
























































Table 3.--Locations and descriptions of lakebed coring sites, October 18-20, 1983--Continued

[ft, feet; mi, mile]

Coring site number Latitude, longitude, Site
(figs. 4 and 5) and lake description

10 33°31°20” On submerged natural levee at channel marker 72.
80°27°05” Periodically inundated prior to impoundment.
Lake Marion

11 33°28°09” Flood-plain depression near Sawdust Pile Slough.
80°20°57” Inundated prior to impoundment.
Lake Marion

12 33°26°27” Submerged channel of Santee River near Eutaw Creek
80°20°56” mouth. Inundated prior to impoundment.
Lake Marion

13 33°30'12” Submerged flood plain. Periodically inundated prior to
80°12°40” impoundment.
Lake Marion

14 33°25°34” Submerged flood plain. Periodically inundated prior to
80°10°36” impoundment.
Lake Marion

15 33°20°30” Channel marker 12, near the mouth of the Diversion
80°05°55” Canal in Lake Moultrie. Headwater swamp prior to
Lake Moultrie impoundment.

16 33°21°45” In cove formed by crescent-shaped island in northeastern
80°00°14” part of Lake Moultrie. Headwater swamp prior to
Lake Moultrie impoundment.

17 33°18°31” Channel marker 4 near middle of Lake Moultrie. Small
80°02’59” swampy Coastal Plain stream prior to impoundment.
Lake Moultrie

18 33°15°35” Near middle of shallow, mostly diked part of Lake
80°05°00” Moultrie, formerly used as fish hatchery. Dry land prior to
Lake Moultrie impoundment.

19 33°14°20” Cove in Lake Moultrie between Pinopolis peninsula and
80°03°43” the former hatchery. Headwater swamp prior to
Lake Moultrie impoundment.

20 33°17°17” Large cove south of Bonneau. Dry land prior to
79°59705” impoundment.
Lake Moultrie
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Table 4.--Analytical scheme for lakebed sediment cores

Analysis Depths Analyzing laboratory
Deposition rate all U.S. Minerals Management Service
Trace metals top U.S. Minerals Management Service
Moisture content top, middle U.S. Army Corps of Engineers

Waterways Experiment Station

Density top, middle U.S. Army Corps of Engineers
Waterways Experiment Station

Organic content top, middle U.S. Army Corps of Engineers
Waterways Experiment Station

Texture top, middle U.S. Army Corps of Engineers
Waterways Experiment Station

Particle size top, middle, bottom  U.S. Geological Survey Sediment
Laboratory, Harrisburg, Pa.

Organic content top, middle, bottom  U.S. Geological Survey Central
Laboratory, Doraville, Ga.

Ammonia + organic N  top, middle, bottom U.S. Geological Survey Central
Laboratory, Doraville, Ga.

Nitrite +nitrate N top, middle, bottom  U.S. Geological Survey Central
Laboratory, Doraville, Ga.

Total phosphorus top, middle, bottom  U.S. Geological Survey Central
Laboratory, Doraville, Ga.

Bulk density top, middle, bottom  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 deptt 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 bulk
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-seive
and pipette method (Guy, 1969).

The other half core was subsampled on the sampling boat for several additional analy-es.
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 2!°Pb
and trace-metal content. The 2!°Pb 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-leyer
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. diam-<ter
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 lakehed
sediment until stiff resistance was encountered. The thickness of the soft lakebed sediments was
determined by subtraction.
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Sediment Dating

Radioactive 2!%Pb 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 2!%Pb provides a low level of background 2!°Pb activity throughout a typical sediment
column. Most of the radon gas, however, escapes to the atmosphere, where its decay causes a

constant fallout of 2'°Pb. Surfaces such as lakebeds and the ground, which receive ttis 2!°Pb

fallout, are enriched with 2!%Pb 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 2'Pb activity contained in that horizon begins a gradual decline to
background level as the 2!°Pb-decays further to 2%Pb, a stable, nonradioactive isotope. The half-

life for this decay is 22.3 years. The gradual decline in excess 2!%Pb activity with increasing depth
in a lakebed sediment column provides a convenient means of determining the sediment
deposition rate, according to the following equation

Ay =A™, o

where
Aq is 2!%Pb activity at depth d in disintegrations per minute per gram;
A, is 21%Pb activity at higher reference point in disintegrations per minute per gram;
a is 2!%Pb decay constant (0.0311 yr!); and

tis 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 2!°Pb 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 Qutflow

Streamflow and suspended-sediment data were obtained for 106 days during the 19¢4-68
sampling period and for 32 days during the1983-85 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
[ft3/s, cubic feet per second; mg/L, milligrams per liter; --, indicate no data; +, increase; -, decreasw]

Change since 1966-68
Mean
Mean
treamflow
, Type of Number S suspended Suspende
Sg:};i);:;ng sediment of sar;orl ed sediment Si(tre?(;r;fr:?;u sedimen*
data values dass concentration pe concentrat'on
(3s) (mg/L) (percent)
1966-68 Instantaneous 106 15,400 72 - --
composite
1983-85 Instantaneous 32 17,800 47 +16 -35
composite
1983-85 Daily means of 351 17,700 39 +15 -46

point samples

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 stree mflow, 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 (Augnst 25-28,
1967; 116,500 ft3/s; 243 mg/L) was not accompanied by the highest concentration of suspended
sediment. This occurred on July 10-11, 1967 (24,100 f/s; 524 mg/L). The higher concentration
seems to be associated with a sharp rise to a moderately high peak flow, following 2 months 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 d*lute 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 stud~, 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-€8 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 978,000 722,000
discharge, inflow, tons per year

Annual mean suspended-sediment 65 48
yield, inflow, tons per square mile
per year

Annual mean suspended-sediment 164,000 175,000
discharge, outflow, tons per year

Trap efficiency for suspended- 83 76
sediment, percent

Annual mean total sediment - 825,000
discharge, inflow, tons per year

Annual mean total sediment yield, --- 55
inflow, tons per square mile per
year

Annual mean total sediment - 175,000
discharge, outflow, tons per year

Trap efficiency for total sediment, --- 79
percent

A small, but significant, bedload flows into Lake Marion in addition to the loac' 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 briige
(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 volum~ of
each reservoir was determined by digitizing and summing the areas enclosed by each denth
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.

21



Table 8.--Changes in storage for Lakes Marion and Mouitrie, S.C.
[+, increase; -, decrease]

Dates Parameter Lake Marion Lake Moultrie Total

1942

1970

1942-70

1985

1970-85

1942-85

Storage
(acre-foot)

Storage
(acre-foot)
(estimated)

Volume change
(acre-foot)

Volume change
(percent)

Annual mean change
(acre-foot)
(28 years)

Annual mean change

(percent)

Storage
(acre-foot)

Volume change
(acre-foot)

Volume change
(percent)

Annual mean change
(acre-foot)
(15 years)

Annual mean change
(percent)

Volume change
(acre-foot)

Volume change
(percent)

Annual mean change
(acre-foot)
(43 years)

Annual mean change
(percent)

1,498,000

1,453,000

-45,000

-3.0

-1,610

-1

1,425,000

-28,000

-1.9

-1,870

-13

-73,000

-4.9

-1,700

- 11

1,090,000

1,083,000

-7,000

-250

-.02

1,060,000

-23,000

2.1

-1,530

-.14

-30,000

-.06

2,588.000

2,536.000

-52,000

-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 1942-85,
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 provided
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 part 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 concentretions
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 shellow,
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 2!Pb 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 21°Pb 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
1,3,7, and 11 in Lake Marion, 2!°Pb activity did not show a clear trend with depth. Som-~ of these
sites also had interbedded layers of sediment with different textures (fig. 4). Apparantly, 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 21°Pb 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, 2'%Pb 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 ?'°Pb to have decayed (table 10). An
alternate method for estimating deposition rate is to divide the thickness of sediments exhibiting
excess 21Pb activity by the number of years sediment had been accumulating at the site. This
divisor is 43 years for sites where sediment was not accumulating prior to impoundment, and

about 150 years (the time required for !%Pb 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 210Pp activity (appendix 2),
indicating a deposition rate of 0.035 in/yr. Below this lay pre-impoundment sediment with a
lower background level of 21°Pb activity. Dividing the thickness of the 2!°Pb - enriched layer by
the 43 years of deposition results in a rate of 0.03 in/yr, which agrees closely witl the rate

derived from 2!%Pb activity.

Coring sites 4 and 6 were in areas that were accumulating sediment prior to impoindment.
The 21%Pb 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 ravid 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 2!%Pb 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 penetrate 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 %'%Pb activity with depth. 1T 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 "8 and 19
yielded reliable deposition rates. Coring site 20, because of its stiffness and its inverse 2!°Pb
profile, seemed to be wholly pre-impoundment soil.

rigin, Distribution Redi ion of L imen
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 storage in
stream channels and flood plains. The Broad River, in particular, carries a large part 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 tl'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 be~ome
submerged.

The sediment cores from these delta-type deposits frequently displayed unconforming
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 197°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 depo-ition
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 actively
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-crained
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/ft* for the lakebed
sediments, suggests that the average deposition rate for this period was

650,000 ton/yrx2,000 1b/tonx 12 in/ft
61 1b/ft’ x 43,560 ft°/acre x 160, 000 acres

= 0.037 in/yr 2

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

(978, 000
0.88

61 Ib/ft> x 43,560 ft°/acre x 160,000 acres

— 164, 000) ton/yr x 2,000 1b/ton x 12 in/ft

= 0.053 in/yr 3

The average of the deposition rates that were calculated from the 2!%Pb 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 2!%Pb - 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 2!°Pb 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 2!%Pb analyses are
considered the most accurate. The 2!°Pb 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 remairing
cropland. It is also consistent with the theory that the colluvial and alluvial sediment depcsits
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 construc*ion
sites, the trend toward lower rates of sediment transport in the Santee River Basin shctld
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 where
long-term records of suspended sediment are available (table 11; fig. 6). The history of sediment
transport in these basins is similar to that of the Santee River Basin.
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SUMMARY

The 16,800 mi? Santee River Basin, second largest on the east coast of the United States,
includes a large area of erodible soils in the southern Piedmont physiographic provinc~. 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 earlie~ 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 depcsits 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 2!°Pt. 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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APPENDIX 1

Results of lakebed sediment sampling
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APPENDIX 2

Excess and total 2!Pb activity as a function of depth for 19 lakebed sediment cores from Lakes
Marion and Moultrie
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