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/A CALL TO ORDER

/A WORKSHOP MEETING WITH COASTAL RESILIENCE ADVISORY COMMITTEE,
TOWN STAFF AND ALL STAKEHOLDERS WITH ARCADIS REGARDING BAXTER
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This Workshop will not feature Public Comment.

1. Ground Rules for Discussion

2. Goals, Objectives and Mission
3. Recap of Alternatives

4. Recap of Evaluation Criteria

5. Recommendations

6. Adaptation Pathways Discussion

. ADJOURNMENT
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Baxter Road Long Term Planning
DRAFT Summary of Findings Memo

1. Introduction

Arcadis was engaged by the Town of Nantucket to lead an alternatives analysis for the unique Baxter Road area,
located along the Siasconset (Sconset) bluffs. The assessment, entitled “Baxter Road Long Term Planning”
included an alternatives analysis for technically feasible solutions to address bluff and toe erosion in the area.

Historically, the bluffs have been subject to periodic erosion, and the rate of bluff erosion is expected to be
exacerbated by sea level rise (SLR) and increased storm intensity due to climate change.! Over time, the upland
area behind the bluffs has been developed with residential uses and supporting infrastructure including roads and
utilities. With ongoing bluff erosion, the homes and infrastructure are or will soon be at risk.

Over the years, the Town, property owners, and the public have debated the best long-term solution for the erosion
in this area. Groups of involved residents have commissioned copious studies and implemented a series of
interventions intended to address erosion concerns. Currently, the erosion protection methods being used include:

e Sand Nourishment

e Maintenance activities such as management of drainage

e Vegetation for bluff stabilization (where the slope allows)

e Sand-filled jute-fiber bags at the bluff's toe

e Geotextile tubes (geotubes) along a high-risk portion of the bluff

Of these existing interventions, the geotubes are the ones at the center of the dispute, running 947 ft alongshore
from 87 to 101 Baxter Rd (protecting 3 houses and that portion of the road and infrastructure). Homeowners to the
north and south of the geotubes have been striving to have them expanded since their emergency installation
process began in 2013. Since then, there have been a long series of notices of intent and appeals. While geotubes
are often considered “softer” than other shore protection alternatives such as riprap (stone revetments) or seawalls,
they still may be considered hard armoring, which is restricted by the Massachusetts Wetlands Protection Act and
the Nantucket bylaws.2 There are challengers to the spectrum of stabilization alternatives due to concerns such as
sand source and quality, aesthetics, beach access, potential environmental impacts, and unintended consequences
such as sand migration, deposition and downdrift erosion.

The intent of this study was not to debate the use of geotubes, but to assess a range of innovating alternatives and
their feasibility within the area. However, as the geotubes are an existing system, they must be considered in this
assessment. Analyses were completed with the existing system in place for most alternatives, with a single variable
changing each iteration.

The Town also wished to explore the range of perspectives, priorities, life cycle costs, and preferences within the
community. For this reason, strategic stakeholder engagement was crucial from the outset of the project. To prevent
damage to existing infrastructure there is a clear need to maintain and increase protection, while planning for
eventual retreat. There are a multitude of sensitivities and complexities within these issues, and this memo aims to
capture the key ones. However, the focus here is on the alternatives and recommendations.

In late June 2021, the Nantucket Conservation Commission voted to remove the geotube project after finding that
the permit requirements were not being met, most recently for a lack of required sand nourishment.® Removal of
the current system and replacement with another form of toe stabilization will have environmental and cost impacts.
It will take time for the system to establish a new dynamic equilibrium. If the geotubes are removed without any plan
or protection in place, each violent storm will lead to further bluff collapse. Potential consequences will leave the

1 https://www.nantucket-ma.gov/1977/FEMA-Coastal-Erosion-Hazard-Map
2 Chapter 67 of the Nantucket Bylaws pertains to coastal management https://ecode360.com/12120302
3 https://www.ack.net/stories/concom-orders-sbpf-to-remove-geotubes-from-sconset-beach,24933
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Town and the community exposed to a range of risks including damage to roadways and utilities, emergency and
public access limitations, and environmental impacts from damage to residential properties. It is likely that this
removal decision will be appealed, and efforts have been proposed to make up the sand shortfalls.*

1.1 Baxter Road Long Term Planning Goals and Scope

The goals of the project are to:

1) Compare technically feasible alternatives - Bluff protection (which is required to protect public
infrastructure and buildings) cannot be achieved without toe stabilization. Therefore, all alternatives that
provide bluff protection include toe stabilization.

2) Develop a prioritized action plan for adaptation over time, based on the alternatives analysis and
stakeholder engagement.

e The engagement process was integral to the project because stakeholders have been
divided for decades on how to address or to adapt to erosion risks in the area. There are
erosion risks related to the economy, ecology, development, infrastructure, and public
safety.

Reaching consensus among the stakeholders is a very challenging goal, with the interested

parties having strong opposing visions of desirable outcomes. This is discussed in further
detail in Section 3. Stakeholder Engagement.

The project tasks were designed to provide an overview of near-term actions and longer-term critical decision points
which the Town can use to focus investments, depending on changing conditions. The work completed includes:

1) Compiling and reviewing existing information
2) Engaging stakeholders
3) Analyzing alternatives

4) Developing this summary of findings memo

Caveat: The study is not a comprehensive study of the coastal processes in the area or an
engineering study to design any particular intervention. Section 2.2 outlines how existing

information was compiled, as it was the key data source for the assessment.

The study area includes Baxter Road and related public infrastructure from the Sankaty Head Lighthouse to Butterfly
Lane in Sconset, including the adjacent private parcels (Figure 1).

4 https://www.ack.net/stories/concom-gearing-up-for-expected-sbpf-appeal, 25646
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Figure 1: Study area along the coast, with Sankaty Head Lighthouse to the north and Butterfly Lane to the south and present
geotubes outlined in red.

1.2 Coordination with and Relationship to the Town’s Coastal
Resilience Plan

The planning process for the Baxter Road Long-Term Planning Project (Project) was undertaken concurrent with
the ongoing island- and county-wide Coastal Resilience Plan (CRP). The alternatives analysis, stakeholder input,
and overall project continue to inform the CRP, particularly around coastal resilience solutions for the Sconset area
of the island. This Study also provides a template for similar focused study that may be necessary elsewhere on
the island to refine the resilience solutions under development through the CRP.

www.arcadis.com 6/54
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1.3 Project Mission Statement

The project team developed a mission statement based on the scope of work and understanding of the planning
context for this area. This statement was further refined based on input from stakeholders:

The Baxter Road Long-term Planning Project will create a community-supported actionable roadmap to
implementation of short- and long-term solutions for the Baxter Road area that help the community

respond to rising seas and eroding coastlines through adaptation practices such as protection,
accommodation, shoreline retreat, or no action.

2. Past, Present, and Future Conditions: Erosion
Hazards and Interventions

Previous shorelines, transects, and shoreline stabilization structures data were reviewed using the Commonwealth
of Massachusetts Office of Coastal Zone Management (CZM) MORIS tool to determine past erosion processes and
rates.® The islands of Nantucket are very prone to erosion due to their geologic history of being formed by loose
sediments and rocks deposited as glaciers retreated after the last ice age (~18,000 year ago)®. The bluffs along the
study area have the highest elevations in the island, over 70 ft above sea level.

As a large portion of the homes along Baxter Rd. were built between 1900 and 19207, it is historically and
architecturally significant. The area has a bluff walk, a historic lighthouse, and a long stretch of beach accessible to
the public. Presently, the homes and other assets are at imminent risk due to erosion. Siasconset’s bluffs have
eroded over 100 ft in places between 1990 and 2014, which averages to over 4 ft per year.8 With future SLR, bluff
erosion rates are anticipated to continue their general increase.® The retreat of the bluff has led to the costly
(minimum $500k each) relocation or removal of several homes, as well as the approximately $4,000,000 relocation
of the lighthouse, over time. In a previous Town study, consultants Milone & MacBroom recommended that the road
should be relocated when the top edge of the bluff was within 25 feet of the road.°

Figure 2 presents a timeline of events, with those related to intervention attempts on the top and main erosion-
inducing storm events on the bottom. While this timeline begins in 2010, there is a history of coastal storms causing
erosion (results of engagement surveys called out storms occurring in 1992, 1993, and 2005 as patrticularly notable).
As each event caused the bluff to retreat further, homeowners came together to explore alternatives. A 2006
alternatives analysis explored a range of structural, stabilization, and nourishment options, as well as retreat and
no action.* The report concluded that bluff toe stabilization with geotubes were a preferred alternative. It stated
that they were feasible despite the Wetlands Protection Act because many homes were grandfathered before the

5 http://maps.massgis.state.ma.us/map_ol/moris.php

6 https://pubs.usgs.gov/of/2011/1222/html/setting.html

7 https://www.nantucket-ma.gov/AgendaCenter/ViewFile/Agenda/_10282020-9210

8 June 2020 Woods Hole Siasconset Beach and Bluff Surveys (Semi-annual beach and bluff surveys from 1994 to
date), 2018 Post-Storm Surveys, and the 2020 Town of Nantucket Coastal Risk Assessment and Resiliency
Strategies https://thetrustees.org/content/state-of-the-coast-the-islands/ (p.31)

9 https://www.nantucket-ma.gov/DocumentCenter/View/35045/Coastal-Risk-Assessment-and-Resiliency-
Strategies-Report-January-2020-PDF

10 https://records.nantucket-ma.gov/WebLink/ElectronicFile.aspx?docid=118657&dbid=0&repo=TownofNantucket
112006 U.S. Army Corps of Engineers Sconset Beach Nourishment Project Alternatives Analysis by Epsilon
Associates, Inc. in Association with Woods Hole Group, Inc.
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act was enacted in 1978.12 In 2013, emergency authorization and permits were issued and a Memorandum of
Understanding (MOU) was reached between the Town and the Siasconset Beach Preservation Fund (SBPF). The
geotubes were designed and installed from 2013 to 2015 and included a requirement for dune nourishment targeted
to be 22,000 cubic feet per linear foot per year (cy/lfflyr). The MOU included failure criteria related to sand
nourishment volumes, monitoring, maintenance, and repairs. If the criteria are not met, SBPF must pay for removal
of the geotubes.!® The required sand volumes have been a challenge to maintain since 2016, due to shortages and
price constraints (the cost has increased from $20 to $75-$90 per cubic yard). There has been discussion about
the variations in how erosion rates are calculated, with many estimates for volume requirements being below 22,000
cyllflyr.

Figure 2 Timeline of recent storm and mitigation events related to the project study area 4

Projected sea level rise is expected to increase the rate of erosion across much of the island. While estimating the
effects of SLR on erosion rates is an evolving science, analysts have begun to develop methodologies for estimating
potential changes. In 2019, FEMA developed Coastal Erosion Hazard Maps that provide a key dataset for
estimating future conditions. These data (Figure 3) show projected coastal erosion hazard areas for 2030, 2050,
and 2100, providing a baseline understanding of current and future erosion zone delineation for multiple sea level
rise (SLR) scenarios. The FEMA future erosion lines in Figure 3 are based on the 2012 NOAA Intermediate High
SLR projections, which project 4.1 ft MSL by 2100.1% This is important to note because more recent SLR projections
are significantly higher.

12 The Wetlands Regulations at 310 CMR 10.30(3) provides, in part, that a coastal engineering structure ‘shall be
permitted’ when required to protect buildings constructed prior to 1978 from storm damage.
http://sconsetbeach.org/wp-content/uploads/2014/12/DEP-decision-regarding-2014-Con-Com-appeal.pdf

13

14 NOI stands for Notice of Intent, MOU for Memorandum of Understanding, SOOC for Superseding Order of

Conditions, DEP for Dept. of Environmental Protection, ConCom for the Nantucket Conservation Commission,

and SBPF for the Siasconset Beach Preservation Fund

15 Relative to Local Mean Sea Level (MSL), starting from 2010, based on the USACE SLR Calculator
https://cwbi-app.sec.usace.army.mil/rccslc/slcc_calc.html
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Based on these projections, there are 70 residential buildings and several miles of road and infrastructure (water,
sewer, drainage, electric, phone, internet, and cable utilities) at risk from erosion. The FEMA methodology
specifically did not account for geotubes or any other coastal engineering structures. Any existing structures were
removed from the input data and hazard areas were interpolated across the surrounding predicted area. The
analysis was performed by classifying different shoreline types (Sandy Dunes/Beaches, Coastal Bluff),
obtaining shoreline and bluff edge data spanning 1846 to 2010,to develop a linear regression rate for
erosion. Projected erosion rates were modified by a SLR increase factor. The results indicate that erosion rates are
not uniform across the study area, and generally decrease moving to the south. It should be noted that these
projections do not include shoreline protection measures such as toe protection or nourishment activities.

Figure 3: The 70 buildings which are projected to be at risk by 2100 are shown in blue based on FEMA Coastal Erosion
Hazard Maps from July of 2019 (Source: https://arcg.is/1fuXXD0)

2.2 Review of Existing Information

The Town has maintained a record of documents related to Baxter Road as a publicly available archive on the
Town's website, most of which are dated after 2010.16 These documents contain, but are not limited to, the following:

1. Previous analyses and planning studies
a. Coastal, financial, and permit-related
2. Memos and updates

16 https://www.nantucket-ma.gov/DocumentCenter
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3. Homeowner submitted documents
4. Public meeting documentation
5. Permit applications

In addition, stakeholders engaged for this project were asked to fill out a registry form and to provide any additional
documents which would be important for the Project Team to review.

A registry containing over 450 documents related to Baxter Road was compiled for this project. The project team
completed a review of these documents and referred to them, as relevant, to understand the history of the Baxter
Road project, review prior work, and in the process of developing adaptation alternatives.

The engineers leading the alternatives analysis focused on technical reports and monitoring data from private firms
and public agencies, including the Woods Hole Group and USGS. These resources were reviewed with the goal of
developing a clear understanding of the research to date. Many reports summarized the findings of field data
analysis and various interpretations of the raw data representing the performance of the current shore protection
system. When appropriate, team members reached out to the authors for additional clarification on survey methods
and analysis techniques. Several conclusions and recommendations were considered and integrated, as were
parameters and information on sediment characterization and shoreline analysis island-wide. For example,
recommendations regarding continuing the field monitoring campaign were incorporated into the considerations for
all the alternatives.

3. Stakeholder Engagement

The stakeholder engagement process was intended to keep the community involved throughout the project and to
ensure that their ideas and concerns were addressed where possible. The project team mapped out how each
alternative would be selected by integrating performance-based design criteria vetted by stakeholders. A unified
set of criteria were used to outline the selection process in a fact-based way. The team wanted local context to aid
in identifying appropriate criteria related to coastal processes, economic factors, and ecological considerations.

Based on the initial discussions, the team focused on:

e Acknowledging all groups for how hard they have worked up to this point and validate concerns.
e |dentifying common interests and goals.

e |dentifying what solutions are working around Sconset.

¢ Identifying what stakeholders need from the process to support the outcomes.

e Seeking input on potential compromises.

For the first meeting, it was important for stakeholders to review and understand the project scope, provide
feedback, and provide their perspectives.

A survey was sent out before the first meeting to collect initial information on perspectives and concerns. With the
open-ended questions, respondents were referencing the tensions between opposing views. Many respondents
were worried about their home and access to utilities, access for emergency services, and economic impacts from
loss of property taxes. Others saw a need to address sediment contributions and prevent property owners from
seeking structural solutions to hold the shoreline. They felt that the owners were putting the interests of themselves
ahead of the island’s interests and worried about impacts to other parts of the island. It was clear that for each
resident, their passion stemmed from love for their community and a desire to preserve their vision for the future.

It was concluded that initially, the participants for each meeting should be grouped based on perspectives and
background. The Town identified groups of interested individuals and groups for participation, and they were placed
into Focus Groups as described in Table 1.
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Table 1. Stakeholder Focus Groups

Magenta Group Orange Group Town Group

Town of Nantucket department

Nantucket Land Council The ‘Sconset Trust .
representatives

‘Sconset Beach Preservation | Coastal Resiliency Advisory Committee
Nantucket Coastal Conservancy

Fund (CRAC)
Quidnet Squam Association Sankaty Head Golf Club Nantucket Select Board
Mass Audubon Sconset Civic Association

Greenhills

The Magenta group included interested conservation organizations, and expressed concerns related to potential
environmental impacts, beach access, and sand sources. They were concerned about environmental impacts and
aesthetics including the cobble bottom habitat for fish, sand quality, sand source/migration impacts, and the bluff
walk. This group took a hard stance that fighting Mother Nature is a losing strategy and that the bluff erosion should
be the beach nourishment. They had been advocating for the removal of the existing system (the geotubes).

The Orange group was made up of many homeowners who would directly benefit from bluff protection. ‘Sconset
Beach Preservation Fund (SBPF) has spent over $12M on the current system and is eager to expand it to afford
greater protection. Much of these funds have been provided by homeowners who have been anticipating the
expansion to provide protection to their homes. This group felt frustrated with all the obstacles to protecting their
homes. They understood and embraced the eventual retreat that would be necessary but were most interested in
further protection to buy them some more time.

The Town group was interested in learning more and supporting the process. Concerns from all stakeholder groups
were considered throughout the process to refine the alternatives and evaluation criteria. For example, due to the
Magenta group’s desire for softer installations, the viability of expanding jute coir was explored. All groups seemed
to have an interest in understanding the feasibility of near shore breakwaters, so this alternative was a focus.

On March 23rd and April 13, 2021, the project team held three stakeholder focus group meetings with the following
goals:

1. To share the proposed approach in terms of what the project team has done so far and the roadmap ahead

2. To define the technically feasible alternatives being considered and the consequences of each

3. To listen and understand the various perspectives, gathering feedback, data suggestions, and
recommendations

4. To begin to understand what it will take to reach a consensus among opposing views, if possible. What is the
acceptable risk in terms of economic, cultural, environmental, public safety, and other aspects?

The first meetings clarified the importance of exploring more deeply the key tensions and trade-offs between the
various technical alternatives. The team held another round of meetings on June 22, 23 and 29 with each of the
three groups to provide an opportunity to explore the draft alternatives analysis, evaluation criteria, decision points,
and actionable solutions. The intent was to vet the alternatives analysis through the three groups, gain input, and
use the feedback to further refine the alternatives analysis.
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Live polling was conducted at all the meetings, and questions were centered around what should be done leading
up to a range of future planning horizons (2050, 2070, 2100). Polling results and meeting discussions further
showed that the opposing views were too strong to reach consensus. Many participants repeated that there was no
hope for consensus.

The project team also held individual interviews with facilitators who were selected from each group. The project
team and facilitators worked together to further articulate key tensions and challenges and attempted to identify
mutually acceptable solutions. The team investigated ways to foster a technical / problem solving space for these
meetings. Taking a deep dive into the key technical and environmental considerations, the teams developed
potential alternative approaches to address challenges together, discussing questions such as:

e Whatis an environmentally responsible and economically sustainable way to protecting our community?

e What are the key tensions?

e Whatis the spectrum of concerns / trade-offs being raised?

o How will we consider concerns such as maintenance logistics/costs and trade-offs between the
consequences of various alternatives?

As a framework for determining key tensions and challenges, the team pinpointed the primary points of
disagreement around the potential set of short- and long-term solutions. Based on stakeholder input, the team
identified categories of key technical tensions / problems to be resolved in relation to the alternatives. These
categories, as outlined in Table 2, pay particular attention to the range of root needs among the stakeholders.

For each tension/challenge, the concerns, consequences, and root needs, are crucial in identifying which questions
need to be asked. The answers to these questions could help ease the tensions and lead to mutually acceptable
solutions. This information enabled the team to support the discussion.
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Table 2. Context for Key Tensions

Key Tension/Challenge

Related Concerns

Associated
Consequences and Root
Needs

Critical Questions and
Information to be
Developed to Resolve the
Tension

Opposition to using
structural coastal
erosion protection
measures due to their
potential related issues
of sand and
environmental impacts.

Maintaining the road and
infrastructure

Tax/economic
assessment and
implications

Designation of Pre-1978
Structures

Cobble bottom erosion
rates and sand budget

Nourishment volumes,
sand quality, and
potential ecological
implications

Erosion is bringing the
bluff edge closer to
the road.

Who pays for what?

Policies in the
Wetlands Protection
Act (WPA) and
Nantucket By-laws
about coastal
protection

There are different
estimates for sand volume
based on variations in the
variables used to calculate
volume.

Information on factors that
impact erosion/wave action:
past sediment pathways,
littoral budget, nourishment
sand budget/source

The Town is legally
responsible to provide
utilities (water, sewer, and
access)

The relocation of
infrastructure is expensive

Related to “substantial
improvement” renovations
defined in the Bylaw
regulations as cumulative
expansion of habitable
space greater than 20%.

What is the appropriate
sand budget?

How can we address the
need to keep the road in its
current location for access?

Is the road in the right
location?

What are the public and
private costs?

How can we determine
which improvements are
substantial?

It is challenging to find common desires within the diverse vision for a pathway forward. An “Adaptation
Pathways'l” exercise with polling was completed during the second road of meetings. It was centered around
short-, mid-, and long-term desired outcomes. The Magenta group preferred geotube removal and planning for
retreat as soon as possible. They were open to nearshore breakwaters as a potential solution to reduce beach
erosion. The Orange group wanted to shift to adaptive dune nourishment and to expand the existing system. By
2050, they wanted to see nearshore breakwaters installed and to start planning a removal, retreat and road
relocation which would occur in 2070.

Figure 4 shows the preferred pathway of each group.

17 Werners, Saskia E., et al. "Adaptation pathways: A review of approaches and a learning framework."
Environmental Science & Policy 116 (2021): 266-275. View HERE
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Town Preferred Pathway

Figure 4 Adaptation Pathways exercise results for each group, with the Magenta and Orange group’s preference from 2030
continuing out to 2100.

4. Alternatives Analysis

4.1 Coastal Zone Background

The shoreline fronting Baxter Road on Nantucket Island is a unique coastal environment; it can be described as a
drowned glacial erosional coast and is a product of glacial movement (USACE, 2006). The bluffs are consolidated
material from glacial overburden and differ from dune back beaches by not having a mechanism for replenishment
or rebuild. In a typical dune backed beach (Figure 5), sediments may migrate from the backshore and foreshore
seaward to nearshore and offshore areas from storms and more energetic wave conditions. During more quiescent
and lower wave energy conditions such as the summer, sediment migrate back onshore. The bluffs do not have
the same regeneration abilities since they were formed from glacial movement and once eroded, cannot rebuild.
Figure 5 schematizes coastal definitions on different types of coasts including typical dune backed beach, typical
bluff beach and a typical overwash profile. All three types of coasts may be present at different areas of Nantucket
however for the purposes of Sconset/Baxter Road area, this document will focus on bluff beaches.

www.arcadis.com 14/54
Baxter Road Long Term Planning DRAFT MEMO 9_8



Figure 5. Definition of coastal terms and features in the coastal zone (USACE, 2006).

4.1.1 Coastal Sedimentary Processes

Sediment is in constant motion at the shore and beyond. This movement is generally evaluated as longshore and
cross shore movements. Longshore or Alongshore refers to sediment moving parallel to and near the shoreline
(USACE, 2003). Cross shore refers to sediment moving perpendicular to the shoreline. Wind driven transport is
generally referred to as aeolian transport. Bluffs are an important feature for the Baxter Road location. “Slope
instability produced by cliff-base wave erosion gives rise to mass movement...” (Komar, 1983). The following
sections further describe coastal structures and coastal processes pertinent to this work.

4.1.2 Types and Functions of Coastal Structures

Several coastal structures and approaches are discussed in this section. They are described here for readers’
convenience and are detailed further in USACE, 2006.

4.1.2.1 Groins

Groins are shore parallel structures intended to increase sediment on the beach from the longshore drift. These
structures are generally built of rubble mound but historically have been constructed of timber. Groins are typically
constructed as a series along an eroded shoreline. Sediment will typically deposit on the updrift side and erosion
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occurs on the downdrift side. Erosion and accretion impacts will be observable at a distance from the structure.
Figure 6 Figure 6 presents a schematic of a typical beach configuration with groins including the erosion and
accretion areas adjacent to the structure in response to the net longshore transport direction. The figure also
provides two typical cross sections of the structure looking both onshore (B-B) and alongshore (A-A). There are
several groin fields on north shore of Nantucket where these effects of groin fields are evident. Groins would not
provide direct toe protection for a coastal bluff, but could provide additional beach width, indirectly reducing the
potential for bluff erosion. However, given the potential to impact longshore sediment transport, and limited ability
to reduce bluff erosion, groins were not included as a feasible solution.

Figure 6. Typical beach configuration with groins (USACE, 2006).

4.1.2.2 Nearshore Breakwaters

Nearshore breakwaters or detached breakwaters are shore parallel structures with the principal function of reducing
the wave energy impacting the shoreline behind the structure and encouraging sediment deposition from the
longshore drift. Key components of their design and siting include wave height and length, breaker location, and
gap distance. Specific configuration of these types of structures would be determined in a formal design process to
determine these parameters iteratively for the desired shoreline response. One of the benefits of this approach is
the ability to maintain longshore drift in the lee or land side of the structures. However, a potential limitation of this
approach is the nearshore bottom topography immediately offshore of Baxter Road has a steep slope. As water
depth increases, the structure cost will increase. The structures will also need to be built to survive a storm to
minimize failure in this energetic wave climate. While offshore breakwaters are effective in helping to reduce beach
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erosion and build the beach, they have limited ability to prevent bluff erosion. In order to reduce waves during storm
surge conditions, they would need to extend above the normal high water line, increasing costs and potentially
increasing aesthetic impacts. Figure 7 is a schematic of potential nearshore breakwater configurations and the likely
shoreline response.

Figure 7. Typical beach configurations with detached nearshore breakwaters (USACE, 2006).

4.1.2.3 Beach nourishment and dune construction

This approach is intended to reduce beach erosion and protect again flooding through an “...artificial infill of beach
and dune material to be eroded by waves and currents in lieu of natural supply” (USACE, 2006). Beach nourishment
is considered a soft structure solution to address shoreline erosion. Material is brought in from an outside source
either from an upland mine or an offshore source such as a borrow pit or other coastal dredging project. Sediment
compatibility to existing material is assessed for color, grain size and minerology. Dune construction can be
described as “...piling up of beach quality sand to form protective dune fields to replace...” (USACE,2006) dunes
that have washed away or damaged from intense storms. Constructed dunes can act as sacrificial dunes to add
material to the littoral system during storms. “Maintenance of coastal dune systems is an important component of
coastal protection and management” (Masselink, 2003). Dune construction is typically combined with planting of
dune vegetation, netting or snow fencing to assist in retaining material moved by wind. Mature vegetation is effective
at trapping wind blown sand and should be incorporated. Figure 8 shows an example of mature vegetation trapping
wind blown sand on Indialantic, FL beach. Predominant wind direction during this time is from north (right) to south
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(left). The vegetation is trapping wind blown sand creating an elevated feature compared to the surrounding beach
surface. Beach nourishment has some limitations to preventing bluff erosion; during larger storm surge events, the
storm surge may be higher than the beach elevation, allowing waves to reach and erode the bluff. Dunes can be
used to protect a bluff toe, but the protection is provided by allowing the dune to erode sacrificially during storm
conditions. As such, the volume of sand above the storm surge elevation needs to be sufficient for a specified
design storm condition.

Figure 8. Vegetation trapping wind-blown sand (Indialantic, FL., |. Watts).

4.1.2.4 Nearshore Berm or Nearshore Placement

A nearshore berm is a sand berm that is constructed parallel to the shore and can act as either a feeder berm or a
stable berm. A feeder berm is intended to provide a source of sand to a beach and migrates onshore through wave
action. One of the advantages of this approach to beach nourishment is avoiding constructing directly on the beach
which in some environments may have a negative impact on sensitive bird species and turtle nesting. In this sense,
nearshore berms have the potential to expand the construction window. Research is ongoing to update and further
refine design guidance for this method of shore protection. Aerial imagery and nearshore berm bathymetry of a field
example at Ft. Meyers, FL are shown in Figure 9. Aerial imagery of the nearshore berm is shown in the left panel
where the berm can be observed by shallower areas offshore from the beach. The right panel included the original
constructed berm area (red) and nearshore bathymetry. Warmer colors indicate shallower water depths and cooler
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colors indicate deeper water depths. Gaps in the berm were included to examine the effect of water quality on the
lee (land) side of the berm. Research and monitoring is ongoing for this pilot project including its morphology and
sediment partitioning. Stable berms help build the beach by slowing longshore transport and reducing normal (non-
storm) waves, performing a similar function to offshore breakwaters.

Figure 9. Nearshore berm field example, Ft. Meyers (a, left; aerial image, Brutsche, 2019; b, right; bottom topography contours,
Wang, 2013).

4.1.3 Additional Coastal Tools and Techniques

4.1.3.1 Sand Fencing

Sand fencing is “...frequently used to enhance sand accumulation but recommendations for the most effective sand
fence configurations vary among sites” (Miller, 2001). A conceptual model of how sand fencing works on a beach
is shown in Figure 10. In this instance, the sand fence is placed seaward of the natural dune and results in a
foredune building behind the fence in the sheltered area between the fence and the natural dune. Sand fence is
effective in areas above high tide levels where aeolian transport (blowing sand) is prevalent.

Figure 10. Conceptual model of sand fencing (NOAA, 2020).
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Recent studies indicate that while sand fencing can trap sand and increase the dune width at the base, sand fencing
can also “...prevent sand deposition to the natural dune behind the fence reducing vertical growth” (NOAA, 2020).
Sand fencing should be considered as part of a series of management actions and their performance in the field
monitored.

4.1.3.2 Natural Fiber Materials for Toe Protection

There is an interest by the stakeholders to consider natural fibers for toe and dune protection. Presently, design
guidance for use of these type of materials in a coastal (wave) environment is very limited. It is anticipated that
these materials are not as resilient as geotextile materials and are more appropriate in lower energy environments
such as stream banks, marshes and embayments rather than shorelines with direct exposure to the open ocean.
These materials are not anticipated to provide significant wave protection; however, they can serve a beneficial role
in certain types of shorelines and environments. These materials have been placed in shoreline areas adjacent to
the Baxter Road coastal protection system however their performance has not been quantified.

4.2 Alternative Development

Alternative analysis was performed from both an engineering and coastal process perspective. Bluff protection
cannot be achieved without toe stabilization. Bluff erosion and collapse is a primary risk factor for Baxter Road
structures, roadway and utilities. Therefore, all alternatives that provide bluff protection include toe stabilization. It
should also be noted that alternative development assumes the existing system will be brought back into
compliance.

Other forms of innovative protection methods that are common on other coasts were investigated as part of this
effort. However, most of these protection methods do not provide toe protection to a bluff and some methods are
not appropriate for this energetic wave climate. This speaks to the unique challenge of Nantucket bluff shoreline.

Removal of the present system and replacement with another form of toe protection would also have environmental
and cost impacts. Any change to the shoreline area will require the system to establish a new dynamic equilibrium.
Dynamic equilibrium of beaches can be described as “...the tendency for beach geometry to fluctuate about an
equilibrium that also changes with time but much more slowly” (Dean, 2005). This analysis assumes that the present
system and alternative scenarios would be fully functional and matching the project design.

With these considerations, analysis was completed with the existing system in place for most alternatives with a
single variable changing each time. High level evaluation criteria included identifying the functional coastal
processes, defining the environmental, ecological and habitat considerations, and identifying cost and structural
considerations. Cost considerations are limited to an anticipated relative cost rather than cost estimates that would
be a product of more advanced design stages.

This approach helps to identify which tools or methods can be adapted to the Baxter Road site and which options
may not be applicable. All shore protection tools and approaches were evaluated based on a synthesis of the
findings from the document review and stakeholder engagement sessions. The methodology of the application of
these coastal tools and approaches are diagrammed as mind maps. These mind maps are diagrams that document
the reasoning behind the alternative analysis and are meant to be read from left to right and top to bottom.

4.2.1 Longshore Transport

Longshore transport refers to sediment migrating parallel to the shoreline. This sediment transport mechanism is
driven primarily by waves approaching the shoreline at an angle creating currents. The selection process for shore
protection tools that address longshore transport is diagrammed in Figure 11. The diagram identifies three shore
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protection approaches that are intended to address longshore transport. Groins, nearshore breakwaters and
nearshore berms were evaluated in a qualitative manner as to whether or not they were feasible options given the
discussion with stakeholders and review of documents. Groins were not identified as feasible alternative since they
provide limited bluff toe protection and can have significant downdrift impacts. Nearshore berms were also
considered not feasible in this location due to concerns regarding covering cobble habitat.

Figure 11. Longshore Transport Mind Map.

4.2.2 Cross Shore Transport

Sediments moving perpendicular to shore can be described as cross shore transport (Figure 12). This method is
driven by “...the combined action of tides, wind and waves and the shore-perpendicular currents produced by them”
(Seymour, 2005). Cross shore beach morphology has a seasonal fluctuation due to changes in energy levels of
incoming waves. In response to storms and high wave energy, sediment moves offshore and is deposited in bars
or other deposition features. This material is still in the active zone and during lower energy periods (summer)
sediment migrates back onshore to form a summer beach profile. The intent of the cross shore transport alternative
analysis is to explore methods or structures that may address cross shore transport of material. Structures such as
nearshore breakwaters address cross shore processes by attenuating wave energy that alters the waves and
currents behind them. Beach and dune nourishment projects also address cross shore processes by adding
material into the system.

Figure 12. Cross Shore Transport Mind Map.

4.2.3 Aeolian Transport

Aeolian or wind transport refers to material that is transported primarily by winds. Bluff stabilization through native
vegetation and geotextiles attempts to address the movement of sand by winds. Sand fencing can help trap sands
to build a fronting dune but should be applied with the complex coastal system in mind to avoid preventing sand
deposition on the natural dunes (NOAA, 2020). All three coastal sediment transport processes were discussed by
the stakeholder groups and incorporated into the alternatives analysis.
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4.2.4 Bluff Erosion

A wide spectrum of coastal tools and structures were evaluated related to bluff erosion. The approaches were
separated by toe and slope protection. Toe protection addresses bluff erosion by preventing wave action from
eroding the base of the bluff contributing to collapse. Bluff faces can erode from wind, precipitation, stormwater
runoff and potentially groundwater runoff. Erosion can be greater with a steeper slope and potential solutions could
include flattening the slope, vegetation and stormwater management at the top.

Toe protection alternatives included the entire available spectrum including seawalls, engineered dune, armoring
and geotubes. Hardened structures such as seawall, engineered dune and armoring were eliminated due to
hardened structures not desired by the stakeholder community and have significant regulatory restrictions.
Geotubes were identified as a potential an option since there is an existing installation and an interest by the
stakeholders. Slope protection options such as geotextiles and vegetation were identified as potential alternatives
by the stakeholders. The methodology of bluff erosion alternatives is diagrammed in Figure 13.

Figure 13. Bluff Erosion Mind Map.

4.2.5 Storm Return Period

A storm return period is an expression of storm intensity and its probability for recurrence. Storms with greater
intensity that happen less frequently have larger storm return periods in years (50, 100). While more frequent lower
intensity storms have a lower return period in years (1, 5). It should be noted that return period does not necessarily
mean that a 100-year storm might not happen each year. The 100-year storm is the same as a 1% annual change
of occurrence storm. There have been recent advances in the coastal community of practice in response base
modeling and moving towards a more probabilistic approach to quantify risk from coastal storms. It should also be
acknowledged that storm intensity and occurrence are expected to increase in response to climate change (IPCC,
2014). For the purposes of this work, we will simply express that higher intensity storms occur less frequently while
lower intensity storms occur more frequently. Figure 14 diagrams the relationship between storm intensity and the
suite of toe protection.
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Figure 14. Design Storm Return Period Mind Map.

4.3 Environmental, Ecological and Habitat Considerations

A broad range of environmental, ecological and habitat considerations were evaluated as part of this alternatives
analysis. Each element was discussed during stakeholder engagement sessions and the teams’ analysis. This
section details the methodology applied to these considerations across the selected alternatives.

4.3.1 Nearshore Cobble Habitat

During stakeholder engagement, an interest in nearshore cobble habitat was identified and incorporated into the
alternatives analysis. Nearshore cobble habitat is important in the New England coastal waters for supporting a
variety of communities including lobster. Each alternative was evaluated for the potential interaction to the
nearshore cobble habitat and diagrammed in Figure 15. The existing system with toe protection and nourishment
is not presently impacting nearshore cobble habitat as indicated by ongoing monitoring. Therefore, an adaptive
approach to nourishment with the existing system is not anticipated to negatively impact nearshore cobble by burial.
Expanding the existing system alongshore would add additional sediment to the system and monitoring of the
cobble habitat should continue to ensure the nearshore cobble would not be buried. Removal, retreat, and Baxter
Road relocation would not be expected negatively impact the nearshore cobble habitat since additional sediment
is not being added and any erosion of the bluff is assumed to be less than what is currently being added by the
nourishment program. Nearshore breakwaters would need to be evaluated for any potential impacts to the
nearshore cobble habitat. It may be possible to locate the breakwaters so the footprint of the breakwaters does not
overlap with the habitat. Modeling and monitoring would be required to determine if the breakwaters would cause
for sedimentation over the cobble habitat by lowering the existing wave climate. It should be noted that rubble
mound breakwaters, may provide similar habitat functions to nearshore cobble habitat and as such, could potentially
increase the amount of available habitat.

www.arcadis.com 23/54
Baxter Road Long Term Planning DRAFT MEMO 9_8



Figure 15. Nearshore Cobble Habitat Mind Map.

4.3.2 Promote Native Vegetation

Native vegetation is an important component in supporting a robust habitat. Each alternative was evaluated for their
ability to promote or support the incorporation of native vegetation and is diagrammed in Figure 16 .

Figure 16. Promote Native Vegetation Mind Map.

No adverse impacts to native vegetation were anticipated for the suite of alternatives. All alternatives can support
the incorporation of native vegetation and in the case of expanding the geotube system and adaptive dune
nourishment or dune toe protection, there can be a potential for expansion of native vegetation. Adaptive dune
nourishment may support native vegetation by optimizing placement volumes and preventing existing vegetation
from being buried.

4.3.3 Nesting Birds

The team has assumed that alternatives that extend the beach and/or the dunes would have a positive impact on
birds. Habitat requirements are very species specific so the assessment may not be directly applicable for all
species that might use the beach habitat. It is also assumed that any project would have permit conditions
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intended to protect nesting bird populations with appropriate seasonal restrictions on construction activities. The
methodology of this analysis is diagrammed in Figure 17.

Figure 17. Nesting Birds Mind Map.

4.3.4 Beach Access

Concern regarding beach access was expressed during the stakeholder engagement sessions and was
incorporated into the alternatives analysis. Beaches are considered a public resource in the Commonwealth of
Massachusetts and access must be maintained. Figure 18 provides a diagram of the evaluation of the potential
impact of each alternative may have on beach access.

S

Figure 18. Beach Access Mind Map.

From stakeholder engagement sessions, the present system of toe protection and nourishment is thought to be
presently impacting the beach access. It is also anticipated that with removal, retreat and relocation of Baxter Road
that the beach access may be further impeded by subsequent narrowing of the beach, collapse of the bluff and
elimination of additional sand placement on the beach. The other alternatives are not anticipated to negatively
impact beach access.
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4.3.5 Tourism and Aesthetics

Tourism is an important component in the Nantucket economy. Aesthetics and interpretation by both the local
community and visitors is also an important consideration for any proposed solution. The mind map for the tourism
and aesthetics category is shown in Figure 19.

Figure 19. Tourism and Aesthetics Mind Map.

Both nearshore breakwaters and removal were identified as potentially having negative consequences to tourism
and aesthetics. It is anticipated with the removal of the present system, the beach may narrow and not be accessible
which in turn, could negatively impact tourism and aesthetics. It is also anticipated that due to high wave energy
environment and steep nearshore slope that the nearshore breakwaters may need to be situated close to shore,
extend above the high tide level, and have large armor stones. That may have a negative impact on both tourism
and aesthetics dependent upon the interpretation of the structure and community outreach. The other alternatives
are not anticipated that have a negative impact on tourism or aesthetics because they have a comparatively more
subtle change in the coastal environment and may improve tourism and aesthetics of the area.

4.3.6 Emergency Access

Maintaining or improving emergency access to the beach is an important consideration to support safe recreation
on the beach. Figure 20 diagrams the approach for evaluating if the suite of alternatives impacts emergency access.
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Figure 20. Emergency Access Mind Map.

The removal, retreat and relocation alternative may have negative impact to emergency access due to the
anticipated narrowing of the beach. The other alternatives are anticipated to either not negatively impact emergency
access or may improve beach access by widening the beach. Reliable emergency access should be incorporated
into any implemented alternative as part of design.

4.4 Cost and Structural Considerations

This section documents the analysis of alternatives for cost and structural considerations. This category includes
both installation and operational costs, design life, funding considerations, utilities, tax implications, maintenance
responsibilities and legal agreements. Each subcategory will be discussed in the following sections.

4.4.1 Installation Cost

Relative installation costs at a feasibility level were evaluated for all alternatives and are described in Section 4.8.
The existing system of toe protection and nourishment as well as the adaptive dune nourishment is assumed to not
have an installation cost since the system is presently in place and the adaptive option simply refines the volume
of material placed rather than add a new component. The adaptive dune nourishment alternative has the potential
for cost savings by optimizing the dune nourishment volumes. The installation cost for the expanded system is
considered to be comparatively moderate to the adaptive dune nourishment. The expanded system will require
additional length of geotubes, additional volume of sediment as well as plantings. Construction of nearshore
breakwaters will be comparatively high from a mobilization, demobilization and materials cost.

4.4.2 Operational Cost

Operational costs refer to costs required to maintain and monitor the implemented alternative. The process to
evaluate the relative operational costs at a feasibility level are diagrammed in Figure 21.
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Figure 21. Operational Cost Mind Map.

The adaptive dune nourishment alternative has the potential to provide an operational cost savings by optimizing
the material placed. The existing system has a comparatively larger operational cost due to the increased sand
requirements. Expanding the toe protection and dune nourishment system along will increase maintenance and
monitoring costs by both increasing the volume needed and increasing the area that is monitored. The nearshore
breakwaters option is also anticipated to have a moderate operational cost. These structures are designed generally
with a 50-year design life and resistance to a return period storm. Nearshore breakwaters do not require
maintenance but require monitoring. Repair to the breakwaters is not anticipated during this design life but may be
required if they are damaged and need repair. Monitoring costs are likely to increase but can easily be incorporated
into the existing field monitoring plan. There is no associated operational cost with the removal, retreat, and
relocation alternative.

4.4.3 Design Life

Design life can be described as the intended operational life span of a structure. Probable design life was evaluated
as part of this alternative analysis and the methodology is diagrammed in Figure 22.
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Figure 22. Design Life Mind Map.

It is anticipated that engineered solutions such as the existing toe protection and nourishment system, adaptive
dune nourishment, and any expansion of toe protection alongshore would have a comparable moderate design life
from a feasibility level assessment. The nearshore breakwaters would have a longer design life as part of its design
process. The removal, retreat and relocation alternative would not have a design life.

4.4.4 Funding Considerations

For this feasibility level assessment, funding considerations were evaluated across the suite of alternatives. The
assessment of funding considerations per alternative is diagrammed in Figure 23.

2 N\ A

Figure 23. Funding Considerations Mind Map.

The Regional Sediment Management (RSM) program is a federally funded program that promotes a systems
approach for management of sediments across coastal, estuarine and inland environments (USACE, 2021). This
program would require coordination with local stakeholders as well as the U.S. Army Corps of Engineers New
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England District. These funds may be used to reuse sediment from the navigation channel for beach and dune
nourishment at Baxter Road and other projects around Nantucket Island. Figure 24 provides a graphic of national
RSM program participation across the USACE Districts and Divisions and other federal and non-federal partners.
Many funding programs require a positive cost benefit ratio (BCR) in order for a project to be funded. Due to the
single family residential nature of the area, potential benefit costs are likely to be relatively low compared to most
structural solutions, and possibly even a substantial dune or beach nourishment program.

Figure 24. National RSM Program Participation (USACE, 2021).

Yellow stars indicate RSM projects across the USACE mission areas from 2000 to 2019. All alternatives except
removal, retreat and relocation of Baxter Road have the potential for RSM or other federal funding programs.

Erosion reduction projects at Baxter Road will likely be eligible for FEMA funding, including Building Resilient
Infrastructure and Communities (BRIC) grant and Hazard Mitigation Grant Program (HMGP). For FY2021, $1B will
be available through BRIC and in FY2022, $3.46B will be available through HMGP. For these programs, eligibility
is for projects which mitigates the risk of natural hazards to infrastructure. There is ample data on erosion rates that
will provide documentation for historic losses and the need to increase the level of protection. With a 25% local
match, each project can be up to $50M federal share. These FEMA opportunities also provide funding (up to
$300k) and technical assistance for planning, project scoping, and studies. Local and private funding can be used
for match or to fund an entire project that is scoped. Expansion of the system would likely be funded by private
homeowners as well as retreat of private homes.
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4.4.5 Utilities

There are both town-owned and private utilities located within Baxter Road. Among the town-owned utilities are
the physical roadway as well as the water and sewer service. Privately owned and maintained utilities include the
overhead electric lines as well as buried internet & communication lines. This portion of the alternative analysis
included examining if the alternative would support utility resiliency. This process is diagrammed in Figure 25 as a
mind map.

| Uune nourisnment
~

Figure 25. Utilities Mind Map.

4.4.6 Tax Implications

Town revenue from property taxes may be affected by the loss of privately owned property through erosion.
Therefore, any alternative which has a positive (mitigating) effect on erosion may be considered to positively
maintain the town’s revenue from property taxes along Baxter Road. However, analyses of Nantucket's property
tax loss for anticipated property loss for years 2030, 2050, 2100 was reviewed and is included in Appendix C. The
analysis utilized the assessor’s data for the current assessed land/and property values from 2021 and shows that
any loss in revenue due to loss of property on Baxter Road would result in only modestly higher property taxes
across the whole island. By 2100 it is anticipated that a total of $531,000 in tax revenue will be lost this represents
less than 1% of the tax base for the island. Thus, many suggest any loss in property tax would be absorbed by
the remaining property owners within Nantucket.

4.4.7 Maintenance Responsibilities

Any implemented system will need to be maintained by an entity. Toe protection is presently maintained by the
SBPF including periodic dune nourishment. Any existing or new roadway as well as utility infrastructure would be
maintained by the Town, private utility companies, and private property owners, as applicable based on
maintenance agreements set forth during the planning and construction of the roadway. Maintenance of other
components would need to be determined as part of the implementation process.
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4.5 Description of Alternatives

The purpose of this work is to present a suite of options for the stakeholder community to consider.

The decision of which pathway to choose is the responsibility of the local community.

4.5.1 No Change in Project and Operation and Maintenance Activities

This alternative serves as baseline for analysis. It is also an opportunity to define the individual components of the
system and the linkage to the coastal processes. The existing system provides toe protection, artificial or sacrificial
dune nourishment and bluff stabilization over a portion of the study area (approximately 950 feet). Toe protection
is achieved by geotubes placed at the toe or base of the bluff protecting it from erosion due to wave action. Erosion
at the base of the bluff can lead to episodic collapse. Dune nourishment is compatible sand that is placed on top of
the geotubes to provide a buffer to the geotubes and add material to the littoral system. Presently, compatible sand
is added to the template by heavy machinery. Bluff stabilization includes vegetation and promoting best
management practices to manage surface drainage. Surface drainage can exacerbate erosion of material from the
bluff face. This alternative assumes that the system is brought back into compliance with the existing permit.

4.5.2 Adaptive Dune Nourishment with Existing System

Adaptive dune nourishment refers to incorporating an adaptive or optimized nourishment strategy. A potential
method of implementation is to determine the sacrificial sand volume necessary to refill the template to design
specifications after the springtime survey. A topographic and bathymetric survey should be done twice annually to
capture both the quiescent (summer) configuration and the resulting profile after the energetic (winter). This survey
approach is used at other locations with active adaptive management approaches to beach nourishment (Zarillo, et
al.,, 2016). The motivation behind this alternative is efficient use of sand resources and prevent overfilling the
template documented in Epsilon, 2020. This adaptive technique minimizes potential to impact nearshore cobble
habitat and fishing industry. This approach may reduce the volumes of sand necessary for maintenance. Optimizing
sand resources may become more necessary in the future with sand becoming a more in-demand commaodity
around the island. It should be noted that throughout the monitoring efforts, nearshore cobble habitats were not
found to be impacted by sediment burial. This optimization technique for sediment management addresses annual
variations in erosion and accretion which is more in line with natural variability in coastal processes.

4.5.3 Expand Existing System Alongshore

This alternative leverages previous work investigating expanding toe protection and dune nourishment alongshore
to approximately 2,800 feet. This proposed alternative includes four tiers of geotubes to provide resiliency to the
100 to 200-year storm. This alternative also includes vegetation of the bluff face with American beachgrass or other
native vegetation. The dune nourishment to cover the geotubes for the longer length of the system is also included
in this analysis. With the expanded system, the monitoring program would also need to be expanded. Figure 26
depicts the alongshore extent of the proposed system.
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Figure 26. Approximate Alongshore Coverage of Expanded Toe Protection and Dune Nourishment System (Epsilon, 2018).

45.4 Removal, Retreat and Baxter Road relocation

The removal, retreat and Baxter Road relocation includes the removal of the existing structures including geotubes
and associated components. This alternative would also include ceasing artificial dune nourishment activities
including truck traffic on roadways and heavy machinery on the beach. and begin the retreat process to remove
homes and relocate utilities. No additional bluff stabilization measures would be implemented. Removal of the
geotubes would occur after relocation activities is complete.
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4.5.5 Nearshore Breakwaters with Existing System

This alternative explores the feasibility of adding nearshore breakwaters directly seaward of the existing system to
provide wave attenuation. Nearshore breakwaters can assist in maintaining dune nourishment and encourage
sediment deposition on the lee (shore) side of the structures. A conceptual sketch is shown in Figure 27 with
potential nearshore breakwaters locations indicated as wire frame rectangles.

Figure 27. Nearshore breakwaters conceptual configuration.

The lateral extent of the existing project is represented by a wire frame on the shoreline. Bottom topography is
included and deeper depths are indicated by cooler colors and shallower water depths are represented by warmer
colors. Design specifications such as distance from shore, gap width and number of breakwaters would be defined
during later design phases.
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4.6 Evaluation of Alternatives

4.6.1 Definition of Purpose

The purpose of the existing project includes the following: provide toe protection to the bluff, add sediment to the
littoral system via dune nourishment, and bluff stabilization through vegetation and best management practices for
managing surface drainage. Toe protection in the form of a geotube protects the base or toe of the bluff from wave
action which can erode the bluff leading to episodic collapse. The dune nourishment covers the geotubes and
provides a buffer to the toe protection against storms in addition to adding sediment to littoral system. Bluff
stabilization through vegetative cover seeks to address aeolian or sediment transport from wind. The alternative
selection process was designed around augmenting one element of the system or one specific coastal process to
evaluate the response of the system. Responses by changing a single parameter between each alternative,

4.6.2 Service Life

Coastal erosion mitigation measures have certain service life based on their ability to resist storm events and/or
when materials begin to lose strength. A typical design / service life for harder coastal protection structures is 50-
years, but softer solutions typically have a lower design life or require more frequent maintenance to maintain a
specified level of protection. While many coastal protection projects in the US utilize a typical 100-year return period
design storm, it is often better to match the design storm to the desired service life. For instance, if an alternative is
designed for the a service life of 25 years, the cumulative probability of exceedance is 34% if the design storm is a
100-year event. Figure 28 diagrams toe protection alternatives and the appropriate storm and wave intensity for
that approach.

Figure 28. Toe Protection Alternatives and Storm Return Period.
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4.6.3 Initial Construction Cost

To facilitate a relative comparison of initial construction costs between the alternatives, the following assumptions
are made.

It should be noted that sand costs are highly variable and are likely to change in the future.

The nearshore breakwaters with existing system alternative have the largest initial construction cost. The value
listed in Table 3 is derived from previous experience with these structures in similar environments. The next
alternative with the largest cost is the removal, retreat and Baxter Road relocation as discussed in 4.7 Removal,
Relocation of Baxter Road and Utilities, Retreat section. The expand the system alongshore is estimated at $6M
from previous documentation. Adaptive nourishment and existing alternatives are not included because they do
not have an initial construction component.

Table 3. Estimated Initial Construction Costs.

$6M
Expand System Alongshore
(Includes initial sand template)

Removal, Retreat and Baxter Road

. 30M
Relocation $

Nearshore Breakwaters with Existing

100M
System $

4.6.4 Operations and Maintenance

The performance of any alternative needs comprehensive monitoring to support informed management.
Monitoring activities should have a comprehensive system wide approach and resolve coastal processes acting
on the system and the response of the system to coastal forcing. Specifically, monitoring should capture sediment
changes in the constructed system, beach, and adjacent areas. Other components that should be included in a
monitoring effort is any plantings or habitat elements. Conditions of any other system components such as sand
fencing should also be included in the monitoring efforts. Presently, the ongoing monitoring program provides a
basis for analysis however can be improved by expanding the surveys and leveraging new survey techniques and
technologies.

Previously, changes in the shore and shoreface were observed with a combination of land based cross shore
transects via GPS RTK to wading depth and single beam survey via boat. The most recent survey performed by
Woods Hole Group on June 16%", 2021, included drone based Light Detection And Ranging (LIDAR) that captures
the beach, dunes and bluff. This approach enables the development of a 3D topographic map and move towards
a surface based evaluation of sediment movement rather than cross shore profiles. It should be recognized that
cross shore profiles have been industry standard approach for quantifying changes in beaches however, the
Baxter Road site poses some unique challenges to traditional survey techniques with the bluff and geotube
project. The incorporation of drone based LIDAR represents a significant step forward in evaluating sediment
movement in a comprehensive manner by capturing the majority of the system in a single survey. Depending on
laser penetration depth, these surveys will likely need to be combined with traditional boat based surveys to
capture deeper water depths. Costs associated with surveys include mobilization, demobilization, survey time and
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post processing time. Incorporating remote sensing techniques such as LIDAR may save survey time. However,
post processing of LIDAR data may increase as compared to traditional survey methods however it is dependent
upon software, scripting and computational capabilities.

Other monitoring that may be included and can be performed concurrently with drone based survey is aerial
imagery. Aerial imagery of conditions can assist in communicating with the public and monitoring habitat such as
vegetative cover that might not be reflected in the LIDAR. Another type of aerial imagery is hyperspectral imagery
which can assist in delineation of vegetation types to quantitatively measure cover and density. Vegetation has
been shown to be an important component in the performance of rehabilitated coastal dunes. Aerial imagery can
also best capture other system components such as the condition of sand fencing, presence of debris or location
of wrack line.

Other monitoring components such as nearshore wave and current monitoring would be advantageous to closely
link response of the system to coastal forcing however likely beyond the scope of this effort. If offshore
breakwaters are proposed, then collecting this information would be needed to establish baseline conditions and
monitor changes due to the breakwaters. Oceanographic instrumentation such as acoustic doppler current
profilers (ADCP) and directional wave buoys requires substantial capital cost, regular servicing and rapid
response should a surface buoy move outside its defined watch circle. Nearshore waves and currents can be
observed remotely through the use of high frequency (HF) radar and could provide the added benefit of providing
near real time surface currents, waves and tidal current predictions.

Comprehensive monitoring will support the development of an operational sand budget. “Budgets allow estimates
to be made of the volume of volume rate of sediment entering and existing a defined region of the coast and the
surplus or deficit remaining in that region” (Rosati, 2005). A sediment budget is an engineering tool that accounts
for the sediments sources and sinks in a local or regional area with specified boundaries and time interval. This
approach can be used to examine short term conditions (seasonal) or longer term such as a previous or existing
conditions. “Sediment budgets are a fundamental tool for project management and they often serve as a common
framework for discussions with colleagues and sponsors...” (Rosati, 2005). A previous effort to develop a
sediment budget could serve as a starting point and updated with recent field data. An operational sediment
budget would be one of the primary products of an island wide sediment study.

Monitoring activities will also provide field data necessary to support an adaptive nourishment approach.
Presently, the annual nourishment volume is set at a single, non-adaptive value. This approach does not allow for
natural variability in sediment movement. Sediment transport can vary from season to season as well as longer
time scales. An adaptive approach to refill the constructed template once a year rather than a single value may
present a cost savings by optimizing sand needs. Previous reporting by Epsilon indicates that the design template
is being overfilled beyond its design due to the requirements of the single renourishment value.

Maintenance of nearshore breakwaters may include resetting the armor stone layer or concrete units after an
intense storm. In some instances, these stones may need to be replaced. These structures are typically designed
to withstand a storm with a larger return interval. Costs associated with maintenance of nearshore breakwaters
include materials, mobilization, demobilization and constructions costs.

If expanded dune nourishment is implemented, a similar adaptive management monitoring and maintenance
approach should be taken. In addition to annual filling to a design template, emergency replenishment may be
needed after significant storm events.

Other maintenance activities associated with bluff best management practices include installation, monitoring and
repair of sand fencing, vegetation, or other slope erosion reduction measures. Diversion of storm water runoff
away from the bluff face should continue and irrigation of lawn areas should be avoided. Homeowner Best
Management Practices are discussed in more detail in Section 4.9 and in Appendix B.
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Relative operations and maintenance costs are detailed below to compare the array of alternatives and listed in
Table 4. The price of sand needed for nourishment varies based on current sand availability. Costs assume that
22 cubic yards per linear foot would be required for nourishment. Costs assume sand at $50 per cubic yard (CY)
which includes transport and placement onsite. This approximate unit cost of sand was provided by the Sconset
Beach Preservation Fund based on existing system costs and is considered a scalable unit cost that may be
adjusted as sand prices change.

Table 4. Estimated Annual Operations and Maintenance Costs (Sand Only).

Alternative O&M Cost

Existing System (947 LF) $1M per year
Expanded System (2680 LF) $3M per year
Nearshore Breakwaters Monitoring + Stone Repair costs

While the expanded system has a higher operation and maintenance cost from a sand nourishment perspective,
the additional costs should be contrasted by increased longshore distance of protection and additional
infrastructure. A comprehensive benefit cost comparison is beyond the scope of this work.

For the Removal, Retreat and Baxter Road Relocation alterative, operation and maintenance costs for the relocated
road and utilities (for example plowing, repaving, drainage maintenance) are expected to be similar to the existing
roadway and utilities. Since no appreciable change in costs are anticipated, these costs are not included in the
assessment.

4.6.5 Constructability

An important consideration in any project is the constructability of the project and its potential impact to the
surrounding community. Any construction project will impact the surrounding community albeit temporarily. Access
to the beach may be temporarily limited or eliminated for safety requirements during construction for any of the
alternatives. For land-based construction, repeated heavy truck traffic on residential roadways can damage
roadways, increase congestion, and pose a noise concern. A traffic survey during maintenance could be considered
to understand the present number of trucks during maintenance and its overall contribution to traffic conditions.
Sand is typically trucked to the site from offsite, upland sources, and then moved to the beach and placed using
beach-based heavy equipment. For both new construction and maintenance activities involving sand placement
(geotube construction, dune construction, dune maintenance, beach nourishment), local truck traffic will increase,
and beach access will be somewhat restricted for safety. Sand is a commodity, and prices may fluctuate, and
availability vary over time. While current trends show a significant increase in sand costs, and the need for sand is
expanding island-wide, at this time we do not believe sand availability restricts the constructability or viability of any
alternatives. Water based construction has a limited season and operable weather windows with additional cost.
Timing of construction activities may also be restricted due to environmental requirements. Nesting birds may limit
when certain onshore construction activities take place and fish species spawning may limit times of the year when
in-water work can be completed. While some of the alternatives are more challenging to construct than others, none
of the solutions were deemed not feasible to move to construction. All alternatives presented have been
implemented previously either onsite, or in similar conditions elsewhere.
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4.6.6 Other Issues and Considerations

Regulatory Considerations

Solutions that would be implanted on the beach or further offshore require Conservation Commission review and
approval under the Wetlands Protection Act. Additionally, USACE, CZM, and other Federal agencies also play a
regulatory role for alternatives that are constructed below the high water line.

4.7 Removal, Relocation of Baxter Road and Utilities, Retreat

Allowing the natural process of erosion to continue unchanged is of interest to certain stakeholders. This alternative
will involve the loss of private homes as well as existing easements that the town possesses and will require the
Town to obtain new easements for the building of new utilities for the remaining homes on Baxter Road.

Removal

The removal of the existing toe protection involves unearthing the geotubes, emptying of the sand contents, and
disposal of the fabric. Similar heavy machinery used during the installation of the geotubes would be utilized for
the removal. The excess sand from the geotubes’ contents would be graded into a dune adjacent to the toe of the
bluff. This excess sand would erode as coastal processes continue and expose the toe of the bluff, leaving it
vulnerable to the same coastal erosion over time. Our understanding is that there are funds in escrow devoted for
the removal of the geotubes. It needs to be determined if the funds are sufficient for system removal.

Retreat

Following the removal of the geotubes, the unprotected shoreline would begin to retreat landward as the coastal
processes continue unmitigated. It is difficult to predict how the shoreline would adjust to this change, as it depends
on the intensity of the following storm seasons, as well as several other factors. The best prediction of how the
shoreline might realign itself comes from the FEMA hazard areas for 2030, 2050, and the 2100 years, as shown in
Figure 3: The 70 buildings which are projected to be at risk by 2100 are shown in blue based on FEMA Coastal
Erosion Hazard Maps from July of 2019 (Source: https://arcg.is/1fuXXDO0).

There is the potential for the shoreline realignment to be rapid and dramatic, so it is important that homeowners,
the Town, and all residents of Nantucket have a strategic plan before removal of the geotubes. The Arcadis team
will be recommending a plan below.

Relocation

The relocation of Baxter Road involves the relocating of utilities, roadways, and private property inland away from
the 2030, 2050, and 2100 erosion hazard areas.

Maintaining both access and water/sewer service to residents will require advanced planning and implementation.
As previously studied and recommended by Milone & MacBroom, the integrity of the roadway is likely to become
compromised when the top of the bluff is within 25ft of the roadway. It is important that Town has a shovel-ready
plan in place to address continued access and utility service well before the 25ft threshold is reached. Table 5
shows the most recent measurements taken by the town during August 2021 and Figure 29 provides an aerial
image of the monitoring locations.
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Table 5. Baxter Road Bluff Monitoring

Baxter Road Top of Bank to Edge of Pavement Measurements
(In feet)

Location | Street Address | 6/2/2018 | 10/4/2018 1/30/2019 8/24/2020 | 3/3/2021 @ *8/9/2021
A 109 67 67 67 67 67
1 105 39 39 39 38 38 37
2 101 35 35 35 35 35 35
3 91 56 56 56 56 56 56
4 87/Way 66 66 66 66 65 65
5 85 63 63 63 63 57 57
6 71/Way 144 144 144 144 144
7 67 192 192 191 191 191
8 61/Way 163 163 163 163 163

August 2021 Measurements in ftt

1 Measuring tape was used, these numbers are subject to variations in measuring methods.
* Not associated with any storm event.
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Figure 29. Locations of Baxter Road Bluff Monitoring.
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Considerations

The team considered several factors in the design of the relocation. Included in these considerations are the
following:

1. Location of existing town owned parcels and easements

Proximity of FEMA Hazard areas

Continued Access to Sankaty Head Lighthouse

Maintaining utilities (both public and private utilities) and access to homes
Minimizing impact to sensitive environmental areas

Dimensional requirements for roadway (e.g. width requirements for Fire Department)

o0k wnN

The relocation of Baxter Road is considered for affected areas up to the year 2100 according to the FEMA erosion
lines. Because of the breadth of the affected area as well as the imminence of the years 2030 and 2050, the
relocation is broken up into two phases.

Phase 1 (through year 2050)

Phase 1 includes the previously executed Alternative access MOU?8 and utility relocation route with an extension
to provide additional at risk properties access and utilities through year 2050. The extension is planned to be a
one-way gravel access route while the original MOU pathway will be a two-way gravel access route. Gravel will
allow the absence of required roadway drainage for impervious asphalt, while the one-way extension will limit the
width of required easement acquisition. Figure 30 below shows the locations of easements involved in the Phase
1 planinblue. Also, note the red highlighted parcel within this area which shows the shortest bluff edge to pavement
edge measurement (35’) within the Baxter Road area.

Phase 2

Phase 2 considers the impact of the 2100 FEMA erosion area on all assets, access, and private property. As such,
it is not as imperative to begin further design of this concept plan when compared to the Phase 1 area. Included in
Phase 2 is a short Sankaty Road re-routing where the road bends northwesterly. This will require the associated
water utility within the roadway to be rerouted within the new roadway alignment. Within Baxter Road, several more
private homes and utilities are affected and therefore easements for utilities (water and sewer) and maintenance of
the road will need to be acquired behind the landward houses of Baxter Road. As with Phase 1, costs associated
with Phase 2 sewer incorporate pricing to reflect a low-pressure HDPE sewer system with grinder pumps located
at each residence. Both water and sewer utilities will continue to travel south within this easement, until the 2100
FEMA line moves seaward away from the Baxter Road properties, at which point the proposed water and sewer
utilities will reconnect with existing Baxter Road infrastructure. This occurs just south of 55 Baxter Road. The areas
in Phase 2 with proposed easement acquisition and new utility routes are shown below in yellow in Figure 31.

18 This is the 2015 Memorandum Of Understanding (MOU) detailing Alternative Access plans for Baxter Road.
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Figure 30 Phase 1 Relocation
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Figure 31 Phase 2 Relocation
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4.8 Cost Estimate

4.8.1 Capital Cost of Retreat

Costs for the various items involved in both Phase 1 and Phase 2 are shown in Table 6. Arcadis utilized unit
rates for prior contracts for estimating the different items. For easements, assessed land value from the fiscal
year of 2021 were averaged and used in the estimate. Easement widths of 40 feet were assumed to be large
enough to cover the temporary construction requirements. Permanent easements were assumed to be 20 ft.
Currently prices in the table are based on the payment for permanent easements only. Costs do not include the
relocation of the electrical or communication utilities as it is assumed these costs would be part of the utility
company ownership requirements and spread over a different base of users. All costs are in 2021 dollars.

In addition, the cost of hardened drainage infrastructure was not included as it assumed property owners will
mitigate any needed drainage on site. The new roads are mostly gravel and assumed to not need drainage
infrastructure.

Both the subtotal and total costs for each phase of work are included, as well as a grand total representing the cost
for both phases of work. This grand total should be considered a ballpark estimate to relocate the roadway and
infrastructure away from the FEMA erosion area projections through the year 2100.
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Table 6. Road Relocation Costs

Item Unit Phase 1 Phase 2 Phase 1
Prices Quantity | Quantity | Cost Phase 2 Cost

Sewer pipe
150 ILF 3,200 5,100 480,000 765,000
(4" HDPE Force Main) $ $ $
L P i
ow Pressure Grinder $25,000 EA 19 30 $475,000 $750,000
Pumps
W Mai
ater Main $175 ILF 3,200 2,600 $560,000 $455,000
(8" DIP)
Fire Hydrants $7,260 EA 8 22 $58,000 $159,000
Service Connections $3,000 EA 8 22 $24,000 $66,000
1Sq.
Paved Road $60 Ft 0 22,200 - $1,332,000
1Sq.
Gravel Road $40 Ft 63,400 0 $2,536,000 -
Police Details $2,200 /week 8 12 $17,600 $26,400
Easements $1,540,000 $2,475,000
Temporary Facilities
$3,000 /week | 10 14 $30,000 $72,000
(Travel Expenses)
Environmental Controls $50,000 $75,000
SUBTOTAL $5,800,000 $6,200,000
Contr.al.ctor s General 10% $570.000 $620.000
Conditions
Engineering & Contingency  35% $2,000,000 $2,170,000
Mobilization & 30% $1,700,000 $1,860,000
Demobilization
Permits & Survey 15% $860,000 $930,000
Legal Fees & 15% $860,000 $930,000
Documentation
TOTAL $11,800,000 $12,700,000
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Project Cost Recovery

Arcadis reviewed several potential options for recovering the cost of the Phase 1 and Phase 2 improvements. The
following provides a brief overview of the options, however, it is noted that some of the options have specific
requirements per Massachusetts statutes and the Town should consult its legal counsel to determine the best
course of action.

e User Fees — In Arcadis’ experience, it is common for sewer and water utilities to include utility relocation
and sewer main replacement work as part of ongoing capital budgets. In this instance, the Town is planning
for the eventual relocation of utilities to maintain service that is threatened by the onset of natural
circumstances beyond the control of the existing customers. The cost of the improvements could be paid
via borrowing, with the annual debt service principal and interest recovered from all customers via the
Town’s existing sewer user fee (for the sewer portion of the relocation cost). The respective cost of
relocating the water and other utilities such as electricity or cable would likewise be recovered from the
corresponding utility’s customers.

One advantage of using this option for cost recovery includes the establishment of a relatively easy to
understand method for recovering utility costs related to future natural disasters or pre-disaster mitigation
projects. As future projects are required to restore or enhance the resilience of existing service connections,
the cost would be recovered across the customers of the service area. From a financial standpoint, using
the user fee for recovery of costs provides greater economies of scale resulting in less overall impact to
existing customers.

It is also noted that the Massachusetts Division of Local Services (DLS) provides a guide for betterments
and special assessments. The guide notes that local communities could also potentially recover capital
costs via user fees, or a user fee surcharge. In this instance a surcharge would be applied to specific
customers that benefit from a project in addition to the general user fees charged to all customers. In this
instance, the user fee surcharge would shield all other customers from contributing to a specific project.

e Betterments — Betterments would recover all or a portion of the project costs from parcels impacted by the
project based on a formal vote of the Town. A betterment is a special property tax “that is permitted by
general or special law where real property within a limited and determinable area receives a special benefit
or advantage, other than the general advantage to the community, from the construction of a public
improvement.” In general, betterments must show special benefit, i.e., an enhancement of the use or value
of the property due to the construction of the improvement. A special benefit is measured by how much the
particular improvement has increased the fair market value of the property considering all present and
future uses to which the property is or may be reasonably adapted in the hands of any owner.®

Within the realm of sewer or water utilities, betterments can occur when a utility is looking to initiate service
or extend a water or sewer line to provide service to new customers. In these instances, the receipt of
quality will let you save as public water or sewer service compared to reliance on a well or septic system
can be seen as adding value to a customer’s property. The enhanced value provides the basis for
establishing a betterment assessment that recovers the cost of the project from benefiting customers over
time. The existing customers of the system are thus shielded from paying for the capital costs of extending
service to new customers. The relocation of utilities provided in this report essentially leave the customers
with the same or similar service, thus, it may be difficult to reflect that the proposed project provides an

19 From Informational Guideline Release for Betterments and Special Assessments Assessment and Collection
Procedures published by the Massachusetts Department of Revenue Division of Local Services, February 2021.

www.arcadis.com 47/54
Baxter Road Long Term Planning DRAFT MEMO 9_8



enhancement of value to the existing properties as they have service or access to the utilities currently
located in Baxter Road.

e Special Assessments — These are similar to betterments but focused primarily on sewer or water
improvements. Like betterments, the assessment is a special property tax, and is backed by a lien on the
property that benefits. The project must provide a special benefit, which includes enhancement of value or
use of the property. As noted above, it is difficult to discern the special benefit or use those customers
would derive from the project, as relocating the utilities would essentially restore the same or existing
service to the customers that they currently have. In addition to special assessments, the Massachusetts
statutes also note the ability of Towns to charge customers for “permanent privilege” of connecting to a
system. This is a one-time charge usually collected when a customer has connected to the main that abuts
the property. They recover capital costs that have not been previously recovered via a special assessment.
Thus, they typically recover, additional or incremental costs above and beyond what existing or new
customers have already been charged via special assessments or other means.

As seen, utilities have several options for recovering certain capital impr