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EXECUTIVE SUMMARY
The most recent beach restoration at Sandbridge in Virginia Beach, Virginia was constructed
between the months of March and June 2013 as part of an ongoing beach erosion control project.
The southern limit of the restoration is located at Little Island Park and extends north
approximately 5.3 miles to the boundary of the Fleet Combat Training Center at Dam Neck. The
2013 restoration marks the 4th time Sandbridge has been nourished for beach erosion control.
The project is federally authorized for a berm width of 50 ft. at an elevation of +5.2 ft. NAVD88
and a slope of 1:20 (V:H) to the existing beach profile. During the 2013 event, approximately 2.2
million cubic yards of sand were dredged from an offshore borrow area and placed on the beach
in front of the design template as advanced fill. Five primary regions are defined from south to
north as Regions A, B, C, D and E. Region A begins at Little Island Park at the project’s southern
limit and extends to the fishing pier (Station 0+00 to Station 30+00). Region B begins near the
fishing pier and includes shoreline to Molly Cooper Road (Station 35+00 to Station 85+00). Region
C includes Molly Cooper Road to Rock Lane (Station 90+00 to Station 145+00). Region D is
inclusive of shoreline between Rock Lane and Sandbridge Road (Station 150+00 to Station
225+00). Region E covers the northern project limits from Sandbridge Road to the Fleet Combat
Training Center at Dam Neck (Station 230+00 to Station 275+00).
Survey data collected during the November 2016 monitoring survey was used to quantify
shoreline and volumetric changes over the 41-month (3.4 year) post-nourishment period (June
2013 to November 2016) and changes that have occurred during the most recent 5-month period
(June 2016 to November 2016). These two time periods will be referred to as “long-term” and
“recent” in the report. It is important to note that the project area was impacted by two storm
events during the recent monitoring period prior to the November 2016 monitoring survey,
Tropical Storm Hermine in September 2016 and Hurricane Matthew in October 2016. Therefore,
shoreline and volumetric changes measured during the recent period were highly influenced by
the impacts from these two storm events. A summary of the overall project changes during the
recent and long-term periods and the average design life remaining based on the MHW changes
is included in the table below.
Comparison

Parameter
Average Shoreline Change at MHW (+1.3 ft. NAVD88)

Quantity
-23.6 ft.

Cumulative Volume Change Above MLW (-2.2 ft. NAVD88)

-163,072 cy

Cumulative Volume Change Above -8 ft. NAVD88

-351,355 cy

Cumulative Volume Change Above -16 ft. NAVD88

-104,690 cy

Average Shoreline Change Rate at MHW (+1.3 ft. NAVD88)

-29.7 ft./yr.

June 2016 vs. Nov. 2016

Cumulative Volume Change Rate Above MLW ( -2.2 ft. NAVD88)

-193,225 cy/yr.

Cumulative Volume Change Rate Above -8 ft. NAVD88

-295,995 cy/yr.

Cumulative Volume Change Rate Above -16 ft. NAVD88

-152,523 cy/yr.

June 2013 vs. Nov. 2016

Template vs. Nov. 2016

Average Remaining Design Life Based on MHW Changes
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3.8 yrs

Recent Volume Changes
Volume changes calculated during the recent monitoring period were highly influenced by the
impacts from the two (2) storm events that impacted the project area prior to the November 2016
monitoring survey. The results showed that volume loss (erosion) along the project beach was
most significant above -8 ft. NAVD88 (-12.8 cy/ft.), equivalent to an average rate of -30.8 cy/ft./yr.
The least volume change occurred above -16 ft. NAVD88 (-3.9 cy/ft.) or a rate of -9.3 cy/ft./yr.
(Table ES-1). The analysis determined net volume losses of approximately 163,100 CY
above MLW, 351,400 CY above -8 ft. NAVD88, and 104,700 CY above -16 ft. NAVD88 during
the recent monitoring period.
Long Term Volume Changes
The results of the long-term analysis show the overall trend remains erosional along the project
above MLW, -8 ft. NAVD88, and -16 ft. NAVD88 with average annual rates of -7.0 cy/ft./yr., -10.7
cy/ft./yr., and -5.6 cy/ft./yr., respectively. The highest rate of erosion since construction exists in
the central portion of the project (Region C), while the most stable area was Region E (Table ES1). The volumetric analysis estimates that the average long term trend has resulted in a
total project loss of approximately 1,011,300 CY above -8 ft. NAVD88, which is equivalent
to 46% of the volume of sand deposited during the 2013 maintenance event. The volume
losses above MLW and -16 ft. NAVD88 were 660,200 CY and 521,100 CY, which equate to 51%
and 24%, respectively, of the volume of sand deposited during the 2013 nourishment event.
Recent Linear Changes
The changes in the position of the berm, Mean High Water (MHW), and foreshore positions during
the recent period also indicated that erosion occurred along the project beach. The analysis
showed the average berm, MHW, and foreshore positions migrated landward by distances of 13.9
ft., 23.6 ft., and 22.8 ft., respectively, along the entire project area. These landward movements,
when annualized, are equivalent to rates of -33.2 ft./yr., -56.7 ft./yr., and -54.8 ft./yr., respectively.
Due to the impacts from Tropical Storm Hermine and Hurricane Matthew prior to the monitoring
event, the computed high linear rates of shoreline change are considered ephemeral with linear
rates expected to moderate over time.
Long Term Linear Changes
All linear shoreline changes being tracked by the monitoring program (MHW, berm, and
foreshore) have experienced recession since the 2013 maintenance event. The MHW position
has receded at the highest overall annual average rate of -29.7 ft./yr. followed by the foreshore
position at a rate of -24.5 ft./yr. The berm rate was -12.0 ft./yr., which was the lowest of the three.
The linear change rates of the berm and foreshore positons were the lowest in Region E, the
northernmost region, while the rate of change in the MHW position was lowest along Region A.
The highest rates of recession for the berm, MHW, and foreshore occurred in Region C as shown
in Table ES-1.
Remaining Life of Project
The analysis of the linear and volumetric changes used to estimate the remaining design life
showed that the average positions of the MHW and foreshore were seaward of the design
template with remaining widths of 111.9 ft. (52% remaining) and 120.8 ft. (59% remaining),
respectively. Approximately 77% of the volume remained above MLW (60.1 cy/ft.) and 76%
above -8 ft. NAVD88 (68.5 cy/ft.) relative to the design template. An overview of the project area
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shows that Region C supports the widest section of the project with 163.0 ft. (58%) of the width
remaining at the MHW contour and 171.5 ft. (63%) at the foreshore position seaward of the design
template. Region C also has the most volume remaining above MLW (85.0 cy/ft.) and above -8
ft. NAVD88 (96.9 cy/ft.) equivalent to approximately 87% of the volume deposited in that region
in 2013. The southern 3,000 ft. of the project (Region A) has the narrowest width relative to the
design template with average widths at the MHW contour and foreshore of 28.0 ft. (25%) and 37.3
ft. (35%), respectively. Region A was also the most eroded region with 19.7 cy/ft. or 46% of the
fill deposited in 2013 remaining above MLW and 18.5 cy/ft. or 34% remaining above -8 ft. NAVD88
in November 2016.
The analysis calculated the average design life estimates for the entire project ranged from 3.8 to
4.9 years based on the MHW and foreshore changes and 6.4 to 8.6 years based on the volume
changes above -8 ft. NAVD88 and above MLW, respectively (Table ES-1). The longest design
life estimates were estimated for Region E (northernmost region) ranging from 5.6 to 13.9 years.
The shortest remaining design lives, ranging from 1.2 to 3.1 years, were estimated for Region A
(southernmost region). The minimum remaining life of the design template in each region is
dictated by changes at the MHW contour. As of November 2016, the estimates based on the
changes at the MHW contour indicate that Region A has a remaining design life of 1.2 years
(or roughly to January 2018) and Region E has the longest estimated design life of 5.9
years (or roughly to June 2022) before the project would erode beyond design template.
Estimated average remaining design life for all regions based on both linear and volume
changes are summarized in Table ES-1.
Critical Areas
As mentioned above, the shoreline and volume changes indicate that Region A (Stations 0+00 to
30+00) is the most vulnerable region within the project area. Region A has experienced the most
erosion since the 2013 maintenance event and has the least volume and shoreline width
remaining seaward of the design template (Table ES-1). As of November 2016, the three (3)
southernmost profiles (Stations 0+00 to 10+00) within Region A had eroded into the design
template. The erosion on these profiles has resulted in a loss of approximately 12,500 CY of
material landward of the design template. Given the results of the November 2016 monitoring,
Region A has the highest vulnerability to being impacted by erosion and having the beach
erode landward of the design template.
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Table ES-1
Summary Statistics for the Sandbridge Longshore Regions
Post-nourishment (June 2013) to November 2016.
Parameters

Project
Average

Region A
(0+00 30+00)

Region B
(35+00 85+00)

Region C
(90+00 145+00)

Region D
(150+00 225+00)

Region E
(230+00 275+00)

Volume Change Above MLW (-2.2 ft. NAVD88)
Recent Volume Change
June 2016 to Nov. 2016
(cy/ft.)
Total Volume Change
June 2013 to June 2016
(cy/ft.)
Long-Term Change Rate
June 2013 to Nov. 2016
(cy/ft./yr.)

-6.0

-7.3

-7.6

-5.8

-5.9

-3.7

-24.0

-22.1

-21.4

-28.8

-25.7

-19.7

-7.0

-6.5

-6.3

-8.4

-7.5

-5.8

Volume Change Above -16 ft. NAVD88
Recent Volume Change
June 2016 to Nov. 2016
(cy/ft.)
Total Volume Change
June 2013 to Nov. 2016
(cy/ft.)
Long-Term Change Rate
June 2013 to Nov. 2016
(cy/ft./yr.)

-3.9

-9.3

-6.4

-4.4

-4.8

+4.9

-19.0

-28.0

-10.2

-28.5

-21.8

-6.7

-5.6

-8.2

-3.0

-8.3

-6.4

-2.0

Volume Change Above -8 ft. NAVD88
Recent Volume Change
June 2016 to Nov. 2016
(cy/ft.)
Total Volume Change
June 2013 to Nov. 2016
(cy/ft.)
Long-Term Change Rate
June 2013 to Nov. 2016
(cy/ft./yr.)
Design Volume
Remaining
(cy/ft.)

-12.8

-16.4

-14.5

-12.7

-14.4

-6.1

-36.7

-35.6

-31.4

-43.1

-40.3

-29.9

-10.7

-10.4

-9.2

-12.6

-11.8

-8.8

68.5

18.5

55.4

96.9

63.4

92.1
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Table ES-1 (Cont’d)
Summary Statistics for the Sandbridge Longshore Regions
Post-nourishment (June 2013) to November 2016
Parameters

Project
Average

Region A
(0+00 30+00)

Region B
(35+00 85+00)

Region C
(90+00 145+00)

Region D
(150+00 225+00)

Region E
(230+00 275+00)

Long-Term Linear Change Rates (ft./yr.)
Berm Elevation(1)

-12.0

-9.5

-12.1

-17.0

-12.2

-7.3

MHW Shoreline(2)

-29.7

-24.3

-28.1

-35.2

-30.2

-27.9

Foreshore(3)

-24.5

-20.3

-23.4

-29.9

-24.9

-21.5

Average Remaining Design Life of Fill (yrs.)
Based on Volume Above
MLW(4)

8.6

3.1

7.7

10.1

7.3

13.9

Based on Volume Above
-8 ft. NAVD88(4)

6.4

1.8

6.0

7.7

5.4

10.5

Based on MHW
Changes(4)

3.8

1.2

3.0

4.6

3.4

5.6

Based on Foreshore
Changes(4)

4.9

1.8

4.0

5.7

4.4

7.6

Berm Elevation = +5.2 ft. NAVD88.
MHW Shoreline = +1.3 ft. NAVD88.
(3)
Foreshore Change = average change of the 5.2 ft., 3.0 ft., 1.3 ft., and -1.5 ft. NAVD88 contour positions.
(4)
Based on changes from June 2013 to November 2016
(1)
(2)
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INTRODUCTION
The 2013 beach restoration at Sandbridge in Virginia Beach, Virginia marks the fourth restoration
event as part of an ongoing beach erosion control project. The first restoration was a smaller
project that was completed in July 1998, the second was constructed in 2003, and the third project
was completed in September 2007.
The fourth restoration project began construction in March 2013 and was completed in June 2013.
The 2013 renourishment was constructed with a berm elevation of +7.0 ft. NAVD88 and a
foreshore slope of 1:20 (V:H) which was somewhat larger than the federally authorized project
which has a design berm elevation of +5.2 ft. NAVD88. To maintain consistency with previous
studies, this report tracks changes in the position of the +5.2 ft. NAVD88 contour which is the
elevation of the federally authorized design berm. The southern limit of the restoration started at
Little Island Park (Station 0+00) and extended north approximately 5.3 miles to the boundary of
the Fleet Combat Training Center at Dam Neck (Station 275+00). A total of approximately 2.2
million cubic yards of sand, obtained from an offshore borrow area, was placed in front of the
design template as advanced fill (Table 1).
Table 1. Summary of Sandbridge 2013 Project Parameters
RENOURISHMENT
DATES

PLACEMENT LIMITS
(Stations)

TOTAL VOLUME
(CY)

March 2013 to June 2013

0+00 to 275+00

2,177,800

Table 2 includes a list of the monitoring surveys completed since the project at Sandbridge was
renourished in 2013 along with the dates they were performed and limits of the area surveyed.
The baseline monitoring range stations and coordinates are provided in Appendix C.
Table 2. Summary of Monitoring Surveys
SURVEY
EVENTS

SURVEY
DATES

SURVEY LIMITS
(Stations)

Initial Post-Con Monitoring Event
(6-months)

November 2013

0+00 to 275+00

2nd Post-Con Monitoring Event
(16 months)

October 2014

0+00 to 275+00

3rd Post-Con Monitoring Event
(24-months)

June 2015

0+00 to 275+00

4th Post-Con Monitoring Event
(28-months)

October 2015
(Post-Hurricane Joaquin)

0+00 to 275+00

5th Post-Con Monitoring Event
(36-months)

June 2016

0+00 to 275+00

6th Post-Con Monitoring Event
(41-months)

November 2016
(Post-Hurricane Matthew)

0+00 to 275+00
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A monitoring program was developed to assess the performance of the 2013 Sandbridge
maintenance project. The program, which is described in detail in Appendix D, includes
compilation of the beach profile data and analysis of the profile data to determine patterns of
volumetric and shoreline change. The results of the monitoring program are used to estimate the
remaining life of the fill within various regions of the project. The immediate post-nourishment
condition of the project is represented by the as-built survey completed in June 2013. The most
recent set of profile data, which was collected in November 2016, is used to assess the long-term
changes along the project shoreline that have occurred over the 3.4-year period since the 2013
renourishment project. Monitoring profiles were surveyed at 500 ft. intervals (referred to as
monitoring stations) along the beach from the bulkhead or dune offshore to a depth of
approximately -30 ft. NAVD88.
The Sandbridge project area is subdivided into five regions (A through E) based on observed
volumetric and shoreline changes within the limits of the project. The five regions are defined in
Table 3 below and begin at the southern end of Little Island Park (Station 0+00) and extend north
to the Fleet Combat Training Center at Dam Neck (Station 275+00)
Table 3. Summary of Sandbridge Project Regions
REGION

STATION

A

0+00 to 30+00

B

35+00 to 85+00

C

90+00 to 145+00

Angelfish Lane to Rock Lane

D

150+00 to 225+00

Rock Lane to Sandbridge Road

230+00 to 275+00

Sandbridge Road to the Fleet
Combat Training Center at Dam
Neck

E

DESCRIPTION
Southern end to Northern end of
Little Island Park
Northern end of Little Island Park
and Angelfish Lane

This report analyzes survey data collected during the most recent monitoring survey (November
2016) to quantify the performance of the project since June 2013 (referred to as the “long-term”
time period) and the recent 5-month period from June 2016 to November 2016 (referred to as
“recent” time period). Additionally, the long-term volume and linear shoreline change rates were
used to estimate the remaining design life of the project to assess the need for future
renourishment of the project shoreline and provide a forecast of when maintenance of the project
will be necessary. Design life refers to the amount of time remaining before the project design
template would be compromised due to erosion. Monitoring surveys are also used to identify
critical areas that have already eroded into the authorized design template. Figure 1 provides a
location map of the project area identifying the five regions and shows the approximate location
of the monitoring stations as they correspond to street locations along Sandbridge.
Comparative cross-sections of the nearshore zone (defined as the area above -8 feet NAVD88)
are provided in Appendix A. The comparative plots show the authorized template, the postnourishment (June 2013) condition, the June 2016 and the November 2016 conditions for each
monitoring station. These plots are used to evaluate changes along the beach within the direct
placement area (Stations 0+00 to 275+00). Comparative cross-sections of the offshore zone
across the entire active profile (defined as having a seaward limit -16 ft. NAVD88) are provided in
Appendix B for the same stations presented in Appendix A.
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Notable Events
Numerous natural and man-made factors can alter the “typical” hydrodynamic conditions along
the beach, either at a localized point or along the entire project area. Major storm events
(nor’easters or hurricanes) can drastically alter the wind and wave conditions for a short duration,
but the results can be documented along the beach for a long period of time. Additionally, local
waterfront projects can impart both a long-term and short-term signature on the shoreline via
altered coastal processes. Local construction projects, including ocean outfalls and beach
renourishment adjacent to the Sandbridge project area can also result in shoreline change
documented at localized points in the project area. Table 4 provides a list of notable events that
have occurred during this monitoring period and if applicable, will be referred to throughout the
report.
Table 4. Notable Events that occurred between June 2016 and November 2016
DREDGING/BEACH NOURISHMENT PROJECTS
Local Renourishment
Project

Time Period

Dredging/
Placement Area

Dredging/
Placement Volume
(CY)

N/A

N/A

N/A

N/A

Note: Reported volumes were not included in the analysis and are for informational purposes only.
WEATHER EVENTS
Event

Time Period
rd

Comments
th

Tropical Storm Hermine

Sept. 3 & Sept. 4
, 2016

Hurricane Matthew

Oct. 9th & Oct 10th,
2016

The project area was impacted by avg. wave
heights of 9.5 ft. with a max. height of 16.4 ft.
and an avg. period of 11 sec and a max
period of 12.5 sec. during the week-long
event.
The project area was impacted by avg. wave
heights of 10 ft. with a max. height of 15.1 ft.
and an avg. period of 11 sec and a max
period of 12.5 sec. during the week-long
event.

WATERFRONT PROJECTS
Project

Time Period

Comments

N/A

N/A

There were no local construction projects in
the vicinity of Sandbridge during this
monitoring period
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RESULTS & ANALYSIS
The official fill volume placed during the 2013 maintenance project was approximately 2.2 million
cubic yards. The fill volume computed using the 500-foot intervals differed slightly from this official
pay volume, however, the measured volume using the 500-foot profile intervals was used to
determine percentages of fill placed and the percentages of fill remaining in each region. The
volume of fill above -8 ft. NAVD88 estimated using the 500-foot monitoring profiles was
2,177,806 CY. The entire fill was placed in front of the design template as advanced fill.
The average fill volume for the project was 78.5 cy/ft. Figure 2 provides the fill density (cy/ft.)
for each monitoring profile along the project area. The fill volume varied along Sandbridge and in
general the smaller fill volumes were at the ends of the project. A summary of the average fill
density and volume placed within each region and above the -8 ft. NAVD88 contour is provided
in Table 5.
Table 5. Summary of 2013 Fill Volumes Placed Above -8 ft. NAVD88(1)
PARAMETERS

Region A Region B Region C Region D
(0+00 (35+00 (90+00 - (150+00 30+00)
85+00)
145+00)
225+00)

Region E
(230+00 275+00)

PROJECT

Above -8 ft. NAVD88
Average
Density
(cy/ft.)

64.0

77.4

85.4

87.4

67.4

78.5

Volume
(CY)

200,600

425,900

509,000

699,800

342,500

2,177,800

Percentage of
Total Volume

9%

20%

23%

32%

16%

100%

(1)Based

on comparison of profile survey data.
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Volumetric Analysis
A volumetric analysis of the survey data collected during the November 2016 monitoring event
was conducted to assess the recent and long-term volume changes along the project shoreline.
The recent changes were computed between the June 2016 and November 2016 surveys while
the long-term changes were computed between June 2013 and November 2016. The analysis
calculated the volume changes at each monitoring station above the MLW (-2.2 ft. NAVD88), -8
ft. NAVD88, and -16 ft. NAVD88 contours. Table 6 provides a summary of the recent and longterm average annual volumetric rates for the changes above the MLW, -8 ft., and -16 ft. contours
(referenced to NAVD88) within each region and an overall project average. It is important to note
that the recent rates are much higher than the average long-term rates due to the impacts from
Tropical Storm Hermine (Sept. 2016) and Hurricane Matthew (Oct. 2016) that affected the area
prior the recent monitoring event.
Table 6. Summary of Recent and Long-Term Volumetric Change Rates
Region A
Region B
Region C
Region D
Region E
Project
Average
(0+00 (35+00 (90+00 (150+00 (230+00 Area
Rates
30+00)
85+00)
145+00)
225+00)
275+00)
Recent Rate (cy/ft./yr.) – June 2016 to November 2016
Above MLW

-17.4

-18.3

-13.9

-14.2

-8.9

-14.4

Above -8 ft.
NAVD88

-39.3

-34.9

-30.6

-34.5

-14.6

-30.8

Above -16 ft.
NAVD88

-22.4

-15.4

-10.6

-11.6

11.7

-9.3

Long-Term Rate (cy/ft./yr.) – June 2013 to November 2016
Above MLW

-6.5

-6.3

-8.4

-7.5

-5.8

-7.0

Above -8 ft.
NAVD88

-10.4

-9.2

-12.6

-11.8

-8.8

-10.7

Above -16 ft.
NAVD88

-8.2

-3.0

-8.3

-6.4

-2.0

-5.6
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Volume Changes above -8 ft. NAVD88
The net change in the volume of fill on each profile between the June 2013 Post-nourishment
survey, the June 2016 survey, and the November 2016 survey were calculated to a depth of -8 ft.
NAVD88 at all monitoring stations. The rates calculated above -8 ft. NAVD88 reflect changes
along the beach that generally correlate to the point on the profile above which fill was directly
placed at the time of construction. This is also the seaward extent of the design template and
therefore is the deepest common elevation used to determine design life estimates based on the
volume changes between the post-nourishment survey and the monitoring survey.
Recent Time Period. The recent changes (June 2016 to November 2016) show that the entire
project area lost approximately 351,400 CY above the -8 ft. NAVD88 contour. This translates to
a loss of 12.8 cy/ft. (erosion) over the entire project area which is equivalent to an annual rate of
-30.8 cy/ft./yr. Region A experienced the highest rate of erosion over the recent 5 months
averaging 39.3 cy/ft./yr. The erosion rates in Regions B, C, and D were slightly less with averages
of 34.9 cy/ft./yr., 30.6 cy/ft./yr., and 34.5 cy/ft./yr., respectively. Region E had the lowest rate of
erosion measuring an average 14.6 cy/ft./yr. over the 5-month period. Of the 56 profiles surveyed,
net losses occurred along approximately 91% of the profiles whereas a net gain was measured
along 9%.
Long-Term Time Period. As of November 2016, the average volumetric erosion rate for the
project is -10.7 cy/ft./yr. This average erosion rate represents an increase from -8.0 cy/ft./yr., the
long-term erosion rate calculated based on the June 2016 monitoring data. As mentioned above,
the total volume change along the entire project above the -8 NAVD88 contour between June
2016 and November 2016 was a loss of approximately 351,400 cubic yards. Combined with
losses reported during earlier monitoring events, this represents a net volume loss of
approximately 1,011,300 CY or 46% of the fill placed above -8 ft. NAVD88. This is an increase
in the total volume reported from the June 2016 monitoring of approximately 660,000 cubic yards.
As of November 2016, approximately 1,166,500 CY of material or 54% of the fill that was placed
in 2013 above -8 ft. NAVD88 remains in place.
Figure 3 shows that the volume change rates along the project area are variable and generally
range between -3 cy/ft./yr. and -22 cy/ft./yr. Region C has the highest average rate of erosion
since the 2013 construction at -12.6 cy/ft./yr. The southernmost regions exhibit slightly lower
rates of -10.4 cy/ft./yr. (Region A) and -9.2 cy/ft./yr. (Region B). The most stable condition with
the lowest annualized erosion rate of -8.8 cy/ft./yr. occurred along Region E, the northernmost
shoreline segment (Table 6).
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The November 2016 monitoring event revealed the project area experienced high rates of erosion
above the -8.0 ft. NAVD88 contour. These high rates were likely a result of the effects of Tropical
Storm Hermine (September 2016) and Hurricane Matthew (October 2016) impacting the project
shoreline prior to the November 2016 monitoring event. An examination of the profile plots in
Appendix A reveals that material lost from the upper part of the profile was redistributed to deeper
portions of the profile. This redistribution of material from the upper portion of the profile to the
deeper portion is a normal beach profile response to storms. Multiple profile plots in Appendix A
show increased deposition on the deeper portion of the profiles along with the formation of an
offshore bar feature typically seen following a significant storm event.
Similarly, it is a common response to see recovery following a storm event where the sediment
displaced seaward migrates landward into the higher profile portions. Material is carried up the
profile by lower energy waves, as compared to the storm waves, which would be present during
typical weather conditions. This redistribution of material offshore during high energy periods and
migration back onshore during lower energy periods can also occur based on seasonal variations
in wave energy. On average, fall and winter months tend to be higher energy months, whereas
relatively lower energy conditions are more prevalent in spring and summer months. Figure 4 is
included below to provide additional description of the recovery process.
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Figure 4. Typical Recovery Signature after Significant Storm Impacts.
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Volume Changes above MLW
Recent Time Period. The volume change calculated above MLW between June 2016 and
November 2016 show an average change of -6.0 cy/ft. (erosion) or approximately -163,000 cubic
yards. This correlates to an annualized rate of -14.4 cy/ft./yr. A review of the changes at each
profile shows that net losses occurred along approximately 89% of the 56 monitoring profiles
along the project; similar to the changes above -8 ft. NAVD88. Regions A and B experienced the
highest rates of erosion over the recent 5-month period with average losses of 7.3 cy/ft. and 7.6
cy/ft., respectively. The erosion rates in Regions C, D, and E were slightly less (Table 6) with
average losses of 5.8 cy/ft., 5.9 cy/ft., and 3.7 cy/ft., respectively. Figure 5 shows the change
rates (cy/ft./yr.) calculated above MLW for each station during the recent period.
Long-Term Time Period. The long-term changes above MLW for the project area maintained an
erosional trend averaging a loss of -24.0 cy/ft., equivalent to a rate of -7.0 cy/ft./yr. over the 3.4year monitoring period. This represents an increase from the rate reported through June 2016
(-6.0 cy/ft./yr.). The highest rate of erosion occurred in the central portion of the project (Region
C) where the rate was -8.4 cy/ft./yr. Regions A, B, and E exhibited the lowest erosion rates,
ranging from -6.5 cy/ft./yr. (Region A) to -5.8 cy/ft./yr. (Region E). The results show the project
area, above MLW, has lost approximately 660,200 CY (51%) and as of November 2016, has
a total volume remaining of approximately 628,400 CY, or 49% of what was placed in June
2013. The long-term volume change rates calculated above MLW at each monitoring station are
provided in Figure 6 in units of cy/ft./yr.
Volume Changes above -16 ft. NAVD88
Recent Time Period. The analysis of the recent changes above -16 ft. NAVD88 showed the
average trend was erosional at a rate of -9.3 cy/ft./yr. and was the lowest in comparison to the
changes above MLW and -8 ft. NAVD88 during the 5-month period. Losses were measured along
38 of the 56 profiles or approximately 68% of the project and were highest in Regions A and B
(Table 6). Region E was the only region to experience a net gain. The analysis calculated a net
volume loss of approximately 163,200 CY above -16 ft. NAVD88 during this five-month period.
The recent volume change rates (cy/ft./yr.) calculated above -16 ft. NAVD88 at each monitoring
station are provided in Figure 5.
Long-Term Time Period. The trend of erosion in the long-term rate above -16 ft. NAVD88
increased slightly from June 2016 (-5.0 cy/ft./yr.), but continues to be erosional with an average
erosion rate of 5.6 cy/ft./yr. for the 41-month period. The analysis shows that Regions B and E
were the most stable with rates of -3.0 cy/ft./yr. and -2.0 cy/ft./yr., respectively. The long-term
rates of erosion were the highest in the southern and central sections (Regions A and C) as shown
in Table 6. The results of the volumetric analysis show a cumulative loss of 521,100 CY
(24%) in the volume of material calculated above -16 ft. NAVD88 in June 2013 and a total
volume remaining of approximately 1,674,000 CY, or 76% of what was calculated in June
2013. The long-term volume change rates (cy/ft./yr.) calculated above -16 ft. NAVD88 at each
monitoring station are provided in Figure 6.

11

Linear Shoreline Change Analysis
The November 2016 positions of the berm (+5.2 ft. NAVD88), MHW (+1.3 ft. NAVD88), and
foreshore were analyzed to assess the recent and long-term changes since the June 2016
monitoring survey and the completion of the project in June 2013 (Post-nourishment). The recent
trends in the berm, MHW, and foreshore rates are much higher than the average long-term rates
due to the impacts from Tropical Storm Hermine (Sept. 2016) and Hurricane Matthew (Oct. 2016)
that affected the area prior the recent monitoring event. A summary of the recent and long-term
average annualized shoreline change rates computed for the berm, MHW, foreshore, and an
overall project average for each region are provided in Table 7.
Berm Contour Change
Recent Time Period. During the past 5 months (June 2016 to November 2016), the position of
the berm elevation contour migrated landward an average distance of 13.9 ft. along the entire
project. This represents an average annual recession rate of -33.4 ft./yr.; however, there was
considerable variation in the rate of change from region to region and even from station to station.
All regions experienced shoreline recession (landward movement) at the berm elevation contour,
however, the recession of the berm position was less pronounced along Regions A, C, and E with
average changes of -10 ft., -12.3 ft., and -9.0 ft., respectively, over the past 5 months. The position
change measured along Region D averaged -15.1 ft. and the most change, -20.8 ft. on average,
was measured along Region B. Figure 7 shows the linear change along each station during the
recent 5-month monitoring period.
Table 7. Summary of Recent and Long-Term Shoreline Change Rates
Region A
Region B
Region C
Region D
Region E
Average
Project
(0+00 (35+00 (90+00 (150+00 (230+00 Rates
Area
30+00)
85+00)
145+00)
225+00)
275+00)
Recent Rate (ft./yr.) – June 2016 to November 2016
Berm
(+5.2 ft.
NAVD88)
MHW
(+1.3 ft.
NAVD88)
Foreshore

-23.9

-50.0

-29.5

-36.3

-21.7

-33.4

-63.0

-65.3

-71.5

-48.4

-38.2

-56.7

-60.3

-62.8

-63.8

-49.9

-38.9

-54.8

Long-Term Rate (ft./yr.) – June 2013 to November 2016
Berm
(+5.2 ft.
NAVD88)
MHW
(+1.3 ft.
NAVD88)
Foreshore

-9.5

-12.1

-17.0

-12.2

-7.3

-12.0

-24.3

-28.1

-35.2

-30.2

-27.9

-29.7

-20.3

-23.4

-29.9

-24.9

-21.5

-24.5
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Long-Term Time Period. The average long-term berm change rate was calculated to be -12.0
ft./yr. (landward movement) relative to the June 2013 maintenance event. Region E has the
lowest rate of change since construction averaging -7.3 ft./yr. (landward). Region C has the
highest rate of change with an average of -17.0 ft./yr. (landward). The average berm contour
change rate since construction for Regions A, B, and D are consistent with the overall average
rate (Table 7). A comparison of the average berm positions between June 2013 and
November 2016 shows an average width of 157.5 ft. or 79% remaining seaward of the
template at the berm elevation. The long-term annualized change rates at the berm contour
calculated for each station are shown in Figure 8.
MHW Contour Change
Recent Time Period. The analysis of the MHW position changes showed the overall average
position of the MHW contour experienced the most change with a mean retreat of 23.6 ft.
(landward movement) or a rate of -56.7 ft./yr. when annualized. This rate is considered to be
inordinately high due to the impacts of the two storms mentioned previously. The rate is expected
to moderate as the profiles recover from the storm impacts. Region B experienced the greatest
retreat of the MHW contour migrating landward an average distance of 20.8 ft., or at an
annual rate -50.0 ft./yr. Regions A and E experienced the lowest rates of recession, while the
MHW position along Regions C and D migrated landward at comparable rates (Table 7). Figure
7 shows the recent MHW change rates (ft./yr.) at each station along the project during the recent
monitoring period.
Long-Term Time Period. The average MHW recession since construction for the entire project is
101.5 ft. which is equivalent to a rate of -29.7 ft./yr. Regions A and E have the lowest average
MHW recession rates since construction at -24.3 ft./yr. and -27.9 ft./yr., respectively. Region C
has the highest average rate of recession at -35.2 ft./yr. Regions D and E have comparable
average MHW recession rates as shown in Table 7. Comparisons of the average MHW
positions between June 2013 (Post-Nourishment) and November 2016 show that the
project has an average width of 111.9 ft. or 52% remaining seaward of the design template.
The long-term linear change rates (ft./yr.) of the MHW position at each station along the project
are shown in Figure 8.
MHW Shoreline Positions. A plan view of the MHW shoreline positions across the entire project
area with respect to the design template and the Post-nourishment (June 2013), June 2016, and
November 2016 surveys, all relative to the construction baseline, are shown Figure 10. A
comparison of the MHW shorelines shows that the project is generally eroding at a uniform rate
and Region C continues to support the widest beach with respect to the MHW contour. Figure 10
also shows that the position of the MHW contour has receded landward of the design template at
the two (2) southernmost profiles (Stations 0+00 and 5+00). The plan view plot also shows the
position of the November 2016 MHW contour has receded to a width of less than 100 ft. seaward
of the template along Region B and the southern half of Region D (Station 150+00 to Station
190+00).
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Foreshore Change
Recent Time Period. The analysis shows the foreshore migrated landward an average distance
of 22.8 ft. during the recent period. Expressing this rate in an annualized format correlates to an
approximate annual average of -54.8 ft./yr. (landward). The recent recession rates are much
higher than the long-term rates which is a result of the recent impacts from Tropical Storm
Hermine and Hurricane Matthew. These two storms moved much of the material from the upper
part of the profile and redistributed it to deeper portions of the profile. This redistribution of
material from the upper portion of the profile to the deeper portion is a normal beach profile
response to storms. A review of the beach profiles in Appendix A shows increased deposition on
the deeper portion of the profiles along with the formation of an offshore bar feature. The highest
average recession rates occurred in Regions A, B, and C, the central and southern regions of the
project. The average recession rate within Region C was the highest at -63.8 ft./yr. The lowest
foreshore recession rate of -38.9 ft./yr. was observed in Region E The recent foreshore change
rates for each region are provided in Table 7. The recent annualized foreshore change rates
(ft./yr.) calculated at each monitoring station are shown in Figure 9.
Long-Term Time Period. The average foreshore position throughout the project area has
migrated landward an average of 83.7 ft. since the project was constructed in June 2013 (Postnourishment). This is equivalent to an annualized rate of -24.5 ft./yr. A comparison to the previous
long-term rate of -20.3 ft./.yr., calculated between June 2013 (Post-nourishment) and June 2016,
indicates the long-term rate, calculated through November 2016, has increased slightly due to the
changes associated with the two storms. An evaluation of June 2013 (Post-nourishment) and
November 2016 foreshore positions show that the average foreshore is 120.8 ft. seaward
of the authorized design template, equivalent to 59% of the remaining foreshore width. The
recession rates are similar to the change in the MHW position with the lowest observed in Regions
A and E, while Region C has the highest rate of recession (Table 7). The long-term annualized
foreshore change rates (ft./yr.) at each monitoring station are shown in Figure 9.
Foreshore Shoreline Positions. A plan view of the foreshore locations across the entire project
area with respect to the design template and the Post-nourishment (June 2013), June 2016, and
November 2016 surveys, all relative to the construction baseline, are shown Figure 11. The
progression of the foreshore in Figure 11 generally correspond with trends observed in the
changes of the MHW shorelines in Figure 10.
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SUMMARY OF RESULTS
Recent Volume Changes
Volume changes calculated from the two most recent monitoring surveys, June 2016 and
November 2016, show average volume losses of 6.0 cy/ft., 12.8 cy/ft., and 3.9 cy/ft. above the
MLW, -8 ft. NAVD88, and -16 ft. NAVD88 contours, respectively (See Table 6 for recent rates).
The erosion measured between June 2016 and November 2016 were influenced by the impacts
from Tropical Storm Hermine (Sept. 2016) and Hurricane Matthew (Oct. 2016) which impacted
the area prior to the November 2016 monitoring survey. In this regard, a review of the profile plots
in Appendix A show losses on the upper portion of the profiles and increased deposition on the
deeper portion of the profiles along with the formation of an offshore bar feature. The recent
changes indicated erosion above all contours analyzed with largest losses above -8 ft. NAVD88
(351,400 CY) and lesser comparable losses above MLW (163,100 CY) and -16 ft. NAVD88
(104,700 CY).
Long Term Volume Changes
The project has experienced net erosion above all contours analyzed for all regions since its
completion in June 2013. The results show the long-term rate of erosion to be highest above -8
ft. NAVD88 (-10.7 cy/ft./yr.) and slightly lower rates above MLW (-7.0 cy/ft./yr.) and -16 ft. NAVD88
(-5.6 cy/ft./yr.), as provided in Table 6. The highest rates of erosion occurred in the central portion
of the project within Region C for all contours analyzed, whereas Region E, the northernmost
region, has the lowest erosion rates for all contours (Table 6). The highest volume loss
throughout the entire fill area was estimated above -8 ft. NAVD88 at 1,011,300 CY or a loss
of roughly 46% of the fill placed during the June 2013 maintenance event. The volume
losses above MLW and -16 ft. NAVD88 were approximately 660,200 CY and 521,100 CY, or
equivalent losses of 51% and 24%, respectively, relative to the 2013 Post-nourishment volumes.
Recent Linear Changes
The recent changes in the MHW, berm, and foreshore positions analyzed during the recent
monitoring period were highly influenced by the impacts caused by Tropical Storm Hermine in
September 2016 and Hurricane Matthew in October 2016. The impacts from these storm events
contributed to the landward migration of the berm (13.9 ft.), MHW (23.6 ft.), and foreshore (22.8
ft.) contours along the entire project area. These landward migrations represent average rates of
-33.4 ft./yr., -56.7 ft./yr., and -54.8 ft./yr., respectively (Table 7). The greatest recession occurred
in Region B (20.8 ft.) at the berm contour, Region C (29.8 ft.) at MHW, and Region C (26.6 ft.) in
the foreshore. These rates are considered to be inordinately high due to the impacts from the
storm events. The rates are expected to moderate as the beach recovers. The recent berm and
MHW change rates calculated at each station along the project are shown in Figure 7. The recent
foreshore change rates at each station are shown in Figure 9.
Long-Term Linear Changes
The long-term analysis of the berm, MHW, and foreshore changes over the 3.4-year period
showed that rates have continued to be recessional and with a slight increase over rates last
reported. In this regard, the MHW contour has experienced the highest rate of recession at -29.7
ft./yr. over the course of the project and the berm contour has the lowest rate at -12.0 ft./yr. The
increase in the long-term rates are attributable to the landward migration of the contours
measured during the recent period contributed to by the impacts from Tropical Storm Hermine
and Hurricane Matthew. As with the volumetric analysis, Region C (central section) exhibited the
highest recession rates while the northernmost region, Region E, exhibited the lowest rates of
22

recession for all contours analyzed as provided in Table 7. The long-term berm and MHW change
rates calculated at each station along the project are shown in Figure 8. The long-term foreshore
change rates at each station are shown in Figure 9.
Project Remaining (Seaward of the Design Template)
The volume of fill and beach width in excess of the design template determines the quantities of
the constructed project that are remaining as of November 2016. The remaining fill volumes were
calculated based on the volume of material seaward of the design template and above MLW and
-8 ft. NAVD88. The shoreline width remaining relative to the design template was determined
based on the position of the MHW contour and foreshore locations measured in November 2016.
The values in Table 8 and Table 9 present the initial volumes and shoreline widths relative to the
design template based on the Post-nourishment (June 2013) conditions and the calculated
volumes and shoreline widths remaining relative to the design template in November 2016.
Based on the Volumetric Analysis
As of November 2016, the analysis calculated an average fill volume remaining of 68.5 cy/ft. or
76% of the fill placed in 2013 fill above -8 ft. NAVD88 relative to the design template. The average
volume remaining above MLW was 60.1 cy/ft. or 77% of the 2013 fill placed within the project
area relative to the design template. The results indicate that the most erosion has occurred
above MLW and -8 ft. NAVD88 in Region A (southernmost region) with volumes remaining
seaward of the design template equivalent to 46% and 34% respectively, as shown in Table
8. Regions C and E have the most volume remaining above the MLW and -8 ft. NAVD88 contours
relative to the Post-nourishment volumes.
Table 8. Summary of Design Volume Remaining
REGION

A
B
C
D

Initial Volume To
Design

Volume To Design
(November 2016)

Above MLW (-2.2 ft. NAVD88) (cy/ft.)
42.4
19.7
68.4
48.5
98.5
85.0
74.0
54.8

Percent Remaining
(%)
46%
71%
86%
74%

E

94.3

79.8

85%

PROJECT

77.8

60.1

77%

Above -8 ft. NAVD88 (cy/ft.)
A

53.6

18.5

34%

B

80.8

55.4

69%

C

111.0

96.9

87%

D

86.5

63.4

73%

E

106.8

92.1

86%

PROJECT

90.1

68.5

76%
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Based on the Linear Shoreline Analysis
The MHW and foreshore changes for the entire project shoreline have average shoreline widths
remaining seaward of the design template of 111.9 ft. and 120.8 ft., respectively, as of November
2016. The results indicate that the project has on average 52% of the beach width at the
MHW contour remaining and 59% of the foreshore width remaining seaward of the design
template. The highest losses have occurred in Region A, the southernmost shoreline of the
project, with average MHW and foreshore widths remaining seaward of the design template of
28.0 ft. and 37.3 ft., respectively. The widest shoreline sections relative to the design template
are found along Regions C and E as shown in Table 9. The position of both the MHW contour
and foreshore have receded to an average width remaining of less than 100 ft. along Region B
and the southern half of Region D (Station 150+00 to Station 190+00) as of November 2016. This
can be seen in the plan view plots of the MHW shorelines and foreshore positions in Figure 10
and Figure 11.
Table 9. Summary of Design Shoreline Remaining
REGION

A
B
C
D

Initial Shoreline To
Design

Shoreline To Design
(November 2016)

MHW (+1.3 ft. NAVD88) Contour (ft.)
111.0
28.0
180.5
84.5
283.1
163.0
205.3
102.0

Percent Remaining
(%)
25%
47%
58%
50%

E

250.3

155.1

62%

PROJECT

213.4

111.9

52%

Foreshore (ft.)
A

106.8

37.3

35%

B

174.1

94.2

54%

C

273.6

171.5

63%

D

195.4

110.4

56%

E

237.6

164.2

69%

PROJECT

204.5

120.8

59%
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Remaining Design Life
The remaining design life for the project was estimated to forecast how much time remains before
the design template is impacted by erosion and when the next maintenance project would need
to be constructed to prevent the design template from being compromised. The design life
estimates were determined by dividing the fill volume and shoreline width that remains seaward
of the template by the long-term volumetric and linear shoreline change rates (Table 6 and Table
7) based on the November 2016 monitoring data.
Based on the Volumetric Analysis
The analysis of the volumetric changes for the entire project area estimated that the project has
an average of 8.6 years remaining considering the changes above MLW and an average of 6.4
years remaining when considering the changes above -8 ft. NAVD88 (Table 10). The analysis
estimated that Region A has the shortest estimated design life for both the changes above
MLW and -8 ft. NAVD88 of 3.1 years and 1.8 years, respectively. The longest design life
calculated above both MLW and -8 ft. NAVD88 was estimated for Region E to be 13.9 years and
10.5 years, respectively.
Table 10. Summary of Volume Change Analysis (Post-Fill to November 2016)
Region A Region B
Region C
Region D
Region E
Project
(0+00 (35+00 (90+00 (150+00 (230+00 Parameters
Average
30+00)
85+00)
145+00)
225+00)
275+00)
Above MLW (-2.2 ft. NAVD88)
Long-term
Rate
-6.5
-6.3
-8.4
-7.5
-5.8
-7.0
(cy/ft./yr.)
Volume to
Design
19.7
48.5
85.0
54.8
79.8
60.1
(cy/ft.)
Years to
3.1
7.7
10.1
7.3
13.9
8.6
Design
Above -8 ft. NAVD88
Long-term
Rate
-10.4
-9.2
-12.6
-11.8
-8.8
-10.7
(cy/ft./yr.)
Volume to
Design
18.5
55.4
96.9
63.4
92.1
68.5
(cy/ft.)
Years to
1.8
6.0
7.7
5.4
10.5
6.4
Design
Based on the Linear Shoreline Analysis
The analysis of the MHW and foreshore changes along the entire project area computed average
remaining design life estimates of approximately 3.8 years and 4.9 years, respectively. Similar
to the design life estimates calculated based on the volumetric changes both the MHW and
foreshore changes were consistent in indicating that Region A has the shortest remaining
design (Table 11). The linear analysis also shows that for both the MHW and foreshore position
changes Region E has the longest design life at 5.6 years and 7.6 years, respectively.
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Table 11. Summary of Linear Change Analysis (Post-Fill to November 2016)
Region A Region B
Region C
Region D
Region E
Project
(0+00 (35+00 (90+00 (150+00 (230+00 Parameters
Average
30+00)
85+00)
145+00)
225+00)
275+00)
MHW Position (+1.3 ft. NAVD88)
Long-term
-24.3
-28.1
-35.2
-30.2
-27.9
-29.7
Rate (ft./yr.)
Width to
Design
28.0
84.5
163.0
102.0
155.1
111.9
(ft.)
Years to
1.2
3.0
4.6
3.4
5.6
3.8
Design
Foreshore Position
Long-term
-20.3
-23.4
-29.9
-24.9
-21.5
-24.5
Rate (ft./yr.)
Width to
Design
37.3
94.2
171.5
110.4
164.2
120.8
(ft.)
Years to
1.8
4.0
5.7
4.4
7.6
4.9
Design
Table 12 presents a summary of the estimated remaining design life based on the volumetric and
linear shoreline changes for each shoreline region and the entire project until the project is
forecast to erode into the design template. The summary of the design life estimates show relative
consistency in the trend of yearly estimates between the regions based on the shoreline and
volume changes.
Table 12. Summary of Design Life Estimates (Post-Fill to November 2016)
Parameters

Region A
(0+00 30+00)

Region B
(35+00 85+00)

Region C
(90+00 145+00)

Region D
(150+00 225+00)

Region E
(230+00 275+00)

Project
Average

Estimated Design Life Remaining (years)
Based on Volume
Above MLW

3.1

7.7

10.1

7.3

13.9

8.6

Based on Volume
Above -8 ft. NAVD88

1.8

6.0

7.7

5.4

10.5

6.4

Based on MHW
Changes

1.2

3.0

4.6

3.4

5.6

3.8

Based on Foreshore
Changes

1.8

4.0

5.7

4.4

7.6

4.9

Critical Areas
Based on the November 2016 conditions, the shoreline and volume changes indicate that Region
A (Stations 0+00 to 30+00) located along the southernmost region of the project has experienced
the most erosion since the 2013 renourishment. Region A has the least volume and shoreline
width remaining seaward of the design template (Table 8 and Table 9) and the shortest design
life (Table 12) base on all parameters analyzed. This can be seen in the plan view plots of the
MHW shorelines and foreshore positions in Figure 10 and Figure 11. Furthermore, this area
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received the least amount of fill during the 2013 nourishment project (Table 5) and had several
profiles that were eroded landward of the design template prior to the 2013 project being
constructed. As of November 2016, the three (3) southernmost profiles within Region A (Stations
0+00 to 10+00) have some portion of the profile that has eroded into the design template. The
erosion at these three profiles has resulted in a volume deficit landward of the design template of
approximately 12,500 CY. The recent changes show an increase in erosion in this area from
June 2016 to November 2016. Based on the eroded condition of the shoreline and the longterm erosion rates and shoreline recession rates (Table 6 and Table 7) affecting the area,
the design template in Region A remains the most susceptible to being impacted by
erosion within the project area.

CONCLUSIONS
The results of the long-term linear shoreline and volumetric analysis indicate that the overall
change throughout the project area has remained erosional since the completion of the
renourishment project in 2013; however, the recent changes have shown an increase in the
general trend over the life of the fill primarily due to the impacts of Tropical Storm Hermine
(September 2016) and Hurricane Matthew (October 2016). The impacts of these two storms was
captured by the changes computed over the recent 5-month period from June 2016 to November
2016. As shown on the profiles provided in Appendices A and B, these two storms moved material
from the upper portion of the profile and deposited it in the deeper portion of the profile along a
significant portion of the project. The redistribution of the material also resulted in the formation
of an offshore bar. This is a typical beach profile response seen following storm events.
Subsequently, the material displaced seaward is expected to migrate back onshore during low
wave energy periods.
The long-term volumetric changes indicate, as of November 2016, all regions have a net positive
volume of fill seaward of the design template. In this regard, the average remaining design life
throughout the project area for the changes above MLW and -8 ft. NAVD88 range from 8.6 years
to 6.4 years, respectively.
The long-term linear analysis indicates that as of November 2016 the average berm, MHW, and
foreshore positions remain seaward of the authorized design template. Based on the analysis of
average MHW and foreshore position changes along the entire project area, the estimates of
remaining design life indicate a timeframe of approximately 3.8 to 4.9 years, respectively, before
the design template may be impacted by erosion.
The estimates for the design life remaining based on all linear and volumetric parameters
analyzed indicate that Region A (southern region) has the fewest number of years remaining,
ranging from 1.2 to 3.1 years, while Region E (northern region) has the most number of years
remaining, ranging from 5.6 to 13.9 years before the design template may be impacted by erosion.
Based on the November 2016 conditions, the MHW shoreline change rates will govern
when the next maintenance event would need to be performed to prevent the design
template from being impacted by erosion. The June 2013 maintenance project has
approximately 1.2 years of remaining design life when considering the changes within
each region, or 3.8 years when evaluating the project area in its entirety.
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Appendix A

Comparative Nearshore
Profile Plots for Monitoring
Stations

Appendix B

Comparative Offshore
Profile Plots for Monitoring
Stations

Appendix C

Datum Comparison
And
Survey Control

Sandbridge Baseline Control (HARN)
Station
Easting (ft)
Northing (ft)
0+00
12,239,152.88
3,420,298.64
5+00
12,238,959.98
3,420,760.85
10+00
12,238,767.08
3,421,223.05
15+00
12,238,577.20
3,421,686.32
20+00
12,238,392.80
3,422,151.50
25+00
12,238,208.40
3,422,616.69
30+00
12,238,024.00
3,423,081.87
35+00
12,237,839.60
3,423,547.06
40+00
12,237,660.90
3,424,014.24
45+00
12,237,493.54
3,424,485.40
50+00
12,237,326.18
3,424,956.56
55+00
12,237,158.81
3,425,427.73
60+00
12,236,991.52
3,425,898.91
65+00
12,236,824.27
3,426,370.11
70+00
12,236,657.01
3,426,841.31
75+00
12,236,489.76
3,427,312.51
80+00
12,236,322.51
3,427,783.71
85+00
12,236,148.72
3,428,252.62
90+00
12,235,981.86
3,428,723.96
95+00
12,235,815.00
3,429,195.30
100+00
12,235,648.14
3,429,666.64
105+00
12,235,484.41
3,430,139.07
110+00
12,235,326.44
3,430,613.53
115+00
12,235,163.59
3,431,086.28
120+00
12,235,052.12
3,431,577.04
125+00
12,234,895.27
3,432,051.90
130+00
12,234,738.43
3,432,526.75
135+00
12,234,581.58
3,433,001.60
140+00
12,234,424.73
3,433,476.45
145+00
12,234,289.21
3,433,958.78
150+00
12,234,132.56
3,434,433.70
155+00
12,233,972.42
3,434,907.40
160+00
12,233,812.28
3,435,381.09
165+00
12,233,652.14
3,435,854.79
170+00
12,233,492.00
3,436,328.48
175+00
12,233,331.86
3,436,802.18
180+00
12,233,165.58
3,437,273.72
185+00
12,233,000.96
3,437,745.84
190+00
12,232,838.70
3,438,218.79
195+00
12,232,676.43
3,438,691.74
200+00
12,232,514.16
3,439,164.69
205+00
12,232,351.64
3,439,637.55

Sandbridge Baseline Control (HARN)
Station
Easting (ft)
Northing (ft)
210+00
12,232,185.58
3,440,109.17
215+00
12,232,019.51
3,440,580.79
220+00
12,231,853.45
3,441,052.41
225+00
12,231,687.38
3,441,524.02
230+00
12,231,526.25
3,441,997.37
235+00
12,231,369.78
3,442,472.35
240+00
12,231,209.32
3,442,945.94
245+00
12,231,047.26
3,443,418.96
250+00
12,230,885.20
3,443,891.98
255+00
12,230,723.15
3,444,365.01
260+00
12,230,561.09
3,444,838.03
265+00
12,230,360.39
3,445,297.49
270+00
12,230,195.93
3,445,769.68
275+00
12,230,042.12
3,446,245.59
280+00
12,229,884.15
3,446,720.05

Appendix D

Methodology and Report
Conventions

PROJECT HISTORY
The most recent beach restoration at Sandbridge in Virginia Beach, Virginia was constructed
between the months of March and June 2013 as part of an ongoing beach erosion control project.
The southern limit of the restoration is located at Little Island Park and extends north
approximately 5.3 miles to the boundary of the Fleet Combat Training Center at Dam Neck. The
2013 restoration marks the fourth project constructed at Sandbridge for beach erosion control.
The first was a smaller project that was completed in July 1998, the second was constructed
between January and May 2003, and the third project was completed in September of 2007.
The project was separated into five primary regions, defined from south to north, as Regions A,
B, C, D and E. Region A begins at Little Island Park at the project’s southern limit and extends to
the fishing pier (Station 0+00 to Station 30+00). Region B begins at Station 35+00 near the fishing
pier, and includes shoreline to Molly Cooper Road, or Station 85+00. Region C includes Molly
Cooper Road to Rock Lane, or Stations 90+00 to 145+00. Region D is inclusive of shoreline
between Rock Lane and Sandbridge Road, or Stations 150+00 to 225+00. Region E covers the
northern project limits from Sandbridge Road to the Fleet Combat Training Center at Dam Neck
and includes Stations 230+00 to 275+00.
The project is federally authorized for a berm width of 50 ft. at an elevation of +5.2 ft. NAVD88
and a slope of 1:20 (V:H) to the existing beach profile. The 2013 restoration was designed much
larger than the authorization and was constructed with a berm elevation of +7.0 ft. NAVD88. In
order to be consistent with previous studies, the report analyses assumed the design template to
be the original template with a berm height of +5.2 ft. NAVD88. During the 2013 event,
approximately 2.2 million cubic yards of sand were dredged from an offshore borrow area and
placed on the beach in front of the design template as advanced fill.

PROJECT PERFORMANCE
Monitoring events, including topographic and bathymetric surveys from Rudee Inlet to Fort Story,
are conducted approximately semi-annually to assess project performance, current conditions
and estimate the design life remaining. The purpose of the monitoring is to develop a database
of the beach profiles associated with the 2013 Sandbridge, determine patterns of volumetric and
shoreline change, and provide an estimate of the remaining fill. Additionally, the long-term volume
and linear shoreline change rates are used to determine an estimate of the project’s remaining
lifespan to assess the need for future renourishment of the project shoreline. Changes in the
project that occurred between the two most recent surveys are also analyzed to assess the shortterm (recent) shoreline and volumetric changes.

METHODOLOGY
Survey Control
During the monitoring events conducted for both the “Big Beach” and Sandbridge projects
between 2002 and 2009, it was specified that “the horizontal and vertical survey datum shall
correspond to those previously established by the Corps of Engineers." At the time, the horizontal
was based upon NAD 1983/1986 and the vertical datum was NGVD. Starting with the monitoring
event for Fall 2009, the City decided to update the control to current City horizontal standards,
which were NAD 1983/1993 (US Survey Feet) with the HARN adjustment. To maintain
consistency with past reports, the appropriate datum shifts were taken into account in the
volumetric analyses provided in the monitoring reports starting with the Fall 2009 surveys.

Volume Change
The volumetric analysis calculated the volume change and rate of change at each profile to
assess the recent and long-term changes above the -2.2 ft. (MLW), -8 ft., and -16 ft. contours
(Referenced to NAVD88). The recent volume changes were evaluated between the June 2016
and November 2016 monitoring surveys events (5-months); whereas the long-term changes were
calculated between the Post-nourishment survey following the completion of the 2013 project and
the November 2016 monitoring event (41-months). Total volume change across the project area
was calculated using the average end area method. The volume rate of change calculated at
each monitoring station was also normalized to an annual rate used to evaluate spatial changes.
The volume between the design template and the November 2016 profile was calculated for each
station. The normalized annual rate was applied to the existing volume in excess of the design
template to estimate the time remaining before the volume reached the minimum project design.
Linear Shoreline Change
Berm Change
The seaward-most position of the +5.2 ft. NAVD88 contour (authorized design berm elevation)
was tracked to determine the rate of change in the seaward position of the berm crest. The berm
change rate was estimated by calculating the difference between the positions of the +5.2 ft.
NAVD88 contour post-fill (June 2013) and the most recent monitoring survey performed in
November 2016. The rate was also normalized to a per year magnitude. The normalized rate of
shoreline change was applied to the remaining distance between the seaward position of the +5.2
ft. contour on the authorized design template and the most recent survey to obtain an estimate of
the time remaining until the existing berm erodes into the authorized project design. Change in
the +5.2 ft. NAVD88 contour was also calculated between the June 2016 and the November 2016
surveys to compare berm changes during the most recent surveys.
Mean High Water (MHW) Shoreline Change
The Mean High Water (MHW) shoreline positions for the most recent surveys are also included
using the same methodology described to measure changes at the authorized berm elevation.
The MHW position (+1.3 NAVD88) is typically a more active contour than the +5.2 ft. NAVD88
contour and reflects both short-term changes in the beach due to daily tides and hydrodynamic
conditions, as well as the overall long-term component of shoreline movement. Tracking this
contour is useful as it provides a visualization of the beach condition at discrete times and can be
used to examine the seasonal component of shoreline change.
Foreshore Change
The linear changes in the shoreline position represented by both the +5.2-foot and MHW contours
can vary considerably along the project and can sometimes show completely different behavior
trends. This discrepancy is often due to differences in the slope of the foreshore from one end of
the project to the other. In order to take into account the impact different foreshore slopes may
have on linear shoreline changes, the position of the +5.2-foot NAVD88, +3.0-foot NAVD88, +1.3foot NAVD88 (MHW), and -1.5-foot NAVD88 contours were averaged and the results used to
represent an average foreshore position. The average foreshore position was computed for the
post-fill (June 2013), June 2016, and November 2016 surveys. The difference in the foreshore
position between the post-fill survey and the November 2016 survey was used to compute the
annual rate of change in the foreshore position. This annual rate of change was then applied to
the remaining distance between the November 2016 survey and the position of the foreshore
position associated with the authorized design template to obtain an estimate of the number of
years before the average foreshore position encroaches into the design.

Remaining Design Life
The design life estimates assist in forecasting how much time remains before the design template
may be impacted by erosion and is used as a proxy to determine when the next maintenance
project would need to be performed in order to preserve the design template. Estimates were
calculated by dividing the volume of fill and beach width remaining in excess of the design
template as of November 2016 by the long-term volumetric and shoreline change rates relative
to the June 2013 (Post-nourishment) condition. The long-term rates were calculated based on
the shoreline changes at the MHW (+1.3 ft. NAVD88) and foreshore contours and the volume
changes above the MLW and -8 ft. NAVD88 contours. The MLW and -8 ft. NAVD88 elevations
are shared by all the design template profiles and provide a means for conducting comparable
project design life comparisons between the surveys.

