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INTRODUCTION

This report, the first of a biennial series that will be pub-
lished in conjunction with the Maine Beaches Conference, sum-
marizes qualitative morphologic characteristics and changes
observed at Maine beaches that are monitored as part of the State
of Maine Beach Profiling Project, termed herein as SMBPP
(Maine Sea Grant Extension, 2003). This effort is in support of
the goals outlined in Protecting Maine's Beaches for the Future:
A Proposal to Create an Integrated Beach Management Pro-
gram (Beach Stakeholder Group, 2006). The concept of moni-
toring Maine's beaches was endorsed by the Joint Standing
Committee on Natural Resources of the Maine Legislature and a
law was signed by Governor Baldacci in 2006 creating the
Beaches Advisory Group and a biennial report to the Maine Leg-
islature on many aspects of the State of Maine's beaches, includ-
ing the geology described here.

The purpose of this geological program is to monitor
beaches along the Maine coastline using a simple, cost-effective
method that enables volunteers and local stakeholders to help
collect and understand the coastal changes that impact their com-
munities. The data help make beach management decisions and
provide the basis for university research. Several scientific the-
ses and research papers have been published using the results of
the program (Hill and others, 2002), and the program was the ba-
sis for similar programs in other states (O'Connell, 2001). The
SMBPP is funded and managed by combined efforts of the
Maine Geological Survey (MGS) of the Department of Conser-
vation, the University of Maine's Department of Earth Sciences,
Maine Sea Grant, University of Maine Cooperative Extension,
Southern Maine Community College, and the Maine Coastal
Program at the State Planning Office with additional support
from the National Oceanic and Atmospheric Administration's
Office of Ocean and Coastal Resource Management. Significant

time, personal equipment, and expenses are also contributed by a
large team of citizen volunteers who conduct fieldwork monthly
and record measurements in an electronic database.

As of 2007, the beach profiling program monitors 15
beaches within 9 different communities (Figure 1). Volunteers
are currently monitoring a total of 59 different profile locations
on a monthly basis. Some of these beaches have been monitored
since inception of the program in 1999, while others have joined
the program in subsequent years.

This report reviews general beach and dune characteristics,
topography, and general shoreline change characteristics at each
beach profile location on a year-by-year and seasonal (summer
vs. winter) basis since the start of data collection and continuing
through April 2007 (where data were available). Results of this
report are based only on beach profile data that were available
for download from the Maine Shore Stewards Online Data Col-
laborative website (Maine Shore Stewards, 2007) as of the end of
April 2007. Therefore, gaps may exist for data at some locations
which have not been entered into the online database.

Data collection methodology

The SMBPP incorporates the use of trained volunteers to
collect monthly beach profiles that start at a known point (usu-
ally a point marked in the dune or in a seawall) and continue
shore-perpendicular to roughly the low water line at select loca-
tions.

The SMBPP utilizes the Emery Method of beach profiling
for data collection (Emery, 1961) (Figure 2). This method is a
simple, quick, inexpensive, and relatively accurate way to deter-
mine the change in elevation ( Y) over horizontal distance
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( X). These data result in the creation of a beach profile that
documents the topography of the beach and specific features
at a given point in time (Figure 3). Volunteers record topo-
graphic data on a standardized data sheet (University of Maine,
1999), but also record notes on beach features along the profile,
such as the presence of a scarp or edge of dune vegetation. Col-
lected data are then entered online by volunteers into a database
that is used to manage and view collected beach profile data.
This database also allows for data download for additional anal-
ysis. This online database was the source of the data for this re-
port.

At some locations, MGS has been able to use a Real Time
Kinematic Global Positioning System (RTK-GPS) to survey the
starting points for the beach profiles (Magellan Navigation, Inc.,
2007). This enables the starting marks to be located in a three-di-
mensional (x, y, and z) framework of earth coordinates.

Spatial and temporal extent of data

The locations of beaches involved in SMBPP are shown in
Figure 1. Generally, there are 2-4 profiling locations along each
beach. Along each collected profile, topographic points are gen-
erally collected at approximately 3 m intervals from the starting
point, usually a stake in the dune crest or mark on a seawall, sea-
ward to the low-water line (see Data Collection Methodology).

Volunteers have collected beach profile data  intermit-
tently in some cases since 1999 at some beaches. Most volun-
teer groups have entered applicable data into the online database
through 2007 (and many with results from the 2007 Patriots' Day
Storm), though many beaches also have gaps in data entry. In
general, beach profiles are collected around the same time each
month during times of low tide. Temporal datasets for each set of
profiles are shown in Table 1.

Table 1. Spatial and temporal aspects of SMBPP data.

Beach Name Town Acronym No. of profiles Dates* Mark surveyed
Willard South Portland WI 6 2001-2007 Yes
Higgins Scarborough HI 3 1999-2007 Yes
Scarborough Scarborough SC 4 1999-2007 Yes
Western/Ferry Scarborough WS 3 1999-2007 Yes
East Grand Scarborough EG 4 1999-2007 Yes
Kinney Shores Saco KS 2 1999-2007 Yes
Ferry (Saco) Saco FE 4 2000-2007 Yes
Fortunes Rocks Biddeford FR 4 1999-2006 No
Goose Rocks Kennebunkport GR 4 2002-2007 No
Goochs Kennebunk GO 4 2001-2006 Yes
Laudholm Wells LH 5 2003-2007 No
Drakes Island Wells DI 4 2001-2007 No
Wells Wells WE 4 2003-2007 No
Ogunquit Ogunquit oG 4 2001-2007 No
Long Sands York LS 4 2002-2007 Yes

* not all dates are continuous and may include breaks in months or years
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Figure 1. Location map of the coast of southwestern Maine showing the 15 beaches involved in the State of Maine Beach Profiling
Project. The colored line along the coast shows the approximate geographic extent of profile coverage. The background image is
courtesy of the Maine Office of GIS.
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_horizon

Figure 2. The Emery Method of beach profiling for data collection (Emery, 1961). The horizon and the lower of two graduated poles
isused as a level to intersect the second pole to make a reading in the change in elevation (y) over a known distance (x). Field readings
are taken and entered into a website for compilation.
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Figure 3. Data collected using the Emery Method is used to construct a beach profile. The profile is a transect from a starting point (a
metal pin, post, or other fixed mark) on a dune or seawall toward the ocean. The profile measurements extend to the waterline at the
time of the survey and are usually made at low tide.
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The Beaches

Background geology and characteristics

The 15 different beaches involved in this monitoring pro-
gram are each unique in terms of geology, morphology, develop-
ment characteristics, and general locations of the beach profiles.
Aerial images of the beach and the profile locations are shown at
the start of each beach summary. Each section provides a short
summary which describes the geology of each beach, including
historic erosion rates (if available) and information on the loca-
tions of beach profile marks, if surveyed. Many of the beach ge-
ology descriptions have been adapted from Heinze (2001). Each
beach is subsequently described in terms of generalized annual
and seasonal changes.

Annual and seasonal beach profile changes

The shapes of annual and seasonal beach profiles are
heavily dependent upon both long-term and short-term (storm-
induced) erosion or accretion. Typically, annualized mean beach
profiles remove short-term changes (variance) and provide a
more stable longer-term representation of the beach profile
shape.

The shapes of seasonal beach profiles are highly dependent
on storm-induced episodes of accretion or erosion. For this
study, winter months have been generalized to include the
months November through April. During these months, there
are more frequent storm conditions and beach profiles tend to
erode dunes and lose sediment, resulting in a flatter profile and a
larger deposit of sand offshore within a sandbar. Conversely,
during summer months (characterized as May through October
for this study) when wave conditions are generally calmer,
beaches tend to build, or prograde, and beach profiles react by
having more sediment on higher portions of the profile, resulting
in a wider berm and better developed dunes.

To analyze annual beach changes (at each beach profile lo-
cation) an annual mean beach profile was calculated for each
year that data were available. The methodology used to create
these profiles was as follows:

1. Available beach profiles were downloaded from the
website database into Excel.

2. MATLAB programming software was used to format the
data into matrices and analyze the data based on averaged
annual and seasonal conditions.

3. To create mean profile data, the horizontal (x) axis data
were used to create a standardized x-axis (i.e., spaced at 3
m intervals) based on the maximum length of the longest
profile.

4. Available elevation (y) values at each 3 m interval along
the x-axis were then averaged, thereby creatinga mean
profile.

5. Where points were not available (i.e., data were collected
at 1 m mark instead of 3 m), the y-values were interpo-
lated using a best-fit linear regression.

The technique employed to calculate the average profile
shape along the length of the x-axis for each year did so using
any available beach profile data; if 12 collected profiles ex-
tended to the same horizontal distance from the pin (x-axis), then
all 12 were used to calculate the mean annual profile. For exam-
ple, if data had a maximum horizontal length of the longest col-
lected profile of 200 meters, the technique would use whichever
profiles were available (i.e., 12 profiles, then 11 profiles, 8, pro-
files, 7 profiles, etc.) to calculate the mean y-value along the
X-axis (Figure 4). The reason this method was employed was so
that data would not be cut to the shortest profile in the calculation
of the mean annual beach profile.

In order to quantify seasonal changes, all collected profiles
from all available years were grouped into the two different sea-
sons: summer (May to October) and winter (November to
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April). For each season, a mean profile was calculated using the
same methodology discussed above. Additionally, the maxi-
mum and minimum profile envelopes shown as dashed lines

were calculated to show the maximum and minimum recorded
variations around the mean profile shape. Also, plots showing
the standard deviation the variance around the mean values

were created and plotted against the standardized X-axis. This

was done so that vertical seasonal variations of certain features,
such as a sand dune or berm, could be quantitatively described.

This section will provide a qualitative summary descrip-
tion of the annual mean profile changes observed, along with the
seasonal changes and characteristics deduced at each of the pro-
file locations at each beach, for which data were available.

Elevation (m, NAVD)

L
0 20 30 40 50 60 70 80 90
Distance from pin (m)

1.5
0

100 170 180 190 200

Figure 4. A composite sample graph of many beach profiles that are averaged to produce the solid black line as the mean annual pro-
file. Less data are used in the average farther out (to the right) on the line so the mean shape is less smooth closer to the seaward end of

the survey.
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Willard Beach, South Portland

Background geology and characteristics

Willard Beach is a relatively small (<600 m) arcuate-
shaped pocket beach bound by bedrock headlands and located
within Simonton Cove in South Portland. It is moderately devel-
oped and the beach and dune are mostly in a natural state, with
only about 15% of the shoreline being armored (Dickson,
2006b). Two studies of historical shoreline change have been
completed for Willard Beach. A 1977 study found that the shore-
line underwent periods of erosion and accretion, with erosion
rates as high as 3 to 5 feet per year (Timson, 1977). The U.S.
Army Corps of Engineers (1982) released a report which noted
that the 6, 12, and 18-foot depth contour lines all moved inland
from 1853 to 1941.

There are 6 beach profiles (WI1-WI6) along Willard
Beach, starting at the southern end of the beach. Several marks
have been added over the past few years, and data only exist
through the online database for a few locations (Figure 5). MGS
has surveyed all the starting points.

Annual and seasonal beach profile changes

Unfortunately, the majority of data collected for profiles at
Willard Beach was not available through the online database,
and therefore much has been omitted from this analysis. Data
were available for WI1, WI3 and W14, and are included herein.
No data were available for WI2, WIS, or WI6. Subsequent data,
once incorporated into the database, will be included in updated
editions of this report.

At WI1, only data from 2000 were available. The averaged
profile (Figure 6) shows arelatively prominent berm about 10 m
in width, positioned at approximately the +0.5 m contour. This

profile also represents the available seasonal data, since only 1
profile that was collected was available for analysis (June 2000).

At WI3, data were available for parts of 2001 and 2002.
Mean profiles (Figure 7) show that the entire profile accreted
from 2001 to 2002. Seasonal data (Figure 8) indicate that both
the winter and summer profiles have a wide berm, with little
change until 0 m NAVD (at 75 m from the mark), where the sum-
mer profile tends to have more sediment. Standard deviation
data (Figure 9a) indicate marked variability at the 55 m mark in
both summer and winter profiles, but notably summer (varia-
tions up to 35 cm). Offshore sand storage during winter (at 110
m) varies to about 35 cm vertically as well, indicating that the
sediment that is lost from the beach berm area in the summer is
stored offshore in the winter each season.

The beach at W14 had data available from 2001 to 2002.
Here, the profile appears to have lost some sediment at the base
of the dune (at the 2.5 m NAVD elevation), but gained sediment
down the rest of the profile (Figure 10). Seasonally, a slightly
larger berm is evident in the summer, with both profiles having
very small profile envelopes (Figure 11). Variability is minute;
standard deviation values for both summer and winter are on the
order of 10 cm or less (Figure 9b). This indicates seasonal sta-
bility of the profiles.

Data that were available for analysis show that the enclosed
littoral system at Willard Beach undergoes typical seasonal
changes (i.e., winter and summer profile shapes). Overall, the
system is relatively stable, with sediment that is eroded from the
dunes and profile during the winter returning in the summer
months. Although it is not included herein, analysis of the beach
was completed by MGS after the Patriots' Day Storm in 2007
(Slovinsky, 2007). This indicated substantial horizontal and vol-
umetric losses along the dune and the beach. Subsequent profil-
ing of the beach will help determine whether or not Willard
Beach effectively recovers from this event.
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State of Maine Beach Profiling Project
Willard Beach Volunteer Profiles

L SMBPP benchmarks

T30 0 60 Meters

S —

Figure 5. There are 6 beach profiles (WI1-WI6) along Willard Beach, starting at the southern end of the beach. Several marks have
been added over the past few years, and data only exist through the online database for a few locations.
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Figure 6. At WI1, only data from 2000 were available. The averaged profile shows a relatively prominent berm about 10 m in width,

positioned at approximately the +0.5 m contour. This profile also represents the available seasonal data, since only 1 profile that was
collected was available for analysis (June 2000).
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Figure 7. At WI3, data were available for parts of 2001 and 2002. Mean profiles show that the entire profile accreted from 2001 to
2002.
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Figure 8. Seasonal data indicate that both the winter and summer profiles at WI3 have a wide berm, with little change until 0 m
NAVD (at 75 m from the mark), where the summer profile tends to have more sediment.
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Figure 9. (a) Standard deviation data at WI3 (top, a) indicate marked variability at the 55 m mark in both summer (red) and winter
(blue) profiles, but notably summer (variations up to 35 cm). Offshore sand storage during winter (at 110 m) varies to about 35 cm
vertically as well, indicating that the sediment that is lost from the beach berm area in the summer is stored offshore in the winter each
season. (b) At WI4 variability is small along the entire profile.
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Figure 10. From 2001 to 2002 some sand was lost at W14 from the base of the dune (around 10 m out on the line), but was gained on
the rest of the profile.
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Figure 11. A slightly larger berm is present in the summer at WI4. Both profiles have very small envelopes of vertical variation.
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Higgins Beach, Scarborough

Background geology and characteristics

Higgins Beach is an approximately 900 m long spit, bound
by bedrock at its southwestern end and the Spurwink River at its
northeastern end. Almost 70% of the shoreline is armored with
seawalls, with the largest unarmored section comprising the spit
adjacent to the Spurwink River. The Spurwink River tidal inlet
is down drift from the beach, and the spit has continued to
prograde since net sand transport is northeast toward the inlet.
Generally, the beach receives no new sand supply so sediment
removed from the beach is difficult to replace; a net loss of sand
was documented by Timson and Lerman (1980) in the Higgins
Beach Management Plan. The plan calculated shoreline reces-
sion rates from 1 to over 5 feet per year along the beach. Nelson
(1979) determined an erosion rate of 1 to 1.5 feet per year over
most of its length with greater variability at the spit end (Dick-
son, 2006a).

Higgins Beach has 3 beach profiles, HI1-HI3, from south-
west to northeast. HII is located near the base of the concrete/
riprap seawall at the Ocean Avenue/Bayview Avenue intersec-
tion. HI2 is located at the top of a seawall at the seaward end of
Vesper Street. HI3 is located at the northeastern end of a wooden
seawall fronting several homes off of White Sands Lane (Figure
12). The three beach profile benchmarks along Higgins Beach
were surveyed by MGS in June 2006.

Annual and seasonal beach profile changes

For HI1, beach profile data were available for 1999, and
2001 through 2007. Overall, the beach monitored at HI1 is rela-
tively stable and has undergone little change from 1999-2007,
with the majority of the variability concentrated in the first 30 m
(Figure 13). These variations are less than 0.5 m. The offshore
portions of all profiles from about 100 m offshore and greater
vary very little, less than 0.25 m. The 2001 and 2002 annualized
mean profiles appear to hold the largest volume of sediment,
while the 2007 profile (which accounts for the months of De-
cember-April) appears to hold the least amount of sediment.
This is likely due to the seasonal bias (winter data only) for the
2007 collection period. HI1 shows typical seasonal variability
for beach profiles in Maine (Figure 14). The summer profile has
substantially more sand on the beach profile than the winter pro-
file, with the winter profile being flatter and more sedi-
ment-starved. Profile envelopes show that HI1 can undergo
changes on the order of about 0.5 m in summer, and almost a full
meter in winter. Standard deviation values indicate that vertical
berm fluctuations are mostly within the first 20 m of the profile
and are values of about 30 cm or less (Figure 15a).

Aside from mean profiles from 1999 and 2001, which ap-
pear to have started at a different location than the remaining

12

years, HI2 shows very little annualized change, especially in the
nearshore (Figure 16). Farther offshore (120 m and greater),
there is slightly more variability in the mean profiles. This may
indicate that HI2 is also relatively stable, with the majority of
changes occurring at the lower portion of the profile. HI2 also
shows a distinct seasonal variability, with the mean summer pro-
file showing a much more well defined berm (between 40-120 m
from the pin) than the winter mean profile (Figure 17). For the
summer mean, much of the profile variability is concentrated in
the first 40 m of the profile. The winter mean profile shows more
stability in the nearshore, with greater variability from the mean
starting around 100 m offshore. This makes sense since sandbar
variability should be greater in the winter than in the summer,
since sediment is typically removed from the upper portion of
the beach profile in the winter and stored in offshore bars. The
calculated standard deviation values for summer and winter pro-
files show marked berm development in the summer, which var-
ies about 40 cm vertically and is concentrated near the 20 m mark
(Figure 15b).

HI3 shows dramatic variability on an annualized basis
(Figure 18). This variability is a result of the influence of the
beach spit's end and proximity of the profile location to the
ebb-tidal delta of the Spurwink River. This area of Higgins
Beach is called a sediment sink ; that is, this area typically re-
ceives sediment moving along Higgins Beach and becomes
trapped in the ebb delta. Annual variability is marked; from a
low in 2001, to highs in 2007, variability is on the order of 1 m or
more, especially past the 50 m mark. Based on this data, it ap-
pears that this area of Higgins Beach is generally accreting. Sea-
sonal variability at HI3 is not comparable with the other profiles
(Figure 19). Profile envelopes show variability on the order ofa
meter or more for both seasons, and the summer and winter pro-
files do not show typical characteristics of the other profiles
along Higgins Beach. The standard deviations show summer
berm development much farther offshore, near the 40 m mark
with vertical variations on the order of nearly 60 cm. Variations
offshore in the summer profile reach nearly 80 cm vertically,
while the winter profile is closer to 60 cm (Figure 15¢).

The variations in the profiles along Higgins Beach may re-
late to the three different beach types found at each of the profile
locations. HI1 is located at the base of a large rip-rap seawall;
this wallis active at high stages of the tide that is, tidal water
and wave activity is in contact with the seawall. This is reflected
in less berm development and general low variability of the
mean profiles, especially as compared with HI2. HI2, though it
starts at a seawall, is located at a portion of the beach that has
more sediment, undergoes more seasonal changes, and is not ac-
tive during high tide phases. HI3 is heavily influenced by the spit
end of Higgins Beach, which terminates at the Spurwink River
ebb-tidal delta; this area undergoes large changes due to sedi-
ment movement and availability at the spit and ebb-tidal delta.
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Figure 13. Profile HI1 appears relatively stable over 8 years. The greatest variability is over the first 30 m and closest to the riprap

wall.
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Figure 14. Seasonal variability at HI1 is typical with more sand on the beach in summer than winter. The summer envelope is smaller
and about halfthe vertical size of the winter envelope. Winter erosion can easily be 0.5 m deeper than the deepest summer profile.
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Figure 15. (a) Standard deviation at HI1 indicates that the berm area fluctuates 0.3 m or less and within the first 30 m of the profile.
(b) At HI2 the summer berm height varies by as much as 0.4 m. (c) A wide dry beach at HI3 results in the greatest summer berm vari-
ability 40 to 50 m out on the profile line. The summer berm standard deviation is about 0.6 m.
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Figure 16. Annual variability at HI2 is very small. It appears that 1999 and 2000 transects were made from a different starting point

than the rest.
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Figure 17. Seasonal variability at HI2 shows the winter and summer means are very similar. However, the summer berm envelope is
very large compared to the winter envelope which has about half the vertical variation in the berm and upper beach profile.
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Figure 18. Profile HI3 shows a considerable vertical change in the mean annual profile over 8 years. From 2001 to 2007 the net trend
has been a rise in the profile showing a buildup of sand of 1.5 meters on the profile from 60 to 170 m.
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Figure 19. Seasonal variability at HI3 is larger than the other two sites and a meter or more of vertical change is possible in winter or
summer.
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Scarborough Beach, Scarborough

Background geology and characteristics

Scarborough Beach is an approximately 2200 m long
beach located on the eastern side of Prouts Neck, anchored by
bedrock at both ends. An offshore shoal shelters part of the
beach from waves, thus creating a seaward-shaped bulge in the
beach (Nelson, 1979). This effectively divides the beach into
two distinct areas based on sediment characteristics: north of the
bulge, the beach is dominantly sandy. South of this point, the
beach is composed of a mix of cobbles, sand, and gravel.

Historically, Scarborough Beach is relatively stable to
slowly eroding. Occasionally, old salt marsh peat is exposed in
the surf zone. This indicates that the beach was once an open
barrier with a back barrier lagoon and salt marsh (Nelson and
Fink, 1980). Over time, the dunes have retreated up and over the
old salt marsh, along with the beachface.

Scarborough Beach has 4 measured beach profiles,
SC1-SC4. SC1 and SC2 are located on the northeastern side of
the main dune walkover, while SC3 and SC4 are located on the
southwestern side of the walkover. All transects start behind the
crest of the frontal dune (Figure 20). The beginning marks were
surveyed by MGS in June 2006.

Annual and seasonal beach profile changes

Beach profiles along Scarborough Beach all start behind
the frontal dune crest. Data at SC1 were available for
1999-2000, and 2004-2007. It appears that the beach at SC1
generally went through some accretion from 2004-2006, and
erosion during 2007 (Figure 21). This is likely due to the fact
that the 2007 data include only data from winter months (ending
in April 2007 with the Patriots' Day storm). Annualized profiles
from 2004-2006 show very little overall variability, with
changes on the order of less than 0.2 m. Seasonally, SC1 does
not appear to vary much (Figure 22). Both the mean profiles for
summer and winter are about the same, and the profile envelopes
only vary slightly from each other. They do, however, indicate
that profiles during both seasons can have changes on the order
ofuptoabout 1 to 2 min elevation. Standard deviation values in-
dicate that the majority of nearshore vertical changes are less
than 40 cm for both summer and winter. In winter, the variations
increase markedly offshore, up to about 75 cm (Figure 23a).
This is consistent with winter bar formation.

Annualized mean data at SC2 show that sediment was lost
from the profile between 1999-2000 and 2005-2006 (approxi-
mately 1 m vertically along the profile, Figure 24). It appears
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that a portion of the dune was lost during this time as well. The
annual profile for 2007 shows additional loss of about 1 m be-
tween 2006-2007, likely due to influence from the winter data
collected in 2007 and the Patriots' Day storm. Profile SC2 shows
slightly more of the typically seen seasonal variability thatis,a
more developed berm and more sediment on upper portions of
the profile in the summer months versus the winter months (Fig-
ure 25). The winter seasonal profile shows greater envelope
variability, up to about 3 m, while the summer profile appears to
not change as much. Both summer and winter profiles have large
standard deviations, on the order of 75 cm, which indicates that
the profile is highly variable (Figure 23b).

For SC3, the mean profile from 1999 appears to have
started at a different location; therefore it is difficult to compare
to the other annualized data from 2000 onwards (Figure 26). In
general, there is consistent loss of sediment from the overall pro-
file from 2000-2007, though there appears to be some growth of
the sand dune. 2007 again had the least sediment in the profile,
likely due to the winter bias of the data. Seasonal data (Figure
27) indicate that the summer profile, as could be expected, con-
tains more sediment out to about 100 m, and that sand is typically
lost from this portion of the profile in the winter. The large enve-
lope and standard deviation associated with the summer data
may be caused by the inclusion of 1999 data, which was col-
lected during the summer months from a different benchmark.
Envelope variability for the winter data is on the order of 1 m,
with vertical standard deviation data approaching 50 cm (Figure
23c¢).

Annualized data for SC4 indicate that the overall profile
has lost sediment over time, especially from about 20 m from the
pin and seaward (Figure 28). There was stability between
2005-2006 in the upper portion of the profile (to about 35 m oftf-
shore), and then sediment gain in the outer portions. From 2006
to 2007 the entire profile underwent erosion. SC4 displays little
seasonal variability (Figure 29), in both the mean profile shapes
and the profile envelopes. It seems that slightly more extreme
maximum and minimum values occur in the winter data (over 1
m), while the summer envelope of values appears to be on the or-
der of I morless. Standard deviation data for both are quite sim-
ilar along the profile, but highly variable, with the majority of
variability on the order of around 50 cm or less (Figure 23d).

Data at Scarborough Beach indicate that the beach under-
goes typical seasonal changes and that the beach is generally sta-
ble. However, some of the profiles indicate a steady landward
transgression of the beach, mostly in response to larger storm
events.



State of Maine's Beaches in 2007

State of Maine Beach Profiling Project
Scarborough Beach Volunteer Profiles
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Figure 20. Scarborough Beach has 4 measured beach profiles, SC1-SC4. SCI1 and SC2 are located on the northeastern side of the

main dune walkover, while SC3 and SC4 are located on the southwestern side of the walkover. All transects start behind the crest of
the frontal dune.
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Figure 21. Annual variability at SC1 shows some accretion from 2004 to 2006 followed by erosion in 2007 to a depth below the 1999

starting profile.
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Figure 22. Seasonal variability at SC1 shows very similar winter and summer mean profiles. The envelopes are also generally simi-
lar throughout most of the profile distance.
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Figure 23. (a) Standard deviation at SC1 shows the greatest variability in elevation occurs in the offshore portion. This is most likely
due to shifting positions of sand bars. (b) At SC2 the standard deviation is about 0.7 to 0.8 m of elevation throughout most of the pro-
file. (c) At SC3 the large summer standard deviation may be an artifact of including the 1999 data in the calculation. The winter stan-
dard deviation is about half that of SC2. (d) At SC4 the standard deviation is about 0.5 m throughout most of the profile length.
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Figure 24. At SC2 annual variability is greater than at SC1. From 1999 to 2000 and 2005 to 2006 about 1 meter of sediment was lost
and the dune appears to have receded. From 2006 to 2007 the mean profile lowered about a meter - some of which may be due to the
2007 Patriots' Day Storm.
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Figure 25. Seasonal variability at SC2 shows the expected influence of the summer berm on the upper profile with greater variability
than in winter. The outer profile has greater winter variability consistent with seasonal sand bar migration.
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Figure 26. The beach at SC3 appears to start at 1999 in a different location than the rest of the years. From 2000 to 2007 there is con-
sistent loss of sediment on the profiles, but not as dramatic as on SC2. The overall profile shape is similar through the years.
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Figure 27. AtSC3 seasonal variability shows an expected behavior with loss on the upper profile in winter compared to summer.
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Figure 28. The profiles at SC4 show the trend seen at SC3 with a lowering of the mean annual profile from 1999 to 2007. By 2007 the
profile has reached its lowest level with a vertical loss of 0.5 to 1 meter of beach elevation over 8 years.
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Figure 29. Seasonal variability at SC4 is minimal as at SC1. Asexpected, the winter has the greater range in elevation from highest to
lowest levels.
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Western Beach and Ferry Beach, Scarborough

Background geology and characteristics

Western Beach is a roughly 1 km pocket beach, oriented
northwest-southeast and located on the western shore of Prouts
Neck, adjacent to the Scarborough River. It is bound by Prouts
Neck to the southeast and Ferry Rock to the northwest. Ferry
Beach curves almost circularly from Ferry Rock to Black Point,
another bedrock outcrop to the north (Nelson, 1979). Ferry
Beach is partly a pocket fringing beach and partly a pocket bar-
rier beach. Both beaches are located at the mouth of the
Scarborough River. A forestand a golf fairway are found behind
Western and Ferry Beaches.

Historically, the shorelines of both Ferry Beach and West-
ern Beach have been stable (Nelson and Fink, 1980). Numerous
paleo-dune ridges, cross-cutting one another, suggest a complex
history of episodic erosion and accretion at Western Beach.
Studies by Nelson (1979) and Timson (1989; 2003) indicated
general accretion along Western Beach until the late 1970s. The
channel for the Scarborough River was stabilized by the USACE
in 1962. It appears that, as a result of the stabilization, Western
Beach underwent progradation until about 1978. MGS postu-
lates that this was most likely caused by the abandonment of sand
shoals on the east side of the stabilized channel, which over time
migrated to the northeast by wave action and welded onto West-
ern Beach, until the sediment was depleted (Slovinsky, 2006).

Western Beach, since 1978, appears to be undergoing a pe-
riod of recession since the sediment that fed its shoreline is not
being replenished by regular shoal bypassing events, inhibited
by the main channel of the Scarborough River. Shoal bypassing
has continued to a limited extent, evidenced by the regular shoal-
ing of the main channel. Records of dredging at the Scarborough
River indicate that large amounts of sediment are being removed
from the system through maintenance dredging, thus not allow-
ing the majority of sediment to successfully bypass the inlet and
weld onto the Western Beach shoreline. The sand shoals that are
currently reaching Western Beach (that are not removed by
dredging), are not of a sufficient volume to sustain a stable or
prograding shoreline. Western Beach has undergone dramatic
erosion since the 1980s, and has received sediment through a
beach nourishment project in 2005.

Western Beach and Ferry Beach have a total of4 beach pro-
files, WS1-WS4, with 2 profiles (WS1 and WS2) located along
Ferry Beach and 2 along Western Beach (WS3 and WS4) (Fig-
ure 30). WS4 was lost and not relocated. Several of the beach
profiles (WS1 and WS3) along Western Beach and Ferry Beach
were surveyed by MGS in June 2006. In February 2007, MGS
resurveyed the profiles and established a new network of pro-
files. WS1 and WS3 will be renamed as WS5 and WS7, respec-
tively. Anew WS6 will be in the vicinity of WS2, and WS8 will
be located farther southeast on Western Beach. The next update
and analysis of profiles will include these new locations.

Annual and seasonal beach profile changes

The beach profiles at Western and Ferry Beach start behind
the frontal dune crest. Data collected along Western and Ferry
beaches in Scarborough were quite confusing due to the number
of times it appears that front and back stakes were used, and
changed position. The analysis of the data broke each profile
(WS1-WS3) down into a front stake (FS) and back stake (BS).

Data were collected at the WS1 front stake (FS) between
1999-2001. Through the data collection period, the mean pro-
files show consistent sediment loss along the profile from about
15 m from the pin and farther seaward, with the gain and devel-
opment of a slight berm at around the 10 m mark (Figure 31).
Seasonal data from WS1FS indicate that the summer and winter
profile shapes are very similar out to about the 15 m mark (eleva-
tion of about 2 m); past this, the summer profile is more volumi-
nous (Figure 32); however, standard deviation data indicate that
the winter profile past this point is more variable (up to 40 cm),
while the summer profile is more stable, with variations up to
about 20 cm (Figure 33a).

For WS1BS, a data set between 2001 and 2006 was col-
lected. Analysis indicates that the profile has been variable, but
eroded during the overall time period (Figure 34). Between
2001-2002, the profile gained sediment; from 2002-2003, it re-
mained stable to slightly accretive. From 2003-2004, the profile
lost a significant volume of sediment along the majority of its
length; maximum loss appears to be on the order of 0.5 m. Be-
tween 2004-2005, the profile gained some sediment, and then
lost sediment between 2005-2006. On a seasonal basis, data in-
dicate that WS1BS underwent typical summer and winter
changes, with the summer mean exhibiting more sediment along
the profile than the winter mean (Figure 35). Maximum and
minimum profile envelopes indicate that up to 1.5 m of variabil-
ity in the profile shapes has occurred. Based on standard devia-
tion data, both profiles can be variable vertically (almost up to 60
cm), with maximum variability at 20 m offshore, and around
45 m offshore (Figure 33b).

Data at WS2FS were collected between 1999-2000; the
horizontal length of the data set is very short. The mean profiles
indicate a loss of approximately 0.5 m of sediment along the
length of the profile over the two years (Figure 36). Seasonal
data indicate the expected differences in summer vs. winter pro-
file shapes (Figure 37). Summer berm development, evidenced
in the standard deviation data, is highly variable, up to 60 cm
(Figure 33c¢).

WS2BS annualized mean data show steady accretion along
the entire profile, with the buildup of a dune crest at around 12 m
from the pin (gaining about 0.5 min elevation). Farther offshore,
the profile gained much more sediment (Figure 38). The most
marked change was between 2004-2005, with over 1 m of accre-
tion. This may be due to the migration of sediment into this area
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State of Maine Beach Profiling Project
Western and Ferry Beach Volunteer Profiles
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Figure 30. Western Beach and Ferry Beach have a total of 4 beach profiles, WS1-WS4, with 2 profiles (WS1 and WS2) located along
Ferry Beach and 2 along Western Beach (WS3 and WS4). The fourth profile, WS4, was lost and has been discontinued. WS2 and
‘WS4 are approximately located on the figure.



State of Maine's Beaches in 2007

due to the beach nourishment project completed in December
2005. The accretion continued into 2006. Surprisingly, the win-
ter profile for WS2BS shows more sediment volume along the
profile than the summer profile (Figure 39). This may be attrib-
uted to the influence of the beach nourishment, since the nour-
ishment project was completed during the winter of 2005, this
might skew the winter data. Variability for summer and winter
data is relatively low until about 15 m, when vertical variability
reaches about 50 cm; seaward of this, variability steadily in-
creases for both summer and winter data, with winter standard
deviation values peaking at 100 cm (1 m) at about 38 m from the
mark, and summer values approaching 140 cm (1.4 m, Figure
33d).

Data at WS3FS were collected between 1999-2003. Mean
profiles show a relative stability to slight accretion along the
overall profile length (Figure 40). Seasonal profile comparison
indicates a slightly more sediment-rich profile during the sum-
mer, and slightly greater variability than the winter (Figure 41,
Figure 42a).

WS3BS data were collected from 2003-2006. There was
little change between 2003-2004, then substantial accretion be-
tween 2004-2005, likely due to the influence of nourishment
(Figure 43). There was some erosion between 2005-2006. Sea-
sonally, WS3BS shows little variation until around 80 m from
the pin (Figure 44); here, the winter profile appears to have
slightly more sediment. Standard deviation data indicate a vari-
able dune and berm during the summer (with vertical changes up

to 40 cm), with winter variability being much less, on the order
of 20-25 cm (Figure 42b).

Data at WS4 were collected from 1999 through 2001; the
mark was never surveyed by MGS before it was lost. Profile data
indicate that the shoreline underwent erosion between
1999-2000, with slight recovery in 2001, though a large offshore
bar that was present in 1999 did not reappear (Figure 45). Sca-
sonal data indicate generally that the winter profile held more
sediment than the summer profile shape (Figure 46). Standard
deviation data showed relatively high (up to 40 cm) variability
along both summer and winter profiles alike (Figure 42c¢).

Profiles along Western and Ferry Beaches are heavily in-
fluenced by the flood- and ebb-tidal formations associated with
the Scarborough River. The river, which is flood dominated,
tends to store large amounts of sediment within the flood-tidal
shoals, adjacent to Ferry Beach. Beach and dune growth (and
erosion) is episodic, dependent upon the movement of these
shoals. Anthropogenic influence in the form of beach nourish-
ment also has an impact on the shapes of the profiles, especially
along Western Beach proper. The nourishment material, over
time, should end up in the flood-tidal delta of the river, where
sediment is sequestered. Erosion of Western Beach proper will
likely continue unless sediment is delivered to the beach at a rate
equal to that of the natural shoal bypass rate at the Scarborough
River (a good estimate of this is the rate that the dredged river
channel shoals).
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Figure 31. Annual profiles from the front stake (FS) at WS1 show an overall loss of sand from the beach from 1999 to 2001.
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Figure 32. At WSIFS the summer and winter beach is similar along the upper profile, but more sand is on the lower profile in the
summer.
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Figure 33. (a) The profile variability at WS1FS increases with distance offshore. The winter profile tends to be more variable than
the summer profile. (b) At WS1BS the pattern continues as in WS1FS above. (c) At WS2FS the higher standard deviation in summer
can be attributed to berm formation. (d) Variability at WS2BS is low on the upper profile in both seasons and, as expected, higher on
the outer profile where there is more influence of beach nourishment and tidal currents of the Scarborough River.
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Figure 34. Profile WS1BS has data from 2001 to 2006 with nearly a meter of elevation change over the years. The 2006 profile is the
lowest recorded.
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Figure 35. The seasonal comparison at WS1BS shows the summer beach has more sand than in winter, typical of many beaches.
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Figure 36. Annual profiles at WS2FS from 1999 to 2000 show a loss of about 0.5 m of sand from the beach across the full profile.
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Figure 37. As expected, the profile at WS2FS has a slightly higher elevation in summer than in winter.
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Figure 38. Annual profiles at WS2BS from 2002 to 2006 show a trend of beach and dune building. River channel dredging and beach

nourishment late in 2005
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probably facilitated the growth of the beach through 2006.
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Figure 39. The high average winter profile compared to the summer at WS2BS may be due to the addition of beach nourishment sand
in the winter of2005-2006. The envelope of profile variability gets very large on the outer profile next to the Scarborough River.

31



P. A. Slovinsky and S. M. Dickson

-1

1999
e 2000
2001
2002 [
2003

Elevation (m)
&

IS

oF | I I I i i i | I

0 10 20 30 40 50 60 70 80 90
Distance from pin (m)

Figure 40. At WS3FS there was relative stability from 1999 to 2003.
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Figure 41. In the summer at WS3FS there was only slightly more sand on the beach than in winter. The winter envelope of variability

is less than the summer.
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Figure 42. (a) At WS3FS the standard deviation is larger in summer than winter. (b) At WS3BS this pattern continues with as much
as ameter of variability in the middle of the profile. (c) At WS4 the standard deviation is greater in winter than in summer but both are
quite high across the full profile.
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Figure 43. Annual profiles at WS3BS from 2003 to 2006 show the influence of beach nourishment that began in December 2005.
Over much of the profile about 0.5 m of nourishment appears to have been lost across the middle of the profile from 2005 to 2006.
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Figure 44. Winter and summer means have very similar shapes at WS3BS with greater variability in the profile envelope in summer.
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Figure 45. Profile WS4 experienced erosion from 1999 to 2000 with slight recovery in 2001. Erosion on the low-tide terrace (beyond
40 m) resulted in the vertical lowering of the beach by about a meter.
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Figure 46. Unlike many locations, WS4 appears to hold more sand on the profile in winter than in summer.
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East Grand Beach, Scarborough

Background geology and characteristics

East Grand Beach is located along contiguous beach from
Old Orchard Beach north to Pine Point, and is a highly devel-
oped stretch of arcuate shoreline located at the central to north-
ern portion of the expansive Saco Bay beach system. This region
stretches northwards from the Goosefare Brook tidal inlet in the
south and includes the communities of Ocean Park, Old Orchard
Beach proper, and Surfside (all part of Old Orchard Beach), and
East Grand Beach and Pine Point (in Scarborough). The shore-
line along Old Orchard Beach is relatively stable to accretional
(Nelson, 1979; Slovinsky and Dickson, 2003). Along the central
section of Ocean Park and Old Orchard Beach are artificial fron-
tal dunes that contain buried sewer pipelines that service the
dune neighborhoods. This dune was developed as part of a dune
management plan in the 1980s (Timson and Denison, 1986) and
has succeeded in stabilizing much of the Old Orchard Beach
dunes. Much of the shoreline along Old Orchard Beach is ar-
mored, though many seawalls are now located landward of vege-
tated dunes due to a positive shoreline change rate. The apparent
shoreline accretion in this segment of Saco Bay is due, in part, to
dune restoration and management so the apparent shoreline
change used in this report is a function of the management ac-
tion.

The Little River Inlet, closed sometime between
1859-1868 as a consequence of railway line construction, used
to form the Old Orchard Beach-Scarborough town line, as well
as the York-Cumberland County boundary. At this point, it ap-
pears that the beaches of Old Orchard Beach are relatively stable
(Kelley and others, 1995; Kelley and others, 2005; Slovinsky
and Dickson, 2003).

There are no SMBPP volunteer profiles within Old Or-
chard Beach itself; East Grand Beach has 4 measured beach pro-
files, EG1-EG4. All4 profiles are located adjacent to each other,
starting with the northeasternmost, EG1, located within the dune
just south of 9" Street. EG2 is located just seaward of 11" Street,
while EG3 and EG4 are located consecutively to the southwest
(Figure 47). Starting locations were surveyed by MGS in June
2006.

Annual and seasonal beach profile changes

Beach profiles along East Grand Beach all start from be-
hind the frontal dune crest. East Grand beach profiles form a
continuous dataset from 1999-2007, one of the only locations to
do so. AtEG], inspection of the mean profile shapes indicates a
well developed dune that has migrated landward slightly and
gained elevation consistently over the data collection period (for
example, in 1999 the dune crest was located at 40 m from the pin
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and 2.8 m in elevation; by 2007, the crest was located at 24 m
from the pin at an elevation of 3.5 m (Figure 48). This indicates
that the dune is migrating landward through the process of
overwash, and that enough sediment is available for the dune to
gain elevation. The winter and summer mean profiles are ex-
tremely similar in terms of overall shape and variability based on
envelope and standard deviation data (Figure 49). The berm ap-
pears to vary between 25-35 cm vertically, at a position between
20-40 m from the mark (Figure 50a).

Similar to EG1, mean annualized profiles at EG2 show
dune growth and landward migration from 1999 (at 35 m off-
shore and 2.8 m elevation) to a maximum during 2004 (22 m
from pin and 3.7 m), with a slight loss in dune elevation from
2004-2007 (Figure 51). Consistent with many other locations,
the 2007 overall profile contains less sediment, except for the
2003 profile. There is little difference in the summer and winter
mean profile shapes, though the winter profile exhibits a much
larger minimum and maximum envelope (Figure 52). Standard
deviation variability is larger for the winter profile, up to 50 cm
vertically, over a large horizontal area, between 30-110 m from
the mark (Figure 50b).

Like the other profiles at East Grand Beach, EG3 under-
went similar changes to the dune crest landward movement and
a gain in elevation, with the 2007 profile exhibiting the highest
dune elevation (at 3.2 m compared with 2.6 in 1999). Generally,
there has been little change to the profile past 50 m from the pin
(Figure 53). Seasonally, there is little difference between the
summer and winter mean profiles, though the summer profile
exhibits a slightly greater volume of sediment along the berm
(Figure 54). The maximum variability based on profile enve-
lopes and standard deviations (Figure 50c¢) is about the same for
summer and winter, about 25 cm of vertical variation on average.

Annualized profiles at EG4 (Figure 55) show changes
similar to the other 3 profiles; that is, the landward migration and
growth of the frontal dune crest. The dune crest, between
1999-2007, migrated about 5 m inland and gained approxi-
mately 0.5 m in elevation. The 2003 mean profile was again the

leanest, similar to the other EG profiles. Seasonal data (Fig-
ure 56) indicate that the EG4 summer profile exhibits slightly
more sediment along portions between 30-120 m from the mark.
There is little seasonal variation of the dune shape, and the pro-
file variability envelopes are quite similar, though farther oft-
shore, the variability based on standard deviations increases to
near 50 cm vertically (Figure 50d).

The profiles at East Grand Beach appear to be relatively
stable, though steady landward migration of the dune crest is ap-
parent in the data. However, the dune crest is gaining in eleva-
tion as it migrates landward, indicating enough of a sediment
supply to facilitate such processes. This indicates a healthy, yet
somewhat transgressive, beach system.
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Figure 48. At East Grand Beach (EG1) a very continuous data set documents the growth and slight landward migration of the frontal
dune ridge from 1999 to 2007 and a general trend of seaward accretion of the beach until 2006.
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Figure 49. Seasonal differences at EG1 are very small and, on average, the profile shape appears the same year-round.
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Figure 50. Winter and summer profiles and variability at EG1 (a) are also very similar as indicated by the standard deviation values .
EG2 (b), EG3 (c), and EG4 (d) all show similar standard deviations and no large winter-summer difference with a common value of
0.25 m for most of the profile length.
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Figure 51. Profiles at EG2 are similar to EG1 and document a net trend of dune growth and profile buildup from 1999 to 2006. Ero-
sional episodes in 2003-2004 and 2006-2007 mark the lowest levels of the beach over § years. Recovery after 2004 was to previous
levels.
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Figure 52. The winter and summer mean profiles at EG2 are very similar and mimic EG1. The winter envelope shows greater change
than the summer envelope.
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Figure 53. EG3 also exhibits landward dune crest movement while it built to a higher elevation. The greatest changes were in the
dune rather than on the beach.
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Figure 54. Seasonal means at EG3 are similar to one another and both show little difference in the envelopes of all the profile data.
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Figure 55. At EG4 the data also support a landward movement of the dune ridge. Being farther south, the ridge is smaller and not as
well defined as it is to the north. Here also, 2003 and 2004 were lean years on the profile. In 2007 the data do not show as much ero-
sion (relative to earlier years) as the profiles farther to the north (EG1-EG3).
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Figure 56. As atthe other EG profile sites, the winter and summer mean profiles at EG4 are very similar. This location shows a slight
tendency to have a little more sand on the profile in the summer season.
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Kinney Shores, Saco

Background geology and characteristics

The beaches of Kinney Shores are part of a north-south
trending barrier spit that constitutes the northern end of the
southern barrier complex in Saco Bay, terminating at Goosefare
Brook. The shoreline along this stretch is considered to be some-
what stable to slightly erosive. Areas of shoreline stability may
relate to nearshore outcrops that develop salients and help dissi-
pate wave energy (Slovinsky and Dickson, 2003). Field re-
search and inspection of aerial photographs have located relict
sand spits in the Goosefare Brook marsh system (Farrell, 1972;
van Heteren and others, 1996). These features represent past
shoreline positions and a seaward progradation of the shoreline.
Historical aerial photos indicate that Goosefare Brook was un-
stable, and at one point its main channel was located farther to
the south.

Kinney Shores has 2 measured beach profiles, KS1 and
KS2. KS1 is located within the dune just south of the southern
terminus of Oceanside Drive. KS2 is located in Bayview, at the
top of a seawall east of Shore Avenue (Figure 57). The starting
points were surveyed by MGS in June 2006.

Annual and seasonal beach profile changes
Beach profiles at Kinney Shores start within a seawall

(KS1) and behind the frontal dune crest (KS2). Kinney Shores
beach profile data include the years from 1999 to 2007. Annual-

ized mean profile data for KS1 (Figure 58) indicate that the
beach underwent berm accretion from 1999 to 2005, with the
fullest berm in 2005, then erosion from 2005-2007, though there
was slightly more sediment on the upper portion of the profile
(between 2.5 and 4 min elevation) in 2006. Seasonal dataat KS1
(Figure 59) indicate a slightly more voluminous berm for the
summer mean profile, and slightly more sediment stored farther
offshore (between 0 and 1 m) for the winter mean profile.

Based on standard deviation data (Figure 60a), the berm also ap-
pears to be in slightly different locations from summer to winter;
in summer, the berm varies by about 60 cm, with its crest at the
30 m mark. In winter, the berm varies vertically around 55 cm,
with its crest at the 25 m mark.

Similar to KS1, KS2 annualized data (Figure 61) showed
general accretion, though it appears that the accretion continued
from 1999 through 2006, with loss of the berm and volume along
the profile between 2006-2007; this most likely is attributable to
the influence of the winter data of 2007. KS2 seasonal data (Fig-
ure 62), like that of KS1, show a more inflated berm for the sum-
mer mean compared to the winter mean profile, and again, more
sediment stored farther offshore for the winter mean profile. The
berm at KS2 has greater vertical variability; standard deviation
values are around 80 cm during the summer and about 65 cm
during the winter (Figure 60b). The berm's horizontal location
appears relatively stable, at about 40 m from the pin.

Profiles at Kinney Shores appear to be stable to accretive,
and undergo typical seasonal changes.
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State of Maine Beach Profiling Project
Kinney Shores and Ferry Beach Volunteer Profiles

L SMBPP benchmarks

Figure 57. Kinney Shores has 2 measured beach profiles, KS1 and KS2. KS1 is located within the dune just south of the southern ter-
minus of Oceanside Drive. KS2 is located in Bayview, at the top of a seawall east of Shore Avenue.
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Figure 58. Kinney Shores profile KS1 starts at a seawall and has a long and complete series of data from 1999 to 2007. Average an-
nual profiles show 1999 and 2000 as the lowest years and 2005 arelatively high year in terms of beach and berm elevation. From 2005
to 2007 the beach has experienced erosion.
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Figure 59. Seasonal differences in the KS1 profile are minimal as shown by the average winter and average summer profile positions.

As expected, the summer berm (around 20-30 m distance) shows a slightly higher mean and a higher elevation in the envelope of pro-
files than in the winter.
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Figure 60. (a) Standard deviation data for KS1 show the variability associated with the berm to be slightly farther seaward in summer
than in winter. This is consistent with summer growth in the berm. (b) Data at KS2 show summer variability across the profile line
from the berm position seaward is greater than that in winter. Compared to KS1, the berm elevation changes more.
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Figure 61. Kinney Shores profile KS2 starts in a dune and average annual profiles show general accretion from 1999 to 2006. From

2006 to 2007 shows some loss of the berm and a lowering of the low-tide terrace on the outer profile.



Elevation (m)

State of Maine's Beaches in 2007

m— Winter Mean
Summer Mean |

i i | i

1
10 20 30 40 50 60 70 80 90 100 110 120 130
Distance from mark (m)

Figure 62. At KS2 the summer profile has a slightly larger berm and variability at the berm location than the winter profile. Both
winter and summer profiles are generally alike. As expected, the winter profile is slightly straighter compared to the summer profile.
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Ferry Beach, Saco

Background geology and characteristics

The beaches of Ferry Beach and Camp Ellis are part of a
north-south trending barrier spit that constitutes the southern
barrier complex in Saco Bay, terminating at the Saco River. The
shoreline along this stretch is highly erosive at the southern end.
Areas of shoreline stability may relate to nearshore outcrops that
develop salients and help dissipate wave energy (Slovinsky and
Dickson, 2003). Ferry Beach and severely eroding Camp Ellis
make up the southern extent of the Saco barrier in the south.
Ferry Beach and Camp Ellis Beach are located adjacent to the
northern jetty of the Saco River.

The Saco River, stabilized in 1865, historically provided
the majority of sediment to the bay (Kelley and others, 1995;
Kelley and others, 2005; Slovinsky and Dickson, 2003). Di-
rectly after stabilization by the construction of jetties on both
sides of the inlet, the shorelines adjacent to the Saco River
prograded in response to ebb tidal shoal abandonment, until
about 1900 (U.S. Army Corps of Engineers, 1955). After this
time, the shoreline has continued to erode due to a decrease in
available sediment to adjacent beaches caused by jetty construc-
tion and damming, wave reflection and propagation wave effects
along the northern jetty, diversion of available sediment farther
offshore by the jetties, and the construction of seawalls along the
majority of Camp Ellis Beach (Slovinsky and Dickson, 2003).
Ferry Beach appears to be eroding, on average, about 0.3 meters
(1 foot) per year, with the limits of erosion extending approxi-
mately 1,800 meters (6,000 feet) north of the jetty.

Ferry Beach has 4 measured beach profiles, FE1-FE4, with
various different locations (i.e., front stake and back stake) for
each due to the instability of the shoreline. The profiles are clus-
tered within the dune system on the north (FE1 and FE2) and
south (FE3 and FE4) sides of Ferry Park Avenue, near the Ferry
Beach Ecology School (Figure 63). The starting points were
surveyed by MGS as located in the field in June 2006.

Annual and seasonal beach profile changes

The beach profiles at Ferry Beach all start landward of the
frontal dune crest. However, Ferry Beach faces acute erosion
problems; thus, the beach profile starting point locations have
changed numerous times since data collection began, making a
set elevation and contiguous analysis much more difficult. Thus,
at this point, none of the surveyed elevations have been applied
to the data. Data available from the website were also sporadic,
with numerous years missing.

Profile FE1 was broken down into FE11 and FE12. FEI1
contains data from 2000, 2001, 2003, and 2005, while FE12 has
data from 2001-2003; there may be additional beginning points
as well. It is extremely difficult to ascertain overall changes at
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FE11, since it appears that the starting point in 2000-2001 (a
front stake) was different than those for 2003 and 2005 (a back
stake). There appears to have been slight erosion of the profile
between 2000-2001, and more substantial sediment loss and
subsequent landward dune migration and slight elevation loss
between 2003-2005 (Figure 64). Due to the number of changes
in the benchmarks of the starting points, seasonal changes were
not analyzed at FE11.

Annualized data for FE12 (Figure 65) showed loss of sedi-
ment along the profile from 2001-2002, and then loss of dune be-
tween 2002-2003, with the addition of sediment along the
offshore portion of the profile (between 8 m and 40 m from the
mark). No seasonal or standard deviation data were developed
for FE12 due to the inability to relate the number of benchmarks
used accurately with the data.

Similar to FE1, profiles at FE2 were collected at several
different starting points, a front stake (FS) and a back stake (BS),
during different years of data collection. The beach at FE2FS
(Figure 66) saw general accretion from 2000-2002, then sub-
stantial accretion from 2002-2003 (or possibly the starting point
changed). From 2003-2005, the entire profile lost elevation.
Seasonal profiles (Figure 67) indicate little difference between
the summer and winter profiles or their envelopes. Standard de-
viation data (Figure 68a) indicate that the winter and summer
beach at FE2FS is quite variable during both seasons, varying
between 50-75 cm vertically along a large portion of the profile
(between 10-50 m from the mark).

The profiles at FE2BS, which were collected from
2005-2007, indicate that the beach underwent little change from
2005-2006 overall; however, in 2007, the dune was eroded by
several meters, though there was slight accretion along the berm
portion of the profile, between 35 and 55 m from the mark (Fig-
ure 69). Seasonal data indicate that there is generally a higher,
more developed and stable frontal dune crest in the summer,
while the crest is lower and more variable in the winter (Figure
70). During the summer, a slightly more prominent berm ap-
pears. Standard deviation data indicate that there is relatively lit-
tle variability in the summer profile elevations, with only slightly
more variability in the winter at the dune crest, and farther off-
shore, up to 40 cm of vertical variability (Figure 68b).

At FE3FS, the profile underwent accretion from
2000-2001, stability from 2001-2002, large amounts of accre-
tion from 2002-2003 (unless the starting point changed), and
slight erosion from 2003-2005 (Figure 71). The erosion was
concentrated at the dune and lower portions of the profile, from
15 m from the starting mark and greater. Seasonally, the winter
profile shows a slightly better developed dune, and more sedi-
ment storage in the offshore (Figure 72). There does not appear
to be much of'a berm in either season. Seasonal variability, based
on the standard deviation data (Figure 68c), indicates that the
beach undergoes relatively major changes in both the winter and
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State of Maine Beach Profiling Project
Kinney Shores and Ferry Beach Volunteer Profiles
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Figure 63. Ferry Beach has 4 measured beach profiles, FE1-FE4, with various different locations (i.e., front stake and back stake) for

each due to the instability of the shoreline. The profiles are clustered within the dune system on the north (FE1 and FE2) and south
(FE3 and FE4) sides of Ferry Park Avenue, near the Ferry Beach Ecology School.
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the summer, in the dune area (on the order of 50 cm), and into the
offshore, up to about 75 cm of vertical variability, especially in
the winter. This may be indicated by the erosive nature of the
beach during the winter season.

Annualized profiles at FE3BS were collected from
2005-2007. The beach underwent slight accretion at the dune
between 2005-2006, and then loss of dune elevation on the order
of 0.5 m from 2006-2007 (Figure 73). The portions of the pro-
files farther offshore seem to have changed little. The winter and
summer mean profiles are about the same, though slightly more
volume of sediment appears in the berm area of the profile in the
summer mean profile (Figure 74). Standard deviation data (Fig-
ure 68d) indicate that the summer beach is relatively stable, with
variations less than 20 cm along the profile. Winter variability is
markedly increased at the dune (changes above 40 cm), and in
the offshore, where variations are also on the order of 40 cm.
This may indicate that erosion of the dune during winter leads to
offshore storage of sediment during the same time period.

Profile FE4 had several different benchmarks over the
years, the first from 2000-2003 (labeled as FE4FS), and the sec-
ond from 2005-2007 (labeled as FE4BS). Annualized mean data
for FE4FS (Figure 75) show that the beach underwent accretion
from 2000-2001; this accretion continued in 2002. In 2003, the
dune and berm underwent erosion from the dune to about the 20
m mark, and accretion occurred seaward of this. Seasonally,

FE4FS (Figure 76) displayed more sediment in the dune and the
berm in the summer than the winter. According to standard devi-
ation data (Figure 68e), the summer profile exhibits greater vari-
ability, up to almost 75 cm at the location of the berm.

Data for the beach at FE4BS (data from 2005-2007)
showed that the dune and beach underwent dramatic erosion
complete loss of the frontal dune crest and its elevation, from
2005 to 2006 (Figure 77). This erosion was approximately 4-5
m horizontally and almost 0.5 m vertically. This was likely due
to the May 2005 northeast storm. Analysis of seasonal data (Fig-
ure 78) and standard deviation data (Figure 68f) for FE4BS
shows that the summer profile varies very little, while the winter
profile varies greatly (up to 100 cm) in dune elevation and posi-
tion and along the profile.

The profiles at Ferry Beach exhibit a marked difference
seasonally; summer typically tends to see a slightly more devel-
oped dune crest and berm, while winter shows an erosive profile,
with substantial loss in the frontal dune and berm, with little re-
covery to pre-winter conditions (though it appearsa new sum-
mer shape follows the next season. This area is heavily eroded
during winter storm events, with dune removal on the order of 3
to 6 meters (10-20 feet) during substantial events (i.e., 2005
northeasters and Patriots' Day storm). The fact that profile start-
ing locations have been moved so many times is indicative of the
erosive nature of this stretch of beach.
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Figure 64. Annual profiles at FE11 include two separated data sets due to relocation of the starting pin. From 2000 to 2001 the beach
lost sand across the entire profile. In the second interval, 2003 to 2005 more sand was lost resulting in a landward shift 0f0.2 to 0.3 m
horizontally. Due to different starting points, seasonal changes were not calculated at FE11.
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Figure 65. Annual profiles at FE12 from 2001 to 2003 (the interval of years missing in the previous graph). Sand was lost off the pro-
file from 2001 to 2002 and the dune experienced a loss from 2002 to 2003 while the offshore profile built up.
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Figure 66. Annual profiles at FE2FS saw general accretion from 2000 to 2002 with either more accretion or a new starting point by
2003. Erosion with a vertical loss of about 0.5 m dominated the profile from 2003 to 2005.
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Figure 67. Seasonal profile shapes at FE2FS are very similar from winter to summer with a steep, rather linear beach and similar en-
velopes of maximum and minimum profile elevations.
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Figure 68. Standard deviation data at FE2FS (a) show 0.5 to 0.75 m of vertical variability in both summer and winter seasons. At
FE2BS (b) the summer-winter variability is smaller than for FE2FS but the winter dune crest elevations show slightly more variability
than in summer. Standard deviation data at FE3FS (c) show a 0.5-0.75 m change in winter beach elevation, slightly more than in sum-
mer. At FE3BS (d) the summer beach appears to vary little in elevation while the winter beach exhibits about 0.4 m of variability in
the dune and offshore portions of the profile. The greatest variability at FE4FS was in the berm area during winter (e). Standard devi-
ation data at FE4BS (f) show elevation changes on the order of 0.2 to 0.4 m. in both winter and summer seasons.
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Figure 69. Annual profiles at FE2BS show a generally higher and more stable frontal dune. From 2005 to 2007 the beach was rela-
tively stable. In 2007 the dune eroded and the berm gained a small amount.
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Figure 70. Seasonal profile shapes at FE2BS show generally similar winter and summer beach conditions. A higher frontal dune
crest can exist in summer and the crest becomes more variable in elevation in the winter.
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Figure 71. Annual profiles at FE3FS experienced accretion from 2000 to 2001 and stability from 2001 to 2002. The growth in 2003
is likely an artifact of a new starting location. From 2003 to 2005 the profile eroded, particularly on the lower half.
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Figure 72. Winter and summer mean profiles at FE3FS are similar through the middle section but show a better developed dune in
winter and winter sand storage offshore.
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Figure 73. Annual profiles at FE3BS from 2005 to 2007 show slight dune accretion from 2005 to 2006 and then dune lowering of
0.5 m by 2007. The outer profiles are generally similar in shape over the 3 years.
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Figure 74. Seasonal mean profiles at FE3BS are very similar with a little more sand in the summer berm area. The envelope of profile
variation is very tight in both winter and summer.
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Figure 75. Annual profile data at FE4FS show general accretion from 2000 to 2002. In 2003 the dune and berm experienced net sand
loss while there was some sand gain on the outer profile in this interval of time.
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Figure 76. At FE4FS the dune had more sand in the summer than in the winter, contrary to some of the other nearby locations.
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Figure 77. Annual beach profiles from 2005 to 2006 at FE4BS show dramatic loss of the frontal dune crest and an overall lowering of
the profile's highest elevation. This amounted to a landward shift of the profile of4 to 5 m and a lowering of the beach by about 0.5 m.
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Figure 78. Seasonal data at FE4BS show a higher winter mean with greater winter variability in beach elevation. Summer beach pro-
files are consistently similar.
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Fortunes Rocks Beach, Biddeford

Background geology and characteristics

Fortunes Rocks Beach is located on the southeastern side
of Fletcher Neck, part of Biddeford Pool. Biddeford Pool con-
sists of two transgressive barriers that connect bedrock islands to
the mainland. Hulmes (1980) documented long-term erosion
along Fortunes Rocks and Mile Stretch Beach. Seawalls front
most of the southern portion of Fortunes Rocks Beach and, con-
sequently, Nelson (1979) was unable to determine a rate for
shoreline change. Along the natural shoreline, Nelson measured
recession of about 1.6 feet per year. This beach appears to have
chronic sand loss and net shoreline recession and or active sea-
walls along the frontal dune ridge (Dickson, 2006a).

Fortunes Rocks has 4 measured beach profiles, FR1-FR4.
The overall beach is shown in Figure 79. The starting marks for
the profiles have not been surveyed by MGS as of April 2007.

Annual and seasonal beach profile changes

The beach profiles at Fortunes Rocks Beach start behind
the frontal dune crest and also within seawalls. Beach profile
data were collected at the Fortunes Rocks locations from
1999-2006. At FR1, annualized changes showed little distinct
patterns of general accretion or erosion (Figure 80). The beach
appeared to be stable from 1999-2001, with accretion from
2001-2002 resulting in the most volumetrically sediment-rich
profile in 2002. From 2002-2003, the profile underwent some
loss, especially from about 25 m offshore seaward. In 2004, the
beach was at its leanest shape. By 2005, the profile was similar
in shape to the profile from 2001, with slightly more sediment
stored offshore. Some erosion of the upper portion of the profile
occurred between 2005-2006. Seasonally, the beach at FR1
(Figure 81) shows a typical summer shape, with more sediment
stored in the berm area than the winter profile. Standard devia-
tion data (Figure 82a) indicate that the berm at FR1 is relatively
stable, changing its position laterally little between summer and
winter. The berm appears to be positioned at about 30 m from the
mark, with vertical variability on the order of 40 cm.

It appears that data collected at FR2 are from two different
marks one was used from 1999-2002, and a second (behind the
dune) from 2003-2006. The beach at FR2 accreted from
1999-2002, and this trend continued from 2003-2005 (Figure
83). In 2006, the dune appears to have been eroded slightly, and
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the berm appears to have lost much of its sediment volume. On a
seasonal basis, FR2 (Figure 84) exhibited somewhat similar
profile shapes, with slightly more volume of sediment in the
berm in the summer profile. The profile envelopes are nearly
identical, and the standard deviation values are quite similar as
well. The berm, positioned between the 30-40 m marks, appears
to vary vertically on the order of about 50 cm (Figure 82b).

The beach at FR3 showed steady accretion from
1999-2002, and a well developed berm in 2002. By 2003, the
berm had been eroded (Figure 85). Erosion continued into
2004. In 2005, slight accretion occurred on the uppermost por-
tion of the profile (between 0 to 2 m below the pin), with sedi-
ment loss from about 45 m from the pin seaward. In 2006, the
dune appears to have accreted, while there was additional sedi-
ment loss in the middle portion (berm) and offshore portions of
the profile. Seasonally, FR3 data (Figure 86) indicate a more de-
veloped berm during the winter rather than the summer, with
more slightly more sediment stored offshore in the winter. The
winter berm varied vertically by about 60 cm, and was located
around the 25 m mark. The summer berm varied only around 40
cm. However, the summer data indicate large amounts of varia-
tion ontheorderof50-60cm overalarge stretch of the profile
in the offshore, between 55 and 120 m from the mark (Figure
82¢). This may indicate that FR3 sees volumes of sediment pass
offshore during the summer months as sediment is moved along
the beach.

Data at FR4 indicate that the beach was stable from
1999-2001, then accreted from 2001-2005, with the most vol-
ume in the profile in 2005 (Figure 87). In 2006, the upper por-
tion of the profile (from about 2 m below the pin and higher)
lost sediment, while the remainder of the profile remained rela-
tively stable. Overall, the profile gained sediment from
1999-2006. Seasonal data (Figure 88) indicate that the summer
profile tends to hold more sediment along the dune and upper
portion of the profile, with the winter profile having slightly
more sediment volume in the offshore portion. Standard devia-
tions (Figure 82d) indicate that there is more variability along
the entire profile in the summer (up to 50 cm) than the winter.
The berm at this profile is located much closer to the pin (10 m),
as opposed to the other profiles along Fortunes Rocks Beach.

Profiles along Fortunes Rocks Beach indicate variability
from year to year, but general stability over the time period of
data collection. Seasonally, the profiles vary as expected.
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Figure 80. Annual beach profiles at FR1 from 1999 to 2006 show no strong erosion or accretion trends, but annual elevations can be
0.5 to 1 m different from the previous year.
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Figure 81. Seasonally, the beach at FR1 shows a typical summer shape with a larger berm than in winter. As expected, the envelopes
of maximum and minimum profiles show greater summer variation in beach elevation compared to winter.
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Figure 82. Standard deviation at FR1 (a) shows the berm location is relatively stable from winter to summer. AtFR2 (b) the berm ele-
vation varies by some 0.5 m (between 30 and 40 m distance). AtFR3 (c), a variable winter berm is apparent, while offshore variability
is greater in summer. Data at FR4 (d) show that the summer profile exhibits greater variability along its entire length than the winter
profile.
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Figure 83. Annual profiles at FR2 suggest one location was used from 1999 to 2002 and another behind the dune crest was used from
2003 to 2006. From 1999 to 2002 the beach accreted and from 2003 to 2005 this trend continued. In 2006 the dune appears to have
had some slight erosion.
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Figure 84. The winter and summer means appear similar overall at FR2 with slightly more sand in the summer berm. The envelopes
are very similar also.
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Figure 85. The annual profiles at FR3 show steady accretion from 1999 to 2002. A berm developed in 2002 but was not as large in

2003 and erosion continued into 2004. 2005 had a high berm and 2006 saw more accretion including some 2006 dune growth in the
upper profile but loss in the lower profile.
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Figure 86. Seasonally, FR3 has a better-developed berm in summer and more sand stored offshore in winter. This summer-winter

pattern is expected.
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Figure 87. Annual means at FR4 show the beach was relatively stable from 1999 to 2001, and then it accreted from 2001 to 2005. In
2006 the upper profile lost sand while the rest remained relatively stable. Overall there was a net gain in sand over the 8 years.
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Figure 88. Seasonally, the summer profile at FR4 holds more sand along the dune/riprap wall and the offshore holds more sand in the
winter. This seasonal shift is expected.
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Goose Rocks Beach, Kennebunkport

Background geology and characteristics

Goose Rocks Beach is an approximately 3 km long sandy
pocket beach that stretches southwest-northeast and is bound by
two tidal inlets, the Little River to the northeast and the Batson
River to the southwest. The shoreline along the beach is quite ar-
cuate, mainly due to wave refraction around offshore islands and
shoals. Dynamic beach spits are located at both ends of the
beach, adjacent to the tidal inlets. Southwest of the sand beach is
a headland with mixed sand and gravel beaches on Nessler and
Marshall Points. According to Nelson (1979), the historical
limit of erosion is landward of many homes within the dune sys-
tem. Approximately 60% of the shoreline along Goose Rocks
Beach is armored (Beach Stakeholder Group, 2006). There are
no new significant sources of sand to replace sediment trans-
ported into the tidal inlets or eroded from the beach and carried to
offshore sand bars (Dickson, 2006a).

Goose Rocks has 4 measured beach profiles, GR1-GR4.
The overall beach is shown in Figure 89. The starting points
have not yet been surveyed by MGS.

Annual and seasonal beach profile changes

Beach profiles at Goose Rocks Beach start behind the dune
crest and also within seawalls. Profiles at Goose Rocks Beach
tend to be very flat and long (out to about 500 m from the pin) and
variable, mostly due to the sheltered area and influence of off-
shore islands and shoals. Continuous data were collected from
2002 through 2007. The beach at GR1 is adjacent to the Batson
River ebb-tidal delta, and reflects this variability in the profile
shapes (Figure 90). There is no contiguous pattern of either ero-
sion or accretion, with changes being highly variable. There was
general accretion along the profile from 2002-2003, with contin-
ued buildup of sediment adjacent to the seawall and berm into
2004, though some volume of sediment was lost on the middle
portion (between 100 and 240 m from the pin). From 2004 to
2005 there was sediment loss along the entire profile. The beach
fronting the dune/wall continued to recede into 2006, though
more sediment appeared in the central portion of the profile. By
2007, the beach fronting the seawall stabilized, and additional
accretion took place in the central portion of the profile. Sea-
sonal mean data (Figure 91) show that there is generally little
change from winter-summer, though the winter profile shows
slightly more sediment nearer to the seawall. Profile envelope
variability indicates that both seasons are somewhat variable,
with values between the minimum and maximum envelopes on
the order of I m. Standard deviation data (Figure 92a) show that
the berm has more variability (55 cm) in the winter than the sum-

mer (45 cm). The berm's position appears to stay the same,
around 20-35 m from the pin.

GR2 is much shorter in length than GR1. It appears that the
profiles at GR2 collected in 2002-2003 may have started from a
different location than the remaining years (Figure 93). If not,
then the beach underwent accretion from 2002-2004. A berm,
present in the 2002 profile at the 25 m from the pin mark (atan el-
evation of 1.5 m below the pin), was eroded by 2003. Data from
2003-2007 indicate that the beach changed little over this period
of time and is relatively stable. On a seasonal basis (Figure 94),
GR2 displays the typical sediment-rich summer berm, with sedi-
ment loss in the nearshore and growth of a sandbar farther off-
shore in the winter. Based on the mean seasonal shapes, berm
fluctuation appears to be about the same for summer and winter.
This is confirmed by standard deviation data (Figure 92b),
which show changes on the order of about 40 cm for both sea-
sons. The position of the berm appears to remain about the same.

The beach at GR3 appears to have been relatively stable be-
tween 2002-2004, then underwent a period of erosion in 2005
(this being the most erosive profile of the data, Figure 95). In
2006, the berm appears to have recovered, and this trend contin-
ued into 2007. Like GR2, GR3 shows a seasonal bias (Figure
96), with more sediment in the berm area during the summer, and
more sediment in the bar area during winter. Profile envelope
variability appears to be about the same for winter and summer,
though the summer berm appears to reach a slightly higher ele-
vation. Standard deviation values (Figure 92c¢) for the berm are
greater in the summer profile. It seems the greater vertical vari-
ability is located farther from the mark at GR3 (around 40-50 m
from the pin) than GR2 (25-30 m).

Profiles collected at GR4 are located near the Little River,
and thus, are longer like the profiles from GR1. From
2002-2004, there was erosion of the berm area, with some
growth offshore (Figure 97). From 2004-2005, the berm began
recovery while the offshore portion of the profile remained sta-
ble. 2006-2007 saw continued berm growth, with little changes
in the offshore. Seasonally, the summer profile (Figure 98) ex-
hibits more sediment adjacent to the dune and berm than the win-
ter profile. Standard deviation data (Figure 92d) indicate that
the berm fluctuates vertically almost 70 cm in the summer, and
60 cm in the winter. Variability is greater than 40 cm along the
majority of the profile, and increases to nearly 80 cm offshore,
likely attributable to sandbar migration adjacent to the Little
River.

Profiles along Goose Rocks Beach are influenced by the
bounding rivers, and offshore, wave-sheltering outcrops and is-
lands. The beach has been variable, with loss, especially in
2005, though it appears that the beach has the ability to recover
from such loss. Seasonal variability is typical.
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Figure 90. Annual mean profiles at GR1 near the Batson River show the dynamic shifting of sand bars on the low-tide terrace. On the
upper profile the beach widened from 2002 through 2005, but in 2006 and 2007 returned to the 2002 position.
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Figure 91. The seasonal comparison at GR1 shows that the winter and summer beaches are very similar in shape. The envelope of
profile variation in height is over a meter in most locations.
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Figure 92. Standard deviation of the profiles at GRI (a) shows the most variability on the upper beach profile (20-60 m) with more
movement in winter compared to summer. At GR2 (b) summer and winter berm fluctuation is very similar and the profile responds
similarly in both seasons. At GR3 (c) there is some variability across the profile in the standard deviation. The summer berm position
shows higher variability in elevation than in the winter. At GR4 (d) the berm fluctuates more in summer (0.7 m) than winter (0.6 m)
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and, like GR1 this may be due to the influence of the adjacent tidal channel.
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Figure 93. At GR2 the mean annual profiles show a very linear and more constant beach that at GR1 due to the lack of influence of the
Batson River sand bars. The starting point seems to have moved in 2003. From 2003 to 2007 the beach changed very little in elevation

and appears quite stable.

2002
2003
2004
2005

2007

2006 ||

1 1

10

1
40 50 60 70

20 30
Distance from pin (m)

80



State of Maine's Beaches in 2007

m— Winter Mean
Summer Mean |

-1

-2
E
£
o
S
-
B
4 s :
= :
£ R LS
’ .
N
5 1 i 1 i i i | |
0 10 20 30 40 50 60 70 80

Distance from mark (m)

Figure 94. Seasonally, GR2 shows the typical summer berm and higher beach profile in the central section. In the winter sand bar
formation on the lower profile raises the winter mean above that of the summer. The envelope of profile elevations shows there can be
well over a meter of vertical change on most of the profile.
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Figure 95. The mean annual profiles at GR3 show a relatively stable beach from 2002 to 2004. In 2005 the lowest profile erosion oc-
curred along the upper beach. The following two years (2006-2007) show recovery from the erosion to a level seen in 2003.
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Figure 96. GR3 shows a pattern like GR2 with more summer sand on the berm and more sand offshore in a bar location in the winter.
This is the expected profile change and it is driven by seasonal variability in wave energy. The envelope of profile variation is in ex-
cess of a meter, similar to GR2.
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Figure 97. Profile GR4 is near the Little River and shows a long and flat low-tide terrace on the profile. Above the terrace, the beach
width has been variable since 2002. The berm area eroded from 2002 to 2004, but recovery occurred from 2004 to 2006. By 2007
some of the profile below the berm began to show erosion while the low-tide terrace remained stable.
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Figure 98. Seasonally, GR4 has a similar profile in winter and summer, but there is slightly more sand on the upper profile in sum-
mer. In winter the low-tide terrace holds more sand, as is expected during the stormy months.
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Goochs Beach and Middle Beach, Kennebunk

Background geology and characteristics

Goochs Beach is an approximately 1.3 km long east-west
trending pocket barrier located adjacent to the mouth of the
Kennebunk River and bounded by bedrock headlands of Oaks
Neck and Old Fort Point. Approximately 90% of Goochs Beach
is fronted with a wooden seawall (Beach Stakeholder Group,
2006), though a very small active frontal dune is located adjacent
to a jetty at the river mouth. The beach profile is generally flat
and low and, due to the lack of sand exchange with most of the
dune system and repeated wave action on the seawall, has a mini-
mal summer berm. Middle Beach, west of Goochs Beach, is a
mixed sand and gravel beach fronted with a large concrete
seawall. No historical shoreline change measurements are avail-
able since this beach has been engineered since air photos were
first taken (Dickson, 2006a).

Goochs Beach has 3 measured beach profiles, GO1-GO3,
with a single profile located at the eastern end of Middle Beach
(GO4). All profile starting points are located on the seawall.
GOl is located within the wall just south of Peninsula Drive,
while GO2 is located just east of Surf Lane. GO3 is located in the
wall just west of where Beach Avenue approaches the ocean and
turns parallel to the seawall. GO4 is located within the seawall at
the eastern end of Middle Beach, directly off of Beach Avenue
(Figure 99). The starting points for these profiles were surveyed
by MGS in July 2006.

Annual and seasonal beach profile changes

Profiles along Goochs and Middle Beach all start along a
seawall, with the first point being the level of sediment below the
wall. Overall beach profile data collection began in 2001 and
has been continuous through 2007. The beach at GO1 was rela-
tively stable to slightly accretive from 2001-2002, and erosive
from 2002-2003 (Figure 100). In 2004, the beach gained sedi-
ment at its upper portions nearest the seawall - and also in the
bermarea. There were only slight changes in 2005-2006, mainly
a slight increase in the berm elevation. In 2007, data biased by
only the winter months, the mean profile indicated that sand ele-
vations were lowest of all years except for a portion of the 2003
profile, along the berm, which was flat and not well developed.
Seasonally, GO1 (Figure 101) shows relatively little change in
the upper portion (berm area) of the profile (from about 1m and
above). The berm here appears to be about 10 m in size during
the summer. Standard deviation data (Figure 102a) show that
the berm at GO1 varies about 30 cm vertically; in fact, variation
along the entire profile is on the order of 30 cm, and increases to
between 35-40 cm in the offshore, for both summer and winter.
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The beach at GO2 underwent little change between
2001-2002. Between 2002-2003, almost the entire middle por-
tion of the profile (to about 0 m in elevation) eroded (Figure
103). Erosion continued into 2004, though there was some ele-
vation in gain in the upper portion of the berm. In 2004-2006, the
middle portion of the profile recovered some sediment volume.
The winter of 2007 eroded the entire profile dramatically, re-
moving about 0.3 m of sediment along the entire length of the
beach profile. GO2 exhibits a distinct difference in the summer
versus winter profiles, with more sediment volume along almost
the entire profile in the summer (Figure 104). Though overall
profile envelope variability appears to be the same, the summer
profiles appear to typically achieve a higher elevation than win-
ter. Standard deviation values (Figure 102b) are about the same
for both profiles overall around 20 cm or less, indicating that
the profile is quite stable. The winter data show a small area of
vertical variability during the winter located at the 10 m mark.

There was accretion between 2001-2002 at GO3 (Figure
105), with slight erosion back to 2001 profile shape in 2003.
Erosion continued in 2004, lowering the portions of the profile
below 1.5 m. Some recovery occurred in 2005-2006. Consistent
with other profiles, 2007 resulted in substantial lowering and
erosion of the overall profile. Seasonal data at GO3 (Figure
106) show a distinct summer versus winter profile difference,
with the entire summer profile being more sediment rich than the
winter one. Both profile envelopes are similar, though it seems
the winter profile has a bit more variability. The standard devia-
tions along the winter and summer profiles are quite similar,
though the winter appears to be a slight bit more variable, on the
order of 20 cm vertically (Figure 102c¢).

The gravel beach at GO4 appears to have gone through
slight accretion between 2001 and 2002, especially at the berm
area (Figure 107). 2003 saw some erosion of the upper portion
of the beach profile from about the 1.2 m to 3 m contour lines.
From 2003-2004, the berm recovered. There was general beach
stability through 2005, with the mean profile very similar to the
2004 shape. In 2006, the upper portion of the profile underwent
accretion, while the lower portion underwent erosion. The 2007
annualized shape is the leanest, showing the most erosion from
all the years data were collected. Seasonal data (Figure 108) in-
dicate that GO4 undergoes some berm variability during the
summer months. This berm fluctuates about 20-30 cm for both
summer and winter (slightly more in the summer), and is located
at the 10 m mark according to standard deviation data (Figure
102c¢).

Data indicate that Goochs Beach, in general, is somewhat
stable. However, it is heavily influenced by storm events, such
as the Patriots' Day storm, which removed large volumes of sedi-
ment from the profile.
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Figure 100. Mean annual profiles for GO1. The beach appears to be relatively stable, being most erosive in 2003 and 2007.
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Figure 101. Mean seasonal profiles for GO1. The summer profile exhibits a more sediment-rich shape, with a more defined berm.
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Figure 102. (a) Standard deviation data for mean seasonal profiles at GO1. The profile appears to be somewhat variable in summer
and winter. (b) Standard deviation data for GO2 indicate that the profile is seasonally stable, with only slightly more variability along
the upper portion in the winter. (¢) Standard deviation data for GO3 show that both profiles are relatively stable, with slightly greater
variability in the winter. (d) Standard deviation data for GO4 show a distinct berm formation that is visible at the 10 m mark.
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Figure 103. Mean annual profiles for GO2. The beach had the most sediment in 2002 and was most erosive in 2007.
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Figure 104. Mean seasonal profiles for GO2. The summer profile has a greater volume of sediment than the winter profile.
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Figure 105. Mean annual profiles for GO3. Typical of the other profiles, the beach at GO3 underwent annual variability, with 2007
being the most erosive.
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Figure 106. Mean seasonal profiles for GO3. The summer profile has consistently more sediment along its length than the winter
profile.
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Figure 107. Mean annual profiles for GO4 show that the profile was generally richest in 2002 and most erosive in 2007, with variabil-
ity in the other years.
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Figure 108. Mean seasonal profiles for GO4 indicate that berm fluctuation on the order of 20-30 cm occurs during both summer and
winter.
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Laudholm Beach, Wells

Background geology and characteristics

Laudholm Beach forms a barrier complex that stretches ap-
proximately 2.1 km from the federal jetty at the Webhannet
River northeast along Drakes Island Beach to the inlet of the Lit-
tle River. Laudholm Beach is 0.7 km long and terminates at its
northeastern end at the Little River as a spit. Itis only slightly de-
veloped at its southwestern end, while the remainder is undevel-
oped and unarmored. Extensive back-barrier salt marshes exist
landward of Laudholm Beach.

Laudholm Beach is unarmored and has continued to mi-
grate in a landward direction. MGS estimates an approximately
15 m offset between the crest of the frontal dune along Laudholm
Beach and the crest of the seawall along Drakes Island (Dickson,
2006a).

Laudholm Beach (Figure 109) has 5 measured beach pro-
files, LH1-LHS5. None of the points have been surveyed by MGS
as of this report.

Annual and seasonal beach profile changes

Profiles collected at Laudholm Beach generally start be-
hind the frontal dune. AtLH]1, two locations were utilized to ini-
tiate profiling; the first for data collected in 2001-2002, and the
second for data from 2003-2007 (Figure 110). The beach saw
dramatic erosion from 2001 to 2002, with the complete removal
of a frontal dune crest. In 2003, a new benchmark was initiated.
Erosion occurred along the majority of the profile between
2003-2004, though the dune crest itself appears to have gained
slightly in elevation. From 2004-2005, additional erosion oc-
curred, mostly of portions of the profile below 1 m below the pin
elevation. 2006 saw erosion of the dune crest and a slight accre-
tion in the offshore (beyond 60 m from the pin). In 2007 addi-
tional accretion occurred along the majority of the profile, but
predominantly offshore, seaward of the 60 m mark. There is lit-
tle difference between the summer and winter mean profile
shapes until about the 60 mmark here, the winter profile exhib-
its better bar formation and offshore sand storage (Figure 111).
The 60 m mark may signify some type of ravinement (erosion)
surface that inhibits additional landward sediment transport.
The winter envelope of variability is also much greater almost
2 m. Standard deviation data (Figure 112a) show that the winter
profile has much more variability, between 40-50 cm, along a
large portion of the profile (20 m to 110 m) than the summer pro-
file, which has variability between 20-40 cm along this stretch.

At LH2, data were available for 2003 through 2007. Rela-
tively substantial erosion occurred between 2003 and 2004,
while little changes occurred between 2004 and 2005 (Figure
113). The 2006 annualized shape indicates little change in the
dune and berm, while there was substantial volumetric change in
the offshore, starting at around 50 m from the pin. In 2007, the
dune and berm was eroded slightly on the order of 1-2 m, and
there was some additional storage of sediment in the offshore.
Seasonally, LH2 exhibits typical summer vs. winter profile
shapes, with a better developed berm in the summer profile, and
more storage offshore in the winter profile (Figure 114). Based
on the standard deviation data, the summer profile is much more
variable than the winter (Figure 112b). Winter fluctuation along
the entire profile is on the order of 20 cm or less, while the sum-
mer variability ranges between 20-40 cm.

The beach at LH3 also had data available for 2003-2007.
Similar to LH2, the beach in this area saw substantial erosion
along its entire length, from about the 1 m below the pin mark
from 2003-2004 (Figure 115). The 2005 mean profile shows
that additional erosion occurred, though the dune area remained
stable. In 2006, erosion of the berm area continued, while the re-
maining portions of the profile remained stable. In 2007, the
dune appears to have accreted slightly, while the remainder of
the profile changed very little. The seasonal comparison of pro-
files for LH3 indicates greater berm development for the sum-
mer profile, while profile envelope minimum and maximums
appear to be greater for the winter profile (Figure 116). Standard
deviations again indicate, similar to LH2, that the summer vari-
ability is much greater than winter along a large portion of the
profile (20-140 m from the mark, Figure 112¢).

Data were available only from 2003 to 2006 for LH4. Sim-
ilar to the other profiles, the beach eroded substantially from
2003-2004 (Figure 117). Little change, aside from a slight addi-
tion of sediment to the berm, occurred in 2005. The berm eroded
to its lowest point in 2006, with the majority of the erosion con-
centrated in the landwardmost 70 m of the profile. Seasonal data
(Figure 118) indicate better berm development, within the first
45 m of the profile, for the summer profile, while the winter pro-
file shows more sand storage offshore, past the 65-70 m mark.
Standard deviation data (Figure 112d) show relatively large (50
cm) vertical fluctuations of the berm during the summer at the 45
m mark, while during the winter, the berm only varies around 20
cm.

Profile location LH5 was added in 2006. Overall, it exhib-
ited little change between 2006 and 2007, though there appeared
to be a bit of recession in the berm area of the profile, between 1
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and 3 m below the pin (Figure 119). Some sediment accreted in
the form of nearshore bars farther offshore. Seasonally, LH5 ex-
hibits a distinct difference from other profiles (Figure 120). The
winter shape has more sediment volume in the berm, and farther
offshore than the summer mean shape. Standard deviation data
(Figure 112e) show a slight bit more variation in the berm eleva-
tion (almost 40 cm) in the winter, versus around 20 c¢cm in the
summer. These characteristics may relate to the proximity of
LHS5 to more abundant gravel and peat deposits on the profile
compared to the others that have sand over more of the profile.

Laudholm Beach has experienced some severe periods of
erosion of the frontal dune and the berm is often composed of
gravel and cobbles in the winter. Variability of the profiles sea-
ward of the dune is somewhat atypical due to the mixed grain
sizes of sand, gravel, and cobbles. The larger sediment sizes are
sorted and transported more in the winter than in the summer
hence some of the profile variability in winter is due to the higher
wave energy. Summer sand often covers the cobble surface on
the central portions of the profiles as sand bars migrate ashore
from beyond the extent of profiling.
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Figure 110. Mean annual profiles for LH1 indicate that two separate benchmarks were used. Erosion occurred from 2001-2004, then
the profile stabilized somewhat in 2005-2007, though sediment was lost at the dune.
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Figure 111. Mean seasonal profiles for LH1 show that the summer profile is only slightly better developed, and that more sediment is
located offshore in the winter.
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Figure 112. (a) Standard deviation data for LH1 indicate that both summer and winter profiles are variable, though the winter profile
has markedly more variability than the summer. (b) Standard deviation data for LH2 show that variability along the profile in the
summer is greater than during the winter. (c) Standard deviation data for LH3, like LH2, show that summer variability is greater than
the winter. (d) Standard deviation data for LH4 indicate large vertical variability in the summer berm. (e) Standard deviation data for
LHS show slightly higher variability in the berm during the winter than the summer.
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Figure 113. Mean annual profiles for LH2 indicate that the profile was most accretive in 2003 and most erosive in 2007. It appears to
be generally erosive.
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Figure 114. Mean seasonal profiles for LH2 show that the summer generally has a better defined berm, with more sediment storage
offshore in winter.
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Figure 115. Mean annual profiles for LH3. The profile has generally undergone erosion through the study period.
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Figure 116. Mean seasonal profiles for LH3 show better berm development during the summer, with bar formation apparent in the
winter.
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Figure 117. Mean annual profiles for LH4 show general erosion during the study period.
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Figure 118. Mean seasonal profiles for LH4. A distinct berm is apparent in the summer profile, while offshore sediment storage ap-
pears in the winter.
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Figure 119. Mean annual profiles for LH5 show general stability between 2005-2006.
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Figure 120. Mean seasonal profiles for LH5 show abnormally more sediment in the upper portions of the profile in the winter rather

than the summer.
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Drakes Island Beach, Wells

Background geology and characteristics

Drakes Island Beach and Laudholm Beach form a barrier
complex that stretches approximately 2.1 km from the federal
jetty at the Webhannet River northeast to the inlet of the Little
River. Drakes Island Beach, located adjacent to the jetty, is ap-
proximately 1.4 km in length, and is highly developed with a
seawall along 70% of the beach (Beach Stakeholder Group,
2006). Laudholm Beach, which terminates at its northeast end at
the Little River as a spit, is only slightly developed at its south-
western end, while the remainder is undeveloped and
unarmored. Extensive back barrier salt marshes exist along both
beaches.

Shoreline change along Drakes Island Beach has remained
relatively unchanged in a horizontal sense due to the presence of
seawalls (Dickson, 2006a).

Drakes Islan