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1.0 INTRODUCTION 

Applied Technology and Management, Inc. (ATM) was retained by the South Carolina State 

Ports Authority (SCSPA) to develop an Environmental Impact Statement (EIS) for the 

proposed port expansion at Charleston, South Carolina. The SCSPA proposes to build a 

marine container terminal at the former Charleston Naval Complex (CNC) in North 

Charleston, SC. The terminal construction will require dredging in the Cooper River, and 

dredges can impact the natural resources environment by causing the suspension of 

sediments in the water column at the dredge site. ATM completed this suspended sediment 

fate model study in support of the EIS in order to evaluate the potential impacts of the 

proposed project on suspended sediment concentrations in the Lower Cooper River. Based 

on the results of this study, the impacts of suspended sediments on natural resources in the 

Cooper River is evaluated in Section 5 of the DEIS.   

SSFATE modeling was conducted for the Proposed Project, and both the Clouter and 

Daniel Island Alternatives. This report presents the existing dredging and suspended 

sediment environment in the study area (Section 2), describes the model and the model 

inputs (Section 3), gives the results of the model simulated impacts (Section 4), and gives a 

summary of the model study (Section 5). 
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2.0 EXISTING CONDITIONS 

This section briefly describes the existing dredging and suspended sediment environment in 

the harbor. 

2.1 DREDGING OPERATIONS 

On average, the USACE dredges approximately 1.9 million cubic yards (Mcy) annually from 

the Federal navigation project in Charleston Harbor. Current practice of the USACE 

Charleston District is to use hydraulic cutterhead dredges only where upland disposal 

facilities are available in the upper harbor reaches, Shipyard River to Ordnance Reach. In 

2004 the USACE also used a cutterhead dredge in Shem Creek and the lower Town Creek 

area and placed the material on Morris Island. Hopper dredges are typically used in the 

entrance channel and bucket dredges are used for dredging in lower Charleston Harbor and 

Wando River, because that material is taken to the ocean disposal area off Folly Beach and 

south of the jetty. 

In the upper harbor, hydraulic cutterhead dredges from 18" to 24" have been used, with the 

larger dredge better able to handle removal of Cooper Marl1 for new work dredging. An 18" 

dredge can handle the maintenance material which, typically, has primarily been silt with 

some fine sand. 

2.2 SUSPENDED SEDIMENTS AND SEDIMENTATION 

Background total suspended solids (TSS) were collected in the lower Cooper River for a 

previous sedimentation study at the project site (ATM, 2003). Over 180 samples were taken 

at varying depths and tides within the study area. In general, TSS levels are higher closer to 

the bottom and during spring tides. TSS values averaged 60 mg/l and ranged from 8.9 mg/l 

to 691 mg/l; although only 6 of the 185 samples measured over 200 mg/l.  

                                                 

1 Cooper Marl is a thick, uniform layer of highly plastic clay in the Charleston area. It is a calcareous 

soil composed of the skeletal remains of microscopic sea organisms, quartz sand, phosphate and 

clay minerals. 
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Table 1. Background TSS values measured in the study area. 

Depth Fraction of 
Water Column 

Average 
TSS (mg/l) 

Minimum TSS 
(mg/l) 

Maximum  
TSS (mg/l) 

0.25 39.2 8.9 290.0 
0.5 37.4 9.9 127.0 

0.75 61.1 16.3 339.0 
0.9 103.3 29.0 691.0 

Entire Water Column 59.9 8.9 691.0 
 

An older study by the USACE Waterways Experiment Station (WES) monitored suspended 

sediments over a 24 day period in November and December 1985 (Teeter and Pankow, 

1989). The suspended sediment concentrations at varied between 50 and 350 mg/l at river 

mile 7 (in the navigation channel near Crab Bank in the harbor) over a neap to spring tidal 

sequence and 4,900-cfs freshwater inflow to the Cooper River. A storm increased 

suspended sediment concentrations to about 1,350 mg/l for 2 days at that location.  

In the Charleston Harbor navigation channel, annual background sedimentation varies 

widely from stable (i.e., no sedimentation) to multiple feet per year. Shoaling in the 

navigation channel averages 1.9 Mcy per year, as stated above.  
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3.0 MODEL DESCRIPTION AND MODEL INPUTS 

This section provides a brief description of the SSFATE model and describes the model 

inputs.  

3.1 DESCRIPTION OF SSFATE MODEL 

SSFATE (Suspended Sediment FATE) is a U.S. Army Corps of Engineers (USACE) model 

that was developed to simulate local sediment movement and deposition under dredge 

operations and local hydrodynamics. It is a particle-based computational model that 

computes the transport, dispersion, and settling of suspended dredged material released to 

the water column.  

Sediment source strength and vertical distribution from cutterhead, hopper, or clamshell 

type dredges are either computed internally or prescribed as input data. The fate of multiple 

sediment types or fractions can be simulated simultaneously.  

The processes modeled are far field processes in which the mean transport and turbulence 

associated with ambient currents dominate. The transport and dispersion of suspended 

material from a sediment source are computed using a particle-based model. Particle 

advection is based on the simple relationship that a particle moves linearly with a local 

velocity, obtained from the hydrodynamic input, for a specified model time step.  

Particle diffusion is assumed to follow a simple random walk process. A diffusion distance 

defined as the square root of the product of an input diffusion coefficient and the time-step is 

decomposed into x and y displacements via a random direction function. The z diffusion 

distance is scaled by a random positive or negative direction.  

The particle model allows the user to predict the transport and fate of classes of settling 

particles, e.g., sands, silts, and clays. This fate of multicomponent mixtures of suspended 

sediments is predicted by linear superposition. The particle-based approach is extremely 

robust and independent of the grid system. Thus, the method is not subject to artificial 

diffusion near sharp concentration gradients, and is easily interfaced with all types of 

sediment sources.  
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In addition to transport and dispersion, sediment particles also settle at some rate from the 

water column. Settling of mixtures of particles, some of which may be cohesive in nature, is 

a complicated process with the different size classes interacting, i.e., the settling of one 

particle type is not independent of the other types. In SSFATE, particle settling is handled in 

the following manner. At the end of each time-step, the concentration of each sediment 

class, as well as the total concentration, is computed on a concentration numerical grid. The 

size of all grid cells is the same with the total number of cells increasing as the suspended 

sediment plume moves away from the dredging source. The settling velocity of each particle 

size class is computed along with a deposition probability based on shear stress. Finally, the 

deposition of sediment from each size class from each bottom cell during the current time-

step is computed and the calculation cycle begins anew. Additional details concerning 

SSFATE can be found in Johnson et al. (2000). 

3.2 MODEL INPUT 

The SSFATE model requires input hydrodynamics and dredge source characteristics. The 

following subsections provide descriptions of these model inputs. 

3.2.1 HYDRODYNAMICS 

The hydrodynamics in the Charleston Harbor estuary were simulated using the EFDC 

model. This model is described in detail in the Hydrodynamic and Sedimentation Model 

Study Report in Appendix 5.2.15-1 of the EIS. The EFDC model was used to simulate the 

post-project currents for the Proposed Project as well as the Daniel Island Alternative and 

the Clouter Island Alternative. The hydrodynamic data input to the SSFATE model also 

includes all of the necessary model geometry information such as water depths, and water 

body shape. 

3.2.2 DREDGE SOURCE 

The dredge source location and the characteristics of the dredge source (such as dredge 

type, production rate, and amount of sediments suspended by the dredge) need to be input 

to the SSFATE model.  

The simulated dredge source is at a stationary user specified location. In reality, dredges 

are not stationary; they advance slowly as they work. However, compared to the peak 
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current speeds in the order of 1.0 m/s, the typical advance rates of 0.005 m/s for cutterhead 

and clamshell dredging is negligible (Clarke and Wilber, 2000), and the assumption of a 

stationary dredge source is reasonable for evaluating the resulting suspended sediment 

plume.  

Multiple dredge source locations were simulated in order to evaluate the effects of dredging 

at different locations at the project site. The dredge source was located at the upstream and 

downstream edges of the proposed turning basin for each alternative in order to assess the 

maximum extent of suspended sediment plumes upstream and downstream of the project 

site. The dredge source locations are shown in Figures 3-1 to 3-3. The dredge source 

locations are in areas corresponding to relatively high currents because these areas will 

transport sediment the farthest from the source (i.e., greater potential impacts). High current 

areas for this project occur within the turning basin and the channel, where the deeper water 

has higher velocities.  

Three types of dredging can be performed in SSFATE: cutterhead, clamshell, and hopper. 

The SCSPA has proposed to dredge 4.7 million cubic yards (Mcy) of material to construct 

the Proposed Project. It is reasonable to assume that the Proposed Project would use a 24” 

dredge because of the large volume of new work material to be dredged. However, a 

clamshell type dredge could also be used, and therefore, both types of dredges were 

simulated in this study. The inputs for both types of dredging are discussed in the following 

subsections.   

3.2.3 CUTTERHEAD DREDGING 

The cutterhead dredge is presumably the dredge of choice, considering the project location 

and its proximity to the Daniel Island CDF. For a hydraulic cutterhead dredge, sediment 

suspension increases with higher speed of rotation, higher swing speed, larger cutter 

diameter, and greater depth of cut. SSFATE’s default range of suspended sediment 

concentration for cutterhead dredge is 25 to 600 mg/l. Maximum concentrations for 

cutterhead dredges generally remain less than 500 mg/L and suspended sediment plumes 

are limited to within 500 m of the dredge (Havis, 1988; LaSalle, 1990). As a conservative 

assumption, a maximum expected suspended sediment concentration of 600 mg/l was used 

for the input concentration at the dredge site.  
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Dredge duration and efficiency are two important aspects in the modeling of suspended 

sediments. The exact dredge production rate for input to the model is unknown because the 

specific dredge to be used for the project is unknown. Production rates of dredges vary 

according to the material being dredged, dredging depth, horsepower of dredge pumps, 

pumping distance to disposal area, and other operational factors. For example, a 16-in. 

dredge typically produces between 240 and 875 cy of dredged material per hour, and a 

24-in. dredge produces between 515 and 1615 cy/hr (USACE, 1983). For the SSFATE 

simulations, a production rate of 1,400 cu yd per hour was used. This is near the upper end 

of the range for large cutterhead dredges and it should provide a relatively conservative (i.e., 

high) estimate of the suspended sediment concentrations. In regard to dredge duration, the 

longer the dredge works, the more suspended sediment is entrained in the water column. 

The model was used to simulate a 14-day period of continuous dredging that spans a 

complete spring/neap tidal cycle. Suspended sediment plumes this tidal environment would 

affect areas for periods on the order of hours, therefore, longer run times are not necessary.  

Sediment characteristics of the new work material to be dredged were input to the model 

based on sediment grain size analysis of sediment borings from Charleston Harbor during 

the month of August 1994 (USACE, 1994). The boring results from the locations near the 

project site were chosen to be analyzed in order to get the representative sediment 

characteristics for this study. For the purposes of the SSFATE simulations, an averaged 

dredged sediment size distribution was specified: 25.7% gravel and coarse sand, 25.7% fine 

sand, 6.6% medium fine silt, 6.6% fine silt, and 35.4% clay.  

3.2.4 CLAMSHELL DREDGING 

Clamshell dredging could potentially be used for the proposed terminal expansion, although 

it is most likely a secondary option. Clamshells are generally used for more clay or clay-silt 

type material. Mechanical dredges (i.e., clamshell and bucket) are associated with sporadic 

higher suspended sediment concentrations than hydraulic (hopper and cutterhead) 

methods; although the inherent slower production rate of mechanical dredges results in 

overall lower hourly-averaged suspended sediment plume concentrations. Mechanical 

dredges generate suspended-sediments through the impact of the bucket on the bottom, 

withdrawal from the bottom, washing of material out of the bucket as it moves through the 

water column and above the water surface, and potential additional loss when the barge is 

loaded.  
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Near bed suspended sediment clamshell dredging concentrations vary from 200-800 mg/l. 

(ASA, 2001). Loose clay layers will result in higher concentrations, whereas, stiff clays with 

high density will result in lower suspensions. Closed buckets generally result in lower 

suspended sediment concentrations than those generated with open buckets. As a 

conservative assumption for clamshell dredging, a maximum expected suspended sediment 

concentration of 800 mg/l was used for the input concentration at the dredge site for this 

study.  

The clamshell bucket typically ranges in capacity from 1 to 12 cubic yard and is mounted on 

a flat-bottomed barge or fixed-shore installation. Twenty to thirty scoop/dump cycles per 

hour is typical, but large variations exist in production rates because of the variability in 

depths and materials being excavated. To provide a conservative analysis (i.e., to simulate 

the maximum possible concentrations), the highest dredging capacity and cycles were used 

in this study, i.e., a dredge rate of 12cy/cycle × 30 cycles/hour = 360 cy/hr was used as 

input. In regard to dredge duration, the same 14 day time span was used to simulate 

continuous dredging.  

In certain operations for clamshell dredging, an additional amount of material may be 

released into the water column from the surface. This is caused by overflow from the barge 

and can be modeled as a percent of the total rate that is being dredged. However, overflow 

is not allowed in the Cooper River; therefore, a zero percent overflow was used in this study. 

For the clamshell dredging simulation, the sediment characteristics input to the model was 

the same as in the cutterhead dredge simulation. 
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Figure 3-1 
Simulated Proposed Project dredge source locations  
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Figure 3-2 
Simulated Daniel Island Alternative dredge source locations 
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Figure 3-3  
Simulated Clouter Island Alternative dredge source locations 

 
 
 
 



 

4.0 SIMULATION OF PROJECT IMPACTS 

This section presents the SSFATE model results at the Proposed Project, Daniel Island 

Alternative and Clouter Island Alternative sites.  

4.1 CUTTERHEAD SIMULATION OF PROJECT IMPACTS 

SSFATE simulations were used to predict suspended sediment impacts from cutterhead 

dredging at the Proposed Project and the Daniel and Clouter Island Alternative sites. As 

shown in Figures 3-1 to 3-3, a single point source was selected either at the northern or 

southern edges of the proposed turning basins for use in the SSFATE model in order to 

show a range of suspended sediment plume impacts.  

The model outputs suspended sediment concentrations at discrete vertical “bins” in the 

water column (e.g., 0 - 2 m, 2 - 4 m, etc., down to the river bottom). As previously 

mentioned, the highest sediment concentrations occur closer to the bottom (for both 

cutterhead and clamshell type dredging). Therefore, the bulk materials concentration of the 

water column (i.e., the TSS) for the bottom two bins (12.5 – 15 m and 15 – 17.5 m) is 

presented in the SSFATE model results figures in order to show the highest suspended 

sediment concentrations in the water column.  

For all dredge cases, a maximum suspended sediment plume figure is presented. The 

maximum suspended sediment plume figures are not snapshots, they are peak values that 

occurred for each grid cell over the entire two week duration model run. Therefore, they 

show the maximum ebb and flood plume concentrations over a full spring/neap tidal cycle. 

Additionally, the model simulations do not include background suspended sediment 

concentrations. The simulated suspended sediment plume concentrations can be added to 

the ambient concentrations for an estimate of total suspended sediment concentrations. 

Time series of suspended sediment concentrations at points upstream and downstream of 

the dredge source location are plotted for each scenario. These plots show the 

concentration versus time, and as with the plume figures described above, the 

concentrations do not include ambient suspended sediment concentrations (ambient 

concentrations can be added to simulated concentrations for an estimate of total 

concentrations).     
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Proposed Project 

Figures 4-1 to 4-4 present the maximum suspended sediment plume over the 14-day 

dredge period when the dredge source is located at the northern and southern ends of the 

Proposed Project turning basin. Bottom suspended sediment concentrations more than  

100 mg/l above ambient concentrations occur only within 1,700 m of the dredging source. 

Concentrations more than 300 mg/l above the ambient concentrations only occur within  

50 m of the dredge source (i.e., within the same model grid cell as the dredge source). 

Given that average observed ambient concentrations at the bottom are about 100 mg/l, the 

estimated total plume concentrations (simulated plume plus ambient concentrations) 

exceeding 400 mg/l occur only within 50 m of the dredge source. 

Since the depth is different from area to area, two representative layers of depth are shown 

in Figures 4-2 and 4-4. The depth of the proposed turning basin is 15.8 m (NGVD); 

therefore, the top plot of these two figures shows the concentration of bottom layer of the 

turning basin. The bottom layer always has a higher concentration than the other layers. For 

the area north of the Proposed Project along the CNC piers, the depth is less than 15.0 m, 

and therefore, the plot at the bottom of the page in Figures 2-2 and 2-4 (i.e., the 12.5-15.0 m 

bin) is the bottom layer for that area. This explains the higher concentrations in that area 

shown in the layer of 12.5-15.0 m. The sediment plume extends north of the river to Goose 

Creek and south of the river to the entrance of Charleston Harbor; however, as stated 

above, sediment plume concentrations greater than 100 mg/l above the ambient 

concentrations occur only within 1,700 m of the dredge location.  

Time series of simulated suspended sediment concentrations for the dredge source located 

at the north and south ends of the Proposed Project turning basin are shown in Figures 4-5 

and 4-6, respectively. These figures show the concentrations for the model grid cell at the 

dredge source location (top plot), the adjacent grid cells 50 m upstream and downstream of 

the dredge source location (middle plot) and 1,500 m upstream and downstream of the 

dredge source location (bottom plot). The results show the intermittent spikes in suspended 

sediment concentration as the plume moves upstream and downstream with the ebbing and 

flooding of the tides.   

Bottom thickness of settled material is also calculated by the SSFATE model in order to 

analyze the settling impact. Results show that appreciable settling/burial is only very 
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localized near the dredge source. It should be noted that SSFATE results do not include 

sediment voids in the settled material. The void volume accounts for the volume of air and 

water within sediment and can account for up to the same volume as the sediment itself. 

Therefore, doubling the SSFATE results is reasonable in order to account for the volume 

added by the air and water voids present.  

Bottom thickness analyses of the same scenario shown in Figures 4-1 to 4-4 show relatively 

small amounts of sediment settled out onto nearby areas. These results can be extrapolated 

to evaluate the deposition that would occur over a longer period. Two weeks of dredging 

resulted in 0.53 mm of bottom deposition within 100 m of the dredge (assuming twice the 

deposition thickness predicted by the SSFATE model). It should be noted that this is 

averaged over square 50 m by 50 m grid cells. The deposition right next to the dredge 

source may be higher, and other areas within the cell may be lower. At this rate, six months 

of dredging in the same spot results in only 6.9 mm (0.069 m) of deposition within 100 m of 

the dredge source. Areas more than 100 m from the dredge source experience much lower 

deposition rates. In reality, the dredge is constantly moving and impacts are spread out 

more evenly over the entire project footprint. In contrast, areas of the navigation project are 

known to shoal at rates of 0.3 m to 1.2 m per year. Altogether, the predicted bottom 

deposition resulting from the material suspended by dredging operations is insignificant as 

compared to typical background sedimentation rates observed in the estuary.   

Daniel Island Alternative 

Figures 4-7 to 4-10 represent the maximum suspended sediment concentrations for the  

14-day dredge scenarios for the Daniel Island Alternative simulations. The sediment plumes 

are similar to the results for the Proposed Project, but there are some differences resulting 

from the different bathymetry and dredging source locations. Bottom suspended sediment 

plume concentrations are 100 mg/l above ambient concentrations only within 1,500 m of the 

dredging source. Similar to the Proposed Project, plume concentrations 300 mg/l above 

ambient only occur within 50 m of the dredge source (i.e., within the same model grid cell as 

the dredge source).  

Time series of simulated suspended sediment concentrations for the dredge source located 

at the north and south end of the Daniel Island Alternative turning basin are shown in 

Figures 4-11 and 4-12. These figures show the concentrations for the model grid cell at the 
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dredge source location (top plot) and the adjacent grid cells 50 m upstream and downstream 

of the dredge source location (bottom plot).  

As with the Proposed Project, the bottom deposition resulting from the material suspended 

by dredging operations is insignificant as compared to typical background sedimentation 

rates observed in the estuary.    

Clouter Island Alternative 

Figures 4-13 to 4-16 represent the maximum suspended sediment concentrations for the  

14-day dredge scenarios for the Clouter Island Alternative. Bottom suspended sediment 

plume concentrations are 100 mg/l above ambient concentrations only within 1,700 m of the 

dredging source. Similar to the Proposed Project, plume concentrations 300 mg/l above 

ambient only occur within 50 m of the dredge source (i.e., within the same model grid cell as 

the dredge source).  

Time series of simulated suspended sediment concentrations for the dredge source located 

at the north and south end of the Clouter Island Alternative turning basin are shown in 

Figures 4-17 and 4-18. These figures show the concentrations for the model grid cell at the 

dredge source location (top plot) and the adjacent grid cells 50 m upstream and downstream 

of the dredge source location (bottom plot).  

As with the Proposed Project, the bottom deposition resulting from the material suspended 

by dredging operations is insignificant as compared to typical background sedimentation 

rates observed in the estuary. 

4.2 CLAMSHELL SIMULATION OF PROJECT IMPACTS 

The purpose of simulating clamshell dredging is to compare the results to the cutterhead 

dredging simulations; therefore, only suspended sediment impacts to the Proposed Project 

were simulated for the clamshell dredge. A single point source was simulated at the north 

end of the turning basin (Figure 3-1).  

In comparing Figures 4-19 and 4-20 (clamshell dredging) to Figures 4-1 and 4-2 (cutterhead 

dredging), suspended sediment settling and plumes have the same pattern for both types of 
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dredging, where the higher concentrations occur near the dredge source at the north end of 

the turning basin.  

Time series of simulated suspended sediment concentrations for the clamshell dredge 

source located at the north end of the Proposed Project turning basin is shown in Figure  

4-21. This figure shows the concentrations for the model grid cell at the dredge source 

location (top plot), the adjacent grid cells 50 m upstream and downstream of the dredge 

source location (middle plot) and 1,500 m upstream and downstream of the dredge source 

location (bottom plot). 

As mentioned in Section 3, the instantaneous suspended sediment concentrations 

generated by a clamshell can exceed that observed during cutterhead dredging. However, 

averaged over time (an hour or more), the average suspended sediment plume 

concentration generated by clamshell dredging is less than that for cutterhead dredging 

because of the lower production rate (cutterhead dredging is continuous bottom excavation, 

whereas clamshell dredging is not). For this reason, the SSFATE model results show that 

the maximum sediment plume concentrations and bottom deposition rates for the clamshell 

dredge simulation are much smaller than that for the cutterhead dredging. Therefore, 

clamshell dredging has less impact than cutterhead dredging when averaged over periods 

of an hour or more. It should be noted, however, that excavation by clamshell dredging 

would considerably longer than cutterhead dredging, and so impacts would either extend 

over a longer period of time or would be caused by more than one dredge. 
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Figure 4-1   
Maximum sediment plume after 14 days of cutterhead dredging for the 
Proposed Project.  The dredge source is located at the northern edge of 
proposed turning basin. 

 
 
 
 



Figure 4-2   
Maximum sediment plume after 14 days of cutterhead dredging for 
the Proposed Project.  The dredge source is located at the southern 
edge of proposed turning basin. 



Figure 4-3   
Maximum sediment plume around the project site after 14 days of 
cutterhead dredging for the Proposed Project.  The dredge source is 
located at the southern edge of proposed turning basin. 



 

Figure 4-4   
Maximum sediment plume around the project site after 14 days of 
cutterhead dredging for the Proposed Project.  The dredge source is 
located at the southern edge of proposed turning basin. 





































 

5.0 SUMMARY AND CONCLUSIONS 

A suspended sediment fate model study was completed in support of the EIS for the SCSPA 

proposed port expansion in order to evaluate the potential impacts caused by suspended 

sediment from the project construction activities in the Lower Cooper River. 

The model was used to simulate the Proposed Project at the CNC as well as the other two 

alternatives identified in the EIS: the Daniel Island Alternative and the Clouter Island 

Alternative. Suspended sediment modeling was performed to simulate dredging impacts 

over a 14-day spring/neap tidal cycle. The dredge locations were placed in relatively high 

current areas in order to simulate the maximum TSS plume dimensions.  

The results indicate that the dredging operations will not cause appreciable bottom 

deposition as a result of the sediment suspended by the dredge. The greatest suspended 

sedimentation concentrations are predicted to occur on the river bottom near the dredge 

source. Simulated suspended sediment plume concentrations are more than 100 mg/l 

above the ambient concentrations only within 1,700 m, 1,500 m and 1,700 m of the dredging 

source for the Proposed Project, Daniel Island Alternative and Clouter Island Alternative, 

respectively. Suspended sediment concentrations do not exceed 300 mg/l above 

background concentrations beyond 50 m from the dredge for all three alternatives. 
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