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Figure A3-11. Computed Beach Profile Response, Halloween 1991 Storm
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Figure A3-12. Computed Beach Profile Response, January 1992 Storm
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In terms of maximum SWL, the Halloween Storm, the November 1991,
September 1992, and March 1994 storms appear to represent the type of event
that can be expected about every year (1.5 to 1.6 m NGVD). There were four
occurrences of this water level during the five-year period. The January 1992
storm had the highest SWL, 2.0 m NGVD.

Considering both wave and water level conditions at the height of the storm,
the March 1994 and September 1992 storms seem to best represent events that can
be expected on average once each year. The Halloween storm, seems to
represent a less frequent event, not in terms of wave height and maximum SWL,
but because of the unusually long wave periods. The SWL of the January 1992
storm was the highest measured during the five-year period, and the wave period
was unusually large; therefore, it was not considered to be a one to two-year
event in terms of water level and wave parameters.

Run-up elevations for the March 1994 and September 1992 events, predicted
with the H,_, model, were 3.2 m and 3.0 m, respectively. Run-up computed
using H,,;o was 3.7 m and 3.4 m for the same two storms. Run-up calculations
for the Halloween storm are 3.2 and 3.6m. It seems reasonable to estimate the
one-to two-year run-up level at about 3.2 m NGVD (using H,,,) and 3.6 m
NGVD (using H,,,0). A design elevation of 3.3 m NGVD was selected as the
elevation needed to limit substantial overwash to a frequency of about once every
one to two years. It should be noted that a few other storms during this period
would probably produce sporadic overwash over a berm with a crest of 3.3 m
NGVD, as indicated by the H,,,, run-up results. Also, an unusually severe
northeaster, such as the January 1992 storm, or tropical storm has a chance of
occurring at any time and can produce significant overwash as indicated by the
results in Table A3-1.

Based on this run-up analysis, an elevation feature with a crest elevation of 3.3
m NGVD, a top berm crest width of S m and side slopes of 1:20 was defined as
the engineered feature for providing some breach protection, albeit at a reduced
level. Side slopes were chosen to be typical of those that would be created during
a hydraulic pump-out operation used to construct the project. The cross-shore
“footprint” of this feature is approximately 45 m. The feature will be called a
storm berm, rather than a dune, because of its low relief. An analogous feature is
the relief created on a well-drained football field, which is about 40 yd across with
a crown at mid-field of about 2 to 3 ft. This storm berm would not be very -
visible on the natural beach because of its gentle slope and low relief (as
compared to a dune).

Survivability of the Storm Berm

Another engineering issue considered in the design of the project cross-section
is the location of the storm berm. Several locations were considered, but the most
natural location is just landward of the crest of the natural “tidal” berm, where
storm berms and dunes are typically located. An important consideration in
locating the exact position of the storm berm on the existing beach profile is its
survivability. Added elevation that is removed by the first typical winter storm

Appendix A3 Design of the Restoration Project Cross-Section

21



does not provide the desired protection. Also, survivability must consider the
present longer-term “background” erosion rates which vary along the shoreline
that is 10 be protected. The design goal is to create an elevation feature that will
survive on its own until the natural supply of sand can be restored to Assateague
Island.

To evaluate survivability, beach erosion caused by frequent and infrequent
storms was investigated to determine what additional beach width should initially
be created seaward of the storm berm. The added beach width would serve as a
buffer to absorb the erosive impact of a storm and protect the berm. The frequent
storms considered in the analysis are included in Table A3-1; the infrequent
storms are shown in Table A3-2. These historical storms were hindcast by a
contractor working for NAB using computer wave and hydrodynamic circulation
models. The hindcast produced time series of wave and water level conditions,
that were in turn used as input to the SBEACH model. The first column in Table
A3-2 shows the date of the storm in month-day-year format. Other columns
contain the following: maximum significant wave height, peak spectral wave
period, maximum still water level, maximum total water level (SWL plus set-up),
and the maximum run-up computed by the SBEACH model (using H,,, 0
estimate run-up). Note that wave and water level parameters for the January
1992 storm are from the measured, not the hindcast, data.

Table A3-2 Maximum Wave and Water Level Characteristics for Infrequent
Storms

Date Wave Wave SWL SWL+ Run=-up
Height Period Setup

{m}) (sec) (m}) {m) (m}
330914 3.8 11 1.7 2.5 3.3
440914 2.9 9 2.1 2.7 3.5
560316 2.3 6 1.3 1.8 2.7
560411 5.5 11 1.4 2.5 3.2
560925 3.9 10 1.6 2.6 3.1
600912 3.3 9 1.4 2.1 2.9
620305 5.9 17 2.2 2.7 3.8
621102 4 9 1.6 2.4 3.0
640112 5.2 13 1.6 2.7 3.4
710406 3 9 1.4 2.2 2.9
741201 3.4 13 1.2 2.1 2.8
760409 3.7 8 1.1 1.8 2.5
780206 3.3 10 1.3 1.9 2.9
811111 5.7 10 1.5 2.7 3.2
830211 3.5 9 1.5 2.3 3.1
850926 3 9 1.8 2.5 3.
920102 4.1 17 2.0 2.8 3.7
921210 4.4 13 1.9 2.8 3.4

It is interesting to note that several storms have computed total water levels
that exceed the present maximum berm elevation that exists along much of the
north end of the island. These are probably the kinds of storms that have the
greatest potential to cause a breach from the ocean side. Beaching can also occur
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from the bay side, but that is not considered here. If maintained, the increase in
island elevation to 3.3 m NGVD would provide limited protection for these
infrequent storms. However, many of these storms would produce substantial
overwash, and the effect of overwash on maximum elevation is uncertain. If the
storm berm does not increase in elevation through natural “dune” building
processes, with time storm overwash may begin to decrease the storm berm
elevation back to its current elevation.

Without-Project Storm-induced Erosion

To assess response of the existing beach to storms, the SBEACH model was
applied using time series data for the storms identified in Table A3-1 along with
the input beach profile, AI-6 measured in September 1995. Figure A3-13 shows
the initial and final profiles for the March 1994 storm simulation. Recall that the
March 1994 and September 1992 storms are representative of the most severe
storm that is expected each year. The March 1994 storm produced about 20-25
m of berm recession. Sand was removed from the berm, deposited in deeper
water (seaward to about the -5.5 m NGVD elevation), and pushed landward over
the existing berm to form an overwash deposit. The occurrence of overwash is
computed with more certainty than the exact shape and limits of the overwash
deposit. Calculated beach response for the September 1992 storm was nearly
identical to that for the March 1994 storm. '

Results for the Halloween Storm were presented in Figure A3-11. They show
greater berm recession, about 30 m. The more severe erosion is believed to be
associated with the longer duration of this storm. More severe storms were found
to produce even greater erosion. Results for the worst case simulated, the March
1962 storm that actually caused a breach, indicted that the island would be
completely overwhelmed, with extensive landward overwash, and computed berm
recession was about 40-45 m.

Based on the results of the without-project erosion simulations, a buffer of
about 25 m (added beach width at the natural tidal berm elevation) would provide
satisfactory protection against erosion for storms with a frequency of occurrence
of once every year or two. However, a berm of 40-50 m would be required to
provide protection from the most severe of the historical storms.

Evaluation of.the Protective Buffer

Testing of several berm design concepts was also done using the SBEACH
model. One design alternative involved placement of only the 3.3 m NGVD
storm berm, with the seaward toe of the storm berm placed at the existing berm
crest (i.e. no protective buffer). The other two alternatives involved placement of
the same storm berm at the same location , but with an additional buffer, or
“sacrificial berm"” with a berm crest elevation of 2.5 m NGVD (the natural tidal
berm elevation). Two added berm widths were considered, 25 and 50 m. The
two widths were selected based on erosion results for the without-project runs and
initial estimates of the volume of sand to be placed as part of the restoration
project.
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Calculations were made to examine the response of each of the three
alternatives to several frequent storms and several of the most severe infrequent
storms. Results for the March 1994 storm and the storm berm-only case are
shown in Figure A3-14. They show that the storm berm is slightly eroded and
sand overwash occurs, along with the possibility of elevation loss. Note that the
distorted scale used in the figures gives the impression that the elevation feature is
more like a “dune.” Other more severe storms produced greater erosion of the
storm berm. Figure A3-15 shows results for the January 1992 storm. This type
of storm completely erodes the storm berm.

Figures A3-16 and A3-17 show predicted beach responses for the March 1994
and January 1992 storms, respectively, for the second design alternative, the
storm berm plus a 25-m buffer. The 25-m buffer protects the storm berm from
erosion losses for the one-year event, March 1994. The entire buffer is eroded
for the January 1992 storm and the storm berm is impacted slightly. Recall that
the Halloween Storm has nearly identical erosion characteristics as the January
1992 storm. The January 1992 storm had higher wave heights and higher water
levels but had a short duration. The Halloween Storm had lower wave heights but
was of much greater duration. The erosion characteristics of both storms are very
similar; and in terms of foreshore erosion, both are considered to be relatively
frequent events. The 25-m buffer provided adequate protection from all other
frequent storm events. Figure A3-18 shows the response of the 25-m buffer and
storm berm to the March 1962 storm. The 25-m buffer is inadequate for
providing erosion protection for this level of storm.

Results for the 50-m buffer case indicated that this added beach width
successfully provided protection from nearly all storms, except perhaps the March
1962 storm. In this case the storm buffer was completely eroded, but the storm
berm remained relatively intact.

Concern was expressed over the added width associated with the buffer, its
impact on run-up elevation and overwash, and the capability of the SBEACH
model to simulate the sensitivity of run-up to profile shape. It was agreed that a
50-m buffer in front of the storm berm would probably limit run-up and overwash
for lesser storm conditions. The SBEACH model is not able to adequately assess
the impact of added buffer width and foreshore profile shape on run-up elevation,
because of limitations in the run-up algorithms used in the model. A decision was
made to adopt the 25-m buffer to provide erosion protection from storms. For the
25-m buffer, and for the one- to two-year events which are the ones that will
produce the overwash, much of the buffer would be eroded and deposited
offshore during the storm. Therefore it was reasoned that any remaining buffer
width would have a much smaller influence on run-up and overwash.

The Design Cross-Section

The adopted design cross-section includes the 3.3 m NGVD storm berm and a
25-m natural berm (at elevation 2.5 m NGVD) that acts as a storm erosion buffer,
plus an additional buffer to account for background erosion rates. This design
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Figure A3-15. Computed Beach Profile Response, January 1992 Storm,
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Figure A3-16. Computed Beach Profile Response, March 2, 1994 Storm
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Figure A3-17. Computed Beach Profile Response, January 1992 Storm,
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considers the elevation needed to reduce the frequency of overwash to a one- to
two-year frequency, and the need to protect the storm berm from erosion
associated with frequent storms.

Background, or long-term, erosion trends associated with longshore sand
transport processes must also be considered in the design. The same wave forces
and limitations in sand supply that are presently producing high erosion rates
along certain portions of north Assateague Island will immediately begin to work
on the constructed storm berm and buffer. During the lag in time between
construction of the storm berm and restoration of a continuous supply of sand to
the island, the losses associated with longshore processes must be factored into the
design. An additional buffer was recommended, with the added width to be
determined based on the rate of shoreline recession presently being experienced
locally. The actual position of the constructed berm on the existing beach profile
will depend on the amount of fill to be placed locally to construct the storm berm
and erosion buffer.
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Appendix A4
Beachfill Design and
Quantity Analysis

The following paragraphs describe the method used to determine the placement configuration
within the beach system and the expected shape of the fill after reaching an equilibrium with the

local wave climate.

Construction of the beach and storm berm will involve the placement of approximately 1.4
million cubic meters (1.8 million cubic yards) of beachfill oceanward of a construction baseline.
The construction template (Plate 6-5) defines the shape of the fill profile at the time of fill
placement. The construction berm height should be the same or slightly less than the natural
berm crest elevation. This will help to prevent scarping of the fill material as it undergoes
readjustment. As discussed in Appendix A2, the average height of the natural berm was
determined to be approximately 2.5 m (8.2 ft) NGVD. Consequently, this was chosen as the
construction berm height. This construction berm will erode, distributing the material
throughout the entire profile, resulting in a naturally shaped profile.

The offshore slope of the construction profile from the horizontal berm will be 1:20 to -.5 m (-1.5
ft) NGVD, hence 1:12 to its intersection with the existing bottom. These slopes should closely
conform to the natural configuration of the pumped sand on the beach. During placement, the fill
will be continually monitored to determine actual foreshore slopes. Adjustments can be made to
the construction berm width to allow for differences that occur between assumed and actual
slopes, although every effort will be made to achieve these slopes during construction.

The determination of the construction berm widths was performed by an iterative process. Since
the point of maximum erosion is currently about 7 km south of the inlet, the largest unit volume
of material will be placed there and will be gradually decreased alongshore in both directions.
An initial estimate of the required width at each profile line was made and quantities computed
using the Interactive Survey Reduction Program (ISRP) and the average-end-area method. The
total quantity was compared to the allowable fill quantity of 1.4 million cubic meters (1.8 million
cubic yards), minus an estimated amount required for the storm berm, and adjustments in the
berm widths were made as necessary. This process was continued until the computed fill
quantity closely matched the quantity allowed for the beachfill. The final construction berm
widths for each reach are shown in Table A4-1 and the corresponding calculated unit volumes
and cumulative volumes for the beachfill are shown in Table A4-2. The final construction
template calculations are contained in Section 1 of this Appendix.
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