trial period is converted to a volume using bulk density estimates obtained from the Perry
County Soil Survey (2002), and compared to the estimated floodplain volume available

within the watershed.

33



CHAPTER V
RESULTS
5.1 Estimated Sedimentation as Predicted by RUSLE
The RUSLE model predicts potential soil loss per year (A) by multiplying six
factors including; rainfall erosivity (R), slope length (L), slope steepness (S), soil
erodibility (K), land cover and management (C), and land support practice (P). The first
model ran was to describe the potential soil loss per year of Whiskey Creek watershed
during a period of no logging or a natural background rate. All forested areas within the
watershed for this trial were given a C factor value of 0.003 to simulate undisturbed
forested areas. The raster calculator in ArcGIS was used to multiply all the RUSLE
appropriate rasters to create an output raster estimating soil loss per year for the
watershed (Figure 10). The results of the first model indicate that the average rate of soil

loss per year equals 2.69 t/ac/yr.

Annual Average Soil Loss Rate Whiskey Creek

Whiskey Creek R Factor

Figure 10. RUSLE rasters multiplied to calculate the average soil loss rate for Whiskey
Creek during a period of no logging.
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The next model trial was to test whether the RUSLE model for Whiskey Creek
can detect when areas of the watershed are being logged. Logged areas are assigned a C
factor value 0.031 and other forested areas have a C factor value of 0.003. The results
from the model trial highlight the areas where logging has occurred and the model

predicts an overall soil loss rate of 23.59 t/ac/yr (Figure 11).

Average Soil Loss Rate Whiskey Creek

Legend

Whiskey Creek Logged

Value
High : 138714

FEE Low: 0

Figure 11. RUSLE model trial of Whiskey Creek highlighting the logged areas of the
watershed for an overall soil loss rate of 23.59 t/ac/yr.

The first model trials were to test if the RUSLE model would detect logging
events within the watershed, which the results clearly confirm. During the trial simulating
a logging event the predicted soil loss rate is significantly higher than a period of no
erosion. Although these model trials do not provide a very realistic long term look view
of the watershed and the logging history, they still provide useful information and where

sediment erosion is likely to occur given a change of land management.
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The next model trials were performed on a 35 year period and include the
different severities of logging. The trials include 35 years and simulate a logging event,
the C factor is high once the area is cut, and gradually declines over an eight year period
back to the background rate (Table 2). The results of the model trials include the average
soil loss rate for logged areas and the average soil loss rate for the rest of the unchanging
watershed to provide more detailed information about how logging affects the soil

erosion rate.

Table 2

C factor values for three trials of RUSLE model

Year Severe Moderate Minor
1 0.400 0.310 0.190
2 0.280 0.217 0.133
3 0.196 0.152 0.093
4 0.137 0.106 0.065
5 0.096 0.074 0.045
6 0.040 0.012 0.012
7 0.040 0.012 0.012
8 0.040 0.012 0.012
9 0.040 0.012 0.012

10-35 0.003 0.003 0.003

36



RUSLE Model Trials

-

(3]

o
1

100+

n
T

Avg. Soil Erosion Rate (t/ac/yr)
o

Figure 12. The RUSLE model trials for a severe (square), moderate (circle), and
conservative (triangle) estimates of a changing C factor for logging activities within
Whiskey Creek watershed.

Once the model trials were completed the results of the average soil erosion rate
were converted into a volume using an average bulk density for floodplain soil types of
Whiskey Creek. The purposes of converting the erosion rates to volumes of sediment is
to compare radiometrically dated sediment within the watershed floodplains and if the
depositional rates can be modeled through the RUSLE model. The floodplain was chosen
through the FEMA project to delineate floodplains in south Mississippi and was
associated with the project that collected the LiDaR data used in this project. The total
floodplain area for the Whiskey Creek watershed measured to cover an area of 12.72
km?. A floodplain volume can then be created using radiometrically dated sediment

assuming even sedimentation throughout the watershed and floodplains. Once the volume
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of the sediment eroded, and the volume of the floodplain is known, an estimate for how
long it would take to fill that floodplain volume is obtainable.
5.2 Estimation of Sedimentation Using Radiometic *’Cs and 2°Pb
A sediment core collected from the Whiskey Creek floodplain was sampled in 5
cm intervals and tested for concentrations of *’Cs at the Ozarks Environmental and
Water Resources Institute (OeWRI) at Missouri State University. The complied
concentration data of the radiometric isotope *’Cs (Figure 11) shows a maximum peak

buried 65 cm below the current floodplain surface.

Whiskey Creek Floodplain Core
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Figure 13. Floodplain sediment core collected in 5 cm intervals in the Whiskey Creek
floodplain, showing the 3’Cs concentrations throughout the profile.

Through interpretation of the **’Cs curve and comparisons to other published
curves, the peak of the *3’Cs curve may not accurately represent the year 1961 as

suggested by Ritchie and McHenery (1990). The *3'Cs however most likely represents a
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possible downward migration of *¥’Cs particles due to the sandy substrate of the Whiskey
Creek core. Although, the *’Cs curve most likely over estimates the sedimentation rates
of Whiskey Creek floodplains it does provide useful information on the type of
depositional environment. The collected 3'Cs curve compared to those published by
Detriche and others (2010) (Fig. 14). Their research describes $*’Cs curves in a sandy
substrate floodplain and the typical curve profiles found in those locations. The collected
Whiskey Creek floodplain curve is best represented by the type 111 curve. Type IlI curves
indicate rapid sediment accretion during floods (Walling and He 1993) and the *¥'Cs is

mainly of sedimentary origin and not directly related from atmospheric fallout (Detriche

and others 2010).
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Figure 14. *¥'Cs curves from sandy floodplain soils describing different sedimentary
environments along a floodplain (Deriche and others 2010)

A 219Pp core was also collected from Whiskey Creek floodplain to help determine

sedimentation rates. The core was sampled in 10 cm intervals and was tested for 21°Pb
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concentrations by the Soils and Sediments Laboratory at the University of Texas at
Austin. The compiled data were plotted against depth to display the general decay of
210pp with depth (fig. 15). Using the CIC and CRS methods the accumulation rates
estimated for Whiskey Creek floodplain ranged from 0.72 cm/yr to 0.79 cm/yr. These
calculated rates of deposition were used to back calculated the depth of 1979 for the
RUSLE model and calculation of the floodplain volume. Assuming even and constant
sediment accumulation throughtout the floodplains of Whiskey Creek the total floodplain

volume for the RUSLE model trials was estimated at 3,339,000 cubic meters.
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Figure 15. Floodplain sediment core collected in 10 cm intervals in the Whiskey Creek
floodplain, showing the 2!°Pb concentrations throughout the profile.

The results from the three trial models were converted into volumes and a
modifier was placed on the total volumes to simulate the sediment delivery ratio for the

watershed (Table 3). Again, the only areas to have a changing C factor were the logged
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areas and were simulated to have a regrowth period over nine years of the 35 year period

of the model trial.

Table 3

Volume of sediment calculated by RUSLE model

Year Severe Sed Vol Moderate Sed Vol Minor Sed Vol
(m°) (m°) (m°)
1 0.400 529,811 0.310 417,820 0.190 236,399
2 0.280 380,489 0.217 302,095 0.133 165,471
3 0.196 275,964 0.152 221,213 0.093 115,821
4 0.137 202,548 0.106 163,973 0.065 81,104
5 0.096 151,529 0.074 124,154 0.045 55,968
6 0.040 81,846 0.012 14,905 0.012 14,905
7 0.040 81,846 0.012 14,905 0.012 14,905
8 0.040 81,846 0.012 14,905 0.012 14,905
9 0.040 81,846 0.012 14,905 0.012 14,905
10-35 0.003 930,947 0.003 930,947 0.003 930,947

Once the volumes of sediment were calculated and added for a 35 year period, the

volume of sediment was compared to the volume of the floodplain. The number of years

estimated to fill the volume represents how well the model was at predicting the

floodplain sedimentation for Whiskey Creek (Table 4). The three models predicted

different number of years to fill the floodplain volume with the severe model trial closely

predicting the sedimentation within the floodplain.
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Table 4

Estimated number of years to fill floodplain volume

Model Severe Moderate Minor

Years to fill estimated floodplain volume 4l 49 90

42



CHAPTER VI
DISCUSSION
Using the accumulation rate calculated by the 21°Pb dated core there may be some
assumptions or projections that can be used to infer historical logging events within the
watershed. There were a number of floodplain sediment cores collected from Whiskey
Creek that were analyzed for grain size, organic material, and magnetic susceptibility.
These cores throughout the watershed show an increase of grain size buried within the
soil profile typically occurring in the range of 50 to 80 cm of depth (fig 16). Using the
observed sediment accumulation rate and assuming there is a similar accumulation rate
throughout the watershed there is an opportunity to back calculate and determine the age
of these distinct increases in grain size. Using the average sediment accumulation rate of
0.75 cm/yr these buried peaks range from the years 1910-1930. During the early half of
the 20™ century, south Mississippi had a large increase in the number of sawmills and
forestry removal (Hickman 1962). The grain size increases could be related to this
increase of forestry removal activity and the large scale land cover changes.
Measured loss on ignition percentages of the sediment cores around the
watersheds revealed limited significance. Typical sediment cores highlighted a peak in
organic material near the surface and decreased towards the bottom with limited peaks of

organics. Magnetic susceptibility measurements varied throughout cores.
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Figure 16. Collected floodplain sediment cores from various locations within the
Whiskey Creek watershed highlighted the grain size increase buried at depth.

As the forestry industry continues to dominate the small county economies of
south Mississippi and the DeSoto National Forest, research about upland erosion and
downstream sedimentation will play a critical role in preserving the streams of the region.
The RUSLE model generated for this research provides only the starting point for
research need within the Whiskey Creek watershed. As stated previously the Whiskey
Creek watershed is unique in that it has a very low agricultural and human population
presence and provides a natural laboratory for the effects of logging in Gulf Coastal Plain
watersheds. Considering that this current version of the model makes multiple
assumptions about some of the geomorphic processes throughout the watershed, there are

a few areas where the model can be improved for future research.
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One inadequacy of the RUSLE model for this research is likely the input for the C
factors. The C factors for most of the watershed were generalized and most areas of the
watershed are unlikely to have the same value for the entirety of the watershed. Higher C
factors for areas that have not been logged or even areas that have been previously logged
would increase the overall generation of sediment. Another RUSLE factor that could be
updated is the R factor, or the rainfall erosivity. The R factor is a long term average over
several decades of collected precipitation data for the region. The influence of large
storms may not be highlighted in this format and large tropical storms could play an
influence in the erosive effect of rainfall.

Another area where the model could be improved is the selection and delineation
of the floodplains and the successive calculation of floodplain volume. The floodplain
area of Whiskey Creek was selected by FEMA and accounts for a 100 year flood zone.
This floodplain area may be too large considering the time scale of 35 years of this
project. A smaller floodplain area would drastically change the results predicted by the
RUSLE model for Whiskey Creek. If considering a 50 year flood zone would cover an
area half the size as the 100 year flood zone area the predicted results of the model are
much closer to the observed dated sediment.

Because there are no current gauging stations within the watershed there is a
lack of high quality hydrological data. Stream monitoring stations could provide need
information to further correct the model for better results. Small scale erosion monitoring
tests following logging events are also needed to help validate the predictions made by

the model trials.
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The most important area to further validate this study would be the collection of
more radiometrically dated sediment cores. Due to the expensive nature of collecting and
analyzing 13’Cs and 2'°Pb this study was limited to one core for the use of research. The
use of more cores throughout the watershed will help further describe the floodplain
sedimentation rates of the watershed as a whole as logging will continue to play a role in

the economies of the counties of south Mississippi.
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CHAPTER VII
CONCLUSIONS

As the logging industry continues to have a major role in the economy of counties
in southern Mississippi and the DeSoto National Forest, sediment production and
floodplain sedimentation will continue. How the watersheds and streams will react to
further sedimentation will affect downstream storage of floodplains and flood frequency.
The primary objective of this study was to determine the floodplain sediment
accumulation rates and compare the observed rates to a modeled sediment production
prediction determined from the RUSLE model. The RUSLE model was generated using
ArcGIS, historical aerial photos, and LiDaR generated digital elevation models to predict
the overall volume of sediment produced over a 35 year period. The predicted eroded
sediment volume was then compared to the observed and estimated floodplain volume of
Whiskey Creek watershed to validate the accuracy of the RUSLE model. Three different
RUSLE model trials were performed under different severities of forestry removal in the
watershed during the 35 year model trial: severe, moderate, and conservative. The
different severities of the models were determined by the changing C-factor during the
initial forest removal, site preparation, and the regrowth of vegetation. Using the three
model trials and comparing the results to the estimated floodplain volume calculated by
the observed sedimentation rates, it is concluded that the severe model trial best
represented the erosion and floodplain sedimentation rates within Whiskey Creek
watershed.

The RUSLE model implemented for watersheds impacted by land clearance
provides a wealth of important information regarding sediment erosion. Land managers
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are able to determine which areas of the watershed will be most susceptible to erosion.
With the knowledge of where erosion is likely to occur, better land management practices
can be implemented in a cost-effective manner reducing the negative effects of forestry
removal. Reducing the amount of top soil erosion will help not only the health of

floodplains and streams but also preserve nutrients for the benefit of future tree growth.
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APPENDIX A

SEDIMENT CORE DATA

Location: Whiskey Creek 2

Date Collected: 10/15/2013

Latitude: 30.988912
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Location: Whiskey Creek 5

Date Collected: 7/18/2014

Latitude: 30.988685

Longitude: -88.859356
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Location: Whiskey Creek 7

Date Collected: 12/14/2014

Latitude: 30.942940

Longitude: -88.827701
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Location: Bridge Creek 4

Date Collected: 12/10/2013

Latitude: 31.070751

Longitude: -89.261911
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