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Study Objectives and Rationale
This study is a two-part research project that examines sediment and carbon cycling in North
Carolina’s Falls Lake. The first focus of this study is on the supply of sediments and associated
particulate organic carbon (POC) to Falls Lake. A second part of the study examines sediment
and organic carbon accumulation in Falls Lake during 2020-2021.
The overall objective of this study was to better understand sediment fluxes associated with Falls
Lake, ranging from rates of sediment inputs to the fate of particulate materials within the lake on
time scales from seasonal to decadal.
2020-2021 Objectives:
(1) To quantify the temporal and spatial inputs of suspended sediments and associated
organic carbon to Falls Lake
(2) To collect cores within the lake to quantify rates of bottom sediment accumulation.
This ais an important process parameter needed to quantify carbon and nutrient fluxes
in bottom sediments.
1. Inputs of particulate materials to Falls Lake
Prior to this study, very little has been documented regarding sediment input into Falls Lake. The
four major inputs (Flat River, Eno River, Little River and Ellerbe Creek) make up approximately
70% of the freshwater input to Falls Lake. However, no rating curves have been constructed as a
means to predict suspended sediment concentration loads as a function of water discharge, a
parameter which is readily available daily via USGS reporting stations online. Even less is
known about sedimentation rates (spatially and temporally) with Falls Lake. Based on sediment
thickness there is a general impression that sediment deposition rates are higher in the upper lake
than in the lower lake. However, no quantitative measures of sedimentation rates existed before
this study. Seasonal deposition in Falls Lake is likely to vary based on seasonal factors such as
water discharge rates and interannual factors such as flood/drought conditions in the drainage
basin. Both seasonal deposition rates and decadal sediment accumulations rates provide critical
information needed to evaluate the flux of particle associated materials such as carbon, nutrients
(N and P) and contaminants.
We continued to collect and process water samples at the four major inputs to Falls Lake
to quantify total suspended sediment concentrations, calculate suspended sediment loads
(Objective 1). These sites are inputs from the Flat, Eno, and Little Rivers and from Ellerbe
Creek. Collectively these four tributaries contribute 71% of the water discharge into Falls Lake.
Tributary
Flat River
Eno River
Little River
Ellerbe Creek
Total

Percent Water Discharge to
Falls Lake
27
25
10
9
71
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Overarching Research Question: Can we construct rating curves that enables us to predict
particulate sediment and organic carbon inputs to Falls Lake from the water discharge data
readily available online at https://m.waterdata.usgs.gov from the US Geological Survey.
We continued closely monitoring water discharge at these four sites and strategically collected
samples to completely cover the spectrum of water discharge rates over the course of the year to
fill in gaps that existed from the 2019-2020 data set. We were able to fill in many data gaps that
existed prior to this study. A sediment rating curve was constructed (plotting suspended sediment
concentrations v. water discharge). The sediment rating curve was used to help predict sediment
inputs to Falls Lake. We continued to add more points to the rating curve over the duration of
this project to create a robust relationship between sediment and water fluxes.
The spatial aspects of this study was addressed by examining four (4) rivers and creeks that
supply most of the particulate materials to the lake. These input waters vary in terms of the size
of their watersheds, the nature of land use within their watersheds (urban, forest, agriculture etc.)
and their water discharge rates. The temporal aspect of this study was addressed by collecting
river/creek water samples frequently (approximately every month) during the period of August
2020 to May 2021. Because of the restriction resulting from the Covid-19 pandemic, we were
only able to collect samples a limited range in times and discharges. Samples were collected
at/near USGS stations on each river/creek where continuous water discharge measurements are
made and reported online (https://m.waterdata.usgs.gov/) for each station. For sampling location
information see Site Information at the end of this report.
Focused Questions
a) How do total suspended matter (TSM) concentrations vary during a 1-2 year period and what
is the relationship between TSM concentrations and water discharge rates.
In most rivers and creeks, TSM concentrations increase with increasing water discharge. This
relationship is controlled by the supply of particulate matter from the watershed to the river/creek
resulting from landscape erosion and transport. The relationship between TSM concentrations
and water discharge is referred to as the sediment rating curve. Water discharge values for each
sample were obtained online from the appropriate USGS location and time.
Approach: Five rivers and creeks will be sampled approximately every two weeks to collect
water samples (see “USGS Water Discharge Site Locations”).
The five input sources are: Eno River, Flat River, Little River and Ellerbe Creek for Falls Lake.
Collectively these fourrivers/creeks supply approximately 80% of the water and suspended
sediments to the two lakes. Water sampling dates/times were chosen to cover a wide range in
water discharge rates observed. Samples were collected during low, medium and high waterdischarge stages so that sediment rating curves represent a wide range of conditions. A sediment
rating curve was constructed for each of the 4 water inputs.
Method: One to two liters of river/creek water were collected from surface waters and returned
to the McKee Lab for subsequent filtration. Triplicate samples were collected at each site for
TSM determination. Pre-weighed polycarbonate filters (0.2-micron pore size) will be utilized
(under vacuum) to collect the suspended matter from each water samples. Each filtered sample
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will be dried and then reweighed to determine the particulate mass collected. TSM
concentrations (mass per water volume collected) will then be calculated, using a standard
measurement unit of mg/L (milligram per liter).
Product: A water discharge vs TSM concentration rating curve relationship will be established
for each of the five rivers/creeks. These rating curves will be used in the future to predict TSM
concentrations and sediment discharge rates based on USGS water discharge data readily
available online.
b) What is the relationship between TSM and POC concentrations and between POC
concentration and water discharge?
The organic carbon fraction of TSM can vary mainly as a function of watershed land use/land
cover and water discharge. Understanding the relationship between TSM and POC
concentrations provides insight into the watershed processes that control organic carbon inputs to
lakes and can also be useful in predicting organic carbon fluxes to lakes.
Approach: A separate water sample was collected for POC determination at each of the four sites
during each sampling time. As above, sampling dates/time were chosen to optimize the
establishment of sediment rating curves.
Method: One to two liters of river/creek water were collected from surface waters at each
location/date and returned to the McKee Lab for subsequent filtration. Triplicate samples were
collected at each site. Pre-combusted glass Microfiber Filters (GF/F 0.7-micron pore size) were
used to filter the samples for POC determination. Filters were frozen, freeze dried and the
transported under cold, dark conditions to the UNC Institute of Marine Sciences where samples
were run on a CHN analyzer to determine particulate carbon and nitrogen concentrations on each
filter.
Product: A TSM vs POC concentration relationship was established for each of the four input
rivers/creeks. This relationship yielded insight into how the organic carbon fraction of
suspended matter varies over time and space. Water discharge vs POC concentration rating
curve relationship was also established for each of the four rivers/creeks. These rating curves
were used to predict POC concentrations and the particulate organic carbon flux from each
river/creek based on USGS water discharge data readily available online.
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2. Fate of particulate materials in Falls Lake sediments
During this study period we collected 30-50 cm cores that were dissected at 1 cm
intervals and will be analyzed for the natural radiotracer 210Pb, which has a 22.2-year half-life
and therefore is useful for quantifying sediment accumulation on the lake bed on decadal time
scales. Comparing deposition rates in the upper, middle and lower lake, seasonally, will greatly
improve our understanding of sediment suspension and redistribution throughout the year. We
began to collect deeper sediment cores in the lake to determine the historic rate of sediment
accumulation since the dam was constructed (Objective 2). Analyses of these cores is ongoing.
These cores will also be used to determine nutrient and carbon accumulation in lake bottom
sediments.
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Figure 1. Location of cores collected in Falls Lake for quantification of sediment and
carbon accumulation rates. Stations 1 and 7 are highlighted in this report.
Overarching Research Question: How have the sediment and carbon accumulation rates
changed over the past 100 year or over the lifetime of the reservoir?
During the past decade, many environmental and climate scientists have raised (and examined) a
central question regarding the importance of inland waters to global organic carbon cycling and
climate change (see list “Recent Global Lake Literature”). One of the seminal papers for this
research focus (Downing et al., 2008) examined carbon cycling in 40 lakes and impoundments
throughout the world. Downing et al (2008) postulated that the extrapolation of their study
suggested that lakes and impoundments may bury 4 times as much carbon (C) as the world’s
oceans, and that agriculturally impacted impoundments alone may bury more organic carbon
(OC) than the oceans and 33% as much as the world’s rivers deliver to the sea. The
ramifications this had on global carbon sequestration and it impact on global climate was
significant. This assertion galvanized the research community and generated world-wide interest
in inland water ecosystems and their influence on global organic carbon and climate change. A
special issue of Limnology and Oceanography was dedicated to this issue in 2009 and over a
dozen of highly cited papers published during the last decade (see list “Recent Global Lake
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Literature”) have examined ponds, lakes and impoundments to verify or refute the original
assertions made by Downing et al. (2008).
The dramatic increase in CO2 emissions during the past century means that the storage of organic
carbon in reservoirs must increase substantially, if carbon accumulation is effective as a carbon
sequestration mechanism in Falls Lake (and other similar reservoirs). Surprisingly, no data
exists in the peer-reviewd literature to test this. Specific questions that we seek to answer are:
• What are sediment accumulation rates in Falls Lake?
• What is the relationship between sediment accumulation and carbon accumulation?
• How do carbon accumulation rates vary over the past few decades?
Approach: Sediment cores (~50 cm) were collected by boat using a push corer with a one-way
valve. Each core was extruded and subsampled at 1 cm intervals for the length of the core. Each
interval was weighed, dried and then reweighed to determine dry bulk density. Each interval
was analyzed for the 210Pb (see method below). The naturally occurring radioisotope 210Pb (22.3
year half life), was used to establish geochronologies and to quantify sediment and carbon
accumulation rates. The distribution of 210Pb with depth in a collected core is determined by the
decay rate of 210Pb, which is known, and the rate of sedimentation, which is determined from the
profile. Once a sedimentation model is established, it provides information regrading the rate of
sediment accumulation. When paired with organic carbon concentrations, a carbon sediment
accumulation profile can also be determined.
Method: 210Pb activities were determined via isotope-dilution alpha spectrometry for the isotope
210
Po, that is in secular equilibrium with grandparent 210Pb. Fine fraction of the sediment was
packed into Teflon vessels, 1.5-2.1 g each. Each sample was treated with 1.0ml (~20 dpm) 209Po
tracer diluted in 1M Certified ACS Plus, hydrochloric acid and 15 ml of Certified ACS Plus,
15M nitric acid. The tracer activity has been obtained using certified natural reference standard
IAEA-300. The vials were securely closed and undergone microwave digestion in a Microwave
Accelerated Reaction System (MARS 5) for 4 hours and 20 minutes in 3 cycles at temperatures
up to 90°C. Cooled vessels were placed under a fume hood. Content of the vessels was
transferred to appropriately labeled 50 ml centrifuge tubes. Teflon vessels were rinsed with
deionized water to recover all content using minimal amount of DI water- to minimize the
sample volume in next steps. Samples were centrifuge at 3500 rpm for 8 minutes in a
Thermofisher centrifuge. The separated supernate was transferred into appropriately labeled
Teflon beakers and placed on the hotplate. Sediment in each vial was treated with 5ml of 15M
nitric acid, vortexed and once more centrifuged at 3500 rpm for 8 minutes. The supernate was
combined with the rest of the leached samples in the Teflon beakers on the hot plate. The
remaining sediment was discarded. Temperature of the hot plate has been kept between 85-90°C
not to exceed 95°C to avoid losses due to volatilization of the 209Po tracer. When the solution in
the beakers has warmed up, 1-2ml of 10.3M hydrogen peroxide was titrated to each beaker and
let effervesce. Addition of hydrogen peroxide further degrades organic components not
destroyed by heating with nitric acid. Nearly dried samples were then dissolved in 15ml
deionized water. In the next step samples were titrated with ammonium hydroxide to raise the pH
to 7 – 8.5. Change in pH allowed iron precipitation. Precipitated iron was collected via
centrifugation 8 minutes at 3500 rpm and then rinsed twice with 30ml of deionized water. Iron
precipitate was dissolved with 3.75ml 10M Certified ACS Plus hydrochloric acid and treated
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with ~50/60 mg of ascorbic acid to eliminate the interference of iron by reducing it to the ferrous
state Fe3+ to Fe2+. Samples were transferred back to Teflon beakers with labeled stainless-steel
disks and stirrers. The stainless-steel discs are coated with foil on one side. To assure maximum
yields samples were allowed spontaneous deposition for 20-24h with stirrers at 200-300 rpm at
room temperature. The next day the discs were removed from a solution, rinsed with a deionized
water, and left to air-dry for 24 hours. Planchetes were transferred to α-particle spectrometry
utilizing Passivated Implanted Planar Silicon (PIPS®) detector for counting for 24 hours.
Samples for particulate carbon and nitrogen were frozen, freeze dried and transported under cold,
dark conditions to the UNC Institute of Marine Sciences where samples were run on a CHN
analyzer to determine particulate carbon and nitrogen concentrations.
Product: Three types of products are detrived from this approach. The first is a plot of sediment
accumulation rate as a function of depth in the core. This displays the changes in sedimentation
rate over the past ~60 year (since Falls Lake reservoir was established). This approach also
yields a time history within the sediments of Falls Lake. A set of established time horizons
within each core using this method is useful to examine other inputs to Falls Lake over time
(e.g., contaminant and nutrient inputs). By pairing the organic carbon concentration in each
interval with the age versus depth profile established by 210Pb, a third product (organic carbon
accumulation) is derived.
Results
1. Inputs of particulate materials to Falls Lake
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Figure 1 shows the relationship between water discharge (CMS cubic meters per second) and
TSM (total suspended matter; mg/l) for Ellerbe Creek
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Figure 2 shows the relationship between water discharge (CMS cubic meters per second) and
particulate carbon (µg/l) for Ellerbe Creek
Eno River
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Figure 3 shows the relationship between water discharge (CMS cubic meters per second) and
TSM (total suspended matter; mg/l) for Eno River
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Figure 4 shows the relationship between water discharge (CMS cubic meters per second) and
particulate carbon (µg/l) for Eno River
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Figure 5 shows the relationship between water discharge (CMS cubic meters per second) and
TSM (total suspended matter; mg/l) for Flat Riveer
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Figure 6 shows the relationship between water discharge (CMS cubic meters per second) and
particulate carbon (µg/l) for Flat River
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Figure 7 shows the relationship between water discharge (CMS cubic meters per second) and
TSM (total suspended matter; mg/l) for Little River
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Figure 8 shows the relationship between water discharge (CMS cubic meters per second) and
particulate carbon (µg/l) for Little River
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Figure 9 Relationship between particulate carbon concentrations in ug/l and total suspended
matter concentrations (TSM) in mg/l for the Eno River
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2. Fate of particulate materials in Falls Lake sediments

Figure 10 Falls Lake Station 1 (FL-1) Sediment Accumulation Rate as a function of depth

Figure 11 Falls Lake Station 1 (FL-1) Carbon Accumulation Rate as a function of time over the
past 50 years
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Figure 12 Falls Lake Station 7 Sediment Accumulation Rate as a function of time over the past
50 years

Figure 13 Falls Lake Station 7 Carbon Accumulation Rate as a function of time over the past
Year
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Figure 16 Particulate carbon concentration profiles for Stations 1 and 7.
Discussion and Conclusions
Inputs of particulate materials to Falls Lake
Water Discharge in Cubic Feet per Second (CFS): During the study period the water discharge
for the 4 river/creek inputs ranged from 1-6000 CMS for Ellerbe Creek; 1-1400 CMS for The
Eno River; 1-4500 CMS for the Flat River; and, 1-700 CMS for the Little River. None of these
sample collections were near high flow stage but rather represent medium-low discharge. The
USGS reports water discharge in units of cubic feet per seconf (CFS). For the remainder of this
report, water discharge will be expressed in units of Cubic Meters per Second (CMS) rather than
than CFS units used by the US Geological Survey. A unit conversion of CMS = CFS/ 35.314 is
used.
One of the major objectives of this study was to examine sediment rating curves that may enable
us to predict total suspended matter (TSM) concentrations based on water discharge (in CMS)
which is readily available online at https://m.waterdata.usgs.gov/ from the US Geological
Survey.
The ranges in discharge values were large for all four locations. The TSM vs Discharge
relationship for Ellerbe Creek and Little River is best represented by linear regressions with R2
values of 0.98 and 0.95 respectively. A linear relationship indicates that discharge rarely result
in water levels that are high up on the banks (where the slope increases) or levels that overbank.
Eno River and Flat river display a more typical rating curves that represent the full reange in
annual discharge are logarithmic relationship with an initial steep increase in TSM at lower
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discharge values; reaching an asymptote in TSM values as discharge reaches maximum values.
The range in discharge for the Eno and Flat Rivers asymptote at 50 mg/l TSM for the Eno (R2 =
0.85) and 60 mg/l TSM for the Flat (R2 = 0.88). In all four river/creek inputs good rating curves
were established to adequately predict TSM values at a given location and discharge. The
weakness of the current rating curves is the uncertainty in predicted values when discharge
exceed the values that we sampled in this study.
Particulate Organic Carbon (POC) values in ug/l appear to be strongly correlated with TSM
values (mg/l). Therefore is is possible to predict POC values of Falls Lake inputs based on
discharge values. This is illustrated in Figure 9 for the Eno River (R2 = 0.89)
The results of this study demonstrate that total suspended matter (TSM) can be predicted (with
an R2 of 0.85 or better) using water discharge data readily available online from the USGS. In a
similar manner, particulate carbon concentrations can be predicted (with an R2 of 0.76 or better)
using USGS water discharge values. This should be of great value to watershed modelers to help
tune their models.
Fate of particulate materials in Falls Lake sediments
Sediment accumulation rates for cores that have quantified and modeled so far range from 0.7 to
1.0 cm y-1 (Figures 10 and12). These sedimentation rates are higher than most estuaries and
provide insight as to the potential total sediment that is accumulating in Fall Lake. FL-1 (Fig.
10) displays an average sediment accumulation rate of of 0.92 cm y-1 and the core dates back to
near the early formation of the reservioir. Sedimentation rates at FL-1 have increased from 0.16
cm y-1 in 1976 to 0.47 cm y-1 in 2021, indicating a 3-fold increase in sediment accumulation rate
over the past 45 years. Similar to FL-1, a core collected in the lower lake (FL-7, Fig. 12)
demonstrates a significant rate of sedimentation (0.69 cm y-1) since the reservoir was formed.
Sedimentation rates at Fl-7 have increased from 0.22 cm y-1 in 1976 to 0.69 cm y-1 in 2021,
indicating a 4-fold increase in sediment accumulation rate over the past 45 years.
Using downcore particulate carbon concentrations and sediment accumulation rates for each
interval, we plot carbon accumulation rates (Figure 11 and 13). In a similar fashion, Carbon
accumulation has increased 3-4 fold during that period of time. This clearly dempostrates that,
as CO2 emissions have increased dramatically over the past 4-5 decades, carbon storage in some
parts of Falls Lake has also dramatically increased. The mean carbon accumulation rate at FL-1
since the reservoir was constructed is 103 gC m-2 y-1 and rates increase from ~50 gC m-2 y-1 in
the 1970 to ~ 200 gC m-2 y-1 at present. At station FL-7 (near the dam), the mean carbon
accumulation rate since the reservoir was constructed is 113 gC m-2 y-1 and rates increase from
~50 gC m-2 y-1 in the 1970 to > 150 gC m-2 y-1 at present. This provides hope that the role of
reservoirs, such as Falls Lake, will continue to play an important role in sequestering carbon.
This is exactly what is needed (increasing rates of carbon accumulation) for reservoirs such as
Falls Lake to continue to play an important role offsetting CO2 emmissions.
We note that not only sedimentation rates may vary with location within Falls Lake but that the
particulate organic component of the sediments being accumulated are also spatially different.
Figure 16 illustrates that the %C of sediment at the upper (FL-1) and lower (Fl-7) sites also
differ. In the upper lake (FL-1) %C averages 9.3, and in the lower lake (FL-7) the %C averages
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12.1. Of interest in future studies is the source and composition of the organic carbon being
accumulated throughout the lake. There is certainly much more to learn about sediment and
carbon accumulation, both spatially (within regions of the lake) and temporally (downcore over
decades). Collecting cores at more sites to fill in the spatial coverage and comparations of rates
over the past 45 years at various sites to discern a decadal or event scale pattern will provide
exciting new insights.
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Site Information
USGS Water Discharge Site Locations
Falls Lake
Site Number: 02086849
Site Name: ELLERBE CREEK NEAR GORMAN, NC
Site Type: Stream
Agency: USGS
Latitude 36°03'33" N 78°49'58" W NAD27
Durham County, North Carolina, Hydrologic Unit 03020201
Drainage area: 21.9 square miles
Datum of gage: 252.31 feet above NAVD88.
Site Number: 02086500
Site Name: FLAT RIVER AT DAM NEAR BAHAMA, NC
Site Type: Stream
Agency: USGS
Latitude 36°08'55" N 78°49'44" W NAD83
Durham County, North Carolina, Hydrologic Unit 03020201
Drainage area: 168 square miles
Datum of gage: 256.60 feet above NGVD29.
Site Number: 0208524975
Site Name: LITTLE R BL LITTLE R TRIB AT FAIRNTOSH, NC
Site Type: Stream
Agency: USGS
Latitude 36°06'48" N. 78°51'35" W NAD83
Durham County, North Carolina, Hydrologic Unit 03020201
Drainage area: 98.9 square miles
Datum of gage: 263.6 feet above NAVD88
Site Number: 02085070
Site Name: ENO RIVER NEAR DURHAM, NC
Site Type: Stream
Agency: USGS
Latitude 36°04'20" N 78°54'28" W NAD83
Durham County, North Carolina, Hydrologic Unit 03020201
Drainage area: 141 square miles
Datum of gage: 269.92 feet above NAVD88.
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