eliminating the restriction and
creating a transparent tidal signal through the Key breaches. The Key dredge areas are proposed to follow
existing tidal creeks or mosquito ditches and enhance existing breaches in the man-made berm.
Leveraging existing breach areas and low elevation areas is anticipated to benefit this alternative because
it reduces dredge volume and supports the revitalization of habitat types which are struggling to establish
in these impacted areas. Furthermore, the enhanced breaches can be adapted under future SLR
conditions with weir boards to effectively control water levels behind the Key berm, allowing salt marsh
habitat to persist. The breaches in the Key are being proposed to be dredged to a depth of -3.2 ft NAVDSS,
equivalent to the typical mudflat elevation, which through iterative model runs has proven to provide the
greatest amount of tidal signal transparency through the breach. Proposed dredge depths are to
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accommodate mudflat habitat characteristic of tidal creeks. Future design phases should optimize dredge
depths to ensure restoration success while minimizing dredge volumes.

Additionally, the restoration design proposes to raise the surface of the marsh in the Key to an elevation
of 4.7 ft NAVD88, which is the elevation of ambient high marsh in the areas surrounding the Key. This will
convert the Key into a high marsh “sanctuary” protected by the Key berm and isolated from the main
park, which aims to attract saltmarsh sparrow and provide protected habitat which is resilient to SLR. This
restoration activity will require the removal of roughly 12,000 cy of material, mostly surface material in
submerged mosquito ditches (existing channels) and at the berm, and will require roughly 11,000 cy of fill
material to raise the surface of the marsh. These volumes were estimated using changes in topobathy
between the existing modeling DEM and the designed restoration DEM, presented in Figure 58.
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Figure 58. The left panel presents the existing conditions, while the right panel presents the
adaptation scenario for the Key sub-region of Belle Isle Marsh. Higher regions are
presented in orange, brown and yellow, whereas low regions are presented in shades
of blue. All elevations are in feet, NAVDS88.

5.2  RESTORATION IVIODELING

Restoration modeling was accomplished by applying each of the design elevations to the existing EFDC
grid and completing simulations under a present-day spring tide cycle to note changes in circulation,
flushing and minimum/maximum water surface elevations. The grid was divided into three sub-sections
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(Rosie’s Pond, the L-Berm, and the Key) of the marsh for simulation and post-processing analysis.
Hydrodynamic modeling results for the proposed restoration were analyzed for conditions representing
immediate post-construction, assuming a no sea level rise scenario. The following sections describe the
results of each of the modeling simulations.

5.2.1 Rosie’s Pond

Rosie’s Pond exists as a shallow depression in the marsh where water collects, and therefore contains
degraded saltmarsh vegetation. Marsh migration modeling indicates that this section of Belle Isle Marsh
is vulnerable to transitioning to mudflat by the year 2070 due to large pockets of low-lying marsh and
standing water that exist today (Woods Hole Group, 2022). The Rosie’s Pond restoration features a raised
marsh and a dredged channel through the center of the newly elevated marsh habitat.

Observed low tide water level in the depression is ~4 ft NAVD88, while the marsh elevation sits at 1.6 ft
NAVDS8S, indicating that over 2 ft of stagnant water is common in Rosie’s Pond. The limited tide range of
existing conditions shows tidal attenuation (i.e., dampening or muting) of the lowest tides. The high tide
is able to fully propagate across Rosie’s Pond, however, during the outgoing (ebb) tide, drainage of the
low marsh plain through tidal creeks is not efficient enough to completely drain the marsh platform.
Before drainage from the upper marsh can be completed, the next incoming (flood) tide arrives and begins
the cycle over. Restoration design model results indicate that the tidal range in the area of proposed new
channels can be increased from 2.5 ft today, to approximately 9 ft under restoration conditions (Figure
59). Restoration results show a near full tidal prism as compared to Boston Harbor; the limited tidal range
difference (<0.5 ft) represents limited tidal muting. The proposed alternative significantly reduces tidal
muting and improves circulation in the Rosie’s Pond area compared to existing conditions. Furthermore,
the full suite of marsh habitats (subtidal, mudflat, low marsh, high marsh, and transitional marsh) require
varying inundation frequencies and elevations to establish. Therefore, creating a greater range of tidal
elevations by filling, grading, and dredging creates greater habitat diversity.

Water surface elevation results were extracted at a point on the proposed low marsh area which today
exists as a shallow depression with standing water, typical of Rosie’s Pond (Figure 60). Existing water
surface elevations compared to the saltmarsh elevations exhibit standing water of up to approximately
2.5 ft at low tide during the spring tidal cycle. Under proposed conditions, water surface elevations
compared to the saltmarsh elevation indicate no standing water during low tides in the spring cycle. This
indicates that sufficient drainage can be restored, reversing the negative impacts of standing water, and
supporting the expansion of low marsh habitat.
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Figure 59. Water surface elevation at today’s Rosie’s Pond (Existing), and the proposed new channel (Adaptation Scenario). Tidal datums
are included as horizontal lines for reference. Results demonstrate that the tidal range is improved from <2.5 ft to up to
approximately 9.5 ft under the same conditions.
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Figure 60. The left panel presents the existing and adaptation scenario for the Rosie’s Pond sub-region of Belle Isle Marsh. The right

panel presents critical elevations in the marsh, including the New Marsh elevation (green), Old Marsh elevation (red) and the
water surface elevation time-series for the existing and adaptation scenarios.
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5.2.2 L-Berm

The L-Berm supports high marsh habitat for nesting saltmarsh sparrow which is inundated only by the
spring tide. Low marsh habitat behind the L-Berm sits at a higher elevation than the low marsh platforms
characteristic of the rest of Belle Isle Marsh; this is a result of poor drainage and oversaturation.
Furthermore, the salt pannes behind the L-Berm provide critical habitat for foraging birds and small fish.
However, these regions are experiencing expansion due to increased inundation by sea level rise and the
inability to properly drain due to the restricting presence of the L-Berm, and are encroaching on high
marsh nesting habitat. The only tides that reach the salt pannes are the highest of the spring tides. Salt
panne expansion may result from one or two causes: 1 — in the winter, salt pannes have resident water
which freezes and expands and expands the salt panned; increasing the tidal prism will help minimize
freezing, and 2 — in the summer, salt pannes which do not flush develop higher concentrations of sulfide
and salinity due to evaporation, and the resulting water quality kills saltmarsh vegetation; flushing salt
pannes can limit this process.

Water Levels

In the marsh, the restoration goal of improving tidal drainage and stormwater conveyance aims to reduce
the presence of stagnant water, with the intent to allow low marsh to naturally evolve into high marsh. In
the location of the proposed new channel to the northeast, present day tidal range is limited to 2.5 ft,
with the low end limited by the elevation of existing marsh. The tidal range of the proposed channel is
approximately 9.5 ft (Figure 61). The L-Berm is overtopped in sections during spring high tides, and existing
breaches cannot efficiently drain the overtopped water during the outgoing (ebb) tide before the next
incoming (flood) tide arrives repeats the cycle. Restoration modeling results show a nearly full tidal prism
as compared to Boston Harbor; the limited difference (<0.5 ft) in tidal range represents minimal muting
of the low tides. Since the full suite of marsh habitats (subtidal, mudflat, low marsh, high marsh, and
transitional marsh) require varying inundation frequencies and elevations to establish, creating a greater
range of tidal elevations by grading/dredging creates an opportunity for greater habitat diversity.

In the salt pannes, the water surface elevation is determined by the L-Berm breaches which keep the
water surface at roughly 5.6 ft NAVD88, with slow drainage between high tides. A restoration goal was
not to fully drain the salt pannes, which provide important foraging habitat and marine breeding grounds,
but allow for sufficient drainage to minimize the expansion of the salt pannes. The new channel elevations
that control water to and from the L-Berm allow the salt pannes to drain, but do not allow them to drain
completely, due to the elevations surrounding the salt pannes that supports the ponding that exists today.
Existing conditions maintain approximately 1.5 ft of standing water level in the salt panne during a spring
low tide, while proposed restoration conditions reduce standing water depths to at or below <0.5 ft during
a spring low tide (Figure 62). The restoration design involves opening the channels to allow for future
phase adaptations. A future phase adaptation could be to control these channel breaches in the L-Berm
with a control structure, such as a weir, to regulate the water levels under future storm and SLR scenarios.

Residence Time

A healthy level and frequency of tidal exchange is needed behind the L-Berm in order to enhance drainage
and water quality. Regular surface water replacement due to tidal flushing is important in maintaining
healthy salinity, sulfide, dissolved oxygen, and runoff pollutant concentrations. No water quality data of
the salt pannes was available for this study, however observed salt panned expansion is an indicator of
potential poor water quality and need for improved flushing. It is important to note that salt marshes do
provide an ecological function of taking up nutrients and pollutants, and flushing a salt panne may be seen
as losing this benefit. However, minimizing salt panne expansion and enhancing habitat quality will
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support vegetation growth and peat development, which improve the ability for marshes to capture
pollutants.

The performance of a sub-estuary, such as the hydraulically disconnected L-Berm region, at replacing its
water (i.e., flushing) can be determined by tracking a numerical tracer, either a numerical dye (diffusive
contaminant) or Lagrangian particle (a parcel of water with non-diffusive properties) and analyzing the
results. For this study, a particle/chemical tracer, referred to as a numerical dye, was modeled and tracked
using EFDC. The initial numerical dye tracer location is presented in the left panel of Figure 63. The
concentration of the dye was set at an initial condition of 100 mg/l and was allowed to diffuse over time
during a spring tidal cycle, which represents the time-period with the highest rates of flushing for the
system. The results indicate that in the existing condition, the L-Berm region is restricted in its ability to
replace water tidally, due to the lack of drainage provided by the breaches in the L-Berm. In the existing
condition, the L-Berm reaches a “fully flushed” state (37% of initial concentration) at 48 hours after the
initial numerical dye injection (Figure 63, right panel, blue line). Therefore, if a pollutant were spilled into
the L-Berm’s salt pannes, it would take two days during a spring tidal cycle for this system to be fully
flushed. Keeping in mind that currently only the highest of the spring tides reach the L-Berm’s salt pannes,
the concentration decay rate during a neap cycle would be far slower. In comparison, the L-Berm flushing
time under restoration conditions is roughly 10 hours, or 1/5™ of the existing condition (Figure 63, right
panel, green dotted line).
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Figure 61. Water surface elevation behind today’s L-Berm (Existing), and the proposed new channel (Adaptation Scenario). Tidal datums

are included as horizontal lines for reference. Results demonstrate that the tidal range is improved from 2.5 ft to up to
approximately 9.5 ft under the same conditions.
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Figure 62. The left panel presents the existing and adaptation scenario for the Rosie’s Pond sub-region of Belle Isle Marsh. The right

panel presents critical elevations in the marsh, including the New Marsh elevation (green), Old Marsh elevation (red) and the
water surface elevation time-series for the existing and adaptation scenarios.
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Figure 63. Evolution of a numerical dye patch modeled in EFDC. The left panel represents the location of the dye patch (considered a
contaminant) in the numerical model, while the right panel represents the decay over time for the Existing condition (blue)
and the adaptation scenarios (red, green dotted lines). The black dotted line represents the concentration of dye left in the
system after it reaches a “fully flushed” state (37% of initial concentration). Note that the red dotted line is also presented as
“Scenario 1,” which represented an initial restoration design with shallower channels. The shallower channels did not produce
ideal results for water levels, and therefore “Scenario 2” was developed to achieve hydraulic goals.
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5.2.3 The Key

The Key currently exists as a bermed region of the marsh, with the berm acting as a tidal restriction. Two
existing breaches in the Key’s berm have allowed tides to infiltrate the low marsh with restricted, slow
drainage. Water surface level results for the Key shows a concave slope in the water surface elevation
signal, indicating slow drainage as compared to the main channel (Figure 64). The water level within the
Key channels only falls to above 2.5 ft NAVD88 during the modeled spring low tide, while the tidal creek
within the Key nears 1.5 ft NAVD88. The goal of the Key restoration design is two-fold. The first goal with
restoration activity is to improve the tidal drainage and exchange between the Key and the main channel
in order to promote the health of the marsh, and the second goal is to raise the surface of the Key to an
elevation of healthy high marsh habitat.

To achieve hydraulic goals, care was taken to ensure that the entrance channel that connects the inside
of the Key through the breach was deep enough to allow for an unrestricted low tide exchange with
quicker drainage, as compared to today’s low tide attenuation and slow drainage. Restoration design
promotes a large exchange of tides, demonstrated by the increased tide range and accelerated drainage
compared to the existing conditions (Figure 65). This indicates that sufficient drainage can be restored,
reversing the negative impacts of standing water, and supporting the health of marsh habitat.
Furthermore, Figure 66 presents the water surface elevations for the Key channel both inside of the Key
and just to the outside of the entrance under restoration conditions. The water surface elevations are
very similar, indicating that dredging the entrance channel to the Key in the restoration at a depth of -3.2
feet NAVD8S is sufficient to create unrestricted tides.

Restoration proposes to raise the Key by approximately 2 ft, close to the MHHW line, to support high
marsh habitat (Figure 67). By creating high marsh habitat and increasing tidal range, the full suite of marsh
habitats (subtidal, mudflat, low marsh, high marsh, and transitional marsh) is established. Additionally,
the proposed alternative significantly reduces tidal muting and improves circulation in the Key area
compared to existing conditions.
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Figure 64. Water surface elevation data for the existing condition, in the main channel outside of the Key (Bl1) and the data taken inside
the Key (BI2). The x-axis is model time in 24 hour time (i.e., 900 = 9AM, 1000 = 10AM, etc.).
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Figure 65. The left panel presents the existing and adaptation scenario for the Key sub-region of Belle Isle Marsh. The right panel
presents water surface elevation data within the Key for existing and proposed conditions.
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Figure 66. Water surface level results for restoration design of the Key at two locations: one outside of the Key (in the main channel) and
one inside the Key (at the location of observation point BI2).
Belle Isle Marsh 109 December 2022

Environmental Inventory, Coastal Modeling, and Restoration Assessment 2020-0076-00



Woods Hole Group, Inc. ¢ A CLS Company

Key Marsh Platform

10

Proposed
Marsh EL

Water Surface Elevation, Ft NAVDES
fod

AN

Existing o
Adaptation Scenario ,\i):rsst;]nEgL
A i Above 1% AEPWSE
=== HAT
5 Avg MHHW
=== Avg MHW
=== Avg MTL
47 === mw
- === MLLW ) i e S T O o o G T e
_ﬁ = ; I I I I I I
100 120 140 160 180 200 220 240
Modeled Hours
Figure 67. Water surface elevation behind the Key (Existing), and in the proposed new marsh (Adaptation Scenario). Tidal datums are

included as horizontal lines for reference. Results demonstrate that the new marsh surface is just below the MHHW level in
the Key, providing evidence that high marsh vegetation may be able to sustain at the new elevation.
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5.2.4 Vegetation Fate Based on Percent (%) Inundation

Tidal inundation frequency analyses were performed with hydraulic modeling results. Inundation
frequency is presented here as the percentage of tidal cycles within a spring/neap cycle that the tidal
water level reaches a certain elevation. It is an important factor for habitat design and distribution
because saltmarsh vegetation becomes established at particular inundation frequencies. The percentage
of high tides in a full spring/neap tidal cycle that wet areas throughout the marsh under existing and
restoration scenario modeling simulations is presented in Figure 68 and Figure 69, respectively. Areas with
the lightest greens/yellows represent areas that are only inundated by seawater during spring tidal cycles
and storms. Areas with the darkest blues and greens are inundated by tides on more of a regular basis,
with the darkest blue representing tidal inundation by 100% of the tides (subtidal). The percentage of
tides that reach a given area can be helpful in determining the types of vegetation that could survive in
given regions of the marsh. Habitat distribution of existing and restoration conditions based solely on
elevation and its relation to water levels is depicted in Figure 70. It is important to note that the L-Berm
is currently characterized as high marsh in terms of elevation, but supports a wide extent of low marsh
vegetation. This, along with model results, is an indication of poor tidal drainage and oversaturation of
the L-Berm area. This poor drainage increases the wetting period of high marsh, and converts vegetation
types to that of low marsh.

In the existing conditions, Rosie’s Pond and the Key are inundated by 80-99% of tides. This limits the ability
for low marsh vegetation to survive in these regions. These areas would mostly likely convert to mudflat
with greater inundation, as was confirmed in the sea level rise assessment (Appendix D). The proposed
restoration in these same regions reduces daily inundation occurrences to approximately 25% (for the
Key) and 55% (for Rosie’s Pond) of high tides, which is a target for the survival of healthy high marsh (Key)
and healthy low marsh (Rosie’s Pond). Results for the L-Berm do not show significant change beyond the
proposed channels. This indicates that existing low and high marsh areas will remain. Restoration intends
not to impact existing saltmarsh sparrow habitat. However, the improved drainage of the low marsh and
salt panne areas is intended to improve stagnation and water quality concerns, and aims to slow salt
panne expansion and support high marsh expansion. It is anticipated that low marsh habitat which
borders on high marsh will convert to high marsh and consequently increase viable saltmarsh sparrow
nesting habitat as a result of the improved drainage conditions. In general, this alternative proposes
creating a greater range of tides and elevations at all three sites by grading and dredging to improve tidal
exchange and stormwater flows, and provide greater habitat health and diversity.
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Figure 68. The percentage of high tides that reach specific locations of the Marsh under existing conditions. Higher percentages of high
tides are presented in blues and greens, whereas lower percentages of high tides are presented in light greens and yellows.
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Adaptation Scenario
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Figure 69. The percentage of high tides that reach specific locations of the Marsh for the adaptation scenario. Higher percentages of high
tides are presented in blues and greens, whereas lower percentages of high tides are presented in light greens and yellows
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Probable Habitat Distribution
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Figure 70. Habitat distribution based on elevations of existing & restored conditions. Note that in
actuality, the L-Berm is occupied by significant low marsh area due to poor drainage.
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6.0 PHASING STRATEGY

Belle Isle Marsh is an extensive and complex marsh system. Distinct areas contain different tidal regimes,
and support a range of habitat types and wildlife in varying states of ecological health. Furthermore,
present day human impacts, and future climate change impacts are affecting areas of the marsh in unique
ways. Certain areas of the marsh can benefit from restoration today, while other areas of the marsh may
benefit from ongoing monitoring to recognize triggers for future restoration.

As presented in Section 4.3, restoration alternatives for eleven marsh management areas can be
implemented at different timescales. Catalytic alternatives could be implemented right away to address
immediate issues, serve as a demonstration (pilot) project that is needed now, and/or serve as a keystone
feature of a layered approach which can be implemented in phases.

To help strategize the phasing of restoration alternatives in Belle Isle Marsh, an approach to present day,
near-term, and long-term restoration and monitoring is considered in Table 19. This table is intended as
a brief outline, and the details of each restoration approach can be found in the restoration toolbox (Table
17), as well as a site by site breakdown of restoration across various time horizons (Table 18). The time
horizon for implementation was developed with consideration of sea level rise, future habitat migration,
and other ongoing impacts of marsh health.

Table 19. Restoration Phasing Strategy Considerations

Timeframe Restoration Phase Detail

e Water Levels

e Water Quality

Targeted monitoring e Habitat Changes and Vegetation Health

® Marsh Accretion/Erosion

e Adaptive Monitoring and Management of Improvements
® OMWNM (i.e., ditch remediation and runneling)

® Erosion control

® |nvasive species management and native species planting
® Rosie’s Pond Restoration piloting the benefits of dredging

Small-scale catalytic
Present Day | alternatives

tidal creeks
Large-scale catalytic ® L-Berm Restoration piloting breaching berms and
alternatives observing subsequent natural habitat adjustments

® The Key Restoration piloting creation of high marsh
sanctuary for saltmarsh sparrow

e Water Levels

e Water Quality

Targeted monitoring e Habitat Changes and Vegetation Health

® Marsh Accretion/Erosion

e Adaptive Monitoring and Management of Improvements
® Based upon monitoring of low impact restoration

Near-Term approaches, such as OMWM, expand the reach of such
(2030-2050) . . .
Expand on catalytic/ projects and implement lessons-learned
pilot alternatives e |dentify and replicate the benefits of large-scale catalytic
alternatives: dredging, breaching berms, raising marsh
elevations
Experimental Thin Layer | e Pilot alternatives targeting areas of subsidence, lack of
Deposition accretion, and or ponding
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(2050-2100)

Timeframe Restoration Phase Detail
. e Morton St/Banks St, Winthrop will likely be first to flood
Prepare for habitat e
miaration ® Focus on existing open space areas (e.g., Sales Creek)
8 e |dentify region-wide habitat connectivity opportunities
e Pilot living breakwater, oyster restoration, or marsh sill
Erosion control at marsh | alternative
edge e Test the value of coir logs, layered coir blankets wrapped
around soil, and other natural material approaches
e Manage stormwater and water quality, as more frequent
Stormwater . . .
storm flooding flushes nutrients and pollutants into the
management
marsh system
e Water Levels
e Water Quality
Targeted monitoring e Habitat Changes and Vegetation Health
® Marsh Accretion/Erosion
e Adaptive Monitoring and Management of Improvements
® Based upon monitoring of marsh and catalytic/pilot
. alternatives, implement large-scale marsh restoration to
Transformational . . .
. ensure proper tidal exchange, habitat elevations,
restoration ) e L .
vegetation and wildlife biodiversity, and vulnerable
communities are maintained throughout the reservation
® Based upon observed sea level rise, as well as success
Large-scale thin layer and lessons learned of pilot TLD alternatives, implement on
deposition a large-scale to maintain marsh elevation with respect to
tides
e Install water level control features (weir boards, tide
Long-Term gates) to control tidal levels within feasible areas of the

Water level control

marsh (e.g., L-Berm or Key), or potentially marsh-wide
(Saratoga Street). Water level control can maintain
appropriate marsh inundation despite moderate levels of
sea level rise

Re-envision the
reservation

® Begin planning measures designed to allow BIM to adapt
to future sea level rise conditions with prior results as a
guideline

® Prioritize habitats and ecological services provided by the
marsh to determine what must be protected from sea level
rise

Re-envision the
boundary between the
marsh and development

e Facilitate marsh migration, where feasible

® Manage the marsh edge to maximize habitat value as
long as possible

e Manage stormwater and water quality, as more frequent
storm flooding flushes nutrients and pollutants into the
marsh system

Belle Isle Marsh

Environmental Inventory, Coastal Modeling, and Restoration Assessment

December 2022
2020-0076-00

116



€
Woods Hole Group, Inc. ¢ A CLS Company

7.0 PERMITTING CONSIDERATIONS

Permitting of restoration alternatives within Belle Isle Marsh is anticipated to be intensive. Depending
upon the size of the proposed work, permitting may take between 1-3 years. Many aspects of the
proposed restoration alternatives have been historically difficult to permit, including thin layer deposition,
and habitat conversion. Additionally, due to the designation of the reservation as an ACEC, special
regulations apply according to the Code of Massachusetts Regulations (CMR). Belle Isle Marsh is within a
designated Outstanding Resource Waters area, entailing further special regulations. Despite this,
ecological restoration projects, even those involving dredging and resource area conversion, may be
permitted, if justifiable and legal. Environmental permitting of a restoration alternative which involves
dredging and filling (as proposed for Rosie’s Pond, the L-Berm, and the Key) includes the preparation and
filing of all local, state and federal applications as described below.

Massachusetts Environmental Policy Act (MEPA) Review — It is anticipated that the proposed alternatives
will trigger one or more thresholds for the filing of an Environmental Notification Form (ENF) with MEPA
(i.e., 301 CMR 11.03(3)(b)1.f; 301 CMR 11.03(3)(b)5)). Massachusetts Historical Commission (MHC) will
receive the ENF, allowing an opportunity to identify archaeological requirements. It is anticipated that a
mandatory Environmental Impact Report (EIR) will be required in the MEPA Certificate on the ENF. The
ENF/EIR will contain detailed information describing and analyzing the alternatives and will assess the
potential environmental impacts and mitigation measures, incorporating relevant portions of technical
memoranda prepared. Public notice must be placed in a local newspaper, and abutters notified.

Conservation Commission Notice of Intent (NOI) — The applicant must submit a NOI application with the
local Conservation Commission of the jurisdiction in which the work resides. The Conservation
Commission will notify the Natural Heritage & Endangered Species Program (NHESP), Division of Marine
Fisheries (DMF), and Department of Environmental Protection (DEP) to provide comment. The application
requires submittal of engineering plans. Public hearings follow the application, with acceptance leading
to acquisition of an Order of Conditions.

Department of Environmental Protection (DEP) Combined Chapter 91 and Water Quality Applications — A
combined DEP Chapter 91 and Water Quality Certification application will be required for preparation and
submittal to DEP. Supporting this permit, a Sampling and Analysis Plan must additionally be prepared to
sample and test dredge and fill material. USACE and DEP will provide a determination on the suitability of
material handling and placement. Public notices must be published in the local newspaper, and
waterfront abutters must be notified.

Massachusetts Coastal Zone Management Federal Consistency (CZM) — The applicant must prepare and
file a request for federal consistency with MA CZM. A Federal Consistency Statement must be prepared
to address consistency of the proposed alternative with the Coastal Program Policies of CZM.

US Army Corps of Engineers (USACE) Review — The applicant must file an Individual Pe