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a b s t r a c t

This project tests a cost-effective, innovative dredged sediment placement technique targeted to nourish
an eroded barrier bar. The dredged sediment was placed in the nearshore in a Cobble Bell, a form designed
to allow for efficient dispersal and migration of sediment by natural processes in this location (such as
predominant waves and longshore transport) in a desired direction along the bar. We describe the regio-
nal and site assessment undertaken, and explain the way design parameters including technical feasibil-
ity, assumptions about wave climate, and constructability were accounted for. A monitoring protocol was
designed and implemented to measure the vertical and horizontal accretion on the barrier bar. This
included survey transects using RTK equipment and surface analysis of beach volume and morphology
change via drone images and photogrammetry. Field measurements of the bar indicated that within
the first few days, the piled material eroded rapidly, and over the next few months, migrated downshore,
widening the previously breached area. This suggests that the cobble bell nature-based feature has the
potential to both accelerate and slow down natural processes in ways that enhance the performance
and attractiveness of the beach while minimizing costs. In addition to the monitoring results, we describe
a monitoring protocol that is both simple and effective which can be adapted by local entities interested
in the management of their coastal landscapes.

� 2022 Published by Elsevier B.V. on behalf of International Association for Great Lakes Research.
Introduction

The beneficial use of sediment is an important paradigm that
continues to gain traction as coastal communities face issues
related to habitat loss, sea level rise, increased flooding, and main-
taining public access to the waterfront for health and recreation
(Baptist et al., 2019, Morang et al, 2011, Suedel et al., 2021). Natu-
ral and nature-based features (NNBF) is a related concept that has
found its way into important policy initiatives, such as Lake
Ontario Resiliency and Economic Development Initiative (REDI)
and theWater Resources Development Act (WRDA). Moreover, cre-
ating NNBF with sediment produced through dredging (beneficial
use) provides an opportunity for coastal communities to address
environmental problems in ways that can be economical, environ-
mentally beneficial, and improve public health outcomes. How-
ever, due to their location in dynamic coastal areas the features
are complex, and their performance is difficult to describe and pre-
dict. This often creates barriers to understanding and implementa-
tion across regulatory, construction, and public sectors. The US
Army Corps of Engineers has identified the need to strategically
develop pilot projects that test the design, construction, and adap-
tive management of NNBF under a range of environmental and
physical conditions (Bridges et al., 2015).

Human-abetted recovery of degraded ecosystems requires a
broad continuum of passive-active restoration interventions across
a range of diverse habitats (Chazdon et al., 2020). Climate change
and large-spread habitat degradation has increasingly necessitated
efficient distribution of limited resources and application of scal-
able methodologies (Shono et al., 2020). Certain techniques, like
Assisted Natural Regeneration, have focused on the low-cost,
low-effort removal of targeted barriers to natural regeneration of
landscape, relying on natural forces to aid in the recovery process
(FAO, 2019). These scalable methodologies have been proven to aid
in the social, economic, and ecological resilience of a region. This
article seeks to highlight an innovative low-cost technique which
employs natural forces to aid in coastal landscape restoration. Pro-
visionally named Supported Natural Sediment Management
(SNSM), this approach has gained traction in recent years as seen
in Sand Engine, Horseshoe Bend, the Mud Motor, and this Cobble
om the
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Bell project (Stive et al., 2013; Berkowitz et al., 2014; Suedal et al.,
2015; Batiste et al., 2019; Luijendijk et al., 2017).

About one-fourth, or 1700 miles, of the United States’ Great
Lakes shoreline has been modified through armoring, hardening,
or artificial shorelines (NOAA Office for Coastal Management
(2019)). These measures are largely intended to stop or reduce ero-
sion. However, these efforts only work in the localized area, and
endanger regional sediment management in the larger region
(Hall and Pilkey, 1991, Griggs, 2005, Griggs, 2010). Some landscape
forms are more sensitive to these changes in sediment supply and
shoreline form, including baymouth barrier bars and shoals in
nearshore environments. These barrier bars are critical to both
the social and ecological functionality of the bays. While adaptable
to changing conditions such as water level and wave height, they
are vulnerable to changes in sediment supply.

Barrier bars migrate, erode, and accrete with fluxes in sediment
supply and water levels (Pinet and McClennen, 1997; Mattheus
et al., 2015). During periods of high water, coastal erosion
increases, leading to increased sediment in the nearshore system
which deposits onshore during low water periods. In the Great
Lakes these periods of high and low water predictably occur
throughout the season, but also can occur over longer intervals
in Lake Ontario (Quinn, 2002). Throughout the twentieth century,
increased development on Lake Ontario has contributed to hard-
ened shorelines and permanent inlets maintained through dredg-
ing. Many communities in Southwestern Lake Ontario routinely
dredge their inlets, and Sodus Bay, Port Bay, and Little Sodus Bay
have hardened portions of the barrier bars. Over the years, both
construction and maintenance interventions have significantly
changed the longshore transport and resiliency of the coastline,
resulting in breached and thinned bars (Bergmann, 2019).

Noting this, F-E-S’s Regional Dredging Management Plan sug-
gests that Port Bay, along with Sodus and Little Sodus Bays, should
return the dredged material back into the littoral transport system
through placing it in ‘‘nearby beach, shoreline or nearshore waters”
(F-E-S Associates, 2000, pg. 23). The report hypothesized that this
placement option would allow for continued longshore sediment
transport and shoreline stabilization (F-E-S Associates, 2000, pg.
23). While the amount of sediment dredged per year is relatively
small in thesebay communities (1000–5000 cubic yards), thedredg-
ing occurs with high frequency, at least once per year. These small
but frequent operations can provide opportunities to develop alter-
nateways toplacedredgematerials in an iterative fashion,witheach
placement learning from those before it and functioning as a small
tweak to the coastal sediment system with the goal of maintaining
healthy shorelines and well-protected communities.

Our report describes a new concept, the cobble bell, developed for
a small community in thedrumlin-baycoastal regionof LakeOntario
in New York State. We also present the analysis and some prelimi-
nary conclusions of six months of monitoring data of the feature
and its effects on the adjacent beach. While much is understood
about the influence of water levels and wave climate on nearshore
bedforms and beach morphodynamics (Meadows et al., 1997;
WrightandShort, 1984;Scott et al. 2011;Gallopet al., 2017), theeffi-
cacy of NNBF themselves-- landscape features in complex
situations-- is poorly understood (Bridges et al, 2015). We are pre-
senting these results,withourmethodologyandpreliminaryconclu-
sions as to the potential of the NNBF, to help address this gap.
Methods

Study area

Port Bay, NY is a small recreational harbor situated along the
southwest shores of Lake Ontario, a region characterized by alter-
2

nating drumlin bluffs and baymouth barrier bars (Fig. 1). The Port
Bay barrier bar is a dynamic coastal feature that protects the bay
from Lake Ontario wave action and provides public lake access.
Characteristic of the region, the protected bay is an important eco-
logical and recreational feature along the lake, supporting nursery
and stop-over habitat for fishes, turtles, amphibians, and birds
(Department of State (NY) (1987)). The inlet that divides the West
and East Barrier Bar is a ninety-foot-wide channel that allows for
small boat access and is maintained through a jetty structure and
localized, annual dredging. Longshore sediment transport in the
area is predominantly fromwest to east. The west bar was armored
with stone by the State of New York in the 1990s (Bergmann,
2019), while the east bar remains an atrophied shingle beach.
Owned by the State of New York, the barrier bar is managed as part
of the Lake Shore MarshesWildlife Management Area through New
York State Department of Environmental Conservation (DEC),
while the boat channel is maintained by funds from the Port Bay
Improvement Association (PBIA) and dredging is coordinated by
the Wayne County Soil and Water Conservation District (SWCD)
(Fig. 2).

Historical aerial photographs and surveys of Port Bay dating
back to 1930 show that the barrier bar-bay complex has altered
considerably over time (Fig. 3). Port Bay has witnessed the erosion
and thinning of the sediment-starved eastern bar owing in part to
the construction of the permanent boat channel, a jetty, and hard-
ening of the western bar. The practice of placing dredged material
from the channel in an upland location and subsequently removing
important sediment from the nearshore has further exacerbated
the erosion. As dredged material is predominantly sourced from
eroded bluffs, there is little concern of contamination (F-E-S
Associates, 2000).

As is common in many places, until recently the dredged sedi-
ment was treated as a navigation problem particular to the inlet
instead of as part of a larger landscape. Historically, this baymouth
barrier bar and others like it were maintained by the sands and
gravels from nearby eroding drumlin bluffs traveling eastwards
along the lakeshore (Pinet and McClennen, 1997). However,
changes to the barrier bar system have led to decreased local sed-
iment supply and increased coastal erosion. In the past three years,
the bar has breached multiple times (Bergmann, 2019). During
those times, storm waves have deposited sediment over top the
bar, created persistent secondary inlets, and flooded the bay,
thereby threatening boats and docks.

In Port Bay, studies have found that the nourishment of the east
barrier bar with annual dredging material has the potential to play
a significant role in the stability of the bar (Bergmann, 2019). In
2018, dredging yielded approximately 2,800 CY, and during 2019,
between 2,500 and 3,000 CY (Bergmann, 2019). Over the past dec-
ade, several breaches have occurred along the non-vegetated east-
ern portion of the East Bar. The East Bar was breached in 2012,
2015, spring 2016, and spring 2017 (Bergmann, 2019) as well as
in spring of 2020.

In 2018, as part of a SWCD- led restoration project, approxi-
mately 1,200 cy of material was brought to the east barrier bar
and spread just above the current water level (246 feet, IGLD85).
The process of beach nourishment did generate observed changes
in the shoreline but cost twice the annual dredging budget of
$15,000 and cannot be considered a long-term sustainable solution
according to community representatives. However, the effort in
2018 to nourish the bar in a conventional way demonstrated the
viability of beach nourishment here and led to a permit change
that allowed for dredge material placement along the entirety of
the East Bar.

Taking into consideration the priorities of the DEC, PBIA, and
Wayne County SWCD, the primary goal of the study was to develop
and monitor of a new approach that might achieve or surpass some



Fig. 1. The geography of the southern shore of Lake Ontario is one of eroding drumlin bluffs that transport sediment across bays and protects communities the from the high-
energy lake environment.

Fig. 2. Port Bay’s barrier bar is managed by the DEC as part of the Lakeshore Marshes Wildlife Management Area while the inlet maintenance and dredge operations are
overseen by Port Bay Improvement Association.
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of the goals of beach nourishment without the additional cost. We
analyzed community needs, wave climate, habitat potential, the
USACE regional sediment budget, the historical changes in the bar-
rier bar, prior reports by Bergmann and F-E-S Associates, and the
role of sediment dredging and placement in the changes of the east
bar. Over the course of our study, the basic research question moti-
vating our research was this:

Can the waves and currents of the Port Bay barrier bar land-
scape be enlisted to do the work of machinery, moving the dredged
sediment to the east along the bar, and reliably nourishing the
beach while minimizing the risk of a channel infill?
3

Parameters and set-up of the cobble bell pilot

Precedent studies like Sand Engine, Horseshoe Bend, and the
Mud Motor project (Stive et al., 2013; Berkowitz et al., 2014;
Suedal et al., 2015; Luijendijk et al., 2017;; Batiste et al., 2019)
informed the conceptual developed of the Cobble Bell Pilot. In
these previous experiments, dredged material was placed in a
specific location to allow for currents to move and spread the
material, avoiding the cost, effort, and disturbance of more
mechanical means. For each of these projects, differences in the
forcing agents and substrate were quite unique, leading to differ-



Fig. 3. As can be seen in Port Bay, the continued attempts at controlling the natural erosive/transport environment has contributed to reductions in sediment movement and
thinning of protective barrier bars.
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ences in design and application. Similarly, in Port Bay, the particu-
larities in sediment and wave environment lend themselves to a
new conceptual design, which could be implemented and moni-
tored. In Port Bay, important lessons can be drawn from the smal-
ler scale pilot project, which involves placing the material
nearshore, to allow for the predominate waves to erode and move
the material. Healthy Port Futures studied the timing, location, and
most efficient form of the placement.

During Bergmann’s investigation, several sediment samples
were taken both from the channel and along the East Bar shoreline
(Bergmann, 2019). The channel sediments were coarser than the
shoreline, and contained a significant amount of cobble material,
with a D50 of 20 mm. The shoreline materials were well-graded
gravel (2 mm-64 mm) with little sand (<2mm) and cobbles
(>64 mm). This cobbly sediment would dictate the angle of repose
of the feature, as well as how quickly it would move. It was
expected that the well-graded channel sediment would self-sort
through wave action, with smaller sediments moving faster, and
producing lower-profile beach faces downshore, and the cobbles
moving slower and producing a shingle beach with a steeper face.

ACE Wave Information Studies (WIS), scattered throughout
Lake Ontario, provide hindcast wave data based on buoy readings
from 1974 to 2014. The WIS data from the closest station, 91054,
indicate that the majority of the waves, across the range of wave
classes, are from the west-northwest direction (292.5 degrees),
and it is anticipated that the waves, and as well as the eastern long-
shore drift will move the material along the bar (Pers. Comm.,
Bergmann, Army Corps of Engineers-Buffalo District).

Based on the sediment type and environmental conditions on
site, Healthy Port Futures designed a sediment form that could
be both easily constructed and quickly eroded. The resultant bell-
shape is safe and easy to construct; the contractor pushes material
with a bulldozer up a 15% slope at a particular angle to the shore-
line. The resultant steep side slopes, contingent on the natural
angle of repose of the material, and the environment (above water,
below water), allow for a fast erosion rate, thereby accelerating
downshore movement and reducing the temporal window in
which a nor’easter could push material back toward the channel.
4

Based on the two past dredging cycle estimates, it was anticipated
that the amount of material placed would be between 1000 and
3000 cubic yards (Bergmann, 2019). Any material in excess of
1000 cy would be used to grade the adjacent shore, so as not to
build beyond 243.4 IGLD, the low water datum of Lake Ontario.

In order to locate an efficient placement location, HPF deter-
mined the travel distance from the channel to the edge of the jetty
wave shadow. The wave shadow was determined by studying the
predominant wave direction, as determined by the historical WIS
data. Using this information, HPF placed the location of the near-
shore dredge material approximately 3000 from the center of the
channel, situated just outside of the wave shadow created by the
jetty. The feature was placed perpendicular to the predominate
waves, angled at 30 degrees north (Figs. 4 and 5).

To ensure that the pile would indeed erode in the wave condi-
tions, our study relied on a conclusion from the Bergmann report
that found that waves averaging >1.5 m in amplitude at the WIS
station would tend to move 20 mm course gravel, the D50 found
in the channel. This conclusion was drawn from an analysis of
the representative slopes of the bar, the typical nearshore water
depth of 5ft (1.7 m) and the equivalent Manning’s roughness coef-
ficient of 0.022 for the gravel bed of the beach, (Bergmann, 2019,
pg.30).

HPF further studied the WIS data during April, when placement
was thought to occur. The waves >1 m in amplitude at the WIS sta-
tion coordinates were predominantly (72%) from the western-
northwestern direction (292.5 degrees) (Fig. 6). During April, these
wave events are not infrequent: over the forty years for which data
was available, these large northwestern waves accounted for
around 11.7% of the data collected, occurring on average, once
every eight days. We anticipated that the frequency of the large,
northwestern wave events, while not critical to the project, would
further accelerate the erosion process of the Cobble Bell and reduce
risk of a nor’easter moving the sediment westwards. The project
did not rely on quantitative modeling of the Cobble Bell and its
transition to beach. The exact rate of change and the extent of
the movement of the sediment was a research question to be
determined by monitoring.



Fig. 4. ACE Wave Information Studies (WIS) collected wave measurements from 1974 to 2014. Information from the closest WIS station (91054) was studied to understand
the occurrence and direction of large storm events during the construction season.

Fig. 5. The intervention at Port Bay is the construction of a feeder bluff made from the annually dredged sediment. Analogous to what happens across the region, the bluff will
erode through wave energy and transport material to the east, fortifying the weakened barrier bar.
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Monitoring

As a part of a recurring annual maintenance dredging project,
monitored over a course of four placement events, this pilot is
uniquely positioned to test, observe, and adapt the placement
and movement of material via machinery and natural forces. Over
time, these maintenance practices can be calibrated and altered
based on observations. Monitoring extended from the jetty on
theWest Bar through the opposite end of the East Bar (Fig. 7a). This
monitoring plan was designed to begin at construction on April
25th ice-out in the spring of 2020 to establish baseline conditions
and to continue into the fall of 2020. However, due to pandemic-
related travel restrictions, monitoring was limited to three main
events: April 25th, May 5th, and September 12th. These dates mark
construction, one week post-construction (upon erosion of fea-
5

ture), and approximately five months post construction, respec-
tively. It was expected that the material will continue to move
post monitoring time frame, albeit more slowly than while in the
placed bell-shape. While this limited time frame did not include
all the events and conditions that could occur during any given
year, it provides a baseline of information to make decisions for
the near future.

The authors developed the monitoring protocol but were
unable to travel to the site because of Covid-19 travel restrictions.
As such, both an engineering consultant and a NOAA SeaGrant affil-
iate conducted drone surveys that were processed and analyzed by
the authors.

Using UAV technology and GNSS survey equipment, the moni-
toring team was able to record aerial survey information of Port
Bay’s East Bar with high accuracy, high resolution data (Duffy



Fig. 6. The feeder bluff, made of locally dredged cobbles will serve as a temporary icon of the local geology and the erosive processes that make the region unique.

Fig. 7. A) Monitoring plan of cobble bell feature, B) Section of built feature, C) Cross-section of built feature.
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et al., 2017). As this method included only data of terrestrial forma-
tions was not able to survey sub-aquatic elevation, supplemental
transect surveys were utilized to collect nearshore data up to three
feet below water levels.

Fifteen black and white ground control points were established
in the three-acre (1.2 ha) site, and geolocated within 0.04 m accu-
racy using the Emlid Reach RS2, a multi-band RTK GNSS receiver
(These GCPs were also used during the RTK transects and photo
points. The DJI Mavic 2 drone (100 CMOS sensor with 20 million
megapixels) was flown at 1500 nadir, and 2000 oblique with a 70%
overlap that included part of the west bar, including the jetty,
and the East bar (with the exclusion of the wooded southeast por-
tion). Three drone surveys were conducted April 25th, May 5th,
and September 12th.
6

Drone images were processed using the photogrammetry soft-
ware Agisoft-Metashape to compile the just over one thousand
images into a point cloud comprised of approximately 500,000
points, which was then rectified into an orthomosaic photo and a
digital elevation model (DEM), with a ground resolution of
1.5 cm/pix (Agisoft Metashape User Manual, 2022). The DEM was
processed in ArcGIS using Spatial Analysis tools to create 10 con-
tours. Sections through important spots along the bar were pro-
duced in each monitoring reach to provide information about
sediment accretion and erosion patterns.

Wayne County Soil and Water conducted monitoring (RTK sur-
veys and photo points) and coordination with DEC and PBIA. These
transects ran perpendicular to the shore, through all established
GCP points. The transects extended upland to vegetation if it
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existed, through the GCP, and into the water to a depth comfort-
able to the survey crew (30 was an ideal minimum). Along this tran-
sect, points were to be taken every 100.

Lastly, photo points were established at each of the ground con-
trol points (GCP) that were set up for the drone surveys and the
transects. Photos were taken at eye-level, looking west from the
markers. These photos helped capture the qualitative changes of
the bar and feature from a ground perspective.

For analysis, we spatially divided the East Bar into four reaches
of 350 feet (105 m). Reach 1 included the West Bar jetty, the
dredged channel, the East Bar point, and the cobble bell placement
location. Reach 2 extended to the vegetated portion of the island,
stopping before the historically breached zone. Reach 3 is the his-
torically breached zone. Reach 4 is the thicker, eastern end of the
barrier bar as it transitions from state land to private land with
an armored shoreline.
Results

Dredging of the channel and subsequent placement of material
occurred over a period of three days, while the actual construction
of the cobble bell was limited to a period of one day, amounting to
no additional time or cost above the conventional upland place-
ment in this location. The excavator was brought in through West
Port Bay Road to the West Bar. Starting on the west side of the boat
inlet, the contractor built a land bridge to span the West and East
Bar using the excess material dredged from the inlet the previous
February, which had been temporarily placed on the West Bar.
From this position, the excavator placed the dredged material pile
on the northwesternmost corner of the East Bar. A bulldozer was
then utilized to push this dredged sediment, piled on the corner,
along the shoreline for 45 m, until turning out at 330 degrees N,
into the wave-activated nearshore of the East Bar.

Measurements of the feature were derived from the drone-
imagery taken that day (Fig. 7b). The built feature was slightly
smaller than the 6 m tall, 26.4 m long designed feature due to lim-
itations of equipment and amount of sediment. The final feature
was 3 m tall at the highest point and reached 24 m into the water.
The feature hit lake grade at approximately 244.0 LWD. The con-
structed slope was at its steepest 15%, and the resultant side and
front slopes were between 50 and 66%. Below water, the slopes
subsided to 20%. The total volume estimated by the contractor
and the SWCD representative was about 3000 cubic yards
(2280 m3) in total. According to photogrammetry estimates, about
700 cubic yards (532 m3)of that material was placed into the near-
shore feature while the rest was used to reconstruct the east bar
point nearest the channel.
April 25 – May 5

Immediately following construction, large waves out of the
northwest quickly eroded the feature. According to local residents
and partners, this process occurred over the course of the first few
days. We reviewed provisional data from the USGS gage
0423207760 at the lighthouse in Sodus Point, NY, which is seven
miles to the west. At that location the storm produced shallow
water waves with a significant wave height of 2.6 m, a period of
approximately 5 s, with a lake elevation of 247.15 feet. Subse-
quently, during the ten days from April 25 to May 5, water levels
rose by 0.20 from 247.15 to 247.35 IGLD 85 and small storm wave
events from the northwest and northeast occurred (Fig. 8). The
drone footage and subsequent photogrammetry and analysis cap-
tured the feature erosion and subsequent accretion to the east.
These changes in water elevation were accounted for in our vol-
ume calculations via interpolation of the swash zone and near-
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shore. Sections taken across the East Bar show sediment
accretion over the first eight hundred feet east of the feature
(Fig. 9a).

During the period of April 25 to May 5, nearshore erosion
occurred throughout Reach 1, while accretion occurred in Reach
2 and 3. On average, the cross-sections in Reach 1, eroded by 1.5
vertical feet and 10.9 horizontal feet, cross-sections in Reach 2
accreted by 1.0 vertical feet and 19.0 horizontal feet, cross-
sections in Reach 3, accreted by 0.7 vertical and 7.5 horizontal feet,
and cross-sections in Reach 4, eroded by 1.0 vertical feet, and 1.8
horizontal feet (Fig. 10). Volumetric measurements of the topo-
graphic change to the beach match the initial volume of sediment
in the cobble bell feature closely (700 cy).
May 5 – September 12

Over the course of the next four months, water levels dropped
approximately two feet, from 247.4 to 245.5, revealing signifi-
cantly more shoreline. The East Bar, especially in Reach 3, signifi-
cantly increased in width (Fig. 9b). While lower water levels
attribute some of this increase, analysis from photogrammetry
makes clear that a significant amount of sediment accretion also
occurred. This comparative analysis suggests another potential
benefit of the passive beach and nearshore reconstruction using
the small, erodible drumlin feature instead of mechanical equip-
ment: some of the sediment is likely to accrete in the nearshore,
where it will attenuate wave energy or create more beach width
if water levels recede.

During this period, Lake Ontario had a series of significant wave
events, especially in late July, the majority of which were from the
northwest, and while there were some northeastern wave events,
they tended to be smaller, and less frequent. This pattern is sup-
ported by the historical WIS data records, which indicated that
these large storm events (>1m) make up 16% of the recorded wave
data, 71.5% of which are from the northwest direction. These
events likely contributed to increased erosion along the shoreline,
as seen in Reach 1 and Reach 4, which were furthest from the
effects of the nourishment by the cobble bell.

The below average lake levels also might have contributed to
increased sediment in the nearshore. Future placement and moni-
toring efforts will continue to study the possible effect the cobble
bell has on the system over the next five years, which will be able
to account for differing levels in lake heights. However, the pattern
of accretion and erosion along the bar indicates that the bell was at
least partly responsible for filling in Reach 3. Sediment initially
accreted immediately east of the cobble bell, in Reach 2, but
between May and September, those immediate gains were lost.
Over the same period of four months, the Reach 3, displayed signif-
icant accretion.

The cobble base of the feature can be seen in the aerial photos
from July and September. The base does not seem to have shifted,
indicating that this larger sediment was not lost from the feature
during this time. Meanwhile, the aerial orthomosaic from Septem-
ber shows the movement of sediment around the jetty and build
up along the western side in the boat channel suggesting the
source of the material necessitating additional dredging originated
from the west (Fig. 11). Furthermore, as mentioned previously, the
majority of wave activity came from the northwest during this
time.

According to photogrammetry analysis, Reach 1, 2, and 4 expe-
rienced erosion, while Reach 3 continued to experience accretion.
On average, sections in Reach 1 eroded by 0.3 vertical and 17.6 hor-
izontal feet, in Reach 2, eroded by 0.4 vertical and 19.2 horizontal
feet, in Reach 3, accreted by 0.9 vertical and 13.5 horizontal feet,
and in Reach 4, eroded by 0.1 vertical and 5.2 horizontal feet.



Fig. 8. Wave height information collected from Great Lakes Observation System-Lake Ontario Forecast indicates that the majority of the large wave events occurred from the
northwest. Data from Great Lakes Observation System- Lake Ontario Forecast. ‘‘Virtual buoy” located directly north of Port Bay @ 43.3327 N, 76.8411 W.

Fig. 9. Photogrammetry compilation of the East Bar show the erosion and accretion of sediment A) between April 25th – May 5th and B) between May 5th- September 12th.
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Summary

Several of the initial questions posed were readily answered
with observed and monitored data. Based on observational data
and backed by drone photography, the above-water portion of
the feature eroded within the week. The fast erosion of the cobble
sediment bell due to in part to its placement and was also aided by
the relative high frequency of northwestern >1 m wave events. The
storm events are not infrequent, as noted earlier in theWIS studies.
It is anticipated that the wave events needed to erode the sediment
occur approximately one in eight days during April.

During this time period, there was a measurable effect along the
barrier bar extending from the feature approximately 700 ft
directly east. Much of the initial accretion directly east of the fea-
8

ture in Reach 2 had eroded four months later, suggesting continued
migration across the bar, albeit more slowly than in the first ten
days. As the material continued to migrate eastwards across the
bar, it filled in concave areas of shoreline, and was especially suc-
cessful in thickening previously thin areas of the East Bar that have
been historically susceptible to breaching (Fig. 12). If sediment has
traveled west of the feature, the sediment is not enough to offset
the erosive wave forces as the area has generally eroded.

The largest sediment remained in the original placement site.
This remnant underwater feature is 97 feet at its widest and
extends into the water 32 feet past the swash zone. Sediment sort-
ing was seen along the shores, with stretches of larger shingle
beach and pockets of sandy beaches. Cobble and sandy pockets
can be observed in GCP 8–9 and GCP 6–7, respectively (Fig. 13).



Fig. 10. Vertical change and horizontal change (ft) was calculated for each transect between April 25th-May 5th, and May 5th- September 12th. Overall, in the first week,
sediment rapidly accreted just east of the bar, in Region 2. Overtime, this sediment appeared to migrate eastwards, filling in breached area of the bar, Region 3.

Fig. 11. Aerial drone photo of the boat channel taken September 12th which shows build up of sediment along western side of the channel, along the jetty.

T. Ruswick, S. Burkholder and B. Davis Journal of Great Lakes Research xxx (xxxx) xxx

9



Fig. 12. Ground photos were taken at particular points along the bar to track the visual change of the bar over time, including 1) Directly east of the Cobble Bell, 2) Breached
Area #1, 3) Breached Area #2.

Fig. 13. Composite sediment photos taken at particular places along the nearshore of the East Bar, which show the variation of sediment types ranging from large cobbles to
fine sand.
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Conditions during study

At time of construction, in April, the water levels were 247.15
LWD, increased to 247.35 ten days later, and by the last monitoring
event in September, the levels were at 245.5. During the five
months of monitoring, there were extended periods of stormy con-
ditions; one of the larger storms took place right after the feature
was constructed. Following historic precedent, the large storms
mostly were from the northwest.
10
Discussion

The opportunity to pilot a new SNSM concept in collaboration
with state and local partners and to collect six months of data
has provided some unique insights that may prove helpful for
small-scale regional sediment management goals and operations
in the Great Lakes Basin. While the data collection efforts were
impacted by the pandemic, the results are compelling enough to
allow us to offer some provisional insights, with the hope that
other communities may find this useful.
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Our first conclusion is that the beneficial use of dredged sedi-
ment is possible in Port Bay, and that the Cobble Bell practice com-
pared favorably with conventional beach nourishment. This
conclusion is based on the following observations:

The material can be placed out of the jetty wave shadow at no
additional cost.

During a time of year of frequent large wave events from the
northwest, the placed material initially eroded quickly and depos-
ited on the shoreline directly to the east. After deformation of the
original form, the overall dispersal pattern was slower, as seen the
rate of change between May and September. Even without the
large wave events, we would expect the dispersal pattern to occur,
albeit more slowly. Accumulation was seen directly east of the fea-
ture, as seen in Reach 2, and filling in the concave, historically brea-
ched area, seen in Reach 3. Because of the complexity of the
nearshore dynamics, and the limits to continuous data collection
caused by pandemic travel restrictions, we don’t believe we can
draw a direct correlation for the entire volume. However, because
the measurements were taken so closely together and match what
was expected based on our own analysis, as well as that of prior
engineering reports and the USACE Lake Ontario sediment budget,
it is a promising outcome. The difference between the accelerated
erosion of the feature and the stability of the beach was quite pro-
nounced. Whether and to what degree this phenomenon repeats
itself is an important question going forward. We would expect
this to be one aspect of the environment that could be leveraged
to move sediment in desirable ways-- to rebuild the beach quickly
in the spring, and then to have it mostly stabilize in the summer.

This leads to an additional observation: waves did the work that
a piece of hauling equipment would typically do in a beach re-
nourishment project, thereby saving money. Additional research
as to the quality of the beach for human use and ecological benefit
would be very beneficial to any kind of regional plan for the
shoreline.

The dredging and placement window should consider the
weather forecast, specifically to ensure that there is no likelihood
of waves from the northeast for the first few days after placement.

The second conclusion is that ongoing monitoring can serve as a
powerful means to improve project outcomes. This was a priority
identified by NYS DEC at the outset, and the nature of the research
and pilot project serves to emphasize monitoring even more.
Because the improvements are tied to ongoing maintenance dredg-
ing and not to a singular capital project, the opportunity to learn
and improve performance at no cost other than monitoring is built
in. In Port Bay, we expect that the material placement will be
repeated for three more consecutive years.

Based on the relative success of these initial results and due to
unique circumstances of Covid during the first placement round
(April 2020), the second placement round will operate very simi-
larly to the first placement round, just with additional monitoring
in place. As such, no direct changes to location and placement of
the material, will be implemented on the subsequent round.
Instead, the focus will be on increased monitoring to supplement
our understanding of the effects of the varied field conditions on
dispersal patterns and speed. Over the next three years, monitoring
will be expanded to include additional events and increased reso-
lution. As one major observation was the speed in which the fea-
ture eroded (over the first 10 days), for monitoring purposes, the
monitoring will occur more frequently over those initial days.

Additionally, monitoring can be expanded to include more
information about the grain-size distribution along the east bar.
Although the dredged sediment was local, and sourced from the
nearshore, studying the grain size difference before and after
placement is important in understanding if the placement has
any longer-term impacts on beach morphodynamics.
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The third conclusion is that the study of natural forms and pro-
cesses provides the best way to develop sediment placement prac-
tices in this region. Our research effort began with a review of the
scientific literature, an analysis of topography, bathymetry, and
wave climate, alongside the geological and human history of the
region and the ecological assemblages. In addition, we worked to
understand the values and use patterns of the community of Port
Bay as well as the landowner and the limits and insights of the con-
tractor responsible for the landscape maintenance. While we did
not anticipate an erodible feature originally, the research pointed
in this direction. The form is an interesting development, as it
works like a smaller, simplified version of a drumlin (eroding
through avalanching and nourishing downshore beaches) in a
region defined by them. The significance of this observation rein-
forces the current emphasis on natural and nature-based features
(NNBF) and gives a specific case that other communities may be
able to draw from.

The fourth conclusion is that this practice should be considered
in the context of the five Wayne County coastal communities, and
the 2000 Regional Dredge Management Plan. That study concluded
that beneficial use of sediment was the best use of the dredge
material, and that beach nourishment was the best form of benefi-
cial use. Our research shows that the pilot project implemented by
Wayne County SWCD and PBIA has proven the concept. The south-
eastern Lake Ontario shoreline presents a great opportunity in the
Great Lakes to preserve a natural shoreline largely intact, and to
maintain the critical ecological, recreational, and infrastructural
processes that a healthy shoreline provides while minimizing risks
and cost. This is an avenue to tremendous future impact for
research into sediment management, NNBF design, and coastal
science and design.
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