


Table 1

Equipment That Can Be Used For Bypassing

Floating Dredges Land-Based Hydraulic Equipment
trailing suction hopper dragline dredge pump

cutter-head clamsheli jet pump

plain suction backhoe other solids-handling pumps
bucket ladder bulldozer

clamsheil dump truck

dipper

backhoe

southerly net rate during the rest of the year. Even though this suggests that bypass
operations should possibly be limited to the period from August to May, the
magnitudes of transport northward during the summer months are small enough that
no seasonal restriction may be necessary.

Tourism is a significant factor to be considered in implementing a sand manage-
ment plan. Beach use typically peaks during the summer months (Memorial Day to
Labor Day), so bypassing and beach nourishment activities during this period
should be minimized if possible. Experience at the Indian River Inlet and Nerang
River Entrance bypass plants shows that the increase in beach use during summer
months requires increased security around the bypass facility to both prevent
vandalism and personal injury. Unfortunately, this period also coincides with that
time of year when dredgers prefer to operate because of the relatively milder wave
conditions. Therefore, careful planning in operations (both for fixed and floating
plant) is necessary to optimize the available fair weather window and minimize
potential hazards for beach users. -

Sand Sources

There are five potential sources of sand available for bypassing Ocean City Inlet.
The choice of a particular source may to some extent dictate the method of
bvpassing. The pros and cons of each of the five locations are discussed below:

a. The updrift fillet at Ocean City contains a substantial volume of sand both
subaerially and subaqueously that could be used for bypassing. Bypassing
from the fillet could be accomplished using either a fixed or semi-fixed
plant on the subaerial portion of the fillet or a floating or semi-fixed plant

- on the subaqueous portion of the fillet. In the case of a fixed or semi-fixed
plant (subaerial or subaqueous), a submerged pipeline would be required to
transport the material to the downdrift beach. There are several concerns
with using the updrift fillet. Without proper setbacks during operation of a
fixed plant on the fillet, there could be a danger of undermining the north
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jetty if too much material is removed from near the toe of the structure
and/or potential undermining of the parking ot if material is removed too
near to its edge. Both of these issues can be prevented by appropriate sand
removal practices including limiting the area of sand removal operations.
An additional issue is the social/political consequences of mechanically
removing sand from the Ocean City beach for transport to Assateague
Island. Though sand is naturaily being transported from Ocean City to
Assateague Island, a mechanical bypass system may meet with local
opposition. However, the small percentage of material required (on the
order of 63,000 m*/year from the fillet) relative to the volume of fillet
material and the rate of re-supply from the north (115,000 cu m/yr net
longshore transport rate) suggest that bypassing from this source should
have minimal impacts to the fillet, as long as the issues discussed under
Objectives are fully considered.

There may also be some concern about removing sand from the updrift
fillet area (dredging from submerged areas offshore of the fillet) due to
possible impacts to adjacent beaches. In early 1995, a floating dredge
removed approximately 798,000 m® of sand from the updrift fillet (2,400 m
alongshore between -1.2 m and -4.9 m contours) at the Canaveral Harbor
Federal Navigation Project as part of the Canaveral Harbor Federal Sand
Bypass Project. Bodge, et al. (1997) conducted post-construction
monitoring to examine the beach impact and borrow area recovery. Their
study included conducting numerical models to predict beach response and
analysis of nearshore surveys and sand sampling. Their conclusions were:
(1) the borrow area recovery rate is very similar to the fillet’s historical net
accretion rate; (2) the net rates of volumetric growth are essentially
identical within the borrow area and along the beach updrift of the borrow
area; (3) the borrow area acted as a sand trap in recovery (i.c., there was
little information to suggest that the borrow area’s recovery was a
consequence of diffusion or deflation of sand from the updrift beach);

(4) profile equilibration was accurately predicted by GENESIS shoreline
change model and EDUNE dune erosion model; and (5) the sand entering
the borrow area is sorted identically to that of the native beaches (i.e., there
was no preference of fine sediments filling in the borrow area).

b. Use of the ebb shoal as a source of sand for bypassing can be controversial
because of the many unknowns associated with potential adverse impacts to
the inlet system. However, USAE (1991) says that if the bypassing amount
is a small percentage of the total ebb shoal volume, removal of this material
should not cause any problems. Removal of large percentages of matenal
is believed to have significant impacts on the local coastal processes, but
these impacts have not yet been adequately documented at inlets (Cialone

- and Stauble 1997). At Ocean City, the main ebb shoal is estimated to
currently contain 10 million m® of sand. Removal of approximately
82,000 m*/year (or a fraction thereof if the flood shoals are also used)
(145,000 m® - 63,000 m* = 82,000 m®) is only 0.8 percent of the total ebb
shoal volume. Strategic dredging to “skim” off small volumes of material
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(i.e., from the seaward or shoreward slope) over large areas should
minimize ebb shoal and downdrift impacts (see (2) below) especially if the
ebb shoal volume is approaching equilibrium (which appears to be the case
for Ocean City). The advantage of this location for a sand source 1s that
material that naturally bypasses the inlet does so via the ebb shoal. A
bypass system that takes from the ebb shoal thus works in the same manner
as nature. Using the ebb shoal as a sand source for bypassing will require a
floating plant (i.e., dredge). Based on sediment samples collected as part of
the Ocean City Water Resources study, the most compatible sands for
bypassing are located on the back face (shoreward side) of the ebb shoal.
Cialone and Stauble (1997) document historical ebb shoal mining
operations and note several items that should be considered:

(1) Mining an ebb shoal can be either a major or minor perturbation to an
inlet system, depending on the volume mined, depth of mining and
location on the shoal. The impact of ebb shoal mining will to some
extent be experienced by all other parts of the system.

(2y Walther and Douglas (1993) caution that removing large quantities of
sand from the ebb shoal may cause adverse downdrift impacts. They
suggest that shallow cuts would reduce the impacts. Note for the
Ocean City project, any material removed will be placed on downdrift
beaches.

¢. The flood shoal is also a source of material that may be used for bypassing,
but in general it is composed of finer sediment that is not as well suited for
beach nourishment (Cialone and Stauble 1997). Sediment sampling and
analysis at Ocean City indicates that the flood shoals contain coarse sand
that is generally compatible with the local beach sands. Little is known
about the consequences of flood shoal mining on inlet and bay circulation.
Therefore, it is probably safe to assume the same recommendations from
USAE (1991) for ebb shoals--if the volume of material to be removed is a
small percentage of the flood shoal volume, no adverse consequences would
be expected. Approximately 82,000 m*/year of material is estimated to be
needed from the ebb and/or flood shoals. Splitting this volume between the
shoals would minimize potential impacts to both shoals by keeping the
volumes removed as small as possible. Similar to ebb shoal mining, a
floating plant would likely be required, even if it has significant exposed
dry beach, because of its isolation from stable land. At Ocean City, the
north flood shoal sands show good compatibility with Assateague Island
sands, while the south flood shoal is less ideal for onshore placement.

d.  The navigation channel may also be considered as a source for some
- fraction of the 82,000 m® annual bypass requirement, especially if periodic
maintenance dredging is required. In many instances, a typical maintenance
dredging plan calls for removal of channel material which is then placed at
a downdrift beach which is also sand bypassing. If shoaling quantities are

A8-14 Appendix A8 Ocean City, MD, Inlet Sand Management



sufficient in both volume and time, a sand bypass system may be merely a
specific plan to place channel maintenance material at the appropriate place
on downdrift beaches. The channel is dominated by coarse grained sands
that are compatible with Assateague Island sands.

e. Areas offshore (e.g. source location for the initial beachfill on north
Assateague) should also be considered as possible long-term sources of
sand. Though providing sand from these sources does not mimic natural
bypassing processes, limited availability of sand from sources a.-d. above
or impacts that are later attributed to use of borrow areas in close proximity
to the inlet may require seeking out other sources. In addition, because inlet
dynamics and interactions of inlet processes are not well understood, the
impacts to these processes and dynamics from modifications (e.g. mining
ebb and/or flood shoals) is also not well understood. Using an offshore
source of sand for long-term management of Assateague would minimize
the potential impacts to the Ocean City Inlet system resulting from a
bypassing operation.

To optimize the potential source locations and reduce potential adverse effects of
over using one area, consideration should be given to using varous combinations of
the five described source areas. For example, as mentioned previously, a specified
quantity of material (say 63,000 m’) may be removed each year from the updrift
fillet area, while the remaining 82,000 m’ could be removed from each of the ebb
shoal, flood shoal, navigation channel and/or offshore shoals. This approach was
used at Indian River Inlet where the fixed bypassing plant was supplemented by
flood shoal mining (Clausner, et al. 1991). Caution should be exercised when using
these areas because little is known about how they will shoal after mining. Using
some or all of the five sources in combination will help to reduce the initial borrow
impact, but the effect on shoaling may be less clear when all areas are used as
sources.

Placement Options

The most appropriate placement location for bypassed sediment is to an area that
will maximize the benefits to Assateague Island and avoid risk of sand re-entering
the inlet system. At a minimum, placement should be south of the ebb shoal -
downdrift beach attachment location. Because the ebb shoal attaches to the beach
downdrift of the inlet, naturally bypassed sand can be transported either north or
south depending on the predominant transport direction. In general, northward
movement (or movement back towards the inlet) is partially related to where the
material travels along the ebb shoal, but mostly attributed to a change in the local
wave patterns due to refraction caused by the ebb shoal itself. Waves refracting
around the ebb shoal create a localized sediment transport reversal in the lee of the

—ebb shoal (i.c., between the ebb shoal attachment area and the south jetty). On
northern Assateague Island, the local net transport is northward which may
contribute to a greater movement of sand back towards the inlet from the ebb shoal.
Southward transport off of the ebb shoal may occur during periods where seasonal
transport direction is opposite to the net.
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The sediment budget analysis discussed in Appendix A2 describes a sediment
transport nodal point located about 6 km south of the inlet. Coastal processes,
shoreline orientation, etc. suggest that littoral transport north of this nodal point is
to the north, while south of this point it is to the south. To feed the regional littoral
transport system and address erosion problems south of this nodal location, this
location may be the most appropriate location for placing bypassed material .

There are two primary methods of placement for a bypass system: nearshore and
onshore (beach nourishment). These options depend on the method of bypassing
used. Of the two methods, placing material directly on the beach is preferred
because it provides the most desired outcome--getting sand on the beach. Nearshore
placement is a viable alternative; however, construction of these features as
designed in shallow water is inherently complex because of the lack of visibility
underwater. Though the littoral system is nourished in nearshore placement,
onshore movement of material may be in question because of the importance of
placement depth and because the time scale to achieve onshore movement is
uncertain. Also, public acceptance of nearshore placement may be limited due to the
perception of previous marginal nearshore placement projects (deeper placement
which limits mobility of sand toward beach). Construction costs may also become a
factor in selecting one method over another. If bypassing is being conducted by
floating plant, nearshore placement may be preferred because of the relative ease of
placement from hopper dredges. On-shore placement with a hopper dredge is
common through an offshore buoy connection to a submerged pipe, but increased
costs may be expected due to the time and added fuel requirements for pumping. A
fixed bypass plant at the updrift fillet would probably place material directly on the
beach through a pipeline. However, disturbance to Assateague Island including
human and equipment impacts to the beach should be expected.

Constraints

Conditions specific to Ocean City Inlet and the area may limit or prohibit the use
of a particular bypass system. In some cases, the preferred system design can work
within these constraints, or the constraint can be modified so as to minimize or
eliminate problems. At Ocean City Inlet, one limitation that must be considered is
the thickness of the sand laver. This thickness is important for two reasons:
determining the maximum depth of dredging or sediment removal at the updrift
fillet and in the ebb shoal (particularly important for the Punaise system); and
determining the conditions for tunneling under the inlet (or dredging a transverse
channel across the inlet) for placing a pipe for pumping. A limited number of cores
taken from the area indicate a general decrease in sand grain size (coarse/medium to
fine sand) with increase in depth. Sand exists throughout the cores taken and
probably predominates through the depths of interest. However, additional deep
core information would be needed to be certain of the extent and location of any

“clay/peat layers.

A second factor which constrains a fixed or semi-fixed alternative is the distance
to the placement location. As mentioned previously, bypassed material should be
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placed at least south of the beach - ebb shoal attachment area (1.6 km) and probably
more appropriately south of the southern nodal point (6 km) south of the inlet. This
constraint would require the use of booster pumps (increased cost and complexity)
with any alternative having a pumping component (i.e., fixed or Punaise).

Other constraining factors include environmental concemns and restrictions
associated with ebb and/or flood shoal mining and downdrift placement on the
National Park (i.e., pipes, discharge, and human activity), tourist use of Ocean City,
Assateague Island and the navigation channel for recreational boating and
aesthetics.

BYPASSING ALTERNATIVES

Various alternatives exist for bypassing sand around Ocean City Inlet. NAB has
narrowed the alternatives to three categories, namely fixed plant, floating plant and
Punaise. Each of the categories of alternatives have a range of options that will be
discussed in the following sections.

Fixed Plant

This option is similar in concept to the Indian River Inlet, DE, bypass plant. A
fixed system would be located on the updrift fillet to mine sand and pump it to
Assateague Island. At Indian River Inlet, a crawler crane positions a jet pump on
the updrift fillet near MLW. The jet pump is supplied motive water by a 340 HP
pump which takes clear water from the inlet. The jet pump discharge supplies a
330 HP booster pump which then pumps the slurry to the downdrift beach (approxi-
mately 0.5 km but capable of pumping as far as 1.0 km). Both pumps and the diesel
engines that drive them are located in a pump house well back from the open beach.
The Indian River Inlet Bypass Plant has a design bypass rate of approximately
76,500 m’/year which is smaller than the proposed 145,000 m*/year overall bypass
rate for Ocean City, but very similar to a more appropriate fillet removal volume of
63,000 m*/year. Indian River Inlet details can be used to help guide CENAB staff
in evaluating a fixed plant system.

Several factors that must be considered in analyzing this type of bypass plant
include:

a. Depth of jet pump operation.
b.  Proximity to local structures (north jetty at Ocean City).
-~ ¢. Pipe discharge location (pipe lengths, booster pump requirements, etc.).

d.  Operating time.
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e.  System capacity.
/- System element costs.

The depth below ambient bottom at which jet pumps operate is generally limited
to 7.6 m, but may be more specifically limited by the depth where hard or cohesive
sediment is found (Richardson and McNair 1981). Cores taken offshore of the
updrift fillet in 5.8 m and 6.1 m MLLW water depths, respectively, indicate that
sand exists to depths of approximately 9.1 m MLLW (i.e. at least 3 m sand
thickness). On the beach where bypass material would be removed, an additional
5.8 to 6.1 m of sand thickness would be expected thus indicating a sand thickness of
at least 8.8 m. Therefore, the 7.6 m operating depth limitation for jet pumps would
not be exceeded and should be assumed for design. For practical purposes and
because the jet pump will be operating at or near the MLW line, assume the 7.6 m
depth is also a depth below MLW.

To minimize the potential for jetty undermining from encroachment of the jet
pump crater on the structure, Richardson and McNair (1981) suggest a minimum
distance between structure and edge of crater equal to 1.25d, where d is the design
depth (7.6 m for Ocean City). The rule of thumb for crater diameter given by
Richardson and McNair (1981) is 3d. Therefore, at Ocean City, the crater diameter
should not exceed 22.8 m and the edge of the crater should be no closer than 9.5 m
to the base of the jetty. This distance equates to a practical jet pump operational
limit of about 21 m from the jetty (Figure 6).

The four fixed-plant scenarios to be considered include: (a) fixed plant with
boosters located on Assateague; (b) fixed plant with boosters located along the bay
side of Assateague Island for easier access and less environmental impact; (c) fixed
plant that pumps material to the ebb shoal to be made available for natural
processes; and (d) fixed plant that pumps across the inlet and then is trucked along
Assateague Island. Technical and environmental restrictions require elimination of
options (c) and (d). Anchonng a discharge pipe over the ebb shoal for submerged
discharge is not practical due to wave and current forces and the dynamic nature
(shoaling/eroding) of the ebb shoal. In addition, a submerged discharge pipe may be
prone to plugging from buildup of discharged sand and/or shoaling of the ebb shoal
around the end of the pipe. Option (d) is not sensitive to the natural environment of
the Assateague Island beaches. Disturbance from dump trucks traveling up/down
the beach and earth-moving equipment at the dump location to redistribute the sand
are not acceptable methods of bypassing material.

For options (a) and (b), identifying the pipe discharge location is important for
identifying the pumping distance, overall length of pipe required, and whether
booster pumps will be required. As discussed previously, pipeline discharge should

~be no closer to the inlet than the southern extent of the ebb shoal (approximately
1.6 km) and should probably extend to near the nodal zone (6 km). The pumping
distance for option (a) includes the distance from the pumphouse to the inlet
(400 m) plus the distance across the inlet (400 m) plus the distance to the nodal
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Figure 6. Location limit of jet pump operation with respect to jetty




point (6,000 m) for a total pumping distance of 6,800 m (or 22,300 ft). For

option (b), the pumping distance is 400 m plus 600 m (longer inlet crossing to reach
the back side of Assateague Island) plus 6,000 m for a total pumping distance of
7,000 m (23,000 ft). Alternatively, pumping to the south of the ebb shoal
attachment area would require only 400 m plus 400 m plus 1,600 m or 2,400 m
(7,900 ft) for option (a) or 2,600 m (8,500 ft) for option (b).

The number of booster pumps required for each option can be estimated by
calculating the head losses associated with pumping a slurry along the various
pipeline distances given a certain pump capacity, pipeline size and sediment grain
size. (Note: The following calculations use English units.)

»  Assume sediment d;, = 0.4 mm.

+  Pumping distance: option (a) 22,300 ft or 7,900 ft
option (b) 23,000 ft or 8,500 ft.

»  Assume a 12-in. diameter discharge line.

»  Assume solids SG=2.65, slurry SG =1.15, in situ SG=1.90.

The cnitical velocity, V., which is the minimum pipe flow velocity to prevent
sand from settling out is calculated using the following equations:

. 56, - G
SG, - SG,
115 - 1.026 1)
© 265 - 1.026 )
C = 0.0764

where:

C = concentration by volume
Sg.. = specific gravity of mix (slurry)
Sg; = specific gravity of fluid (seawater)
Sg, = specific gravity of solids

1.3C0125 ([ - ¢ %)

L
FL = 1.3(0.0764)0'125 (1 - e(-6.9)(0.4)) @
F, = 0883~
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