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1.0 INTRODUCTION 
 
 A comprehensive assessment of the City New Bedford’s Clarks Cove shoreline was 
undertaken in order to provide the background information and coastal engineering alternatives 
the City will need to address ongoing beach erosion along West Rodney French Boulevard 
(Figure 1.1).  The background assessment includes an evaluation of the structural condition of 
the coastal engineering structures within the project area, a multi-beam bathymetry survey, and   
surveys of shellfish and eel grass resources.  This project was funded in part through the MCZM 
Coastal Resilience Grant program, with additional funding and in-kind services provided by the 
City of New Bedford. 
 
 By perusing the MCZM resiliency grant, the City sought to determine the causes of beach 
erosion along West Rodney French Boulevard and to understand what options would be available 
to improve future storm resiliency.  The beach width along the three sections of interest (Labeled 
Sections 1 through 3 in Figure 1.1) has noticeably decreased over the last several decades.  
Moreover, the recent (2013) Massachusetts Coastal Structures Inventory indicates that while the 
vertical concrete seawall backing the beach is in fairly good condition, the toe revetment that 
protects against seawall undermining is in poor condition.  Due to the loss in beach width and 
condition of the shore protection, concerns were raised regarding critical City infrastructure within 
West Rodney French Boulevard, specifically the sewer main.  The historically documented (by 
Mass DEP) presence of eel grass in close proximity to the shoreline raised appropriate additional 
concerns that any solution developed for the purpose of protecting infrastructure would also be 
protective of existing eel grass resources.   
 
 An interdisciplinary team lead by Applied Coastal was assembled to complete a scope of 
work designed to provide the City with data and conceptual plans that would the basis of the future 
effort to complete the engineering design the preferred alternative and begin the environmental 
permitting process.  Participating in the team effort were CLE, Inc. of Marion, MA who performed 
the structural assessment and bathymetry survey and the Woods Hole, MA office of Stantec, Inc. 
who performed the shellfish and eel grass habitat surveys. The details of the tasks performed for 
the different phases of the complete scope of work are as follows. 
 
Phase I:  Review of Available Reports, Plans & Other Information 

 
 Applied Coastal coordinated the project kick-off meeting on Jan 20, 2017 which was 
attended by the different groups that make up the Project Team, including both City and MCZM 
staff, and staff from CLE, Inc. and Stantec.  In this meeting, the technical approach was discussed 
and additional existing data sources and specific concerns and desired outcomes were discussed.  
Applied Coastal collected existing information on the local infrastructure within the subject project 
area and performed an independent review and analysis of the available study reports, plans, and 
other information, including information on current and expected wave and flooding conditions 
within the appropriate project site.   
 
 The City provided the design drawings for the existing seawall improvements constructed 
in 1979, as well as information and plans regarding infrastructure landward of the seawall.  The 
Coastal Infrastructure Inventory and Assessment for Coastal Zone Management in 2013 (BCE, 
2013) covering the beach areas within the project area was helpful with providing context of the 
present condition of the seawall and groins within the project limits.  As both Applied Coastal and 
CLE Engineering were part of the Bourne Consulting Engineering team for the Coastal Structures 
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Inventory, our team is well-versed in both the rating system, as well as the limitations associated 
with this state-wide assessment. 
 
Phase II:  Investigation & Characterization of Natural Resources 

 
 Phase II consisted of engineering inspections by CLE, Inc. along the three sections of beach 
declared to be within the scope of the project and the area to the north of these section to Groin 
#1 shown in Figure 1.1. The results of the inspection are summarized in Section 4 of this report, 
and the complete CLE inspection report is provided as an appendix.   
 
 This task also included the characterization of environmental site conditions by Stantec 
through an assessment of existing natural resources in the area, including eel grass and shellfish.   
Due to the timing of the project (with the project award coming late in the season), an initial 
eelgrass evaluation was performed by CLE in January 2017 during the bathymetric survey to 
determine the landward limit of the Submerged Aquatic Vegetation (SAV) beds.  Later in May 
2017, after the beginning of the growing season, a diver survey to ground-truth this initial survey 
was performed by Stantec.  The complete results of the Stantec survey are provided as an 
appendix. 
 
 From the beginning of the project, eelgrass was identified as the likely dominant issue of 
concern for the Massachusetts Division of Marine Fisheries (DMF) and the NOAA National Marine 
Fisheries Service (NMFS), for any of the engineering concepts evaluated in this study.  Though 
historical eel grass mapping products produced by the Massachusetts DEP exist, it is standard 
practice to document existing SAV as part of any site characterization.  Stantec has substantial 
experience interacting with NMFS and DMF relative to both survey requirements and Essential 
Fish Habitat assessments for beach nourishment programs.    
 
 
Phase III:  Analysis & Assessment of Coastal Processes & Sediment Transport 
  
 An overall analysis of recent geologic history, an evaluation of local shoreline change (both 
recent and long-term) was performed for the West Rodney French Boulevard shoreline.  The 
analysis incorporated information from the previous beach nourishment projects, as well as other 
available information.  An RTK GPS shoreline survey was performed in Jan 2017 by Applied 
Coastal to evaluate recent changes in shoreline position.  Comparison of the 2017 surveyed 
shoreline position with historic shorelines developed as part of this project provides needed 
background information for the evaluation of sediment movement in this region. 
 
 Prior to developing management options for addressing the shoreline recession and 
infrastructure protection, a quantitative understanding of the coastal processes causing the local 
sediment deficit is required.  For this study, two numerical models were developed to evaluate 
coastal processes: a wave refraction model and a longshore sediment transport/shoreline change 
model.  Wave refraction modeling is required to estimate the driving forces governing longshore 
transport.  Since the local bathymetry modifies the wave directions and heights, this model is used 
to determine how local changes in wave conditions modify sediment transport potential along the 
beach.  The wave analysis was based upon both open-ocean and wind-driven waves that control 
local coastal processes.  The wave analysis incorporates state-of-the-art wave refraction analysis 
techniques, utilizing the model SWAN developed by Delft University in the Netherlands, to 
transform the offshore waves to the shoreline for long-term sediment transport calculations, 
similar to analyses performed by Applied Coastal for nourishment designs in other  
Massachusetts communities, such as recently at North Scituate Beach and Oak Bluffs. 
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 Once wave heights and directions for various conditions were determined, a sediment 
transport model was employed to estimate annual longshore sediment transport rates along the 
project shoreline.  Sediment transport direction and rate are important parameters that are used 
to characterize the stability of the nearshore system.  In the longshore direction, a system in 
equilibrium will have a small net transport along the length of the shoreline due to balanced wave 
and current forces.  The equilibrated shoreline may experience high wave energy conditions; 
however, there will be an overall balance in transported sediment volume in both longshore 
directions.  The sediment transport analysis results for the West Rodney French Blvd. shoreline 
indicate that the sandy portions of the shoreline (north from Hazelwood Park) are in fact in 
equilibrium, with low net longshore transport rates.  However, the eroded sections of the shoreline 
in the project area north of the boat ramp have a significant gradient in sediment transport 
potential, which indicates that the orientation of the shoreline is out of equilibrium with the 
prevailing wave climate.  As a result, it would be difficult to design a nourishment template that 
would have a useful design life without incorporating additional coastal engineering measures 
(like groins) to maintain the nourishment material. 
 
 Utilizing a combination of the wave model information, existing historical shoreline change 
data, sediment grain size information, and seasonal beach form data, a predictive model of 
longshore sediment transport was developed and calibrated to observed conditions.  Once the 
shoreline change model was calibrated, it was utilized to simulate the longevity and migration of 
potential beach nourishment alternatives, as well as the influence of sand-trapping structures (e.g. 
groins).  This aspect of the modeling effort is critical for assessing the viability of potential shore 
protection alternatives.  The sediment transport/shoreline change model incorporates standard 
process-based sediment transport equations to drive the coastal erosion and accretion 
processes.  Output from the model provide rates and directions for sediment transport along the 
beach.  The complete details of the coastal processes modeling effort are provided in Section 3 
of this report. 
 

 Field work necessary to support the nearshore wave and sediment transport modeling 
includes topographic and nearshore bathymetric surveys.  The topographic survey was performed 
by the City and extended inland past the seawall and included West Rodney French Boulevard 
within the project limits.  A multibeam bathymetry survey was performed in the area between the 
boat ramp to the south and the hurricane barrier to the north.  The extent and landward limit of 
eel grass resources was initially delineated during the January 2017 bathymetry survey, and later 
verified by a diver survey during the growing season in May 2017.  Beach grain size samples 
were taken along the existing beach to characterize the range of sediments “native” to the beach 
system between approximate mean low water and the seawall/revetment.  Grain size analysis of 
each sample was performed utilizing standard ASTM analysis techniques.   A detailed update on 
the condition of the existing coastal engineering structures was performed in a manner consistent 
with the state Coastal Structures Inventory Assessment to assess any concerns regarding the 
integrity of the existing shore protection.   
 
Phase IV.  Assessment of Infrastructure Vulnerability to Coastal Storms  

 
 Both technical and anecdotal information was gathered to help develop the vulnerability 
assessment for the infrastructure associated with West Rodney French Boulevard.  This 
assessment includes the roadway, the existing sidewalk/bicycle path, the seawall and revetment, 
and the underground utilities including the main sewer interceptor for the City of New Bedford, 
local drainage, water mains and services, gas main and other underground utilities that may be 
located in West Rodney French Boulevard.  Within the context of ongoing coastal evolution, the 
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influence of relative sea-level rise is accounted for within the analysis.  Sea-level rise rates and 
their impact on future storm surges were determined using data from the Boston Harbor tide 
gauge and future SLR scenarios developed by NOAA.  Initial vulnerability findings were discussed 
with the Project team during the April 13, 2017 progress meeting, and are discussed further in 
Section 2 of this report. 
  

Phase V.  Conceptual Beach Nourishment Design & Engineering Structure Options 
 

 After thorough quantitative assessment the coastal processes, infrastructure vulnerability, 
review of historic data and design information, and environmental resources within the project 
area, developed in Phase I, II, III, and IV, a series of comprehensive alternatives were analyzed. 
The alternatives include beach nourishment as well as hard structural components to stabilize the 
shoreline along West Rodney French Boulevard. The analysis includes five (5) different 
conceptual shore protection alternatives. The quantitative assessment of alternatives provides an 
estimate of nourishment profile geometry and length, various coastal structure configurations, 
preliminary quantities, assess design life and performance/maintenance requirements, assess 
environmental impacts, suggest monitoring requirements, and provide an approximate cost for 
each option.  
 
 The information developed in this study provide the basis of a conceptual-level alternatives 
analysis provided in the final section of this report, and utilizes a screening process to describe 
the benefits and disadvantages associated with the available alternatives.  This process ensures 
that the most appropriate alternatives are carried forward beyond the conceptual design phase.  
The primary emphasis of the alternative selection process is screening, where the process is to 
identify the most appropriate alternative(s) based upon a series of exclusionary and discretionary 
criteria.  There are no numerical thresholds that identify the best alternative; rather, the screening 
process is designed to assess a wide range of potential alternatives, and through comparative 
analysis of various rating criteria, narrow the list of options until only the most appropriate remain. 
The basis for this screening process is the USACE Highway Methodology, which the project will 
later be evaluated upon during federal permitting. The evaluation incorporates performance, 
constructability, life cycle, fiscal, and environmental constraints.  The technical information and 
background data used, as well as the exclusionary and discretionary criteria the alternatives are 
evaluated upon are discussed and provided in Sections 5 and 6 of this report.  
 
Phase VI.  Draft Report & State Agency Coordination 

 
 Following the initial development of the alternatives the Applied Coastal team met with the 
Project Team on April 13, 2017 and presented the alternatives, and discussed the selection of 
the preferred alternative which best meets the project goals of providing long-term shore and 
infrastructure protection within the project area. The discussion included performance of the 
alternatives to protect infrastructure, minimization of environmental impacts, construction, 
maintenance, and life cycle costs associated with the preferred alternative.  As the final task of 
this grant, this report is submitted which documents the information, analysis, and designs 
developed in the previous phases of this study.  
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Figure 1.1. A map of the coastal structures, project sections, and historic nourishment limits along 
West Rodney French Boulevard.  
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2.0 BACKGROUND AND SHORELINE HISTORY 
 
 The West Rodney French Boulevard shoreline has experienced modest erosion of the 
shoreline in areas that have been not protected by nourishment placed in 1958 and 1977.  While 
this beach erosion has not been severe when reviewing shoreline change rates since 1938 See 
Figure 2.1, lowering of the beach over time has led to the need for revetment protection along the 
face of the exposed seawall sections.  The long-term effect of this beach lowering is to expose 
this shoreline to larger depth-limited waves due to deeper water depths fronting the seawall. 
During severe conditions, these larger waves can destabilize the seawall protecting the sewer 
line running the length of the seawall. Moreover, the Coastal Structures Inventory indicates that 
while the vertical concrete seawall backing the beach is in fairly good condition, the toe revetment 
that protects against seawall undermining is in poor condition.  Due to the loss in beach width and 
condition of the shore protection, it is understandable that concerns have been raised regarding 
critical City infrastructure within West Rodney French Boulevard, specifically the sewer main. 
 
 During the 1938 Hurricane, substantial damage occurred throughout New Bedford and 
certainly the shoreline area of Clarks Cove was not spared.  Figure 2.2 and 2.3 are photographs 
showing the condition of the West Rodney French Boulevard area after the storm.  Under storm 
conditions, portions of the seawall failed and substantial scouring of the upland adjacent to the 
seawall also occurred.  During the peak of the storm, water levels greatly exceeded the low 
elevation of the seawall and roadway, which limited the damaging effects of waves at the point of 
maximum water levels. 
 
  After Hurricane Carol in 1954, seawall and revetment improvements were made in 1958.  
As part of this shore protection project, a beach nourishment component was added between 
Oaklawn and Dudley Streets (Figure 1.1). Additional repairs and nourishment occurred in 1977.  
While it appears that a majority of the nourishment remains north of Section 1, much of the 
shoreline south of this area contains no high tide beach, except in the immediate vicinity of the 
groins. 
 
 To ensure that the influence of nourishment is evaluated for the entire affected area, it is 
anticipated that detailed modeling/analysis will need to extend from Groin 1 south to the boat 
ramp.  While this area likely extends beyond the footprint of likely proposed nourishment, or 
structure modifications, the observed south-to-north littoral drift at the site will cause nourishment 
to migrate from Sections 1, 2, and 3 to the north over time.  This influence should be assessed 
for both potential environmental impacts, as well as future shore protection benefits.  Optimizing 
beach nourishment design life likely will require an assessment of the existing groins to ensure 
that the existing layout is appropriate for the overall shore protection scheme.  While expansion 
of coastal engineering structures is generally discouraged by environmental regulatory agencies, 
recommendations to “trade” structures, where one is shortened and one is lengthened by an equal 
or lesser amount, may have merit to maximize shore protection goals.      
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Figure 2.1. Aerial photograph from 1938 with the approximate shoreline from January 2017 shown in 
orange..  



APPLIED COASTAL RESEARCH AND ENGINEERING, INC. 

 

3 
 

 

Figure 2.2. Damage to the area landward of the West Rodney French Boulevard seawall as a result 
of the September 1938 Hurricane (source: Spinner Publications, New Bedford, MA, 
www.spinnerpub.com).  

 

Figure 2.3. Portion of the West Rodney French Boulevard seawall failure that occurred as a result of 
the September 1938 Hurricane (source: Spinner Publications, New Bedford, MA, 
www.spinnerpub.com).  
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2.1 HISTORICAL SHORELINE CHANGE 
 
 Regionally, the Buzzards Bay shoreline 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 sediments, consisting of a broad range of sand, 
gravel, cobbles, and boulders, depending on the composition of the eroding glacial deposit.  Many 
of these original sources of beach materials have been largely eliminated due to the construction 
of revetments and seawalls along the shoreline.  Specific to the Clarks Cove shoreline, large-
scale armoring to protect upland infrastructure has been ongoing since at least the late 1800s.  
The vertical concrete seawall along West Rodney French Boulevard serves to protect the upland 
infrastructure including the City sewer main that leads to the sewage treatment plant near the 
southern tip of Clarks Point.  In many sections, the base of the seawall has been fronted by a low 
profile armor stone revetment (Figure 2.4). 
 

 

Figure 2.4 Photographs of West Rodney French Boulevard seawall taken January 2017.  

 
 Evidence of placing the revetment along the face of the seawall typically indicates concerns 
over exposure of the foundation as a result of an eroding beach.  Based on long-term shoreline 
information (Figure 2.5), it appears that some limited landward migration of the natural shoreline 
occurred since the late 1800s.  However, the majority of the observed shoreline change appears 
to be due to anthropogenic modifications.  Specifically, the construction of the seawall and a 
series of groins (and alterations to these structures over time), as well as placement of beach 
nourishment in the 1950s and 1970s, had a significantly larger influence on shoreline change than 
natural coastal processes.  Understanding the influence of these anthropogenic effects was 
critical for limiting the use of the data for quantifying coastal processes.  Therefore, it was 
determined that a more recent short-term shoreline change analysis would be most appropriate 
for evaluating local coastal processes.   
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Figure 2.5. Shorelines from 1895, 1935, and 207, where the shorelines from 1895 and 1935 were 
derived from the MCZM shoreline database and the 2017 shoreline position was surveyed 
using RTK-GPS equipment. 
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 Use of shoreline change information allows quantification of coastal processes by providing 
a measure of nearshore accretion or erosion.  For the Clarks Cove shoreline, high quality 
shoreline data sets are available dating back to the mid-1800s.  However, as stated above, it was 
determined that short-term shoreline change subsequent to the most recent groin modifications 
and major beach nourishment placement would be most appropriate for understanding 
contemporary coastal processes  
 
 Shoreline change is typically minimal along stretches where coastal engineering structures 
have been built.  In many of these areas, notably along un-nourished sections of the West Rodney 
French Boulevard shoreline, the fronting beaches are submerged at high tide.  The shoreline 
change analysis focused on these areas; however, shoreline change rates for the entire West 
Rodney French Boulevard coastline were determined for the time period between 1997 and 2009.  
It should be noted that the change rates represent the horizontal shoreline migration only and do 
not include changes in the beach elevation (i.e. beach lowering) over time.  Where the shoreline 
migration is limited by seawall/revetment, the shoreline change rates may indicate that little or no 
horizontal change has occurred but the beach elevation may have lowered substantially over the 
same time period. 
 
 High water shorelines were obtained from aerial orthophotographs for 1997 and 2009.  The 
high water shoreline position change rates were calculated by casting perpendicular transects to 
the later input shoreline at each analysis point along the line to the earlier shoreline.  The result 
is a table of shoreline change magnitudes and rates for each transect where shoreline change 
denoted with a minus sign represents erosion.  Figure 2.6 graphically illustrates the short-term 
shoreline change results. 
 
 All shoreline position data contain inherent errors and/or uncertainties 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 2.1.  
These calculations estimated the total RMS uncertainty to be ±1.2 feet/year from 1997 to 2009. 
   

Table 2.1 Estimates of Potential Error Associated with Shoreline Position Surveys 

Orthophotography (1997, 2009)  

Delineating high-water shoreline position 
Position of measured points 

±10 ft 
±10 ft 

GPS Surveys (2017)  

Delineating high-water shoreline position 
Position of measured points 

±3 to ±10 ft 
±3 to ±10 ft 
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Figure 2.6. Historical shoreline change for West Rodney French Boulevard shoreline from 1997 to 
2009. 
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2.2 TOPOGRAPHIC, BATHYMETRIC, AND VIDEO SURVEYS 
 
 Topographic and bathymetric surveys were conducted in January 2017, in a joint effort 
between CLE Engineering (bathymetry) and the City of New Bedford (topography).  The 
topographic survey included the beach and nearshore areas extending to the approximate 0-ft 
NAVD contour line and included the beach area and adjacent coastal protection structures, as 
well as upland public infrastructure along West Rodney French Boulevard.   
 
 In addition, a hydrographic survey of the near-shore areas was performed extending to a 
minimum of 300 feet from the shoreline.  The survey was performed utilizing a multi-beam 
fathometer to allow complete bathymetric coverage of the entire survey footprint.  This equipment 
also can provide an initial estimate of submerged aquatic vegetation (e.g. eelgrass) coverage 
based on the ‘strength’ of the acoustic return from the fathometer.  The initial assessment of the 
multi-beam data indicated that the eelgrass coverage was limited; however, an underwater video 
survey was performed to ground-truth this information. The results of the bathymetric survey are 
shown in Figure 2.7.  The combined results of the topographic and bathymetric surveys will be 
prepared as part of the existing conditions plans.   
 
 Weather allowed the video survey to occur in late February 2017.  The results of this survey 
indicated significant eelgrass coverage in the nearshore region (Figure 2.8).  This coverage may 
result in the need for augmenting coastal structure design to contain any future beach 
nourishment to ensure that significant volumes of material do not migrate offshore and smother 
existing eelgrass beds.  As MADMF only accepts eelgrass surveys performed during the growing 
season, typically mid-May to mid-October, the video results will be field-verified by Stantec 
biologists in May.  
 
 Historically, eelgrass within this area appears to be ‘rebounding’ from historical conditions.  
As shown in Figure 2.9, very little eelgrass was present in the 1980s, likely as a combination of 
CSO discharges into this portion of the coast, as well as the status of the wastewater treatment 
facility.  By 1996, it appears that eelgrass had recovered as a result of CSO improvements and 
wastewater treatment plant upgrades.  
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Figure 2.7. Bathymetric contour data from 2017 multi-beam survey. 
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Figure 2.8. Eelgrass coverage based upon results of initial January 2017 reconnaissance video survey 
by CLE, Inc. and in-season May 2017 diver survey by Stantec. 
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Figure 2.9. Comparison between the Costa 1980s (left) and DEP's 1996 (right) showing increase in 
eelgrass cover around Clarks Point New Bedford area. This was one of the few areas of 
increase between the two surveys and may have resulted from the improvements to the 
wastewater facility, and perhaps more importantly, the elimination of dry weather 
discharges from CSOs on both sides of Clarks point. 

2.3 SEA-LEVEL RISE CONSIDERATIONS 
 
 Separate from the daily rise and fall of the tide, the average elevation of the ocean changes 
over time with respect to the land.  This average position is called relative sea level and different 
geologic and atmospheric processes contribute to changes in relative sea level.  Some of the 
causes include glacial ice melt, thermal expansion of the ocean as the global temperature 
increases, and the rising or sinking of the earth’s crust itself.  While the specific causes of relative 
sea level change are the topic of much scientific and political debate, historical evidence indicates 
that over the past 90+ years, the relative sea level in Boston, Massachusetts has been rising 
generally in a linear fashion (see Figure 2.10).  Utilizing monthly mean sea level data, the long-
term average relative sea level rise in Boston has been 2.79 mm per year or 0.92 feet per century. 
 
 The Massachusetts Office of Coastal Zone Management (MCZM) also published their own 
report in 2013 regarding future sea level rise projections along the Massachusetts coast based 
upon much of the information developed by NOAA (Parris, et al, 2012).  These projections utilized 
estimates for the historical linear trend, an “intermediate low” scenario, an “intermediate high” 
scenario, and a “high” scenario as shown in Figure 2.11.  For the evaluation of shore protection 
measures in this report, it is anticipated that a 50-year design life for new and/or reconstructed 
coastal engineering structures is appropriate.  Utilizing the relatively conservative values 
associated with the “intermediate high” relative sea level rise projection for the region, the 
evaluation for future conditions assumed a 2-foot increase in relative sea level over the next 50 
years. 
 
 It should be noted that simply increasing structure elevation by 2 feet might not address 
increased wave overtopping predictions over the next 50 years.  Therefore, coastal engineering 
structure assessment also considered expansion of armor stone revetments fronting the 
structures to ensure appropriate designs under future sea level and storm wave conditions. 
 
 For non-structural coastal engineering measures (e.g. beach and/or dune nourishment), the 
design life generally is on the order of 5 to 15 years; therefore, designs could be readjusted as 
sea levels increased in the future.  These design modifications would become part of the ongoing 
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maintenance requirement for the project and there would be no need to incorporate sea level rise 
directly into the initial design. 
 

 

Figure 2.10. Long‐term mean sea level data for NOAA Boston tide gauge station with linear trend and 
confidence interval. 

 

 

Figure 2.11.  Relative sea level rise scenarios estimates (in feet NAVD88) for Boston, MA.  Global 
scenarios from were adjusted to account for local vertical land movement with 2003 as the 
beginning year of analysis (figure credit: MCZM, 2013). 
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2.4 STORM SUSCEPTABILITY 
 
 Due to the unique geographic location of Massachusetts, both tropical (originate in the 
tropics) and extra-tropical (originate in mid-latitudes) storm events are important to the 
characterization of potential coastal hazards.  For the shorelines in Buzzards Bay, including New 
Bedford, as well as along the south shore of Cape Cod, Martha’s Vineyard, and Nantucket, 
hurricanes typically are considered the storms of record.  However, storm damage along the 
remainder of the Massachusetts coast is dominated by extra-tropical storm events (northeasters).  
Tropical storms and hurricanes generally move across Massachusetts rapidly (often in a few 
hours); however, their storm surge can be substantial, especially in large semi-enclosed basins 
oriented toward the direction of storm approach (e.g., Buzzards Bay).  In addition to their rapid 
passage, significant hurricane events are relatively infrequent, with only two Category 1 
Hurricanes making official landfall (where the center of the Hurricane eye crosses the shoreline) 
in Massachusetts during the past 100 years (1916 and 1954).  Hurricane landfalls in the 
Massachusetts region are shown on Figure 2.12.  However, extensive damage has been caused 
by more powerful hurricanes that made landfall west of Massachusetts, including hurricanes in 
1991 (Bob), 1944, and 1938.  In contrast, extratropical storms (out of the northeast, east or 
southeast) typically occur several times per year, generally between late October and April.  
Although the sustained winds are typically less than hurricane-strength, the duration of these 
storms can be problematic, causing coastal flooding situations for upwards of two-to-three days 
for severe storms.  Although storm surge elevations associated with these easterly storms are 
not as severe as major hurricanes, their relatively frequent occurrence and duration create 
significant coastal hazards along Buzzards Bay and the south shore of Cape Cod.  To evaluate 
the susceptibility of the project area to the full range of storms, historical storm surge elevations 
were evaluated. 
 
 Figure 2.13 illustrates the 100-year storm surge levels along the Massachusetts coast.  Due 
to the limited data available, it is not possible to determine an accurate 100-year storm surge level 
along the undeveloped shoreline of outer Cape Cod, or along the south shores of Martha’s 
Vineyard or Nantucket.  The 100-year storm surge elevation represents the Stillwater elevation 
without the local influence of waves.  The highest storm surge levels experienced in 
Massachusetts occur in Buzzards Bay, where the 1938 hurricane caused a storm surge in excess 
of 13 feet NAVD.  However, it should be noted that most of the Massachusetts coast has 100-
year storm surge levels in excess of 10 feet NAVD. 
 
 As shown in Figure 2.14, for the shorelines of Buzzards Bay and the south shore of Cape 
Cod, the difference between the 1-year and 100-year storm surge elevations is generally between 
6-8 feet (1.8-2.4 m), with areas where the difference is greater than 8 feet (2.4 m) in the upper 
reaches of Buzzards Bay.  This indicates quite clearly that the annual winter storms of the region 
result in storm surge elevations significantly lower than those associated with a rare, severe 
tropical storm, such as a hurricane.  In short, a severe hurricane impacting the area will be 
accompanied by historic flooding and associated damage.  Although hurricane’s can cause 
damage along the entire Massachusetts Coast, areas most susceptible to this damage are the 
south-facing shoreline including the Buzzards Bay coast, the southern shore of Cape Cod, 
Nantucket, and Martha’s Vineyard.   
 
 More recent flood inundation mapping has been performed for New Bedford (SeaPlan, 
2014) using the NOAA Sea, Lake, and Overland Surges from Hurricanes (SLOSH) model (Figure 
2.15) .  For the West Rodney French Boulevard area, some inundation along the roadway can be 
anticipated during a Category 2 or higher Hurricane.  However, due to the relatively high 
elevations that exist on Clarks Point, the flooded area is limited.  In addition, the west-facing, 
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shoreline further protects this area from receiving the direct impact of Hurricane wave forces that 
typically have the greatest impact on south-facing shorelines.  This natural protection is shown by 
the relatively modest alongshore sediment transport rates and long-term stability of the West 
Rodney French Boulevard shoreline, as described in Section 3. 
 

 

Figure 2.12. Historical hurricane tracks impacting Massachusetts from 1858 to 2000. 
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Figure 2.13. 100-year coastal storm surge elevations along the Massachusetts shoreline (derived from 
Tidal Flood Profiles, New England Coastline. U.S. Army Corps of Engineers, New England 
Division, September, 1988). 
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Figure 2.14. Difference between 1-year and 100-year coastal storm surge elevations along the 
Massachusetts shoreline (derived from Tidal Flood Profiles, New England Coastline. U.S. 
Army Corps of Engineers, New England Division, September, 1988). 
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Figure 2.15. Hurricane inundation areas under existing sea-level conditions predicted from SLOSH 
model (SeaPlan, 2014). 
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3.0 ANALYSIS & ASSESSMENT OF COASTAL PROCESSES & 
SEDIMENT TRANSPORT 
 
 A shoreline modeling analysis was performed to assist in the development of a plan to 
enhance the protection of critical city infrastructure along West Rodney French Boulevard.  The 
Clarks Cove shoreline between the West Rodney French Boulevard boat ramp (at the south end) 
and the hurricane barrier at the Kilburn Mills (at the north end) is the area included in this study 
(Figure 3.1).  This 3,830-foot long shoreline segment features a vertical seawall that runs its entire 
length, and six stone groins.  The three largest groins are used to contain sand within the public 
recreational beach (West Beach). 
 
 Waves provide the driving forces governing the observed changes in the position of the 
study shoreline, over time.  Approaching waves are generated locally in Clarks Cove and 
Buzzards Bay, with some wave energy propagating from even farther offshore along fetches that 
extend into the open Atlantic Ocean.  To determine the distribution of wave energy and the 
direction of waves approaching the shoreline, a wave refraction analysis was performed.  This 
analysis computed the nearshore wave climate of the West Beach vicinity based on wind and 
offshore wave data.  The wave modeling predicted the major effects of long-term average wave 
conditions on the beach and provided the basis for determining trends in sediment transport.  The 
nearshore wave climate developed by this modeling was utilized to drive a shoreline 
change/longshore sediment transport model.  Once completed, the shoreline model was used to 
evaluate engineered options for the protection of the infrastructure located along the Boulevard.   
 
 The transport of beach sediments along West Beach 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.   

3.1  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 shore along West Rodney French Boulevard, the direct open ocean exposure is 
prevented by its orientation in Clarks Cove and by the Elizabeth Islands that form the southeastern 
boundary of Buzzards Bay (Figure 3.2).  It is still possible that some offshore wave energy can 
propagate to West Beach by refraction and diffraction of waves, which are processes that redirect 
waves.  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. 
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Figure 3.1. August 2016 aerial of the study shoreline between the West Rodney French Blvd. boat 
ramp and the hurricane barrier at the Kilburn Mills. 
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Figure 3.2. Detail of NOAA chart 13218 (Martha's Vineyard to Block Island) showing the locations of 
the WIS hindcast station (63074) and the West Beach study shoreline. 

 
 A three-part procedure was followed for the generation of wave input for the sediment 
transport analysis.  First, the long-term WIS wave and wind hindcast data from offshore of 
Buzzards Bay was retrieved and processed.  Second, the processed wave and wind data were 
used as inputs into the two-dimensional wave transformation model SWAN.  Third, output from 
this program was then used to generate the wave input record used in the sediment transport 
calculations. 

3.1.1  Wave And Wind Data  
 
 For this study, wave conditions were generated using the wind and wave data available 
from the US Army Corps of Engineers (USACE) WIS hindcast database, at station 63074 located 
20.9 NM south of the mouth of Clarks Cove and 10 NM south of Cuttyhunk.  The WIS data were 
used to develop offshore wave boundary conditions as well as the winds applied to the surface of 
Rhode Island Sound and Buzzards Bay.  The WIS has a record that spans the 33-year period 
between January 1980 through December 2012.     
 
 The entire wave and wind records from the WIS hindcast are presented in Figures 3.3 and 
3.4, respectively, as compass rose plots which show magnitude and percent occurrence by 
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compass sector.  From the hindcast, winds most frequently blow from the SW, with a percent 
occurrence of 10.0%.  For sectors approaching the West Beach shoreline (SSE through NNW) 
winds blow 63.6% of the time, with winds greater than 25 knots blowing 4.4% of the total 33-year 
span of the record.  From all direction sectors, wind speeds are greater than 10 knots 65.0% of 
the record and greater than 25 knots for 6.7% of the record.  The greatest wind speed of the entire 
record (64 knots) occurred during Hurricane Bob (August 1991). 

 

 

Figure 3.3. Wind rose of data from the WIS hindcast station 63074 (Rhode Island Sound), for the 33-
year period between January 1980 and December 2012.  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.  
The red diametric line indicates the approximate orientation of the West Beach shoreline.  

 
 

 

Figure 3.4. Wave height and period for hindcast data from WIS station 63074 (Rhode Island Sound) 
for the 33-year period between January 1980 and December 2012.  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. 
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 For the wave data of the WIS hindcast record, the predominant sector is from due south.  
Waves propagate from this direction 23.6% of the time.  The second-most frequently occurring 
sector at this station is SSE, which occurs 19.4% of the time.  Most of the waves from the south 
sector (approximately 9% of the total record) have an amplitude between 2 and 4 feet.  The 6.5 
to 8.5 second wave period band from the south has the greatest occurrence (7% of the record) of 
all sectors. 
 To develop the wind input conditions for the wave model, the wind data from the WIS record 
were binned by 22.5-degree compass sector and by magnitude, as presented in Table 3.1.  For 
each separate compass sector, the hourly events from the wind record were divided into top, 
middle and bottom bins, based on wind speed.  To determine which bin each wave case belonged, 
the maximum wind speed for each sector was found.  The bin limits then were set at one-third 
and two-thirds of the maximum wind speed.  For each separate sector, this binning method 
resulted in two more frequently occurring wind cases (bottom and middle bins) that represent 
more common conditions and one less frequently occurring bin (top bin) that represents rarer 
storm conditions.  A total of 289,295 total hourly time steps of the WIS record were sorted in this 
fashion. 
 
 The WIS hindcast record also 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, ).  Wave conditions for each wind case were determined by 
the wave data concurrent with the wind records.  Average wave heights for each wind case were 
computed as the square root of the mean squared wave heights.  Wave direction was determined 
as the vector average direction of all wave cases occurring with each particular wind case. This 
method of sorting the wave data determines the average wave conditions that correspond to each 
binned wind case. 
 
 Thirty-three separate model cases (i.e., three wave cases from each of eleven compass 
sectors) were developed by this processing of the wind and wave data of the WIS record.  The 
11 compass sectors from ESE to NNW include all winds that generate waves to drive sediment 
transport along the study shoreline.  Though winds from the ESE and SE sectors do not blow 
onshore at the study shoreline, waves from these sectors can refract as they enter Clarks Cove, 
and may result in sediment movement along West Beach.  The percent occurrence of each 
separate case is determined using the number of hourly records from the WIS hindcast that fall 
into each bin, divided by the total number of wave records in the entire 33-year record.  

3.1.2  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 Buzzards Bay and move toward West 
Beach, 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 
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wave breaking model based on water depth and wave steepness.  Model output includes 

significant wave height Hs, peak period Tp, and wave direction . 
 

Table 3.1. 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 θ o, peak 
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). 

sector  percent 
occ. 

wind angle 
(degrees) 

wind speed 
(knots) 

o      (degrees) Hs,o             (feet) To     (seconds) 

ESE bot 1/3 3.1 112.5 10.1 148.3 3.2 8.2 
 mid 1/3 0.3 111.5 25.4 133.4 7.6 7.4 
 top 1/3 9.8x10-4 109.0 51.6 156.3 24.9 13.8 

SE bot 1/3 2.6 135.3 8.1 153.9 2.7 8.3 
 mid 1/3 0.9 135.6 18.3 147.1 5.1 7.1 
 top 1/3 0.1 135.2 30.8 151.5 10.4 8.0 

SSE bot 1/3 3.3 158.0 8.7 158.0 2.8 8.2 
 mid 1/3 0.7 157.9 20.1 160.9 6.1 6.8 
 top 1/3 1.9x10-2 159.2 34.2 168.0 14.2 9.3 

South bot 1/3 4.9 180.7 8.9 163.0 2.8 8.0 
 mid 1/3 1.3 181.0 19.0 175.5 5.5 6.5 
 top 1/3 0.0 179.3 33.2 177.7 14.0 9.2 

SSW bot 1/3 8.0 203.1 11.3 173.6 3.4 7.4 
 mid 1/3 0.5 203.0 24.6 192.8 8.1 7.0 
 top 1/3 3.3x10-4 193.0 64.0 194.0 34.3 15.9 

SW bot 1/3 8.3 224.8 10.3 177.2 3.2 7.4 
 mid 1/3 1.7 225.1 20.9 205.5 6.4 6.6 
 top 1/3 6.2x10-3 224.2 37.3 196.1 18.5 11.5 

WSW bot 1/3 5.1 247.1 8.8 175.4 3.0 7.7 
 mid 1/3 2.6 247.2 18.7 210.3 5.8 7.0 
 top 1/3 0.2 249.8 31.8 213.2 12.1 9.2 

West bot 1/3 4.3 269.8 8.8 178.4 3.1 7.9 
 mid 1/3 3.5 271.1 19.5 218.5 5.8 7.5 
 top 1/3 0.4 272.5 31.1 230.4 10.0 8.5 

WNW bot 1/3 4.4 292.4 9.7 183.4 3.1 8.0 
 mid 1/3 4.7 292.9 21.3 236.6 5.6 7.3 
 top 1/3 0.4 291.8 32.7 253.1 8.9 7.6 

NW bot 1/3 4.5 314.7 10.3 183.9 3.1 8.1 
 mid 1/3 4.6 314.3 21.7 260.8 4.9 7.0 
 top 1/3 0.2 314.4 35.0 285.8 8.1 6.8 

NNW bot 1/3 3.6 337.3 10.1 173.1 3.0 8.4 
 mid 1/3 2.8 336.8 20.9 294.3 4.3 7.2 
 top 1/3 0.1 336.8 35.3 334.7 7.9 7.7 

 
 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 Gauss-Seidel 
technique.  For this study, the model was implemented using a steady state finite-difference 
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 (smaller refined grids with greater detail), the directional and frequency resolution of 
the wave spectrum, and wave physics (e.g., breaking, wave-wave interactions). 
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 The SWAN model developed for West Beach used a coarse grid with 200-meter spacing 
for the region including the offshore area of Rhode Island Sound beyond Buzzards Bay and the 
Elizabeth Islands (Figure 3.5), and a nested fine-scale 2.5-meter grid that covers all of Clarks 
Cove (Figure 3.6).   The National Ocean Service (NOS, 2017) was the main source of bathymetric 
data used to create the grids.  A nearshore bathymetry survey performed by CLE and an upland 
survey by the New Bedford Department of Public Infrastructure (DPI) (both performed in Jan 
2017) provided recent nearshore bathymetry and beach profile data for the fine grid along the 
West Beach shoreline.  Additional high resolution elevation data were available from a 2013 
LiDAR flight of the area by the USGS which includes the upland of the study area.   All elevation 
data were transformed to the NAVD datum. 
 

 

Figure 3.5. Map showing wave model grid limits and bathymetry, for the coarse model grid of Buzzards 
Bay, and the limits of the fine-scale model grid for Clarks Cove and West Beach.  Contour 
lines are also provided at 20-foot intervals. 

 
 The coarse grid was used to propagate offshore waves developed from the analysis of the 
WIS hindcast record, and also generate wind-waves within Buzzards Bay.  The nested fine-scale 
mesh serves to provide highly-detailed wave information at the shoreline of West Beach, which 
were used as input conditions for the shoreline change model of the study shoreline. As executed, 
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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 fine scale grid model runs, 
therefore the refined grid results are truly nested within the coarse grid simulations.   
  

 

Figure 3.6. Map of the fine-scale 2.5-meter model grid of Clarks Cove.  Contour lines are shown at 10-
foot intervals. 

 
 The coarse grid is made up of 112,875 computational cells with a spacing of 656 feet (200 
meters).  The x-axis of the grid is 40.5 nautical miles (75.0 km) or 375 cells wide.  The y-axis of 
the grid is 32.5 nautical miles (60.2 km) or 301 cells long.  The y-axis is oriented due north.  The 
greatest depth in the coarse grid domain is -156 feet NAVD (-48 meters).   
 
 The fine-scale 2.5-meter grid is made up of 1,074,856 total cells.  The x-axis is oriented 
along the West Beach shoreline of Clarks Cove, and has a total length of 1.6 nautical miles (3.0 
km).  The y-axis is oriented along the compass heading of 245 degrees.  The y-axis has a total 
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cross-shore length of 1.2 nautical miles (2.3 km).  The maximum depth (26.3 feet NAVD) of the 
fine grid occurs along the southeastern edge of the grid, at the Cove’s mouth to Buzzards Bay. 
 
 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 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 3.7 and 3.8, from the coarse and 
fine grid runs of the top South case (Table 3.1).  In these plot the color contours indicate wave 
height and vectors are used to indicate the direction of wave propagation.   
 
   

 

Figure 3.7. Coarse grid output for top south wind case (33.2 kt winds blowing from the South sector, 
with a 14.0 foot, 9.0 second offshore wave approaching from the South sector).  Color 
contours indicate wave heights and vectors show peak wave direction. 
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 In Figure 3.7, offshore waves with heights of 14.0 feet approach the entrance to Buzzards 
Bay in the course grid.  The sheltering effect of the Elizabeth Islands along the southeastern 
boundary of the Buzzards Bay is evident in this plot.  Wave heights at shoreline areas that are 
more exposed, such as Horseneck Beach in Westport and at Cuttyhunk, experience wave heights 
that are greater than 12 feet.  At the entrance to Clark Cove, even with a wind of 33 knots, waves 
are less than half the offshore wave height due to the sheltering provided by the mainland and 
Elizabeth Islands. 
 
 Results plotted for the fine-scale grid of Clarks Cove (Figure 3.8) show that waves entering 
the cove area are oriented along its long axis.  Wave heights of about 4 feet occur over most of 
the surface of the Cove, but as waves enter the shallower water along the perimeter of the Cove 
they refract and turn toward the shoreline.  Refraction also causes a reduction in wave height.  
Further wave height reduction occurs by breaking as the waves roll in to the surf zone at the 
shoreline.     

 

 

Figure 3.8. Nested fine-scale wave model output for the top South wind case (Table 3.1). Color 
contours indicate wave heights and vectors show peak wave direction. 
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3.2 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 (three-dimensional models) 
require the most detailed input data.  The model best suited for studying coastal processes along 
the West Beach 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 for this analysis. 
Shoreline evolution modeling at West Beach 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 beach berm crest or 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.  
Examples of formulations of this type of shoreline model are very well documented in the 
literature, e.g., Dean and Dalrymple (2001), Hansen ad Kraus (1989). 

3.2.1 Sediment Transport Modeling 
 
 As an integral part to the understanding of the coastal processes that are at work to shape 
West Beach, an evaluation of sediment transport along the shoreline is necessary.  Results from 
the spectral wave modeling effort formed the basis for computed sediment transport rates along 
the modeled beach segment 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 developed 
and described in the previous section.   

3.2.1.1 Formulation Of Transport Calculations 
 
 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: 

ags

I
Q
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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”, 

sKPI   
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where K is a dimensionless coefficient and Pls is the longshore energy flux factor computed using 
the following relationship: 
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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=0.39 is designated for use 
with significant wave heights (as output from SWAN). 
 
 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 
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where m is the bottom slope and Lo is the incident wave length.  The complete expression of 
Kamphuis is written as: 

   bsb HmdT
g

gKI 


 2sin
2

6.05.225.0

50

5.0

75.0

* 








  

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. 
 
 Using these empirical expressions of sediment transport potential, a computer code was 
developed which computed sediment transport potential along the West Beach shoreline.  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.  For this application, transport 
potential calculations were performed using a 8.2 foot (2.5 meter) grid spacing, which corresponds 
to the grid spacing of the fine wave grid. The January 2017 shoreline, determined by the RTK-
GPS survey was used as the input shoreline.  The modeled shore segment is approximately 3,600 
feet long, and includes the shoreline between the West Rodney French Boulevard boat ramp to 
the south and the hurricane barrier at the Kilburn Mills to the north. 
 
 Inputs into the sediment transport potential calculations include beach slope and sediment 
grain size.  A 0.46 mm representative grain size was determined based on mid-tide sediment 
samples collected at the beach.  Beach slope was set to 0.04 (1:25 v:h) for the sandy portions of 
the shoreline based on the profile data available from the 2017 CLE and New Bedford DPI 
surveys. 

3.2.1.2 Present Sediment Transport Rates 
 
 The computed net average annual sediment transport potential for present conditions is 
mapped in Figure 3.9 as vectors.  The results of the transport potential calculations indicate that 
the modeled West Beach shoreline segment acts as a single littoral cell with transport directed 
north.  Net transport rates peak at about 8,000 cubic yards (cu. yds) per year (Figure 3.10) at the 
Oaklawn Street groin, about 1,370 feet north of the boat ramp.  Potential rates then decrease 
moving north to the Hazelwood Park groin.  Across the sandy beach between the Hazelwood 
Park and Dudley Street groins, transport potential rates are low (around 500 cu. yds/year), an  
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Figure 3.9. Computed average net sediment transport potential along the Sandy Neck shoreline.  
Arrows indicate the direction of transport, while the color and size of the arrows 
corresponds to transport magnitude. 
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Figure 3.10. Annualized average sediment transport potential computed for the shoreline of West 
Beach.  The net transport (solid black line) is the resultant of the north-directed (red line) 
and the south-directed (blue line) components of transport.  The August 2016 aerial photo 
provided for reference is via Mass GIS and Google Images (©2017). 

 
indication that this sub-segment of West Beach is well equilibrated to the presence of the groins.  
Though the net transport is to the north, there is a southerly component along the whole shoreline.  
The southerly component is largest (about 1,000 cu. yds/year) at the southern end of the modeled 
shoreline segment and smallest at the hurricane barrier.  The only area of net southerly transport 
is at the boat ramp, where net rates are less than 1,000 cu. yds/year to the south. 

3.2.2 One-Line Shoreline Modeling 
 
 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 longshore sediment transport rates, and subsequently 
use the model to evaluate beach management alternatives for West Beach.   
 
 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 
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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: 

  0
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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 term, 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.  
 
 The one-dimensional model grid developed for West Beach extends along the same 3,600-
foot long shoreline segment used to compute transport potential, and uses the same 8.2 (2.5 
meter) grid spacing.  Required input parameters for the shoreline model are the depth of closure 
and beach berm height, which together define 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 beach profile.  By definition, areas where no 
depth changes occur are located beyond the depth of closure.  For this study, the depth of closure 
was estimated using the method of Hallermeier (Dean and Dalrymple, 2001).  Although sand 
motion can occur at bottom depths that are greater than the depth of closure (e.g., during storms), 
the net flux of sediment is not great enough to cause changes in the beach profile.  The depth of 
closure is about half the depth for incipient sediment motion (Hallermeier, 1978).  The depth of 
closure (ℎ𝑐) can be computed using the relationship developed by Birkemeier (1985),  

ℎ𝑐 = 1.75𝐻𝑒 − 57.9 (
𝐻𝑒

2

𝑔𝑇𝑒
2) 

which uses the significant wave height and period that is expected to be exceed only for 12 hours 
each year, 𝐻𝑒 and 𝑇𝑒.  A useful approximation to this is given by ℎ𝑐 = 1.57𝐻𝑒, where 𝐻𝑒 is 

computed as 𝐻𝑒 = �̅� + 5.6𝜎𝐻, and �̅� and 𝜎𝐻are the mean wave height and standard deviation of 
the wave record, respectively.  Using a 33-year wave hindcast from WIS station 63074,  𝐻𝑒 is 
computed to be 4.5 feet (1.4 meters), which results in a depth of closure of 10.3 feet (3.1 meters).  
Therefore, the depth of incipient sand motion is 20.6 feet (6.2 meters). 
 
 Similar to the computation of sediment transport potential,  output from the wave 
modeling analysis is used to drive the shoreline evolution model.  A time series of wave conditions 
was created using the Rhode Island Sound WIS hindcast so that the 33 wave cases (Table 3.1) 
representing mean annual conditions occurring from different compass sectors could be used in 
a time dependent simulation of shoreline movements.  At each model time step (15 minutes) 
during the course of the seven-year model calibration period, a wave case from the 33 modeled 
cases was selected based on each separate wave record from the WIS hindcast.  For hourly 
periods where waves were not propagating onshore from any of the ten compass sectors of 
Table 3.1, no waves were applied to the model shoreline for that time step. 
 
 Coastal engineering structures along the modeled shoreline segment are included in this 
model.  Six groins are included (e.g., Figure 3.11), as is the seawall along Rodney French 
Boulevard (Figure 3.12).  The groins act to impound sand, and are included in the model by 
introducing a permeability factor that reduces the transport rate across the grid cell where each 
groin exists.  Permeability ranges between 0.0 and 1.0, where 0.0 would be a completely 
impermeable block to transport and 1.0 represents a structure that has no sand holding capacity 
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(e.g., completely unraveled or filled to bypassing).  For the groins along West Beach, the 
permeability factor was set at 0 to represent the solid condition and large size of the groins, which 
effectively hold the available sediment.  If at any point during the simulation the shoreline accretes 
past the tip of the groin, the permeability is set to 1 and sand is allowed to move across the 
structure uninhibited.  
 

 

Figure 3.11. View of the Oaklawn Street groin, looking northwest (Jan 2017). 

 

 

Figure 3.12. Photo a section of the seawall along West Rodney French Boulevard, viewed from the boat 
ramp, looking north (Jan 2017). 

 

 The seawall acts to limit the shoreward movement of the shoreline as it moves during the 
course of the simulation.  If the shoreline at any grid cell erodes to the point where it comes into 
contact with the seawall, the shoreline is not allowed to move farther shoreward.  Unlimited 
accretion is allowed in front of the seawall. 
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 Model performance was calibrated by running the model between 1997 and 2009, which is 
a time period bookended by aerial orthophotographs available through MassGIS.  The model 
input shoreline was digitized from the 1997 aerial set.  The model was run for 12 years using the 
wave cases indicated by the WIS record, which has complete coverage of this time period.  The 
computed shoreline at the end of the 12-year simulation was compared to the shoreline digitized 
using the 2009 aerial orthophoto set (Figure 3.13).  The calibration of the model was assessed 
by computing the RMS error of the sandy segment of the shoreline between Hazelwood Park and 
the Dudley Street groin.  The shoreline segments south of Hazelwood park were not included in 
this comparison because there is no shoreline change due the seawall, which would result in a 
RMS error that is too low and not characteristic of the sandy segment of the shoreline.  Calibration 
was achieved by applying a background erosion rate in order to minimize the RMS error.  The 
error of the final calibration run was 12.9 feet, which is comparable to the uncertainty associated 
with the aerial photo analysis (14.1 feet).  The erosion rate applied to the calibrated model was 
1.7 feet/year. 
 
 

 

Figure 3.13. Comparison on modeled and measured shorelines for the shoreline model calibration 
period between 1997 and 2009.  The calculated RMS error for the sandy segment of the 
shoreline (between stations 18+00 and 33+00) is  12.9 feet, and the R2 correlation 
coefficient is 0.96.  The groin positions are indicated by reference from Figure 3.1.
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4.0  STRUCTURE SURVEY 
 
 CLE Engineering, Inc. (CLE) performed field inspections of existing structures in February 
2017, and documented the detailed findings of their visual (topside) investigation of the existing 
coastal engineering structures along West Rodney French Boulevard in an April 2017 report.   The 
inspection surveyed the condition of the concrete seawall, stone revetment and stone groins 
located along the approximate ±3,850 linear feet of study shoreline as shown in Figure 4.1.  The 
complete inspection report summarized here is provided as an appendix to this report. 
 

The inspection was limited to the topside visual condition evaluation of structures with no 
below water or subsurface investigations.  Based on information provided by the City, the seawall 
and groins in the project area have been repaired in places, and in some instances rebuilt, with 
the last major effort dating from 1978. Since then, limited inspections have been performed by 
the Massachusetts Department of Conservation and Recreation (DCR) in 2006 and 2013 as part 
of the MA Coastal Inventory and Assessment Report. The 2017 inspection performed for this 
present project uses the same nomenclature and rating system utilized in the MA Coastal 
Inventory and Assessment Report used to qualitatively assess the conditions of existing coastal 
infrastructure in the Commonwealth. 
 

A comparison of the conditions identified as part of the DCR inspections performed in 
2006 and 2013 to those recently performed by CLE in 2017 show that, in general, the stone groins 
remain in Excellent to Good (“A” to “B” rating, respectively) condition and the seawall is in Good 
to Fair (“B” to “C” rating, respectively) condition with observed surface spalling and cracking but 
no visual signs of global failure (sliding, rotation, settlement, etc.). All of the structures were to 
found to be in a condition which would provide protection to the upland along West Rodney French 
Boulevard during a major storm event.  
 

However, should these structures be allowed to continue to deteriorate, it may not be 
possible to repair and/or augment them without a complete replacement. Generally, repairs to the 
sections of the seawall that are “C”-rated should be made within the next five (5) years to maintain 
the level of protection that the structures provide. Site inspection plans which detail existing 
conditions are provided as an attachment to the complete CLE inspection report provided as an 
appendix of this report. The condition assessment should be considered preliminary since it is 
limited to visual inspection of exposed structures. 

4.1  GROINS 
 

The project scope encompasses a total of six (6) stone groins as shown in Figure 4.2. The 
groins are constructed similarly of 3 to 5 foot diameter stone with 1H:1V side slopes and a 6 to 10 
foot wide level bench (Figure 4.3). The structures vary in length from approximately 175 to 400 
linear feet (LF). The exact date of construction of the groins is not known, however they are visible 
in an aerial photograph from 1945. Groin No. 4 was shown as being extended both in 1958 and 
1978.  The existing groin structures presently appear to have maintained their original slopes and 
lengths with few signs of displacement, settling, or scour. Vegetation has colonized the benches; 
however, the vegetation is not of the type to have disruptive roots. Groin No. 3 extends from the 
end of the bathhouse facility and appears to be the only groin which does not extend to West 
Rodney French Boulevard itself. 
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Figure 4.1. Limits of shoreline inspection of coastal structures along West Rodney French Boulevard. 

 
Table 4.1 below provides a summary comparison of the condition ratings assigned to the 

6 groins as part of the MADCR inventory in 2006 and 2013 and as part of the inspection performed 
by CLE as part of this investigation. It should be noted that it does not appear that Groin No. 1 
was captured during MADCR 2006 or 2013 inspections. 
 

In summary, the groins remain in Excellent or Good (“A” or “B” rating, respectively) condition 

in all of the inspection years. The structures exhibit minor issues which are considered primarily 
superficial. Accordingly, the current observed conditions of the groin structures are considered 
adequate to perform their intended functions under major coastal storm conditions. 
 

Table 4.1. Year/Year condition comparison of groins. 

Groin No. MADCR Inventory No. 
MADCR Rating 

2006 2013 2017 

1 N/A N/A N/A B 
2 049-009-000-286-200 B B B 
3 049-011-000-030-400 A A A 

4, 5 & 6 49-009-000-286-200 B B B 
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Figure 4.2. Location of Existing Stone Groins within Project Inspection Limits. 

 

 

Figure 4.3. Typical groin condition at West Beach. 

4.2  SEAWALL 
 

The concrete seawall extends along West Rodney French Boulevard an approximate 
distance ±3,820 linear feet (LF). The exposed height of the seawall ranges from 3 to 10 feet above 
the existing beach elevation. The original date of construction of the seawall is unknown; however, 
the structure is present in a 1945 aerial photograph and available record documentation shows 
that the wall was extensively repaired/replaced in 1978. It appears that the original wall structure 
was comprised of stone which was subsequently overlain with an unreinforced concrete wall at 
some point in time. The aforementioned unreinforced concrete wall was then overlain with a 
reinforced concrete layer as part of the 1978 repair effort. Stone protection was also installed 
along the toe of sections of the seawall as part of this major repair. Figure 4.4 below illustrates 
the original stone, subsequent concrete overlays and toe stone.  For the purpose of this report, 
the full length of the wall has been divided into three sections in order to be similar to the 
assessments made as part of the MADCR Coastal Inventory: Wall Section 1.1 includes the 
southernmost ±2,500 LF, Wall Section 1.2 includes the middle ±535 LF and Wall Section 1.3 
includes the remaining northernmost ±616 LF. All wall sections are constructed similarly and vary 
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primarily in height. It is noted that toe stone protection was only observed along Wall Section 1.1 
in intermittent sections, and the exact limits of the toe stone are limited to what is presently 
exposed. Additional areas of toe stone protection may be present but covered by 
windblown/accreted sand.  
 

As shown in Table 4.2 below, the overall condition of the full length of the seawall varied 
from Good to Fair (“B” or “C” rating, respectively). Wall Section 1.1 remains in Good (“B” rating) 
condition including the exposed toe stone (Figure 4.5). The conditions observed along Wall 
Sections 1.2 and 1.3, however, are considered to be Fair (“C” rating) as there are presently visual 
signs of deterioration, cracking, spalling, etc. (see Figure 4.6). Despite these observations, all wall 
sections still adequately provide flood protection; however, their ability to be reused in the future 
as a core structure for an elevated wall or to be repaired rather than replaced has been reduced. 
Sealing the existing cracks and grouting the surface spalls could significantly extend the life of 
the wall. Provided these measures are implemented within the next 5 years, it is viable that all 
wall sections could be raised for future sea level rise without a complete reconstructive effort. 
 

In addition, it is noted that the existing access ramp located at STA 4+75 exhibits severe 
deterioration of along the wingwalls, and the structures’ low elevation presents a risk due to load 
crest elevation (see Figure4. 7) An evaluation with respect to need for the ramp should be 
performed before implementing any repairs. 
 

A total of seven (7) cast iron outfalls pipes were located along the length of the seawall 
(see Figure 4.8). These pipes extend out to/below Mean Low Water (MLW). Based upon available 
documentation, it is unclear as to the nature of the flow or associated volumes that presently 
discharge from these pipes. Further review of these structures should be conducted with the City 
to determine their current and future need and functionality. 
 

Table 4.2. Year/Year condition comparison wall sections. 

Groin No. MADCR Inventory No. 
MADCR Rating 

2006 2013 2017 

Section 1.1 049-007-000-112-100 B B B 
Section 1.2 049-011-000-030-100 B C C 
Section 1.3 49-013-000-055-100 C C C 

 
 



APPLIED COASTAL RESEARCH AND ENGINEERING, INC. 

 

39 
 

 

Figure 4.4. Typical seawall section upon completion of repairs in 1978. 
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Figure 4.5. Typical Good condition of the seawall along the south side (B rated structure). 

 

 

Figure 4.6. Typical cap spalling at STA 5+00. 
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Figure 4.7. Ramp heavy spalling STA 4+75. 

 

 

Figure 4.8. Existing cast iron outfall pipe. 
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4.3  STRUCTURE RECOMMENDATIONS AND CONCLUSIONS 
 

The stone groins were found to be in Excellent to Good condition (“A” to “B” rating, 
respectively); repairs or upgrades to these structures are not recommended at this time. The 
present condition of these structures appears to be stable with no downgrade in the MADCR 
condition ratings noted since the 2006 (original) report. It is recommended that all the groins be 
re-inspected in five (5) years or following any major storm event (50-year storm or greater). 
 

The concrete seawall sections are in Good to Fair condition (“B” to “C” rating, respectively); 
however, it is noted that wall Section 1.2 was downgraded to a “C-rating” by MADCR in 2013 due 
to increased observed spalling and cracking. It is recommended that the spalls and cracks be 
repaired within five (5) years in order to maintain their storm protection function and prevent a 
much larger scope of repair efforts in the future. At the present time, the longest wall section along 
the southernmost ±2,500 LF (Section 1.1) appears to be in Good condition (“B” rating). If the 
relatively few issues observed and noted on the plans are addressed within the next 5 years, it is 
anticipated that the service life of this section could be significantly extended. Sections 1.2 and 
1.3 are presently observed to be in Fair (“C” rating) condition and require repairs involving new 
concrete caps and/or facing. These repairs should be designed and prioritized to prevent further 
deterioration of the steel reinforcement over the next 5 years. 
 

Finally, it is recommended that additional investigations be performed to assess the 
function and effectiveness of the outfalls and the potential need for tidal/backflow gates be 
considered prior to any repair efforts.
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5.0   COASTAL ENGINEERING OPTIONS FOR ENHANCING 
RESILIENCY 
 
 A variety of options are available to enhance resilient capacity and lifespan of the existing 
seawall along the project shoreline.  Options include beach nourishment (considered a “soft” 
engineering solution), different types of “hard” structure additions to the shoreline, and 
combinations of both “hard” and “soft” approaches.  The general attributes of the option identified 
as the preferred alternative will necessarily include 1) the ability to not cause harm to identified 
existing eel grass habitat, 2) the minimization of permanent impacts (e.g., “hard” structure 
footprint), and 3) an adequate design life that reduces future maintenance costs.   
 

The following alternatives that have been developed for this study all include a beach 
nourishment component.   A purely “hard” structural option (e.g., a larger facing stone revetment 
built in front of the seawall) was not included in the alternatives presented in this study since 
“hard” structures by themselves are not able to address concerns of long-term resiliency and 
robustness along eroded shorelines, like the conditions present at the study location. 

5.1  NOURISHMENT ALTERNATIVES 
 

The sediment transport modeling results from Section X indicate that transport rates reach 
a maximum north-directed magnitude in the vicinity of the Oaklawn Street groin.  This is an effect 
of the varying orientation of the seawall, which forms a point of land at this groin.  The gradient in 
average sediment transport along this shoreline stretch provides some initial evidence that it 
would be difficult to maintain a beach fill.  With no additional measures taken to contain the fill, it 
would be difficult to maintain a beach width along the entire study shoreline that is useful for storm 
protection, and the unconstrained movement of the fill could lead to the infiltration of sand from 
the nourishment into adjacent eelgrass resources. 
 

Building on the insights provided by the sediment transport analysis, the shoreline model 
can be used to simulate different nourishment templates, to investigate how they would evolve 
with time.  For this study two fill templates were modeled, one with a berm width of 40 feet and a 
second with a berm width of 80 feet.  The fill template of both fills is bounded by the boat ramp to 
the south and the Hazelwood Park groin to the north.  The 40-foot berm nourishment would have 
an estimated fill volume of 62,800 cubic yards, while the 80-foot berm would have a volume of 
104,800 cubic yards. 
 

These two nourishment scenarios were run for 10-years (using the WIS wave record 
starting in 1997).  With the 40-foot berm, the nourishment template MLW line begins within of the 
shoreward limit of eel grass (Figure 5.1), and remains within that limit for the duration of the 10-
year simulation (Figure 5.2).  Based only on the percentage of the original fill volume remaining 
within the limits of the fill template, the 40-foot berm fill has a design life of seven years, which is 
the length of time that elapses before the percent remaining drops below 30%.  The actual usable 
design life is less than this, since the berm line of the filled beach comes in contact with the 
seawall in the area north of the Oaklawn Street groin after only three years. 
 

The 80-foot-wide berm nourishment option initially has more than twice the volume of sand 
than the 40-foot template.  The performance of this fill template is much better than the 40-foot 
fill, based on the percent fill remaining (Figure 5.3), which indicates a design life of more than 10-
years.  However, the estimate MLW line is seen to encroach on the identified eel grass areas 
even with the initial placement of the fill (Figure 5.4).  At the end of the 10-year simulation (Figure 
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5.5), there is further infiltration of the MLW line into the eel grass areas, while the berm line of the 
beach is within 15 feet of the seawall in the area north of the Oaklawn Street groin. 

 

Figure 5.1. Starting shoreline for simulation of a 40-foot-wide nourishment template.  Beach berm line, 
and approximate MLW shoreline are shown with the inshore limit of identified eelgrass 
resources (from initial Jan 2017 survey).  

 

Figure 5.2. Modeled shoreline at the end of the 10-year simulation of a 40-foot-wide nourishment 
template.  Beach berm line, and approximate MLW shoreline are shown with the inshore 
limit of identified eelgrass resources (from initial Jan 2017 survey).  
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Figure 5.3. Percent fill remaining for the two modeled nourishment scenarios.   

 

 

Figure 5.4. Starting shoreline for simulation of the 80-foot-wide nourishment template.  Beach berm 
line, and approximate MLW shoreline are shown with the inshore limit of identified eelgrass 
resources (from initial Jan 2017 survey).  
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Figure 5.5. Modeled shoreline at the end of the 10-year simulation of a 80-foot-wide nourishment 
template.  Beach berm line, and approximate MLW shoreline are shown with the inshore 
limit of identified eelgrass resources (from initial Jan 2017 survey).  

5.2  STRUCTURAL ALTERNATIVES 
 

The results of the modeled nourishment-only alternatives indicate that sand fill placement 
alone will not be able to provide a resilient project that also protects existing eel grass resources.  
Structural additions to a beach fill project are seen as a way to control the movement of sand 
within the project area, to extend the usable life of a nourishment project and protect eel grass 
areas from sand infiltration. 
 
Perched Beach 
 

A first option that could be used along the study area is a structural toe for the nourishment 
fill, which is designed to contain the seaward movement of the filled sand volume.  The structural 
toe, or perched beach, concept has a low stone berm placed at some distance offshore of the 
seawall.  For West Beach, this stone berm would be placed at some minimum distance from the 
identified eel grass habitat areas and have a crest elevation which is at least a couple of feet 
above the intersecting profile of the filled nourishment template.  As conceived for the study 
shoreline, the submerged berm would have a crest elevation of 10 feet, side slopes of 1:2.5 (v:h), 
and would follow the -4.0 feet NAVD contour, and would run 25 feet shoreward of the eel grass 
area, at a minimum (Figure 5.6).  The crest elevation would be -0.9 feet NAVD, which is about 2 
feet above the fill template elevation at the location where the minimum distance between the 
seawall and eel grass occurs.  The estimated footprint of this toe-berm is 49,400 square feet.  
 
T-head Groins 

 
Another alternative that utilizes structures together with nourishment would be the 

construction of a T-head groin field along the project shoreline.  T-head groins are essentially 
short offshore breakwater sections that are connected to the offshore tip of a conventional shore-
perpendicular groin.  The positioning of the tips of the T-head sections shapes the resulting 
equilibrated shoreline by the diffraction of waves as they enter the groin compartments between 
the T-head sections.   
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Figure 5.6. Conceptual profile of perched beach alternative, showing the positioning of the toe berm 
structure and filled nourishment profile relative to the existing eel grass extent. 

  

 

Figure 5.7. Conceptual plan for perched beach alternative, showing toe berm layout (orange-black 
line), and MHW line (green solid line) of the 40-foot wide beach.  Areas of eel grass 
identified in the May 2017 survey are also provided. 

 
Design guidance is provided by Bodge (1998 and 2003) and Hansen and Krause (2001).  

By the method developed by Bodge, the MLW shoreline position is estimated using the known 
gap width between T-head sections and the average wave approach angle (Figure 5.8).  The 
design MLW shoreline is taken as the average of a parabolic spiral that is described by Silvester 
and Hsu (1993) for shorelines under the influence of headlands (natural and man-made) and a 
simple line that is drawn using a straightforward fraction of the gap distance (G/3, or on third of 
the gap distance).  Besides the gap width, an average wave angle is used in the calculation of 
the parabolic spiral shoreline.  For West Beach, a wave-energy-weighted, vector-averaged wave 
angle was determined using the output of the wave model of Clarks Cove, including all modeled 
compass sectors and wind bands.  The average wave angle relative to the average shoreline 
orientation is 16.4 degrees by this method. 
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For West Beach, two separate T-head options were developed.  The first option uses a preferred 
gap width of 80 feet and a design berm width of 40 ft (Figure 5.9).  Gap widths as small as 40 feet 
are necessary between the Oaklawn Street and Hazelwood Park groins because of how close 
eel grass areas are to the seawall in this shoreline segment.  This T-head option requires 13 
groins with 16 breakwater sections.  The combined footprint of the breakwater sections is 
estimated to be 25,600 square feet, based on a side slope of 1.5, with a crest width of 5 feet and 
a crest elevation of 3.7 feet. 
 

 

Figure 5.8. Bodge method prediction of MLW shoreline in T-head groin compartments (from Hansen 
and Krause (2001). 

 

 

Figure 5.9. Conceptual layout of T-head groin alternative with a 40-foot-wide beach.  T-heads are 
indicated by the gray-black lines, The MHW shoreline is the solid green line, and the 
estimated MLW shoreline is the dot-dashed line.  May 2017 eel grass survey results are 
shown. 

 
An alternative T-head layout was developed with a larger gap width (Figure 5.10), which 

reduces the combined footprint of the breakwater sections because fewer breakwaters are need 
to span the project shoreline.  A trade-off between berm width and gap width is required in order 
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to not disturb eel grass resources.  Since a larger gap width results in a greater distance between 
the breakwater tip and the estimated shoreline, the shoreline must be positioned closer to the 
seawall, as the breakwater section locations are controlled by their proximity to eel grass.  The 
preferred gap width of this option is 120 feet (50% wider than the first T-head layout).  Similar to 
the first layout, smaller gaps (80 feet) are required in the shoreline segment between the Oaklawn 
and Hazelwood Park groins due to eel grass in this area.  The final cumulative footprint of the 
breakwater sections of this alternate T-head layout is estimated to be 20,400 square feet, which 
is about a 20% reduction in footprint compared to the first layout.   
 

 

Figure 5.10. Conceptual layout of T-head groin alternative with a 30-foot-wide beach.  T-heads are 
indicated by the gray-black lines, The MHW shoreline is the solid green line, and the 
estimated MLW shoreline is the dot-dashed line.  May 2017 eel grass survey results are 
shown. 

 
A comparison of the general attributes of the three structural options presented in this 

study is provided in Table 5.1.  The combined footprint of the two T-head alternatives both are 
closer to the estimated footprint that could be removed from existing structures within the entire 
West Beach shoreline reach (24,250 square feet).  It is possible that the footprint of the circa 
1970’s extensions of the Hazelwood Park and Valentine Street groin together with the entire 
Woodlawn Street groin could be traded for the footprint required by the new structures of the 
options presented in this study.  For both T-head alternatives presented here, the placement of 
the breakwater sections should be considered conceptual.  Their positioning was strongly 
influenced by the proximity of eel grass, and may change with further refinement of the design. 

 

Table 5.1 Comparison of structure attributes for the perched beach and two T-head groin layouts. 

 
Perched Toe 

T-head 
40ft berm 

T-head 
30ft berm 

Cumulative length of all structure, feet 1,935 980 785 
Base elevation, feet NAVD -4 -3.3 -3.3 
Crest elevation, feet NAVD -0.9 3.7 3.7 
Crest width, feet 10 5 5 
Cotangent of side slope 2.5 1.5 1.5 
Base width, feet 25.5 26 26 
Structure footprint, square feet 49,400 25,600 20,400 
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6.0 RECOMMENDATIONS AND NEXT STEPS 
 
 The five conceptual coastal engineering projects described in the previous section fall within 
the three more general categories of 1) beach nourishment alone, 2) beach nourishment with a 
toe berm, and 3) beach nourishment with T-head groins.  Beach nourishment is the common 
component of all these alternative, and would be a critical piece of any project along the West 
Rodney French Blvd. shoreline.  The nourishment improves the future resiliency of the project 
shoreline by dissipating wave energy that is presently directly impacting the seawall, causing 
further erosion of the remaining beach through wave reflection and continuing to degrade the 
physical condition of the wall.  Existing eel grass resources in the area set limits on the footprint 
of any proposed solution, both for the initial constructed footprint and in the project footprint as it 
evolves with time with the movement of nourishment material. 

6.1  SCREENING OF OPTIONS 
 
 The choice of which alternative would best achieve the City’s project needs, while balancing 
regulatory and environmental concerns and requirements, is assisted by the evaluation of 
screening criteria that can be described as being either exclusionary or discretionary.   
Exclusionary criteria reflect a situation that prevents the alternative from being considered further 
because it cannot meet the project goals. For example, any option that impacts eel grass, present 
or possibly in the future, could not meet the requirements of the project and would be excluded 
from further consideration.  
 
 Discretionary criteria are those that determine, when applied together as a group, which 
options are least or best suited for the purposes of shore protection, future resiliency and 
minimizing environmental impacts.  As an example, an option with a large hard-structure footprint 
may not be initially excluded since it is designed to be protective of eel grass resources, but the 
higher level of permanent impacts to other bottom habitat types would make the option less 
desirable than other options with a smaller structure footprint.  The application of discretionary 
criteria is the main component of the screening process, and it is the process by which alternatives 
are compared amongst themselves, using site-specific information to demonstrate which option 
most effectively meets the required project goals. 

6.1.1  Exclusionary Criteria 
 
 Both nourishment-alone options fail based on the evaluation of exclusionary criteria.  Within 
three years the 40-foot berm nourishment template erodes back to the wall in places where there 
are relatively high rates of sediment transport potential.  The 80-foot berm nourishment does not 
erode back to the seawall within the 10-year model run of this alternative, it is apparent that a fill 
template of this size would encroach on areas of eel grass initially (Figure 5.4), and as sand 
moves within the fill template over the course of the 10-year simulation of this option, further 
encroachment would occur (Figure 5.5).   
 
 From the modeled nourishment-only options, it is apparent that due to the large sediment 
transport gradient along the project shoreline (compared to the rest of West Beach as seen in 
Figure 3.10), additional sand-holding structures would be needed to maintain any nourishment. 
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6.1.2  Discretionary Criteria 
 
 The remaining nourishment options with hard structure components are evaluated based 
on discretionary criteria which include structure footprint, total project cost and estimated project 
design lifespan.  
 
Structure footprint.  The structure footprint of each option is compared to the estimated area of 
existing West Beach structure footprint that could be potentially relocated for use along the project 
shoreline.  Trading existing and new structure footprint is a possible way to help mitigate the 
permanent impacts that would result from the proposed alternatives.  Existing structure footprint 
that could be used in a “structure trade” includes the circa 1970s extensions of the Hazelwood 
Park and Valentine Street groins, and the entire length of the Woodlawn Street groin.  Based on 
the 1978 MA DEQE plans (Tibbets Engineering) of West Beach, these three structures could yield 
a total of 24,250 square feet of area that could be transferred to new structures in the project area. 
Estimates of required structure footprint for the three options with hard structure components are 
provided in Table 6.1.  From these estimates, it is seen that the cumulative area required for the 
two T-head groin options compare favorably with the footprint available from existing West Beach 
structures.  The perched beach toe berm, however, would require about twice the area available 
by structure trading.  By this comparison it is evident that, based on structure footprint alone, the 
perched beach option is not likely a viable alternative. 
 

Table 6.1 Comparison of hard structure attributes and estimated cumulative footprint. 

Option 
cumulative 

length (feet) 

base 
elevation 
(ft, NAVD) 

crest 
elevation 
(ft, NAVD) 

crest 
width 
(feet) 

cot of 
side 

slope 

base 
width 
(feet) 

structure 
footprint 
(sq feet) 

T-head, 40ft berm 984 -3.3 3.7 5 1.5 26.0 25,600 
T-head, 30ft berm 785 -3.3 3.7 5 1.5 26.0 20,400 
Perched Beach 1936 -4.0 -0.9 10 2.5 25.5 49,400 

 
Project cost.  For the two remaining options, project costs are estimated for all project 
components, including nourishment, new structure construction and removal of existing structure 
footprint (Table 6.2).  The cost of the individual components and the resulting total cost are about 
24% more for the 40 foot berm T-head option compared to the 30 foot option.  Though the 40-
foot berm option costs 24% more, the wider berm is estimated to have a lifespan that is about 
33% longer compared to the 30-foot berm option, using the same background erosion rate 
determined for the existing sandy portions of the West Beach shoreline.  Therefore, the increased 
cost of the 40-foot berm option offers a cost performance advantage over the lifetime of the 
project. 
 
 Some reduction in total project cost could result from the reuse of material removed from 
existing structure footprint.  This potential cost reduction is not included in the estimate because 
the quantity of reusable material cannot be determined at this time. 

6.2  NEXT STEPS 
 
 Based on the screening of options, the T-head alternative with the 40-foot-wide beach berm 
is the best option with regard to cost and project goals.  Taking this concept to the next step will 
require developing a more detailed engineering design, and the development of permitting 
documentation.  Specific tasks to further development of the selected alternative will including a 
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pre-application meeting, performing a detailed alternative analysis, development of a permit-level 
engineering design, and the preparation of an expanded ENF, and Single EIR. 
 

Table 6.2 Estimated costs of project components for both T-head options. 

  
T-head, 40-foot beach 

berm 
T-head, 30-foot beach 

berm 

Cumulative length of T-head breakwaters ft 984 785 
Structure footprint ft2 25591 20413 
Breakwater construction cost USD/foot $2,500 $2,500 
Total breakwater cost USD $2,460,600 $1,962,800 
Total length of groin trunks ft 1091 876 
Groin trunk construction cost USD/foot 300 300 
Total groin trunk cost USD $327,300 $262,800 
Total structure cost USD $2,787,900 $2,225,600 

Existing structure foot removal USD $820,500 $820,500 

Nourishment material cost USD/cu yd $30 $30 
Nourishment volume cu yd 82,200 73,000 
Total nourishment cost USD $2,466,800 $2,188,600 

Total project cost USD $6,075,200 $5,234,700 

 
Pre-application meeting.  A pre-application meeting would be conducted with relevant permitting 
agencies to identify outstanding issues on the proposed beach nourishment and coastal 
engineering structures conceptual design, evaluation of alternatives, and planned regulatory 
approach. 
 
Alternatives analysis.  Building on the information developed in this present study, for the 
alternatives analysis shore protection alternatives including the full range of potential shoreline 
management options, including the “do-nothing” scenario will be developed.  This analysis will 
include a detailed evaluation of exclusionary and discretionary criteria, where the results will be 
summarized in tabular form outlining the primary concerns and benefits.   In addition, the 
alternatives analysis will resolve outstanding issues identified during pre-application meeting to 
be incorporated into the MEPA filing. 
 
Permit-level engineering design.  An engineering design of the combined coastal engineering 
structures and nourishment project would be developed further from the conceptual design 
presented in this report, to a level appropriate for environmental permitting.  This work will 
incorporate appropriate topographic survey, engineering analyses, and environmental resource 
surveys that was developed as part of this present study.  Project plans will be developed in 
sufficient detail for environmental regulatory review. 
 
Expanded ENF and Sigle EIR.  An Expanded ENF (EENF) would be prepared for the combined 
coastal engineering structures and nourishment project that addresses regulatory concerns 
related to the project, including concerns presented at the pre-application meeting.  Based on the 
detailed analyses contained within the planned EENF, it is anticipated that MEPA review will only 
require a Single EIR (SEIR) be filed to address outstanding issues related to the EENF.    As part 
of the EENF submittal, resource delineation, grain size compatibility, and biological resources will 
be assessed.  Planned monitoring and maintenance protocol to sustain the initial investment of 
the proposed project would be established as part of this task.
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APPENDIX A.  BRIGGS ENGINEERING GRAIN SIZE ANALYSIS 
 

 
Figure A.1. Sediment sample locations. 
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1.0 INTRODUCTION 

Stantec was contracted to provide a shellfish habitat assessment and eelgrass survey within 

Clarks Cove along West Rodney French Boulevard, located in New Bedford, Massachusetts, as 

support for permitting requirements associated with the proposed beach renourishment project 

from Hazelwood Park to the Town Pier (Figure 1).  The survey was performed on a super-tide, full 

moon extending over two field days.  The high tide facilitated diving conditions in the nearshore.  

Wind was 5-10 miles per hour (mph), cloudy skies with light rain.  

1.1 BACKGROUND AND UNDERSTANDING 

The proposed dredging project will extend approximately 0.8 miles southward from Hazelwood 

Park to the Town’s existing boat pier.  As required, Stantec’s shellfish habitat assessment was 

completed to provide information to the City of New Bedford as part of the regulatory review 

and permitting process being led by Applied Coastal Research and Engineering, Inc. (ACRE) 

and working collaboratively with CLE Engineering, Inc. (CLE). 

The City of New Bedford proposes to renourish this section of beach to protect and provide 

long-term coastal resiliency to the existing seawall and adjacent community from storm surge 

and flooding.  The proposed project is located adjacent to developed properties that include 

homes, a boat pier, recreational and parking areas, and the shoreline consists of public beach 

frontage and has been renourished previously in 1958 and 1977 (Figure 1). 

The resource areas within 100 feet of the project site include land containing shellfish, land under 

the ocean, coastal beach, barrier beach, and coastal dune. The study area is conditionally 

approved for shellfish growing by Massachusetts Division of Marine Fisheries (MADMF) (Figure 2) 

due to water quality and contaminant concerns and has been designated as suitable habitat 

for quahogs (Mercenaria mercenaria), bay scallops (Argopecten irradiens), razor clams (Ensis 

directus), and American oysters (Crassostrea virginica) (Figure 3). The City of New Bedford 

permits open harvest of shellfish within Clarks Cove.  Massachusetts Department of 

Environmental Protection has mapped a portion of the proposed project area for eelgrass 

(Zostera maina) habitat. 

Information regarding shellfish suitability, shellfish growing areas, and eelgrass was obtained from 

the MADMF and MADEP to help guide the sampling effort; however, this information was not the 

sole basis for Stantec’s shellfish sampling approach. Stantec consulted with ACRE and CLE.  CLE 

provided results of a video-based eelgrass survey performed for this project in March 2017 to 

help guide Stantec’s study approach.  
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1.2 SHELLFISH SUITABILITY AND GROWING AREAS 

Figure 2 depicts shellfish suitability, as reported by the MADMF. This information was acquired as 

geospatial data via the MassGIS OLIVER Online Mapping Tool.  

The majority of the study area within Clarks Cove is shown to be suitable for quahogs. 

Additionally, there are small areas designated as suitable for bay scallops, razor clams and 

American oysters between Hazelwood Park and the boat ramp. 

Figure 3 depicts MADMF shellfish growing areas. This information was also acquired as geospatial 

data via the MassGIS OLIVER Online Mapping Tool. Clarks Cove is mapped as conditionally 

approved for shellfish growing and the City of New Bedford seeds the area with quahogs.  This 

area can be open to City of New Bedford shellfishing subject to water and sediment quality. 

1.3 EELGRASS HABITAT 

Figure 4 depicts the extents of eelgrass present in the project area at the time of the 2001 and 

2013 MADEP eelgrass surveys. These extents are approximate and were the most recent data 

available through the MassGIS OLIVER mapping tool.  Eelgrass beds are shown within the 

project’s sections 2 and 3 (Figure 1) and south of the boat ramp.  During CLE’s March 2017 

survey, additional eelgrass habitat was identified and Stantec’s survey ground-truthed these 

results with a diver assisted study. 
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Figure 1.  Proposed Project Area, West Rodney French Boulevard, New Bedford, MA (provided by 

ACRE)
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Figure 2. Shellfish suitability in Clarks Cove, New Bedford, MA (MADMF, data retrieved June 2017).  

 

Proposed 

Project Area 
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Figure 3. Shellfish growing areas in Clarks Cove, New Bedford, MA (MADMF, data 

retrieved June 2017).  Yellow box represents surveyed area. 
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Figure 4. MADEP Eelgrass Areas (retrieved data June 2017). Yellow box indicates 

Stantec surveyed area. 
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2.0 SURVEY METHODOLOGY 

Stantec’s habitat assessment methodologies were specifically designed for the project to 

provide an accurate eelgrass and shellfish assessment over large areas.  The shellfish survey was 

performed on May 25 and the eelgrass assessment on May 26, 2017.  The Commonwealth of 

Massachusetts specifies that habitat surveys be performed to protect marine natural resources.  

Due to the extensive size of the project area, shellfish sampling stations were located at 50-foot 

intervals along four transects set 50-feet apart (Figure 5).  Shellfish stations at the proposed 

project sites were arranged in a grid pattern (Figure 5). The study area included sampling along 

transects, which extended from the mean low water line. Shellfish stations were evaluated for 

the presence, abundance, and type of shellfish within sampled substrate. Shellfish targeted for 

abundance calculations included quahogs, soft-shell clams, bay scallops, razor clams, and 

American oysters. Sediment characteristics were visually observed at each location. A total of 

one-hundred thirty-two (132) stations were surveyed for the presence and abundance of 

shellfish and sediment type by two Stantec divers.  Sediment consistency results are provided in 

Figure 6 for each of the shellfish locations. 

A hand-held spade was used to dig into the substrate by divers to capture adult and juvenile 

stages of shellfish as well as other non-commercially important species. An approximate volume 

of substrate of one (1) cubic foot was processed at each of the sampling location. Survey lead, 

Dr. Pamela Neubert, observed the divers and sampling process to provide safety oversight and 

note taking while a fourth field staff member navigated the area with a small boat.  Information 

in addition to shellfish and eelgrass results deemed appropriate was recorded in an ArcMap GIS 

Collector application on a smartphone and station locations.  Divers delineated eelgrass using a 

search methodology that included setting buoys at the edges and patches of eelgrass 

throughout the surveyed area.  A small boat and driver collected waypoints in a Trimble GPS by 

following the divers and collecting georeferenced locations at each buoy point.  The fourth 

person would pick up the buoys and then pass them back to the divers to obtain the next 

surveyed locations.  This process was performed at hundreds of sample locations to develop the 

eelgrass map as shown in Figure 7.   
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Figure 5. Stantec Shellfish Locations and Results, May 26, 2017. 

  



CITY OF NEW BEDFORD, WEST RODNEY FRENCH BOULEVARD BEACH RENOURISHMENT PROJECT  

HAZELWOOD PARK TO BOAT RAMP 

SHELLFISH AND EELGRASS ASSESSMENT SUMMARY REPORT 

June 10, 2017 

9 
 

Figure 6. Stantec Visual Sediment Results, May 26, 2017. 
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Figure 7. Stantec Eelgrass Assessment Results May 25, 2017 with CLE Eelgrass 

Assessment Results (March 2017) 
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3.0 SURVEY RESULTS 

3.1 EELGRASS 

Stantec was asked to ground-truth the presence of eelgrass observed in video as collected by 

CLE in March 2017.  During the survey, historical MADEP eelgrass maps were reviewed (MassGIS 

OLIVER Mapping Tool), including maps available from 2001 and 2013.  Field observations 

established that existing eelgrass was present beyond the area mapped by MADMF in 2013 as 

well as areas mapped by CLE (Figure 7); however, a large section of eelgrass delineated by CLE 

in March 2017 was observed to be dead and occupied by dead man’s finger alage (Codium 

fragile).  Regardless, the eelgrass area mapped by MADEP in 2013 has increased in size. 

3.2 SHELLFISH HABITAT 

One-hundred thirty-two (132) stations were sampled for shellfish abundance within Clarks Cove 

adjacent and within the proposed project area. As shown in Figure 5, most shellfish within Clarks 

Cove were quahogs distributed in low abundances throughout the sampled locations. Thirty-six 

(36) stations had 1 quahog, nine (9) stations contained two quahogs, five (5) stations contained 

3 quahogs, four (4) stations contained four (4) quahogs, and one (1) station contained six (6) 

quahogs for a total of ninety-two (92) quahogs. In addition, five (5) bay scallops and one (1) sea 

urchin (Strongylocentrotus droebachiensis) were identified during the shellfish survey. No oysters, 

razor clams, or soft-shell clams were collected within the study area.  
 

Substrate types were observed visually. The shallow study area to the north was largely 

comprised of sand (medium to very fine) in the nearshore and offshore the sediment changed 

to anoxic silt mixed with sandy silt.  Sediment consistency in the southern portion of the project 

area was more diverse and included sand/gravel mix with shell hash, sand, sandy silt, sitly and 

silty sand.  

4.0 CONCLUSIONS 

• Stantec’s shellfish survey was performed using a methodology that accurately maps 

abundances and distribution of shellfish. This method was utilized within the proposed 

dredging project area, as well as surrounding areas in the vicinity.  

• Ninety-two (92) quahogs, five (5) bay scallops, one (1) sea urchin were collected within 

the project study area. The area is conditionally approved for shellfish growing by 

MADMF and is considered suitable for quahogs, bay scallops, oysters, and razor clams 

within Clarks Cove.  Eelgrass was found in March 2017 and May 2017 to have greater 

percent coverage than 2013, however, there is an area of die-back observed in 

Stantec’s 2017 study when compared to CLE’s results.    
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• The proposed beach renourishment will be performed to provide shoreline protection 

from coastal storms and flooding to the neighboring community.  This beach has been 

permitted to receive renourisment sand in the past.  

• Water circulation would not be adversely changed by the placement of a beach 

nourishment.  Tidal currents in the area are small and would not be altered by the 

placement of nourishment material.  

• Sediment consistency (i.e., grain size) will not be altered as renourisment will be over 

areas that are currently comprised of coarse to very fine sand and include a mix of 

gravel.  Drainage will be improved and this project will not have adverse impacts to the 

levels of salinity, dissolved oxygen, nutrients, or temperature. A temporary effect of 

renourisment may cause localized burial of shellfish that can either be harvested prior to 

the project or replaced in seed stock.  This project will not add additional pollutants. 

• According to 310 CMR 10.34(5) Notwithstanding the provisions of 310 CMR 10.34(4), 

“projects which temporarily have an adverse effect on shellfish productivity but which do 

not permanently destroy the habitat may be permitted if the land containing shellfish 

can and will be returned substantially to its former productivity in less than one year from 

the commencement of work, unless an extension of the Order of Conditions is granted, in 

which case such restoration shall be completed within one year of such extension”.  

• This project will meet the performance standards in the Commonwealth of 

Massachusetts Wetlands Protection Act (WPA) and will not significantly, adversely impact 

shellfish habitat within Clarks Cove.  Renourishment may temporarily affect shellfish 

individuals; however, productivity is expected to recover within one year.  
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EXECUTIVE SUMMARY: 

This report summarizes the results of a visual investigation performed by CLE Engineering, Inc. (CLE) 

of the existing concrete seawalls and stone groins within the project scope along West Rodney 

French Blvd, New Bedford, MA.  CLE performed field inspections of existing structures in February 

2017.  This effort has been performed as part of the West Rodney French Boulevard Beach 

Nourishment Project which is currently being funded through the MA Office of Coastal Zone 

Management (MACZM) FY17 Coastal Resiliency Grant Program.  The inspection was limited to the 

topside visual condition evaluation of structures with no below water or subsurface investigations. 

 

CLE understands that the existing seawalls and groins have been repaired, and in some places 

rebuilt, with the last major effort dating from 1978.  Since then, limited inspections have been 

performed by the Massachusetts Department of Conservation and Recreation (MADCR) in 2006 

and 2013 as part of the MA Coastal Inventory and Assessment Report.  The 2017 inspection 

performed herein uses the same nomenclature and rating system utilized in the MA Coastal 

Inventory and Assessment Report for qualitatively assessing the conditions of existing coastal 

infrastructure.   

 

A comparison of the conditions identified as part of the MADCR inspections performed in 2006 

and 2013 to those recently performed by CLE in 2017 show that, in general, the stone groins remain 

in Excellent to Good (“A” to “B” rating, respectively) condition and the seawall is in Good to Fair 

(“B” to “C” rating, respectively) condition with observed surface spalling and cracking but no 

visual signs of global failure (sliding, rotation, settlement, etc).  All of the structures were to found 

to be in a condition which provides protection along West Rodney French Boulevard during a 

major storm event.  However, should these structures be allowed to continue to deteriorate, it may 

not be possible to repair and/or augment them without a complete replacement.  Repairs to the 

sections of the seawall that are “C-rated” should be made within the next five (5) years to maintain 

the level of protection that the structures provide.  Site inspection plans are provided in 

Attachment A of this report which detail existing conditions observed by CLE.  The condition 

assessment should be considered preliminary since it is limited to visual inspection of exposed 

structures.   

 

This report has been prepared by Scott Skuncik, P.E. and shall be interpreted to provide 

findings/assessments, general advice and is based on engineering principals as they relate to 

CLE’s condition assessment inspection of existing shoreline structures.  Questions or concerns 

regarding this report or the contents contained herein should be directed to CLE Engineering, Inc. 

at (508) 748-0937. 



 

 

INTRODUCTION: 

The findings presented in the report herein are in accordance with the scope of work approved 

by the City of New Bedford for the West Rodney French Boulevard Beach Nourishment Project. 

This project is currently being funded through the MA Office of Coastal Zone Management 

(MACZM) FY17 Coastal Resiliency Grant Program.  The report provides a summary of the findings 

of a visual (topside) investigation of the existing concrete seawall, stone revetment and stone 

groins located within an approximate ±3,850 linear feet of the West Rodney French Boulevard 

shoreline as shown in Figure 1 below.   

 

Figure 1:  Limits of 

shoreline inspection of 

coastal structures along 

West Rodney French 

Boulevard. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Investigations were performed by CLE Engineering, Inc. (CLE) in February 2017.  Attachment A 

provided at the end of this report includes site inspection plans that docoument visual conditions 

observed by CLE.  All observed conditions noted on the inspection plans are referenced to 

representative photograph(s) of said conditions which are provided in Attachment B.   

 

OBSERVED CONDITIONS: 

Stone Groins 

The project scope encompasses a total of six (6) stone groins as shown in Figure 2.  The groins are 

constructed similarly of 3 to 5 foot diameter stone with 1H:1V side slopes and a 6 to 10 foot wide 

level bench.  The structures vary in length from approximately 175 to 400 linear feet (LF).  The exact 

date of construction of the groins is not known, however they are visible in an aerial photograph 

from 1945.  Groin No. 4 was shown as being extended both in 1958 and 1978.  

 

The existing groin structures presently appear to have maintained their original slopes and lengths 

with few signs of displacement, settling, or scour. Vegetation has colonized the benches; however, 

the vegetation is not of the type to have disruptive roots. Groin No. 3 extends from the end of the 

Limits of inspection of 

existing shoreline structures 



 

 

bathhouse facility and appears to be the only groin which does not extend to West Rodney French 

Boulevard itself.  

 

Figure 2: Location of Existing Stone Groins within Project Inspection Limits 

 

Table 1 below provides a summary comparison of the condition ratings assigned to the 6 groins as 

part of the MADCR inventory in 2006 and 2013 and as part of the inspection performed by CLE as 

part of this investigation.  It should be noted that it does not appear that Groin No. 1 was captured 

during MADCR 2006 or 2013 inspections. 

 

Table 1: Year/Year Condition Comparison of Groins 

Groin No.  MADCR Inventory No. 
MADCR Rating 

2006 2013 2017 

1 N/A N/A N/A B 

2 049-009-000-286-200 B B B 

3 049-011-000-030-400 A A A 

4, 5, & 6 049-009-000-286-200 B B B 
 

In summary, the groins remain in Excellent or Good (“A” or “B” rating, respectively) condition in all 

of the inspection years.  The structures exhibit minor issues which are considered primarily 

superficial.  Accordingly, the current observed conditions of the groin structures are considered 

adequate to perform their intended functions under major coastal storm conditions. 
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Photograph 1: Typical groin condition 

 

 

 

 

 

 

 

 

 

 

 

Seawall 

The concrete seawall extends along West Rodney French Boulevard an approximate distance 

±3,820 linear feet (LF).  The exposed height of the seawall ranges from 3 to 10 feet above the 

existing beach elevation.  The original date of construction of the seawall is unknown; however, 

the structure is present in a 1945 aerial photograph and available record documentation shows 

that the wall was extensively repaired/replaced in 1978.  It appears that the original wall structure 

was comprised of stone which was subsequently overlain with an unreinforced concrete wall at 

some point in time.  The aforementioned unreinforced concrete wall was then overlain with a 

reinforced concrete layer as part of the 1978 repair effort.  Stone protection was also installed 

along the toe of sections of the seawall as part of this major repair.  Figure 3 below illustrates the 

original stone, subsequent concrete overlays and toe stone. 

 



 

 

Figure 3:  Typical seawall section upon 

completion of repairs in 1978. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For the purpose of this report, the full length of the wall has been divided into three sections in 

order to be similar to the assessments made as part of the MADCR Coastal Inventory:  Wall Section 

1.1 includes the southernmost ±2,500 LF, Wall Section 1.2 includes the middle ±535 LF and Wall 

Section 1.3 includes the remaining northernmost ±616 LF. All wall sections are constructed similarly 

and vary primarily in height.  It is noted that toe stone protection was only observed along Wall 

Section 1.1 in intermittent sections, and the exact limits of the toe stone are limited to what is 

presently exposed.  Additional areas of toe stone protection may be present but covered by 

windblown/accreted sand. 

 

As shown in Table 2 below, the overall condition of the full length of the seawall varied from Good 

to Fair (“B” or “C” rating, respectively).  Wall Section 1.1 remains in Good (“B” rating) condition 

including the exposed toe stone.  The conditions observed along Wall Sections 1.2 and 1.3, 

however, are considered to be Fair (“C” rating) as there are presently visual signs of deterioration, 

cracking, spalling, etc. (see Photograph 2). Despite these observations, all wall sections still 

adequately provide flood protection; however, their ability to be reused in the future as a core 

structure for an elevated wall or to be repaired rather than replaced has been reduced.  Sealing 

the existing cracks and grouting the surface spalls could significantly extend the life of the wall.  



 

 

Provided these measures are implemented within the next 5 years, it is viable that all wall sections 

could be raised for future sea level rise without a complete reconstructive effort.   

 

Table 2: Seawall Year/Year Comparison of Wall Sections 

Wall 
Section 

MADCR Inventory No.  
MADCR Rating 

2006 2013 2017 

Section 1.1 049-007-000-112-100 B B B 

Section 1.2 049-011-000-030-100 B C C 

Section 1.3 049-013-000-055-100 C C C 

 

 

In addition, it is noted that the existing access ramp located at STA 4+75 exhibits severe 

deterioration of along the wingwalls, and the structures’ low elevation presents a risk due to load 

crest elevation (see Photograph 3).  An evaluation with respect to need for the ramp should be 

performed before implementing any repairs. 

 

 

 
Photograph 2: Typical cap spalling at STA 5+00 

 



 

 

 
Photograph 3: Ramp heavy spalling STA 4+75 

 

 

 

 
 

Photograph 4: Typical Good condition along the south side (B rated structure) 

 

 

A total of seven (7) cast iron outfalls pipes were located along the length of the seawall (see 

Photograph 5).  These pipes extend out to/below Mean Low Water (MLW).  Based upon available 

documentation, it is unclear as to the nature of the flow or associated volumes that presently 

discharge from these pipes.  Further review of these structures should be conducted with the City 

to determine their current and future need and functionality. 



 

 

 
Photograph 5: Existing cast iron outfall pipe. 

 

 

RECOMMENDATIONS/CONCLUSIONS: 

The stone groins were found to be in Excellent to Good condition (“A” to “B” rating, respectively); 

repairs or upgrades to these structures are not recommended at this time.  The present condition 

of these structures appear to be stable with no downgrade in the MADCR condition ratings noted 

since the 2006 (original) report.  It is recommended that all the groins be re-inspected in five (5) 

years or following any major storm event (50-year storm or greater). 

 

The concrete seawall sections are in Good to Fair condition (“B” to “C” rating, respectively); 

however, it is noted that wall Section 1.2 was downgraded to a “C-rating” by MADCR in 2013 due 

to increased observed spalling and cracking.  It is recommended that the spalls and cracks be 

repaired within five (5) years in order to maintain their storm protection function and prevent a 

much larger scope of repair efforts in the future.  At the present time, the longest wall section 

along the southernmost ±2,500 LF (Section 1.1) appears to be in Good condition (“B” rating).  If 

the relatively few issues observed and noted on the plans are addressed within the next 5 years, 

it is anticipated that the service life of this section could be significantly extended.  Sections 1.2 

and 1.3 are presently observed to be in Fair (“C” rating) condition and require repairs involving 

new concrete caps and/or facing.  These repairs should be designed and prioritized to prevent 

further deterioration of the steel reinforcement over the next 5 years.  

 



 

 

Finally, it is recommended that additional investigations be performed to assess the function and 

effectiveness of the outfalls and the potential need for tidal/backflow gates be considered prior 

to any repair efforts. 

  



 

 

 

 

Attachment A:  

 

Site Inspection Plans of Existing Shoreline Structures 
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front face and cap of
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photo #12

long horizontal crack

photo #13.1, 13.2, & 13.3
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long horizontal crack

photo #13.1, 13.2, & 13.3
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long horizontal crack

photo #13.1, 13.2, & 13.3

repaired section of seawall

photo #14

repaired cap/face of seawall

photo #15
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horizontal cracks and 2 sections of crumbled cap
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OLD BOAT RAMP

OUTFALL PIPE

seawall in good-fair condition

minor cracks/erosion

in between seawall sections

photo #24.1, 24.2, 24.3, & 24.4)

crack in

outfall pipe

photo #25

1' dia outfall 7" up

 from exposed toe

photo #26

vertical crack between seawall

sections - 5.5" at widest

photo #27.1 & 27.2)

horizontal crack between

seawall face and toe

photo #28
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GROIN #6

OUTFALL PIPE

OUTFALL PIPE

OUTFALL PIPE

horizontal crack between

seawall face and toe

photo #28

small 3" dia outfall - slight

damage to seawall toe

photo #29

small 3" dia outfall

small vertical crack

photo #30

vertical erosion between

seawall sections

photo #31
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CLARK COVE BOAT RAMP

SEAWALL W/

INTERMITTENT TOE

STONE OBSERVED

vertical erosion between

 seawall sections

photo #32

vertical erosion between seawall

sections 8" at widest

photo #33 (.1-.2)

erosion along toe of seawall

photo #34 (.1-.2)
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APPENDIX D.  CONCEPTUAL PLAN ALTERNATIVES 
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ALTERNATIVE 1: T-HEAD BREAKWATERS TYPICAL SECTION A-A'
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ALTERNATIVE 1: T-HEAD BREAKWATERS TYPICAL SECTION B-B'
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GENERAL NOTES:

1. THE VERTICAL REFERENCE PLANE FOR THIS

PROJECT IS NAVD88.

2. EXISTING SHORELINE TOPOGRAPHY BASED

UPON SURVEY CONDUCTED BY THE CITY OF

NEW BEDFORD ON 12/22/16 AND 01/13/2017.

NEARSHORE BATHYMETRY WAS

PERFORMED BY CLE ENGINEERING, INC., ON

01/04/2017.

3. ORTHO-IMAGERY IS FROM MassGIS.

4. LIMITS OF EEL GRASS, AS SHOWN, ARE

BASED UPON THE FIELD SURVEY

PERFORMED BY STANTEC CONSULTING, INC.

ON 05/26/2017.

5. THE PROPOSED CONDITIONS, AS SHOWN,

ARE PRELIMINARY AND CONCEPTUAL IN

NATURE.

ALTERNATIVE 2: PERCHED BEACH WITH TOE BERM-TYPICAL SECTION C-C'

HORIZONTAL SCALE: 1"=50'

VERTICAL SCALE: 1"=10'
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