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SEDIMENT TRANSPORT AND DEPOSITION IN LAKES MARION 
AND MOULTRIE, SOUTH CAROLINA, 1942-85

By Glenn G. Patterson1, Ted W. Cooney1, and Richard M. Harvey2

ABSTRACT

Lakes Marion and Moultrie, two large reservoirs in the South Carolina Coastal Plain, 
receive large inflows of sediment from the Santee River. The average rate of sediment deposition 
for both lakes during the period 1942-85 was about 0.06 inch per year, or about 800 acre-feet per 
year. The rate during 1983-85 was about 0.037 inch per year, or about 490 acre-feet per year, 
reflecting the decreasing trend in sediment inflow. This is a reversal of a trend toward increasing 
suspended-sediment concentrations in streams that were caused by farming practices in the 
southern Piedmont from about 1800 to about 1920. Only a small part of the eroded sediment has 
been carried out of the Piedmont, but the remaining sediment is becoming less available for 
transport.

Sediment deposition is concentrated in several areas of upper Lake Marion where the 
velocity of the incoming water decreases significantly. Beds of aquatic macrophytes appear to 
encourage deposition which, in turn, creates favorable habitat for the plants. The rate of 
sediment accumulation in Lakes Marion and Moultrie averaged 650,000 tons per year during 
1983-85, reflecting a trap efficiency of 79 percent of the total sediment inflow of 825,000 tons per 
year. Thickness of post-impoundment sediment varies from about 11 feet near the mouth of the 
Santee River in Lake Marion to 0 feet in Lake Moultrie near Bonneau. Sediments in Lake Marion 
tend to have finer texture and higher contents of organic matter, nutrients, and trace metals than 
those in Lake Moultrie.

INTRODUCTION

Large volumes of sediment have been eroded from the Piedmont part of the Santee River 
Basin since about 1800. Much of this sediment has created problematic deposits in downstream 
reservoirs such as Lakes Marion and Moultrie, and in Charleston Harbor (fig. 1).

In 1983, sediment transport and deposition in Lakes Marion and Moultrie were identified 
as major concerns by the Santee-Cooper River Basin Water-Quality Study team of the South 
Carolina Department of Health and Environmental Control (SCDHEC). To address these 
concerns, the U.S. Geological Survey (USGS) in cooperation with SCDHEC, studied several 
aspects of sediment transport and deposition in the basin.

1 Hydrologist, U.S. Geological Survey

2 Division Director, Water Facilities, Florida Department of Environmental Protection
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Purpose and Scope

This report documents the following aspects of sediment transport, and deposition in 
Lakes Marion and Moultrie:

1. Rates of sediment transport in the major inflows and outflows of the lakes.

2. Changes in storage capacity.

3. Chemical and physical characteristics and thickness of sediment deposits in the lakes.

4. Rates of deposition of sediment in the lakes. 

The project work included the following activities:

1. Monitoring streamflow and concentrations of suspended sediment in the inflow and 
outflows of Lakes Marion and Moultrie during 1983-85.

2. Comparison of bathymetric maps.

3. Coring, sampling, and probing lakebed sediments.

4. Analyzing the sediment cores and samples for physical and chemical characteristics 
including 21° Pb activity, which is frequently used to determine sedimentation rates.

A ckn pwledgments

The authors are grateful to the South Carolina Public Service Authority for providing 
historical topographic data and for reviewing the report. They also are grateful to Jack 
Kindinger and John Benton of the U.S. Minerals Management Service (MMS) for invaluable 
assistance in obtaining sediment cores, to George Harrison of MMS for analyzing trace metals, 
and to Cyndi Rice of MMS for performing the analyses of 210Pb for deposition rates for the cores.

DESCRIPTION OF STUDY AREA

Lakes Marion and Moultrie are heavily influenced by the hydrology of the Santee River 
Basin (fig. 1). Much of this influence involves transport and deposition of sediment.



Santee River Basin

The Santee River Basin has undergone significant hydrologic and geomorphic changes in 
the last two centuries. Most of the 16,800 mi2 of the basin, the second largest on the east coast of 
the United States, is in the southern Piedmont physiographic province (fig. 1) where credible 
soils, intense rainfall, and moderate slopes create a high potential for erosion (U.S. Department 
of Agriculture, 1973). The original forest cover stabilized the soil, but clearing of the forest and 
planting of crops by European settlers in the eighteenth and nineteenth centuries initiated a 
period of greatly accelerated erosion (Meade, 1976). From about 1800 to about 1920, the typical 
farming practice in the southern Piedmont was to clear a patch of forest, cultivate cotton or corn 
for several years, and then abandon the field because of erosion and exhaustion of the soil 
(Glenn, 1911). The average depth of man-induced soil loss ranges from less than 4.3 in. in the 
eastern Piedmont of North Carolina to more than 10 in. in the Santee and Savannah River Basins 
in South Carolina and Georgia, and the central Piedmont of Georgia (Trimble, 1975a). The 
eroded soil greatly increased sediment loads in Piedmont streams, resulting in new flood-plain 
deposits of sand and silt averaging 47 in. in depth in small valleys (Happ, 1945). These deposits 
account for about 50 percent of the man-induced soil loss from the uplands (Happ, 1945). An 
additional 4 percent, approximately, has been carried into the Coastal Plain by large rivers 
(Trimble, 1975b). The remaining sediment is in storage at the bottom of hill slopes, in stream 
channels, and in reservoirs.

The rate of erosion from upland fields in the southern Piedmont has decreased greatly 
since about 1920 because of the abandonment of many farms and the use of soil-conservation 
techniques on remaining farms. However, the rate of sediment transport in rivers and streams 
has generally decreased much more gradually (Meade and Trimble, 1974).

The sediment deposits derived from accelerated erosion contributed to several problems. 
For example, the aggraded channels and flood plains forced rivers to flow at higher levels to 
accommodate a given flow. Additionally, the farming practices also reduced the absorptive 
capacity of the remaining upland soils, causing higher rates of surface runoff during storms. As 
a result, floods reached abnormal heights and caused severe damage (Happ, 1945).

The utility of reservoirs in the Santee River Basin and of Charleston Harbor in the adjacent 
Cooper River Basin has been reduced during the last century by deposition of sediment. As of 
1970, about 4 percent of the soil eroded from the Piedmont part of the basin during the period of 
accelerated erosion, or about 195,000 acre-ft, was stored in reservoirs, resulting in an overall loss 
of 3 percent of maximum storage capacity (U.S. Department of Agriculture, 1973). Parr 
Reservoir on the Broad River, a major tributary to the Santee (fig. 1), has lost 93 percent of its 
maximum storage capacity of 10,800 acre-ft (U.S. Department of Agriculture, 1973). In addition 
to reducing active storage capacity and impeding navigation, sediment deposits in reservoirs 
often create new shallow areas with sufficient light penetration to promote growth of aquatic 
macrophytes. Heavy growth of aquatic macrophytes impedes boat travel in many reservoirs in 
the basin, including Lakes Marion and Moultrie. Other problems caused by fluvial sediment in 
the Santee Basin include destruction of fish habitat, deterioration of water supplies, and 
transport and deposition of bacteria and toxic compounds that adhere to sediment (U.S. 
Department of Agriculture, 1973).



Diversion and Rediversion of the Santee River

In 1941, the Santee-Cooper Project created Lakes Marion and Moultrie and the Diversion 
Canal that connects them (fig. 1). The purpose of the project was to provide hydroelectric power. 
There was no suitable site for a hydroelectric generating station in the gently sloping course of 
the Santee River. However, impoundment of Lake Marion on the Santee River behind Wilson 
Dam and diversion of the flow through a canal into Lake Moultrie, a diked part of the Cooper 
River Basin, provided sufficient head at Pinopolis Dam to generate power (fig. 1). About 15,000 
ftVs (80 percent of the long-term average flow of the Santee River) was diverted into the Cooper 
River Basin. Flow released through Wilson Dam was generally restricted to about 500 ftVs to 
maintain a minimal flow in the lower Santee River. When the total flow exceeded 30,000 ftVs, 
the excess was released into the Santee River.

Charleston Harbor is a major commercial and naval port at the mouth of the Cooper River. 
Sedimentation was not a serious problem in Charleston Harbor prior to the diversion. The rate 
of gross maintenance dredging averaged about 300,000 ydVyr prior to 1941; however, the 
dredging rate averaged 6,800,000 yd3/yr during 1942-82, a twenty-fold increase over the pre- 
diversion rate (Patterson, 1983). The increased freshwater inflow to the harbor changed the 
estuarine circulation pattern from well mixed to partially mixed, thereby increasing the 
sediment-trapping efficiency of the harbor. Summing all known inputs of sediment does not 
account for all the sediment that has been dredged from the harbor since 1941. A significant part 
of the sediment, however, can be attributed to fine-grained sediment, primarily of Piedmont 
origin, carried by the diverted water of the Santee River (Neiheisel and Weaver, 1967; Patterson, 
1983; U.S. Army Corps of Engineers, 1966).

The rate of maintenance dredging in Charleston Harbor peaked in the mid-1960's. By then, 
plans were underway for a new project to ameliorate the sedimentation problem in the harbor by 
rediverting all but 3,000 ftVs of the outflow from Lake Moultrie through a new Rediversion 
Canal, back across the drainage divide, and into the lower Santee River (fig. 2). A new power 
plant was built on the Rediversion Canal to generate most of the power lost by rediverting water 
away from Pinopolis Dam. The rediversion became operational in 1985, and it is expected to 
reduce the need for maintenance dredging in the harbor by 40 to 75 percent (Patterson, 1983).

Lakes Marion and Moultrie

Lakes Marion and Moultrie are large and shallow. Lake Marion, with a surface area of 
about 96,000 acres, is the largest reservoir in South Carolina. Lake Moultrie, with a surface area 
of about 64,000 acres, is the third largest. Due to the gentle topography of the Coastal Plain 
physiographic province in which they are situated, neither lake exceeds 65 ft in depth. Average 
depths are 15 ft in Lake Marion and 18 ft in Lake Moultrie. Residence times are about 2 to 6 
weeks in Lake Marion and 1.5 to 3 weeks in Lake Moultrie.

Most of Lake Marion occupies the relatively flat, 2- to 5-mi wide flood plain of the Santee 
River (fig. 2). The upper end of the 40-mi long lake is a gradual transition from alluvial 
floodplain to impounded lake, with a gentle slope and a dense cover of bottomland hardwoods 
and cypress trees. Partially submerged natural levees, broken by occasional natural or artificial 
cuts, confine most of the flow of the Santee River to its old channel in the upper 10 mi of Lake 
Marion. The cuts and the gradually submerging main channel resemble a deltaic environment.
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The 4-mi long Diversion Canal connects the southeastern corner of Lake Marion with Lake 
Moultrie, with no significant change in water level. Lake Moultrie occupies a nearly circular 
basin that was formed by diking the swampy headwaters of the west branch of the Cooper River 
(fig. 2). The bottom topography of Lake Moultrie is also relatively flat, but shows a typical 
dendritic pattern of valleys that is intersected by prehistoric sandy beach ridges.

DATA COLLECTION AND ANALYSIS

Sediment transport and deposition can be analyzed by measuring the discharge of 
suspended sediment in flowing water, changes in water depths in lakes, or rates of accumulation 
on lakebeds. All of these aspects of sediment transport and deposition in Lakes Marion and 
Moultrie were studied during 1983-85.

Sediment Inflow and Outflow

The investigation of sediment inflow and outflow of Lakes Marion and Moultrie (Cooney, 
1988) was basically a repetition of a similar investigation carried out by the USGS during 1966-68 
(U.S. Geological Survey, 1966-68). In both studies, discharges of suspended sediment were 
monitored at the major inflows and outflows of Lakes Marion and Moultrie. In the 1966-68 
study, samples of suspended sediment were taken at three gaging stations on outflows and at 
three stations on the inflow (table 1; fig. 2). In the 1983-85 study, samples were taken at three 
stations on outflows and at two stations on the inflow (table 2; fig. 2) (Cooney, 1988).

Nearly all the sediment that enters the lakes flows in through the Wateree and Congaree 
Rivers. A sampling frequency of weekly or greater is required to account for the variability in 
sediment concentrations in these rivers. The combined sediment discharges at the Wateree and 
Congaree River stations are comparable to the sediment discharge just downstream of the 
confluence of these two rivers at the Santee River near Fort Motte. During the 1966-68 study, 101 
weekly samples were taken at the Fort Motte station. In addition, samples were taken at the 
Wateree and Congaree River stations on 5 days when access to the Fort Motte station was 
blocked by high water. Each of these 106 samples was a composite sample made by mixing three 
subsamples taken at quarter points across the river. At each quarter point, a USGS depth- 
integrating sampler was used to obtain the subsample, representing the total depth of the river, 
with a volume proportional to the flow in that vertical subsection.

Suspended sediment flows out of the lakes into the Santee River and the Lake Moultrie 
Tailrace Canal. Travel through the lakes reduces the variability in suspended-sediment 
concentrations in these outflows. Weekly, biweekly, or monthly sampling is generally sufficient 
to account for the variability in sediment concentration in the outflows. During the 1966-68 
study, monthly samples were taken from the Santee River and weekly samples were taken from 
the Lake Moultrie Tailrace Canal. The compositing procedure used for the inflows was also used 
for the outflows.



Table 1 .-Sampling frequency for suspended sediment in inflow and outflow of Lakes Marion and 
Moultrie, July 1, 1966 to June 30, 1968

Station number 
(fig- 2) Station name Inflow or outflow Sampling frequency

02148310

02169750

Wateree River at 
U.S. Highway 378 
near Eastover

Congaree River at 
U.S. Highway 601 
near Fort Motte

Inflow

Inflow

Daily during 7 days of 
high flow

Daily during 14 days 
of high flow

02169800

02171000

02171500

02172002

Santee River near 
Fort Motte

Lake Marion Tailrace 
near Pineville

Santee River near 
Pineville

Lake Moultrie 
Tailrace near 
Moncks Corner

Inflow

Outflow

Outflow

Outflow

Weekly

Daily during 20 days 
of high flow

Monthly

Weekly

Table 2.--Sampling frequency for suspended sediment in inflow and outflow of Lakes Marion and 
Moultrie, October 1, 1983 to March 31, 1985

Station number 
(fig- 2)

Station name Inflow or outflow Sampling frequency

02148315

02169750

02170500

Wateree River below 
Eastover

Congaree River at 
U.S. Highway 601 
near Fort Motte

Diversion Canal near 
Pineville

Inflow

Inflow

Outflow from Lake 
Marion, inflow to 
Lake Moultrie

Every 6 hours

Every 6 hours

Weekly

02171500

02172002

Santee River near 
Pineville

Lake Moultrie 
Tailrace near 
Moncks Corner

Outflow

Outflow

Weekly

Weekly



During the 1983-85 study, automatic suspended-sediment samplers were used to collect 
samples at 6-hour intervals at the Congaree and Wateree River inflow stations. These samplers 
provided a nearly continuous record of suspended-sediment concentration in the inflows. 
Mechanical problems caused some samples to be missed creating gaps in the continuous record, 
but samples were successfully taken at both inflow stations on 351 days. Short gaps in the 
concentration record were filled by estimating the temporal concentration graph. Longer gaps 
were filled by directly estimating discharge of suspended sediment using a suspended-sediment 
transport rating curve (Porterfield, 1972).

Automatic samplers obtained samples from intakes located at a single point in the river 
cross section. To adjust the point-sample concentration to the concentration representing the 
entire cross section, composite samples also were taken. The composite sampling, on 32 days, 
was done in a similar manner to the 1966-68 sampling, except the number of subsamples was 
increased from 8 to 12. An adjustment factor was computed and applied to the point-sample 
concentrations to more accurately reflect the entire cross section.

To detect trends in the suspended-sediment inflow to Lake Marion, streamflow and 
sediment concentrations and loads were compared for the 351 sampled days during 1983-85, and 
the 106 sampled days during 1966-68. To ensure that the daily means of point samples from 
1983-85 were comparable to the instantaneous composite samples from 1966-68, a similar 
comparison was made between the 106 days with composite samples from 1966-68 and the 32 
days with composite samples from 1983-85.

Annual mean values for streamflow, suspended-sediment concentration, and suspended- 
sediment discharge were computed for the inflows and outflows for both study periods. Based 
on the results, sediment-trap efficiencies were computed, and comparisons were made between 
the sediment budgets for the two periods.

The 1983-85 study included determinations of bedload transport of sediment in the 
inflows. No comparison could be made with the earlier period.

Bathymetric Mapping

Bathymetric maps of Lakes Marion and Moultrie were prepared using water depths 
measured during 1984-85 in cooperation with the South Carolina Public Service Authority 
(Patterson and Logan, 1988). A boat equipped with an automatic positioning systema and a 
depth sounder was driven along transects to collect the data for the maps. The depth sounder 
was equipped with a 200 kilohertz transducer. The positioning system used microwaves to 
measure the distances between the boat and two remote transponders at known locations. 
Coordinates for the transponders were determined from topographic maps. The boat had to be 
within sight of the transponders and within a nearly circular area of acceptable geometry where 
the bearings from the boat to the transponders formed an angle between 30 and 150 degrees. 
These requirements necessitated moving the transponders many times, especially in the upper 
part of Lake Marion. Coordinates for the boat position were automatically triangulated by the 
positioning system. The coordinates, along with time and mean water depth, were recorded 
every 7 seconds on magnetic tape. The boat speed and sampling frequency were such that 
depths were measured about every 100 ft along each transect. Depths were considered accurate 
within 0.2 ft, and horizontal position was considered accurate within 30 ft.



The upper end of Lake Marion contains large areas of dense cypress and tupelo forest 
submerged to a depth of several feet (fig. 3). Navigation in these areas is restricted to relatively 
narrow boat trails that generally follow pre-impoundment flood-plain channels. Depth 
observations were made along the boat trails and in the wooded areas immediately adjacent to 
the trails but outside the channels. Based on these observations, an average depth of 4 ft was 
assigned to the area (fig. 3). The straight boundary of this area at the Congaree-Wateree River 
confluence represents a somewhat arbitrary boundary for the upstream limit of Lake Marion. 
The actual upstream limit of impounded conditions fluctuates within a few miles of this line, 
depending on river flow and lake level.

Four staff gages and one recording gage on Lake Marion, and one recording gage on Lake 
Moultrie were used to monitor lake stage (fig. 4). All gages were surveyed relative to sea level. 
On each day of bathymetric-data collection, lake stage was determined at the closest gage to the 
area being mapped. The depth data were adjusted so that all depths were relative to elevations 
of 76.8 ft above sea level for Lake Marion and 75.0 ft above sea level for Lake Moultrie.

The adjusted depths were plotted on large-scale sectional maps of the lakes, and 4-ft depth 
contours were drawn by hand. The contours for each section were digitized into a computer file, 
and files were combined and edge-matched to form a complete contour map for each lake. 
Volume tables were prepared by digitizing the area enclosed by each contour, and computing the 
volume of each 4-ft layer of each lake.

Lakebed Sediment Sampling

Twenty sediment cores were withdrawn on October 18-20, 1983, from the beds of Lakes 
Marion and Moultrie to provide information on deposition rate, and physical and chemical 
characteristics of bed material. The sampling sites were chosen to represent the variety of 
depositional environments in the two lakes (table 3; figs. 3,4, and 5). This physical and chemical 
analytical scheme for the sediment cores was based on the partitioning of each core for a specific 
analysis (table 4).

Cores were withdrawn under the supervision of personnel from the U.S. Minerals 
Management Service (MMS). The coring tubes were polyvinyl chloride (PVC) cylinders 40 in. 
long and 4 in. in diameter, split lengthwise and taped together. A tube was prepared for each 
core. A device was attached to the top of the tube to provide a handle and a sliding hammer. To 
obtain the core, two people wearing diving gear, if necessary, stood on the lakebed while they 
pushed and hammered the tube into the sediment to refusal or to a limit of 40 in. Following 
insertion, a top with a sealing ring was screwed on to a vent at the top of the tube to provide a 
partial vacuum to keep the core intact as the tube was gradually withdrawn from the sediment. 
When the bottom of the tube emerged from the sediment, an air-tight stopper was inserted into 
the bottom end of the tube and the core was transported in an upright position to the sampling 
boat. A detailed description of the coring device is given in Martin and Miller (1982). Extra 
samples of the top few inches of sediment were taken in a 1-pint freezer carton and in a small 
plastic bag.

10



80°40' 80°30'

33°50'  

33°40'  

EXPLANATION

AREA OF AVERAGE 
DEPTH OF 4 FEET

Base from U.S. Geological Survey 
1:100.000 Digital Line Graphs

Figure 3. Upper Lake Marion, showing area with average depth of 4 feet.
11



80°30'

Richland County

Sumter County

£~-- - il~-~~ -1"- -~~- - -  ~~ At T- Broadwater
-   - - ' - - * - ~ ' - \ r Cree/( Longbow

--^ / .Island 
Spar/(/et>erry 

Late

/ Williamsburg 
County >Rimini 

Trestle
Clarendon /f County 

Browns Lake

noun/ County

Low Falls 
Landing

Sawdust 
Pile Slough y/ WMson

Dam
6017~

Orangeburg

Lake Maripn r

Orangeburg^V County

'D/Vers/on 
J Cana/

Moultrie.*

EXPLANATION
Old Hatchery

LAKEBED SEDIMENT CORING SITE AND NUMBER 

RECORDING STAGE GAGE 

STAFF GAGE

Pinopolis 
Peninsula

Berkeley /T County

33°30' -

Base digitized from U.S. Geological 
Survey 1:500,000 State Base Map

10 20 KILOMETERS

Figure 4. Lakebed sediment coring sites and lake-stage gages.

12



33°40'

33°30'

Broadwater- 
Creek --&

Risers Old 
Lake

La/ce

Packs Flcrt

Longbow 
Island

Lone Stc

Trestle"

Low Falls. 
Landing

-Elliotts Flat

Tudie Cut- 

\Browns Cut

8

EXPLANATION
THICKNESS OF SOFT LAKEBED

SEDIMENTS, IN INCHES 
(dashed where approximate)

< 20 

20 - 40 

40 - 60 

60 - 80 

> 80

A LAKEBED SEDIMENT CORING 
4 SITE AND NUMBER

0 3 MILES
I   i  S   r^     ' 

0 3 KILOMETERS

Lake 
Marion

Base from U.S. Geological Survey 
1:100,000 Digital Line Graphs

Figure 5. Thickness of soft lakebed sediments in upper Lake Marion.
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Table ^.-Locations and descriptions of lakebed coring sites, October 18-20, 1983

[ft, feet; mi, mile]

Coring site number 
(figs. 4 and 5)

Latitude, longitude, 
and lake

Site 
description

1 33°42'50" 
80°36'22" 

Lake Marion

33°41'09" 
80°32'06" 

Lake Marion

33°40'00" 
80°31'24" 

Lake Marion

33°39'26" 
80°31'17" 

Lake Marion

33°38'18" 
80°32'33" 

Lake Marion

33°38'50" 
80°31'19" 

Lake Marion

33°37'26" 
80°32'25" 

Lake Marion

33°35'25" 
80°29'35" 

Lake Marion

33°34'35" 
80°30'58" 

Lake Marion

First wide spot in Broadwater Creek, a Santee River 
distributary flowing into the flood plain at the upper limit 
of Lake Marion. Similar conditions prevailed prior to 
impoundment.

Middle of Sparkleberry Lake, a cutover part of the flood 
plain in upper Lake Marion, influenced more by relatively 
sediment-free Coastal Plain tributary inflow than by 
Santee River water. Periodically inundated prior to 
impoundment.

Near northern tip of Longbow Island in Packs Flat, 
similar to site 2. Periodically inundated prior to 
impoundment.

Middle of Packs Flat about 200 ft upstream of trestle; cut- 
over flood plain with some influence by river water 
during floods. Periodically inundated prior to 
impoundment.

Upper Low Falls Landing area, about 400 ft from western 
shore and 200 ft upstream of trestle, similar to site 2, but 
in a bed of the rooted macrophyte, Egeria densa. 
Periodically inundated prior to impoundment.

Elliotts Flat about 200 ft downstream from trestle. Similar 
to site 4, but channel along trestle carries about 10 percent 
of Santee River flow past the site. Periodically inundated 
prior to impoundment.

Lower Low Falls Landing area about 0.7 mi downstream 
from trestle. Deltaic environment in cut-over flood plain. 
Ten percent of Santee River flow enters area through cut 
adjacent to Low Falls Landing, then slows near site as 
confined width of flood plain increases. Periodically 
inundated prior to impoundment.

Flood-plain depression in Browns Lake area. Inundated 
prior to impoundment.

On submerged natural levee on right bank of Santee River 
channel. Periodically inundated prior to impoundment.
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Table ^.--Locations and descriptions of lakebed coring sites, October 18-20, 7983--Continued

[ft, feet; mi, mile]

Coring site number 
(figs. 4 and 5)

10

11

12

13

14

15

16

17

18

19

20

Latitude, longitude, 
and lake

33°31'20" 
80°27'05" 

Lake Marion

33°28W 
80°20'57" 

Lake Marion

33°26'27" 
80°20'56" 

Lake Marion

33°30'12" 
80°12'40" 

Lake Marion

33°25'34" 
80°10'36" 

Lake Marion

33°20'30" 
80°05'55" 

Lake Moultrie

33°21'45" 
80°00'14" 

Lake Moultrie

33°18'31" 
80°02'59" 

Lake Moultrie

33°15'35" 
80°05'00" 

Lake Moultrie

33°14'20" 
80°03'43" 

Lake Moultrie

33°17'17" 
79°59'05" 

Lake Moultrie

Site 
description

On submerged natural levee at channel marker 72. 
Periodically inundated prior to impoundment.

Flood-plain depression near Sawdust Pile Slough. 
Inundated prior to impoundment.

Submerged channel of Santee River near Eutaw Creek 
mouth. Inundated prior to impoundment.

Submerged flood plain. Periodically inundated prior to 
impoundment.

Submerged flood plain. Periodically inundated prior to 
impoundment.

Channel marker 12, near the mouth of the Diversion 
Canal in Lake Moultrie. Headwater swamp prior to 
impoundment.

In cove formed by crescent-shaped island in northeastern 
part of Lake Moultrie. Headwater swamp prior to 
impoundment.

Channel marker 4 near middle of Lake Moultrie. Small 
swampy Coastal Plain stream prior to impoundment.

Near middle of shallow, mostly diked part of Lake 
Moultrie, formerly used as fish hatchery. Dry land prior to 
impoundment.

Cove in Lake Moultrie between Pinopolis peninsula and 
the former hatchery. Headwater swamp prior to 
impoundment.

Large cove south of Bonneau. Dry land prior to 
impoundment.
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Table 4.-Analytical scheme for lakebed sediment cores

Analysis Depths Analyzing laboratory

Deposition rate 

Trace metals 

Moisture content

Density

Organic content 

Texture 

Particle size 

Organic content 

Ammonia + organic N 

Nitrite +nitrate N 

Total phosphorus 

Bulk density

all

top

top, middle

top, middle 

top, middle 

top, middle 

top, middle, bottom 

top, middle, bottom 

top, middle, bottom 

top, middle, bottom 

top, middle, bottom 

top, middle, bottom

U.S. Minerals Management Service 

U.S. Minerals Management Service

U.S. Army Corps of Engineers 
Waterways Experiment Station

U.S. Army Corps of Engineers 
Waterways Experiment Station

U.S. Army Corps of Engineers 
Waterways Experiment Station

U.S. Army Corps of Engineers 
Waterways Experiment Station

U.S. Geological Survey Sediment 
Laboratory, Harrisburg, Pa.

U.S. Geological Survey Central 
Laboratory, Doraville, Ga.

U.S. Geological Survey Central 
Laboratory, Doraville, Ga.

U.S. Geological Survey Central 
Laboratory, Doraville, Ga.

U.S. Geological Survey Central 
Laboratory, Doraville, Ga.

U.S. Geological Survey Laboratory, 
Columbia, S.C.

The core was held in an upright position on the sampling boat while the tape holding the 
two halves of the tube together was punctured with a knife at the sediment-water interface, 
allowing the excess water to drain out. Then the tape was slit entirely while the tube was held 
together by hand, and a wire was pulled through the length of the core to divide it 
longitudinally. Next the tube was laid down and opened like a book, exposing the freshly cut, 
relatively intact halves of the core in each half of the tube. Absorbent paper was placed at the top 
of each half to stabilize the soft sediment at the top of the core so that accurate depth intervals 
could be assigned to subsamples.
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One half of each core was wrapped in plastic film and left intact until a x-radiograph was 
taken to test for the presence of worm burrows that would indicate disturbance of the sediment. 
Then subsamples of that core half were taken from at least 2 depths for determination of frilk 
density and particle size. Bulk density was determined by measuring the length, and thus the 
volume of the subsample, drying the subsample at 105 °C for 2 hours or until a constant weight 
was obtained, and weighing the dried sample. Particle size was determined by the wet-se;ve 
and pipette method (Guy, 1969).

The other half core was subsampled on the sampling boat for several additional analyses. 
During subsampling, a description with notes on color and texture of the sediment layers 
represented in each core was recorded. The top 3.9 in. of the core was divided into 10 
subsamples, and additional 0.4-in. subsamples were taken at 3.9-in. intervals to the bottom of the 
core. For each subsample, about 1 gram of sediment was taken from the center of the core slic? to 
avoid possible contamination near the wall of the tube. The subsamples were analyzed for 210Pb 
and trace-metal content. The 210Pb analysis was made to determine deposition rate.

Trace metal concentrations were determined by the MMS. Atomic absorption 
spectrophotometry was used to determine concentrations of cadmium, copper, lead, and zinc.

Samples for nutrient and moisture-content analyses were taken from the 1-pint freezer 
carton sample of the top layer of sediment and from the middle and bottom of the core. Samples 
for moisture content, texture, and organic content were taken from the plastic bag of top-lryer 
sediment and from the middle of the core. All samples were chilled and transported to the 
appropriate laboratory within 2 days.

Thickness of soft lakebed-sediment deposits was determined during the coring operation 
for those cores with less than 40 in. penetration. Additional determinations of sediment 
thickness were made by comparing new bathymetric data with information on pre- 
impoundment land-surface or river-bed altitudes. Finally, soft sediment thickness also was 
measured at about 50 sites in upper Lake Marion using an 18-ft probe made of 1-in. diameter 
PVC pipe. The probe was lowered through the water column until slight resistance was 
encountered to measure water depth. Then, the probe was pushed through the soft lakebed 
sediment until stiff resistance was encountered. The thickness of the soft lakebed sediments was 
determined by subtraction.
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Sediment Dating

Radioactive 210Pb is a natural by-product of the decay of radon gas, which is produced by 
the decay of uranium. Some of the radon gas remains underground where it is produced, and its 
decay to 210Pb provides a low level of background 210Pb activity throughout a typical sediment 
column. Most of the radon gas, however, escapes to the atmosphere, where its decay causes a 
constant fallout of 210Pb. Surfaces such as lakebeds and the ground, which receive this 210Pb 
fallout, are enriched with 210Pb activity in excess of the background level. Once a sediment 
horizon in a lakebed is buried by newer sediment and is no longer exposed to atmospheric 
fallout, the excess 210Pb activity contained in that horizon begins a gradual decline to 
background level as the 210Pb-decays further to 208Pb, a stable, nonradioactive isotope. The half- 
life for this decay is 22.3 years. The gradual decline in excess 210Pb activity with increasir g depth 
in a lakebed sediment column provides a convenient means of determining the sediment 
deposition rate, according to the following equation

Ad = A0e", (1)

where

Ad is 210Pb activity at depth d in disintegrations per minute per gram; 

A0 is 210Pb activity at higher reference point in disintegrations per minute per gram; 

a is 210Pb decay constant (0.0311 yr1 ); and 

t is age of sediment at depth d, in years.

Accurate dating of sediments can occur if the sediment column contains sufficient fine­ 
grained sediment and has been undisturbed by currents or organisms since deposition. A more 
detailed description of the method, theory, and assumptions is given in Martin and Rice (1981).

Subsamples were taken as described above from the 20 cores from Lakes Marion and 
Moultrie for 210Pb dating. The analyses were performed by the USMMS, Corpus Chri^ti, Tex., 
using standard techniques (Martin and Rice, 1981).
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SEDIMENT TRANSPORT AND DEPOSITION

Results of the four components of this study were analyzed to determine long-term and 
short-term rates of sediment inflow, outflow, and deposition in Lakes Marion and Moultrie. The 
results also illustrate the variation in sediment deposits within the lakes.

Sediment Inflow and Outflow

Streamflow and suspended-sediment data were obtained for 106 days during the 1966-68 
sampling period and for 32 days during the!983-85 sampling period when composite sarr^les 
were taken in the inflow to Lake Marion (table 5 at end of report). The daily mean suspended- 
sediment concentration values derived from the automatic point-sediment samplers during 
1983-85 have been published separately (Cooney, 1988). Mean concentrations for the two 
sampling periods are listed in table 6.

Table 6. -Comparison of suspended-sediment inflow data, Lake Marion, 1966-68 and 1983-85
, cubic feet per second; mg/L, milligrams per liter; --, indicate no data; +, increase; -, decrease]

Change since 1 966-68

Sampling 
period

1966-68

1983-85

1983-85

Type of 
sediment 

data

Instantaneous
composite

Instantaneous
composite

Daily means of
point samples

Number 
of 

values

106

32

351

Mean
streamflow 

for 
sampled

rjawov-iayo

(ft3/s)

15,400

17,800

17,700

Mean
suspended 
sediment 

concentration
(mg/L)

72

47

39

Streamflow 
(percent)

~

+16

+15

Suspended 
sedimen* 

concentrat'on
(percent)

 

-35

-46

Comparison of the data from the two sampling periods shows a large decrease in mean 
concentration of suspended sediment from 1968 to 1985, despite an increase in mean streamflow 
(table 6). The decrease in suspended-sediment concentration is seen with the instantaneous 
composite samples from 1983-85 and with the daily mean values derived from point samples
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Part of the difference in mean suspended-sediment concentrations in the inflow to Lake 
Marion may be attributable to differences in stream regimen between the two sampling periods. 
During 1966-68, streamflow and suspended-sediment concentration showed more variability 
than during 1983-85 (table 6). Although 1966-68 had a lower rainfall and mean strefmflow, it 
also had higher peak flows than 1983-84. Peak flows are important because most sediment 
transport occurs during floods.

As is often the case with sediment transport, the largest flood of 1966-68 (Augrist 25-28, 
1967; 116,500 ftVs; 243 mg/L) was not accompanied by the highest concentration of suspended 
sediment. This occurred on July 10-11,1967 (24,100 ftVs; 524 mg/L). The higher concentration 
seems to be associated with a sharp rise to a moderately high peak flow, following 2 nonths of 
below-average flow. The larger flood following a shorter dry period of about 1 month, seems to 
have had a lesser supply of readily available sediment and more water with which to dUute it.

This effect tends to support the validity of the comparison of the two periods despite the 
difference in stream regimen. The 1983-85 period had streamflows as high as those that 
produced the highest sediment concentrations during 1966-68. The 1983-85 period also had 
sediment concentrations comparable to those produced by the highest streamflow of 1966-68. 
Both intervals had comparable periods of below-average flow followed by sharp peak flows. 
The comparison does not appear to be skewed by events in one period that were not comparable 
to the other period.

Streamflow values for the Congaree River at U.S. Highway 601 (02169750) for August 25 to 
September 8,1967, published in this report, are lower than previously published (U.S. Geological 
Survey, 1966-68; Patterson and Cooney, 1986). In the course of this investigation, the authors 
noticed that the previously published streamflows were those that occurred at the Congaree 
River at Columbia (02169500) gaging station 2 days earlier. Without the benefit of a gaging 
station at the U.S. Highway 601 bridge (fig. 2), that was the most reasonable assumption that 
could be made during 1966-68. Operation of such a gaging station during the 1983-85 period 
showed that the 2-day lag time is essentially correct, but that the peaks are attenuated and 
extended as the river courses the 40 mi through the Coastal Plain from Columbia to U.S. 
Highway 601. Corrections to the 1966-68 data based on comparison of the Columbia and U.S. 
Highway 601 station records resulted in no significant changes in the streamflow record, except 
for the large flood of August 25 to September 8,1967. Accordingly, these values were corrected 
for use in this report by using a relation of 1983-85 observed flows from the Columbia and the 
Highway 601 gages. This adjustment has little effect on the decrease in mean concentration of 
suspended sediment between 1966-68 and 1983-85.

Annual mean discharges of suspended sediment for the inflows and the outflows were 
computed during the 1966-68 and the 1983-85 studies (table 7). The outflow of suspended 
sediment was slightly greater during the recent study than during the earlier study, in part 
because of greater releases of floodwater from Lake Marion through the Wilson Dam spillway. 
The trap efficiency of the lakes for suspended sediment was 83 percent during 1966-fS and 76 
percent during 1983-85 (table 7). These values are fairly close to the estimate of 86 percent 
derived by the capacity-inflow technique (Brune, 1953).
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Table 7.--Annual mean sediment discharge, inflow and outflow of Lakes Marion and Moultrie
[  indicate no data]

July 1,1966 to June 30, 1968 October 1, 1983 to March 31, 19°5

Annual mean suspended-sediment 
discharge, inflow, tons per year

Annual mean suspended-sediment 
yield, inflow, tons per square mile 
per year

Annual mean suspended-sediment 
discharge, outflow, tons per year

Trap efficiency for suspended- 
sediment, percent

Annual mean total sediment 
discharge, inflow, tons per year

Annual mean total sediment yield, 
inflow, tons per square mile per 
year

Annual mean total sediment 
discharge, outflow, tons per year

Trap efficiency for total sediment, 
percent

978,000

65

164,000

83

722,000

48

175,000

76

825,000

55

175,000

79

A small, but significant, bedload flows into Lake Marion in addition to the load of 
suspended sediment. Bedload was not addressed in the 1966-68 study, but it was estimated in 
the 1983-85 study using the modified Einstein procedure (Stevens, 1985). The 1983-85 anrual 
mean rates of bed-material discharge are estimated to be 69,000 ton/yr for the Wateree River 
near Eastover (02148315) and 34,000 ton/yr for the Congaree River at U.S. Highway 601 bridge 
(02169750), for a total bed-material inflow of 103,000 ton/yr. This represents 12 percent of the 
annual mean total sediment discharge in the inflow to the lakes (table 7).

Bathymetric Mapping

The bathymetric maps of Lakes Marion and Moultrie produced during this study have 
been published separately due to their size (Patterson and Logan, 1988). The water volum0 of 
each reservoir was determined by digitizing and summing the areas enclosed by each de^th 
contour. These volumes are compared with other previous volume determinations in table 8. 
The volume changes listed in table 8 have a large range of error for two reasons. The methods 
used to estimate the volume of the lakes in 1970 (U.S. Department of Agriculture, 1973) and in 
1942 are not known in detail, and may not be precisely comparable to that used by the authors. 
Furthermore, the volume changes represent relatively small differences between two very large 
numbers.
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Table ^.--Changes in storage for Lakes Marion and Moultrie, S.C.
[+, increase; -, decrease]

Dates

1942

1970

1942-70

1985

1970-85

1942-85

Parameter Lake Marion Lake Moultrie

Storage 1,498,000 1,090,000 
(acre-foot)

Storage 1,453,000 1,083,000 
(acre-foot) 
(estimated)

Volume change -45,000 -7,000 
(acre-foot)

Volume change -3.0 -.6 
(percent)

Annual mean change -1,610 -250 
(acre-foot) 
(28 years)

Annual mean change -.11 -.02 
(percent)

Storage 1,425,000 1,060,000 
(acre-foot)

Volume change -28,000 -23,000 
(acre-foot)

Volume change -1.9 -2.1 
(percent)

Annual mean change - 1 ,870 - 1 ,530 
(acre-foot) 
(15 years)

Annual mean change -.13 -.14 
(percent)

Volume change -73,000 -30,000 
(acre-foot)

Volume change -4.9 -2.8 
(percent)

Annual mean change -1,700 -700 
(acre-foot) 
(43 years)

Annual mean change -. 11 -.06 
(percent)

Total

2,588,000

2,536,000

-52,000

-2.0

-1,860

-.07

2,485,000

-51,000

-2.0

-3,400

-.13

-103,000

-4.0

-2,400

-.09
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Lake Marion is experiencing more rapid sedimentation than Lake Moultrie, which is 
reasonable considering that the initial transition from river to lake occurs in Lake Marion. The 
most notable reductions in depth have occurred where the incoming flow of the Santee River 
leaves the confines of the river channel near Browns Cut and Low Falls Landing in upper Lake 
Marion (fig. 5). As much as 11 ft of sediment has accumulated in these areas during 19A2-85, 
based on the assumption that the pre-impoundment river channel bottom had a constant slope 
near Browns Cut. Results from the sediment-core samples downstream from site 9 prodded 
evidence that the depth of soft sediment downstream was less than in these three areas.

Sedimentation has also occurred in the deeper parts of both lakes. In the deepest p^rt of 
Lake Moultrie, the bed material is fine-grained and loosely packed. Bathymetric surveys on 
different days show that this fine-grained sediment seems to move in response to wind-d~iven 
currents. The depth contours for this part of Lake Moultrie represent average conditions and 
may vary by several feet on occasion.

Lakebed Sediment Sampling

The character and thickness of lakebed sediments in Lakes Marion and Moultrie vary with 
location, and some trends are evident. The results of the sampling are summarized in table 9, 
and listed in appendix 1. In general, bulk density increased with depth in the sediment, and 
moisture content decreased with depth. Sediments from Lake Marion tended to have lower bulk 
density, higher moisture content, higher organic content, finer texture, and higher concentrations 
of nutrients and metals than sediments from Lake Moultrie.

Within Lake Marion, sediments tended to have finer texture and higher organic and 
nutrient content along the northeastern shore. In areas of upper Lake Marion where the waters 
of the Santee River flow into the backwater of the reservoir, lakebed sediments had abundant 
fine sand and silt, and relatively low organic content.

The lakebed sediment samples from Lake Moultrie were sandy, except for the shrtlow, 
protected, former hatchery area (site 18) and the broad cove near Bonneau (site 20) (fig. 4). At the 
latter site, the hard-packed consistency suggested that the sample was pre-impoundment soil. 
No sediment cores were obtained from the deepest part of Lake Moultrie, but qualitative 
samples from this area showed a fine-grained, loose, semi-fluid material on the lakebed. 
Successive bathymetric surveys showed that this semi-fluid mud appeared to migrate in 
response to currents in the lake.
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The thickness of soft sediments in Lake Moultrie varied from 0 in. near Bonneau t-> a mean 
of 16 in. at the other 5 coring sites, and to 5 to 10 ft in the fluid mud of the deepest part of the 
Lake. The thickness of soft sediment deposits in Lake Marion ranged from 9 in. in the 
northeastern end of the lake in the Sparkleberry Lake and Packs Flat (fig. 5) areas upstream of 
the Rimini Trestle, to a mean of 20 in. for the four coring sites downstream of the Interstate 
Highway 95 bridge (fig. 4), to more than 100 in. in the submerged river channel just downstream 
of the Browns Cut area where the natural levees become submerged (fig. 5). In the Browns Cut 
area, the depth of water in the river channel changes rather abruptly from an average of about 20 
ft to about 7 ft as one moves downstream past the end of the exposed natural levees. In this area, 
therefore, the soft sediments almost certainly represent post-impoundment deposition. In some 
of the other areas, part of the soft sediments may represent pre-impoundment deposition. The 
deeper sampling sites were underwater in the river or in flood-plain channels, and presumably 
collecting some sediment prior to impoundment. At the sites that were not submerged prior to 
impoundment, pre-impoundment soil may have been penetrated with the corer. For example, at 
coring site 20, near Bonneau in Lake Moultrie (fig. 4), about 6 in. of pre-impoundment soil were 
penetrated, with some difficulty, by the corer. Perhaps the best indicator of the depth of post- 
impoundment sediments is the depth to which excess 210Pb activity was measured at a site 
where sediment did not accumulate prior to impoundment. This is discussed in the following 
section.

Sediment Dating

The results of the 210Pb dating of sediment cores were inconclusive and sedimentation rates 
could not be calculated for some of the sites because of sampling conditions that were less than 
ideal. An ideal sampling site is one where consistently fine-grained sediment accumulates at a 
constant rate and is not disturbed by currents or organisms following deposition. At coring sites 
\, 3, 7, and 11 in Lake Marion, 210Pb activity did not show a clear trend with depth. Som^ of these 
sites also had interbedded layers of sediment with different textures (fig. 4). Apparently, the 
sediment deposits at these sites were reworked by currents from Santee River floods. Similarly, 
coring sites 15, 16, and 17 in Lake Moultrie had sandy sediments that had been reworked by 
wind-driven currents.

Most of the coring sites did exhibit a decreasing trend of excess 210Pb activity with depth, 
down to a more stable background level, and thus supported determination of deposition rates 
(table 10 and appendix 2). In most cases, 210Pb activity decreased to a background rate at some 
distance above the bottom of the core, suggesting that the corer penetrated pre-impoundment 
sediments old enough (about 150 years) for all the excess 210Pb to have decayed (table 10). An 
alternate method for estimating deposition rate is to divide the thickness of sediments exhibiting 
excess 210Pb activity by the number of years sediment had been accumulating at the rite. This 
divisor is 43 years for sites where sediment was not accumulating prior to impoundment, and 
about 150 years (the time required for 210Pb to decay to background levels) for sit^s where 
sediment was accumulating prior to impoundment (table 10).
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Deposition rates determined by these two methods are similar for most of the coring sites. 
Site 2, in the Sparkleberry Lake area of upper Lake Marion (fig. 4), was on the flood plain far 
from the river, and thus accumulated sediment very slowly, if at all, prior to impoundment. The 
upper 1.2 in. of sediment showed a clear decreasing trend in excess 210Pb activity (appendix 2), 
indicating a deposition rate of 0.035 in/yr. Below this lay pre-impoundment sediment with a 
lower background level of 210Pb activity. Dividing the thickness of the 210Pb - enriched layer by 
the 43 years of deposition results in a rate of 0.03 in/yr, which agrees closely with the rate 
derived from 210Pb activity.

Coring sites 4 and 6 were in areas that were accumulating sediment prior to impoMndment. 
The 210Pb analyses for these cores show slower pre-impoundment deposition rates that changed 
to more rapid rates around the time of impoundment. Coring sites 5, 10, and 13 wer? in areas 
that were accumulating sediment prior to impoundment, and continued to accumulate sediment 
at similar rates following impoundment. Coring site 7 was in an area with a rapid post- 
impoundment deposition rate, but the site was apparently subject to disturbance by flcodwaters 
and a deposition rate could not be determined.

Coring site 8 was in a submerged flood-plain channel that was apparently subject to some 
disturbance, evidenced by the partial inversion of the 210Pb profile. An averaged trend of the 
profile results in a rather high deposition rate of 0.51 in/yr, which seems plausible given the 
location in a depression near the mouth of the Santee River. The corer did not fully peretrate the 
soft post-impoundment sediments.

Coring site 9 was on a submerged natural levee near the mouth of the Santee River. The 
site seems to have been affected by both erosion and deposition, resulting in an abnormally low 
net-deposition rate.

Coring site 14, on the submerged flood plain near the Wilson Dam spillway in Lake 
Marion, shows a consistently decreasing trend of 210Pb activity with depth. I To stable 
background layer was encountered, probably because the pre-impoundment soil was too 
durable to penetrate with the corer.

Coring sites 15, 16, and 17 were in areas of Lake Moultrie where sandy sediments are 
constantly reworked by wind-driven currents. In Lake Moultrie, only coring sites T.8 and 19 
yielded reliable deposition rates. Coring site 20, because of its stiffness and its inverse 210Pb 
profile, seemed to be wholly pre-impoundment soil.

Origin. Distribution, and Redistribution of Lake Sediments

Lakes Marion and Moultrie form an efficient trap for much of the load of sediment carried 
into Lake Marion by the Santee River. The primary source of sediments to Lakes Marion and 
Moultrie is clearly the Santee River. The great quantities of topsoil eroded from the Piedmont 
during 120 years of poor farming practices have put a large supply of sediment in rtorage in 
stream channels and flood plains. The Broad River, in particular, carries a large p^rt of the 
sediment that enters Lake Marion because the Broad River has little regulation at high flows. 
The coarser alluvial sediment settles out in upper Lake Marion in several areas where ti e current
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diminishes on encountering backwater from the dam. Some of these areas, such as Broadwater 
Creek, Risers Old Lake, upper Elliotts Flat, the Low Falls Landing area, and Tudie Cut, are 
connected to the Santee River by cuts, some man-made, in natural levees (fig. 5). The largest 
sediment deposit is downstream of the Browns Cut area, where the natural levees become 
submerged.

The sediment cores from these delta-type deposits frequently displayed unconfonning 
layers of coarse-grained material embedded within fine-grained material (for example, cores 6 
and 7). These were probably deposited by floods that eroded and reworked earlier deposits,

Deposition of fresh inorganic sediment in the shallow upper end of Lake Marion has 
created new substrates within the photic zone conducive to growth of aquatic macrophytes 
(Barko and Smart, 1983). Extensive beds of aquatic macrophytes in upper Lake Marion have 
interfered with navigation to the extent that about $250,000 is spent annually on aquatic plant 
control in the lake. The plant beds also reduce flow velocities, resulting in additional sediment 
deposition. The trend toward a decreasing sediment load may further encourage plant growth 
by allowing deeper penetration of sunlight into the water.

Although sand and coarse silt tend to settle out in upper Lake Marion, deposition c* fine 
silt and clay continues slowly as the water flows toward Wilson Dam and the Diversion Canal 
(fig. 4). About 20 percent of the incoming suspended sediment remains in suspension in the 
Diversion Canal and flows into Lake Moultrie, according to the inflow-outflow study of 19i°3-85. 
Another 6 percent of the incoming load leaves Lake Marion through the Wilson Dam spillway. 
Of the annual mean suspended load of 147,000 tons entering Lake Moultrie through the 
Diversion Canal, 128,000 tons, or 87 percent, remain in suspension through Lake Moultrie and 
leave by the outlet. Most of the bed of Lake Moultrie is covered with sand or with a durable, 
compacted pre-impoundment soil. Eroded shores, toppled trees, and sandy prehistoric dune 
ridges provide evidence that most of this sand originated in the Lake Moultrie Basin. In the 
deeper waters of Lake Moultrie, a loose, semi-fluid, fine-grained mud covers the bottom.

Wind-driven currents are the primary water movements in Lake Moultrie (Patterson and 
Harvey, 1986). These currents are capable of transporting sand-size particles in most of the 
shallow upper half of Lake Moultrie, and of transporting the fine-grained fluid mud in the deep 
part. On windy days, Lake Moultrie often becomes noticeably turbid. An aerial view of the lake 
on a windy day reveals turbulent vortices of sediment-laden water moving downwind near the 
surface. Plastic buckets, half filled with concrete, were used as anchors for buoys during a dye 
tracer test (Patterson and Harvey, 1986). When the anchors were retrieved after 3 months, many 
were full of sand on top of the concrete. These wind-driven currents seem to prevent deposition 
of sediment in at least one part of the lake (site 20), near Bonneau.

The wind also creates large waves in shallow, open Lake Moultrie. The waves aclvely 
erode exposed shorelines, as is evidenced by treefalls and freshly eroded surfaces along these 
shores. Relatively little sand from the Santee River remains in suspension long enough tc pass 
into Lake Moultrie; therefore, this shoreline erosion is probably the main source of the randy 
lakebed sediment prevalent in most of Lake Moultrie.
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Lakebed Sediment Characteristics

Lakebed sediments reflect characteristics of the water column, the lake basin, and the 
tributary river basins. The concentrations of nutrients and metals in sediments from Lakes 
Marion and Moultrie range from values that are typical of natural lakes to values that are typical 
of lakes that receive moderate inflows of these substances due to human activities (table 9). 
Similar values were reported for lakes in the Great Lakes Chain (Kemp and others, 1976; Nriagu, 
1979), in Sweden (Nriagu, 1979), and in Finland (Tolonen and Merilainen, 1983). The lower 
values for Lake Moultrie are probably related to the lack of fine-grained sediment and organic 
matter in the samples, and to settling of the constituents in Lake Marion. The thick, fine-drained 
sediments in the deeper parts of Lake Moultrie probably contain higher concentrations of 
organic matter, nutrients, and metals, perhaps comparable to those in Lake Marion.

Accumulation of Sediment

Direct measurements of suspended-sediment flow and outflow, and calculations of 
bedload in the inflow show that sediment was accumulating in Lakes Marion and Moriltrie at 
the rate of 650,000 ton/yr during 1983-85. An average bulk density of 61 Ib/ft3 for the lakebed 
sediments, suggests that the average deposition rate for this period was

650, OOP ton/yr x 2, OOP Ib/ton x 12 in/ft _ Q Q3? . , ( . 

61 Ib/ft3 x 43, 560 ftVacre x 160, 000 acres

If we assume that bedload constituted the same proportion, 12 percent, of the total 
sediment load during 1966-68 as it did during 1983-85, then the deposition rate for thaf period 
becomes \

( Q78 000
°'o - 164, 000 I ton/yr x 2, 000 Ib/ton x 12 in/ft

61 Ib/ft x 43, 560 ft /acre x 160, 000 acres
= 0.053 in/yr (3)

The average of the deposition rates that were calculated from the 210Pb data (table 10), 
omitting the questionable values for sites 8 and 9, is 0.06 in/yr. The average deposit'on rate 
determined from the thickness of the 210Pb - enriched sediment (table 10) is 0.04 in/yr. All of 
these rates are fairly consistent. The fact that the current rate is less than the 1966-68 rate, and 
less than the average rate, shows that the deposition rate has been decreasing during the 43-year 
life of the reservoirs.
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Deposition rates determined by probing the thickness of soft sediments and by comparing 
bathymetric surveys are greater than the above rates, but are probably in error. The soft 
sediments averaged about 16-in. thick in the reservoirs, for an average rate of 0.37 in/yr during 
the 43 years of impoundment. The patterns of 210Pb activity, however, showed some of these soft 
sediments to date from prior to impoundment, implying that the rate of 0.37 in/yr is too high. 
Comparison of bathymetric surveys showed a loss of about 103,000 acre-ft of water volume 
between 1942 and 1985, which, over the 160,000 acres of the reservoirs, amounts to an average 
rate of 0.18 in/yr. This rate, however, is derived from a relatively small difference between two 
large numbers (the volumes of the reservoirs), and is therefore subject to significant error. 
Therefore, the rates determined by inflow and outflow monitoring and by 210Pb analyses are 
considered the most accurate. The 210Pb analyses and the inflow-outflow monitoring show that 
the load of sediment flowing into Lake Marion has been decreasing in recent years. This is 
consistent with the trend toward stabilization of topsoil in the Piedmont, brought about by 
reversion of cropland to pasture and forest, and by soil conservation practices on remaining 
cropland. It is also consistent with the theory that the colluvial and alluvial sediment deposits 
created during 120 years of heavy erosion have become more stable. One question that remains 
to be answered is: To what extent can those deposits be remobilized by a major flood? Barring 
such an event, and barring development of large new sources of sediment such as construction 
sites, the trend toward lower rates of sediment transport in the Santee River Basin shc^ild 
continue for the foreseeable future.

The trend toward decreasing suspended-sediment loads in recent years is not restricted to 
the Santee River Basin. The same trend is reported in several other basins in the Piedmont wh^re 
long-term records of suspended sediment are available (table 11; fig. 6). The history of sedirr^nt 
transport in these basins is similar to that of the Santee River Basin.
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SUMMARY

The 16,800 mi2 Santee River Basin, second largest on the east coast of the United States, 
includes a large area of credible soils in the southern Piedmont physiographic provinc0. Lakes 
Marion and Moultrie, two large shallow reservoirs in the Coastal Plain, receive sedimert eroded 
from the basin. Erosion during 120 years of row-crop farming augmented sediment loads in the 
Basin, resulting in deposition in channels, flood plains, reservoirs, and Charleston Harbor. In the 
Piedmont, where most of the eroded sediment is stored, channel and flood-plain deposits 
continue to supply sediment to streams.

Sediment transport and deposition in the lakes were studied during 1983-85 to determine 
rates of sediment inflow, outflow, and deposition. Comparisons were made with earlier data to 
determine trends in the rates.

The annual mean load of suspended sediment in the inflow to Lake Marion seems to have 
decreased about 26 percent, from 978,000 ton/yr to 722,000 ton/yr between 1968 and 1985, 
although the data from the two periods may not be directly comparable. The rate of 
sedimentation in Charleston Harbor seems to have been decreasing during the same period. The 
sediment deposits in the Piedmont are apparently becoming more stable through th^ loss of 
easily transportable sediment and the growth of plant cover.

Under normal conditions, this trend toward stabilization of sediment deposits and 
decreasing rates of sediment transport in the Santee River Basin is expected to continue. 
However, it is conceivable that a catastrophic flood could remobilize some of the sediment stored 
on flood plains, perhaps leading to a new episode of temporarily elevated sediment loads.

Bathymetric surveys of Lakes Marion and Moultrie, completed in 1985, show a loss of 
about 103,000 acre-ft of lake storage compared with pre-impoundment surveys. This value, 
however, is subject to error, being the difference between two large numbers. More reliable 
determinations of the rate at which the reservoirs are being filled are provided by the inflow- 
outflow data presented above, and by radioisotopic dating of sediments using 210Pb. These 
show that the average rate of sediment deposition for both lakes during the period 1942-85 was 
about 0.06 in/yr, or about 1.1 million ton/yr, or 800 acre-ft/yr. Thedeposition rate during 1983- 
85 was about 0.037 in/yr, or about 490 acre-ft/yr.

The lakebed sediments vary in thickness and in physical and chemical characteristics at 
different locations in the reservoirs. Thick deposits of sand and coarse silt settle out in upper 
Lake Marion where the Santee River slows. These deposits provide habitat for growth of 
abundant aquatic macrophytes. Farther from the river, the deposits become thinner and finer in 
texture, with higher concentrations of organic matter, nutrients, and trace metals. The shallower 
parts of Lake Moultrie are covered with sand that moves about in response to wind-driven 
currents. Derived from the shorelines, the sand is impoverished of organic matter, nutrients, and 
trace metals. Near Bonneau, the wind-driven currents prevent sediment deposition. In the 
deeper waters of Lake Moultrie, the bottom is covered by a fine-grained semi-fluid mud that also 
moves about in response to the currents.
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