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Abstract 

The construction of artificial berms in the nearshore environment using 
dredged material has been in practice since the 1930s. While considerable 
progress has been achieved from both theoretical and practical 
considerations, placement decisions were often heuristic, based on 
experience, or required tedious calculations. For that reason, the Sediment 
Mobility Tool (SMT) was developed to make rapid, preliminary 
assessments of nearshore placement areas and berm migration. 

This technical report provides a comparative analysis between SMT results 
and historical field observations for nine nearshore placement projects 
with diverse berm geometries, sediment characteristics, and wave 
climates.  

The SMT correctly predicted nearshore berm sediment mobility and 
migration directions for eight of the nine historical berms studied. These 
sites were typically associated with shallow placement depths and 
energetic wave conditions. Likewise, the SMT correctly predicted stable 
berms for two of three sites. For one case in particular, the SMT correctly 
predicted a stable berm in contrast to the expectation that the berm would 
mobilize, which underscores the value of SMT to make informed decisions 
during project planning. The few discrepancies between SMT predictions 
and observations may be partly explained by berm geometry (mound 
versus linear berm), whereby application of the tool to mounded 
geometries may not be suitable. 

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes. 
Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products. 
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to 
be construed as an official Department of the Army position unless so designated by other authorized documents. 

DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR. 
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1 Introduction 

1.1 Background 

The strategic placement of dredged material has been used since at least 
the 1930s for beach and littoral zone nourishment and for general shore 
protection through wave energy reduction. Through the numerous case 
studies that followed, especially throughout 1980-1990s, much insight was 
gained to optimize and quantify benefits from nearshore berm placements. 
Much of this work focused on berm design considerations (McLellan et al. 
1988, 1990; McLellan 1990; McLellan and Kraus 1991; Allison and Pollock 
1993) and refinements to predict sediment mobility (Hands and Allison 
1991; Kraus 1992; Larson and Kraus 1992; Douglass 1995; Ahrens and 
Hands 1998). Recently, Tyler et al. (2018) offer monitoring guidance to 
objectively quantify benefits in the field.  

Nearshore berms are artificially constructed sand bars placed in the 
nearshore environment. Their primary purpose is to nourish beaches and 
reduce sand loss from the regional littoral system (often at reduced cost 
compared to traditional beach placement) or to protect beaches through 
reduction of wave energy. Constructed berms do not necessarily have to 
supply sand to the beach (i.e., feeder berms) to offer benefit or protection 
from erosion. Similar to underwater breakwaters, stable berms can be 
built to allow smaller waves to pass while dissipating larger waves due to 
wave breaking, as was demonstrated in Durban Bay, South Africa 
(Zwamborn et al. 1970). This management strategy has been utilized since 
the 1930s and is considered a cost effective way to manage dredged 
material for beneficial use in accordance with the US Army Corps of 
Engineers (USACE) Regional Sediment Management program.  

The first documented nearshore berm was constructed off the coast of Santa 
Barbara in 1935. As reported in Hall (1950) 154,000 cubic meters (m3) of 
material was placed in 6 meters (m) of water (relative to mean lower low 
water [MLLW]) in an attempt to nourish the beach. One year after 
placement, the berm was reported to be remarkably stable, having lost the 
height of its crest by only 30 centimeters (cm) (10%-20% of the original 
height). Near this time (1948), a larger-scale project directed by the USACE 
Philadelphia District attempted to nourish beaches near Atlantic City, 
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New Jersey. In this case, 2.7 million m3 were placed in 5-6 m of water 
between 1935 and 1942, with similar results to the berm at Santa Barbara.  

Another demonstration was completed in 1948 to nourish beaches near 
the city of Long Branch, New Jersey. In a series of placements totaling 
460,000 m3, the berm was constructed to the dimensions of 1,100 m in 
length, 450 m in width, and 2 m in height, 800 m offshore in 12 m of 
water. The project was well documented, having measured sediment grain 
size distributions and composition as well as the local wind and wave 
climate. While it was estimated that there were waves of sufficient size and 
occurrence capable of moving sediment, it was determined that the berm 
showed no evidence of substantial movement shoreward; instead, any 
movement that did occur appeared haphazard (Harris 1954). 
Furthermore, the shoreline continued to erode during the same time 
period. After 10 years of continued monitoring (Hall and Herron 1950; 
Harris 1954; Hall and Watts 1957) it was concluded that the berms 
provided no measurable benefit to adjacent shorelines. The re-study by 
Harris (1954) posited that the material should be placed in less than 6 m of 
water and shoreward of the offshore bar to obtain the desired benefits.  

Lessons learned from these early attempts gave rise to certain berm design 
criteria based on dredged material quantity and quality, local wave and 
current conditions, and available dredging equipment. Previous 
experience suggests that a berm’s length should be several times the 
average local wavelength, and oriented shore-parallel to avoid wave 
focusing and refraction effects (Zwamborn et al. 1970; McLellan et al. 
1990). Additionally, the ratio of placement depth to berm height depends 
on whether the berm is intended to function as a stable berm versus feeder 
berm. For feeder berms, Kraus (1992) suggested they be placed as close to 
shore as possible. A series of additional guidelines were published within 
Dredging Research Program (DRP) technical notes between 1990 and 
1993, which is summarized in Table 1-1. 

Table 1-1. Summary of key nearshore berm design guidance documents from the 
DRP technical notes. 

Technical Note Key Design Guidance 

DRP-5-01 
(McLellan 1990) 

Recommended a linear berm rather than a conical 
berm to prevent wave focusing.  

DRP-5-02 
(McLellan et al. 1990) 

Discussed methods to determine the seaward limit of 
the littoral zone for active berm placement.  
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Technical Note Key Design Guidance 

DRP-5-06 
(Burke and Allison 1992) 

Recommended minimum longshore length of 610 m 
with end slopes of 1V:125H to prevent wave focusing. 

DRP-5-08 
(Pollock and Allison 
1993) 

Recommended minimum berm crest width, 𝑏𝑏𝑐𝑐, of 61 m  
to reduce wave height. 

During the 1980s-1990s, the prediction of berm movement was developed 
using the methods of Hallermeier (1981b), Larson et al. (1989), and 
Ahrens and Hands (1998). The methods use the concepts of depth of 
closure, linear wave theory, and non-linear stream function wave theory to 
determine the thresholds of sediment movement. However, there was no 
rapid way to assess the likelihood of sediment mobility without first 
collecting relevant data and performing the calculations. To that end, the 
SMT was developed to perform those calculations within a simple, user-
friendly online tool. Therefore, the SMT allows planners and engineers to 
make sound, preliminary judgments on placement options quickly with 
little effort or expense. A user’s guide for the SMT can be found in McFall 
and Brutsché (2018).  

To access the SMT, visit http://navigation.usace.army.mil/SEM/SedimentMobility . 

1.2 Methods to predict berm migration 

Larson et al. (1989) developed a method using the Dean number to predict 
cross-shore sediment movement based on berm placement depth and 
hindcasted wave parameters. The berm placement depth is assessed using 
offshore profile data, or in the absence of profile data, Hallermeier’s (1981) 
closure depth equation for the inner limit, ℎ𝑖𝑖𝑖𝑖, given as 

 ℎ𝑖𝑖𝑖𝑖 = 2.28𝐻𝐻𝑒𝑒 − 68.5 � 𝐻𝐻𝑒𝑒
2

𝑔𝑔𝑔𝑔𝑒𝑒2
� ≈ 1.6𝐻𝐻𝑒𝑒 (1) 

where 𝐻𝐻𝑒𝑒 is the effective (or exceedance) wave height, 𝑇𝑇𝑒𝑒 is its associated 
wave period, and g is the acceleration due to gravity. The effective wave is 
defined as the deep water wave height exceeded 12 hours per year, 
estimated using the statistical relation given by Hallermeier (1981b), 

 𝐻𝐻𝑒𝑒 = 𝐻𝐻𝑠𝑠��� + 5.6 𝜎𝜎𝐻𝐻 (2) 
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where 𝐻𝐻𝑠𝑠��� is the mean significant wave height and 𝜎𝜎𝐻𝐻 is the standard 
deviation of the wave record.  

Berm placements at depths less than ℎ𝑖𝑖𝑖𝑖 are conducive to wave breaking 
and more likely to become part of the littoral zone (feeder berm). Once the 
minimum placement depth is determined, the direction of movement is 
assessed via wave steepness (𝐻𝐻𝑜𝑜 𝐿𝐿𝑜𝑜)⁄  and the Dean number, or 
dimensionless fall speed (𝐻𝐻𝑜𝑜/𝑤𝑤𝑇𝑇), using the relation, 

 𝐻𝐻𝑜𝑜
𝐿𝐿𝑜𝑜

= 𝑀𝑀�𝐻𝐻𝑜𝑜
𝑤𝑤𝑔𝑔
�
3
 (3) 

where 𝐻𝐻𝑜𝑜 is the deep water wave height (m), 𝐿𝐿𝑜𝑜 is the deep water wave 
length (m), T is the peak spectral wave period (m), 𝑤𝑤 is the sediment fall 
speed (meters per second) in still water, and 𝑀𝑀 is an empirically determined 
coefficient (Larson et al. 1989). If the wave steepness is greater than the 
right hand side of Equation (3) then sediment is predicted to move onshore; 
the converse is predicted if the wave steepness is less than the right side. 
However, using a large, worldwide data set of cross-shore profiles, Kraus 
(1992) showed an even simpler dependence on the Dean number to predict 
cross-shore sediment movement for a range of grain sizes: 

 𝐻𝐻𝑜𝑜
𝑤𝑤𝑔𝑔

< 7.2, 𝑜𝑜𝑜𝑜𝑜𝑜ℎ𝑜𝑜𝑜𝑜𝑜𝑜  (4) 

 𝐻𝐻𝑜𝑜
𝑤𝑤𝑔𝑔

> 7.2, 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜ℎ𝑜𝑜𝑜𝑜𝑜𝑜  

1.3 The Sediment Mobility Tool (SMT) 

The SMT was developed as a means to quickly assess the likelihood and 
direction of sediment mobility as a function of grain size, placement depth, 
and local hydrodynamic and wave conditions. Specifically, the tool 
predicts the frequency and primary direction of sediment mobility for a 
suite of grain sizes at a single depth. The SMT automates the calculations 
based on user input and queried data, including Wave Information Studies 
(WIS) data, which are directly imported into the SMT for the specified 
duration. Other user inputs to the SMT include water depth at the site of 
data collection, shoreline orientation, median grain size, and the longshore 
current velocity (assumed or measured) 1 m above the bed. For the sites 
tested in this technical report, Gulf and Atlantic sites assumed a longshore 
current velocity value of 0.05 meter per second (m/s) while for Pacific 
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sites, a value of 0.1 m/s was used. These are reasonable assumptions based 
on general field and laboratory observations (Galvin and Nelson 1967) 
while recognizing the variability due to breaking wave height and angle, 
slope, and the distribution with offshore distance. 

The SMT adds to the methodology of Larson and Kraus (1989) in that it 
also estimates the percent frequency of mobility and provides a range of 
sediment mobility based on two calculation methods. The first method 
calculates the maximum local wave- and current-induced bed shear stress 
derived from standard linear wave theory (Soulsby 1997; Myrhaug 1989), 
which is then compared to the critical threshold of movement (Shields’ 
parameter) for various median grain diameters. The second calculates the 
maximum near-bed wave orbital velocity from non-linear stream function 
wave theory (Dean 1974; Ahrens and Hands 1998), which is then 
compared to critical velocity conditions for various median grain 
diameters. The cross-shore migration direction is calculated using Dean’s 
number (Equation 4). Wave direction at the nearshore site is displayed as 
a wave rose with resultant vector direction indicating the axis of wave-
dominated sediment transport. This is accomplished by transforming the 
wave conditions from the offshore WIS station to the nearshore placement 
site using the conservation of energy flux and Snell’s Law, assuming shore-
parallel depth contours. An overview of the calculations used in the SMT is 
described here briefly; more detail on SMT methodology can be found in 
McFall et al. (2016).  

1.3.1 Bed shear stress from linear wave theory 

The critical shear stress (𝜏𝜏𝑐𝑐𝑐𝑐) to initiate sediment movement is calculated 
using the well-known Shields criterion (𝜃𝜃𝑐𝑐𝑐𝑐), which is the ratio of the fluid 
force to the submerged weight of the particle, 

 𝜏𝜏𝑐𝑐𝑐𝑐 = 𝜃𝜃𝑐𝑐𝑐𝑐𝑔𝑔(𝜌𝜌𝑠𝑠 − 𝜌𝜌)𝑑𝑑50 (5) 

where g is gravitational acceleration, 𝜌𝜌𝑠𝑠 is sediment density, 𝜌𝜌 is water 
density, and 𝑑𝑑50 is the median grain diameter. The wave-induced shear 
stress (𝜏𝜏𝑤𝑤) is calculated as, 

 𝜏𝜏𝑤𝑤 = 1
2
𝜌𝜌𝑜𝑜𝑤𝑤𝑈𝑈𝑤𝑤2  (6) 
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where 𝑜𝑜𝑤𝑤 is the wave friction factor and 𝑈𝑈𝑤𝑤 is the bottom wave orbital 
velocity determined by the procedure of Soulsby (1997). The current-
induced shear stress (𝜏𝜏𝑐𝑐) is calculated using the law of the wall 
formulation given by,  

 𝜏𝜏𝑐𝑐 = � 𝑈𝑈� 𝜅𝜅

ln� 𝑧𝑧𝑧𝑧𝑜𝑜
�
�
2

 (7) 

where 𝑈𝑈� is the estimated mean current velocity, 𝜅𝜅 is von Karman’s 
constant (𝜅𝜅 = 0.4), z is the height of the current velocity above the bed 
(assumed z = 1.0 m), and 𝑧𝑧𝑜𝑜 is the bed roughness length (for flat sand, 𝑧𝑧𝑜𝑜 =
𝑑𝑑50 12⁄ ).  

The maximum bed shear stress (𝜏𝜏𝑚𝑚𝑚𝑚𝑚𝑚), determined from the mean bed 
shear stress (𝜏𝜏𝑚𝑚) and the angle between the wave and current directions, is 
calculated as 

 𝜏𝜏𝑚𝑚𝑚𝑚𝑚𝑚 = [(𝜏𝜏𝑚𝑚 + 𝜏𝜏𝑤𝑤 cos𝜙𝜙)2 + (𝜏𝜏𝑤𝑤 𝑜𝑜𝑖𝑖𝑜𝑜𝜙𝜙)2]1/2 (8) 

for 

 𝜏𝜏𝑚𝑚 = 𝜏𝜏𝑐𝑐 �1 + 1.2 � 𝜏𝜏𝑤𝑤
𝜏𝜏𝑐𝑐+𝜏𝜏𝑤𝑤

�
3.2
� (9) 

The frequency of mobility (𝑜𝑜𝑀𝑀) for a specified grain diameter is expressed 
as the fraction of waves whereby the maximum shear stress exceeds the 
critical threshold. The mean mobility score (M) is then the time-averaged 
and normalized difference between the bottom shear stress and the critical 
threshold for a specified grain diameter, calculated as, 

 𝑀𝑀 = �𝜏𝜏𝑚𝑚𝑚𝑚𝑚𝑚−𝜏𝜏𝑐𝑐𝑐𝑐��������������
𝜏𝜏𝑐𝑐𝑐𝑐

� (10) 

Sites with negative mobility scores indicate that the averaged maximum 
bed shear stress is less than the critical shear stress.  

1.3.2 Near-bed velocity from non-linear stream function theory 

The critical near-bottom velocities required to mobilize sediment are 
calculated using Ahrens and Hands (1998), 
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 𝑢𝑢𝑐𝑐𝑐𝑐 = [8𝑔𝑔 𝛾𝛾𝑑𝑑50]1/2 𝑜𝑜𝑜𝑜𝑜𝑜 𝑑𝑑50 ≤ 2.0 𝑚𝑚𝑚𝑚 (11) 

where 𝛾𝛾 = (𝜌𝜌𝑠𝑠 − 𝜌𝜌𝑤𝑤)/𝜌𝜌𝑤𝑤 and 𝜌𝜌𝑠𝑠,𝜌𝜌𝑤𝑤 are the respective sediment and water 
densities. The maximum near-bed wave orbital velocities for the crest and 
trough phases are calculated using stream function wave theory (Ahrens 
and Hands 1998), 

 𝑢𝑢𝑚𝑚𝑚𝑚𝑚𝑚𝑐𝑐𝑐𝑐𝑒𝑒𝑠𝑠𝑚𝑚 = �𝐻𝐻
𝑔𝑔
� � ℎ

𝐿𝐿𝑜𝑜
�
−0.579

exp �0.289 − 0.491 �𝐻𝐻
ℎ
� − 2.97 � ℎ

𝐿𝐿𝑜𝑜
�� (12) 

and 

 𝑢𝑢𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑐𝑐𝑜𝑜𝑚𝑚𝑔𝑔ℎ = �𝐻𝐻
𝑔𝑔
� exp �1.966 − 6.70 � ℎ

𝐿𝐿𝑜𝑜
� − 1.73 �𝐻𝐻

ℎ
� + 5.58 �𝐻𝐻

𝐿𝐿𝑜𝑜
�� (13) 

where H is the wave height at the placement site, T is its wave period, h is 
the water depth at the placement site, and 𝐿𝐿𝑜𝑜 = 𝑔𝑔𝑇𝑇2/2𝜋𝜋 is the offshore 
wavelength. The absolute maximum near-bed velocity is selected from 
𝑢𝑢𝑚𝑚𝑚𝑚𝑚𝑚 = 𝑚𝑚𝑚𝑚𝑚𝑚(|𝑢𝑢𝑚𝑚𝑚𝑚𝑚𝑚𝑐𝑐𝑐𝑐𝑒𝑒𝑠𝑠𝑚𝑚|, �𝑢𝑢𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑐𝑐𝑜𝑜𝑚𝑚𝑔𝑔ℎ�). Stream function theory is 
appropriate for water depths in the range 0.006𝑔𝑔𝑇𝑇2 to 0.016𝑔𝑔𝑇𝑇2 
(Soulsby 1997). 

Similar to the previous method, the frequency of mobility 𝑜𝑜𝑀𝑀𝑚𝑚 is expressed 
as the fraction of waves whereby the maximum near-bed velocity exceeds 
the critical threshold. The respective mean mobility score (Mu) is the time-
averaged and normalized difference between the maximum bottom velocity 
and the critical velocity for a specified grain diameter, calculated as  

 𝑀𝑀𝑚𝑚 = �𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚−𝑚𝑚𝑐𝑐𝑐𝑐���������������
𝑚𝑚𝑐𝑐𝑐𝑐

� (14) 

The use of both methods allows for range of predicted sediment mobility. 
However, predictions derived from linear wave theory are generally more 
conservative compared to the nonlinear theory. Linear wave theory is 
appropriate when wave steepness is small, and the stream function theory 
is appropriate for more asymmetric wave in water depths in the range of 
0.006𝑔𝑔𝑇𝑇2 to 0.016𝑔𝑔𝑇𝑇2 (McFall et al. 2016). 

1.4 Previous applications of the SMT 

The SMT has already been applied to support USACE dredging and 
placement operations in the New England District (NAE) (McFall et al. 
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2015). In this case, the NAE planned to dredge the entrance channel of 
Milford Harbor, Connecticut. Two nearby placement sites were proposed 
for beneficial use (Figure 1-1). One option called for placing the sediment 
in the nearshore of Gulf Beach in 4 m of water (blue cross-hatched) while 
the alternative was to place the sediment in the nearshore of Bayview 
Beach (red striped) in 3 m of water. The SMT was used to evaluate which 
site would have the greatest propensity of sediment mobility for the given 
sediment characteristics and wave climate, and also compared mobility 
frequency between normal and storm conditions.  

It was found that onshore migration of the material was predicted for both 
sites, and the frequencies of mobilization were similar under normal wave 
conditions. Under storm conditions, however, Gulf Beach was predicted to 
have a greater frequency of mobilization, likely due to the decreased water 
depth at that site. This result is consistent with the general guidance that 
nearshore berms should be placed in as little water depth as permissible to 
function as a feeder berm (McClellan et al. 1990).  

Figure 1-1. Proposed nearshore placement sites for dredged sediment near Milford, 
CT; Gulf Beach (blue hatched area) and Bayview Beach (red striped area). Soundings 

in feet. National Oceanic and Atmospheric Administration chart 12370.  

 

Results derived from the SMT are valid only for cohesionless sediment 
based on a limited range of grain sizes. Similar to the method of Kraus 
(1992), the SMT can only predict the likelihood and direction of berm 
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movement from the placement site, not the magnitude. Additionally, the 
SMT does not predict changes in beach width, berm volume, or 
morphology in time or space. Thus, feedbacks between berm morphology 
and hydrodynamic stresses are not accounted for beyond the initial 
condition. Uncertainties in wave height at the placement site should be 
expected due to uncertainties in the wave transformations from the WIS 
stations. Finally, bottom current magnitudes in the vicinity are assumed 
constant and were restricted to either 0.05 or 0.1 m/s. The effect of 
additional currents (alongshore, wind-driven, oceanic) should be 
considered in more robust numerical modeling.  

1.5 Objective 

The initiation of any nearshore placement project would benefit from a 
reasonable estimate of the likelihood of success from project engineers and 
planners. Subsequently, the Sediment Mobility Tool (SMT) was developed 
by McFall et al. (2016) to facilitate and expedite the calculations required 
for such evaluations.  

This Coastal and Hydraulics Laboratory technical report compares results 
from the SMT against nine previous field studies where nearshore berm 
behavior was documented. The SMT assesses the likelihood of placed 
sediment to be mobilized as a function of water depth, wave climate, and 
grain size. The purpose of this work is to validate the SMT results against 
well-documented berm placement projects described in the literature. 

1.6 Study approach 

Nine previously studied berms from 1982 to 2009 were selected to 
qualitatively assess the performance of the SMT. Sites were selected to 
span a variety of conditions including geography, wave climate, placement 
depth, and sediment size. Projects from the US Atlantic, Gulf of Mexico, 
and Pacific seaboards are represented. Since the SMT uses WIS-derived 
data to characterize the wave field, nearshore berm projects from outside 
the United States were necessarily excluded. The projects sites used are 
listed in Table 1-2 along with their primary source of reference. 

Table 1-2. Historical nearshore berm placement sites used for SMT comparisons in 
the present study and their primary references.  

Placement Site Year Primary References 

Dam Neck, Virginia 1982 Hands and DeLoach (1984) 
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Mobile, Alabama 1988 McLellan (1990) 

Silver Strand, California 1988 Andrassay (1991) 

Port Canaveral, Florida 1992 Bodge (1994) 

Perdido Key, Florida 1991 Otay (1994) 

Newport Beach, California 1992 Mesa (1997) 

Brunswick, Georgia 2003 Johnson (2005) 

Ocean Beach, California 2005 Barnard et al. (2006) 

Fort Meyers, Florida 2009 Wang et al. (2013); Brutsché et al. (2014) 

Required data inputs to run the SMT were derived from the available 
literature, which included water depth, sediment size, and monitoring 
period. The dates of the monitoring period were used by the WIS to 
bracket the hindcasted wave record. Every attempt has been made to 
faithfully represent the data, referring to the original source when possible 
(Table 1-2). On occasion, it was necessary to derive information from 
outside the original source where it was part of a compiled list or literature 
review. If a range of data was provided — for example, water depth — then 
the average was used. Regarding monitoring dates, in some cases only 
generalized information was provided (e.g., “May 1990 – May 1992”); 
exact dates are preferred in order to best match WIS-derived wave data to 
the monitoring period. For these situations, dates were selected as the first 
day of each month between the reported monitoring periods (e.g., 1 May 
1990 – 1 May 1992).  

Finally, the SMT was run for each location, and a qualitative comparison 
was then made between the results of the SMT to observed berm 
migration trends reported in the literature.  
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2 Results 

Results are presented in chronological order. First, a brief summary is 
provided for each location describing the project site, overview of berm 
construction, hydrographic description, and general observations on berm 
movement for the monitoring period. The SMT results follow with written 
explanation and interpretation.  

For each site, a table is first provided to summarize information regarding 
berm construction, information used to run the SMT, and the sediment 
mobility direction for the specified size class. The output from the SMT 
follows. The SMT reports the distribution of bed shear stresses and near-
bed orbital velocities calculated from the wave record of the nearest WIS 
station for the monitoring duration of the berm. These results are 
presented as histographs, one for bed shear stress and one for near-
bottom velocities, for each site. The vertical lines in the graphs represent 
the critical threshold criteria for movement of the specified grain diameter. 
Wave rose diagrams are not provided as part of the results, though the 
resulting wave vector directions are reported in the summary tables.  

2.1 Site 1: Dam Neck, Virginia (1982) 

2.1.1 Site description and berm construction 

In 1982, 650,000 m3 of dredged material from nearby ship channels was 
placed within the Dam Neck Disposal Area approximately 4-5 kilometers 
(km) offshore of Virginia Beach. The disposal area (Figure 2-1) had 
already received more than 15 million m3 of dredged material since 1967, 
but the material was always placed in a dispersive way that created a low-
relief ridge. In contrast, the intent of the 1982 placement was to build a 
mound of considerable relief within the disposal area to determine future 
placement protocols and predict mound stability.  

A single mound, 3.3 m in relief, consisting of silt and very fine sand, was 
constructed in 10-11 m of water depth. DeLoach (1985) reported the base 
of the mound was approximately 100 acres (40 hectares), which translates 
to a diameter of approximately 72 meters.  

Approximately 40% of sediment dredged from the Thimble Shoal Channel 
(and 8% from the Cape Henry Channel) was reported as finer than 
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75 microns. The mean particle diameter of the dredged sediment, as 
reported by DeLoach (1985), was less than 0.2 millimeter (mm) with no 
other specifics provided. However, compiled data from Arhens and Hands 
(1998; their Table 1) reported a median size of 0.08 mm and thus selected 
for use in the SMT. The surrounding native material was noted to be 
coarser with megaripples superimposed. Side slopes of the mound 
averaged 1:130.  

Figure 2-1. Location map of placement site Dam Neck, Virginia. Image date 2016. 

 

2.1.2 Hydrographic description 

Direct measurement of the wave climate was not reported in the available 
literature. Hindcast data (16 km offshore) for 1983 indicate a mean 
significant wave height of 1.1 m and 9-second (s) mean wave period 
(Table 2-1). The most frequent wave direction during the monitoring 
period was from the east-southeast; although, on the basis of megaripple 
orientation, Hands and DeLoach (1984) suggested a prevailing wave 
direction from the northeast within the vicinity of the disposal area. As 
reported by DeLoach (1985), deepwater significant wave heights of 
2.7-3.0 m and 7 s periods were derived from forecasting curves. 
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2.1.3 Monitoring and berm evolution 

Ahrens and Hands (1998) suggested that this mound was placed in a 
transition zone. Reported observations through repeat surveys indicated 
that while the position of the mound was relatively stable, the crest (depth 
less than 8 m) was considered somewhat active, evidenced by 60 cm of 
deflation over a 15-month period. Active reworking of the upper 30 cm was 
inferred by the lack of stratigraphy observed from sediment cores. 
Sediment from the crest appeared to move landward, though only through 
the passing of storm waves (DeLoach 1985). No significant gains or losses 
were detected around the perimeter of the mound where depths were 
greater (8.1 – 10.4 m). Thus, it was speculated that placing the mound at a 
depth shallower than 8 m would have resulted in an active feeder deposit. 

Table 2-1. Summary characteristics table for Dam Neck, Virginia. 

Monitoring Dates 
3/2/87 – 
1/8/88  

Placement Volume 
(m3) 

Berm 
Dimensions 
(m) (length x 

width) 

Water 
Depth 

(m) 

Berm 
Relief 
(m) 

Mean 
Sand 
Size 
(mm) 

Observed 
Berm 

Migration 

650,000 n/a 10.5 3.3 0.08 Stable 

SMT Parameters 

WIS  
Station 

WIS 
Depth  

(m) 
Shoreline  

Angle 

Assumed  
Longshore  

Current 
(m/s) 

Average 
Wave 
Height 

(m) 

Average 
Wave 
Period 

(s) 

Wave 
Vector 
(deg) 

Average Wind 
Direction (deg) 

63199 19 166 0.05 1.1 9 94 138 

2.1.4 SMT results 

Results from the SMT show a high frequency of sediment mobility, 
especially for the finer grain sizes represented at the mound (Figure 2-3). 
The frequency of mobility is approximately 80% using the linear wave 
theory threshold criteria with a median grain size of 0.08 mm; however, 
sediment mobility was predicted in the offshore direction for grain sizes 
less than 0.1 mm (Table 2-2). DeLoach (1985) reported that the only 
movement was that of lateral spreading and loss of material from the 
mound’s crest. Longshore-dominated sediment transport is expected 
based on the near-shore parallel wave resultant vector at the nearshore 
site.  
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Another possible explanation for the lack of cross-shore transport could be 
related to the mound geometry. Berm construction guidance found in the 
literature (Zwamborn et al. [1970]; McLellan [1990]) recommend linear 
berms as opposed to mounds to prevent wave focusing. Therefore, there is 
some speculation that wave refraction around the mound may have caused 
dynamic feedbacks between morphology and hydrodynamics that 
prevented substantial shore-directed sediment transport. 

Figure 2-3. Distribution of maximum bed shear stress (top) and near-bottom 
velocities (bottom) for site Dam Neck, Virginia (WIS station 63199). N is the number 

of hourly wave heights in each bin during the monitoring period. 
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Table 2-2. Dam Neck, Virginia, frequency of mobilization and predicted sediment 
migration for indicated grain sizes. Median grain size of placed material in bold. 

 Bed Shear Stress Near-Bottom Velocity 

Predicted Sediment 
Migration 

d50 
(mm) 

Frequency of 
Mobilization (𝐅𝐅𝐌𝐌) 

Frequency of Mobilization 
(𝐅𝐅𝐌𝐌𝐌𝐌) 

0.08 84% 99% 88% Offshore 
0.1 80% 98% 70% Offshore 
0.2 66% 

 
94% 100% Onshore 

0.3 65% 90% 100% Onshore 
0.4 66% 85% 100% Onshore 
0.5 64% 81% 100% Onshore 

2.2 Site 2: Mobile Outer Mound (MOM), Alabama (1988) 

2.2.1 Site description and berm construction 

The MOM (sometimes referred to as Mobile North in the literature) was 
constructed with the intent of being a stable mound to provide potential 
fish habitat and to dissipate wave energy. Located 8 km south of Dauphin 
Island, Alabama, it is the largest of a series of three berms constructed in 
the area (Figure 2-4). Approximately 14.3 million m3 of dredged sediment 
were used to create the berm in a designated disposal area approximately 
450 m × 300 m. Placement depths ranged from 10.6 m to 13.7 m at the toe 
of the large ebb-tidal delta fronting the inlet. Sediments were dredged 
from two locations, 10 million m3 from Mobile Bay and 4.3 million m3 
from the bar channel at the entrance of the bay. Sediments within the test 
area were heterogeneous, as the bay sediments were mostly clay-rich mud 
of high plasticity, while the bar channel sediments were comprised of silty 
and clayey sands (McLellan and Imsand 1989). Based on 100 surface grab 
samples, Hands et al. (1992) reported a median diameter of 0.067 mm. 
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Figure 2-4. Location map of the MOM, Alabama (after Hands et al. [1992]). Image 
date 2016. 

 

2.2.2 Hydrographic description 

Tides are diurnal with a 37 cm range (Jones and Patterson 2006). 
McAneny (1986), as cited in McClelland and Ismand (1989), reported 
average wave heights of 1.0 m with 5 s periods typically approaching from 
the southeast. Hydrodynamic data reported in McGehee et al. (1994) 
showed that typical wave conditions in the area range from calm to steep 
wind waves up to 3 m in height with 4 s to 9 s wave periods and storm 
swell with 10 s to 12 s periods. Wave direction is typically from the south 
during normal weather and from the north during passing frontal systems; 
more than 40 tropical storms have impacted the area since 1969. 

The normal range of current velocities are highly variable and range 
between 0.05 to 0.40 m/s, though storm surges can produce velocities 
exceeding 1 m/s (McLellan and Imsand 1989). Close to the placement 
sites, measured near-bottom currents on the order of 0.3 m/s to the east-
southeast were common, while maximum storm-wave velocities were 
measured up to 1 m/s (McGehee et al. 1994). Near the barriers, longshore 
drift is generally westward (Jones and Patterson 2006). 
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2.2.3 Monitoring and berm evolution 

Limited monitoring of the MOM showed that it was stable through a few 
years after placement and was expected to remain stable for many years 
later due to its large mass (Hands et al. 1992). This in contrast to the Sand 
Island Berm and Sand Island Mound (Table 2-3) both of which were 
reported to steadily migrate shoreward over the initial 3-year period. 

Table 2-3. Summary characteristics table for Mobile Outer Mound, Alabama. 

Monitoring 
Dates 

3/2/87 – 
1/8/88  

Placement 
Volume x 
106 (m3) 

Berm 
Dimensions (m) 
(length x width) 

Water 
Depth  

(m) 

Berm 
Relief 
(m) 

Mean 
Sand 
Size 
(mm) 

Observed 
Berm 

Migration 

14.3 4,500 x 200 
10.6 - 
13.7 6.6 0.25 Stable 

SMT Input Parameters 

WIS  
Station 

WIS 
Depth  

(m) 
Shoreline  

Angle 

Assumed  
Longshore  

Current 
(m/s) 

Average 
Wave 
Height 

(m) 

Average 
Wave 

Period (s) 

Wave 
Vector 
(deg) 

Average 
Wind 

Direction 
(deg) 

73153 12 275 0.05 0.57 4.6 151 138 

2.2.4 SMT results 

The SMT predicted that the MOM would be stable, as indicated by the low 
frequency of mobility (8%-26%) and negative mobility values (Figure 2-5). 
The negative mean mobility scores indicate that the maximum calculated 
shear stresses and bottom velocities were, on average, less than the critical 
stress required for sediment transport. The more conservative bed stress 
method estimates that only 10% of the waves would have exceeded the 
critical threshold for movement (𝑜𝑜𝑀𝑀 = 8% for 𝑑𝑑50 = 0.25 mm), whereas the 
average maximum bed shear stress is nearly 70% less than the critical stress 
as indicated by the mean mobility score (𝑀𝑀 = −0.69). Likewise, the near-
bottom velocity method also predicts that a very low percentage of waves 
(𝑜𝑜𝑀𝑀𝑚𝑚 = 17%) were capable of moving sediment in the mean size class. These 
results differ little for smaller size classes (Table 2-4). Thus, the deep-water 
placement of this mound prevented any significant movement, although 
Otay (1994) reported that wave reduction in the lee of the mound was 
approximately 30% during normal seas and 75% during extreme seas. The 
MOM was intended to be constructed as a stable feature, and the SMT 
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would have predicted the same for the given depth and grain size. However, 
note that silt and clay may have comprised a significant fraction of the total 
sediment composition (perhaps 10%) and the SMT was not designed to 
predict the mobility of cohesive sand-clay mixtures.  

Figure 2-5. Distribution of maximum bed shear stress (top) and near-bottom 
velocities (bottom) for site MOM, Alabama (WIS station 73153). N is the number of 

hourly wave heights in each bin during the monitoring period. 
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Table 2-4. MOM frequency of mobilization and predicted sediment migration for 
indicated grain sizes. Median grain size of placed material in bold. 

 Bed Shear Stress Near-Bottom Velocity 
Predicted Sediment 

Migration 
d50 

(mm) 
Frequency of 

Mobilization (𝑭𝑭𝑴𝑴) 
Frequency of 

Mobilization (𝑭𝑭𝑴𝑴𝑴𝑴) 
0.1 15% 29% 65% Onshore 
0.2 10% 19% 98% Onshore 

0.25 8% 17% 100% Onshore 
0.3 8% 15% 100% Onshore 
0.4 8% 12% 100% Onshore 
0.5 8% 9% 100% Onshore 

2.3 Site 3: Silver Strand, California (1988) 

2.3.1 Site description and berm construction 

The Silver Strand berm is one of many nourishment projects that have 
been completed along this shoreline since the 1940s to mitigate beach 
erosion (Patsch and Griggs 2007). This highly altered 26 km stretch of 
beach is part of the Silver Strand littoral zone with northerly longshore 
sediment transport estimated at 138,000 m3 per year. In December of 
1988, approximately 113,000 m3 of material dredged from the entrance 
channel of San Diego Bay was placed 240 m offshore of Silver Strand State 
Park, 6 miles south of the entrance to San Diego Bay (Figure 2-6). The 
berm measured 360 × 180 m and was constructed in water depths 
between 4.8 and 8.5 m with a relief of approximately 2.1 m. The dredged 
material consisted mostly of medium sand (d50 = 0.18 mm) with 12% silt 
and clay while the native material was slightly larger with less silt and clay 
(d50 = 0.25; 6% silt and clay) (Juhnke 1990). 
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Figure 2-6. Location map of Silver Strand placement site, California. Image date 
2018. 

 

2.3.2 Hydrographic description 

The dominant wave energy originates from swell waves (6 – 10 s periods) 
approaching from the northwest; the Silver Strand shoreline is mostly 
sheltered from these waves by Point Loma (Inman 1976, as reported in 
Patsch and Griggs 2007). Analysis of wave data from the nearest WIS 
station (83107) reveals that waves approach most frequently from the west 
with an average significant wave height of 1 m and average wave period of 
13 s (Table 2-5). Over the monitoring period, 114 days of wave gauge data 
from near the berm showed that wave heights were typically between 0.5 
and 0.75 m with average periods between 7 and 9 s; wave heights 
exceeding 1.0 m occurred only 10% of the time (Andrassay 1991). 

2.3.3 Monitoring and berm evolution 

Seven cross-shore survey lines were established to track the mound’s 
evolution over a period of nearly 2 years. Based on the survey data, the berm 
migrated shoreward and contributed to accretion by reducing wave energy 
in the lee of the berm causing deposition of longshore drift sediments.  
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A survey approximately 70 days post placement showed that the crest of 
the berm moved shoreward by an average of 34 m and the shoreline 
widened by an average of 40 m over this same time period; the total 
volume was conserved. Tracking of the crest position beyond that date was 
not possible due to berm deflation. Subsequent monitoring showed that 
the total sediment volume increased during summer months, remained 
unchanged during the fall, and lost volume during winter months. 
Seasonal changes compared to the periphery of the berm could not be 
determined since profiles were not taken outside the bounds of the 
placement area. Two years after placement, it was estimated that 62% of 
the original placement volume remained. 

Table 2-5. Summary characteristics table for Silver Strand, California. 

Monitoring 
dates 

12/8/88 – 
11/1/90  

Placement 
Volume 

(m3) 

Berm 
Dimensions (m) 

(l x w) 
Water 

Depth (m) 

Berm 
Relief 
(m) 

Mean 
Sand 
Size 
(mm) 

Observed 
Berm 

Migration 

113,000 360 x 180 4.6-5.5 2.1 0.25 Onshore 

SMT Input Parameters 

WIS  
Station 

WIS 
Depth  

(m) 
Shoreline  

Angle 

Assumed  
Longshore  

Current 
(m/s) 

Average 
Wave 
Height 

(m) 

Average 
Wave 

Period (s) 

Wave 
Vector 
(deg) 

Average 
Wind 

Direction 
(deg) 

83107 848 342 0.1 1.0 13.5 271 289 

2.3.4 SMT results 

Results from the SMT (Figure 2-7) show that the Silver Strand site should 
be ideal for berm placement. The distribution of maximum bed shear 
stresses and near-bottom velocities show that sediment would be 
mobilized 99% of the time for all grain sizes. Finer sediments on the order 
of 0.1 mm are predicted to be mobilized frequently (𝑜𝑜𝑀𝑀 = 99.4%), but only 
62% of that sediment is predicted to move in the onshore direction 
(Table 2-6), thus some loss of fines would be expected to occur. For 
coarser sediment, however, as represented at the placement site (𝑑𝑑50 =
0.25 mm), 100% of the waves were predicted to move sediment in the 
onshore direction. 
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Figure 2-7. Distribution of maximum bed shear stress (top) and near-bottom 
velocities (bottom) for site Silver Strand, California (WIS station 83107). N is the 

number of hourly wave heights in each bin during the monitoring period. 

 

 

Table 2-6. Silver Strand frequency of mobilization and predicted sediment migration 
for indicated grain sizes. Median grain size of placed material in bold. 

 Bed Shear Stress Near-Bottom Velocity 

Predicted Sediment 
Migration 

d50 
(mm) 

Frequency of 
Mobilization (𝑭𝑭𝑴𝑴) 

Frequency of 
Mobilization (𝑭𝑭𝑴𝑴𝑴𝑴) 

0.1 99% 100% 62% Onshore 
0.2 100% 100% 98% Onshore 

0.25 100% 
 

100% 100% Onshore 
0.3 100% 100% 100% Onshore 
0.4 100% 100% 100% Onshore 
0.5 100% 100% 100% Onshore 
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2.4 Site 4: Port Canaveral, Florida (1992) 

2.4.1 Site description and berm construction 

The Port Canaveral berm was part of an ongoing effort to mitigate the 
down-drift erosive effects after construction of the Port Canaveral Harbor 
and jetty in the 1950s (Bodge, 1994). Multiple sand bypassing and 
nourishment projects have been completed to this effect ever since. In July 
of 1992, 121,000 m3 of dredge material from the Port Canaveral entrance 
channel was used to construct a berm 6 miles south of the jetty just 
offshore of Cocoa Beach, Florida (Figure 2-8). The berm was placed 
between the 5.5 m and 7 m depth contours (relative to mean low water 
[MLW]) and had a typical berm relief of approximately 1.6 m. The 
shoreward side slopes were between 1:24 and 1:54 while seaward slopes 
varied between 1:12 and 1:35. Native sediments had a median diameter of 
0.104 mm with 10% fines, on average, while berm sediments had a median 
diameter of 0.4 mm and 3% fines. 

Figure 2-8. Location map of Port Canaveral placement site, Florida. Image date 2016. 
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2.4.2 Hydrographic description 

One year of offshore acoustic Doppler current profiler measurements 
(5 km east of Cocoa Beach; 15 m water depth) from 2003 to 2004 showed 
depth-averaged currents in the area rarely exceeded 0.25 m/s and were 
directed toward the north and the south, though northerly currents occur 
twice as frequently (McArthur and Parsons 2005). In the same period, 
median near-bottom velocities measured 0.06 m/s and were directed 
toward the northwest (McArthur and Parsons 2005).  

Analysis of WIS data (Station 63439) during the berm’s monitoring period 
(July 1992 – March 1993) revealed that waves were predominately from 
the east with a mean wave height of 1.2 m and 9 s average wave period 
(Table 2-7). 

2.4.3 Monitoring and berm evolution 

Four post-placement surveys were conducted over an 11-month timespan. 
Additional surveys were conducted outside of the placement area to 
capture changes to the background seabed profile. Investigation of the 
survey profiles and corresponding volumetric centroid positions 
confirmed that the berm overwhelmingly migrated landward; Bodge 
(1994) described it as cross-shore diffusion and shoreward-directed 
convection, as the berm’s crest position remained in place even though the 
centroid migrated landward. Much of the sediment was transported 
rapidly for depths greater than 6.9 m MLW. The first survey, conducted 
5 weeks after placement, showed that the berm’s centroid migrated 30 m 
landward then slowed over the next 10 months, migrating another 9-15 m. 
Total onshore migration was approximately 60 m. No substantial 
sediment transport was detected for placement depths below 7.6 m MLW. 
Likewise, there was no detection of transport in the longshore direction.  
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Table 2-7. Summary characteristics table for Port Canaveral, Florida. 

Monitoring 
Dates 

7/28/92 – 
7/1/93  

Placement 
Volume 

(m3) 

Berm 
Dimensions (m) 

(l x w) 
Water 

Depth (m) 

Berm 
Relief 
(m) 

Mean 
Sand 
Size 
(mm) 

Observed 
Berm 

Migration 

121,000 360 x 180 4.6-5.5 2.1 0.25 Onshore 

SMT Input Parameters 

WIS  
Station 

WIS 
Depth  

(m) 
Shoreline  

Angle 

Assumed  
Longshore  

Current 
(m/s) 

Average 
Wave 
Height 

(m) 

Average 
Wave 

Period (s) 

Wave 
Vector 
(deg) 

Average 
Wind 

Direction 
(deg) 

63439 17 198 0.05 1.3 9 91 90 

2.4.4 SMT results 

Results from the SMT (Figure 2-9) predict that this site is very favorable for 
onshore berm migration with very high frequency of mobility scores and 
mean mobility scores for all specified grain sizes (Table 2-8). The critical 
shear stress and velocity for the median grain size of placed material 
(0.44 mm) was 0.23 Pascal (Pa) and 0.23 m/s, respectively. The predicted 
frequency of mobility is 97% and 99% using either bed stress or near-
bottom velocity criteria, respectively. Likewise, the mean mobility scores 
indicate that the average excess shear stress and velocity was 4 and 3 times 
greater than critical values. At a depth of 6 m, the probability of grain sizes 
between 0.3 and 0.5 mm to migrate onshore is 100%, and 86% for 0.2 mm 
(Table 2-8). Conversely, 84% of the wave conditions favor offshore 
transport of sediments 0.1 mm or less (Table 2-8); thus, the winnowing and 
transport of fines out of the area is generally expected here. The median 
grain size and fines fraction of the dredged material during (0.4 mm; 2.8%) 
and 10 months after placement (0.4 mm; 3.3%) were nearly identical.  
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Figure 2-9. Distribution of maximum bed shear stress (top) and near-bottom 
velocities (bottom) for site Port Canaveral, Florida (WIS station 63439). N is the 

number of hourly wave heights in each bin during the monitoring period. 

 

 

Table 2-8. Port Canaveral frequency of mobilization and predicted sediment migration 
for indicated grain sizes. Median grain size of placed material in bold. 

 Bed Shear Stress Near-Bottom Velocity 

Predicted Sediment 
Migration 

d50 
(mm) 

Frequency of 
Mobilization (𝐅𝐅𝐌𝐌) 

Frequency of 
Mobilization (𝐅𝐅𝐌𝐌𝐌𝐌) 

0.1 100% 100% 84% Offshore 
0.2 98% 100% 86% Onshore 
0.3 97% 

 
99% 100% Onshore 

0.4 97% 99% 100% Onshore 
0.44 97% 99% 100% Onshore 
0.5 97% 99% 100% Onshore 
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2.5 Site 5: Perdido Key, Florida (1991) 

2.5.1 Site description and berm construction 

Perdido Key is part of the northwest barrier island chain of the Florida 
panhandle, just west of Pensacola Bay. In October of 1991, approximately 
3 million m3 (3.9 million yd3) of material dredged from the navigation 
channel of Pensacola Bay was placed in the nearshore area off the coast of 
Perdido Key (Figure 2-10); Pensacola pass inlet is located approximately 
4 km east of the berm’s centroid. Placement depths ranged from 5 to 6.5 m 
at an offshore distance between 500 to 1300 m. The berm length was 
3.75 km, and the berm width ranged from 300 m at the western end to 
800 m at the eastern end (Table 2-9). The berm was constructed in a flat 
region of the offshore zone (1:1000 slope) seaward of a 1:20 sloped 
foreshore; the berm relief was 1.5 m. The median grain size of the dredged 
material was 0.3 mm with slightly finer sediments offshore. 

Figure 2-10. Location map of the 1991 Perdido Key, Florida placement site. Image 
date 2015. 
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2.5.2 Hydrographic description 

Waves, currents, and tides were measured near the berm site over a 2-year 
duration (Otay 1994). One directional wave gage was mounted in 7 m 
water depth, 750 m offshore, and 4 km west of the western end of the 
berm. The other was placed in 5 m water depth, 1 km offshore near the 
eastern end of the berm area. Predominate wave directions were from the 
south and east-southeast (5 degrees [deg] and 50 deg from shore normal). 
The most frequently occurring wave heights were 0.21-0.28 m, and 
average wave heights were on the order of 0.5-0.6 m with 6 s wave 
periods. Wave heights exceeding 1 m occurred less than 5% of the time. 

Mean current velocities were 0.08 m/s at the far western boundary and 
0.11 m/s at the eastern boundary. Currents at the eastern boundary were 
found to be most energetic in the onshore direction. Maximum velocities 
recorded during the monitoring period were less than 0.4 m/s. 

Estimates of net longshore sediment transport in the vicinity (from 1976-
1995) are highly variable (38,000 – 352,000 m3) and average 187,000 m3 
to the west (Browder and Dean 1999). 

2.5.3 Monitoring and berm evolution 

Conditions at this site were initially thought to be conducive to onshore 
migration, yet surveys showed that the center of gravity of the berm 
remained stable with only lateral spreading of sediments. The average 
elevation of the berm did not change more than ±9 cm. The berm did 
provide shoreline protection, however, as the shoreline recession of the 
sheltered area was 35 m compared to 60 m outside of it during the 
monitoring period (Otay 1994).  
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Table 2-9. Summary characteristics table for Perdido Key, Florida (1991). 

Monitoring 
Dates 

9/26/90 – 
12/10/93  

Placement 
Volume 

(m3) 
Berm Dimensions 

(m) (l x w) 

Water 
Depth 

(m) 

Berm 
Relief 
(m) 

Mean 
Sand 
Size 
(mm) 

Observed 
Berm 

Migration 

3,000,000 3,750 x 550 5.5 1.75 0.28 Stable 

SMT Input Parameters 

WIS  
Station 

WIS 
Depth  

(m) 
Shoreline  

Angle 

Assumed  
Longshore  

Current 
(m/s) 

Average 
Wave 
Height 

(m) 

Average 
Wave 

Period (s) 

Wave 
Vector 
(deg) 

Average 
Wind 

Direction 
(deg) 

73164 20 259 0.05 0.45 5.7 160 166 

2.5.4 SMT results 

Results of the SMT are presented in Figure 2-11. In contrast to the initial 
expectation, and based on the low frequencies of mobility scores 
(Table 2-10), the SMT results show that sediments are not predicted to 
mobilize very often for grain sizes representative of the berm (36 −
47% for 𝑑𝑑50 = 0.28). Cross-shore migration is predicted in the onshore 
direction for all grain sizes (Table 2-10); however, the mean mobility 
scores are less than 1. This is a good indicator that the berm will actually 
be stable, as was also observed at the outer mound at Mobile, Alabama.  
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Figure 2-11. Distribution of maximum bed shear stress (top) and near-bottom 
velocities (bottom) for site Perdido Key (1991), Florida (WIS station 73164). N is the 

number of hourly wave heights in each bin during the monitoring period. 

 

 

Table 2-10. Perdido Key (1991) frequency of mobilization and predicted sediment 
migration for indicated grain sizes. Median grain size of placed material in bold. 

 Bed Shear Stress Near-Bottom Velocity 

Predicted Sediment 
Migration 

d50 
(mm) 

Frequency of 
Mobilization (𝑭𝑭𝑴𝑴) 

Frequency of 
Mobilization (𝑭𝑭𝑴𝑴𝑴𝑴) 

0.1 48% 64% 58% Onshore 
0.2 41% 52% 96% Onshore 

0.28 36% 
 

47% 99% Onshore 
0.3 36% 46% 100% Onshore 
0.4 36% 41% 100% Onshore 
0.5 36% 36% 100% Onshore 
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2.6 Site 6: Newport Beach, California (1992) 

2.6.1 Site description and berm construction 

In the vicinity of Newport Beach, California, natural sediment supply from 
the Santa Ana River and coastal bluffs to the San Pedro littoral cell was 
interrupted following early twentieth century coastal development and 
construction of flood control structures (Wiegel 2009). The area has been 
subjected to periodic nourishment projects since 1964. In 1992, nearly 
1.0 million m3 of dredged material was placed in the nearshore 
environment, selected to confine sediments between the jettied Santa Ana 
River to the south and a groin field to the north (Figure 2-12). The disposal 
area was approximately 900 m in length and 335 m in width located 
approximately 90 m offshore between the 1.5 m and 8 m depth contours 
(relative to MLLW). Instead of a berm, the placement was constructed as a 
series of mounds throughout the disposal area. The dredged material 
consisted of 83% sand and 17% fines with a median diameter of 0.27 mm. 
The native sediments were described as a poorly graded fine sand (83%) 
with 17% fines and a median grain size of 0.09 mm (Mesa 1997). Over the 
course of the project’s monitoring, the fine sands had winnowed to 2% 
(Mesa 1997).  

Figure 2-12. Location map of Newport Beach placement site, California. Image 
date 2016. 
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2.6.2 Hydrographic description 

The directional wave climate was measured 2.4 km miles offshore in a 
water depth of 10 m. The mean wave height was reported as 0.82 ± 0.3 m 
(one standard deviation) with a maximum of 3.2 m (Table 2-11). Wave 
periods were bimodal, 7 s and 15 s, associated with sea and swell 
conditions, respectively. Analysis of WIS data during the monitoring 
period showed good agreement that waves typically approach from the 
west with a mean wave height of 0.77 m and 10 s wave period.  

2.6.3 Monitoring and berm evolution 

Repeated cross-shore profiles revealed that over a 31-month period, 
sediments were dispersed landward through erosion of the berm’s crest, 
the relief of which reduced from 4.4 m to 2.4 m. Berm categorization based 
on Hands and Allison (1991) classified it as being stable for a typical wave 
climate and active for wave conditions approaching the 99th percentile. 
The method of Hallermeier (1981b) classified the berm as weakly active to 
active within the buffer zone of the inner and outer depth limits. 
Coincidently, the surveys clearly showed that while sediments 
accumulated toward the shore, the base and centroid of the berm 
remained relatively stable. Further, there was no indication of any offshore 
movement (Mesa, 1997). The adjacent beach was reported to increase in 
width near the mound from approximately 84 m to 100 m over the 
following 2-3 years (CBRS 2002). 

Table 2-11. Summary characteristics table for Newport Beach, California.  

Monitoring 
dates 

05/1992 – 
05/1995  

Placement 
Volume 

(m3) 
Berm Dimensions 

(m) (l x w) 

Water 
Depth 

(m) 
Berm 

Relief (m) 

Mean 
Sand 
Size 
(mm) 

Observed 
Berm 

Migration 

976,000 Not reported 5.5 4.4 0.27 Onshore 

SMT Input Parameters 

WIS  
Station 

WIS 
Depth  

(m) 
Shoreline  

Angle 

Assumed  
Longshore  

Current 
(m/s) 

Average 
Wave 
Height 

(m) 

Average 
Wave 

Period (s) 

Wave 
Vector 
(deg) 

Average 
Wind 

Direction 
(deg) 

83102 467 303 0.1 0.82 7-15 262 291 
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2.6.4 SMT results 

The SMT results (Figure 2-13) predicted that sediments placed at 1.7 m 
depth would only slowly move onshore based on the slightly elevated 
frequency of sediment mobility (𝑜𝑜𝑀𝑀 = 60%) for the reported median grain 
size of 0.27 mm (Table 2-12). The bottom shear stress was on average 35% 
greater than the critical stress of 0.18 Pa. However, sediment mobility 
based on near-bottom velocities predict a much greater frequency of 
mobility (𝑜𝑜𝑀𝑀𝑚𝑚 = 98%). Cross-shore migration was predicted to be 
overwhelmingly onshore (Table 2-12) for the considered grain sizes 
(0.1-0.5 mm) though the velocity-based mobility score (𝑀𝑀𝑚𝑚 = 3.2) was very 
high suggesting a winnowing of finer sediments, which matched 
observations.  
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Figure 2-13. Distribution of maximum bed shear stress (top) and near-bottom 
velocities (bottom) for site Newport Beach, California (WIS station 83102) N is the 

number of hourly wave heights in each bin during the monitoring period. 

 

 

Table 2-12. Perdido Key (1991) frequency of mobilization and predicted sediment 
migration for indicated grain sizes. Median grain size of placed material in bold. 

 Bed Shear Stress Near-Bottom Velocity 

Predicted Sediment 
Migration 

d50 
(mm) 

Frequency of 
Mobilization (𝑭𝑭𝑴𝑴) 

Frequency of 
Mobilization (𝑭𝑭𝑴𝑴𝑴𝑴) 

0.1 75% 100% 85% Onshore 
0.2 58% 99% 100% Onshore 

0.27 60% 98% 100% Onshore 
0.3 61% 98% 100% Onshore 
0.4 62% 95% 100% Onshore 
0.5 60% 92% 100% Onshore 
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2.7 Site 7: Brunswick, Georgia “Mound C” (2003) 

Maintenance dredging of the Brunswick Harbor navigation channel 
produced a series of disposal mounds along its length (Figure 2-14). Of 
these, Mound C was selected for study by Johnson (2005) to track mound 
movement concurrent with hydrodynamic measurements and to predict 
medium term transport trends. Mound C was located 8 km offshore of 
Jekyll Island in 6-8 m of water and had a relief of 4-5 m. The mound was 
crescent shaped and had dimensions of approximately 600 × 600 m. The 
median grain size of the mound was 0.35 mm; sediments in the vicinity 
were reported to be 93% sand, 4% gravel, and 3% silt and clay (McArthur 
and Parsons 2005).  

Figure 2-14. Location map of placement site Brunswick, Georgia, “Mound C.” Image 
date 2016. 

 

2.7.1 Hydrographic description 

The Georgia Bight region is considered tidally dominated with a semi-
dirunal tidal range of 2 m and spring tides up to 3 m. Mean wave heights 
measured at Grays Reef Buoy (approximately 50 km north of the study 
site) ranged from 0.80 ± 0.34 m in the summer to 1.1 ± 0.5 m in the fall 
and winter months. During the monitoring period, waves measured 
adjacent to the mound were reported to be on the order of 0.5 m with wave 
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directions typically from the southeast (1050); it was estimated that only 
2% of these waves met the wave breaking criteria (Johnson 2005). The 
large tidal range gives rise to swift currents, which measured an average of 
0.22-0.27 m/s in the direction parallel to the channel axis (Johnson 
2005). Conversely, currents perpendicular to the channel measured less 
than 0.01 m/s. Summary characteristics are provided in Table 2-13. 

2.7.2 Monitoring and berm evolution 

Fluorescent tracers (𝑑𝑑50 = 0.24 mm) placed on the crest of the mound 
revealed that sediments moved parallel to the channel and biased toward 
the onshore direction. Additionally, small tracers in the fines class (𝑑𝑑50 =
0.065 mm) were winnowed out quickly (days to weeks). Differences in 
bathymetric survey data suggested the mound deflated at a rate of 
20-45 cm/month with net migration of the tracers depositing toward the 
southwest direction (i.e., slightly onshore). It was determined that both 
waves and currents played a role in sediment transport. A detailed tracer 
study by Smith et al. (2007) revealed that net sand tracer movement was 
to the southwest, away from the navigation channel. The observed 
sediment transport towards the southwest while the waves are from the 
southeast could be attributed to vessel wakes influencing the sediment 
direction, or could indicate the influence of the navigation channel parallel 
tidal currents. 

Table 2-13. Summary characteristics table for Brunswick, Georgia. 

Monitoring 
Dates 

01/2003 – 
09/2003  

Placement 
Volume (m3) 

Berm Dimensions 
(m) (l x w) 

WATER 
Depth 

(m) 

BERM 
Relief 
(m) 

Mean 
Sand 
Size 
(mm) 

Observed 
Berm 

Migration 

n/a 600 x 600 6 4-5 0.35 Onshore 

SMT Parameters 

WIS  
Station 

WIS 
Depth  

(m) 
Shoreline  

Angle 

Assumed  
Longshore  

Current 
(m/s) 

Average 
Wave 
Height 

(m) 

Average 
Wave 

Period (s) 

Wave 
Vector 
(deg) 

Average 
Wind 

Direction 
(deg) 

63393 467 303 0.1 0.5 9.2* 105 138 
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2.7.3 SMT results 

The SMT results (Figure 2-15) show that for a depth of 6 m and a median 
grain size of 0.35 mm, the frequency of waves exceeding the critical 
threshold for movement was 97% based on shear stress and 98% based on 
wave velocities (Table 2-14). The mean mobility scores indicate that 
average shear stresses and velocities were 2.5-4.0 times greater than 
critical thresholds for a range of grain sizes, and up to nearly 6 times 
greater for sediments less than 0.1 mm, which supports the observed 
winnowing behavior of the fine sediment tracers. However, the onshore 
behavior predicted by the SMT was not observed in the field, likely 
because the placement was placed close to a navigation channel rather 
than a shoreline. Most of the morphological change observed was the 
dispersion of sediments from the mound crest to base of its margins. The 
SMT transforms waves from the offshore to the nearshore placement site 
and does not account for vessel wakes, which is likely very important for 
these mounds placed close to the navigation channel.  
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Figure 2-15. Distribution of maximum bed shear stress (top) and near-bottom 
velocities (bottom) for site Brunswick, Georgia, “Mound C” (WIS station 63393). N is 

the number of hourly wave heights in each bin during the monitoring period. 

 

 

Table 2-14. Brunswick, Georgia frequency of mobilization and predicted sediment 
migration for indicated grain sizes. Median grain size of placed material in bold. 

 Bed Shear Stress Near-Bottom Velocity 

Predicted Sediment 
Migration 

d50 
(mm) 

Frequency of 
Mobilization (𝑭𝑭𝑴𝑴) 

Frequency of 
Mobilization (𝑭𝑭𝑴𝑴𝑴𝑴) 

0.1 99% 100% 85% Offshore 
0.2 97% 99% 99% Onshore 
0.3 96% 99% 100% Onshore 

0.35 96% 99% 100% Onshore 
0.4 96% 98% 100% Onshore 
0.5 96% 98% 100% Onshore 
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2.8 Site 8: Ocean Beach, California (2005) 

2.8.1 Site descriptions and berm monitoring 

In 2005, 225,000 m3 of dredged material from the main shipping channel 
of San Francisco Bay was placed approximately 500 m offshore of a known 
erosional hotspot at Ocean Beach, California (Figure 2-16). The geometry 
of the placement was an irregular mound. Placement depths ranged from 
9 to 14 m. The dredged material had a median grain size of 0.18 mm, 
similar to nearby nearshore bar sediments but significantly finer than the 
beach sand (𝑑𝑑50 = 0.28 mm).  

Fluctuations in shoreline position can exceed 80 m due to its high energy 
tidal and wave climate, and seasonal transitions of summer and winter 
profiles are typical (Barnard et al. 2009). South of the placement area, 
sand waves with wavelengths on the order of 5-10 m and crests near 
perpendicular to shore were observed; however, no bed forms were 
observed in the immediate vicinity of the berm (Barnard et al. 2009). 

Figure 2-16. Location map of placement site Ocean Beach, California. Imagery 
courtesy of Google Earth. Image date 2016. 
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2.8.2 Hydrographic description 

This area is known to be highly energetic in terms of both waves and tidal 
currents. Tidal currents produced from ebb and flood tides trend 
alongshore, peaking at 60-80 cm/s. Barnard et al. (2006) reported that 
waves measured near the mound showed wave heights could approach 
2.5 m, but no further information was given. Analysis of WIS data over the 
monitoring period revealed average wave heights of 1 m with 13 seconds 
wave periods approaching from the west. Summary characteristics are 
provided in Table 2-15. 

2.8.3 Monitoring and berm evolution 

Bathymetric monitoring results showed that the mound had greatly 
dispersed over the summer months. The crest of the mound moved 30 m 
onshore, but overall volume was reduced by 50%. After one year the 
mound was even more dispersed and the peak of the mound had migrated 
100 m shoreward. Beach accretion followed the initial placement, although 
whether it could be attributable to mound migration remained speculative. 

Table 2-15. Summary characteristics table for Ocean Beach, California. Asterisks 
indicate values derived from WIS data over the indicated monitoring period. 

Monitoring Dates 
05/2005 – 
05/2006  

Placement 
Volume (m3) 

Berm Dimensions 
(m) (l x w) 

Water 
Depth 

(m) 

Berm 
Relief 
(m) 

Mean 
Sand 
Size 
(mm) 

Observed 
Berm 

Migration 

225,000 n/a 11.5 n/a 0.18 Onshore 

SMT Parameters 

WIS  
Station 

WIS 
Depth  

(m) 
Shoreline  

Angle 

Assumed  
Longshore  

Current 
(m/s) 

Average 
Wave 
Height 

(m) 

Average 
Wave 

Period (s) 

Wave 
Vector 
(deg) 

Average 
Wind 

Direction 
(deg) 

83107 848 6 0.1 1.0* 13* 267* 292* 

2.8.4 SMT results 

Given that waves in this area are not particularly steep (H/L = 1/13), the 
bed shear stress criterion using linear wave theory for transport potential 
is more appropriate here compared to other sites (Figure 2-17). The critical 
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shear stress for 0.18 mm sediment is 0.16 Pa, which is predicted to have 
been exceeded by 75% of the waves for a placement depth of 11.5 m 
(Table 2-16), and in the onshore direction (Table 2-16). The predicted high 
sediment activity and shoreward migration matches the monitoring 
observations. 

Figure 2-17. Distribution of maximum bed shear stress (top) and near-bottom 
velocities (bottom) for site Ocean Beach, California (WIS station 83107). N is the 

number of hourly wave heights in each bin during the monitoring period. 
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Table 2-16. Ocean Beach, California frequency of mobilization and predicted 
sediment migration for indicated grain sizes. The median grain size of placed 

material is shown in bold. 

 Bed Shear Stress Near-Bottom Velocity 

Predicted Sediment 
Migration 

d50 
(mm) 

Frequency of 
Mobilization (𝑭𝑭𝑴𝑴) 

Frequency of 
Mobilization (𝑭𝑭𝑴𝑴𝑴𝑴) 

0.1 87% 100% 66% Onshore 
0.18 74% 99% 98% Onshore 
0.2 72% 99% 99% Onshore 
0.3 73% 97% 100% Onshore 
0.4 73% 96% 100% Onshore 
0.5 71% 93% 100% Onshore 

2.9 Site 9: Fort Meyers Beach, Florida (2009) 

2.9.1 Site description and berm construction 

In 2009, approximately 175,000 m3 (229,000 yd3) of dredged material 
was used to construct a linear berm offshore of Fort Meyers Beach at 
Estero Island (Figure 2-18). The island is a low-lying barrier and is part of 
the west-central barrier island chain along Florida’s Gulf coast. Sediments 
for the berm were dredged from Matanzas Pass, a federally maintained 
waterway on the northern terminus of the island. The goal of the project 
was to nourish the beach with dredged material that contained a 
percentage of fines greater than that allowable by direct subaerial 
placement. The berm was placed in a disposal area approximately 
100-200 m offshore in water depths ranging from 1.7 to 2.7 m; distance to 
the berm crest varied from 68 m to 147 m. The berm was approximately 
1.6 km long and 120 m wide. It was noted that the berm was irregular in 
the longshore direction and multiple gaps existed along the berm crest 
(Wang et al. 2013). Natural bars in the foreshore of the area are typically 
small and ephemeral (Brutsche et al. 2014). The median grain size of the 
dredged material was 0.16 mm with a composite fines content of 
approximately 8 percent (Wang et al. 2013). 
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Figure 2-18. Location map of placement site Fort Meyers Beach, Florida. Imagery 
courtesy of Google Earth. Image date 2016. 

 

2.9.2 Hydrographic description 

The offshore area is considered a low energy environment. Wave heights 
during summer months range from calm to 0.3 m with slightly higher 
waves during winter months from the passage of frontal systems (Brutsche 
et al. 2014). The protrusion of Sanibel Island on the opposite side of 
Matanzas Pass blocks waves approaching from the north and establishes a 
reversal in longshore sediment transport, which is to the north from the 
location of study area to the northern end of Estero Island (3 km), and 
southerly otherwise. Tides are mixed, with a neap tide range of 0.75 m and 
a spring tide range of 1.2 m (Brutsche et al. 2014). Summary 
characteristics are provided in Table 2-17. 

2.9.3 Monitoring and berm evolution 

Cross-shore surveys showed that the berm migrated landward rapidly 
during the first year and decreased thereafter and was likewise greater 
during winter months when waves were more energetic. The berm 
migrated 100 m in the first 2 years. Through the 4-year study duration, the 
nearshore profile had evolved back to its natural pre-construction 
equilibrium state, apparently accelerated by the passage of two extra-
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tropical storms. Approximately 10% of the placed material volume was 
thought to have been captured on the beach (Brutsche et al. 2014). From 
sedimentological analyses, fine sediments were reported to have mostly 
winnowed out. 

Table 2-17. Summary characteristics table for Fort Meyers Beach, Florida. 

Monitoring 
Dates 

10/2009 – 
05/2013  

Placement 
Volume (m3) 

Berm Dimensions 
(m) (l x w) 

Water 
Depth 

(m) 

Berm 
Relief 
(m) 

Mean 
Sand 
Size 
(mm) 

Observed 
Berm 

Migration 

175,000 1600 x 120 1.7-2.7 0.2-0.9 0.16 Onshore 

SMT Parameters 

WIS  
Station 

WIS Depth  
(m) 

Shoreline  
Angle 

Assumed  
Longshore  

Current 
(m/s) 

Average 
Wave 

Height (m) 

Average 
Wave 

period (s) 

Wave 
Vector 
(deg) 

Average 
Wind 

Direction 
(deg) 

73295 5 298 0.05 0.16 4 201 090 

2.9.4 SMT results 

The SMT results (Figure 2-19) predict that the berm would be mobilized 
by 35% to 45% of the significant wave heights and will migrate onshore by 
97% of the mobilizing waves for a  median grain size of 0.125 m in a water 
depth of 2.2 m (Table 2-18). The mean mobility scores less than 1 generally 
indicate a stable berm, but it was noted in the observations that sediment 
migration was accelerated by extra-tropical storms. 
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Figure 2-19. Distribution of maximum bed shear stress (top) and near-bottom 
velocities (bottom) for site Fort Meyers, Florida (WIS station 73259). N is the number 

of waves in each bin during the monitoring period. 

 

 

Table 2-18. Fort Meyers Beach, Florida frequency of mobilization and predicted 
sediment migration for indicated grain sizes. Median grain size of placed material 

in bold. 

 Bed Shear Stress Near-Bottom Velocity 

Predicted Sediment 
Migration 

d50 
(mm) 

Frequency of 
Mobilization (𝑭𝑭𝑴𝑴) 

Frequency of 
Mobilization (𝑭𝑭𝑴𝑴𝑴𝑴) 

0.1 36% 48% 86% Onshore 
0.125 35% 45% 97% Onshore 

0.2 31% 39% 100% Onshore 
0.3 28% 34% 100% Onshore 
0.4 27% 30% 100% Onshore 
0.5 27% 27% 100% Onshore 
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3 Summary and Conclusions 

The SMT is used to rapidly assess the sediment mobility potential of 
nearshore berms as a function of water depth, wave height, and sediment 
diameter. Sediment mobility results from the SMT were compared to nine 
previously documented dredged material placement sites of both mound 
and linear berm geometries. The selected placement sites represented a 
range of energy conditions, placement depths, and grain sizes from three 
major water bodies. This broad spectrum of conditions allows for a more 
complete picture of the SMT’s capabilities and limitations. For example, it 
was generally observed that the SMT performed well as a rapid, 
preliminary tool to estimate the behavior of the nearshore berms for the 
range of conditions tested. However, the potential for direct nourishment 
of the beach cannot be predicted with the SMT. Likewise, at this time the 
SMT should only be used for noncohesive sediments. 

The SMT correctly predicted the sediment mobility and direction for eight 
of nine sites (Table 3-1). Most of the study sites were predicted by the SMT 
to have very high frequencies of mobility (>90%), typically associated with 
relatively shallow placement depths and energetic conditions. Accordingly, 
there is relatively high confidence that the design considerations for those 
sites would mobilize and maintain sediment in the littoral zone. 
Conversely, observations at Dam Neck, Virginia, did not match SMT 
predictions (highlighted in Table 3-1). In this case, a berm composed of 
very fine sediment was placed in deeper water compared to other sites. 
The finer sediment size reduced the critical thresholds for mobility, and 
the SMT produced a high frequency of mobility when the berm was 
actually stable. The exact reason for the SMT’s incorrect results is not fully 
understood, but the berm was constructed as a mound, which is not as 
effective in dissipating wave energy compared to linear berms as argued in 
the literature (Zwamborn et al. 1970; Frisch 1979; Gunyakti 1987) and may 
have wave focusing effects. Additionally, for the Dam Neck site, while the 
calculated frequencies of mobility were high (84% and 99%), the migration 
was predicted in the offshore direction, and the observations in the field 
noted that it was stable. This result underscores the notion that the SMT is 
a preliminary scoping tool and that large projects may warrant the use of 
high-level numerical models.  

Mean mobility scores of less than one were observed in the SMT results for 
Mobile, Alabama, Perdido Key, Florida, and Fort Meyers, Florida. Mean 
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mobility scores less than 1 generally note a stable berm as seen in Mobile, 
Alabama, and Perdido Key, Florida. The negative mean mobility scores at 
Mobile stresse the increased likelihood of a stable berm, likely due to its 
placement depth. Conversely, the nearshore berm at Fort Meyers, Florida, 
was noted to be in a very mild wave climate though may have increased 
sediment migration during passing storms. 

The Perdido Key project (1991) is a good example of how the SMT could 
have been used to inform decisions about nearshore placement during the 
project planning phase. From a planning perspective, such low frequency 
of mobility and low mean mobility score values would have warranted 
re-evaluation of the design considerations and placement depth for the 
expected wave climate. Thus, considerable value is gained by the ability to 
apply a rapid, simple tool to evaluate potential outcomes against various 
project scenarios.  

Table 3-1. Summary of SMT berm migration results compared to observations.  

Placement 
Site Year Geometry 

Depth 
(m) 

Berm 
Relief 

(m) 
d50 

(mm) 

SMT Results 

Observed 
Migration 𝑭𝑭𝑴𝑴 𝑭𝑭𝑴𝑴𝑴𝑴 

Predicted 
Migration 

Dam Neck, 
VA 1982 Mound 11 3.3 0.08 84% 99% 

88% 
Offshore Stable 

Mobile, AL 1988 
Irregular 
mound 

10.6-
13.7 6.6 0.25 8% 17% 

84% 
Offshore Stable 

Silver 
Strand, CA 1988 Berm 

4.8-
8.5 2.1 0.25 100% 100% 

100% 
Onshore Onshore 

Port 
Canaveral, 

FL 1992 Berm 
5.5-
7.0 1.6 0.44 97% 99% 

100% 
Onshore Onshore 

Perdido 
Key, FL 1991 Berm 

5.0-
6.5 1.75 0.28 36% 47% 

99% 
Onshore Stable 

Newport 
Beach, CA 1992 

Multiple 
mounds 5.5 4.4 0.27 60% 98% 

100% 
Onshore Onshore 

Brunswick, 
GA 2003 Mound 6 4-5 0.35 97% 99% 

100% 
Onshore Onshore 

Ocean 
Beach, CA 2005 

Irregular 
mound 11.5 — 0.18 75% 100% 

98% 
Onshore Onshore 

Fort 
Meyers, FL 2009 Berm 

1.7-
2.7 

0.2-
0.9 0.125 35% 45% 

97% 
Onshore Onshore 
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Acronyms and Abbreviations 

cm centimeter 

deg degree 

DRP Dredging Research Program 

km  kilometer 

m meter 

m/s meter per second 

m3 cubic meter 

MLLW mean lower low water 

MLW mean low water 

mm millimeter 

MOM Mobile Outer Mound 

NAE New England District 

Pa Pascal 

s second 

SMT Sediment Mobility Tool 

USACE US Army Corps of Engineers 

WIS Wave Information Studies 
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