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EXECUTIVE SUMMARY
As a result of natural and man-induced evolution of the Chatham South Shore, the
beach system fronting much of the shoreline has eroded significantly over the past 50+ years,
primarily due to a deficit of littoral sediments. For the past 10 years, the Town of Chatham has
been performing periodic beach nourishment in the vicinity of Cockle Cove, with lesser amounts
placed at Forest Beach and Pleasant Street Beach, to provide sediments to the overall beach
system. Despite these efforts, shoreline erosion has continued and the Town decided that a
better understanding of the South Shore coastal dynamics would provide beneficial information
for future shore protection decisions. To this end, a more comprehensive evaluation of coastal
processes governing the beach system, as well as an assessment of corrective actions that can
be taken to stabilize the shoreline, was performed.
The shoreline evaluated in this study extends from the Harwich town line at the Red
River inlet to Morris Island (Figure ES-1), where the system was sub-divided into three
management segments based on coastal processes. Shoreline armoring constructed over the
past 50+ years has maintained upland development; however, the extensive placement of shore
perpendicular groins and jetties along the sandy south coast of Cape Cod have prevented the
general west-to-east transport of sediments towards Chatham. Locally, this is most apparent
within the extensive groin field that begins near the Harwich town line and extends to Mill Creek.
As the littoral sediments in the system become more depleted, the groins will eventually become
‘flanked’, where the landward portion of the structure becomes separated from the shoreline and
structural integrity is compromised.

Figure ES-1.

Aerial photograph of the Chatham South Shore study area from 2005 showing the
shoreline “Management Zones” utilized to assess littoral processes.
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The overall purpose of this study is to develop a quantitative understanding of the
coastal processes governing the Chatham South Shore and to utilize this information as the
basis for shoreline management recommendations for this stretch of coastline. The overall
shoreline management plan requires a quantitative understanding of the littoral sediment
budget, to the extent possible, as the basis for evaluating potential alternatives for stabilizing the
shoreline. It is understood that beach nourishment will be a major component of the preferred
solution; therefore, defining the volume of nourishment required and the frequency of
anticipated nourishment activities are critical components for the Town’s planning requirements.
In addition, potential sources of compatible beach nourishment material will be identified as part
of this process. Due to environmental regulatory constraints, use of offshore and/or nearshore
sediment sources for beach nourishment is often discouraged. However, the environmental
regulatory community recently has become more supportive of the need for beach nourishment
from marine sources (e.g. the ‘opening’ of dredging windows within channel entrances, and the
requirement for a state policy regarding sand mining discussed in both the Coastal Hazards
Committee and the Climate Change Adaptation Committee reports).
Since shoreline
stabilization in Chatham likely will require the use of nourishment material from marine sources,
consideration of regulatory constraints is critical to ensure that management recommendations
are feasible relative to local, state, and federal environmental policies.
To develop an effective shoreline management plan, an in-depth understanding of
coastal processes is required. Following this quantitative assessment, beach management
scenarios can be tested to assess their viability toward long-term sustainability of the beach
system and the adjacent infrastructure. The tasks listed below (and described in detail within
the report) provide the coastal processes assessment and alternatives evaluation required for
the Town to make long-term management decisions:





Assessment of Existing Conditions
Determine Potential Future Conditions
Shore Protection Alternatives Assessment
Recommendations and Need for Further Studies

No-Action Alternative
As a management tool, it is instructive to evaluate the ‘no-action’ alternative to assess
whether proactive shoreline management activities are necessary from both a short-term and
long-term perspective. Based upon the historical shoreline change assessment, as well as the
coastal processes analysis, it is evident that most developed portions of the Chatham South
Shore are experiencing erosion. As coastal erosion continues, primarily due to lack of sediment
supply, properties and recreational beach areas along the shoreline will continue to be
impacted.
A quantitative evaluation of potential future shoreline positions can be utilized as a tool
to inform management decisions. Future shoreline scenarios for 2030 were produced using the
shoreline change rates calculated for April 2001 to March 2010. The estimated position of the
future shorelines was created by using the copy parallel line tool in ArcGIS utilizing the most
recent (2001 to 2010) shoreline change rates. The coastline was divided into areas or
‘management zones’ (shown in Figure ES-1) with similar change rates and an average rate was
calculated for each segment to determine the distance to project the shoreline. The
combination of projected line segments simulated possible future shoreline positions by using
the current shoreline.
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For the ‘no-action’ alternative coastal erosion can be expected to continue at its present
rate, which likely will have significant consequences along the Chatham South Shore between
the Harwich town line and Bucks Creek entrance. Overall, the future shoreline conditions for
Hardings Beach will be relatively stable; however, infrequent storm activity can destabilize
portions of this beach, especially along the western portion between the Bucks Creek entrance
and the parking lots.
As the long-term littoral sediment deficit continues, the shoreline will continue to migrate
landward at critical locations requiring shore protection: the groin fields stretching along
Pleasant Street Beach and Forest Beach, as well as the beach regions between Mill Creek and
Bucks Creek. As the beach erodes in the region backed by coastal bank (between the Red
River barrier beach and Forest Beach Road), the existing groin field will become ‘flanked’ and
coastal erosion likely will accelerate. There will be an increased need to mitigate this erosion
through coastal bank stabilization efforts (e.g. stone revetments), which will further exacerbate
downdrift erosion problems. East of Forest Beach Road, continued erosion will eventually allow
overwash of the existing barrier beach and cause a reduction in salt marsh area. However,
based on present erosion rates, significant impacts to the form of this barrier beach are not
anticipated within the next 20 years.
Existing erosion rates are more severe along the Cockle Cove/Ridgevale Beach system,
where loss of an updrift sediment source will lead to significant landward migration of the barrier
beach system over the next 10 to 20 years. Figure ES-2 indicates that substantial landward
migration of the barrier beach system is predicted, leading to direct loss of salt marsh within the
Cockle Cove Creek system, as well as a significant portion of the beach parking lot. In addition,
it remains unclear at whether the Cockle Cove Creek system can remain at its present location,
since the tidal creek landward of the barrier beach will likely be overwhelmed by the barrier
beach migration. For barrier beach systems, landward migration tends to be governed by
periodic storm events, rather than gradual erosion. For the case of Cockle Cove Beach,
continued landward migration could lead to an episodic closure of the creek, which serves as
the location for the groundwater discharge of the Town sewage treatment facility.
Shore Protection Alternatives
The most viable measures available to provide a stable shoreline and the associated
protection from typical coastal storms involve beach nourishment to re-supply the depleted
longshore sediment transport system. Infrequent severe hurricane events (e.g. the 1944
Hurricane) create storm surge elevations that overtop coastal beach and coastal dune systems
along the Chatham South Shore; therefore, it likely is infeasible and/or cost-prohibitive for the
Town to provide flood protection against these severe hurricane events and maintain the value
of the environmental resources in the coastal zone.
Since the Chatham South Shore is located at the east end of the general west-to-east
littoral system along much of the southern shoreline of Cape Cod, the nearshore waters of the
Town contain a substantial volume of available sediment to maintain regional beach systems.
In addition, the relatively quiescent wave climate within Nantucket Sound limits longshore
sediment transport rates, which allows moderate-sized nourishment programs to have a
significantly longer design life than similar projects in open coastal regions. Sediment
management along the Chatham South Shore has not been performed in a consistent manner
since the construction of the various inlet and shore protection structures; therefore, a significant
sediment deficit exists along the coastal region, with the most pronounced effects toward the
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central and western portions of the shoreline system. From the perspective of local sediment
management, beach nourishment programs that can initially restore the regional sediment
deficit will provide the basis for a shoreline that can be maintained by the Town with modest
financial resources. However, a local sediment management plan for the Chatham South Shore
will require an initial influx of beach quality sediment that is relatively large-scale when
compared to previous efforts performed by the Town.

Figure ES-2.

Predicted shoreline location within Management Zone 2 for 2030 based upon recent
historical shoreline change.

To restore the west-to-east sediment supply to the overall littoral system, the largestscale beach nourishment should be placed along the western 1,600 ft length of Forest Beach.
This nourishment project will return the historical shoreline that will provide direct shore
protection benefits and restore the sediment supply to the beach system further to the east.
Based on the numerical modeling analysis, a 50,000 cubic yard beach nourishment at Forest
Beach will still maintain approximately half of its volume after 10 years. Once this initial beach
fill is established, a system of inlet bypassing and/or back-passing of sediments can be utilized
to provide a majority of the material required to maintain the remainder of the beach system.
In addition to the Forest Beach nourishment, two smaller-scale nourishment projects
also are recommended: continued placement of material at Cockle Cove Beach to maintain this
beach and act as a sediment source to Ridgevale Beach, and the west end of Harding Beach.
Due to the west-to-east littoral drift, the east end of Harding Beach and the Stage Harbor
entrance channel are the recipients of the material eroded from beaches further to the west.
For this reason, the need for beach nourishment volumes decreases from west-to-east. Based
on the numerical modeling analysis, nourishment projects of 28,000 cubic yards at Cockle Cove
Beach and 10,000 cubic yards at Harding Beach can be utilized to effectively manage the beach
system. The historical performance of the Cockle Cove Beach nourishment indicates an
observed design-life of approximately 5 years; however, several northeast storms during the
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time period of this project (e.g. the Patriot’s Day storm in 2007) likely caused the reduced
design-life. Regardless, the constructed berm served the purpose of protecting upland
properties and serving as a “feeder beach” to downdrift coastal areas. Although numerical
modeling predicts a substantial design life for the Harding Beach nourishment, the small volume
of this beach fill likely will be subjected to more rapid erosion due to cross-shore effects, where
the form of the beach is influenced by the position of Bucks Creek inlet and the coastal
engineering structures east of this inlet.
To provide adequate sediment for the recommended beach nourishment program,
available offshore and/or beach sources will be required to make the effort logistically viable and
cost-effective. Many relatively small nourishment projects have been performed by the Town
utilizing upland sediment sources or dredged material from Aunt Lydias Cove trucked to the
beaches of the Chatham South Shore. However, due to the scale of the nourishment projects
recommended, hydraulic placement by dredge appears to be the most effective means of
delivery. Since the eastern portion of the Chatham South Shore coastal region can be
considered “sediment-rich”, as this area benefits from the net west-to-east littoral transport,
excavating material from this region and redistributing it to the west for beach nourishment is
one option. This type of sand management is referred to as “back passing”, where material is
moved back to the beaches that originally were the source of the material, with the
understanding that this material would again migrate back toward the east and naturally re-fill
the excavation site over time. As nourishment projects within the western limits of Chatham are
implemented and the sediment supply to the littoral system is rejuvenated, some coastal
engineering structures may become overwhelmed. A recent example of this effect is the Mill
Creek jetty system that began naturally bypassing material over the last several years,
generating a shoal across the Mill Creek entrance that created navigation safety concerns and
inhibited tidal flushing. Using this shoal as a sediment source and proactively placing the
material on downdrift beaches is a process referred to as “bypassing”. The Town has effectively
used this technique in 2010 to stabilize a portion of the Cockle Cove Beach system. Potential
sediment sources for beach nourishment material are described in the report.
While the Chatham South Shore has the benefit of having ample beach compatible
sediment deposits that can be utilized to replenish the beach system, the local coastal
processes have caused a sediment deficit in the western portion of the study area and a
sediment surplus toward the eastern end. From a cost and logistics perspective, several factors
govern effective sand dredging and placement including volume of nourishment project,
distance of borrow site from the beach, and wave exposure of the borrow site. All of these
factors govern the overall cost of a beach nourishment project. Historically, Town dredging has
been performed by the Barnstable County Dredge at approximately $7 per cubic yard. In
addition, the size of the equipment limits the pumping distance and the sea conditions where the
dredge can safely operate. For longer pump distances, the County Dredge can utilize a booster
pump at an additional cost; presently $11 per cubic yard. With the booster pump, the maximum
distance the County Dredge can pump sand-sized sediments is approximately 11,000 to 12,000
feet. In general, this piece of equipment is ideal for performing routine inlet maintenance
dredging, as well as bypassing projects when disposal is on nearby beaches. In addition, the
County Dredge is not designed to work in areas exposed to significant wave activity; therefore,
its utility for work in Nantucket Sound is limited. For the Chatham South Shore, the Barnstable
County Dredge performed the 28,000 cubic yard nourishment of Cockle Cove Beach in 2004
and the Mill Creek Shoal dredging in 2010. For future planning, a 28,000 cubic yard
nourishment project at Cockle Cove Beach would cost the Town of Chatham approximately
$308,000 (with a booster) and a 10,000 cubic yard nourishment project at Harding Beach would
cost $70,000 (with no booster) for construction utilizing the County equipment.
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To construct the approximate 50,000 cubic yard beach nourishment project at Forest
Beach likely will require larger-scale dredging equipment than the County maintains. For this
work, a hydraulic dredge that has the ability to pump the sediment for a distance of ~10,000 feet
will be required, based on the location of the likely borrow sites relative to Forest Beach. Since
few hydraulic dredging projects are performed in Massachusetts, equipment of this type likely
would be mobilized from the New York/New Jersey area, which would cost on the order of
$400,000 to $500,000. In addition to this cost would be the dredging cost of between $8 and
$10 per cubic yard. Therefore, the initial Forest Beach nourishment construction cost would be
between $800,000 and $1,000,000. Table ES-1 summarizes dredging costs for the three
recommended projects to re-establish the beaches along the Chatham South Shore.
Some of the potential borrow sites and beach placement locations have existing permits
to perform work. Moving forward, it is recommended that the Town of Chatham utilize the
results of this assessment to develop a comprehensive plan for developing and maintaining a
single set of regulatory permits for the entire Chatham South Shore region. This overall plan
would seek permits for several offshore and beach face borrow sites to be utilized as needed to
maintain the integrity of the littoral system along this shoreline. In addition, permits should be
sought to allow for beach nourishment along the entire Chatham South Shore coast.
While a number of environmental regulatory restrictions will apply to the proposed sand
mining and beach nourishment work along the Chatham South Shore, a number of opportunities
exist to enhance environmental resources. Due to substantial accretion immediately west of
both the Mill Creek and Stage Harbor entrances, the dune systems in these regions have
become densely vegetated and wide. Therefore, they no longer provide ideal habitat for nesting
Piping Plovers or Terns. As part of the Mill Creek project, both Massachusetts Audubon and the
Natural Heritage and Endangered Species Program were supportive of vegetation removal to
enhance nesting habitat. For areas where beach face excavation is proposed, vegetation
removal also can be implemented to improve habitat value over existing conditions in these
relatively remote locations. In addition, proactive sand management at inlets is critical to
maintaining tidal flushing through the restricted tidal inlets of the Chatham South Shore.
Specifically, work by Kelley, et al. (2007) indicated that shoaling at the Mill Creek entrance
caused a measurable increase in total nitrogen concentrations in Taylors Pond. Increases in
total nitrogen concentrations have been directly linked to the decline of estuarine eelgrass
coverage in Massachusetts.
Once the initial nourishment projects are constructed to re-establish the sediment supply
for the Chatham South Shore, maintenance of the beach system becomes more manageable in
the future. In general, sediment transport rates along the shoreline are below 2,000 cubic yards
per year. With sediment transport rates of this magnitude, small-scale re-nourishment on a 3to-5 year timeframe, placed toward the western end of the system will maintain the supply to all
downdrift beaches. Proactive bypassing of material at the Mill Creek entrance likely will be
required, as well; however, this operation will allow stabilization of the beach east of Mill Creek
that acts as a feeder beach to the Cockle Cove/Ridgevale Beach system. Continued sediment
accumulation at the east end of the littoral system (the east end of Hardings Beach) can be
anticipated. Future U.S. Army Corps and/or Town dredging efforts within the Stage Harbor
region will provide ample sediment to manage the beaches along the Chatham South Shore.
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Table ES-1.

Proposed nourishment alternatives for the Chatham south coastline.

Area

Total fill
volume
(cu. yd.)

Length of fill
template
(feet)

Width of template
(feet)

Estimated cost

Forest Beach

50,000

1,600

100

$800,000 to
$1,000,000

Cockle Cove Beach

28,000

1,000

100, tapered width

$308,000

Hardings Beach

10,000

500

50

$70,000
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I. INTRODUCTION
As a result of natural and man-induced evolution of the Chatham South Shore, the
beach system fronting much of the shoreline has eroded significantly over the past 50+ years,
primarily due to a deficit of littoral sediments. For the past 10 years, the Town of Chatham has
been performing periodic beach nourishment in the vicinity of Cockle Cove, with lesser amounts
placed at Forest Beach and Pleasant Street Beach, to provide sediments to the overall beach
system. Despite these efforts, shoreline erosion has continued and the Town decided that a
better understanding of the South Shore coastal dynamics would provide beneficial information
for future shore protection decisions. To this end, a more comprehensive evaluation of coastal
processes governing the beach system, as well as an assessment of corrective actions that can
be taken to stabilize the shoreline, was performed.
The shoreline evaluated in this study extends from the Harwich town line at the Red
River inlet to Morris Island (Figure I-1), where the system was sub-divided into three
management segments based on coastal processes. Shoreline armoring constructed over the
past 50+ years have maintained upland development; however, the extensive placement of
shore perpendicular groins and jetties along the sandy south coast of Cape Cod have prevented
the general west-to-east transport of sediments towards Chatham. Locally, this is most
apparent within the extensive groin field that begins near the Harwich town line and extends to
Mill Creek. As the littoral sediments in the system become more depleted, the groins will
eventually become ‘flanked’, where the landward portion of the structure becomes separated
from the shoreline and the structural integrity is compromised.

Figure I-1.

Aerial photograph of the Chatham South Shore study area from 2005 showing the
shoreline “Management Zones” utilized to assess littoral processes.

A brief review of historical maps and aerial photographs illustrates the changes that have
occurred to the beach system along the Chatham South Shore over the past 50+ years, as
shown in Figures I-2 through I-6. A comparison of Figure I-2 with the recent aerial photograph
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(Figure I-1) illustrates the extent of coastal erosion, as well as alterations to the inlet systems
along the shoreline. Significant trapping of sediment within the western portion of the study
area (Figure I-3) has led to significant landward migration of the easterly shoreline. This
alteration to littoral drift has influenced the stability of the inlet, as well as the fronting beach
widths of the shoreline east of Mill Creek. The 1979 inlet configuration for Cockle Cove and
Bucks Creek has been significantly altered due to these issues (Figures I-4 and I-5). Channel
stability associated with the migration of Monomoy to the east of Morris Island led to the
decision to alter the position of the Stage Harbor entrance channel in 1965 (Figure I-6).

Figure I-2.

Topographic map from 1943 showing the Taylors Pond, Cockle Cove Creek (designated
as Bucks Creek on this map), Sulphur Springs, and the sand spit forming Cockle Cove.

While the evolution of the Chatham South Shore is complicated by tidal inlet processes,
the overall migration patterns are governed by wave-induced sediment transport and the
availability of sediments from updrift areas. As this supply of sediment continues to be
depleted, beaches along the Chatham South Shore that have experienced erosion over the last
50+ years will continue to shift landward. In the vicinity of the four tidal inlets, shoreline
fluctuations are controlled by the volume of littoral sediments that are transported into the inlet
channels or across the inlets to the downdrift shorelines. For the unarmored inlet regions, the
rapid fluctuations in local shoreline positions are often related to coastal storm activity.
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The overall purpose of this study is to develop a quantitative understanding of the
coastal processes governing the Chatham South Shore and to utilize this information as the
basis for shoreline management recommendations for this stretch of coastline. The overall
shoreline management plan requires a quantitative understanding of the littoral sediment
budget, to the extent possible, as the basis for evaluating potential alternatives for stabilizing the
shoreline. It is understood that beach nourishment will be a major component of the preferred
solution; therefore, defining the volume of nourishment required and the frequency of
anticipated nourishment activities are critical components for the Town’s planning requirements.
In addition, potential sources of compatible beach nourishment material will be identified as part
of this process. Due to environmental regulatory constraints, use of offshore and/or nearshore
sediment sources for beach nourishment is often discouraged. However, the environmental
regulatory community recently has become more supportive of the need for beach nourishment
from marine sources (e.g. the ‘opening’ of dredging windows within channel entrances, and the
requirement for a state policy regarding sand mining discussed in both the Coastal Hazards
Committee and the Climate Change Adaptation Committee reports).
Since shoreline
stabilization in Chatham likely will require the use of nourishment material from marine sources,
consideration of regulatory constraints is critical to ensure that management recommendations
are feasible relative to local, state, and federal environmental policies.

Figure I-3.

Oblique aerial photograph from 1979 showing the Taylors Pond and Mill Creek system,
with the groin field established updrift of the Mill Creek entrance.
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Figure I-4.

Oblique aerial photograph from 1979 showing the inlet to Cockle Cove Creek, as well as
the barrier separating the Buck’s Creek and Cockle Cove Creek systems.

Figure I-5.

Oblique aerial photograph from 1979 showing the inlet to Buck’s Creek, as well as the
barrier separating the Buck’s Creek and Cockle Cove Creek systems.
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Figure I-6.

Topographic map from 1943 showing the hydraulic connection between Stage and
Chatham Harbors.

To develop an effective shoreline management plan, an in-depth understanding of
coastal processes is required. Following this quantitative assessment, beach management
scenarios can be tested to assess their viability toward long-term sustainability of the beach
system and the adjacent infrastructure. The tasks described below provide the coastal
processes assessment and alternatives evaluation required for the Town to make long-term
management decisions.
Task 1: Existing Conditions
The evaluation of existing conditions incorporated the previous work performed for the
Chatham South Coast including the shoreline change analysis, historical structure information,
available state and local maps/plans of resource areas, and existing wave refraction modeling
output. The work consisted of the following sub-tasks:


Various resource areas were delineated and provided as overlays on aerial
photographs. This information will be based on available existing information available
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in GIS format and consisted of known barrier beach, coastal beach, shellfish, and
eelgrass resources.
A description of the shoreline condition was provided that included a description of the
on-going coastal processes that continue to shape the shoreline. Within this context, the
shoreline was divided into management zones (Figure I-1) that exhibit similar
morphology and can be managed with similar shoreline stabilization strategies.
In addition to an overall analysis of recent geomorphology, an evaluation of local
shoreline change (both recent and long-term) was performed for the study shoreline.
The updated analysis of shoreline change was performed based on the available
shorelines from NOAA and the recent shorelines surveyed by Applied Coastal in 2010.
A review of the various public shore protection structures was performed, based on
available information. The shoreline change analysis was utilized to assess the
sediment trapping efficiency of the various coastal engineering structures located along
the Nantucket Sound shoreline of Chatham. The structural conditions of public
structures were evaluated as part of previous work for the Massachusetts Department of
Conservation and Recreation. This information has been summarized and included in
the Appendix for Town planning purposes.
Detailed wave transformation and sediment transport/shoreline change models were
developed to provide a quantitative basis for shoreline management recommendations.
As part of this process, available shoreline and geomorphic information was utilized to
assess the influence of the various tidal inlets on the overall littoral budget for the
system.

Task 2: Potential Future Conditions
Utilizing the information developed in Task 1, the future conditions of the shoreline were
determined as the basis for the “do nothing” scenario. Specifically, the shoreline change
information was utilized to develop projections for future erosion and accretion rates within the
study area. This is presented graphically as anticipated future shoreline positions for two future
time periods (10 and 20 years from present). Understanding that the anthropogenic changes to
this shoreline system have created a series of man-maintained inlets and beaches, the
assessment of future conditions also evaluated potential implications to the estuarine systems
influenced by continued shoreline migration. Due to the relatively high rates of shoreline
change, specifically in the vicinity of the tidal inlets, projecting beyond 20 years likely is
inappropriate. As part of the analysis of future shoreline positions, an assessment of impacts to
existing public/private infrastructure was performed. This assessment focuses on the potential
for failure of various structural components (e.g. undermining of seawalls) and loss of related
infrastructure (e.g. loss of parking at Cockle Cove Beach).
Task 3: Alternatives Assessment
The quantitative analysis of coastal processes provides the basis for beach nourishment
and/or coastal structure design along the Nantucket Sound shoreline of Chatham. Based on the
results of the sediment transport and shoreline change analysis, a quantitative assessment of
various shore protection strategies was simulated within the context of the available numerical
models. Three alternative beach nourishment scenarios were evaluated as part of this effort.
For each alternative evaluated, the alternatives assessment indicates the volume of
nourishment required, as well as the longevity of the fill placement (i.e. the frequency of renourishment).
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The alternatives assessment indicates potential channel dredging and/or sand
bypassing efforts that may be used as sediment sources. In addition, other potential borrow
sources were identified (e.g. adjacent to existing Stage Harbor navigation channels, where rapid
changes within the shoal system make this area a marginal habitat). For each of the potential
sediment sources, known regulatory ‘hurdles’ were identified to assist the Town with their
planning efforts.
A matrix of approximate costs (short-term and long-term) for each alternative was
provided along with regulatory/legal issues.
Task 4: Recommendations
Based on the results of the alternatives analysis and discussions with the Town, Applied
Coastal developed recommendations for a Nantucket Sound shoreline of Chatham beach
management plan. The recommendations include a prioritization for structural modifications
and/or beach nourishment based upon shore protection needs. For certain stretches of the
shoreline (i.e. Cockle Cove Beach Parking Lot), the “trigger points” for action have already been
reached. For other areas where infrastructure is not directly threatened, the coastal processes
analysis results were utilized to provide recommended “trigger points” that allow implementation
of shore protection strategies in a planned manner. For the recommended plan, a more
detailed assessment of costs and scope of the regulatory permitting effort and implementation
of the plan will be provided.
Task 5: Further Studies
Following the development of the recommended plan, an outline of the future steps
required to implement the shore protection strategy was developed to assist Town planning
efforts. These steps included a list of required future actions including (a) further physical or
environmental resource studies required to justify the recommended plan, (b) development of
engineering plans, (c) permitting efforts, and (d) potential mitigation projects that likely will be
required to implement the recommended plan. To the extent possible, an estimate of the
anticipated timeframe for completing the engineering/permitting phase, as well as the
construction phase of the recommended plan was provided, which includes a more detailed
assessment of costs and scope of the regulatory permitting effort and implementation of the
plan.
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II. EVOLUTION OF THE COAST AND ENVIRONMENTAL CONDITIONS
The coast of Chatham is a highly dynamic region, where natural forces continue to
reshape the shoreline. In addition, construction of inlet stabilization and shore protection
measures over the past 50+ has altered the sediment transport patterns along the shoreline.
The glacially derived morphology of the Chatham South Shore coastal system creates an
irregular shoreline with a series of barrier beaches, tidal inlets, and more erosion-resistant
coastal banks. Historically, natural coastal erosion processes eroded sediments from both the
coastal banks and coastal beaches and formed a series of barrier beaches and nearshore bars
along the Chatham South Shore coastline.
Regionally, the Chatham South Shore consists of glacial till headlands and outwash
deposits, as well as associated marine deposits in the form of barrier beaches. Glacial deposits
historically provided the principal source of beach materials, consisting primarily of sand with
some gravel. These original sources of beach materials have been largely eliminated due to the
construction of groins, jetties, and revetments along the shoreline. Due to the predominant
west-to-east littoral drift along the south shore of Cape Cod, sediment trapping along the
shorelines of adjacent Towns (e.g. Harwich) also have caused a loss of sediment supply to the
Chatham nearshore system.
Oceanographic factors influencing shoreline stability and sediment transport consist of
waves and tides, as well as the currents associated with these forcing mechanisms. Waves
generated by winds in Nantucket Sound are the primary driving force that transports sediment
along the Chatham South Shore. Exposure to open ocean waves is limited by the extensive
system of shoals in the vicinity of the opening to the Atlantic Ocean, as well as the presence of
Monomoy Island to the east. Sheltering provided by Monomoy Island also limits the local fetch,
preventing development of large wind-driven waves from the east and southeast directions.
This regional morphology causes the west-to-east dominated transport to become more
unidirectional toward the eastern end of the Chatham South Shore.
Tides along the Chatham South Shore coast are semi-diurnal, with a mean range of
approximately 3.8 feet (Howes, et al., 2003). According to the U.S. Army Corps of Engineers
(1988), the hurricane of September 14-15, 1944 storm surge is the highest water elevation
recorded at Stage Harbor at 9.3 feet above NGVD. Similar to other coastal regions bordering
Nantucket Sound, severe storm surges are infrequent events. In the case of Stage Harbor, a
major storm event has not occurred in over 50 years; however, prior to this recent paucity of
tropical storm activity, this stretch of shoreline experienced 3 major hurricanes over the previous
17 years (in 1938, 1944, and 1954). Storm damage associated with the extreme water levels
caused by the September 1944 hurricane are shown in Figure II-1. While the overall sediment
movement is governed by average conditions, the perceived need for shore protection is often
related to the influence of severe infrequent storm events.
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Figure II-1.

Graphic interpretation of extreme water levels caused by the September 1944 hurricane.
Source:
Tidal Flood Profiles, New England Coastline; Hydraulics and Water Quality
Division, U.S. Army Corps of Engineers, 1988.
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II.A. Shore Protection History
To protect the eroding shoreline, a series of groins were constructed along the south
coast of Harwich and Chatham during the 1950’s. These structures primarily were constructed
to the west of the Mill Creek inlet as a means of trapping littoral drift to stabilize the shoreline.
Although these structures often succeeded in protecting beaches updrift (to the west) of the
groin fields, downdrift beaches were often starved of sediments. As illustrated in the 1943
topographic map (Figure I-2), a natural sand spit extended from the Mill Creek inlet to the east
approximately 1,500 feet, forming Cockle Cove. Taylors Pond/Mill Creek, Cockle Cove Creek
(referred to as Bucks Creek on the map), and Sulphur Springs were all connected directly to
Cockle Cove. Following the construction of the groin field in the 1950’s, the spit forming Cockle
Cove began migrating shoreward as the sediment source for this feature disappeared. The spit
was overwashed during storm events, and formed a series of shore parallel bars in the
remnants of Cockle Cove. By the late 1970’s, the barrier spit remnants had attached to the
shoreline and the three estuarine systems each had a direct connection with Nantucket Sound.
During this same time period, the training groins to the east of the Buck’s Creek entrance were
constructed to limit the natural migration of this inlet.

Figure II-2.

Historical changes in the Nauset Beach-Monomoy barrier system illustrated by
generalized 20-year diagrams from 1770-1790 to 1950-1970 (from Geise, 1988).

Further east, the Stage Harbor system is influenced by the west-to-east littoral drift
within Nantucket Sound, as well as the natural migration of the Nauset Beach system and
Monomoy Island/Shoals. Following the 1987 breach of Nauset Beach, abrupt changes to the
circulation and sediment transport patterns within Chatham Harbor and Pleasant Bay occurred.
Although alterations to the sediment supply to the southern portion of the Nauset Beach and
Monomoy Island system have occurred less dramatically, landward migration of the southern
remnants of Nauset Beach from the 1846 breach influenced circulation patterns within Stage
10

Harbors (see Figure II-2 for a time series of shorelines associated with this previous cycle).
Following the 1846 breach, the barrier north of the inlet extended southward and the barrier
beach south of Morris Island reattached to Morris Island. This natural process can be seen in
topographic maps from 1893 (Figure II-3) and 1917 (Figure II-4). By 1940, the same general
form of 1800 had returned. Southward growth of Nauset Beach until it reached south of Morris
Island and the separation of the southern barrier from Morris Island (forming Monomoy Island)
occurred after 1940. This process continued until the 1987 breach of Nauset Beach initiated the
cyclical pattern in a similar fashion as the 1846 breach.
Periodic breaching of the spit connecting Morris Island to Monomoy Island has caused
local shifts in sediment transport patterns and associated shoaling in the vicinity of the Stage
Harbor entrance. Prior to the mid-1960s, the inlet to Stage Harbor was located along the
western edge of Morris Island, approximately 2,000 feet east of its present location (Figure I-6).
According to Geise (1988), Harding Beach was artificially breached in 1965 to create the inlet
that exists today. As part of the inlet relocation project, the U.S. Army Corps of Engineers
constructed a sand dike between the new inlet and Morris Island. The Morris Island dike will
continue to prohibit tidal exchange between Stage and Chatham Harbors for the foreseeable
future. In addition, the 1965 location of the Stage Harbor inlet likely will remain in its present
location, which will require maintenance dredging on an as-needed basis to ensure safe
navigation.

Figure II-3.

Topographic map from 1893 showing the old Stage Harbor inlet location and a roadway
to Morris Island/Amos Point.

Although a series of geomorphic and man-induced changes have occurred within the
Stage Harbor estuary during the past 100 years, the existing system appears to be in a general
state of equilibrium. The eastern end of Hardings Beach continues to accrete and a moderate
level of channel shoaling occurs within the Stage Harbor entrance channel. However, the
navigation channel is more stable at its present location than the more natural location further
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east that was episodically subjected to large-scale shoal formation/migration associated with the
Nauset Beach breaching cycle described above.
II.B. Historical Shoreline Change
Use of shoreline and bathymetric change information allows quantification of coastal
processes by providing a measure of nearshore accretion or erosion. For the Chatham South
Shore shoreline, high quality shoreline data sets are available dating back to the mid-1800s.
This 160+ year time period covers the transition of the shoreline from an unaltered natural
beach system to the highly engineered shoreline that exists today. Due to the substantial
natural and anthropogenic alterations to the shoreline over this time period, the more recent
time period likely is more appropriate for assessing the shoreline dynamics associated with
present conditions. Comparison of shorelines prior to armoring (e.g. Figures I-3 and II-4) to the
more recent shoreline morphology (e.g. Figure I-1) indicates that the beach system has been
heavily influenced by the reduction in longshore sediment supply caused by coastal engineering
structures. Based on the available shoreline data, the 1938 shoreline represents the most
modern shoreline prior to large-scale construction of jetties and groins along the
Harwich/Chatham south coast. By utilizing the 1938 shoreline as an “initial condition”, the
shoreline change analysis can effectively determine the influence of the contemporary sediment
transport on shoreline position.

Figure II-4.

Topographic map from 1917 showing the region of overwash between Stage and
Chatham Harbors.

Rates of change in high-water shoreline position for the two time periods 1938 to 2010
and 2001 to 2010 were evaluated from the Chatham-Harwich town line to the Stage Harbor inlet
along the south coast of Chatham. Shoreline change was not evaluated at Morris Island,
located in the southwest part of the study area between the Stage Harbor inlet and Monomoy
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Island. The form of Morris Island and location of its shoreline are influenced by migration of the
inlet, subsequent spit growth along the island and changes in the morphology of Monomoy
Island and associated shoals, and is not well described by quantitative shoreline position
measurements. The 1938 shoreline position in the study area was compiled from an aerial
survey and supplemental land surveys on Topographic Sheets T-03736 and T-03738. Scans of
the original T-sheets were georeferenced in ArcGIS and the shorelines were extracted by onscreen digitizing using the line drawing tool. The 2001 shoreline was visually interpreted from
color orthophotographs available to download from the MassGIS database website. The 2010
shoreline survey was conducted using a differential Global Positioning System (GPS). The
location of the GPS shoreline was determined visually from morphologic features present on the
beach and/or from a debris line when available.
The high-water shoreline position change rates were calculated in the Automated
Shoreline Analysis Program that is run as an extension in ArcGIS (ArcASAP). This program
requires a user-defined spatial interval (50 ft was used for this study) and the general shoreline
orientation to determine the amount of shoreline advance or retreat for the time interval.
ArcASAP performs the shoreline change calculations by casting normal transects from the
earlier shoreline to the later shoreline at each analysis point specified along the input shoreline.
The data output is a table of shoreline change magnitudes and rates for each transect where
shoreline change denoted with a minus sign represents erosion.
All shoreline position data contain inherent errors associated with field and laboratory
compilation procedures. The potential measurement and analysis uncertainty between the data
sets is additive when shoreline positions are compared. Because the individual uncertainties
are considered to represent standard deviations, a root-mean-square (RMS) method was used
to estimate the combined potential uncertainties in the data sets. The positional uncertainty
estimates for each shoreline were calculated using the information in Table II-1. These
calculations estimated the total RMS uncertainty to be ±30.5 ft or ±0.4 ft/year for 1938 to 2010
and ±20.0 ft or ±2.2 ft/year for 2001 to 2010.
Table II-2 shows maximum, minimum and average change rates for each of the two time
intervals. During the 72-year time period, shoreline change rates ranged from 4.13 to -22.47
ft/year. These accretion and erosion rates both occurred during the 2001 to 2010 time period.
The lower maximum and minimum change rates and average, 2.79 ft/year, -5.12 ft/year, and 0.62 ft/year, respectively; all occurred from 1938 to 2010. The highest accretion rates occurred
on the west side of the Mill Creek inlet from 2001 to 2010 and on the west side of the Stage
Harbor inlet from 1938 to 2010. The highest erosion rates were found on the east side of the
Mill Creek inlet from 1938 to 2010 and on the east side of the Stage Harbor inlet from 2001 to
2010. High erosion rates also occurred from 1938 to 2010 along the beach in front of Mill
Creek. Figures II-5 through II-7 and Figures II-8 through II-10 illustrate the historical shoreline
change for the 1938 to 2010 and 2000 to 2010 time periods, respectively. In the figures, the
Chatham South Shore is split into three sections for visual presentation.
There has been significant landward migration of the shoreline from the Red River inlet
at the Harwich town line to the Cockle Cove Creek inlet during the 1938 to 2010 time period.
The jetty on the west side of the Red River entrance has likely been the main cause of the very
high erosion rates along the barrier beach located on the east side of this inlet. East of this
beach there is a groin field that was constructed during the 1950’s and extends over 3000 ft to
Forest Beach, the barrier beach fronting the Mill Creek salt marsh. The groins have trapped
sand updrift and caused smaller scale erosion on the downdrift sides of the individual groins
during the most recent time period. Over the long-term time interval Forest Beach has
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experienced erosion primarily related to the limited sediment supply. Recently, the eastern tip
of Forest Beach has been accretional due to sand deposition on the updrift side of the western
jetty.
Table II-1.
Estimates of Potential Error Associated with Shoreline Position Surveys.
Traditional Engineering Field Surveys (older surveys)
Position of rodded points
±3 ft
Location of plane table
±7 to 10 ft
Interpretation of high-water shoreline position at rodded points
±10 to 13 ft
Error due to sketching between rodded points
up to ±16 ft
Map Scale 1:10,000
Cartographic Errors (1938)
Inaccurate location of control points on map relative to true field
Up to ±10 ft
location
±16 ft
Placement of shoreline on map
±10 ft
Line width representing shoreline
±3 ft
Digitizer error
±3 ft
Operator error
Map Scale 1:10,000
Historical Aerial Surveys (1938)
Delineating high-water shoreline position
±16 ft
Orthophotography (2001)
Delineating high-water shoreline position
±10 ft
Position of measured points
±10 ft
GPS Surveys (2010)
Delineating high-water shoreline position
±3 to ±10 ft
Position of measured points
±3 to ±10 ft
Table II-2.
July 1938
April 2001

Shoreline Change Rates to March 5, 2010
Minimum ft/year
Maximum ft/year
-5.12
2.79
-22.47
4.13

Average ft/year
-0.62
-2.58

The stretch of coast located between Mill Creek and Cockle Cove Creek has been highly
dynamic since 1938. The 1938 shoreline position shows long spits extending offshore of both
inlet entrances. The migration of the inlets and accumulation of sand in the spits that grew to
the east of the Mill Creek inlet and west of the Bucks Creek inlet probably caused the significant
erosion at the inland Cockle Cove and Ridgevale Beaches during this time. As these spits were
breached and migrated landward they provided sand to the beach and slowed down shoreline
retreat. More recently during the shorter time interval, 2001 to 2010, Cockle Cove Beach has
continued to experience erosion related to the Mill Creek inlet. Erosion has also occurred
downdrift of the private revetment located east of the Cockle Cove barrier beach. The
Ridgevale Beach shoreline has also been continuously retreating up to 2000 ft west of the
current location of the Bucks Creek inlet. Overall, this beach region has had a significant
reduction of littoral sediments to the area due to construction and subsequent lengthening of the
Mill Creek jetty system.
During the past decade, the coastal erosion between the Cockle Cove Beach parking lot
and the stone revetment approximately 1000 feet to the west reached a critical point where
nourishment was required to maintain this portion of the beach system. Since completion of the
approximate 28,000 cubic yard beach nourishment project placed in 2003 and 2004, the feeder
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beach developed to the west of the Cockle Cove Beach parking lot has experienced a slightly
higher than expected recession rate. By September 2010, the beach region west of the Cockle
Cove Beach parking lot had eroded to the approximate location of the pre-nourishment
shoreline and the feeder beach was in need of re-nourishment. As anticipated, the initial
erosion rates for the nourishment area were relatively high (~10 feet per year), due to the initial
adjustment of the beach fill in both the longshore and cross-shore directions.
In addition, easterly transport of littoral sediments since the nourishment project initially
showed a seaward expansion of Ridgevale Beach; however, more recent trends have shown
erosion. In general, the 2004 feeder beach provided needed influx of littoral sediments most
directly caused by the construction of the jetty system at Mill Creek. As shown in Figure II-6,
prior to jetty construction, the shoreline east of Mill Creek consisted of sub-aerial barrier spits.
The loss of sediment supply eventually led to the disappearance of these features.

Figure II-5.

Long-term shoreline change between 1938 and 2010 for the Chatham South Shore
between Red River and Mill Creek. Shoreline change is color-coded, where the highest
erosion is represented as red and the highest accretion is shown as blue.
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Figure II-6.

Long-term shoreline change between 1938 and 2010 for the Chatham South Shore
between Mill Creek and Bucks Creek. Shoreline change is color-coded, where the
highest erosion is represented as red and the highest accretion is shown as blue. The
outline of barrier spits observed in 1938 is shown in green.

Shoreline change along Harding Beach, the barrier beach fronting Oyster Creek and
Stage Harbor, is the result of the natural migration and man-made alterations of the Stage
Harbor entrance channel. Change rates from 1938 to 2010 reflect the migration of the inlet to
the northwest as well as the anthropogenic modifications of the channel in the 1960’s. Erosion
of the shoreline at the southern end of Harding Beach during the most recent time interval
shows the short-term changes in the beach that occur next to the dynamic inlet. Erosion also
occurred during both time intervals in the northern section of the beach next to the Bucks Creek
inlet and downdrift of the groins located south of the inlet. There are several groins in this area
but the longest groin located about 500 feet from the inlet has been the most effective at
trapping sand and has caused relatively high downdrift erosion rates during the recent time
interval. There is also a property with a 100 ft revetment. located to the south of this groin that
has most likely caused some of the negative shoreline change in this area. Adjacent to the
inlet, a series of privately owned training groins prevent the periodic shoreline fluctuations to the
southeast side of the inlet from causing erosion of upland properties.
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Figure II-7.

Long-term shoreline change between 1938 and 2010 for the Chatham South Shore
between Bucks Creek and Stage Harbor. Shoreline change is color-coded, where the
highest erosion is represented as red and the highest accretion is shown as blue.

Figure II-8.

Long-term shoreline change between 2001 and 2010 for the Chatham South Shore
between Red River and Mill Creek. Shoreline change is color-coded, where the highest
erosion is represented as red and the highest accretion is shown as blue.
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Figure II-9.

Long-term shoreline change between 2001 and 2010 for the Chatham South Shore
between Mill Creek and Bucks Creek. Shoreline change is color-coded, where the
highest erosion is represented as red and the highest accretion is shown as blue.

Figure II-10.

Long-term shoreline change between 2001 and 2010 for the Chatham South Shore
between Bucks Creek and Stage Harbor. Shoreline change is color-coded, where the
highest erosion is represented as red and the highest accretion is shown as blue.
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While the Chatham South Shore consists of a dynamic shoreline and nearshore
environment, sensitive environmental resource areas also are present including barrier beach
resources that are home to threatened bird species and historical nearshore eelgrass beds that
serve as habitat for a variety of fisheries concerns. In addition, the Chatham South Shore
region contains several salt marsh and estuarine systems that provide unique habitats. Stability
of the barrier beach system is critical for protection of salt marsh and estuarine resources,
where loss of the barrier beach system would directly degrade and/or destroy the existing salt
marsh systems. Understanding that the development of an overall shoreline management plan
can influence these resources, a general assessment of the primary resources was compiled
from existing information.
As the Town moves toward a well-defined management plan, more in-depth analysis of
these resource areas, as well as potential impacts of management strategies on these
resources will need to be evaluated. Figures II-11 through II-13 illustrate the available digital
information from MassGIS regarding regional environmental resources. Figure II-11 indicates
that nearly the entire system consists of coastal beach resources, with barrier beach resources
fronting the various estuarine systems: Red River, Mill Creek, Cockle Cove, Sulphur Springs,
and Stage Harbor/Oyster River. Due to revetment construction along the coastal bank west of
Cockle Cove Beach, a relatively small stretch of coastline in this region has no high tide beach.
The majority of beach systems along the Chatham South Shore are classified as barrier
beaches, which provide high quality nesting habitat for Piping Plovers and a variety of Tern
species. In areas of narrow low-lying barrier beaches, the beach system is frequently
overtopped during storm events when the combination of storm surge and large waves can
overwash the beach system. In these regions, beach vegetation is generally sparse, providing
ideal nesting habitat. Along the Chatham South Shore, the majority of barrier beach systems
with these characteristics are the more highly erosional beaches (e.g. the Cockle
Cove/Ridgevale Beach system). While much of the shoreline has experienced relatively
significant coastal erosion, two specific barrier beach regions have shown significant historical
accretion: the beach immediately west of the Mill Creek jetties and the east end of Harding
Beach adjacent to the Stage Harbor entrance. These areas of relatively wide beach can easily
be seen on Figure II-11. Due to the importance of this resource for bird nesting and foraging,
the overall beach management should ensure that no adverse impacts to the habitat occur as a
result of management activities. Active sediment and vegetation management can be utilized
as potential tools to enhance the habitat in the long-term.
Additionally, the barrier beaches between Forest Road and Bucks Creek inlet are a
federally designated Coastal Barrier Resource Systems (CBRS) unit. This designation was
enacted by the U.S. Department of the Interior in an attempt to discourage development in highrisk areas. The laws governing this designation prohibit all federal expenditures or financial
assistance, including flood insurance, for residential or commercial development in areas so
identified. Nonstructural projects for shoreline stabilization that are designed to mimic, enhance,
or restore a natural stabilization system can receive federal financial assistance.

19

Figure II-11.

Coastal beach resources along the Chatham South Shore coast.

In addition to the beach resources, the Chatham South Shore contains nearshore
environmental resources that provide habitat for a variety of fisheries. Eelgrass beds are
important for sediment deposition, substrate stabilization, as substrate for micro-invertebrates
and as nursery grounds for many species of economically important fish and shellfish. The
2001 distribution of eelgrass in the South Chatham portion of Nantucket Sound is shown in
Figure II-12. Since 2001, there has been a substantial loss of eelgrass within Nantucket Sound;
however, no specific reason for this large-scale change has been substantiated. Management
activities should ensure that there are no direct or secondary impacts to existing eelgrass beds.
Based upon available information, it does not appear that beach nourishment or other sediment
management activities along the Chatham South Shore will have any direct impacts to eelgrass
resources, because the existing eelgrass resources are located a sufficient distance offshore.
Similar to other environmental issues, a more thorough site-specific assessment likely will be
required once a project is defined.
While historical eelgrass mapping provides an easily identifiable habitat that is important
to fisheries concerns, the Massachusetts Division of Marine Fisheries also provided MassGIS
with overlays of potential habitat for various commercially viable shellfish species (Figure II-13).
Again, this information is based upon general habitat characteristics, but would require more
site-specific survey information to validate or refute the overlays. Many areas along the
Chatham South Shore have been historically viable commercial shellfish resources; however,
areas where relatively large-scale erosion or accretion is evident tend to be less viable
resources.
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Figure II-12.

Eelgrass resources mapped in 2001 by DEP for the Chatham South Shore region. Since
2001 there has been a significant decline in eelgrass coverage throughout Nantucket
Sound; however, the cause is still unknown (source: MassGIS).

Figure II-13.

Shellfish resources mapped in by Massachusetts Division of Marine Fisheries for the
Chatham South Shore region (source: MassGIS).
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III. COASTAL PROCESSES ANALYSIS
As the main component for evaluating coastal processes, a shoreline modeling analysis
was performed to assist in the development of a practical management plan for the southern
shoreline of the Town of Chatham, with a focus on the shoreline extent between the western
town boundary at the Red River and the inlet to Stage Harbor (Figure III-1). The Town’s south
shoreline is divided into three study areas; 1) Forest Beach, a 5,750-foot-long shoreline reach
between Red River (at the town line with Harwich) and Mill Creek; 2) Cockle Cove and
Ridgevale Beaches, a 3,760 foot stretch between Mill Creek and Bucks Creek; and 3) Hardings
Beach, a 7,490 foot shoreline expanse between Bucks Creek and Stage Harbor. The three
divisions of used in this study are indicated in Figure III-1 and are identical to the Management
Zones depicted in Figure I-1. To determine the local sediment transport pathways associated
with the observed shoreline change, an in-depth scientific analysis was performed to
quantitatively evaluate wave and longshore sediment transport processes that influence sand
movement along the Town’s south shoreline.

Figure III-1.

Topographic map of The south shore of Chatham showing the extent of the coastal
processes modeling study area,

Waves provide the driving forces governing erosion and the observed accretion/erosion
along the study area shoreline. Along the sandy shoreline segments of the south shore,
approaching waves predominately are generated locally in Nantucket Sound by winds. To
predict areas of wave energy concentration and the direction of waves approaching the
shoreline, a wave refraction analysis was performed. This analysis computed the nearshore
wave climate of the south shore based on local wind and offshore wave data. The wave
modeling predicted the major effects of long-term average wave conditions on the beach area
and provided the basis for determining trends in sediment transport. The distribution of
nearshore wave energy developed by this modeling was utilized to drive the shoreline
change/longshore sediment transport model. Once the shoreline change model was calibrated
to historical conditions, the model was utilized to evaluate engineered options for the
improvement and maintenance of the Town’s recreational beach resources.
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The transport of beach sediments along the shoreline of Chatham is induced by complex
wave patterns and can be determined using empirical relationships that describe sediment
transport potential. Coded as a computer model, these empirical methods can be used to
obtain an understanding of existing coastal processes, and are verified through comparison to
field measurements. Establishing a model of existing conditions allows for subsequent analyses
of proposed nourishment alternatives for a shoreline.
III.A.1. Wave Modeling
The sediment transport calculations depend upon a long-term wave data record. Ideally,
this wave record would come from a data buoy stationed offshore of the site being modeled. In
the absence of such a source of long-term data, there are few other options for retrieving wave
data. For sites located on the open coast, simulated long-term wave records are available
through the Wave Information Study (WIS) conducted by the U.S. Army Engineer Waterways
Experiment Station (WES). The WIS program has generated hindcast wave data for waves
propagating from Open Ocean, through the use of computer simulations, for many sites along
the U.S. coast.
For the south shore of Chatham, direct open ocean exposure of the shoreline is limited
by its relatively sheltered location in Nantucket Sound, though some wave energy can
propagate to the site through Muskeget Channel between Martha’s Vineyard and Nantucket
(Figure III-2). Waves generated locally, within Nantucket Sound, are a greater source of wave
energy for the site. Because it was not initially known what the contribution offshore waves
made to sediment transport at the study shoreline, the wave climate was estimated using a
method that incorporated offshore waves and locally generated wind waves.
In this study, a three-part procedure was followed for the generation of wave input for the
sediment transport analysis. First, a long-term wave and wind data record was collected and
processed. Second, the processed wave and wind data were used as inputs into the twodimensional wave transformation model SWAN. Third, output from this program was then used
to generate the wave input record used in the sediment transport calculations.
III.A.1.1. Wave and Wind Data
For this study, wave conditions were generated using the wind and wave data available
from both the National Data Buoy Center (NDBC) C-MAN station (BUZM3) and the WIS
hindcast record from station 71. The C-MAN data were used to develop wind speed input data
for the wave model runs. The C-MAN platform is located 3.8 NM west of Cuttyhunk and has a
record that spans the nearly 23-year period between August 1985 and December 2008. The
WIS data were used to develop offshore wave boundary conditions. The WIS station is located
17.3 NM east of Great Point on Nantucket and has a record spans the 20-year period between
January 1980 through December 1999.
The entire wave and wind records from the C-MAN platform and the WIS hindcast are
presented in Figures III-3 and III-4, respectively, as compass rose plots which show magnitude
and percent occurrence as a function of direction. For the C-MAN record of winds, the
predominant direction from where the winds blow is the southwest, where the percent
occurrence is approximately 13%. For sectors approaching the southern shore shoreline (NE
through E) winds greater than 25 knots blow 1.1 % of the total 23-year span of the record. From
all direction sectors, wind speeds are greater than 10 knots 73.4% of the record and greater
than 25 knots for 12.2% of the record.
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Figure III-2.

Regional map of Nantucket Sound, showing the location of the BUZM3 C-MAN station
southwest of Cuttyhunk.

For the wave data of the WIS hindcast record, the predominant sector is from due south.
Waves propagate from this direction 13.0% of the time. 59% of waves from this sector have a
height less than 3 feet.
Wave heights between 6 and 3 feet occur 30% of the time from the
south sector. The second-most frequently occurring sector at this station is SSW, which occurs
10.1% of the time. From this sector, 54% of the waves have a height that is less than 3 feet,
and 32% have a height between 6 and 3 feet.
To develop the wind input conditions for the wave model, the wind data from the C-MAN
record were binned by 22.5-degree compass sector and by magnitude, as presented in Table 1.
For each separate sector, the hourly events from the wind record were divided into top, middle
and bottom bins, e.g., the fastest third of winds were placed in the top bin, and the slowest third
of winds were placed in the bottom bin, with the remainder placed in the middle bin. After
sorting the 169,072 total hourly time steps of the buoy record, the average was computed for
each bin.
The WIS hindcast record was used to determine the offshore wave input conditions.
Each hourly WIS record includes parameters that describe the wave conditions (i.e., wave
period, Tp; wave height, Hs; and direction, ) and wind (direction and speed) at the station. The
wave parameters from each hourly wave record in the WIS were binned based on wind speed
and direction, similar to the process used with the buoy data. This method of sorting the wave
data determines the average wave conditions that correspond to each binned wind case for
input into the wave model.
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Figure III-3.

Wind rose of data from the Buzzards Bay C-MAN station, for the 23-year period between
August 1985 and December 2008. Direction indicates from where wind was blowing.
Grey tone segments indicate magnitude of wind speeds. Radial length of each segment
indicates percent occurrence over the total duration of the data record.

Figure III-4.

Wave height and period for hindcast data from WIS station 71 (offshore Monomoy
Shoals) for the 20-year period between January 1980 and December 1999. Direction
indicates from where waves were traveling, relative to true north. Radial length of gray
tone segments indicates percent occurrence for each range of wave heights and periods.
Combined length of segments in each sector indicate percent occurrence of all waves
from that direction.

Thirty-two separate model cases (i.e., three wave cases from each of 10 sectors) were
developed by this processing of the wind and wave data of the WIS record. The 10 ten
compass sectors from NW to SSE include all winds that generate waves to drive sediment
transport along the study shoreline.
The percent occurrence of each separate case is
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determined by dividing the percent occurrence of the appropriate sector, listed in Table 1, by
one-third.
III.A.1.2. SWAN Model Development
As locally generated and offshore wave components propagate into shallower water
near shore, the height of the shoaling waves will change, and they will gradually change
direction to conform to the bathymetry in that area. In order to estimate how waves will change
as they grow under the influence of winds blowing across the surface of Nantucket Sound and
move toward the south shore shoreline, the two-dimensional wave transformation program
SWAN was used. As discussed previously, wind data from the NOAA buoy and wave data
from the WIS hindcast were used as boundary input to the runs of SWAN.
Developed at the Delft University of Technology of the Netherlands, SWAN Cycle III
version 40.51AB is a steady state, spectral wave transformation model (Booij, et al., 1999).
Two-dimensional (frequency and direction vs. energy) spectra are used as input to the model.
SWAN (an acronym for Simulating Waves Nearshore) is able to simulate wave refraction and
shoaling induced by changes in bathymetry and by wave interactions with currents. The model
includes a wave breaking model based on water depth and wave steepness. Model output
includes significant wave height Hs, peak period Tp, and wave direction .
SWAN is a flexible and efficient program based on the wave action balance equation
that can quickly solve wave conditions in a two-dimensional domain using the iterative GaussSeidel technique. For this study, the model was implemented using a steady state finitedifference scheme, on a regular Cartesian grid (grid increments in the x and y directions are
equal), though other options are available (including a finite difference formulation using an
unstructured mesh). An advantage of the iterative technique employed in SWAN it that it can
compute spectral wave components for the full 360-degree compass circle.
In addition to the wind and wave boundary conditions specified for each of the wave
cases, bathymetry and several model parameters must be specified. The model parameters
describe the extent and resolution of the computational mesh (separate from the bathymetry
grid) including nested grids, the directional and frequency resolution of the wave spectrum, and
wave physics (e.g., breaking, wave-wave interactions).
The SWAN model developed for the south shore of Chatham used a coarse grid with
200-meter spacing for the region including the offshore region beyond the Muskeget Channel
and Monomoy Shoals (Figure III-5), and two separate fine nested meshes with a 5-meter
spacing that cover the study area (Figures III-6 and III-7). The National Ocean Service (NOS,
1998) was the main source of bathymetric data used to create the coarse grid. A 2007 LIDAR
survey (USACE, 2007) that covered the south shore of Chatham and Monomoy was the primary
source of bathymetry data used to develop the fine nearshore wave grids. LIDAR is a system
for collecting ultra-dense-coverage bathymetry and topography data using a LASER system
flown in an airplane. Depth data digitized from NOAA charts were also used in areas where no
data were available from the other sources. All bathymetry data were transformed to the mean
tide level (MTL) datum.
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Table III-1.

sector
E

ESE

SE

SSE

S

SSW

SW

WSW

W

Wave model input parameters, listed by compass sector and wind velocity bin (i.e.,
bottom, middle and top thirds). Listed offshore wave parameters include compass
direction θo, wave period To and wave height Hs,o. Angles are given in the
Meteorological convention (i.e., from where the wind blows in compass degrees).
percen
wind
wind speed
Hs,o
To
o
t occ.
angle
(kts)
(seconds)
(feet)
(degrees)
(degrees)
2.8%
top 1/3
89.4
18.9
89.0
6.2
6.9
mid 1/3
89.6
10.3
101.2
5.9
3.3
bot 1/3
90.0
5.9
127.1
6.5
2.5
2.9%
top 1/3
112.2
17.7
107.1
5.9
6.1
mid 1/3
112.2
9.6
115.0
5.8
3.1
bot 1/3
112.3
5.4
131.7
6.5
2.4
3.4%
top 1/3
135.0
17.6
127.0
5.9
6.0
mid 1/3
134.6
9.6
123.8
6.0
2.9
bot 1/3
134.8
5.3
136.5
6.4
2.2
3.8%
top 1/3
157.9
17.5
146.7
5.9
6.1
mid 1/3
158.0
9.7
136.6
5.9
2.9
bot 1/3
157.9
5.3
137.8
6.4
2.2
6.2%
top 1/3
181.0
17.6
166.0
5.9
6.0
mid 1/3
181.0
10.3
150.9
5.5
2.9
bot 1/3
180.8
5.8
142.0
6.4
2.2
9.4%
top 1/3
202.9
18.1
185.1
6.0
6.0
mid 1/3
202.9
11.1
172.3
5.2
3.0
bot 1/3
202.8
6.3
145.0
6.3
2.2
13.0% top 1/3
224.7
18.1
201.1
6.1
6.0
mid 1/3
224.7
11.0
186.0
5.3
2.9
bot 1/3
224.8
6.4
147.2
6.5
2.2
7.9%
top 1/3
247.3
19.2
221.0
6.2
6.3
mid 1/3
246.9
11.1
192.1
5.7
3.1
bot 1/3
247.3
6.1
150.52
6.6
2.1
7.3%
top 1/3
272.5
23.3
255.8
6.1
6.9
mid 1/3
271.1
13.3
224.9
5.7
3.7
bot 1/3
270.8
7.0
158.2
6.5
2.3
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Figure III-5.

Map showing wave model grid limits and bathymetry, for both the coarse model grid of
Nantucket Sound, and the fine model grids in the Chatham south shore study area. 20foot bathymetric contours are also shown.

The coarse grid was used to propagate the offshore waves developed from the analysis
of the WIS hindcast record, and also generate wind-waves in Nantucket Sound. The nested
fine mesh grid serves to provide detailed wave information at the shoreline of Chatham. Results
from the separate fine grid model utilized wave output from the coarse model grid for boundary
conditions. As executed, spatially varying model output from the coarse grid (at points that
correspond to nodes along the fine grid open boundary) is used as the boundary condition for
the runs of each fine grid model, therefore the fine grid results are truly nested within the coarse
grid simulations.

Figure III-6.

Map showing wave model grid limits and bathymetry, for the fine model grid of the
western shore of Chatham, between the town line at Red River to the inlet of Bucks
Creek. The limits of the shoreline used in the sediment transport analysis are indicated.
Ten-foot bathymetric contours are also indicated.
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Figure III-7.

Map showing wave model grid limits and bathymetry, for the fine model grid of the
shoreline extent between Bucks Creek and the inlet to Stage Harbor. The limits of the
shoreline used in the sediment transport analysis are indicated. Ten-foot bathymetric
contours are also indicated.

The coarse grid is made up of 58,911 computational cells with a spacing of 656 feet (200
meters). The x-axis of the grid is 43.5 miles (70.0 km) or 350 cells long. The y-axis of the grid
is 27.6 miles (44.4 km) or 222 cells long. The y-axis is oriented due north. The greatest depth
in the coarse grid domain is -125.4 feet MTL (-38.2 m), which occurs in the channel south of
Monomoy, Butler Hole.
The Forest Beach/Cockle Cove Beach fine mesh is made up of 154,225 computational
cells with a spacing of 16.4 feet (5 meters). The y-axis of this mesh is oriented due north. The
x-axis is made up of 775 cells, for a total length of 2.4 miles (3.9 km). The y-axis is made up of
181 cells for a total length of 0.6 miles (1.0 km). The greatest depth in the fine grid domain is
located along the north open boundary, where depths vary between -21.6 ft and -7.2 ft MTL (6.6 m and -2.2 m).
The Hardings Beach fine mesh is made up of 114,211 computational cells with a
spacing of 16.4 feet (5 meters). The compass heading of the y-axis of this mesh is 45 degrees
(to the NE). The x-axis is made up of 631 cells, for a total length of 2.0 miles (3.2 km). The yaxis is made up of 181 cells for a total length of 0.6 miles (0.9 km). The greatest depth in the
fine grid domain is located along the north open boundary, where depths vary between -32.4 ft
and -4.7 ft MTL (-9.9 m and -1.4 m).
The wave spectrum resolution specified for the model runs of both coarse and fine
model meshes included the full 360-degree compass circle divided into 72, five-degree
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segments, with 40 discrete frequencies, between 0.06 and 1.00 Hz (corresponding to periods of
between 16.7 and 1.0 seconds).
Examples of wave model output are presented in Figures III-8 through III-13, from
coarse and fine grids, for the top SW and W wind cases (Table III-1). In this plot the color
contours indicate wave height and vectors are used to indicate the direction of wave
propagation.
For the SW wind case (in Figures 111-8 through III-10), offshore waves with heights of
6.0 feet approach the entrance to Nantucket Sound in the course grid (Figure III-8). Most of the
offshore wave energy is blocked by Martha’s Vineyard and Nantucket. Wave energy does enter
the sound through Muskeget Channel, between the islands, but it diffuses (diffracts) as it enters
the sound. Winds blowing over the surface of Nantucket Sound are a greater contributor to the
size of waves approaching the Chatham south shoreline, which results in waves with a
significant wave height of 3.3 feet and peak period of 4.5 seconds at Chatham Roads. From the
fine grids (Figure III-9 and III-10) wave heights decrease closer to the shoreline, which is the
combined effect of wave refraction and wave breaking. In Figure III-9, the shadowing effect of
inlet jetties (at the inlets to Red River and Mill Creek) and also offshore shoal complexes (at Mill
creek and Bucks Creek) can clearly be seen, where wave heights approach zero far from the
indicated shoreline. Wave height reductions are also seen at the inlet to Stage Harbor at the
east end of the model results plotted in Figure III-10, and are due to the complex of sand ridges
that are present to the east of the inlet channel.
For the W wind case, offshore waves do not propagate directly toward the Chatham
south shoreline (Figure III-10). Therefore, nearly all of the wave energy propagating to the
study shoreline is locally generated along the fetch that stretches between the northeast
opening of Vineyard Sound (at West Chop on Martha’s Vineyard) to Chatham Roads. The
resulting wave just offshore of the study shoreline (Figure III-11) has a height of 2.8 feet and a
peak period of 4.4 seconds. The shoaling patterns seen closer to the study shoreline (Figures
III-12 and III-13) are similar to the results of the SW wave case. Because of the larger approach
angle to the shoreline, waves from this sector refract more as they approach the shoreline. The
greater degree of refraction results in enhanced wave shadowing along Cockle Cove Beach.
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Figure III-8.

Coarse grid output for top SW wind case (top half of winds blowing from the SW sector,
with 6.0 ft offshore wave approaching from the SW sector). Color contours indicate wave
heights and vectors show peak wave direction. The extents of the two south shore fine
grids are also indicated.

Figure III-9.

Forest and Cockle Cove Beach fine grid output for top SW wind case (top half of winds
blowing from the SW sector, with 6.0 ft offshore wave approaching from the SW sector).
Color contours indicate wave heights and vectors show peak wave direction.
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Figure III-10.

Hardings Beach fine grid output for to SW wind case (top third of winds blowing from the
NE sector). Color contours indicate wave heights and vectors show peak wave direction.
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Figure III-11.

Coarse grid output for top W wind case (top third of winds blowing from the west sector,
with 6.9 ft offshore wave propagating to the W sector). Color contours indicate wave
heights and vectors show peak wave direction. The extents of the two south shore fine
grids are also indicated.

Figure III-12.

Forest and Cockle Cove Beach fine grid output for top W wind case (top third of winds
blowing from the W sector, with 6.9 ft offshore wave approaching from the W sector).
Color contours indicate wave heights and vectors show peak wave direction.
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Figure III-13.

Hardings Beach fine grid output for top W wind case (top third of winds blowing from the
west sector). Color contours indicate wave heights and vectors show peak wave
direction.

III.A.2 Shoreline Evolution Modeling
Various types of models may be utilized for studying the transport of beach sediment
and the consequent shoreline change resulting from waves. The technical sophistication of
models ranges from simplified mathematical solutions of equations governing broad physical
principles (analytical models) to highly complex computer models that simulate natural
phenomena contributing to coastal erosion. The most complex computer models (threedimensional models) require the most detailed input data. The model best suited for studying
the Chatham south shore study area shorelines falls in the middle of this technical range. While
simplified analytical models ignore many of the important principles governing shoreline change,
the most complex models attempt to simulate the inter-relation of complex physical phenomena
not fully understood by scientists/engineers. Thus, a blend of advanced scientific principles with
practical engineering assumptions are used in the development of a useful shoreline change
model.
Shoreline evolution modeling for the south shore was performed using a “one-line”
longshore transport computer code. So called “one-line” models simulate the evolution of a
shoreline through time, at one specific contour level, e.g. the mean water level, based on the
assumption that the nearshore bathymetry (to the depth of closure used to define the active
extent of the beach profile) can be adequately represented by straight and parallel contours.
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The formulation of shoreline models is very well documented in the literature, e.g., Dean and
Dalrymple (2001), Hansen and Kraus (1989).
As integral part to the coastal processes that are at work to shape the shoreline of
Chatham, an evaluation of sediment transport along the shoreline is necessary. Results from
the spectral wave modeling formed the basis of computed sediment transport rates along the
modeled stretch of beach since wave-induced transport is a function of various parameters
(e.g., wave breaking height, wave period, and wave direction). Longshore transport depends on
long-term fluctuations in incident wave energy and the resulting longshore current; therefore,
annual transport rates were calculated from the long-term average wave conditions described in
the previous section.
III.A.2.1 Formulation of Shoreline Model
The sediment transport equation employed for the longshore analyses is based on the
work of the U.S. Army Corps of Engineers (1984). In general, the longshore sediment transport
rate is proportional to the longshore wave energy flux at the breaker line, which is dependent on
wave height and direction. Since the transport equation was calibrated in sediment-rich
environments, it typically over-predicts sediment transport rates. However, it provides a useful
technique for comparing erosion/accretion trends along the shoreline of interest.
In the method described by the Army Corps, the volumetric longshore transport, Q, past
a point on a shoreline is computed using the relationship:

Q

I
(s  1)ga

where I is the immersed weight longshore sediment transport rate, s is the specific gravity of the
sediment, a’ is the void ratio of the sediment, and ρ is the density of seawater.
For this study, immersed weight longshore sediment transport, I, was computed using a
method based on the so-called “CERC formula”,

I  KPs

where K is a dimensionless coefficient and Pls is the longshore energy flux factor computed
using the following relationship:

Ps 

g 3 / 2 5 / 2
Hsb sin 2 b
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where Hsb is the significant wave height at breaking,  is the coefficient for the inception of wave
breaking (=Hb/hb), and b is the breaking wave angle. A value of K=0.4 is normally used, which
is appropriate for significant wave heights (computed by STWAVE), rather than the more
familiar value K=0.77, which is used with RMS wave height.
The actual method used to compute immersed weight longshore sediment transport for
this study was described by Kamphuis (1990). This method is basically a modification to the
original CERC formula, and adds a dependency on the median grain diameter of the beach
sediment, and also the surf similarity parameter, ξb, which is expressed as

b 

m

H b / L0 0.5

where m is the bottom slope and Lo is the incident wave period. The complete expression of
Kamphuis is written as:
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where the coefficient K* = 0.0013. The value of transport potential derived using this method
represents the maximum possible at a particular location, given a rich sediment supply, and no
structures (e.g., seawalls and groins) to modify the movement of sediment along the shoreline.
Inputs into the sediment transport potential calculations include beach slope and
sediment grain size. A 0.35 mm representative grain size was used for each shoreline stretch,
based on grain size information available for previous analyses (Kelley and Ramsey, 2000; and
Kelley, et al., 2007).
Using this expression of sediment transport potential, a computer model was developed
which simulates the conditions along actual shorelines, where coastal engineering structures
impact actual sediment transport rates. The goal of the shoreline change modeling is first to
predict measured shoreline change and long-shore sediment transport rates, and subsequently
use the model to evaluate beach management alternatives for the Chatham shoreline. For this
application, shoreline modeling was performed using a 33 ft (10 meter) grid spacing, which is
one-half the resolution (two times the spacing) that was used for the wave modeling. The 1994
shoreline, determined from the aerial photograph analysis in Chapter II, was used as the input
shoreline. The model was calibrated using the seven year period between 1994 and 2001.
This period was selected because it is sufficiently long enough to simulate long term trends in
shoreline movement, and also does not include large beach nourishments, like the 28,000 cubic
yard Cockle Cove fill that was placed in 2004.
The model code incorporates the ability to simulate the effects of seawalls (and coastal
dikes) and groins on shoreline evolution. The model is formulated using a simple explicit
upwind differencing scheme (e.g., Dean and Dalrymple, 2001), which computes change in
shoreline position based on the computed gradient of sediment transport. The relationship
between shoreline change and the gradient of sediment transport potential can be most simply
expressed as:

y  Q

 q  DB  Dc   0

t  x

where Q is sediment transport at a particular shoreline transect, x is alongshore width of a
computational cell, y is the cross-shore position of the shoreline, t is time, q is a source tem, DB
is the berm elevation of the beach, and DC is the depth of closure. Values of sediment
transport are computed at evenly spaced grid cells, with positions that correspond to alongshore
grid cells of the wave transformation model grid. Groins and seawalls, which act to hinder
sediment transport and prevent shoreline erosion, can be included in the model simulation.
III.A.2.2 Shoreline Model Development
The one-dimensional model grids developed for Chatham extend along the shoreline
segments indicated in Figure III-1. The shoreline extent used in the Cockle Cove model
extends 460 feet farther east, toward Bucks Creek, than the extent modeled in the 2000 beach
fill design analysis (Kelley and Ramsey, 2000). Features incorporated into these models of
present conditions include stone revetments at Hardings Beach (Figure III-14) and Cockle Cove,
sections of vertical wall at Cockle Cove Beach (Figure III-15), the jetties at Mill Creek inlet
(Figure III-16), and the groins found along Forest Beach (Figure III-17) and at Hardings Beach.
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Other required input parameters are the depth of closure and beach berm height, which
together defines the active beach profile, meaning the littoral area where wave induced
sediment transport is the predominant transport mechanism. The depth of closure is an
estimation of the seaward limit of the active beach profile. For this study, the depth of closure
was estimated using the method of Hallermier (Dean and Dalrymple, 2001). By this method, the
calculation of the depth of closure depends upon the determination of the annual maximum
significant wave height (He), which in turn is based on a relationship between the average ( H )
and standard deviation (σH) of significant the wave height record offshore of the study shoreline,
expressed as
He  H  5.6 H .
The only long-term directional wave data record that is available for Nantucket Sound from the
NOAA data buoy 44020, which has been deployed since March 2009 in the South Main
Channel of Nantucket Sound. The analysis of these data, looking at winds only from the
compass sector between 180 and 248 degrees (i.e., the directional sector from where waves
would approach the Chatham southern shoreline) results in an annual maximum significant
wave height of 5.2 feet.
It is important to consider that this computed value of He does not represent the
maximum possible wave height at the buoy station. By its definition He is the maximum
significant wave height that is expected to occur at least once annually, and therefore
represents the average of the top third of wave heights measured at a particular time. An
estimate of an annual maximum wave height is possible by multiplying He by 1.67, which is 8.7
feet for He calculated from the buoy record. Larger values of He can occur, but less frequently
than every year.
As a check of this value of He based on the buoy data, a synthesized time series was
developed to determine He from wave model output using the wave conditions presented in
Table III-1. Wave mode output from a point offshore the south Chatham shoreline was used for
this computation. This method results in an annual maximum significant wave height of 4.0 feet.
Though the model based method results in a smaller value of He, it could be considered to be
more representative of the conditions in the comparatively sheltered area of Chatham Roads,
compared to the exposed environment of the NOAA Buoy. Using He=4.0, the depth of closure
is calculated to be approximately 7 feet below mean tide level.
Output from the wave modeling analysis is used to drive the shoreline evolution model.
A time series of wave conditions was created using the meteorological record from the
Buzzards Bay C-MAN station so that the 27 wave cases (Table III-1) representing mean annual
conditions occurring from different compass sectors could be used in a time dependent
simulation of shoreline movements. At each hourly model time step during the course of the
seven year model calibration period, a wave case from the 27 modeled cases was selected
base on each separate hourly wind record from the C-MAN record. For hourly periods where
winds were not blowing onshore from any of the nine compass sectors of Table III-1, no waves
were applied to the model shoreline for that time step.
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Figure III-14.

Stone revetment and training groins at Buck Creek inlet, viewed from Ridgevale Beach.

Figure III-15.

Stone revetment and vertical sheet pile wall at Cockle Cove Beach.
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Figure III-16.

Groin field at Forest Beach.

Figure III-17.

East jetty at Mill Creek inlet.

III.A.2.3 Shoreline Model Calibration
The completed models were run and calibrated based on the comparison of the
computed shoreline position and annualized change rates to measure shoreline data. The
calibration time period is between the digitized 1994 and 2001 aerial shorelines. During
calibration, input coefficients such as groin and jetty permeability are adjusted so that the
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modeled shoreline reasonably predicts the measured shoreline at the end of the calibration time
period. Groin permeability is used to set the percentage of sand that is allow to pass across a
structure. Sand tight groins have a very low permeability, approaching zero. Low or unraveled
groins have a high permeability, approaching 1. Before the Mill Creek jetty was filled to
entrapment, it had a very low permeability.
Calibration results for the Forest Beach model are shown in Figures III-18 and III-19.
The comparison of modeled and measured 2001 shorelines in Figure III-18 shows generally
good agreement. The greatest amount of shoreline change occurs at the terminal groin
compartment next to Mill Creek inlet, and the modeled accurate simulates the compartment
filling. Figure III-19 shows the modeled shoreline error, calculated as the difference between
the measured and predicted model shorelines. The RMS error calculated for this length of
modeled shoreline is 11.5 feet, which is smaller than the estimated error of the aerial
photography analysis that created the digitized shorelines used for this model (14.3 feet).

Figure III-18.

Comparison of measured and modeled shorelines along Forest Beach. The locations of
groins included in the model are also indicated.

Figure III-19.

Computed error between measured and predicted model 2001 Forest Beach shoreline.
RMS error is 11.5 feet and R2 correlation is 0.99.

For Cockle Cove beach model, the shoreline model calibration is easier than for Forest
Beach because shoreline change is larger. The model results presented in Figure III-20
matches well the erosion at the west end of the beach (at the revetment) and the accretion of
the shoreline at Bucks Creek inlet. Maximum shoreline error plotted in Figure III-21 is
approximately 20 feet, and the computed RMS error for the entire model shoreline is 12.5 feet,
which again compares well to the estimated error of the aerial photograph analysis.
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Figure III-20.

Comparison of measured and modeled shorelines along Cockle Cove Beach.
locations of coastal structures included in the model are also indicated.

The

Figure III-21.

Computed error between measured and predicted model 2001 Forest Beach shoreline.
RMS error is 12.5 feet and R2 correlation is 0.99.

Shoreline model output for Hardings Beach is plotted in Figure III-22. The model is able
to accurately simulate the large accretion at Stage Harbor Inlet. At Bucks Creek, however, the
model does not perform well. The significant departure between the measured and modeled
shorelines is most certainly the result of migration of the inlet channel, a process that is not
included in this model analysis. Considering the shoreline segment between Stage Harbor and
the Billings Road groin, as plotted in Figure III-23, the computed RMS error is 15.1 feet. The
cause of the poor performance of the model along the shoreline stretch closest to Bucks Creek
is due to the meandering of the inlet channel. The movement of the inlet is more related to tidal
currents that ebb and flood at the inlet acting together with waves rather than the relatively
simple wave induced alongshore transport which is the basis of the shoreline model.
The Town’s aerial photographic archive of the south shore shows how inlet ebb shoal
complex can experience a wide degree of variability, even on relatively short time scales. As an
example, broad changes can be in the inlet configuration between the eight month period
between the aerial snapshots presented in Figures III-24 and III-25. The first of these two
photos shows the orientation of the inlet in January 2007, when the main inlet channel was
curved to the west and a large sub aerial portion of the ebb shoal was attached to the Hardings
Beach side of the inlet. The second photo shows the inlet complex in August of the same year.
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During this time period, the inlet channel had shifted to the east, cutting closer to the training
groins placed along the eastern shoreline of the inlet. The inlet channel at times has cut closer
to the eastern shoreline.

Figure III-22.

Comparison of measured and modeled shorelines along Hardings Beach. The locations
of groins included in the model are also indicated.

Figure III-23.

Computed error between measured and predicted model 2001 Forest Beach shoreline.
RMS error is 15.1 feet and R2 correlation is 0.99.
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Figure III-24.

Oblique aerial view of Bucks Creek inlet, from January 2007.

Figure III-25.

Oblique aerial view of Bucks Creek inlet, from August 2007.
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III.A.2.4 Present Conditions Results
The computed average annual sediment transport for present conditions is presented in
Figures III-26 through III-28 for the three modeled segments of the south shore, at the end if the
1994 to 2001 model calibration period. These plotted rates represent the net direction and
magnitude of transport along the coast. The computed long-shore transport rates show that the
four inlets along the modeled shoreline act to compartmentalize the three shoreline segments.
This evident by how net transport rates are discontinuous across the Mill Creek and Bucks
Creek inlets. At Mill Creek, the long west jetty impedes east directed transport. At Bucks
Creek, eastward sediment transport is hindered by the ebb shoal complex at the inlet.
For Forest Beach, between Red River and Mill Creek, the computed net sediment
transport potential in Figure III-26 is greatest directed eastward, toward Mill Creek. Transport
rates are generally less than 1,000 yd3/yr along the western half of the shoreline, and gradually
increase across the groin field to more than 2,000 yd3/yr. In the last groin compartment before
the Mill Creek inlet jetty, net transport again reduces to below 1,000 yd3/yr, since during the
modeled time period, the jetty had not filled to entrapment, and was blocking sediment
movement to the east.

Figure III-26.

Computed sediment transport rates for the modeled portion of the Forest Beach
shoreline. Arrows indicate the direction of transport, while the color and size of the
arrows indicate transport magnitude in cubic yards per year.
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For Cockle Cove and Ridgevale Beaches in the next shoreline segment (shown in
Figure III-27), net transport rates are essentially zero along the western extent of the shoreline.
This is due to wave sheltering from the Mill Creek jetty and also the existence of a ~400-footlong revetment in this area. After the eastern end of the revetment, transport rates gradually
increase to a maximum of 3,600 yd3/yr near the center of this shoreline segment. Transport
rates remain above 3,000 yd3/yr up to Bucks Creek inlet.
Along Hardings Beach, the transport rates shown in Figure III-28 show a different trend
compared to the previous two shoreline segments. Net transport rates are relatively low, and
are never more than 1,200 yd3/yr. There is also a nodal point at the center of the beach where
the direction of transport diverges. The low transport rates indicate that this shoreline is in a
comparative state of long-shore equilibrium, with no dominant trend in alongshore transport.
Though net transport rates are low, gross transport rates described later in this section are
much larger, which indicates that there is a large amount of back-and-forth sediment movement
along this shoreline.

Figure III-27.

Computed sediment transport rates for the Cockle Cove/Ridgevale Beach shoreline.
Arrows indicate the direction of transport, while the color and size of the arrows indicate
transport magnitude in cubic yards per year.
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Figure III-28.

Close-up of computed sediment transport rates for the Hardings Beach shoreline,
between Bucks Creek and Stage Harbor Inlet. Arrows indicate the direction of transport,
while the color and size of the arrows indicate transport magnitude in cubic yards per
year.

Transport volumes along each shoreline segment are also presented in Figures III-29
and III-30 for Forest Beach, Figures III-31 and III-32 for Cockle Cove Beach, and Figures III-33
and III-34 for Hardings Beach. For each shoreline segment, both net and gross transport rates
are provided.
In Figure III-29, the annualized net transport rate along Forest Beach is shown along
with the east and west directed components. The net rate is the simple sum of the east and
west components. Long term trends in shoreline movement can be inferred by the observed in
net transport distribution along a shoreline. Along segments where the magnitude is increasing
shoreline erosion is expected. Conversely, along segments where the magnitude is decreasing
toward zero, accretion will result.
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Figure III-29.

Net annualized sediment transport along Forest Beach, with net east and net west
transport components. The shoreline in this figure is oriented from east to west along the
x axis, the perspective that an observer would have standing on the beach while facing
offshore.

Figure III-30.

Gross annualized transport along Forest Beach. The gross transport rate is the sum of
the absolute values of the east and west components of transport. The shoreline in this
figure is oriented from east to west along the x axis, the perspective that an observer
would have standing on the beach while facing offshore.

The effect on sediment transport by the groins along this stretch of beach can be seen in
the results plotted in this figure. Transport rates are reduced toward zero at the groins. Groins
that are filled to entrapment (meaning that the shoreline position extends beyond the groin tip)
have a smaller effect on transport rates.
The comparison of gross transport volume rates plotted in Figure III-30 and net rates
from the previous figure show that the transport along Forest Beach is strongly directed to the
east. This is indicated by the fact that the net transport rate is not much larger that the absolute
value of the net transport.
Transport rates plotted in Figure III-31 along Cockle Cove and Ridgevale Beaches show
similar trends to Forest Beach; there is a gradual increase in net transport from west to east,
and the transport is still east directed. However, the gross transport rates in Figure III-32 are up
to two times larger than the net transport rates along the eastern end of the shoreline. This

47

indicates that there is a greater tendency for sand to move back-and-forth along the beach,
rather than in one direction.

Figure III-31.

Net annualized sediment transport along Cockle Cove Beach, with net east and net west
transport components. The shoreline in this figure is oriented from east to west along the
x axis, the perspective that an observer would have standing on the beach while facing
offshore.

Figure III-32.

Gross annualized transport along Cockle Cove Beach. The gross transport rate is the
sum of the absolute values of the east and west components of transport. The shoreline
in this figure is oriented from east to west along the x axis, the perspective that an
observer would have standing on the beach while facing offshore.

Hardings Beach has low net transport rates along its entire length (Figure III-33) though
it has much larger gross transport. A nodal point exists in the center of the beach, where the
net transport direction changes. The net transport is directed away from this nodal point.
Though there is little net movement of sand along this beach, waves induce a large amount of
back-and-forth sediment movement. The average annual west and east directed transport is in
a better balance along the length of this section of the shoreline, resulting in the relatively small
volume of net transport. Gross rates plotted in Figure III-34 can be as much as six times larger
than net rates. This indicates that this stretch of beach between Bucks Creek and Stage Harbor
Inlet is in a state of relative alongshore equilibrium.
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Figure III-33.

Net annualized sediment transport along Hardings Beach, with net east and net west
transport components. The shoreline in this figure is oriented from east to west along the
x axis, the perspective that an observer would have standing on the beach while facing
offshore.

Figure III-34.

Net annualized sediment transport along Hardings Beach, with net east and net west
transport components. The shoreline in this figure is oriented from east to west along the
x axis, the perspective that an observer would have standing on the beach while facing
offshore.

The shoreline model results for the three sections of the Chatham south shoreline shows
a general west to east trend of increasingly bidirectional alongshore transport from the Red
River inlet toward Hardings Beach. Wave model results indicate that waves on average
approach the shoreline at steeper angles at the western end of the Town’s south shoreline,
compared to beaches to the east. Larger incident wave angles (i.e., the approach angle) cause
larger volumes of sand transport. Therefore, as the incident angel tends to decrease from west
to east, the sand transport rate will also decrease. Other factors such as wave shadowing by
jetties and shallow nearshore shoals and sand bars have strong local influence on transport
rates, but the incident wave angle is more important in the regional scale for an understanding
of sand transport processes.
Two main characteristics of the shoreline influence the wave approach angle in the
nearshore. These simply are the orientation of the shoreline relative to the approaching wave
and also nearshore bathymetry. The azimuth (compass direction) of the Chatham south
shoreline varies by approximately 80 degrees, from SSE at some portions of Forest Beach to
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SW at the eastern end of Hardings Beach. There is an even greater amount of variation in the
orientation of nearshore bathymetric contours. In some areas, there is a large difference in the
azimuth of the shoreline and nearshore bathymetric contours. This situation occurs at both the
eastern and western extents of Hardings Beach, as can be seen in Figure III-7. Nearshore
bathymetry controls how waves refract and shoal as they approach the shoreline.
At Forest Beach, the combination of the shoreline azimuth, nearshore bathymetric
contours and wave approach angle causes a net west-to-east driven alongshore transport.
From Table III-1, it is seen that winds and waves predominantly approach the Chatham south
shoreline from the SW compass sector. Since the shoreline azimuth is on average oriented to
the south, the result is east driven transport.
At Hardings Beach, the shoreline is aligned such that the predominant wave direction is
straight on-shore. Therefore, net sediment transport is much lower for the Hardings Beach area
compared to Forest Beach. This alignment also causes the transport nodal point observed in
the shoreline model output. At the nodal point, net transport rates are nearly zero. Though the
net transport is near zero, there is a substantial volume of sand transported to the east and
west, depending on the direction of the incoming waves. The overall net transport is zero at the
nodal point because the east and west components of alongshore transport over the course of a
year are roughly equal, and in effect cancel each other out. While the net sediment transport
calculations indicate movement of sand away from the central portion of Hardings Beach
towards either end, the dominance of the gross transport (the sediment moving back-and-forth
due to variations in wave conditions) indicates that the computed net direction of sediment
transport may be of limited value for determining appropriate placement of nourishment along
the beach. In general, material placed along this beach can be expected to move in both
directions and, based upon the available wind and wave information, is highly dependent on
seasonal and interannual variations.
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IV. EVALUATION OF ALTERNATIVES
As described previously, numerous coastal engineering structures have been
constructed along the south shore of Cape Cod over the past century. The typical purpose for
these structures was to stabilize navigation channels or to protect upland infrastructure. A
majority of the shore protection structures in this region were constructed during the 30-year
period following the 1938 Hurricane. During the two decades that followed, the region was
impacted by to more severe hurricanes: the 1944 Hurricane (the storm of record for the
Chatham South Shore) and Hurricane Carol in 1954.
In general, the coastal engineering structures along the Chatham South Shore
performed their intended purpose; however, unanticipated downdrift impacts often occurred to
the detriment of both adjacent property owners and environmental resources. The impacts
occur as sand is held by the structures thereby starving downdrift areas of sediment. Continued
implementation of ‘hard’ coastal engineering measures will continue this trend of exacerbating
downdrift impacts associated with the sediment starved condition of the shoreline.
Modification of existing coastal engineering structures also is an option for potentially
enhancing the sediment supply along the beach system. Specifically, sediment trapped within
the South Chatham groin field west of Mill Creek could be released by shortening, notching, or
removing groins. However, a cursory review of historical shoreline change in this area indicates
that even with the shore protection measures implemented, the historical shoreline change rate
since 1938 indicates that a majority of the shoreline is eroding at more than 2 ft per year.
Therefore, the amount of sediment held by the series of groins along this shoreline region is
minor relative to the sediment needed to stabilize the shoreline. Any removal and/or
modifications to the existing sand trapping structures will only provide a temporary sediment
source that will be rapidly depleted, likely within five years. In addition, the groin field presently
protects upland infrastructure by stabilizing the fronting beach. Without these structures, natural
coastal erosion processes would alter the form of the beach and likely impact existing public
and private waterfront development in South Chatham.
As previously indicated, the Chatham South Shore system is sediment starved, where
the historical natural supply of sediments derived from updrift beaches to the west has become
severely depleted. For this reason, placement of beach nourishment material is the only option
that will restore regional littoral drift and enhance the shore protection aspects historically
associated with the beach system.
Coastal structures in place along the Chatham south shore include groins, jetties,
revetments and vertical bulkheads. At Forest Beach, a field of 14 groins constructed by the
state spans 4,400 feet of the shoreline. The condition of these structures ranges from
completely buried at the east end of the field to having the shoreline erode past the base of two
groins at the west end. Applied Coastal assessed this groin field as part of the Massachusetts
Coastal Infrastructure Inventory Assessment Project (MCIIAP) of the Massachusetts Coastal
Zone Management (Bourne, 2006). For this survey, the groins were found to be in average
condition with instances of displaced stones.
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Figure IV-1.

March 2010 view of the two western-most groins along Forest Beach. The shoreline in
this area has eroded past the base of these two structures. The Red River jetty at the
Harwich Town line can be seen in the distance.

At the inlet to Mill Creek, two jetties have been built which are owned by the Town. The
west jetty is presently filled to bypassing, and has allowed the formation of a sandy spit across
Mill Creek inlet. The construction of the east jetty is not as tight as the west jetty, and there has
been recent concern about tidal currents eroding sand at its base, leading possibly to the inlet
channel flanking the structure. For the MCIIAP survey, both jetties were given a poor rating
(Bourne, 2007), which indicates that many stones of the structure have become displaced. A
dredging project completed in March 2010 removed approximately 12,000 yd3 from the Mill
Creek inlet channel. The dredged sand was used to nourish downdrift areas of Cockle Cove
Beach, including the template area used for the 2004 fill and at the Public Parking lot. Fill
material was also used to build up the low lying area at the base of the east jetty of Mill Creek,
to guard against the flanking of this structure by tidal flows.
Engineered structures that exist along the shoreline reach between Mill Creek and
Bucks Creek include two private seawalls, a beach nourishment and a small town-owned rip-rap
revetment. There is a large stone revetment that is in place along more than 500 ft of shoreline
and section of vertical wall that has been constructed immediately to the west of the public
beach parking lot. The vertical wall has a steel sheet pile section and a timber bulkhead
section. To the east of the timber wall section is a small rip-rap revetment, places to protect the
Cockle Cove beach Parking area. The beach along the bulkheads structures has eroded to the
point where the ocean tide and waves reach their bases. The shoreline of the larger stone
revetment is more severely eroded. To address the eroded condition of this area a 28,000 yd3
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nourishment template was completed in 2004, using sand dredged from Stage Harbor inlet.
Beach fills are considered as “soft” engineering structures, and as such, it is expected that the
fill template needs to be periodically maintained as sand naturally migrates out of the template
areas to downdrift beaches. The fill has performed as predicted (Kelley, et al., 2007) though it is
presently eroded to the point where the area should be nourished again.
At Bucks Creek, there is a series of privately owned short groins constructed together
with a stone revetment that are intended to train the creek channel, and prevent it from
migrating into properties that are part of the Hardings Shores neighborhood. Between the inlet
and the first public parking lot two more private structures exist. A single 130 foot-long groin lies
at the eastern end of the training groin field, and a 100-foot-long stone revetment frames the
seaward extent of a single oceanfront house lot.
The final, eastern-most coastal structure along the study shoreline is at Stage Harbor
inlet. A stone jetty is in place at along the northwestern side of the channel. It was constructed
when the existing channel into Stage Harbor was dredged through the barrier beach in 1965.
The original 200-foot-long structure was extended by an additional 300 feet in the landward
direction in 1967 (Sargent, F.E and Bottin, R.R., 1989). Presently, this jetty is buried by sand
and the shoreline extends beyond its seaward tip. When the inlet is dredged, the position of the
jetty is recovered to prevent the channel cut from undermining the structure.
The “hard” engineering structures (i.e., the groins, jetties and seawalls) along the
Chatham south shore have generally performed well and have helped to maintain the shoreline
areas that they were designed to protect. However, these structures do not address the cause
of the problem of shoreline erosion, which is an inadequate supply of sediment to the littoral
system. The supply of sand is greatly affected by structures like the Red River and Mill Creek
jetties, and structures further west beyond the Town’s boundary. Though they are necessary for
navigation and to maintain good estuarine water quality, they also are a substantial impediment
to alongshore sand transport.
Adding more hard structures along the shoreline would not be an effective long term
solution to shoreline erosion. In some cases like coastal revetments, a new structure could
exacerbate down-drift coastal erosion by locking up sediment sources from a coastal bank.
Beach nourishment will be an essential piece to any plan developed to maintain the recreational
and habitat resources along the Town’s shoreline.
IV.A. No-Action Alternative
As a management tool, it is instructive to evaluate the ‘no-action’ alternative to assess
whether proactive shoreline management activities are necessary from both a short-term and
long-term perspective. Based upon the historical shoreline change assessment, as well as the
coastal processes analysis, it is evident that most developed portions of the Chatham South
Shore are experiencing erosion. As coastal erosion continues, primarily due to lack of sediment
supply, properties and recreational beach areas along the shoreline will continue to be
impacted.
A quantitative evaluation of potential future shoreline positions can be utilized as a tool
to inform management decisions. Future shoreline scenarios for 2020 and 2030 were produced
using the shoreline change rates calculated for April 2001 to March 2010. The estimated
position of the future shorelines was created by using the copy parallel line tool in ArcGIS
utilizing the most recent (2001 to 2010) shoreline change rates. This tool used the present
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shoreline position as a baseline and applied the short-term rate of change to project a line that
represents the future shoreline position. The coastline was divided into areas or ‘management
zones’ with similar change rates and an average rate was calculated for each segment to
determine the distance to project the shoreline. Areas with positive change rates were
projected seaward to represent accretion and segments with negative rates were projected
landward to represent erosion. The combination of projected line segments simulated possible
future shoreline positions by using the current shoreline. Figures IV-2 through IV-7 illustrate
predicted future shoreline conditions based on the no-action alternative.
For the ‘no-action’ alternative coastal erosion can be expected to continue at its present
rate, which likely will have significant consequences along the Chatham South Shore between
the Harwich town line and Bucks Creek entrance. Overall, the future shoreline conditions for
Hardings Beach will be relatively stable; however, infrequent storm activity can destabilize
portions of this beach, especially along the western portion between the Bucks Creek entrance
and the parking lots.
As the long-term littoral sediment deficit continues, the shoreline will continue to migrate
landward at critical locations requiring shore protection: the groin fields stretching along
Pleasant Street Beach and Forest Beach, as well as the beach regions between Mill Creek and
Bucks Creek. As the beach erodes in the region backed by coastal bank (between the Red
River barrier beach and Forest Beach Road), the existing groin field will become ‘flanked’ and
coastal erosion likely will accelerate. There will be an increased need to mitigate this erosion
through coastal bank stabilization efforts (e.g. stone revetments), which will further exacerbate
downdrift erosion problems. East of Forest Beach Road, continued erosion will eventually allow
overwash of the existing barrier beach and the associated reduction in salt marsh area.
However, based on present erosion rates, significant impacts to the form of this barrier beach
are not anticipated within the next 20 years.
Existing erosion rates are more severe along the Cockle Cove/Ridgevale Beach system,
where loss of an updrift sediment source will lead to significant landward migration of the barrier
beach system over the next 10 to 20 years. Figure IV-6 indicates that substantial landward
migration of the barrier beach system is predicted, leading to direct loss of salt marsh within the
Cockle Cove Creek system, as well as a significant portion of the beach parking lot. In addition,
it remains unclear at whether the Cockle Cove Creek system can remain at its present location,
since the tidal creek landward of the barrier beach will likely be overwhelmed by the barrier
beach migration. For barrier beach systems, landward migration tends to be governed by
periodic storm events, rather than gradual erosion. For the case of Cockle Cove Beach,
continued landward migration could lead to an episodic closure of the creek, which serves as
the location for the groundwater discharge of the Town sewage treatment facility.
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Figure IV-2.

Predicted shoreline location within Management Zone 1 for 2020 based upon recent
historical shoreline change.

Figure IV-3.

Predicted shoreline location within Management Zone 2 for 2020 based upon recent
historical shoreline change.
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Figure IV-4.

Predicted shoreline location within Management Zone 3 for 2020 based upon recent
historical shoreline change.

Figure IV-5.

Predicted shoreline location within Management Zone 1 for 2030 based upon recent
historical shoreline change.
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Figure IV-6.

Predicted shoreline location within Management Zone 2 for 2030 based upon recent
historical shoreline change.

Figure IV-7.

Predicted shoreline location within Management Zone 3 for 2030 based upon recent
historical shoreline change.
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IV.B. Modeled Shoreline Scenarios
After the development of the one-line models for the south shore of Chatham, they were
used to simulate three scenarios intended to improve the recreational, habitat and storm
protection capacities of the beaches. The three scenarios were selected to demonstrate how
fill placement and volume can affect design life. The largest fill alternative was modeled at
Forest Beach. A large volume placed at Forest Beach over time would provide material to the
down-drift shoreline to the east, and therefore act as a feeder reservoir for the remainder of the
Town’s south shoreline. The size of this fill is likely beyond the capabilities of the Barnstable
County dredge, and would require the mobilization of larger commercial equipment.
The second modeled fill alternative was for Cockle Cove Beach. The fill that was
modeled was constructed in 2004. It is designed to stabilize the unarmored shoreline at the
west end of the beach, and also supply material to areas to the east. Infrastructure to the east
of the fill template (including Cockle Cove beach parking lot and two vertical bulkheads) is
imperiled by shoreline erosion. The Cockle Cove nourishment would help to stabilize this area.
The third fill alternative is a smaller nourishment at the west end of Hardings Beach.
The modeled fill is small enough to be easily handled by the Barnstable County dredge.
Because Hardings Beach is at the end of the littoral system, smaller amounts of fill material can
be used effectively to stabilize the beach along this segment of the south shoreline.
Forest Beach Fill Scenario
The first modeled scenario is a 50,000 yd3 fill placed along 1,600 feet of Forest Beach
(Figure IV-8). The fill is placed between two existing groins. The berm template has a width of
100 feet and an approximate volume per linear foot of 31 yd3/ft. The simulated fill is assumed to
be constructed using sediment which is compatible with the existing beach.
Figure IV-9 shows the results of the Forest Beach fill model run. The model was run for a
simulated 10 year period. The fill performs well with a large percentage remaining after the end
of the 10 year simulation. Initially, sand moves to the west of the template, toward the Red
River. At the end of the simulation most of the fill in the western half of the template has eroded
back to the start shoreline.
Figure IV-10 shows the percent of fill that remains in the nourishment template at each
year of the total simulated decade. Though the model indicates that 50% of the fill template
remains, it is likely that the actual performance of the fill would not be this durable. Storms and
offshore movement of sand, two phenomena not included in the shoreline model, would affect
the performance of the fill.
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Figure IV-8.

Aerial photo of Forestdale Beach with indicated length of nourished section for the first fill
scenario.

Figure IV-9.

Performance of the 50,000 yd3 nourishment placed at Forest Beach. The top plot shows
the starting un-nourished shoreline, the shoreline after one year from the completion of
the nourishment, and 10 years after completion. The bottom plot shows the change in
position between the starting shoreline with the completed fill template and the shoreline
10 years after completion. The shoreline in this figure is oriented from east to west along
the x axis, the perspective that an observer would have standing on the beach while
facing offshore.
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Figure IV-10.

Plot of beach fill remaining in the template area for the 50,000 cubic yard nourishment at
Forest Beach.

Cockle Cove Beach Fill Scenario
The second nourishment scenario that was modeled was a 28,000 yd3 fill placed at the
western end of Cockle Cove Beach (Figure IV-11). This nourishment template has a tapered
berm which is 100 feet wide at its western end, demarcated by a stone revetment. The
template tapers to zero width past the public parking lot, and has a total length of 1,000 feet.
The average fill volume per linear foot is 28 yr3/ft. The results of this scenario are shown in
Figure IV-12 for the 10 year simulation. After ten years, the fill template has eroded back to the
start shoreline along its complete length.
The plot of fill performance in Figure IV-13 shows that the design life of the nourishment
is six years, where approximately 30% of the original fill volume remains within the constructed
berm template. As described in the 2007 report (Kelley, et al., 2007) that discussed the 2004
nourishment, the actual fill performance was shorter than the design life predicted by the model.
The 2007 analysis showed that increased storm activity from the SW during the time period
between 2004 and 2007 compared to average annual conditions. The measured performance
of this fill demonstrates that predicted performance of a nourishment is useful as a guide, and
that the real performance is dependent on environmental factors that vary from year to year.
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Figure IV-11.

Aerial photo of Cockle Cove Beach with indicated length of nourished section for the
second fill scenario.

Figure IV-12.

Performance of the 28,000 yd3 nourishment placed at Cockle Cove Beach. The top plot
shows the starting un-nourished shoreline, the shoreline after one year from the
completion of the nourishment, and 10 years after completion. The bottom plot shows
the change in position between the starting shoreline with the completed fill template and
the shoreline 10 years after completion. The shoreline in this figure is oriented from east
to west along the x axis, the perspective that an observer would have standing on the
beach while facing offshore.
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Figure IV-13.

Plot of beach fill remaining in the template area for the 28,000 cubic yard nourishment at
Cockle Cove Beach.

Hardings Beach Fill Scenario
The third fill scenario that was modeled for the Chatham south shore was a 10,000 yd3
fill placed along the western end of Hardings Beach (Figure IV-14), by the stone revetment that
is in place at this area of the beach. This is the smallest of the modeled fill scenarios, with a
berm width of 50 feet and an average template volume of 18 yr3/ft, placed along 550 feet of the
beach. The results plotted in Figure IV-15 show that the fill quickly leaves the template area
and after ten years the nourishment material is exhausted.
The initial rapid loss of material from the fill template can be seen in the model results
plotted in Figure IV-16. At the end of the first year of the simulation, 40% of the original material
has left the template. After this first year the rate of loss is reduced. The design life of the
nourishment is five years, when approximately 30% of the original fill volume remains within the
fill template.
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Figure IV-14.

Aerial photo of Cockle Cove Beach with indicated length of nourished section for the
second fill scenario.

Figure IV-15.

Performance of the 10,000 yd3 nourishment placed at western Hardings Beach. The top
plot shows the starting un-nourished shoreline, the shoreline after one year from the
completion of the nourishment, and 10 years after completion. The bottom plot shows
the change in position between the starting shoreline with the completed fill template and
the shoreline 10 years after completion. The shoreline in this figure is oriented from east
to west along the x axis, the perspective that an observer would have standing on the
beach while facing offshore.
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Figure IV-16.

Plot of beach fill remaining in the template area for the 10,000 cubic yard nourishment at
western Hardings Beach.
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V. RECOMMENDATIONS AND FUTURE STUDIES
The most viable measures available to provide a stable shoreline and the associated
protection from typical coastal storms involve beach nourishment to re-supply the depleted
longshore sediment transport system. Infrequent severe hurricane events (e.g. the 1944
Hurricane) create storm surge elevations that overtop coastal beach and coastal dune systems
along the Chatham South Shore; therefore, it likely is infeasible and/or cost-prohibitive for the
Town to provide flood protection against these severe hurricane events and maintain the value
of the environmental resources in the coastal zone.
Since the Chatham South Shore is located at the east end of the general west-to-east
littoral system along much of the southern shoreline of Cape Cod, the nearshore waters of the
Town contain a substantial volume of available sediment to maintain regional beach systems.
In addition, the relatively quiescent wave climate within Nantucket Sound limits longshore
sediment transport rates, which allows moderate-sized nourishment programs to have a
significantly longer design life than similar projects in open coastal regions. Sediment
management along the Chatham South Shore has not been performed in a consistent manner
since the construction of the various inlet and shore protection structures; therefore, a significant
sediment deficit exists along the coastal region, with the most pronounced effects toward the
central and western portions of the shoreline system. From the perspective of local sediment
management, beach nourishment programs that can initially restore the regional sediment
deficit will provide the basis for a shoreline that can be maintained by the Town with modest
financial resources. However, a local sediment management plan for the Chatham South Shore
will require an initial influx of beach quality sediment that is relatively large-scale when
compared to previous efforts performed by the Town.
To restore the west-to-east sediment supply to the overall littoral system, the largestscale beach nourishment should be placed along the western 1,600 ft length of Forest Beach.
This nourishment project will return the historical shoreline that will provide direct shore
protection benefits and restore the sediment supply to the beach system further to the east.
Based on the numerical modeling analysis, a 50,000 cubic yard beach nourishment at Forest
Beach will still maintain approximately half of its volume after 10 years. Once this initial beach
fill is established, a system of inlet bypassing and/or back-passing of sediments can be utilized
to provide a majority of the material required to maintain the remainder of the beach system.
In addition to the Forest Beach nourishment, two smaller-scale nourishment projects
also are recommended: continued placement of material at Cockle Cove Beach to maintain this
beach and act as a sediment source to Ridgevale Beach, and the west end of Harding Beach.
Due to the west-to-east littoral drift, the east end of Harding Beach and the Stage Harbor
entrance channel are the recipients of the material eroded from beaches further to the west.
For this reason, the need for beach nourishment volumes decreases from west-to-east. Based
on the numerical modeling analysis, nourishment projects of 28,000 cubic yards at Cockle Cove
Beach and 10,000 cubic yards at Harding Beach can be utilized to effectively manage the beach
system. The historical performance of the Cockle Cove Beach nourishment indicates an
observed design-life of approximately 5 years; however, several northeast storms during the
time period of this project (e.g. the Patriot’s Day storm in 2007) likely caused the reduced
design-life. Regardless, the constructed berm served the purpose of protecting upland
properties and serving as a “feeder beach” to downdrift coastal areas. Although numerical
modeling predicts a substantial design life for the Harding Beach nourishment, the small volume
of this beach fill likely will be subjected to more rapid erosion due to cross-shore effects, where
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the form of the beach is influenced by the position of Bucks Creek inlet and the coastal
engineering structures east of this inlet.
To provide adequate sediment for the recommended beach nourishment program,
available offshore and/or beach sources will be required to make the effort logistically viable and
cost-effective. Many relatively small nourishment projects have been performed by the Town
utilizing upland sediment sources or dredged material from Aunt Lydias Cove trucked to the
beaches of the Chatham South Shore. However, due to the scale of the nourishment projects
recommended, hydraulic placement by dredge appears to be the most effective means of
delivery. Since the eastern portion of the Chatham South Shore coastal region can be
considered “sediment-rich”, as this area benefits from the net west-to-east littoral transport,
excavating material from this region and redistributing it to the west for beach nourishment is
one option. This type of sand management is referred to as “back passing”, where material is
moved back to the beaches that originally were the source of the material, with the
understanding that this material would again migrate back toward the east and naturally re-fill
the excavation site over time. As nourishment projects within the western limits of Chatham are
implemented and the sediment supply to the littoral system is rejuvenated, some coastal
engineering structures may become overwhelmed. A recent example of this effect is the Mill
Creek jetty system that began naturally bypassing material over the last several years,
generating a shoal across the Mill Creek entrance that created navigation safety concerns and
inhibited tidal flushing. Using this shoal as a sediment source and proactively placing the
material on downdrift beaches is a process referred to as “bypassing”. The Town has effectively
used this technique in 2010 to stabilize a portion of the Cockle Cove Beach system.
Figures V-1 and V-2 illustrate potential offshore and nearshore/beach sediment sources
for managing the Chatham South Shore. The sources shown illustrate both permitted borrow
areas (e.g. the beach immediately to the west of the Mill Creek jetty, where the jetty is
responsible for an artificial accumulation of material known as a ‘fillet’), as well as un-permitted
areas (e.g. the U.S. Army Corps disposal area for Stage Harbor sediments offshore Harding
Beach). The sources were developed through consultation with the Town and include available
permitted sites, as well as areas that appear viable based on navigation safety and
environmental resource considerations. Offshore of Harding Beach, the historical U.S. Army
Corps disposal area for Stage Harbor dredged material may provide a viable mining site, since
the existing environmental permits allow sea-floor disturbance. Moreover, the material disposed
of at this site does not appear to be mobile and, therefore, is not contributing to the active littoral
system. In addition, ongoing changes to tidal flushing and navigation channels in the vicinity of
Stage Harbor also could be utilized as sediment sources for beach nourishment. In this
manner, channel excavations can be performed as ‘advanced maintenance’ to ensure that
impacts to navigation resulting from rapidly shoaling channels are minimized. Specifically,
widening the entrance to Stage Harbor channel at the seaward end and improving the Morris
Island Cut (Geise, 2007) provide possible sources of sediment and will improve navigation
safety for Chatham boaters.
Recent permitting at the Mill Creek entrance allowed excavation of the accreted beach
face immediately updrift (west) of the Mill Creek jetty to re-establish sediment trapping capacity.
Although this option was not pursued for economic reasons, this alternative may be attractive
for long-term management of littoral sediments along the Chatham South Shore. For example,
the eastern half of Harding Beach shows significant accretion over the past 60+ years, with area
adjacent to Stage Harbor entrance accreting more than 4 feet per year since 2001. Therefore,
excavation of the beach face immediately west of the Stage Harbor entrance also should be
considered as a source for material that can be back passed to re-supply the littoral system. In
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addition, material is transported into the Stage Harbor entrance and accumulates along the
western edge of the channel, adjacent to the buried jetty. Although not substantial, periodic
excavation of the material accreting along the face of the Stage Harbor jetty would reduce the
requirement for channel maintenance dredging in this region and provide a source of beach
quality material.

Figure V-1.

Aerial photograph of the western Chatham South Shore study area showing potential
sand borrow sources, as well as permitted beach placement locations.
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Figure V-2.

Aerial photograph of the eastern Chatham South Shore study area showing potential
sand borrow sources, as well as permitted beach placement locations.

An in-depth evaluation of potential volumes of beach quality materials was beyond the
scope of the present study; however, generalized estimates of available material can be
approximated by the area and type of deposit. Spot channel dredging east of the Stage Harbor
channel, as well as ‘advanced maintenance’ dredging within the seaward extent of the Stage
Harbor channel would provide ample sediment for the ‘large-scale’ nourishment at Forest
Beach. The series of beach-face borrow sites updrift of Mill Creek and Stage Harbor entrances,
as well as the accretion area along the east side of the Stage Harbor jetty, would likely be
reserved for smaller volume maintenance projects (less than 10,000 cubic yards). The volume
of the U.S. Army Corps nearshore disposal site offshore of Hardings Beach is unknown, but the
volume likely is sufficient for the scale of proposed nourishment projects, due to the large
volume of material placed at the site and the indication that mobility of the material in this water
depth is limited.
While the Chatham South Shore has the benefit of having ample beach compatible
sediment deposits that can be utilized to replenish the beach system, the local coastal
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processes have caused a sediment deficit in the western portion of the study area and a
sediment surplus toward the eastern end. From a cost and logistics perspective, several factors
govern effective sand dredging and placement including volume of nourishment project,
distance of borrow site from the beach, and wave exposure of the borrow site. All of these
factors govern the overall cost of a beach nourishment project. Historically, Town dredging has
been performed by the Barnstable County Dredge at approximately $7 per cubic yard. In
addition, the size of the equipment limits the pumping distance and the sea conditions where the
dredge can safely operate. For longer pump distances, the County Dredge can utilize a booster
pump at an additional cost; presently $11 per cubic yard. With the booster pump, the maximum
distance the County Dredge can pump sand-sized sediments is approximately 11,000 to 12,000
feet. In general, this piece of equipment is ideal for performing routine inlet maintenance
dredging, as well as bypassing projects when disposal is on nearby beaches. In addition, the
County Dredge is not designed to work in areas exposed to significant wave activity; therefore,
its utility for work in Nantucket Sound is limited. For the Chatham South Shore, the Barnstable
County Dredge performed the 28,000 cubic yard nourishment of Cockle Cove Beach in 2004
and the Mill Creek Shoal dredging in 2010. For future planning, a 28,000 cubic yard
nourishment project at Cockle Cove Beach would cost the Town of Chatham approximately
$308,000 (with a booster) and a 10,000 cubic yard nourishment project at Harding Beach would
cost $70,000 (with no booster) for construction utilizing the County equipment.
To construct the approximate 50,000 cubic yard beach nourishment project at Forest
Beach likely will require larger-scale dredging equipment than the County maintains. For this
work, a hydraulic dredge that has the ability to pump the sediment for a distance of ~10,000 feet
will be required, based on the location of the likely borrow sites relative to Forest Beach. Since
few hydraulic dredging projects are performed in Massachusetts, equipment of this type likely
would be mobilized from the New York/New Jersey area, which would cost on the order of
$400,000 to $500,000. In addition to this cost would be the dredging cost of between $8 and
$10 per cubic yard. Therefore, the initial Forest Beach nourishment construction cost would be
between $800,000 and $1,000,000.
Some of the potential borrow sites and beach placement locations have existing permits
to perform work. Moving forward, it is recommended that the Town of Chatham utilize the
results of this assessment to develop a comprehensive plan for developing and maintaining a
single set of regulatory permits for the entire Chatham South Shore region. This overall plan
would seek permits for several offshore and beach face borrow sites to be utilized as needed to
maintain the integrity of the littoral system along this shoreline. In addition, permits should be
sought to allow for beach nourishment along the entire Chatham South Shore coast.
For both the borrow site and beach nourishment aspects of the environmental permitting
process, a number of regulatory “triggers” will be exceeded that will require significant
coordination with the various regulatory agencies that oversee actions in the coastal zone. In
general, the following permit filings will be required:






Environmental Notification Form to MEPA, which may trigger additional regulatory
review
Notice of Intent filed locally in Chatham (also reviewed by Massachusetts DEP)
Water Quality Certification
Chapter 91 License
U.S. Army Corps of Engineers permit application (the overall management likely will
require an individual permit)
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MA Coastal Zone Management coastal consistence filing (as part of the Army Corps
process)
MESA filing to address potential impacts to endangered or threatened species

As part of the regulatory permitting process, coordination with various agencies will be
required to ensure the process moves forward in an efficient manner. Known environmental
concerns associated with borrow site excavation and beach placement/excavation include
marine fisheries, endangered and/or threatened birds, and potential physical impacts to coastal
resource areas. As described above, the potential offshore borrow sites are located in regions
of actively migrating sand deposits or in areas where bottom disturbance is presently permitted.
For these reasons, it is anticipated that potential adverse environmental impacts caused by
dredging would likely be minor and temporary, simplifying the regulatory approval process. In
addition, recent TOY restrictions for winter flounder have been lifted for channel dredging
seaward of the inlet throat. All potential borrow sites are located in Nantucket Sound; therefore,
existing TOY restrictions would not limit dredging at the proposed sites.
While a number of environmental regulatory restrictions will apply to the proposed sand
mining and beach nourishment work along the Chatham South Shore, a number of opportunities
exist to enhance environmental resources. Due to substantial accretion immediately west of
both the Mill Creek and Stage Harbor entrances, the dune systems in these regions have
become densely vegetated and wide. Therefore, they no longer provide ideal habitat for nesting
Piping Plovers or Terns. As part of the Mill Creek project, both Massachusetts Audubon and the
Natural Heritage and Endangered Species Program were supportive of vegetation removal to
enhance nesting habitat. For areas where beach face excavation is proposed, vegetation
removal also can be implemented to improve habitat value over existing conditions in these
relatively remote locations. In addition, proactive sand management at inlets is critical to
maintaining tidal flushing through the restricted tidal inlets of the Chatham South Shore.
Specifically, work by Kelley, et al. (2007) indicated that shoaling at the Mill Creek entrance
caused a measurable increase in total nitrogen concentrations in Taylors Pond. Increases in
total nitrogen concentrations have been directly linked to the decline of estuarine eelgrass
coverage in Massachusetts.
To support the beach nourishment design and the environmental regulatory process, a
number of data collection efforts will be required. For the various potential offshore borrow
sites, geophysical analyses and geotechnical sampling will be needed to determine compatibility
of these sites with the native beach. Geophysical analyses also will indicate the surficial
sediment characteristics, the depth of the sand deposit, and the existence of archeological
resources. Biological evaluation of the potential borrow sites and beach nourishment sites also
would be required to determine the existing conditions or the habitat quality at these sites.
Eelgrass and shellfish surveys would be performed at each borrow site, as well as within the
anticipated equilibrated ‘footprint’ of the beach fill projects. Initial physical and biological
sampling can be utilized to ‘screen’ various sites and provide information to the environmental
regulatory agencies needed to guide management decisions. While the level of analysis
required to support a comprehensive coastal management plan for the Chatham South Shore
may appear onerous, it likely is more cost-effective to pursue one set of environmental permits
for the entire stretch of shoreline, rather than having a piecemeal approach that likely does not
address the entire coast and is more expensive in the long-term.
Once the initial nourishment projects are constructed to re-establish the sediment supply
for the Chatham South Shore, maintenance of the beach system becomes more manageable in
the future. In general, sediment transport rates along the shoreline are below 2,000 cubic yards
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per year. With sediment transport rates of this magnitude, small-scale re-nourishment on a 3to-5 year timeframe, placed toward the western end of the system will maintain the supply to all
downdrift beaches. Proactive bypassing of material at the Mill Creek entrance likely will be
required, as well; however, this operation will allow stabilization of the beach east of Mill Creek
that acts as a feeder beach to the Cockle Cove/Ridgevale Beach system. Continued sediment
accumulation at the east end of the littoral system (the east end of Hardings Beach) can be
anticipated. Future U.S. Army Corps and/or Town dredging efforts within the Stage Harbor
region will provide ample sediment to manage the beaches along the Chatham South Shore.
Table V-1.

Proposed nourishment alternatives for the Chatham south coastline.
Total fill
Length of fill
Width of template
Area
volume
template
Estimated cost
(feet)
(cu. yd.)
(feet)

Forest Beach

50,000

1,600

100

$800,000 to
$1,000,000

Cockle Cove Beach

28,000

1,000

100, tapered width

$308,000

Hardings Beach

10,000

500

50

$70,000
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