
 
 

Department of Water Resources Engineering
Lund Institute of Technology (LTH)

Lund University

 
 

 
MODELLING OF COASTAL OVERWASH 

 
 

 
 
 
 
 
 
 
 
 

Nguyen Xuan Tinh 
LUND - 2006   

 TVRL 2006:1 

  



 

Modelling of Coastal Overwash 
 

 Review and application of state-of-art empirical, numerical 
and analytical methods 

 
 
 
 
 
 
 

Nguyen Xuan Tinh 
Department of Water Resources Engineering 

 
Supervised by 

 
Chantal Donnelly (Doctoral student) 

Professor Magnus Larson 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Lund Institute of Technology/Lund University 
January 2006 

  



 

PREFACE 
 

This thesis work was done as a part of the MSc program in Water Resources (WaterLU) 
of the Department of Water Resources Engineering, Lund Institute of Technology (LTH), 
Lund University, Sweden, which was attended between August 2004 and December 
2005. I would like to gratefully acknowledge the Swedish Institute (SI) for the financial 
support to carry out my studies. 

I owe special words of thanks to my supervisor Professor Magnus Larson for his help to 
bring me to this course, for the thesis ideas, for his patience, support, direction, and 
valuable advice. I would also like to express my great appreciation to my co-supervisor 
Chantal Donnelly for sharing the data, ideas, and knowledge from her PhD study, and 
for reviewing the English in this report. I would also like to sincerely thank my teacher in 
Vietnam, Associate Professor Nguyen Manh Hung for his faith, support, and advice. 
Additionally, I would like to thank Lee Butler and Veri-Tech Inc. for supplying us with the 
SBEACH model interface. 

I am very grateful to all the teachers who were involved in the Masters program for 
providing me with such valuable knowledge for my future career. My great appreciation 
is also to Professor Hitoshi Tanaka from Civil Enginerring Department at Tohoku 
University, Japan for his good advice. I would like to give special thanks to Anna 
Carlqvist, Associate Professor Rolf Larsson, and Associate Professor Joakim Malm, 
programme coordinators of WaterLU, for their kind help and advice during my study and 
stay here in Lund. Also, thanks to my all my friends and classmates in Lund for their 
warm friendship. 

My deep thanks to my family back home in Vietnam, my dad Nguyen Xuan Vien, my 
mum Cao Thi Chanh, my brothers Nguyen Xuan Sinh and Nguyen Xuan Dao for their 
great support and always being a source of encouragement and energy. Lastly, I would 
like to thank my lovely girlfriend Ngo Anh Tuyet for her “The present” and having faith in 
me. 

 

Nguyen Xuan Tinh 

Lund, January 2006

 - i -  



 

ABSTRACT 
 

Coastal overwash is the flow of water and sediment over the crest of the beach that 

does not directly return to the water body, such as the ocean, sea, bay or lake, where it 

originated. There are two different phases of overwash, runup overwash and inundation 

overwash. Washover is the sediment transported and deposited inland by overwash 

process. Coastal overwash may occur either during storm conditions such as hurricanes 

or severe storm events or non-storm conditions such as extreme tide levels or seiches in 

lakes.  

The modelling of coastal overwash and the prediction of overwash occurrence are 

significant for coastal authorities and local managers to give evacuation warnings to 

people who live near the coast. Estimates of washover volume are useful for planners 

and engineers to mobilise equipment for cleaning up sediment after a storm. Profile 

change estimations are useful for planners creating “buffer zones” indicating where it is 

safe to build houses. Modelling overwash is also important for evaluating sediment 

budgets of barrier islands, especially where these islands are migrating due to 

overwash. 

Beach response morphologies can be divided into five types, that is, crest accumulation, 

dune lowering, dune rollback, dune destruction, and barrier rollback. However, in reality 

it is not easy to identify what kind of morphologic response the beach has experienced, 

and in some cases a combination of beach response types are observed.  

A new empirical formula for overwash volume was derived by taking into account the 

excess runup height over the beach crest and the duration of the overwash event. This 

formula yields predictions that are comparable to the measured field data. However, it 

needs more testing with other data sets before its general applicability has been 

validated. 

A number of modelling studies were carried out in order to simulate the overwash 

processes. This study evaluates different levels of coastal overwash modelling: 

empirical, analytical, and numerical (SBEACH) models based on a number of high-

quality, detailed data sets which were collected in the United States. The latest version 

of SBEACH with a new algorithm to simulate overwash flow either by runup or 
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inundation overwash was employed. Flow on the backside of barrier was considered in 

the enhanced model including the effects of lateral spreading and infiltration. It was 

shown that the simulated beach profile evolution was in satisfactory agreement with 

measured post-storm profiles.  
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Chapter 1: INTRODUCTION 
 

1.1 BACKGROUND 
Coastal overwash, a serious and widespread issue affecting barrier coasts around the 

world in general and the United States in particular, results from complex geologic and 

oceanographic processes, such as extreme storms or hurricanes, changes in sediment 

supply at the coast, and sea-level rise. Overwash is the flow of water and sediment over 

the crest of the beach that does not directly return to the water body (ocean, sea, bay, or 

lake) where it originated. Washover is the sediment transported and deposited landward 

by the overwash process. Overwash occurs when wave runup level or water level 

including storm surge exceeds the beach crest height. Overwash may also occur during 

non-storm conditions caused by extreme tide levels or seiches in lakes which exceed the 

beach crest (Schwartz 1975, Morton et al. 2000) or due to severe floods from lagoon to 

ocean as observed in Hoa Duan coast in the Thua Thien Hue province, Vietnam during 

a large flood in 1999. There are two different phases of overwash, runup overwash and 

inundation overwash (Sallenger et al. 2000, Donnelly et al. 2004). Runup overwash 

occurs when the wave runup height is higher than the dune or barrier island crest. 

Inundation overwash occurs when the water level exceeds the beach crest. Inundation 

overwash may cause the destruction of dunes and man-made structures on barrier 

islands.  

Each year in the United States, several hurricanes and winter storms impact the 

coastline. Therefore, overwash is common on the barrier islands of the Atlantic Ocean 

and Gulf of Mexico coasts. Overwash also occurs on the coasts of the Great Lakes, and 

around the world on low-profile coasts of the mainland, on spits, and on gravel or shingle 

beaches. The occurrence of overwash is expected to increase because of sea level rise 

and diminished sediment supply along many coasts (Titus, 1998 and Larson et al. 2004). 

The capability to quantitatively predict and simulate overwash and washover deposits is 

just beginning to emerge (Donnelly et al. 2005). Prediction of overwash occurrence can 

provide valuable planning information for local authorities, emergency services, and 

coastal residents. 
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This study evaluates three different types of coastal overwash modelling: empirical, 

analytical, and numerical models. Williams (1978) and Tanaka (2002) both developed 

empirical formulas to estimate washover volume using laboratory data and field data, 

respectively. These formulas will be tested further using field data sets from the United 

States. 

An analytical model to estimate magnitude of dune erosion, beach height reduction and 

dune rollback, originates from a mathematical model describing the main governing 

physical processes (Larson et al. 2005). The method involves many simplifications, but 

to a satisfactory level of accuracy, essential features of coastal overwash may be 

derived, isolated, and more readily comprehended than in complex approaches such as 

numerical and physical modelling.  

The numerical model used in this study, SBEACH (Storm-induced BEAch CHange), was 

developed by Larson and Kraus (1989) to calculate profile change resulting from erosive 

storm conditions. Overwash was initially added to the model by Kraus and Wise (1993). 

This algorithm was updated by Larson et al. (2003) to provide a more physically based 

description of overwash processes and the model was able to successfully indicate the 

depth and inland penetration of sediment as well as beach face recession and beach 

crest height reduction; however, these algorithms only considered runup overwash. 

Recently, a new algorithm has been added to the SBEACH overwash model to calculate 

inundation overwash, and the algorithm to calculate the hydrodynamics on the 

backslope for both runup and inundation overwash has also been improved (Donnelly et 

al. 2005). This new model had only been tested for a limited number of storm events, so 

this study introduces a more comprehensive evaluation of the overwash algorithms 

using previously published data sets (Eiser et al. 1991, Stone et al. 2004, and Larson et 

al. 2004). 

1.2 PROBLEM STATEMENT 
Coastal overwash occurs primarily during severe storms. In the United States, overwash 

is most common during hurricanes and the severe winter storms known as northeasters.  

Washover can be transported more than a kilometre inland and on barrier islands in their 

natural state, contributes to the maintenance of an island’s sediment budget during 

severe storms. On populated barrier islands, overwash may damage or destroy bridges 

and roads or simply render roads impassable due to large depths of deposited sand. 

Overwash can lead to coastal breaching when the overwashing waves and currents 
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open new inlets on barrier islands. An example of washover deposits can be seen in Fig 

1.1a and Fig. 1.1b which shows Navarre Beach, Florida, before and after Hurricane Ivan, 

2004, made landfall. The morphological change suggests that the island was inundated. 

Fresh deposits of sand are clearly visible pushing into Santa Rosa Sound. Note the 

reduction of the beach width. 

The impacts of coastal overwash may cause significant hazards to buildings and 

infrastructure that are built too close to vulnerable shorelines. Societal costs, in dollars 

spent, can be very large.  

 

Fig. 1.1a: Navarre Beach, FL before the 

Hurricane Ivan. Image from the USGS website; 

http://coastal.er.usgs.gov/hurricanes/ivan/photo

s/florida.html  

 

Fig 1.1b:  Overwash occurred during 

Hurricane Ivan, Sep 16th 2004. Navarre 

Beach, FL. Image from the USGS website; 

http://coastal.er.usgs.gov/hurricanes/ivan/phot

os/florida.html  

 

 

Engineers must be able to predict where and how much coastal change will occur in 

order to locate new construction landward of coastal change hazards or to develop 

evacuation plans. Developing this predictive capability requires quantifying how coasts 

respond to extreme storms. 

1.3 OBJECTIVES OF STUDY 
The main objectives of this study are to quantify the deposited volume of sediment and 

to predict how a beach profile will change due to an overwash event. Three different 

 - 3 -  

http://coastal.er.usgs.gov/hurricanes/ivan/photos/florida.html
http://coastal.er.usgs.gov/hurricanes/ivan/photos/florida.html
http://coastal.er.usgs.gov/hurricanes/ivan/photos/florida.html
http://coastal.er.usgs.gov/hurricanes/ivan/photos/florida.html


- MODELLING OF COASTAL OVERWASH - 

levels of model, that is, empirical, analytical, and numerical have been investigated. 

Empirical overwash models and the numerical SBEACH model for simulating beach 

profile evolution (both the latest published and new versions) are compared with new 

measured data sets. Development of analytical models is still ongoing, but they are 

reviewed for sake of completeness. 

To the author’s knowledge, the empirical models (Williams 1978, Tanaka 2002) have 

only been tested on limited data sets (a laboratory model using regular waves and an 

approximate field volume estimate taken from aerial photographs, respectively). The 

numerical model will give more detailed and accurate predictions of beach profile 

change, the penetration of washover sediment inland, and the risks of barrier breaching. 

The new algorithms within SBEACH to calculate runup overwash, inundation overwash, 

and the movement of water on the back slope have, to date, also only been tested on 

limited data sets. A further objective of this study was to validate the use of these 

algorithms on a wider range of data. 

1.4 APPROACH AND METHODOLOGY 

The approach taken in this study is developed based on the proposed objectives. The 

main thrusts of the study involve calculating volumes of overwash using two empirical 

formulas formulated by Wiiliams (1978), and Tanaka (2002), and modelling beach profile 

change due to overwash using both an older overwash algorithm (Larson et al. 2004) 

and a new overwash algorithm (Donnelly et al. 2005). These algorithms are 

implemented in the SBEACH profile change model (Larson and Kraus 1989). The 

following steps formed the methodology when undertaking this study: 

• Collect beach profile, wave, and water level data for model testing 

• Review and analyse all the data collected  

• Review previous studies pertaining to modelling of coastal overwash processes. 

• Study and understand modelling systems and their appropriate applications for 

the study. 

• Apply the empirical model (Williams 1978, Tanaka et al. 2002) 

• Apply the SBEACH overwash model with both the old and new overwash 

algorithms (Larson et al. 2004), and (Donnelly et al. 2005) 

• Analyse results from the different types of models. Compare and contrast all 

results 
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• Discuss the applicability of the various models  

• Outline overall conclusions and recommendations. 
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Chapter 2: LITERATURE REVIEW 
 

2.1 COASTAL OVERWASH PROCESSES AND MORPHOLOGY 

2.1.1 Introduction 
Overwash processes and morphology have been studied by Fisher, Leatherman and 

Perry (1974); Schwartz (1975); Leatherman (1976); Williams (1978); Sallenger (2000), 

Morton et al. (2000), and Donnelly (2005) among others. Sallenger (2000) and Morton et 

al. (2000) have classified the overwash processes into two main mechanisms of 

overwash, namely runup overwash and inundation overwash. A comprehensive review 

of literature pertaining to overwash processes and modelling of overwash can be found 

in Donnelly et al. (2005). 

Donnelly et al. (2005) described five different overwash regimes and resulting washover 

morphologies. Any of these regimes may occur within a storm, varying both spatially and 

temporally. The five different overwash regimes are described more in-depth in the 

following. 

2.1.2 Runup Overwash 
Runup overwash can be defined in terms of the relationship of water level, including 

surge height (S) and runup height (R), to the barrier elevation (dc). Figure 2.1 is a 

schematic cross-section of a sand dune subject to high surge level and overtopping 

waves. The excess runup (∆R) is the difference in elevation between the wave runup 

heights plus storm surge height and the barrier crest.   

Runup overwash may be divided into two regimes. The first regime occurs when the 

sum of runup height and storm surge height is only slightly larger than dc, and the 

excess runup is therefore small. Few waves overwash the barrier crest and those that do 

deposit entrained sediment on the crest (Fisher et el 1974, Leatherman 1976a), If this 

continues at the same water level, the accreted sediments may stop overwash in the 

future. This is called crest accumulation overwash. 
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Fig. 2.1: Definition sketch showing the cross-section of a barrier beach subject to overwash by 

wave runup (after Donnelly et al 2004) 

For the second regime, the storm surge level is still smaller than dc; however, the storm 

surge or runup height is larger than for the first regime (crest accumulation) so that many 

waves have sufficient excess runup height to overtop the beach crest. In this case, the 

sediment is eroded from the beach and dune face and transported to be deposited on 

the backshore. The beach crest is normally getting lower, thus this case is called crest 

lowering.  

2.1.3 Inundation Overwash  
Inundation overwash occurs when the Still Water Level exceeds the beach crest height 

(Figure 2.2 and Figure 2.3). Inundation overwash may be divided into a further three 

overwash regimes. 

For the third regime the beach crest is inundated, but the flow does not penetrate all the 

way to the back barrier bay, either because the barrier is too wide, the beach has rear 

dunes, or vegetation and infiltration stop flow. Thus, the inundation depth and velocity 

must be small, so that the overwash does not reach the bay. Washover is deposited as 

the bore slows. 

The fourth regime involves constant flow over a prominent dune feature and this regime 

takes place if the storm surge height is greater than the dune crest height. Inundation 

overwash under such conditions may cause severe erosion on the backside of the dune  

In addition, waves on top of the barrier contribute to additional erosion and reduction of 

the crest. This type of overwash normally destroys the dune and moves sediment quite 

far inland. 
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Fig. 2.2: Definition sketch showing cross section of a barrier with a prominent dune subject to 
overwash by overflow (after Donnelly et al 2004) 

The fifth overwash regime involves complete inundation of a barrier and this occurs if the 

storm surge height is much greater than the beach crest height (Figure 2.3). The 

overwash flow and washover sediment reaches the back barrier bay, and coupling 

between the ocean and bay water levels occurs. Complete inundation overwash has a 

high tendency for causing breaching (Kraus and Wamsley 2003), and the sediment is 

often transported as sheet wash (Figure 2.3). Sheet wash is common on low confined 

barriers, but it may also occur after wave attack and overwash have reduced the existing 

dunes to a low elevation.  

 

Fig. 2.3: Definition sketch showing cross-section of a barrier beach subject to overwash by 

overflow where barrier is fully inundated (after Donnelly et al 2004) 

2.2 WASHOVER MORPHOLOGIES  
Washover is defined as the sediment that is transported and deposited inland by 

overwash (Williams 1978). The topography of the foredune, the slope of the backside 

terrace, the width of the barrier island, the beach sediment, the presence of barrier 

vegetation and manmade structures, as well as the magnitude of storm surge and waves 
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all affect the morphology of the washover deposit. Three common forms of washover 

deposits are the washover fan, washover terrace, and sheetwash deposits. Figure 2.4 is 

a schematic plan view over a typical dune line or beach crest subject to overwash, 

illustrating the common overwash deposit types.  

Washover fans occur on beaches with local gaps in otherwise high foredunes either due 

to runup or inundation overwash. Water and sediment is funnelled through a local gap in 

the dune line and spreads laterally on the back barrier. This gap is often called the throat 

of the overwash.  

Washover terraces occur when the throats through which overwash occurs become 

more frequent, the borders between two fans become less defined, and the deposits 

form a single terrace. Washover terraces can also form where the beach crest is low and 

uniform. Washover deposits may reach to the back-barrier lagoon or bay depending on 

the backslope of the barrier, impedance due to vegetation and man-made structures, 

and the width of the barrier.  

Sheetwash occurs on beaches which have uniformly low dunes, or on duneless barriers   

and the beach crest is uniformly overwashed. Where sheetwash occurs, lateral 

spreading may be neglected, and sediment can sometimes be carried and deposited a 

hundred meters or more towards the backbarrier bay or lagoon. 

 
Fig. 2.4: Definition sketch of common morphological deposits occurring during overwash of dune 

such as a). a washover fan, b). washover terrace, c). sheetwash deposit (after Donnelly et al 

2004) 

The distance washover deposits are transported across a barrier island depends on the 

slope, permeability, vegetation of the backside terraces, and the velocity of the overwash 
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surges at the crest of the beach. In general, the steeper the slope of the back-barrier, the 

longer distances the washover sediment will be transported before it is deposited. 

2.3 BEACH RESPONSE MORPHOLOGIES  
Analysis of approximately 50 before and after field overwash profiles compiled by 

Donnelly, (personal communication, June 2005) has identified five different types of 

beach morphologic response in connection with overwash. The types encompass crest 

accumulation, dune lowering, dune rollback, dune destruction, and barrier rollback. 

These morphological changes are dependent on the hydrodynamic conditions, the 

beach and back barrier material and the topography and vegetation of the beach and 

back barrier .  

Crest accumulation occurs during low magnitude runup overwash, where the sand is 

carried up from the beach and dune face to the top of dune crest and the sediment is 

deposited as the flow decelerates at the crest.  

Dune lowering implies little or no change in position of the dune crest but a loss in crest 

elevation. Dune rollback and barrier rollback mean that the shape of the dune or barrier 

is more or less conserved but the whole system moves in the landward direction. When 

the water level is below the dune crest, waves attack the beach and dune face causing 

sediment to move in the offshore direction. Thus, the dune/barrier might be getting lower 

until there are sufficient wave energy and water level to move most of the sediment 

landwards.  

Dune destruction implies that the dune is completely destroyed either by offshore 

transport of sediment due to wave attack, or by onshore transport due to overwash. If 

the sediment is transported offshore it is likely that the dune was destroyed prior to 

initiation of overwash. The sediments of a dune destroyed by overwash processes are 

transported onshore, usually because the surge level has exceeded the dune crest for a 

sufficient period.  

It should be noted that wave characteristics and water levels (including storm surge and 

tides) during a storm are highly dynamic, and several overwash regimes may occur 

during one storm, making the estimation of a simple causal relationship between 

overwash regimes and washover morphologies difficult. 
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Chapter 3: DATA COMPILATION AND ANALYSIS 
 
 

3.1 DATA COMPILATION 

3.1.1 Introduction 
The main data required for modelling purposes are beach profiles before and after a 
storm, together with time-series of wave height, period, and water level during the storm. 
The sediment characteristic, specifically, the median grain diameter, within the study 
area is also required, as well as a map over the study area. For this study, an attempt 
was made to assemble as many full data sets as possible. Beach profiles were compiled 
from previous studies (Eiser et al. 1991, Stone 2004, and Larson et al. 2004). If 
hydrodynamic data for the studied profiles were not measured during the relevant storm, 
hindcast time series of wave height and period were obtained from the Wave Information 
Studies (WIS) and time-series of recorded water levels were collected from the National 
Oceanic & Atmosphere Administration (NOAA).  

Data on overwash events were compiled from three regions, all within the U.S.A. The 
first data sets are from Folly beach and Garden City beach, South Carolina, which were 
affected by Hurricane Hugo in 1989 (Eiser 1991). The second data sets are from Santa 
Rosa Island, Florida (Stone 2004). This area overwashed during Hurricane Opal, 1995, 
and Hurricane Georges, 1998. The third data sets are from Assateague Island, Maryland 
(Larson et al. 2004). This island was impacted by two northeaster storms in January 
1998. Many other pre- and post-storm data sets were considered for this study, but were 
not used either due to the lack of hydrodynamic time-series data during the overwash 
event or due to the existence of a hard structure, such as a seawall or revetment on the 
beach front. Data sets from these three regions provided an excellent opportunity to 
monitor the effects of hurricanes and extreme storm events on beach profile shape. 

3.1.3 South Carolina Profiles 
Folly Beach Profile Data 

According to Eiser et al. (1991), Folly beach is located approximately 20km south of the 
Charleston Harbour jetties and in the forward left quadrant of Hurricane Hugo’s onshore  
movement track, as shown in Figure 3.1. In 1988 the South Carolina Coastal Council 
(SCCC), the state’s coastal zone management agency, installed a network of 350 beach 
survey monuments at approximately 600 m spacing along the developed shoreline of 
South Carolina. These monuments were used for a program of twice-a-year beach 
profile surveys, designed to quantify beach erosion trends in the state. 
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Pre-Hugo profiles at Folly Beach were collected on the 5th November 1988, extending 
seaward from the monument to a depth of -1.5 m. The post-Hugo profiles were 
measured by SCCC on the 1st November 1989, ten days after Hurricane Hugo made 
landfall. In the days following Hugo a number of survey crews, including the U.S. 
Geological Survey, Florida Department of Natural Resources, U.S. Army Corps of 
Engineers, and the College of Charleston, arrived on the scene to collect profile data 
and to contribute to the post-Hugo beach survey efforts. Since the entire coastal region 
was declared a federal disaster area, logistical problems and lack of communication 
between survey crews hampered efficient efforts; however, the post-Hugo profiles were 
recorded at all surviving monuments of the SCCC. 

The median grain size (d50) at Folly beach is 0.17 mm. 

 

Fig. 3.1: Map of South Carolina (USA), showing Hurricane Hugo’s storm track and the locations 
of Folly and Garden City Beaches (after Timothy W. Kana 2004) 
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Fig. 3.2: The pre- and post-Hugo cross-shore beach profiles from Folly Beach, SC, Profile line 
2883B 

In order to compare the predicted overwash sediment volume from the empirical model 
with the measurements, three suitable profiles were chosen from Folly Beach namely, 
2801, 2815, and 2823 as shown in Figures 3.3-3.5. 
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Fig. 3.3: Folly beach profiles number 2801 before and after Hurricane Hugo  
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Fig. 3.4: Folly beach profiles number 2815 before and after Hurricane Hugo  

-2

-1

0

1

2

3

4

5

0 30 60 90 120 150 180 210

Distance offshore (m)

El
ev

at
io

n 
ab

ov
e 

N
G

VD
 (m

)

Pre- profile10/27/1988

Post-profile 9/28/1989

Folly's Beach 2823

 
Fig. 3.5: Folly beach profiles number 2823 before and after Hurricane Hugo  
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Garden City Beach Profile Data 

Garden City is located about 105 km northeast of Charleston Harbour which was in the 
forward right quadrant of Hurricane Hugo’s onshore movement track, as can be seen in 
Figure 3.1. Because of this hurricane, 14 survey monuments were destroyed. Twelve 
monuments survived and were surveyed after the storm. The most recent pre-Hugo 
profile was collected on 4th September 1989 and the post-Hugo profiles were measured 
6 days after the hurricane. The profiles extended seaward to -1.5 m depth. According to 
Eiser et al. (1989) the southern half of Garden City is a narrow, low-lying spit, while the 
north third is almost continuously armoured. This armoured section, where seawalls and 
revetments encroached on the beach, was narrow and had a substantial sand deficit 
prior to Hugo. Profiles in the armoured section were therefore not suitable for this study. 
Figure 3.6 shows the pre- and post-Hugo cross-shore beach profiles at monument 4930 
at Garden City beach. 

The median grain size (d50) at Garden City beach is 0.44 mm. 
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Fig. 3.6: The pre- and post-Hugo profile in Garden City beach, SC. 

Hurricane Hugo Hydrodynamics 

Hurricane Hugo crossed the South Carolina beaches on the night of September 21st 
1989, causing a storm surge with a maximum still water elevation of 6.16 m above 
NGVD (National Geodetic Vertical Datum of 1929). The hurricane made landfall at 
Charleston. Time-series of significant wave heights and wave periods along the South 
Carolina Coast during Hugo were obtained from the WIS hindcast website. The WIS 
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hindcast wave data are generated by numerical simulation of past wind and wave 
conditions for U.S. coastal waters. Measured wave time-series data was also available 
from the National Data Buoy Center but the buoy stations were located in deep water 
and at large distances offshore, so the shallow WIS stations were used instead of buoys 
to avoid issues with energy dissipation over the continental shelf.  

The water level observations, including the tide level and storm surge height, were 
obtained from the National Oceanic & Atmospheric Administration (NOAA). In order to 
get the data for study areas, the closest station was chosen, data extracted for the same 
time period bracketed by the pre and post-storm surveys and all data was converted to 
the NGVD datum. The water level stations closest to the selected Folly beach and 
Garden City profiles are the Charleston and Winyah Bay gauges, respectively. The 
difference between Mean Lower Low Water (MLLW) and NGVD at the Charleston water 
level station is 0.658 m and at the Winyah water level station is 0.372 m.  
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Fig. 3.7: Hurricane Hugo conditions at Folly beach S.C. from 09/15/1989 to 09/25/1989. WIS 
station number 348; Water level data at Charleston station 

Cyclonic circulation in the northern hemisphere is counter-clockwise around the centre of 
the low pressure system or eye of the hurricane and clockwise rotation in the southern 
hemisphere. The continental United States is located in the northern hemisphere so that 
the onshore winds are to the right of the eye. Since it is predominantly the frictional 
effect of the wind on the sea surface or wind stress that is responsible for the storm 
surge, maximum increases in water level will be to the right of the eye (Garcia et al. 
1990), as can be seen in Figure 3.8. Because Folly beach is located on the left of Hugo’s 
track (Figure 3.1) the peak storm surge recorded at Charleston Harbour was probably 
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greater than that at Folly Beach. Garcia et al. (1990) published some results of a storm 
surge hindcast model of Hurricane Hugo on the S.C. coast, showing the variations in 
peak surge water level along the S.C. coast (Figure 3.8). Using these results, it was 
decided to reduce the Charleston gauge water levels during the peak of the storm so 
that they matched the hindcast water levels at Folly beach published in Garcia et al. 
(1990). The difference was approximately 2.5 feet (≈ 0.762 m) at 4:00 a.m. on 22nd 
September 1989 and this was subtracted from the peak storm surge at Charleston 
gauge, 2.83m, to approximately, 2.01m, at Folly Beach. The water depth at the station is 
16 m. 

 
Fig. 3.8: The storm surge height results from SLOSH model along South Carolina coast by (after 
Garcia et el. 1990)  
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Fig.3.9: Hurricane Hugo conditions at Garden City beach S.C. from 09/15/1989 to 09/25/1989. 
WIS station number 348, Water level data at Winyah station 

3.1.4 Santa Rosa Island Profiles 
Santa Rosa Island Beach Profile Data 

Santa Rosa Island, located along the Florida panhandle, extends approximately 95 km 
west of Destin to Pensacola Pass (Figure 3.10). This is a low profile barrier and supplied 
with 99% quartz sand from the Pleistocene “headland” at Grayton Beach to the east and 
an internal source of sediment along the west flank of the island (Stone et al. 1992). The 
width of the island varies from 162 to 1872 m with an average of approximately 514 m, 
and foredune elevations average 4.12 m above Mean Low Water (MLW).  The median 
grain size (d50) is 0.26 mm. This island is frequently overwashed. Pre- and post- storm 
profiles from Hurricanes Opal and Georges are presented in Stone et al. (2004).  
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Fig. 3.10: Location of Santa Rosa Island, Florida, USA (http://maps.google.com/) 

According to Stone et al. (2004), the pre-Opal profile was surveyed on the 31st of 
September 1995. Beach profiles were surveyed following standard-level and transit-
survey procedures using an electronic total station. Benchmarks established by the 
Florida Department of Environmental Protection (FDEP) were used and elevation was 
referenced to NGVD, which is approximately 0.08 m above Mean Low Water (MLW) at 
Santa Rosa Island. The post-Opal profile was measured three days after Hurricane Opal 
(Figure 3.11). 

The most recent profile prior to Hurricane Georges had been obtained in June, 1998 
thanks to the cooperation of the Coast Guard Air Station in Clearwater, Florida. The U.S. 
Geological Survey's severe storms project started in July, 1996 to assess coastal 
erosion from severe storms by acquiring pre- and post-storm aerial data sets at a 
constant scale. The USGS, NASA, and NOAA have established a cooperative 
agreement to expand the response effort to include aerial laser altimetry (Lidar) data to 
make quantitative measurements of beach topography. Pre- and post-Storm beach 
profiles for Hurricane Georges are illustrated in Figure 3.12. It should be noted that the 
beach crest height did not change considerably after Hurricane Georges, despite the 
large morphological changes either side of the crest. It is suggested that a seawall or 
some other hard structure must have been present at the beach crest, and hence 
modelling results from this profile were disregarded. 
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Fig. 3.11: Pre- and Post-Hurricane Opal profile at Santa Rosa Island, Florida 
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Fig. 3.12: Pre- and Post-Hurricane Georges profiles at Santa Rosa Island, Florida 
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Hurricane Opal and Georges 

Between 1995 and the beginning of 2004, Santa Rosa Island has been 
impacted by six hurricanes and/or tropical storms, and one of the most 
significant storms was Hurricanes Opal on the 4th of October 1995 (Stone et 
al., 2001). It was the strongest of 18 hurricanes to have impacted Santa Rosa 

Island over a 100-year period (Stone et al.1996 and Stone 1998). It impacted more than 
2000 km of coastline along the northern Gulf of Mexico and it made landfall on Santa 
Rosa Island. The hydrodynamic conditions of Hurricane Opal can be obtained from the 
NOAA and USGS. Figure 3.13 shows the hydrodynamic conditions recorded during 
Hurricane Opal. Note that the maximum significant wave height was 8.18 m in a water 
depth of 27 m. Recently, Santa Rosa Island was inundated during Hurricanes Ivan 
(2004) and Dennis (). The destruction of the foredunes, as illustrated in figure 3.11 
probably contributed to the effects of these later storms. 
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Fig. 3.13: Hydrodynamic conditions during Hurricane Opal from 09/29/1995 to 10/10/1995. WIS 
station number 173, Water level at Panama station (8279210). 

Hurricane Georges made landfall along the Mississippi/Louisiana coast on the 28th of 
September 1998. The result from the USGS’s surveys showed that there was significant 
overwash, particularly at narrow portions, and breaching of the barrier Island (Stone et 
al. 2004). Hurricane Georges was the second most destructive storm of the 1998 
Atlantic hurricane season. It was the sixth storm to make landfall in the United States 
that year. Hurricane Georges was near category 3 strength. The maximum sustained 
wind was estimated at 47 m/s. The hydrodynamic conditions of Hurricane Georges were 
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also obtained from the NOAA and USGS (Figure 3.14). The maximum wave height 
exceeded 8m in 20 m depth. 
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Fig. 3.14: Hydrodynamic conditions recorded during Hurricane Georges from 09/23/1998 to 
10/04/1998, WIS station number 167, Water level at Pensacola station (8729840). 

3.1.5 Assateague Island Profiles 
Beach Profile and Hydrodynamic Data 

Assateague Island is a low-lying barrier island, comprising the southern portion of 
Maryland’s (MD) Atlantic coast and part of Virginia’s Eastern Shore (Figure 3.15). Due to 
its low profile and the accessibility of its northern end, Assateague Island is a convenient 
location to measure overwash.  During January and February 1998, two major winter 
storms, or “northeasters”, severely impacted Assateague Island National Seashore. The 
USGS together with National Aeronautics and Space Administration (NASA) surveyed 
the Island using scanning airborne laser altimetry (LIDAR) prior to and after the two 
storms. The most recent pre-storm profiles were measured on the 1st of September 
1997 and the post-storm beach profiles were taken in February 1998. The overwash 
profiles are labelled GPS1, GPS3, and GPS4 and are shown in Figures 3.16, 3.17, 3.18, 
respectively. The pre-profile condition at GPS1 was a broad low berm approximately 160 
m wide with a crest at 2 m above NGVD backed by a 30 m wide dune with a crest at 3.5 
m above NGVD. The profiles GPS3 and GPS4 are duneless barrier island sections with 
crests at about 2 m NGVD and an almost flat (1%) back barrier slope. The median grain 
size (d50) is 0.3 mm. The hydrodynamic conditions of the northeaster storms are shown 
in Figure 3.19. 
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Fig. 3.15: Location of Assateague Island, Maryland on the map of USA. 
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Fig. 3.16: Beach profile survey GPS1 at Assateague Island before and after Northeasters in 
January and February, 1998 
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GPS3, Assateague Island
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Fig. 3.17: Beach profile survey GPS3 at Assateague Island before and after Northeasters in 
January and February, 1998 
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Fig. 3.18: Beach profile survey GPS4 at Assateague Island before and after Northeasters in 
January and February, 1998 
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Fig. 3.19: Hydrodynamic conditions recorded during Northeaster storms from January to February 
1998 at Assateague Island, Maryland. 

3.2 DATA ANALYSIS 

3.2.1 Dune and Barrier Morphology Analysis  
In order to estimate the effects of overwash on beaches, a good first estimate is to 
categorise the type of morphological change observed,using the before and after storm 
cross-shore beach profiles. In this section, all the profiles discussed above will be 
employed to get an overview of the changes to dunes and barrier islands caused by 
storm overwash.  

The vertical and horizontal distances between pre- and post-profile beach crest heights 
were used (summarized in Table 3.1) to see if there were any trends or causal links 
between  

All the collected beach profiles can be divided into two different types: dune or duneless 
beach, depending mainly on the characteristics of the upper beach slope. Coastal dunes 
form where the backslope can support them and onshore winds promote the 
accumulation of sand blown inland from the beach. A barrier island is a low sandy 
formation running parallel to the shore that may or may not include dunes. In this study, 
the lowest limiting slope for a dune feature was set to 10%.  

Dune destruction was identified at Folly Beach profiles 2823, 2883B, at Garden City 
Beach profile 4930, and at Santa Rosa Island for Hurricane Opal.  The foredunes were 
destroyed by the storm and washover desposited on the back barrier. Note that at Santa 
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Rosa Island for Hurricane Opal, barrier rollback appears to have occurred following the 
destruction of the dune. Barrier rollback is also observed at Assateague Island GPS3 
and GPS4, that is, the barrier retains almost the same shape but is translated in the 
landward direction.  

Table 3.1: Beach response for each profile 

Profile name 

Dune/Barrier 
attenuation  

pre- and post 
profile (m) 

Dune/Barrier 
landward 

movement 
 pre- and post- 

profile (m) 

Summary 

Folly Beach 2801 0.89 1.8 Dune lowering 
Folly Beach 2815 1.56 11 Dune lowering 
Folly Beach 2823 0.92 15.9 Dune destruction 
Folly Beach 2883B 0.9 9.4 Dune destruction 
Garden City 4930 1.2 29.9 Dune destruction 

Santa Rosa Island, Opal 2.82 11.7 Dune destruction 
and barrier rollback 

Santa Rosa Island, Georges -0.03 4.02 Crest accumulation 
Assateague Island, GPS1 -0.24 38.5 Crest accumulation 
Assateague Island, GPS3 0.14 17.7 Barrier rollback 
Assateague Island, GPS4 1.2 60.9 Barrier rollback 

Dune lowering was observed at Folly Beach profiles 2081 and 2815 (Figure 3.14). GPS1 
illustrates an unusual case, where a dune with crest at 3.5 m above NGVD exists 
several hundred meters behind the beach crest, so that washover was deposited 
immediately seaward of this dune as flow decelerated.  

To examine if there is any simple relationship between the storm characteristics, the pre-
storm profile characteristics, and the beach profile change statistics summarised in 
Table 3.2 and 3.4, an analysis of beach profile characteristics such as the beach slope, 
dune slope, rear dune slope and rear barrier slope was made. Figure 3.20 shows a 
definition sketch for these typical beach profile parameters. The nearshore beach slope 
is defined as the slope between offshore water depth survey and the MWL. Sub-aerial 
beach slope is from MWL to the dune crest. The slope of the rear dune is defined as the 
slope from the dune crest to the point landward where a significant change in slope is 
observed. Rear barrier slope characterizes the area from the rear dune slope until the 
end of profile.  

 - 26 -  



- MODELLING OF COASTAL OVERWASH - 

 

Fig 3.20: Definition sketch for typical beach profile parameters 

A summary of the beach profile characteristics can be seen in Table 3.2. The beach 
slope (defined as the offshore slope) before and after the storm does not change much 
because the wave and water level does not directly affect this slope. The beach profile 
was assumed to have an equilibrium shape. During the storm, the dune/barrier island 
face was impacted by the wave runup and the variations in water level, thus beach crest 
was getting lower and the dune/barrier slope before and after the storm varied 
significantly. Pre-storm dune slopes varied from approximately 22.5 to 47% while post-
storm dune slopes varied between 4.8 and 10 %. Post-storm back barrier slopes 
decreased compared with pre-storm profile slopes, but the difference was small since 
the back barrier slope is quite mild.   

 

 

 

 

 

 

 

 

 

 - 27 -  



- MODELLING OF COASTAL OVERWASH - 

Table 3.2:  The analysis of Dune and Barrier Island before and after storm 
BEFORE STORM AFTER STORM 

Profile name 
Near-
shore 
beach 
slope 

Sub-
aerial 
beach 
slope 

Rear 
dune 
slope 

Rear 
barrier 
slope 

Near-
shore 
beach 
slope 

Sub-
aerial 
beach 
slope 

Rear 
dune 
slope 

Rear 
barrier 
slope 

Folly Beach 2801 0.015 0.3 0.17 0.023 0.016 0.1 0.054 - 
Folly Beach 2815 0.019 0.47 0.1 0.012 0.031 0.074 0.04 - 
Folly Beach 2823 0.023 0.25 0.11 0.007 0.052 0.048 0.054 - 
Folly Beach 2883B 0.026 0.28 0.24 0.015 0.023 0.058 0.013 - 
Garden City 4930 0.036 0.225 0.2 0.003 0.029 0.063 - - 
Santa Rosa Island, Opal 0.011 0.053 0.04 0.005 0.011 0.021 - 0.004 
Santa Rosa Island, Georges 0.016 0.07 0.012 0.006 0.016 0.025 - 0.007 
Assateague Island, GPS1 0.028 0.09 0.084 0.003 0.021 0.09 0.078 0.003 
Assateague Island, GPS3 0.016 0.021 - 0.01 0.016 0.046 - 0.003 
Assateague Island, GPS4 0.015 0.085 - 0.01 0.01 0.072 - 0.002 

In general, the dune crest decreases as the beach crest is overwashed, because the 
overwashing flow removes sand from the crest making the rear dune slope after the 
storm lower (Table 3.2). The rear dune slope was eroded by flow overtopping the crest 
and accelerating down the relatively steep dune slope. The rear barrier slope was 
generally accreted due to the deposition of sediments as the flow decelerated. This flow 
deceleration is caused by friction (vegetation), infiltration and lateral spreading. The 
accretion rate decreases landward generally causing the slope to become less steep.  In 
some profiles, this slope was impossible to define because the surveyed beach profile 
was too short in the landward direction, which was the case at Folly beach and Garden 
City beach.  

Another method for analysing the profile change is to estimate the available sand 
volume in the foredune before and after the storm and compare this to the volume of 
sediment overwashed. The available sand volumes were approximately defined by the 
area between the pre- and post-storm profiles with a limited dune volume line as shown 
in Figure 3.20. The overwash sediment volume was obtained from the area between the 
initial and final profiles and was defined as the volume per meter of beach (alongshore).  

Negative values on the difference between pre- and post-storm dune volume in Table 
3.3 indicate that the dune was reduced in volume and that the sediment was carried in 
the offshore direction. The positive values indicate that the sediment on the beach face 
was transported onshore to build up the dune or barrier island, which was the case for 
Assateague Island GPS3. The measured overwash sediment volume will be used to 
evaluate empirical formulas for overwash. 
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Table 3.3: Estimations of dune volume and overwash volume 

Profile name 

Dune/Barrier 
volume 

before storm 
(m3/m) 

Dune/Barrier 
volume after 
storm (m3/m) 

Change in 
Dune/Barrier 

volume 
(m3/m) 

Overwash 
Volume 
(m3/m) 

Folly Beach 2801 22.63 21.85 -0.78 4.75 
Folly Beach 2815 55.36 36.99 -18.37 11.89 
Folly Beach 2823 55.56 39.47 -16.09 5.58 
Folly Beach 2883B 67.97 55.36 -12.61 4.19 
Garden City 4930 134.9 104.4 -30.47 17.58 
Santa Rosa Island, Opal 488.2 328.1 -160.1 55.7 
Santa Rosa Island, Georges 333.8 322.6 -11.2 57.13 
Assateague Island, GPS1 352.9 334 -18.9 50.1 
Assateague Island, GPS3 441.8 461.3 19.5 101.4 
Assateague Island, GPS4 475.2 400.6 -74.6 91.5 

3.2.2 Hydrodynamics Analysis 
The characteristics of storm hydrodynamics, such as the maximum wave height, wave 
period, and water level including storm surge and the wave runup height are of interest 
when estimating overwash response and for developing and applying the empirical and 
analytical formulas discussed in this report. 

Larson et al. (2004a) developed a formula to predict the runup height in connection with 
dune erosion by wave impact, R, based on Hunt’s runup formula (1959). The 
relationship for the runup height is given by, 

R = 0.158 00 LH             (3.1) 

where H0 is the wave height, L0 = 1.56  is the wavelength, and T0 is the wave period. 

The subscript, 0, denotes the conditions in deep water, and the root-mean-square (rms) 
wave height should be used for random waves. For the Rayleigh distribution of wave 
heights, the relationship between significant wave height and rms wave height is 

calculated by Hrms =

2
0T

0 / 2H  (SPM 1984). 

The excess runup, ∆R, is defined as the difference in elevation between the potential 
runup and the crest of the dune or the barrier island referenced to still water level (SWL). 
Note that some authors such as Williams (1978) and Tanaka (2002) used mean sea 
level (MSL) as a reference when they calculate wave runup height. The surge duration is 
defined as the period of time over which excess runup occurred (i.e. where the runup 
height exceeded the dune crest). The runup height (R) was calculated for every time 
step. All the results are listed in Table 3.4. 
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Table 3.4: Extreme Hydrodynamic conditions  

Profile H0 
(m) 

Hrms 
(m) T0 (s) 

Water 
depth 
(m) 

Max. 
water 
level 
 (m) 

Runup 
above 
SWL 
(m) 

Hc 
above 
SWL 
(m) 

Max. 
∆R (m) 

Surge 
duration 

(hrs) 

d50 
(mm) 

Folly Beach 2801 6.69 4.78 10.79 16 2.13 4.65 2.02 2.51 8 0.17 
Folly Beach 2815 6.69 4.78 10.79 16 2.13 4.65 2.23 2.30 8 0.17 
Folly Beach 2823 6.69 4.78 10.79 16 2.13 4.65 2.02 2.51 8 0.17 
Folly Beach 2883B 6.69 4.78 10.79 16 2.13 4.65 2.05 2.48 8 0.17 
Garden City 4930 7.05 5.04 10.95 16 2.42 4.85 2.28 2.57 10 0.44 
Santa Rosa Island, Opal 8.18 5.84 11.22 27 2.57 5.35 2.24 3.11 13 0.26 
Santa Rosa Island, Georges 8.25 5.89 11.92 20 1.38 5.71 0.74 4.97 77 0.26 
Assateague Island, GPS1 4.06 2.90 16 15 1.91 5.38 0.39 4.99 283 0.3 
Assateague Island, GPS3 4.06 2.90 16 15 1.91 5.38 0.14 5.24 357 0.3 
Assateague Island, GPS4 4.06 2.90 16 15 1.91 5.38 1.69 3.69 69 0.3 

3.3 EQUILIBRIUM BEACH PROFILE 

Since almost all of the surveys of beach profiles did not extend very far offshore or to 
sufficient depths for calculations using SBEACH, the concept of an equilibrium beach 
profile was applied to extend the profiles seawards. A fundamental assumption in the 
study of beach profile change is the existence of an equilibrium profile to which a beach 
will tend if exposed to constant wave conditions for a sufficiently long time. The idea is 
that the beach profile in its equilibrium state dissipates incident wave energy without 
significant net change in shape (Larson et al. 1999). If an equilibrium profile did not exist, 
the beach would continue either to erode or accrete indefinitely, if exposed to the same 
wave conditions and with no restrictions in the sand supply. A great difference between 
initial profile and equilibrium profile for a specific wave climate and grain size implies that 
a large amount of sand must be redistributed in the process of reaching equilibrium. 

Dean (1977) derived a simple analytical expression for the equilibrium beach profile 
shape in the surf zone based on the concept of a constant dissipation of wave energy 
per unit water volume. This expression agrees well with the relationship established by 
Bruun (1954) on empirical grounds from field data. Dean’s equilibrium beach profile 
shape may be written as following. 

3/2xAh ∗=                                                           (3.1) 

where 

h is the still-water depth 

x is the horizontal distance from shoreline (h=0)  

A is the shape parameter  
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The shape parameter is mainly a function of grain size, in which a coarser grain size 
gives a larger value of A and a steeper beach. Kriebel et al (1991) used field data to 
obtain the following equation for the shape parameter of A. 

3/12

25.2 ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∗≈

g
wA                                                                    (3.2) 

where w is the sediment fall velocity that is a function of temperature and median grain 
size (d50) and g is the gravitational acceleration. Equation 3.2 is applicable for a water 
temperature of approximately 200C and 101 ≤≤ w  cm/s.  

For an equilibrium profile developed during a storm, a bar normally forms in the vicinity 
of the break point (Larson and Kraus 1989). According to Larson and Kraus (1989) 
equation 3.1 is expected to apply only to the portion of the surf zone shoreward of the 
bar, where strong turbulence is present and energy dissipation is related to the breaking 
wave height and water volume. If wave reformation occurs, several areas along the 
profile may exist in which profile change is controlled by energy dissipation per unit 
volume and the profile in these areas is expected to be well approximated by equation 
3.1. 
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Chapter 4: MODELLING OF COASTAL OVERWASH 
 
 

4.1 INTRODUCTION 
The modelling of coastal overwash processes and beach profile evolution play an 
important role for coastal authorities and engineers, in terms of environmental planning, 
development planning and post-storm response planning. The prediction of overwash 
occurrence is significant for coastal authorities and local managers in order to give 
evacuation warnings to people who live near the coast. Washover volume estimates are 
useful for planners and engineers to mobilise equipment for cleaning up sediment after a 
storm, or for studying sediment budgets of barrier islands. Profile change estimations are 
good for planners creating “buffer zones” in order to define safe zones for building 
houses. The ability to model overwash processes is therefore of great importance. This 
study discusses three different levels for modelling overwash processes: empirical, 
analytical, and numerical models.  

The ability to accurately estimate washover volumes resulting from a single storm and 
cross-shore profile change due to an overwash event are only just emerging (Donnelly et 
al. 2005). Studies involving modelling of overwash processes include those of 
Leatherman (1976a), Williams (1978), Tanaka et al. (2002), Baldock et al.  (2005), as 
well as Larson et al. (2004a, 2004b, 2005) and Donnelly (2005) This section will detail 
various attempts to model overwash and evaluate the current capabilities for modelling 
profile evolution due to overwash. 

4.2 EMPIRICAL MODEL 

4.2.1 Williams’ formula 
Williams (1978) derived two different empirical models to predict overwash volumes 
based on the results of laboratory experiments. The formulation of the predictive 
equation for overwash volume was based on three concepts: 

a). The volume of sediment deposited on the back barrier is related to the volume of 
water which overtops the dune.  

b). There is a minimum (critical) discharge or velocity for fluid flows below which 
sediment transport does not occur. 

c). The sediment transport is proportional to the number of surges and hence inversely 
proportional to the wave period. 
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The first model was derived based on the assumption that the rate of overwashing is 
proportional to the excess runup raised to some power,α , and that the rate of sediment 
transport increases for increasing values of excess runup. The formula can be 
expressed as following, 

α))(( *
1 ∆−∆= tR

T
Kqs                                                                                                   (4.1) 

where:  qs is the rate of sediment overwashing 

∆R (t) is the excess runup (function of time as a result of changes in beach profile 
or wave and surge conditions)  

∆* is the critical excess runup (The critical excess runup, ∆*, is defined as the 
minimum height which the potential runup must exceed the dune crest for sand to be 
transported by overwash surges.)  

K1 is a proportionality constant 

T is the wave period 

The second model considers the sediment transport rate to increase rapidly for small 
values of excess runup and to asymptotically approach zero in an exponential form as 
excess runup increases. 

))((
*

2 *3))(( ∆−∆−∆−∆= tRK
s etR

T
Kq            (4.2) 

where K2, K3, are proportionality constants. 

The constants, K1, K2, K3,α , and ∆* were evaluated using a nonlinear least squares 
analysis to fit the theoretical equations to the experimental data and it was found that the 
best parameters for the first model are K1 = 0.09, α = 0.04, and ∆* = 0.40 and for the 
second model are K2 = 0.24, K3 = 0.66 and ∆* = 0.32. It should be noted that the 
equations were derived and fitted to experimental data of regular wave overwash in a 
flume. There is no dependency on storm or overwash duration. 

The excess runup height formula ∆R(t) can be calculated as equation follows,  

∆R(t) = R(t) – D(t)              (4.3) 

where R(t) is the runup height, and D(t) is the height of dune above MWL, which both 
are functions of time. In reality such measurements are very difficult to conduct. In order 
to get an estimation of sediment overwashing rate using the Williams’s formula we 
assumed that the excess runup can be calculated from the wave runup height of Larson 

et al. (2004) 00158.0 LHR =  and the dune height, which is taken as the distance 

between the initial dune crest and the mean sea level (MSL) at the time of extreme 
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conditions. The total washover volume (Q) was established by multiplying the sediment 
overwashing rate (qs) with the surge duration (tD). 

Model 1:  α))(( *11 ∆−∆=∗= tRK
T
ttqQ D

Ds           (4.4) 

Model 2:  ))((
*22

*3))(( ∆−∆−∆−∆=∗= tRKD
Ds etRK

T
ttqQ           (4.5) 

Both of these models compared well with his observed laboratory measurements. The 
Williams model 2 was derived based on the assumption that the overwash transport rate 
increases rapidly for small values of excess runup and asymptotically approaches zero 
in an exponential form as excess runup increases; this assumption is not really true in 
reality since the more excess runup level the more overwash sediment volume will be 
expected. Thus, the Williams model 2 is not suitable for cases of high excess runup, 
which often occurs during the hurricanes or extreme storms. 

4.2.2 Tanaka’s formula 
Tominaga and Sakuma (1971) carried out experiments of wave overtopping on a coastal 
dike with the front slope of 1:3, and proposed an empirical formula similar to the Williams 
formula (model 1), 

n
cu HRQ )(0 −=α                          (4.6) 

Tanaka et al. (2002) derived a simple formula to calculate the overtopping rate based on 
the formula of Tominaga and Sakuma (1971) by considering the time-variation in the sea 
water level, tideη . 

n
ctideu HRQ )(0 −+= ηα              (4.7) 

where   Q0 is the overtopping volume during one wave cycle (cm3/cm). 
 Hc is the average height of the dune crest (cm); (not a function of time) 

Tideη  is the variation in sea water level due to tide and storm surge 

 n and α are respectively assumed to be 2.0 cm/s and 0.5 cm/s (Tominaga and   
Sakuma 1971) 
Ru is the runup height, calculated using a formula by the Ogawa and Shuto 

(1984), 
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Ru π (4.8) 

where H0 is the deep water wave height, L0 is the deep water wavelength (L0 = 1.56 ), 

s is the surf zone slope, m is the foredune zone slope, and the parameter A is given by, 

2
0T
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)1)(21(
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++

+
=               (4.9) 

where f = 0.02 is the friction coefficient and a = 0.26 for m > 0.1 and 0.13m-0.3 for m < 
0.1. Tanaka (2002) adjusted the formula of Tominaga and Sakuma (1971) for irregular 
waves using the method described by Goda (1985). Additionally, he assumed that the 
sediment overwash rate is linearly related to the overtopping rate as was proposed by 
Hancock and Kobayashi (1994). The resulting order-of-magnitude estimate was 
comparable to volumes of sediment deposited in Gamo Lagoon, Japan, during an 
overwash event. 

The formula to estimate the deposited sediment volume is expressed as, 

T
tQQQ D

s **039.0*039.0 0==            (4.10) 

where: Qs is the deposited sediment volume (cm3/cm) 

Q is the total overwash discharge (cm3/cm) 

T is the wave period (s) 

tD is the excess runup duration time (s) 

 N = 
T
tD  is the number of wave 

4.3 ANALYTICAL MODEL 
Larson et al. (2005) developed an analytical model to estimate erosion and profile 
evolution for dunes exposed to wave impact and overwash. The case of erosion and 
overwash of a schematized barrier islands was also investigated. At present, the 
analytical model will produce reliable quantitative estimates of dune recession and 
erosion during storms, provided that the forcing conditions are known and that the 
geometry of the dune configuration is similar to the one assumed by Larson et al. (2005), 
that is, a plane-sloping foreshore backed by a vertical dune. In practical applications it is 
recommended to use a range of values on the transport rate coefficient in the formula to 
obtain an estimate of the variability in dune response.  

Concerning the impact of overwash on dunes and barrier islands, only limited validation 
exists so far for the analytical models developed. The relationship employed to estimate 
the overwash transport has been indirectly validated through application in numerical 
modeling of dune and barrier island evolution (Larson et al. 2004b, Donnelly et al. 2005). 
However, it remains to assess how realistic the schematization of the profile geometries 
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are, although some studies on overwash of barrier islands support the simplified 
geometry used in the analytical solution. 

It was considered beyond the scope of the present study to validate the analytical model 
and to establish reliable coefficient values to be applied for predictions. However, for the 
sake of completeness the models were briefly reviewed in this report. 

4.4 SBEACH NUMERICAL MODEL 

4.4.1 Introduction 
The Storm-induced BEAch profile CHange (SBEACH) model was developed by Larson 
and Kraus (1989). SBEACH is an empirically based numerical model for simulating two-
dimensional cross-shore beach change. A basic assumption of the SBEACH model is 
that profile change is produced solely by cross-shore processes, resulting in a 
redistribution of sediment across the profile with no net gain or loss material. Long-shore 
processes are considered to be uniform and neglected in calculating profile change. This 
assumption is expected to be valid for short-term storm-induced profile response on 
open coasts away from tidal inlets and coastal structures. The model assumes that 
cross-shore sediment transport is mainly produced by breaking waves and water level 
changing in calculating beach profile change. An overwash algorithm was initially 
developed and implemented in SBEACH by Kraus and Wise (1993). This algorithm was 
updated and improved by Larson et al. (2004) to simulate the sediment transport and 
subaerial profile response by runup overwash, here called the original SBEACH version. 
Recently, Donnelly et al. (2005) added a new algorithm to simulate overwash by 
inundation and improve the algorithm for flow and sediment transport on the back 
barrier, here denoted as the new SBEACH version. In this study, the SBEACH numerical 
overwash model in both the original and new versions will be applied and tested with 
different field data sets from the United States.  

4.4.2 Theoretical background 
The SBEACH profile change model utilizes a meso-scale approach to calculate 
sediment transport across the profile, where the direction and rate of sediment transport 
are expressed in terms of wave, water level, profile, and sediment characteristics. Initial 
version of SBEACH investigated the cross-shore transport rate under monochromatic 
waves. Larson (1994, 1996) modified the monochromatic transport relationship for 
random waves to develop better simulation results under broken and unbroken wave 
conditions. The profile was divided into different zones of cross-shore transport based on 
characteristics of hydrodynamics across the profile (Miller 1976, Svendsen, Madsen and 
Hansen 1978, Skjelbreia 1987). Sediment transport relationships were developed for 
each of the zones. Those include I – Pre-breaking zone, II – Breaker transition zone, III – 
Broken wave zone, IV – Swash zone, V – Dune crest zone, and VI – Landward zone as 
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shown in Figure 4.1. The pre-breaking zone extends from the seaward limit of significant 
profile change to the break point. In the pre-breaking zone (I) the transport rate is 
influenced by transport in the zone of wave breaking through the sediment flux at its 
shoreward boundary. Breaker transition zone (II) corresponds to the breaker transition 
region and is located between the break point and the plunge point. Broken wave zone 
(III) is from location of the plunge point to the point of wave reformation, where the 
waves are fully broken and gradually decay. In this region the energy dissipation of the 
waves due to breaking become fully developed (Larson and Kraus 1989). If there are 
several break points occur with intermediate wave reformation, several zones of type II 
and III will be present along the profile.  

Swash zone (VI) is from the shoreward boundary of the surf zone to the shoreward limit 
of runup or beach crest. In this region, cross-shore sand transport is expected to depend 
mainly on properties of the runup bore, local slope, and sediment characteristics. The 
sediment transport relationship of these first three zones in detail can be found in Larson 
et al. (1989, 1996, 2005). In summary, the sediment transport rate in the different zones 
can be written,  

Zone I:              if xb < x           (4.11) )(1 bxx
beqq −−= λ

Zone II:            if xp < x ≤  xb             (4.12) )(2 pxx
peqq −−= λ
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Zone IV: )tan(tan)1(22 22/3
elcsw R

zRgKq ββ −−=        (4.14) 

Zone V: 2)(22 DBD zR
R
gKq −=           (4.15) 

Zone VI: 
D

D
f Bs

qq
/1 µ+

=                                                    if x < xD           (4.16) 

where q is the transport rate, qb is the transport rate at the break point, qp is the transport 
rate at the plunge point, qsw, qD, qf is the transport rate in swash zone, dune or beach 
crest zone, and landward zone, respectively, D the energy dissipation per unit water 

volume and 1.5 25 ( )
24eq s bD gAρ γ= its equilibrium value, 12

47.050
*1 2.0,)( λλλ ==

bH
Dm  are 

empirical decay coefficients, K, Kc, KB and ε  are empirical transport coefficients, x is a 
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cross-shore coordinate, xb is the location of break point, xp is the location of plunge point, 
xs is the location of the boundary between the swash zone and surf zone, and xD is the 
location of dune crest. 

 
Fig. 4.1: Definition sketch for different zones of cross-shore sand transport (modified from Larson 
and Kraus 1989) 

4.4.3 The original overwash algorithm 
Kraus and Wise (1993) introduced a simple algorithm into SBEACH to calculate the 
inland transport of sediment due to overwash, but some of the assumptions that they 
made were mainly intuitively based. Larson et al. (2004) further developed the overwash 
algorithm in SBEACH expressing runup overwash considering the physical processes. 
The profile was divided into three regions: the swash zone, the beach/dune crest zone, 
and the landward of the crest zone. The swash zone is from the shoreward boundary of 
the surf zone to the beach crest, whereas the crest zone is from the beach crest point to 
the significant slope change on the shoreward side of the crest. The landward of crest 
zone is the third region, and is located between the beach crest and the landward limit of 
overwash penetration. 

In the swash zone, Larson et al. (2001, 2004) developed a formula calculating the 
sediment transport qsw, over many cycles,  

T
t

g
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b
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0
3

)tan(tan ββ −=            (4.17) 
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where Kc is an empirical transport coefficient, ub is the front speed of the uprushing 
wave, g is the acceleration due to gravity, lβ  the local foreshores slope, eβ  the 

equilibrium foreshore slope, t0 the time duration which a specific location is submerged, 
and T the swash period. 

In Equation 4.17, the transport is expressed with respect to the deviation from an 
equilibrium foreshore slope, which is a model input, and the time of submergence is 
taken into account.  

The speed of the uprushing wave front is estimated based on simple ballistics theory as 
follows, 

gzuu bsb 222 −=            (4.18)  

where ubs is the speed of wave at boundary between the surf zone and swash zone, 
where the wave uprush starts, z is the vertical distance from the SWL to the location 
where ub is calculated. The time of submergence is given by, 

R
z

T
t

−= 10              (4.19) 

where 
g

uR bs

2

2

=  is the runup height which is assumed to depend on ubs. 

Substitution of equation 4.18 and 4.19 into equation 4.17 produces the following 
sediment transport for the swash zone, 

)tan(tan)1(22 22/3
elcsw R

zRgKq ββ −−=          (4.20) 

In the crest zone, Larson et al. (2004) assumed that the sediment transport rate in the 

overwash is proportional to the average rate of water flow crossing the top of the beach 

during a swash cycle. This yields the following expression for the average transport over 

the beach crest during an overwashing wave, 

2)(22 DBD zR
R
gKq −=             (4.21) 

where  is the transport rate over the beach crest,  is a non-dimensional empirical 

coefficient (about = 0.005),  is the height of the beach crest above the SWL including 

the effect of possible surge.  

Dq BK

Dz
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In the zone landward of the crest, the landward flow will depend on the incoming 

hydrodynamics, back barrier topography, and sediment characteristics. In this region, 

the reduction in velocity of the landward flow is mainly due to lateral spreading and 

infiltration (Larson et al. 2004). If it is assumed that the back barrier is saturated, thus 

reduction in the velocity is mainly due to lateral spreading, and assuming that the 

transport rate on the back barrier (qf) is proportional to the velocity cubed, the transport 

rate in the flow is, 

D

D
f Bs

qq
/1 µ+

=                                        x < xD           (4.22) 

where the expression is normalised by qD, andµ  is an empirical coefficient, s is a 

coordinate originating at x = xD  pointing landward, and BD is the width of flow at the 

beach crest in the case of confined flow. 

4.4.4 A new algorithm to simulate inundation overwash 
Donnelly et al. (2005) developed a new algorithm to calculate inundation overwash by 
assuming that the sediment transport rate is linearly proportional to the flow rate over the 
crest and that water flow is described by the weir equation as following, 

2/322 hgKq BDI =              (4.23) 

where  is the overwashing transport over the beach crest KB  is an empirical 

coefficient, and h is the excess water level over the crest. 
DIq

In reality, the discharge over the dune or beach crest begins as runup overwash and 
then the water level rises up until inundation overwash starts to occur. In order to get a 
smooth transition between two phases the following simple matching is employed, 

{ DDRD zRqq −= }                        if still-water level < zD         (4.24) 

DIDRD qRqq += }{                       if still-water level > zD                                             (4.25) 

where  is the sediment transport rate over the crest,  is the runup overwash 

transport rate,  is the inundation overwash transport rate, R is the wave runup height, 

and zD is the dune or beach crest height above mean water level. 

Dq DRq

DIq

As mentioned before, the water flow decelerates on the back barrier and the velocity 
decreases, mainly due to lateral spreading and infiltration. Donnelly et al. (2005) 
assumed that the flow on the back barrier is steady and described by a block of water 
moving down a slope, assuming that the infiltration velocity is proportional to the height 

 - 40 -  



- MODELLING OF COASTAL OVERWASH - 

of the block. By using the continuity equation for conservation of water for the block, the 
equation describing the sediment transport rate is given by, 

3
3

ξ=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

DD

f

u
u

q
q

              (4.26) 

where ξ
α

ξ
,

,

2
1

,1

1 s

D

e
su

u −

+
==  is the non-dimensional velocity of block, 

DB
ss µ=, is the 

lateral spreading parameter, and 
D

D

u
B
µ
α

α =,  is the infiltration parameter.  

This overwash algorithm was implemented into the SBEACH numerical model, and the 
model version is denoted as the new SBEACH version, as previously pointed out.   
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Chapter 5: RESULTS AND DISCUSSIONS 
 
 

5.1 EMPIRICAL MODEL 
As mentioned before, the Williams model 2 was derived based on the assumption that 
the overwash transport rate increases rapidly for small values of excess runup and 
asymptotically approaches zero in an exponential form as excess runup increases and 
hence does not realistically represent overwash processes. In this section, only the 
Williams model 1 and Tanaka’s formula will be tested with the compiled data sets. 

To apply the empirical overwash models the extreme conditions of each storm as shown 
in table 3.4 are taken as being representative during the entire time of excess runup. 
The results show that the Williams formula grossly underestimated the measured field 
volumes (Figure 5.1). The constants in the Williams formula (model 1) were derived 
based only on his laboratory experiments, so scale effects might be a problem when 
applying his formula to the field data. 

The empirical constants in Tanaka’s formula were derived based mainly on the 
laboratory experiments of overtopping discharge by runup and two measured points in 
Gamo lagoon (1993, 1994). The effect of inundation overwash and the excess runup 
duration were not considered. Tanaka’s formula overestimates the measured overwash 
volumes in the field, as shown in Figure 5.2. In principle, Tanaka’s formula is similar to 
Williams’, but the predictions by the formulas are an-order-of-magnitude different 
because of the difference in the values of the empirical constants. 

Table 5.1: Calculated overwash sediment volumes using Williams (1978), Tanaka (2002), formula 
compared with measured field volumes.  

Profile name Measured overwash 
volume (m3/m) 

Williams’s 
formula (m3/m) 

Tanaka’s 
formula (m3/m)

Folly Beach 2801 4.75 0.0299 156.84 
Folly Beach 2815 11.89 0.0298 170.48 
Folly Beach 2823 5.58 0.0299 139.96 
Folly Beach 2883B 4.19 0.0299 136.19 
Garden City 4930 17.58 0.0362 185.87 
Santa Rosa Island, Opal 55.7 0.047 338.6 
Santa Rosa Island, Georges 57.13 0.2678 89.39 
Assateague Island, GPS1 50.1 0.7275 4.43 
Assateague Island, GPS3 101.4 0.9194 3.42 
Assateague Island, GPS4 91.5 0.1745 716.69 
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Fig. 5.1: Williams’s overwash formula compared with measured overwash sediment volume.  
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Fig. 5.2: Tanaka’s Overwash formula compared with measured overwash sediment volume.  
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5.1.1 A New empirical formula for overwash volume 
There are a limited number of studies on sediment transport volume such as Williams 
(1978), Tanaka et al. (2002), and Larson et al. (2004). The constants in Williams’ 
formula were based on laboratory experiments, whereas Tanaka’s formula was derived 
from laboratory data and limited field measurements. Since both formulas were 
essentially derived from small-scale experiments, there might be a problem in applying 
them to the prototype. Larson’s formula is untested with any data sets because of the 
lack of full field measurements. In this study, a formula for the prototype scale is derived 
based on the compiled data sets. The sediment transport rate in the overwash is 
assumed to be proportional to the excess runup height squared and the inverse of the 
wave period. This formulation has similarities to Williams (1978), Tominaga and Sakuma 
(1971), and Larson et al. (2004), but is written as: 

2)(1
c

c HR
TR

H
q −= α                 (5.1) 

The sediment transport volume is proportional to the sediment transport rate multiplied 
by the excess runup duration (tD), 

22)( R
T
t

R
H

HR
T
t

R
H

qtQ Dc
c

Dc
D ∆=−== αα             (5.2) 

where  Q  is the total sediment transport volume (m3/m), R is the wave runup height (m), 

and Hc the beach crest height (m) referenced to the still-water level. The term 
R

H c  is 

added in the formula to consider the effects of a limited dune height on the mobilization 
of material from the dune (pers. comm. with M. Larson – November 2005), tD is the 
overwash duration (s), T is the wave period (s), and α is an empirical coefficient. 

Using the data set encompassing eleven overwash events from United States, the best 
fit was obtained when the empirical coefficient,α , was set to 0.0011 (Figure 5.3). The 
predictions by the new formula compared quite well with the measured washover 
sediment volume: 

2)(0011.0 c
Dc HR
T
t

R
H

Q −=                (5.3) 

Most of the predicted overwash volumes fell within a factor two of the observed volumes, 
as shown in Figure 5.4, indicating that the goodness of fit of the empirical coefficient 
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Table 5.2: New formula results compared with measured field volumes.  

Profile name Measured overwash volume 
(m3/m) 

A new formula 
(m3/m)  

Folly Beach 2801 4.75 8.54 
Folly Beach 2815 11.89 7.87 
Folly Beach 2823 5.58 8.54 
Folly Beach 2883B 4.19 8.45 
Garden City 4930 17.58 11.22 
Santa Rosa Island, Opal 55.7 18.6 
Santa Rosa Island, Georges 57.13 81.89 
Assateague Island, GPS1 50.1 126.35 
Assateague Island, GPS3 101.4 63.09 
Assateague Island, GPS4 91.5 72.96 
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Fig. 5.3: The empirical formula for predicting overwash 
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Fig. 5.4: A new formula results compared with measured overwash sediment volume 

5.2 SBEACH NUMERICAL MODEL 

5.2.1 Calibration and validation 
The original and new SBEACH versions were calibrated using default values employed 
in previous SBEACH applications as much as possible for all parameters that have 
limited influence on the overwash. The overwash-related parameters were then changed 
to find the best visual fit to the measured beach profiles. Main parameters that affect 
overwash transport are the sediment transport rate coefficient (K), the overwash 
transport parameter, the lateral spreading of the flow (CMY), and the infiltration 
parameter (CAL). Each parameter has an effect on various aspects of beach profile 
change as modelled in SBEACH. Best agreement was achieved with the parameter 
values shown in tables 5.3 to 5.6.  

The K value influences the overall magnitude of overwash because it controls the 
amount of seaward erosion and recession of the foreshore slope, which in turn controls 
when and to what extent overwash occurs. In general, values of K which provide the 
best agreement in terms of foreshore erosion and washover volumes are typically a bit 
larger than the default value presently recommended for SBEACH, although the scatter 
in the K-values is marked. The calibration procedure was sometimes difficult to carry out, 
since increasing K to sufficiently erode the beach face reduced the washover sediment 
volume and vice versa. 
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In the new SBEACH version, the flow on the backbarrier is assumed to be steady and 
described by a block of water moving down-slope. The hydrodynamics on the back 
barrier are calculated taking into account the effects of lateral spreading (CMY) and 
infiltration (CAL) on the flow. The lateral spreading of a washover deposit on the 
backbarrier is largely controlled by the backbarrier topography. In this study, the new 
SBEACH was tested with values on CMY of 0.075, 0.005, and 0.025. The infiltration 
parameter may influence the landward movement of sediment if the barrier is dry in the 
initial stages of an overwash event. In such cases, infiltration into the back barrier is 
rapid and deposition occurs as the flow rate on the back barrier is reduced. It was 
assumed that the backbarrier was saturated in most of the present simulations and the 
infiltration parameter was set to 0.01 based on trial and error. Some sensitivity analysis 
was also performed with respect to the infiltration parameter. 

Other parameters that affect the profile response are the seaward depth of the foreshore 
(DFS) and the median sediment grain size. The parameter DFS defines the landward 
boundary of the surf zone and it effects the magnitude of transport in the swash zone. A 
higher value on DFS, corresponding to a greater depth at the boundary between the surf 
zone and swash zone, typically increases the transport in the swash zone, producing 
more erosion of the foreshore and dune. Conversely, lower values of DFS typically 
decrease the erosion in this region (default value of DFS is 0.3 m).  

The median sediment grain size is a key parameter in calculating the transport rate and 
in determining the equilibrium energy dissipation. A reliable estimate of the median grain 
size is necessary to obtain reliable results from the model. In cases where there is 
uncertainty about the proper value of the median grain size, this parameter could be 
estimated by fitting an equilibrium profile to the studied profile and back-calculating the 
grain size from the shape parameter A. Of course, this was only possible where the 
beach profile extended sufficiently seaward to define an equilibrium beach profile. 

In most cases, the measured beach profiles were extended by using the equilibrium 
concept. Profiles were extended until -15 m water depth to be able to neglect the effect 
of waves on the ocean floor at the seaward boundary. The horizontal length of the 
modelled profiles was approximately 1500 m and the profiles were divided into two 
portions with different grid resolution. The shoreward portion of the grid had a cell size of 
2 m and extended from the most landward point to a water depth of about -1 m, whereas 
the seaward portion of the grid had a cell size of 10 m.   
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Table 5.3: Calibrated parameters for running original version of SBEACH overwash model 

Original SBEACH calibrated parameters 
Reach Configurations Sediment transport parameters 

Profile name 
DFS 
(m) 

D50 
(mm)

Aval. 
angle 

Transport 
rate 

coefficient 
(m4/N) 

Overwash 
transport 

parameter

Eps 
(m2/S) Lamm.

Water 
temp. 
(0C) 

Folly Beach 2883B 0.03 0.17 30 1.20E-06 0.0005 0.005 0.3 20 
Garden City 4930 0.05 0.44 30 1.0E-06 0.0047 0.005 0.5 20 
Santa Rosa Island, Opal 0.05 0.26 30 2.50E-06 0.0047 0.002 0.3 20 
Santa Rosa Island, 
Georges 0.02 0.26 30 2.70E-07 0.00029 0.002 0.3 20 

Assateague Island, GP1 0.1 0.30 30 2.00E-06 0.017 0.004 0.4 20 
Assateague Island, GP3 0.5 0.30 30 2.50E-06 0.005 0.004 0.3 20 
Assateague Island, GP4 0.5 0.30 30 2.50E-06 0.009 0.005 0.5 20 

Table 5.4: Calibrated parameters for running new version of SBEACH model with CMY=0.075, 
and CAL=0.01 

New SBEACH simulation CMY=0.075, CAL=0.01 
Reach configurations Sediment transport parameters 

Profile name 
DFS 
(m) 

D50 
(mm)

Aval. 
angle

Transport 
rate 

coefficient 
(m4/N) 

Overwash 
transport 

parameter

Eps 
(m2/S) Lamm.

Water 
temp. 
(0C) 

Folly Beach 2883B 0.03 0.17 30 1.00E-06 0.0008 0.002 0.3 20 
Garden City 4930 0.05 0.44 30 2.0E-06 0.0047 0.005 0.5 20 
Santa Rosa Island, Opal 0.05 0.26 30 2.50E-06 0.00896 0.002 0.3 20 
Santa Rosa Island, 
Georges 0.02 0.26 30 2.50E-07 0.0005 0.002 0.3 20 

Assateague Island, GP1 0.5 0.30 30 2.50E-07 0.018 0.004 0.4 20 
Assateague Island, GP3 0.5 0.30 30 2.50E-06 0.004 0.004 0.3 20 
Assateague Island, GP4 0.5 0.30 30 1.00E-06 0.0025 0.005 0.5 20 

Table 5.5: Calibration parameters for running new version of SBEACH model with CMY=0,025 
and CAL=0.01 

New SBEACH simulation CMY=0.025, CAL=0.01 
Reach Configurations Sediment transport parameters 

Profile name 
DFS 
(m) 

D50 
(mm)

Aval. 
angle 

Transport 
rate 

coefficient 
(m4/N) 

Overwash 
transport 

parameter 

Eps 
(m2/S) Lamm.

Water 
temp. 
(0C) 

Folly Beach 2883B 0.03 0.17 30 7.00E-07 0.0008 0.002 0.3 20 
Garden City 4930 0.05 0.44 30 1.75e-006 0.005 0.005 0.5 20 
Santa Rosa Island, Opal 0.05 0.26 30 2.50E-06 0.00347 0.002 0.3 20 
Santa Rosa Island, 
Georges 0.02 0.26 30 2.50E-07 0.00014 0.002 0.3 20 

Assateague Island, GP1 0.5 0.30 30 2.50E-07 0.009 0.004 0.4 20 
Assateague Island, GP3 0.5 0.30 30 5.00E-07 0.0013 0.004 0.3 20 
Assateague Island, GP4 0.5 0.30 30 2.50E-06 0.0006 0.004 0.3 20 
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Table 5.6:  Calibrated parameters for running new version of SBEACH model with CMY=0.005 
and CAL=0.01 

New SBEACH simulation CMY=0.005, CAL=0.01 
Reach Configurations Sediment transport parameters 

Profile name 
DFS 
(m) 

D50 
(mm) 

Aval. 
angle 

Transport 
rate 

coefficient 
(m4/N) 

Overwash 
transport 

parameter 

Eps 
(m2/S) Lamm. 

Water 
temp. 
(0C) 

Folly Beach 2883B 0.03 0.17 30 1.20E-06 0.0008 0.002 0.3 20 
Garden City 4930 0.05 0.44 30 1.5e-006 0.0045 0.005 0.5 20 
Santa Rosa Island, Opal 0.05 0.26 30 2.50E-06 0.0048 0.002 0.3 20 
Santa Rosa Island, 
Georges 0.02 0.26 30 2.70E-07 0.00029 0.002 0.3 20 

Assateague Island, GP1 0.5 0.30 30 2.50E-07 0.016 0.004 0.4 20 
Assateague Island, GP3 0.5 0.30 30 2.50E-06 0.0009 0.004 0.3 20 
Assateague Island, GP4 0.5 0.30 30 2.50E-06 0.001 0.005 0.5 20 
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Fig. 5.5: Relationship between the overwash transport parameter and the transport rate 
coefficient 

Although the calibration parameters ideally should be uncorrelated, it might be difficult in 
practice to achieve this for a complex model. Thus, K and the overwash transport 
parameter displayed some degree of correlation and a relationship between these two 
parameters could be developed. In general, the overwash transport parameter increases 
with K and a simple linear relationship was derived to describe the relationship (Figure 
5.5). It is suggested that this equation may be used to provide a first estimate on the 
overwash transport parameter in the calibration procedure.  
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5.2.2 Simulation results 
In this section, the simulation results of the original and new SBEACH model are 
presented. Both SBEACH versions can simulate runup overwash and associated beach 
profile response due to extreme storms. However, the original SBEACH model does not 
have an algorithm for inundation. If the SWL exceeds the crest, the dune or beach crest 
is treated as part of the surf zone, and the SWL is assumed to be constant towards the 
end of the grid. Donnelly et al. (2005) added a new algorithm to simulate inundation 
overwash, denoted as the new SBEACH model here. The comparison of both SBEACH 
versions with measured field data is discussed in the following section. 

Folly Beach 
Dune erosion and overwash in Folly beach is modelled for hurricane Hugo from the 15th 
to 25th September 1989. The hydrodynamic conditions of Hugo are plotted in Figure 3.9. 
Hurricane Hugo had a peak water level of 2.01 m at Folly Beach, and a peak wave 
height of 6.69 m at water depth of 16 m, producing significant dune erosion and 
overwash. The model results indicated that the shape of washover deposition and its 
landward extent are well reproduced. Beach erosion and the dune crest locations are 
somewhat underpredicted. In general the simulation results of the old and new SBEACH 
versions are in good agreement with the measurements. Both versions are equally 
capable of reproducing the observed profile change (Figure 5.6). 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
Fig. 5.6: Simulation results of original and new SBEACH version: Folly Beach 2883B profile 
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Garden City Beach 

The post-Hugo profile in Garden City Beach was surveyed 6 days after landfall and 
indicated that Hurricane Hugo contributed significantly to beach and dune destruction, as 
well as causing overwash, with sediment being transported both offshore and onshore. 
SBEACH simulated well the total deposited washover volume, the change in profile 
elevation, and the landward extend of sediment deposition. The results indicate that the 
new version gave a better simulation of washover deposition. Both of the models failed 
to accurately reproduce the beach face response. This case shows that if K is increased 
to fit the foredune erosion very little sediment goes over the dune crest, indicating a 
shortcoming in the model or that perhaps extra sediment was taken from the profile by 
longshore transport processes. The simulation results are shown in Figure 5.7. 
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Fig. 5.7: Simulation results of original and new SBEACH version: Garden City Beach 4930 profile 

Santa Rosa Island – Hurricane Opal 

Santa Rosa Island is a barrier island which was impacted by hurricane Opal on the 4th of 
October 1995. The hydrodynamic conditions are plotted in Figure 3.13. Hurricane Opal 
had a peak wave height of 8.2 m in 27 m of water depth, a peak wave period of 11.2 s, 
and a peak water level of 2.6 m. These extreme conditions destroyed the foredunes and 
inundation overwash occurred. The post-Opal beach profile was measured three days 
after the storm and beach recovery was probably negligible. The simulation results for 
both SBEACH versions reproduced the beach profile change satisfactorily in terms of 
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beach erosion, washover sediment volume, dune destruction, as well as the landward 
extent of deposition. The modelled offshore beach slopes are also in agreement with the 
measured profile (Figure 5.8, inset). 
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Fig. 5.8: Simulation results of original and new SBEACH version: Santa Rosa Island-Opal profile 

Santa Rosa Island – Hurricane Georges 
The beach crest height at this location is low because the foredunes were destroyed by 
Hurricane Opal in 1995 and did not recover before Hurricane Georges occurred on the 
28th of September 1998. Georges had a maximum wave height of 8.2 m measured in 20 
m of water depth, and a peak water level of 1.4 m above NGVD. The barrier crest height 
is of 2.12 m above NGVD. The post-Georges profiles show that there is significant 
erosion on the dune face and washover sediment deposits, but the peak of the barrier 
island was even higher than before the storm. If there was only a dune present, it would 
most likely have eroded away. Thus, it is probable that some kind of hard structure 
exists at this location, but it was not possible to simulate its effect in the SBEACH 
simulations (Figure 5.9). The SBEACH model is capable of simulating beach profiles 
with structures such as seawalls and revetment, but at this stage, not overtopping of 
these structures.  
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Fig. 5.9: Simulation results of original and new SBEACH version: Santa Rosa Island-Georges 
profile 

Assateague Island – Northeasters  

Assateague Island is a low barrier Island that was inundated by the northeasters that 
occurred in January and February 1998 (Figure 3.19). There were two major storms in 
this period with a maximum wave height of 4.1 m in 15 m of water depth, 1.6 m peak 
water level, and a peak wave period of 16 s. Pre-storm profiles were surveyed on the 1st 
of September 1997 and the post-storm measurements were taken in February 1998.  

Figures 5.10, 5.11, and 5.12 show the measured and modelled profile response for the 
three transects GPS1, GPS3, and GPS4, respectively. GPS1 shows an unusual barrier 
island profile with a significant dune located towards the rear part of the barrier. This 
dune caused sediment to accumulate on its seaward side because the water flow was 
blocked. The model accurately simulated horizontal erosion of the berm crest, and the 
landward deposition. Both the measured and modelled response show washover 
deposits extending approximately 160 m landwards of the pre-storm berm crest, up to 
the base of the dune. The modelled volume of washover is lower than indicated by the 
measurements, but the elevation of the berm crest lowering is simulated well by the 
original model. The new SBEACH model slightly overestimates the crest elevation 
reduction. Post storm changes are observed on the rear dune slope of the measured 
profile. The pre-storm profile on the backside of the second dune of GPS1 has a lower 
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resolution than the post-profile which is surveyed from LIDAR with very high resolution; 
hence theses irregularities may also exist for the pre-storm profile, but are not seen. It is 
unlikely that the irregularities were caused by overtopping of the rear dune. In general, 
both of SBEACH versions are in agreement with the measured field profile (Figure 5.10). 
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Fig. 5.10: Simulation results of original and new SBEACH version: Assateague Island GPS1 
profile 

At the Assateague Island GPS3 profile, the northeasters caused significant erosion of 
the berm crest and deposited large volumes of washover sediment. The simulations of 
both SBEACH versions reproduced the shape of the washover deposits well, the peak of 
the barrier lowering, and the landward extent of sediment intrusion, but the barrier face 
erosion and horizontal recession of the beach crest are somewhat overestimated. Note 
that this profile also has a rear dune which, to some extent, blocked and reduced the 
landward overwash flow. In this case, however, the rear dune was overwashed. Both 
versions of SBEACH produced comparable results concerning the shape of the rear 
dune. The new SBEACH simulated the rollover of the rear dune well. In general, the 
model results are in good agreement with the measured beach profiles. The new 
SBEACH version works performs better than the original one at the rear of the profile 
(Figure 5.11). 

Assateague Island GPS4 profile has a low and relatively flat back barrier. The simulation 
results with both SBEACH versions yield a lower beach face recession than the 
measurements suggest (note that the post-storm profile does not extend very far 
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seaward). Upper beach face recession and landward migration of the crest are 
overestimated. Washover sediment volume calculated by the models is comparable to 
the measurements. The new algorithm works better for a horizontal slope and for the 
case of inundation, since the new algorithm is not dependent on the rear slope, including 
factors such as the effects of lateral spreading and infiltration (Figure 5.12).  
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Fig. 5.11: Simulation results of original and new SBEACH version: Assateague Island GPS3 
profile 
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Fig. 5.12: Simulation results of original and new SBEACH version: Assateague Island GPS4 
profile 
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5.2.3 Sensitivity 
In this section, the sensitivity of the original and new SBEACH overwash models to 
changes in some key input variables, such as wave height and water level, and key input 
parameters, such as lateral spreading (CMY) and infiltration (CAL), will be investigated. 

Effects of the wave height 

In order to test the effects of variation in wave height on the SBEACH models, the wave 
height was varied from 7.64 m to 9.14 m and the wave period from 12.35 s to 13.85 s, 
while the water level was held constant. The profile used is a schematized version of 
Folly Beach 2883B, and the purpose of the test was to only simulate runup overwash. As 
expected, the larger the wave height is the larger the washover sediment volume is. No 
major differences between the old and new SBEACH simulations were observed, since 
profile changes were mostly due to runup overwash (Figure 5.13 and Figure 5.14). The 
magnitude of the crest recession relative to the magnitude of wave height change is 
approximately 50 cm for every 0.5 m increase in wave height for the old SBEACH model 
and 35 cm for every 0.5 m increase in wave height for the old SBEACH model. The 
landward end of the crest receeds 3 m for every 0.5 m increase in wave height, for both 
models.  
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Fig. 5.13: The effect of Wave height changing on a schematize profile in the original SBEACH 
overwash model. 
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Fig.5.14: The effect of Wave height changing on a schematize profile in the new SBEACH 
overwash model 

Effects of water level 

The same schematized beach profile was used to evaluate the model sensitivity to 
changes in water level. The water level was varied from 2.13 m to 4.63 m. The wave 
height and wave period were held constant at 7.64 m and 12.85, respectively. Note that 
the beach crest is 4.18 m so that means the beach profile is inundated in the two last 
cases. The original SBEACH simulations show that it cannot handle the two last case of 
inundation overwash; the beach crest reacts like a bar, as illustrated in Figure 5.15. The 
version with the new algorithm to simulate inundation overwash worked much better, 
since larger washover volumes are predicted as the excess water level increases 
(Figure 5.16). Both versions result in similar results for the first case because the water 
level is much lower than the beach crest, implying that overwash is only due to wave 
runup.  
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Fig. 5.15: The effect of water level change on a schematized profile with the original SBEACH 
overwash model.  
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Fig. 5.16: The effect of water level change on a schematized profile with the new SBEACH 
overwash model 
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Two different combinations of water level and wave height, which together give a similar 
maximum water elevation, were simulated to test whether the water level or wave height 
mainly affects the overwash sediment processes. As mentioned before, the original 
SBEACH version can only simulate runup overwash, which is clearly seen in Figure 
5.17. Case 1 with a high water level of 5 m, implying inundation overwash, did not cause 
any significant the change in the profile shape, as expected. 
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Fig. 5.17: Two cases to test the overwash by runup and inundation in original SBEACH overwash 
model 

Figure 5.18 illustrates the results with the new SBEACH version. For runup overwash 
(Case 2) the results is the same as for original version, but for the inundation case the 
new version produces a more realistic profile shape than the original model. If the entire 
dune profile is inundated, considerable overwash deposits landward of the dune crest is 
expected. 
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Fig. 5.18: Two cases to test the overwash by runup and inundation in new SBEACH overwash 
model 

Sensitivity testing of calibration parameters 

The two main processes affecting morphology change on the backside of the barrier are 
lateral spreading and infiltration, which are represented by CMY and CAL in the model, 
respectively. In order to see the effects of lateral spreading (CMY), all other parameters 
were held constant and the lateral spreading parameter increased from 0.005 to 0.01. 
Figures 5.19 and 5.20 show that the reduction of the lateral spreading rate allows the 
washover deposit to penetrate further landward because a reduced lateral spreading 
rate means that the flow decelerates less. Additionally, the recession of the barrier peak 
is reduced. This factor does not affect the beach face and the profile seaward of the 
beach face.  

By increasing the value of the infiltration parameter from 0.005 to 0.01 with all other 
parameters held constant in the model, the effects of the infiltration parameter on the 
profile response can be observed. In the new model, the overwashing flow was assumed 
steady and was described by a block of water moving down a slope. The infiltration rate 
was assumed proportional to the height of this block of water. If the barrier is dry in the 
initial stages of an overwash event, infiltration rate on the backbarrier is quite rapid and 
deposition occurs as the flow rate on the backbarrier decreases. As the barrier becomes 
wetter, the washover sediment may penetrate further inland. Increasing the infiltration 
parameter causes the washover sediment to be deposited closer to the beach crest and 
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the reduction of the peak is smaller, because the flow volume is faster reduced and 
hence decelerates quicker.  
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Fig. 5.19: Profile GPS4: Testing the effects of infiltration parameter on the new SBEACH 
overwash model 
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Fig. 5.20: Profile Santa Rosa Island: Testing the effects of infiltration parameter on the new 
SBEACH overwash model 
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5.2.4 Laboratory simulations 
In early 2005, Donnelly et al. (2006) conducted an overwash experiment in a 3.05 m 
wide, 0.9 m deep, and 63 m long, two-dimensional wave flume at the Coastal and 
Hydraulics Laboratory, Vicksburg, United States. The flume was constructed of concrete, 
with a 1:47 slope between a distance 0.4 m and 20.7 m downstream of the wave 
generator at the end of the flume. In other parts the concrete bottom was flat and 
horizontal. Six consecutive glass windows provided an opportunity to view a length of 
14.6 m through the side of the flume. The windows were positioned 9.7 m from the 
downstream end of the flume. The flume was equipped with a piston type wave 
generator. The median grain size during the experiment was d50=0.16. 

The barrier profile was designed to replicate a low, flat, duneless barrier island. The 
seaward slope was 1:6, while the landward slope shoreward of the crest was 1:100, and 
the rear landward slope 1:3. Three experimental tests were conducted on this profile 
using a low water level and overwashing waves, such that 1st regime runup overwash 
(crest accumulation) occurred, and a higher water level and overwashing waves such 
that overwash bordering on the threshold to inundation overwash occurred. The runup 
overwash experiment was conducted with both regular and irregular waves. The 
hydrodynamic conditions of the three tests are summarized in the Table 5.6. Beach 
profiles were measured at the sides (North and South), and the centreline of the flume, 
before and after each experiment using a total station. 

Table 5.7: Hydrodynamic conditions of three tests 

Test 
No. 

Profile name 
Barrier 

height (m) 
Wave 

height (m) 
Wave 

period (s) 
Water 

level (m) 
Wave 

characteristic 

1 Centre-OWB1 0.6 0.23 7 0.4572 Runup regular 

2 Centre-OWB2 0.6 0.23 5 0.4572 Runup Irregular 

3 Centre-OWB3 0.6 0.23 7 0.53 Inundation regular 

Figure 5.21 shows the measurement and simulation results for Test 1. In this test the 
water level was held constant and regular waves attacked the beach face for the test 
duration of 30 minutes. In the beginning, wave runup overtopped the barrier crest and 
this water continued to flow along the rear slope. It was observed that the flow on the 
rear slope was relatively clear and that no sediment transport occurred. On the crest, 
however, sediment accumulated, eventually impeding the magnitude of successive 
overwashing bores. At the rear back barrier slope, the flow accelerated, causing 
supercritical flow and antidunes which migrated landwards, as did the slope change. The 
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SBEACH model simulated the beach face slope changes and the change of the steeper 
rear barrier slope; however, it failed to simulate the crest accumulation.  
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Fig. 5.21: Simulation results of the centreline OWB1 profile 

The only difference between Test 1 and Test 2 is that irregular waves were employed in 
the latter case. Beach profile change was similar to that observed in test 1, but with a 
significantly smaller magnitude. Crest accumulation was also observed, but it was quite 
limited compared to the regular waves in Test 1. The SBEACH model was less 
successful to simulate the beach face steepening, crest accumulation and erosion on the 
steeper rear slope. It general, it is shown that the SBEACH overwash model does not 
simulate the case of crest accumulation well (Figure 5.22), probably because this case is 
not explicitly considered in the algorithms to describe overwash. 

For test 3, the water level was increased until overwash bordering on the threshold 
between runup and inundation occurred.  The wave height and wave period were the 
same as in Test 1. The measured profile shows that there is significant change on the 
back barrier and large erosion of the beach face. SBEACH underestimated the 
washover volume and the seaward migration of the steeper rear slope. The algorithm 
describing overwash flow landward of the beach crest, was made slope independent, 
because the velocity on the backslope was normalised with the velocity at the crest. This 
example shows why this algorithm won’t work for complex rear slope geometries where 
large slope changes affect the flow regime.  
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Fig. 5.22: Simulation results of the centreline OWB2 profile 
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Fig. 5.23: Simulation results of the centreline OWB3 profile 
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Chapter 6: CONCLUSIONS AND RECOMMENDATIONS 

 
 

6.1 CONCLUSIONS 
The ability to model coastal overwash and the prediction of overwash occurrence are 
significant for engineers, local management authorities, and coastal residents. 
Concerning coastal overwash, two main mechanisms can be identified, namely runup 
overwash and inundation overwash, which can be divided into five different flow 
regimes. The morphologic response of beach can be divided into five different types, 
that is, crest accumulation, dune lowering, dune rollback, dune destruction, and barrier 
rollback. Linking the proposed flow regimes to the observed morphology changes is not 
simple, as several different flow regimes occur during a single overwash storm.  

The field data sets which were compiled from three regions within United States 
provided an excellent opportunity to monitor the effects of hurricanes and extreme storm 
events on the beach profile shape, and to develop and evaluate empirical as well as 
numerical models. These data sets included wave height and period and water level 
time-series during the storm, as well as the pre and post-storm beach profiles and also 
the median grain size of the study areas.     

The Williams (1978) and Tanaka (2002) empirical models for predicting overwash 
volume were evaluated using the compiled data. The results show that Williams’ formula 
seriously underestimates the volume, whereas Tanaka’s formula overestimates it, 
compared with the measured field data. The constants in the two formulas formula were 
based on laboratory experiments and very limited field data, respectively. Therefore, 
scaling between model and prototype is a problem, and the coefficient derived for the 
Tanaka model is biased towards the limited data used to derive it. A new equation was 
developed by modifying the assumptions of the previous empirical models and 
calibrating to the new data set. It was assumed that the excess runup is moving the 
sediment landward for duration of excess runup, tD, and the empirical coefficient derived 
from the new data set is 0.0011. The new predictive formula for washover sediment 
volume is thus written: 

2)(0011.0 c
Dc HR
T
t

R
H

Q −=  

where Q is the washover sediment volume (m3/m), Hc is the beach crest height (m), R is 
the wave runup height (m), tD is the excess runup duration (s), and T is the wave period 
(s). Overall, the formula could be well fitted to the data, within a factor of 2; however, the 
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performance of the model can not be entirely evaluated until the formula is tested on 
other field data sets in the future.  

The numerical SBEACH overwash model is, to date, a very powerful tool for engineers 
and management authorities. The new algorithm that was recently implemented in 
SBEACH to simulate inundation overwash, including the profile development on the 
landward side of the beach crest, was validated with data on overwash from eleven 
locations in the United States, as well as with data from recent laboratory experiments 
on overwash (Donnelly 2006).  The simulation results demonstrated that the model could 
successfully reproduce the volume and shape of washover deposits on a variety of 
beach profiles and for a variety of beach profile change morphologies including a low 
barrier island, a barrier with a foredune, dune destruction, dune rollover, and barrier 
rollover. The new algorithm works better than the old algorithm for a horizontal slope 
because it is not dependent on the back barrier slope. The model failed to simulate crest 
accumulation and morphology changes on back barriers with significant changes in flow 
regime. 
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6.2 RECOMMENDATIONS 
As discussed in previous chapters, coastal overwash can either benefit barrier islands or 
where development is present can be a coastal hazard. Therefore, the basic physics 
needs to be understood in terms of the governing overwash processes and the resulting 
washover morphologies. Also, the presently available overwash modelling capabilities 
should be improved. Although limited hydrodynamic data on overwash have been 
collected, some valuable observations have been made from these data; however, more 
comprehensive investigations are needed to improve knowledge and modelling 
approaches. Thus, further studies are recommended concerning the following: 

• Laboratory experiments should be made at larger scale to avoid the problem of 
scaling up the results to the prototype. Laboratory measurements should include 
regular and irregular wave, and change in water level to allow for detailed study 
of overwash processes. 

• Field investigations should be performed more in the future at different sites. The 
data collection should ideally include pre- and post-storm beach profiles, water 
level, wave height, wave period, and wave direction, as well as wind speed and 
wind direction in nearshore. These would allow for a better evaluation of 
predictive relationships and more realistic application of the predictive models for 
washover volumes. In practice, this is not always possible due to the difficulties in 
maintaining instrument platforms in storm conditions. 

• Measurements of water depth at the crest and wave velocity on the beach face, 
at the beach crest, and at least one point on the landward side of the crest in 
order to support development of overwash algorithms (Donnelly et al. 2005) 

• Descriptions of the effects of friction losses and vegetation on the flow on the 
backside of beach profile (Donnelly et al. 2005) 

• Improvement and generalization of the SBEACH overwash algorithm to make it a 
more useful tool for local planning authorities. The SBEACH model simulates the 
beach profile change well along the centreline of a washover fan, but it cannot 
predict the two-dimensional evolution of the fan. Taking into account local back 
barrier slope. 

• Landward and offshore boundary conditions in the SBEACH model have to be 
carefully considered. 

• The effects of return flow on beach face require more investigation. 
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