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1. INTRODUCTION 

The Georgia Ports Authority (GPA) is conducting studies to be used by the US Army Corps of 
Engineers (USACE) to produce an Environmental Impact Statement (EIS) under Section 203 of the 
Water Resources Development Act (WRDA) of 1986.  The EIS will assess the potential environmental 
affects of deepening a portion of the existing Savannah Harbor to better serve the economic interests 
of the State of Georgia and federal interests in navigation.  In order to qualify as a federal navigation 
project, the study must meet all applicable federal regulations.  The EIS will explore four (4) deepening 
alternatives and evaluate each of these according to appropriate environmental and economic criteria.  
The alternatives include deepening the existing channel by 2 feet, 4 feet, 6 feet, and 8 feet plus 
previously approved advanced maintenance and allowable overdepth. 

An important environmental impact to be considered in the EIS is the potential impact of the project on 
coastal processes and coastal erosion.  The coastal processes of concern are currents and waves.  
The currents in the project region are presently being modeled using WQMAP.  Upon completion of the 
WQMAP modeling effort, the impact of the harbor deepening on currents will be evaluated.  A wave 
refraction/diffraction study was performed to determine the effects of the channel dredging on incoming 
waves and any resulting impact to the shorelines in the project region.  This report provides a brief 
description of the coastal environment in the project area; a discussion of the potential for project 
related impacts on coastal processes in the project region, a description of the methodology used in the 
wave refraction/diffraction study, and a discussion of the results. 

 

2. BACKGROUND 

2.1 Geographic Setting 

Savannah Harbor is located on the South Atlantic U.S. coast, 75 statute miles south of Charleston 
Harbor, South Carolina, and 120 miles north of Jacksonville Harbor, Florida.  The existing harbor 
constitutes the lower 21.3 miles of the Savannah River and 11.2 miles of channel across the bar to the 
Atlantic Ocean (USACE, 1996).   

The coastal erosion study area includes the nearshore area extending 10 miles north and south of the 
Savannah River mouth (Figure 1).  The northernmost shoreline of the study area is Hilton Head Island, 
which is bounded on the south by Calibogue Sound.  Progressing southward lies Daufuskie Island, 
New River, Turtle Island, Oysterbed Island, Savannah River, Cockspur Island, Tybee Island, Tybee 
Creek, Little Tybee Island, and Wassaw Sound. 

2.2 Geologic Setting 

The study area is classified as a mesotidal region (i.e., tidal ranges between 6 feet and 12 feet), with 
tidal fluctuations averaging 6.8 feet at the mouth of the harbor (USACE, 1996).  Mesotidal regions are 
generally much more irregular than most microtidal shorelines, because higher tides support more tidal 
inlets, marshes and tidal flats.  Since the study area has a large tidal range and is subjected to relatively 
low wave energy conditions, tidal current processes predominate over wave processes.  The large 
sounds and extensive shoal systems extending perpendicular to the shoreline are features created by 
tidal current dominated processes.  

The study area includes both barrier islands and sea islands.  Hilton Head Island is a 13 mile long 
beach ridge-type barrier island considered to be formed of a series of prograding beach ridges (London 
et al., 1981).  Historic erosion trends (i.e., since the late 1800s) indicate general erosion of the 
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northernmost half of the island trending to mild accretion on the southernmost end of the island.  The 
shorelines adjacent to the tidal inlets at either end of the island have been most variable due to 
nearshore shoal and marginal flood channel migration (Olsen, 1987).  The average shoreline 
movement for the entire island from the 1850s to 1983 is –2.2 feet per year, according to a South 
Carolina regional shoreline movement assessment by the USACE (USACE, undated) 

Daufuskie Island is a sea island formed approximately 80,000 to 120,000 years ago prior to the last 
glacial time period (i.e., a Pleistocene remnant island).   The unaltered shoreline is composed of forest 
or marsh adjacent to the waterline and a nearshore area of a thin veneer of sand with underlain 
consolidated mud sediments.  This contrasts with typical coastal barrier islands that were formed 
approximately 5,000 years ago during the last glacial period and have a sandy shoreline.  Historic 
erosion trends (i.e., 1860 to 1993) indicate general erosion along most of the seaward shoreline.  
However, the northernmost portion of the island is becoming stable, while large-scale erosion prevails 
south of where Calibogue Sound borders the island (Applied Technology and Management, 1995).  
The average shoreline movement for the entire island from the 1850s to 1983 is –7.4 feet per year 
(USACE, undated). 

Turtle Island is an undeveloped island composed mostly of salt marsh that may be a Pleistocene 
remnant similar to Daufuskie Island. However, the low elevation of the island suggests that it is most 
likely a Holocene deposit that is part of the Savannah River delta complex. The average shoreline 
movement for the entire island from the 1850s to 1983 is –1.9 feet per year (USACE, undated).  Also 
included in the delta complex are Oysterbed Island and Cockspur Island.  

Tybee Island and Little Tybee Island are barrier islands that are erosional remnants of coastal sand 
bodies extending from the Pleistocene mainland, and have characteristic beach ridges constructed 
during the present or Holocene high sea level stand (Applied Technology and Management, Inc, 1994).  
Oertel, Fowler and Pope (1985) state that since 1854, the northeastern portion of Tybee Island has 
eroded at moderate to rapid rates, while the southeastern portion has experienced significant accretion.  
The north end of the island experienced two periods of high erosion rates from 1875 to 1900 and from 
1918 to 1931.  Oertel et al. (1985) attributes a majority of this rapid shoreline recession to several 
hurricanes that passed very close to the island.  Posey and Seyle (1980) state that from 1920 to 1972 
the average shoreline recession of the northeastern portion was 6.7 ft per year, and from 1854 to 1975 
the middle portion experienced little net change, while the southern end accreted approximately 20 to 
25 ft per year.  More recently, the island has experienced increased shoreline erosion rates at the south 
end of the island.   

 

3. POTENTIAL FOR PROJECT-RELATED ADJACENT BEACH IMPACTS 

3.1 Sand Sources 

The beaches in the Savannah region are composed mostly of silica sand.  Sources of silica beach 
sand generally include: erosion of granitic mountains and transport of the erosion products by rivers to 
the coastline, erosion of coastal headlands, and onshore transport of offshore sediments.   

The Savannah River in its natural state would supply sand to adjacent beaches, but the harbor project 
in its present state and the present sediment control works in the Savannah Harbor preclude the supply 
of silica sand from the Savannah River to adjacent beaches.  The bulk of this sandy material is dredged 
annually from the inland most portion of the harbor and is used for construction purposes.  Therefore, 
the proposed harbor deepening will not incrementally impact sediment supply from upriver sources to 
adjacent beaches.   



 

 5

Interruption of the transport of sediment from updrift beaches to adjacent beaches is a common cause 
of coastal erosion.  In the Savannah region, the direction of net littoral transport along the shoreline is to 
the south.  The existing jetties and maintenance of the present bar channel effectively eliminates any 
transport of sediment from north of the channel to the Tybee Island shoreline.  Since this source is 
already effectively cut-off, the proposed project is not expected to incrementally decrease the sand 
bypassing of the channel.  Therefore, erosional effects from decreased sand sources are unlikely.  

3.2 Incident Wave Field 

Offshore, in deep water, wind direction and magnitude determine wave height and direction.  As 
offshore waves approach the shoreline, the waves encounter local changes in water depth which bend 
the wave crests and alter the wave characteristics.  The wave crests tend to orient parallel to the 
nearshore bathymetry.  As the wave is bent, or “refracted,” wave energy is redistributed along the wave 
crest.  The redistributed wave crests may cause convergences or divergences of wave energy and 
direction along the shoreline.   

Away from inlet regions, where tidal currents dominate transport processes, longshore sediment 
transport is a function of the waves incident to the shoreline.  As waves break, much of the wave 
energy is transformed into longshore currents that transport sand along the beach.  The rate and 
direction of longshore sediment transport is dependent on the distribution of breaking wave energy and 
incident breaking wave angle along the shoreline.  A normal wave (incident at 90°) will not generate  
longshore transport, and a wave incident at 45° will generate the maximum longshore transport rate.   
Gradients in this longshore transport will cause either erosion or accretion of the shoreline.  For 
example, if the longshore transport entering a segment of shoreline is greater than the longshore 
transport leaving the segment of shoreline, the beach will accrete.  

The proposed removal of material from the bar channel will alter the bathymetry and potentially alter 
wave refraction and wave focusing in the project area, which may, in turn, impact longshore sediment 
transport and coastal erosion in the study area.  Similarly, the proposed in-water disposal of dredged 
material in the offshore disposal site, or at beneficial use sites (i.e., the bird island, nearshore feeder 
berms, and submerged berms) will also will alter the bathymetry and potentially alter wave refraction 
and wave focusing in the project area.  However, this preliminary report is limited in scope to the 
impacts of the channel deepening.  Therefore, the impacts of the beneficial use sites will not be 
included herein, but they will be evaluated in a subsequent report.   

4. WAVE REFRACTION/DIFFRACTION MODEL 

Wave refraction modeling is a computational method of simulating the changes that occur in a wave 
field as it propagates over a given sea bottom.  Using this tool, the existing wave focusing patterns can 
be characterized for a given bathymetry.  Additionally, wave refraction modeling can provide an 
assessment of changes in the wave field induced by changes in the bathymetry (e.g., deepening the 
bar channel, construction of nearshore berms). 

The state of the art numerical model REF/DIF1 (Kirby and Dalrymple, 1993), which includes effects 
from both wave refraction and wave diffraction, was used to evaluate potential project impacts on the 
nearshore wave environment in the project area.  A brief summary of the general methodology utilized 
in applying this model follows: 
 

� A set of representative offshore wave conditions is defined to utilize as the model boundary 
forcings. 
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� The bathymetry within the study area under the desired conditions, i.e., pre- and post-Project, is 
defined. 

� The numerical model REF/DIF1 calculates the transformation of the wave field from offshore to the 
study shoreline. 

� The differences in the wave field (pre- and post-Project) are examined primarily to evaluate the 
impacts of the proposed project site upon the general wave energy distribution along the study 
shoreline. 

4.1 Model Input Conditions 

4.1.1 BATHYMETRY 

The area studied extends approximately 100,000 feet alongshore, from the approximate midpoint of 
Hilton Head Island to beyond the southern end of Little Tybee Island.  Within this area, two bathymetric 
conditions were defined: the existing conditions, and the post-Project conditions characterizing the 
removal of sediment from the bar channel. 

The existing bathymetry was defined by combining various survey data sets collected between 1934 
and the present.  The data for the existing bar channel geometry were taken from a survey conducted 
by the USACE in May 1997.  The 1997 USACE data were collected by fathometer, and a tide staff 
located near Fort Pulaski provided tidal corrections. 

The data for the nearshore region of Daufuskie Island were taken from a survey conducted by Connor 
and Associates in July of 1997.  The survey data were collected using a Sokkia GSR 2200 dual 
channel real-time GPS receiver and an Odom Digitrace fathometer.  These instruments used in 
conjunction with Hypack hydrographic software eliminated the need for tidal correction.   

The remaining bathymetric data used in the model were taken from National Oceanic and Atmospheric 
Administration hydrographic surveys conducted between 1934 and 1980.  These are the same NOAA 
data sets that were utilized to produce the familiar NOAA nautical charts.  However, the 1934 data is 
restricted to areas outside the study limits (Wassaw Sound) and areas sheltered from waves 
(Calibogue Sound behind Hilton Head Island).  All other survey data do not date prior to 1971.  
Altogether, over 90,000 data points were used to define the bathymetry and input into the model to 
establish the most up-to-date bathymetric representation possible. 

The bathymetric survey data were combined by interpolating the random survey data points on to the 
model grid using an inverse-distance technique provided the computer application TECPLOT.  Figure 2 
presents a plot of the pre-project bathymetry data set used for the model study. The different colors 
represent a range of water depths, as indicated in the legend.  Blue is the deepest water and red is 
above water, with all depths referenced to Mean Low Water (MLW).  This presentation reduces the 
confusion of contour interpretation and accurately represents/illustrates the dominant shoal and 
deepwater features. 

The post-Project bathymetry was defined by the removal of all sediment above the -54 ft MLW contour 
within the proposed bar channel boundaries.  Figure 3 presents a plot of the change in bathymetry 
elevations between the pre- and post-Project model bathymetry used for the model study.  This figure 
also includes titles of the different ranges that constitute the bar channel. 

The bathymetry data sets shown in the plots are referenced to the Mean Low Water (MLW) datum.  
The model does not simulate tidal fluctuations or tidal currents: it operates under static water level 
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conditions.  For all model runs, the elevation of the bathymetry was offset by 3.2 feet to the NGVD 
datum to approximate mean tidal conditions.  

4.1.2 WAVE CLIMATE 

Wave data were obtained from a 20-year hindcast performed by the US Army Corps of Engineers 
(USACE) Wave Information Study (WIS) for the U.S. Atlantic Coast for Station 33, located 
approximately 16 miles east of Savannah at 32.00 N 80.50 W.  The station is located in approximately 
40 feet of water.  The WIS data set used is a time series that provides significant wave height, peak 
period and peak direction at three-hour intervals throughout the 20-year study period from 1976 to 
1995.   

The WIS wave data was sorted by 45-degree directional compass sectors, with due north represented 
as 0 degrees.  Since the shorelines in the study area are predominantly oriented in a northeast – 
southwest alignment, the shorelines are exposed to wave energy incident from 45 degrees (northeast) 
to 180 degrees (south).  The percent occurrence of waves was calculated for each compass sector of 
interest and is presented in Table 1.   

The WIS data indicates that 88.6 percent of all waves propagated within these four sectors.  The 
majority of these waves (79.1 percent) were incident from 67.5 to 157.5 degrees (east and southeast 
sectors).  The remaining 11.4 percent of the time was either calm, or the waves were oriented in the 
offshore direction and were not capable of reaching the shoreline.  It is important to note that over 89% 
of waves reaching the shorelines of interest are incident from the east and southeast directions.  
Interpretation of any modified wave environment should focus on this 90-degree compass sector. 

• Table 1.    Percent of Waves Predicted in WIS Study by 45° Compass Sector 

COMPASS SECTOR DIRECTION     

(DEGREES) 
PERCENT OCCURRENCE           

OF WAVES 
PERCENT OF WAVES     

REACHING SHORELINE 

22.5-67.5 (NE) 4.8 5.4 

67.5-112.5 (E) 33.3 37.6 

112.5-157.5 (SE) 45.8 51.7 

157.5-202.5 (S) 4.7 5.3 

TOTAL 88.6 100.0 

 
The average and storm conditions for the model inputs were calculated for each of the four directions, 
and are tabulated in Table 2.  The storm condition utilizes wave heights determined by an extreme 
wave height analysis.  Annual maxima where computed for each compass sector using the 1976 to 
1995 WIS Station 33 data set.  The extreme wave heights were then calculated by applying a Fisher-
Tippett Type I distribution to the annual maxima data set.  The storm condition also includes a 7.0 ft-
NGVD storm surge. 
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• Table 2. Mean and 10-year Storm Wave Heights and Periods by Compass Sector 

COMPASS 

SECTOR 

(DEGREES) 

DIRECTION MEAN 

SIGNIFICANT 

WAVE HEIGHT 

(FT) 

MEAN PEAK 

WAVE 

PERIOD   

(SEC) 

10-YEAR 

STORM WAVE 

HEIGHT     

(FT) 

10-YEAR 

STORM 

PERIOD   

(SEC) 

22.5-67.5 NE 4.7 5.2 11.2 8.0 

67.5-112.5 E 3.6 8.7 17.0 12.0 

112.5-157.5 SE 3.1 8.2 19.5 15.0 

157.5-202.5 S 4.3 5.6 12.5 10.0 

 

Upon determination of the input parameters, the model was executed for each wave condition shown in 
Table 2.    

4.2 Model Results 

4.2.1 EXISTING WAVE REFRACTION PATTERNS 

The wave refraction patterns calculated by the REF/DIF1 model provide insight to the effects of the 
bathymetric features on the waves that reach the shoreline in the study area.  Figures 4, 5, 6 and 7 
present the wave model results for the average wave conditions approaching from the northeast, east, 
southeast and south, respectively.  The figures show wave vectors superimposed on the modeled 
bathymetry.  The wave vectors are graphically displayed as an arrow to quantify wave height and wave 
direction.  The length of the wave vectors is proportional to the wave height, and the wave direction 
corresponds to the orientation of the arrow.  A reference vector equivalent to a 5 foot wave height is 
shown in the lower left hand corner of each figure.  Only one vector is plotted for every ten grid cells (for 
legibility).  

The effects of the varying offshore bathymetry on wave refraction, diffraction and focusing are clearly 
evident.  In Figure 4, which depicts the northeast average wave condition, the shoal seaward of Hilton 
Head Island refracts incident waves towards the Hilton Head Island shoreline, and provides a sheltering 
effect to the adjacent region south of the shoal.  This results in small waves reaching the Daufuskie 
Island, Turtle Island and north Tybee Island shorelines.  Note that the waves pass over the bar channel 
relatively unaltered. 

Figure 5, which depicts the east average wave results, shows an increased amount of wave focusing 
compared to the northeast wave case.  This is because the east average wave has a larger wave 
period (hence, a longer wave length) than the northeast average wave.  Longer waves will “feel” the 
ocean bottom at greater depths than shorter waves.  Therefore, the east average waves “feel” the 
bottom and begin focusing farther seaward than the north average waves. 

The shoal seaward of Hilton Head Island, similar to the northeast wave case, also refracts the east 
average waves toward the island, and shelters the area immediately south of the shoal.  Tybee Island 
shows two regions of wave focusing, both at the north and south ends of the island.  The wave focusing 
appears as areas of convergence of increased vector length.  Also, there is a shadow zone of reduced 
wave heights between the channel bend and the midsection of Tybee Island. 
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Storm Wave Conditions 

Figures 14, 15, 16 and 17 present vector comparison plots for the storm wave conditions approaching 
from the northeast, east, southeast and south, respectively.  The plots are similar in format to the 
average wave plots, except that the reference vector wave height is 10 feet.  It should be noted that the 
storm wave condition is a 10-year return period event, and any project impacts to the storm wave 
condition would occur infrequently. 

Similar to the northeast average wave case, the northeast storm wave case (Figure 14) shows 
negligible change in the incident wave field due to the channel deepening.  This is a result of the small 
angle of incidence of the waves to the channel producing little reflection of the wave energy.  

The east storm wave case (Figure 15) shows discernible change in the incident wave field.  The east 
storm wave focuses at the north and south ends of Tybee Island.  The change induced by the channel 
deepening causes the waves at these focus regions to break at an angle generally more normally 
incident to the shoreline.  In addition, the breaking wave heights are generally slightly smaller at the 
shoreline in these focus regions.  This should result in decreased longshore transport in these regions, 
and potential decreased erosion in these areas during the east storm wave condition.  There are no 
significant changes in the wave field along the shorelines of Hilton Head, Daufuskie, or Turtle Island.  
Therefore, the project should not cause significant changes in coastal erosion patterns along these 
shorelines during the east storm wave condition. 

The southeast storm wave case (Figure 16) shows discernible change in the incident wave field.  The 
channel deepening produces a general change in wave angle to a more southerly orientation in the 
region seaward of Tybee Island.  However, the deepening does not result in any significant change in 
wave focusing or wave angle at the shoreline.  Therefore, the project should not cause significant 
changes in coastal erosion patterns during the southeast storm wave condition.   

The south storm wave case (Figure 17) shows small changes in the incident wave field.  No general 
changes in the waves incident on the study area shorelines are apparent.  Therefore, the channel 
deepening should not alter coastal erosion patterns under the south storm wave condition. 
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5. CONCLUSIONS 

The potential impacts of the proposed deepening of the Savannah Harbor on coastal erosion are 
reduction of sediment supply (sand sources), alterations to the current field, and alterations of the 
incident wave field.  The proposed deepening should not change the status of the Savannah River as a 
sand source to adjacent beaches, since the existing harbor precludes the supply of sand from upriver 
sources.  The impact of the proposed project on currents will be assessed on the completion of the 
WQMAP modeling effort.   

A wave refraction model was employed to assess the potential impacts of the bar channel deepening 
on the project area wave environment.  The model results show that the refractive properties of the 
existing bar channel play a notable role in developing wave focusing patterns.  The channel has 
particularly noteworthy effects when acting as a “refractive barrier” to waves that approach at larger 
angles incident to the channel. 

Alterations to the bar channel depth change the refractive properties of the channel.  Under average 
wave conditions, the deepening did produce some discernible change in the wave environment.  
However, the deepening did not produce any general changes in wave focusing, and the deepening 
did not induce any changes that appear to be significant along the study area shorelines.   

Under storm wave conditions, the deepening produced some discernible changes in the wave field.  
The only storm wave that produced noticeable change in wave focusing was the east storm wave 
condition, which displayed a change in the wave field at the south end of Tybee Island.  This should 
result in decreased potential erosion at the south end of Tybee Island for this storm wave from the east.  
The east storm wave did not produce discernable changes in wave focusing along the remainder of the 
study shoreline.  The other storm waves did not produce any general changes in wave focusing along 
the study shoreline.   
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