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ABSTRACT

Soil erosion and increased sediment yields within a watershed lead to impaired water
quality, decreased availability of wildlife habitat and reduced recreational opportunities. While
some sedimentation occurs naturally within a water system, most erosion processes are the
result of anthropogenic activities across a landscape, namely changes in land use and land cover
(LULC). This study was conducted to determine temporal and spatial sedimentation trends in the
Lake Issaquena watershed using sonar logging equipment, geographic information systems (GIS)
and limited hydrologic data from the Soil Conservation Service (1941 and 1949). Sediment
deposition was analyzed in relation to several key factors that influence erosion and sediment
yields; these being dominant land cover, topography and slopes, soils and geology, rainfall and
climatological aspects. Significant sedimentation has occurred in the Sixmile Creek delta, located
at the northern end of Lake Issaqueena. Sedimentation rates inferred from an analysis of afore
mentioned factors show considerable changes in erosion potential that correspond with
substantial changes in riparian vegetation, extreme variations in rainfall events, conversion of
land from agricultural to forestland and application of management practices. Water quality data,
including sampling depth, water temperature, dissolved oxygen content, Fecal coliform levels,
inorganic nitrogen concentrations and turbidity, were obtained from the South Carolina
Department of Environmental Health and Safety (SCDHEC) for two stations and analyzed for
trends as they related to land cover change. Data was available for the Sixmile Creek site for
dates ranging from 1962 to 2005 and from 1999 to 2005 for the Lake Issaqueena site. From 1951
to 2009, the watershed experienced an increase of tree cover and bare ground (+17.4%
evergreen, +62.3% deciduous, +9.8% bare ground) and a decrease of pasture/ grassland and
cultivated (-42.6% pasture/ grassland, -57.1% cultivated). From 2005 to 2009, there was an
increase of 21.5% in residential/ other development. Sampling depth ranged from 0.1 meters to
0.3 meters. Water temperature fluctuated corresponding to changing air temperatures, and

dissolved oxygen content fluctuated as a factor of water temperature. Inorganic nitrogen content



was higher from December to April possibly due to application of fertilizers prior to the growing
season. Fecal coliform levels stayed relatively the same, there was however, a slight decrease
overall, likely due to the decrease in pasture/ grassland. Turbidity remained relatively the same
from 1962 to 2005, but a slight decrease in pH can be observed at both stations. Sedimentation
analysis has shown that overall the lake surface area has decreased by 11.333 hectares and lake
volume has decreased by 320,800 m®, while catchment area increased by 6.99 hectares.
Average annual precipitation rates were shown to have no direct correlation with these
bathymetric measurements, and it is hypothesized that changes in land cover, slope and extreme

precipitation events are largely responsible for sedimentation in Lake Issaqueena.
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CHAPTER ONE

Preface

This research examines the intricate relationsbtveen land cover change, sedimentation and
water quality and how changes in one factor cabdmeficial or detrimental to the others. The rede#s
organized into two main topics due to the overallredance of information. The first topic as desdiin
Chapter 2 analyzes historical aerial photograpliyland cover change as they relate to water qudiig
second topic as described in Chapter 3 identitiemges in the morphometry of Lake Issaqueena due to
sedimentation and identifies possible causes fgin kediment yield. Both topics utilize geographic
information systems software (ArcGIS) for varioumsalyses.

This study is unique because there is historictl ¢lerial photographs, climatological and limited
hydrological data) available for analysis and congoen and because there are few studies which shew

reverse effects of going from more intensive t@ iesensive land use.



CHAPTER TWO
Spatial and temporal analysis of land-cover chaageswater quality in the Lake Issaqueena watershed

South Carolina

Abstract

Monitoring changes in land cover and the subsegemvitonmental responses are essential for
water quality assessment, natural resource planniagagement and policies. Over the last 75 ydzas
Lake Issaqueena watershed has experienced a diaitim land use. This study was conducted to
examine the changes in land cover and the impliathges in land use that have occurred and their
environmental, water quality impacts. Aerial photguhy of the watershed (1951, 1956, 1968, 19779198
1999, 2005, 2006 and 2009) was analyzed and dedsising the geographic information systems (GIS)
software. Seven land cover classes were definegtgexen, deciduous, bare ground, pasture/ grassland
cultivated and residential/ other development. Watmlity data, including sampling depth, water
temperature, dissolved oxygen content, fecal aotiftevels, inorganic nitrogen concentrations and
turbidity, were obtained from the South Carolin€)®epartment of Health and Environmental Control
(SCDHEC) for two stations and analyzed for trerslthey relate to land cover change. From 1951 to
2009, the watershed experienced an increase ofore and bare ground (+17.4% evergreen, +62.3%
deciduous, +9.8% bare ground) and a decrease wirpagrassland and cultivated (-42.6%
pasture/grassland and -57.1% cultivated). From 202009, there was an increase of 21.5% in resalén
other development. Sampling depth ranged from &fera to 0.3 meters. Water temperature fluctuated
corresponding to changing air temperatures, argbllisd oxygen content fluctuated as a factor oewat
temperature. Inorganic nitrogen content was hidfteen December to April possibly due to applicatifn
fertilizers prior to the growing season. Turbidityd fecal coliform bacteria levels remained rekdtinthe
same from 1962 to 2005, but a slight decline incaH be observed at both stations. Prior to 19%8atha
consisted of single-crop cotton farms, after 1988farms were abandoned, leaving large bare ar¢ias w
highly eroded soil. Starting in 1938, Clemson refted almost 30% of the watershed. Currently, Bthe

watershed is forestland, with a limited coveragerodll farms and residential developments. Moiritpr



water quality is essential in maintaining adeqde@shwater supply. Water quality monitoring focuses
mainly on the collection of field data, but currevéter quality conditions depend on the cumulative

impacts of land cover change over time.

Introduction

Remote sensing of high-resolution aerial photogyagem provide a historical record of land cover
change, which in turn can help understand diffegéndand use, which drive environmental changand.
cover, which is determined by remote sensing olasienv of the earth, is different from land use vihi@an
be defined as the human activities which take ptacthat same area of the earth (Comber 2008; (Cihla
and Jansen 2001). Mixing of land use and laneic@WLC) classifications is common in environménta
assessment (Jansen and Di Gregorio 2002). Changel C can be attributed to a variety of complex
interacting factors (ecological, political, and romic), therefore it is important to develop an
understanding of this interaction to preserve rattgsources (Mundia and Aniya 2006). Globallydlase
changes have been studied because of their relevinronmental goods and services (Tefera and Sterk
2008). Historically, shifts in the local economywhalayed a major role in determining land uses. As
market trends, supply/ demand and job availakéliychanging, landowners are forced to adapt. Today
many changes are based on personal choices arebvaand-use change models have been developed that
can predict land-use change patterns both spatiathtemporally (Lin et al. 2008; Corner et al. 201
This land cover classification and implied land abange analysis can be applied to planning, ecanom
development, habitat suitability and environmentahitoring (Dewan and Yamaguchi 2009 a,b;
Kalyanapu et al. 2013; Kamusoko et al. 2009).

Land use/land cover changes provoke a varietyogfdmchemical and hydrological responses. At
the watershed level, these changes have the tentnodify hydrology, local climate, precipitatio
water quality, soil erosion, biological communityusture and function. A study by Allan (2004) faun
that a range of stream conditions (from pristinaripacted) demonstrated the system’s total reat¢tion
many anthropogenic disturbances on habitat streetnd the food web. Lin et al. (2007a,b) found that

hydrologic components (particularly runoff and gndwater discharge) of the Wu-Tu watershed in Taiwan



were significantly influenced by changes in land.usn and et al. (2007a,b) concluded that futarelluse
scenarios influenced land-use patterns and hydydioth upstream and downstream of the watershed. Li
et al. (2013) analyzed LULC change in the Daginghtershed in China and reported that conversiam fro
agricultural/grassland to forest led to a decréadieod peak and volume for flood events. Dewad an
Yamaguchi (2008) examined the effects of land caW@nge on flooding in Greater Dhaka of Bangladesh.
Changes in LULC also affect functional groups armdebwithin the watershed. Miranda et al. (2014)
determined that there is an identifiable relatigmdtetween land use, nutrients, primary productiod
fishery communities in freshwater lakes. Lakesp@en systems, are linked to their catchments throug
surface runoff and nutrient input, which determipésnary production and composition, therefore
affecting hydrologic components, and the strucamé function of aquatic species communities (Mieand
el al. 2014).

Changes in LULC can also have a major impact oemgality and can become impaired by
herbicides, pesticides, fertilizers and bacteria tduland use practices (Coulter et al. 2004).tShif LULC
may cause changes in water temperature, dissokyggbn content, and total nitrogen (Zhao et al. 2006
Remote sensing has been used throughout the veonfdmitor and assess LULC changes: Choi and Han
(2013) used remote sensing to monitor land usegehand water quality in Korea; Bakr et al. (2010)
classified land cover changes in Egypt; and TedexhSterk (2008) in Ethiopia.

Remote sensing techniques to monitor land covengdanost commonly use satellite images,
however historical aerial photos, that can represerch older remote sensing products, are incrghsin
being digitized and becoming available. Theseshariages require more effort to classify, but can
provide a detailed record of land cover change twer and multiple dates throughout time. This is
important because land cover (and the implied lzs®) change do not always go in one direction (for
example, towards urbanization), but as in the casleis study can go from degraded agriculturahtare
sustainable forested land cover over time. Thquamess of this study is that it demonstrates ¢émefit of
assessing land cover change (and corresponding aéty data) at high resolution and at multiptents
in time to monitor restoration efforts. For thepaose of this study only land cover was considered.

Remote sensing analysis can only determine thedawer because aerial photos provide only a snapsho



and not a dynamic picture of land use. Some laveérccategories (e.g. field crop and residentimbatly
imply land use, but most of the study area considety land cover (e.g. forest, grassland/fields).

The overall objective of this study is to classifianges in land cover over time to identify the
driving factors in land cover changes at the waitegisscale using the Lake Issaqueena watershedsse a
study. The specific objectives of this study areltoAnalyze historical and current aerial photb851,
1956, 1968, 1977, 1989, 1999, 2005, 2006 and 2@0&eate detailed land cover maps, 2. Conduct
analysis of land use changes within the watersBefinalyze trends in water quality data in relatio

changes in land cover.

Study area and land use history

Lake Issaqueena is a man-made lake located whkilCtemson Experimental Forest (CEF),
about seven miles north of the Clemson Universatypus in Pickens County, South Carolina. However,
the Lake Issaqueena watershed is not located lgntiihin the boundaries of the CEF (Fig. 1.1).11938,
about 73% of the watershed was privately ownedtb@demainder was government owned (USDA1950).
Farms within the watershed averaged about 17 reescteith 69% being owner-operated and only 31%
operated by tenants (USDA 1950). Most of the 980ftgovernment-owned land was acquired under the
Bankhead-Jones Farm Tenant Act (there were 110&8ptocured in Pickens and Oconee Counties)
(USDA 1950). Today about 69.27% of the total wetted is residentially owned and only 0.07% is
commercially owned. Clemson University owns 29.65194044.47 ha. Local government owns 0.4%,
leaving the remaining 0.59% owned by area churchies.United States Environmental Protection Agency
(EPA) classifies the lake as located in the InrartBern Piedmont region. The dam at Lake Issaquisema
cyclopean concrete, gravity structure that is 99r0éng, with the top of the dam being about 15170
above bedrock (USDA 1950). The spillway is locaapgroximately in the middle of the dam and is 30.48
m long with a freeboard of 2.13 m and a maximunacip 1,428.90 riisec (USDA 1950). Storage for the
lake began in June of 1938 (USDA 1950).

The reservoir basin is long and narrow with rekihsteep shorelines (USDA 1950). When first

created, the lake covered approximately 47.35 2b(2m long by 0.18 km wide on average) and had a



storage capacity of 226.48 ha m (USDA 1950). Totlag reservoir covers approximately 36.14 ha. The
total watershed area in 1938 was 36.3% with a length of 12.71 km and an average widt8.@#% km
(Reservoir 2013). The total watershed was 36.39with a length of 13.13 km in 2011. The Lake
Issaqueena watershed has a diverse topographyvenage slope is 9.33 % with mostly south to west
orientation. The highest slope is 49.09 %. In 1966 ,average elevation was approximately 305 m. The
upper region of the watershed was classified ambawlling ridge tops on wide, highly cultivateceas

and rough, broken wooded slopes in lower areas @J$¥50).

Currently the Lake Issaqueena portion of the Clentswrest is used by the public for educational
and recreational opportunities such as, huntisirig, wildlife viewing, bird watching, hiking, Likg,
horseback riding, and picnicking. Average yearlggipitation for this area from 1920 to 2012 is 223.
centimeters (National Climatic Data Center 2014gal summer season temperatures for years 1895-2012
is 21.9C, while average winter season temperature is €.QRational Climatic Data Center 2014).
Adequate rainfall and moderate temperatures alliswegion to support a variety of habitat and $ore

types, such as mature oak-hickory forest, pinetptaons and mixed successional habitats.

Land use history

Cherokee Indians once hunted and farmed the ldmads10w make up Pickens County (Fig. 1.2).
Vegetation was predominately mature deciduous fahes was relatively free of undergrowth. Native
Americans cultivated small patches along strearobwt and “managed” forests by burning and thinning
trees and underbrush. In the late 1600s, Europstars began to colonize what is now the coastgibn
of South Carolina. They were mainly trappers arizs®tience farmers (Sorrells 1984; Galang et al7200
In 1788, South Carolina became an official statdeunhe Constitution, but there were still few Iee¢tin
the Upstate region. The earliest pioneers to #g#on settled on subsistence farms in fertile okhmds.
As the need for land grew, uplands were clearedpaihéhto cultivation. By 1787, cotton was a major
export and commercially important crop to farmerSC (Sorrells 1984; Galang et al. 2007). Intemsiv
farming of cotton and other commercial crops degdasbil conditions from 1860-1930 (Sorrells 1984,

Galang et al. 2007).



Since 1947, best management practices (BMP) haae Uged to continue land reclamation and
improvement for the Clemson Experimental ForestRCEs it came to be known. In 2008, CEF staff
enacted a revised Natural Resource Plan. The géamifies 13 divisions for the entire CEF, 4 of ahhiie
within the Lake Issaqueena watershed. The majofitiie watershed lies within a Special Natural
Resource Area, which is a protected area whereaotivities are prohibited and the goal of maintagni
existing roads, trails, and recreation areas mitomize impacts related to sedimentation and orzf]|
faunal and water resources (Management Planningpéo€lemson Experimental Forest 2013). Stream
buffers are also identified and maintained to pbteater quality and biodiversity. Part of the wated is
identified as Mixed Successional Habitat Areas,ctdre managed to provide areas in various
successional stages to provide quality habitaafoassortment of wildlife species. There are alspgmall
areas labeled as Intensive Habitat Management Avaah are open fields maintained for game and non-

game species (Management Planning for the Clemsparinental Forest. (2013).

Methodology

Aerial photography inventory and analysis

Aerial photography was obtained from EarthExpldhetp://earthexplorer.usgs.gov/), the United
States Department of Agriculture (USDA) Geospdliatabase and Pickens County GIS office (Table 1).
All images were processed with ArcGIS 10.1 Desking projected in the NAD State Plant 1983 S
coordinate system. Images acquired from USGS (1B%86, 1977, 1989, and 1999) were aerial photo
single frames and did not have coordinate systesfisatl. These photos had various scales and none
contained the entire watershed. The auto registrgigoreferencing tool was used to match photosdbas
on identical features between photos within theevgdited boundaries. The aerial photos were then
orthorectified to predetermined reference pointmglthe lake shoreline and stream channel using the
Georeferencing toolset. The Clip tool was usesutoset the aerial photographs within the watershed
boundary. Images from the USDA (2005, 2006 and 20@9e projected into the correct coordinate system

within the watershed extent.



Land cover class determination

Land cover classes were determined by examiningéhial photographs, studying local land use
history and adapting classes determined from sirstladies (Choi and Han 2013, Martinuzzi et al.£01
Tefera and Sterk 2008). Six land cover classes idergified: evergreen, deciduous, bare groundiupas
grassland, cultivated and residential/ other dgumkent (Table 2). Residential/ other developmerats@zs
that strongly imply land use) could only be deteredi for the 2005, 2006 and 2009 images because of t
low resolution of the images and because therdittlasdevelopment present in the earlier imagdse T
remaining five classes were analyzed for every pédata. These classes were easily distinguished o

each image.

Land cover class maps

In previous studies, the use of Maximum Likelihdapervised Classification was used as a
dependable method for classifying images (Mertenslambin 2000; Dean and Smith 1993; Dewan and
Yamaguchi 2009a,b; Choi and Han 2013). Choi and (2813) determined that the maximum likelihood
supervised classification technique is one of tlostwidely used and accurate methods for clasgjfyin
land cover. Land cover class maps for each yeaeéls photos were created using the classifigatio
toolset in the software. Because the photographe ta&en at different scales and different resoiyti
training samples had to be individually determif@deach year. Samples were identified for areas th
were representative for each class. After the imagere classified the majority filter and boundelgan
tools were used to remove errors. The attributkesafior each land class map were exported as soktifr
Excel document and analyzed. Figure 1.3 providésaachart for data analysis methodology.

The South Carolina Department of Health and Envitental Control (SCDHEC), Water Quality
Monitoring and Modeling Section, has developedagpmm called the Ambient Surface Water Monitoring
Program (SCDHEC 2014). Through this program a langeber of stations are monitored statewide,
including two located within the Lake Issaqueengenshed (Fig. 1.1). Data for the SV-205 statiox (Si
Mile Creek) and the SV-360 (Lake Issaqueena) ifiahla for download through STORET. Six Mile

Creek is the main surface water input for this Jaethe SV-205 station was also included in theysis.



Data for SV-205 dates back to October 1962 andmoed until December 2005. Monitoring at the SV-
360 site began in December 1999 and ended in Dezre2@05. For this study, depth of sampling, water
temperature (°C), dissolved oxygen (DO) (mg/L), f¢tal coliform (#/100mL), inorganic nitrogen (r@te
and nitrite) (mg/L) and turbidity (NTU) were anagdz Changes in these factors were correlated tb lan

cover changes.

Results and discussion

Land cover class maps

Overall, this watershed experienced a shift fromicafural land (both pasture/ grassland and
cultivated) to forestland (Fig. 1.4, 1.5). Li et @013) found similar results due to the passdge o
conservation policies in Daginghe watershed, Chihdtivated coverage in the Lake Issaqueena watdrsh
drastically decreased due to poor soil conditiors €hifts in the local economy. Lin et al. (200G0rid an
estimated decrease in forestland from 1999 to 26@€&pite land use conservation policies that wetréos
protect hillsides, water supply sources and laogested areas. In contrast, studies by Tefera tetét S
(2008) and Choi and Han (2013) found a decreaf@@stland and an increase in either agriculture or
urban development. Agricultural land use can impaater quality by increasing inputs of nonpoint rgau
pollution, altering flow regimes, increasing nutriénflow and fluxes and degrading riparian habitat

From 1951 to 2009, the Lake Issaqueena watershmtierced an increase of tree cover and bare
ground (+17.4% evergreen, +62.3% deciduous, +9.88 ground) and a decrease of pasture/ grassland
and cultivated land (-42.6% pasture/grassland andL% cultivated) (Fig. 1.5a). Increased forestland
(especially within the riparian zone) benefits @agueommunities by decreasing water temperaturetdue
shading, increasing dissolved oxygen content apdtof organic matter (leaf litter and woody ds)ri
From 2005 to 2009, there was an increase of 21rb&sidential/other development. There were
fluctuations for each class from year to year (Ei§a). Overall, deciduous tree coverage incretised
most as a result of land reclamation within theengtied and the conversion of cropland to forests.

Coniferous tree coverage also steadily increasétithe late 1990s when the Southern pine beetle,



Dendroctonus frontalis, devastated pine species across the Southeast (bi).(Cabe 2014). From 1995 to
1996, over $125 million worth of timber was lostedio the Southern pine beetle (Cabe 2014).

Lake Issaqueena also experienced a decrease atsanfea due to sediment loading.. The lake
has lost approximately 10.5 hectares since itiorein 1938. Tefera and Sterk (2008) found andase
in water coverage in the Fincha’a watershed indgtiai from 1957 to 2001. Li et al. (2013) also found

decrease in watershed size in Korea.

Water Quality Analysis

For the SV-205 and the SV-360 station water tempegdluctuations correlated with changes in
air temperature (Fig. 1.6 and 1.7). The SV-205ei@erienced an average temperature of 16.2 °de whi
the SV-360 site had an average temperature of T&46r the data collected (Fig. 1.6, 1.8). Decesias
forest cover from the early 1990s until 2000, fkehused an increase in water temperature duesoolo
shading. Water has a high specific heat indexgfoee the fluxes seen in air temperature are not as
apparent in regards to water temperature. Forith#fe Creek station water temperature tends ttmfo
trends in air temperature due to a smaller volufeater. The Lake Issaqueena station temperatuees a
generally a little above air temperature in bo#hwinter and the summer, due to a much larger velafm
water (Fig. 1.7). Dissolved oxygen (DO) levels mrgulated by water temperature, as temperature
increases the amount of dissolved oxygen presenedses and vice versa. This is also supporteldeby t
strong correlation indicated by the Pearson caicglaoefficient that found DO levels for each &tat
inversely related to water temperature (Fig. 116t B8c). The SV-205 site average 9.52 mg/L, wiiée
SV-360 site averaged 8.85mg/L (Fig. 1.6c and 1b&chuse faster moving water in Six Mile Creek would
allow for more opportunities of oxygen to enter teger than the lentic lake system. A study by Giral
Han (2013) on land cover and water quality dynaritghe west coast of Korea found that water
temperature and dissolved oxygen were affectecegans rather than a reclamation project.

Water pH for each site remained similar for eactheftime periods observed with the SV-205
station experiencing an average pH of 6.89 and 68¥7319 (Fig. 1.6d and 1.8d). For the SV-360 statio

levels of inorganic nitrogen fluctuated correspoigdivith the period before the growing season (ftat@
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December to early April) (Fig. 1.8g). This could dhge to application of fertilizer to cultivated lfis.
Similar findings were reported by Choi and Han @Qih Korea, who reported that total nitrogen aotalt
phosphorus were influenced by the fertilizers aestipides as a result of agricultural activity.

There was a decrease in the average amount ofainigrgitrogen at the SV-205 site at 0.56 mg/L
from 1962-1976 to 0.38 mg/L from 1995-2005 (Figd). By 1977, the amount of cultivated land within
the watershed had decreased dramatically. Theralsas significant difference in the level of iganic
nitrogen between Six Mile Creek and Lake IssaquéEiga 1.6f and 1.8f). An average of 0.36 mg/L was
present in Six Mile versus 0.14 mg/L in the laketfie same time period. Levels of fecal coliforncteaia
also varied greatly between the stream and the(Fike 1.6f and 1.8f). Between 1999 and 2005, S8-20
experienced average levels of 475.63 /100mL, wBWe360 averaged only 26.14 /100mL. Most likely
these differences between lake and stream arbuaéd to the much higher volume of water within fde
and potentially “urban stream syndrome” since Sibe i@reek area is more developed (Halstead et al.
2014). Halstead et al. (2014) found strong assiocsbetween water quality and urban development i
the Kayaderosseras Creek watershed in Sratoga Y;duvif where “urban stream syndrome” was even
detected on a small scale in lightly developed .ateavever, levels within the stream have also
significantly decreased from an average of 13409l from 1962-1976 to 821.86 /100mL from 1995-
2005. Fecal coliform bacteria are associated wiimal wastes, so decreases in pasture/ grasslanid wo
also attribute to decreases in bacteria conceotr@tiT urbidity levels remained roughly the samettfier
SV-205 station (Fig. 1.6e) and the SV-360 site .(Ei§e). The results of this study provide insighd the
associations between the water quality and histbclcanges in the land cover of man-made lake. The
results of the study show that forests play an ifigod role in maintaining clean water. Study baM et
al. (2012) also showed that it was necessary teepve sufficient forest land area and to controicagure

to maintain good water quality in the upper reatthe Hun River, Northeast China.

Conclusion

Overall the Lake Issaqueena watershed experienshitdrom agriculture to forestland. This

land cover change was brought about by shiftsérdbal economy. Land within the northern part &C
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remains largely forested and is the result of imm@atation of best management practices. The water
quality data suggests that large inputs of inorgaitrogen are still occurring during months ptioithe
growing season. Conservation tillage and reducetilifer application could help correct this proile
Management of land cover within the watershed igre&it important due to the possibility of impagyin
water quality, changing the local climate, and loyolgy. Long-term high-resolution remote sensing an
water quality datasets for man-made lakes is ssarllwide. Utilization of high-resolution aeriahptos
allows for a longer-term view of how land cover leaanged over time. There are few studies that/sho
the reverse effects of going from more intensiviess intensive land use. In many ways, degraatedksl|
around the world would benefit by this type of cersion, and data is needed to document the

environmental benefits of these types of strategies
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CHAPTER 3

Spatial and temporal analysis of sedimentationakellssaqueena, South Carolina

Abstract

Spatial and temporal land cover changes can resluaecelerate lake sedimentation. This study
was conducted to examine morphometry and bathymetiy the long-term changes (over 75 years) in
sedimentation in the Lake Issaqueena reservoirthSoarolina. The watershed and catchment areas were
delineated using Light Detection and Ranging (LiDARsed data. Trends in lake surface area andaipar
buffer condition (vegetated or unvegetated) weterdgined using classification tools in ArcGIS ardial
photography of the watershed (1951, 1956, 19687,19989, 1999, 2005, 2006 and 2009). From 1938 to
2009, the lake experienced a decrease in surfaeechiapproximately 11.33 ha while catchment area
increased by 6.99 ha, and lake volume decreas8@®B00.00 rh Lake surface area decreased in years
corresponding to equal coverage or largely unvéggtaparian buffers. Surface area and averageannu
precipitation were not correlated; therefore oflaetors such as soil type, riparian buffer conditimnd
changes in land use likely contributed to sedim@mnaA bathymetric map and three-dimensional imafje
the lake were also created to provide a visualesgtation of the lake as it is today. Shift fragrieultural

land to forestland in this watershed resulted deerease in sedimentation rates by 88.28%.

Introduction
Environmental factors and changes in land coveaithreservoir storage capacity worldwide.

Erosion is a natural process that is intimatelgtesl to sedimentation. Erosion rates are influethged
geology, topography, slope, climate, soil type a@detation (Brookst al., 2012). Rainfall amount and
intensity, soil moisture and texture, infiltraticate, upland erosion rate, drainage network derslibpe,
size and alignment of channels, runoff, sedimeatatteristics and channel hydraulic characteristiesall
factors contributing to the amount and locatiosediment deposits (United States, 2013). Anthropicge
factors are the leading cause of erosion and seditrensfer (Lexarta-Artza and Wainwright, 2011he$e

factors include urbanization and development, toygsractices such as clear-cutting, and many ether
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Cumulative environmental effects of activities iwatershed can adversely impact beneficial uséiseof
land (Brookset al., 2012). In order to understand the dynamics ofreedtation processes all factors must
be assessed and relationships established.

Reservoirs are important for water storage, sedtirmentrol, groundwater recharge, stream flow
moderation, water filtration and purification, pland fish products, and biodiversity and wildlfabitats
(McHughet al., 2007). Surface erosion (e.g. sheet or gully emstontributes soil particles, rock
fragments, pollutants and contaminants, nutrientsaher items into a waterway. Sediment accunaati
degrades water quality, limits available water sypgecreases biodiversity of flora and fauna, impa
drainage ways and channels creating flood oppdi#srand can also dampen local economic and
community efforts. Sediments have been widely stiidis indicators of environmental change because
they can document variations over time of sedinmgnits and characteristics (Lexarta-Artza and
Wainwright, 2011). The period of sedimentationssially known for reservoirs making them extremely
valuable for studying sediment fluctuations in @sge to environmental and land use changes within a
watershed.

Watershed responds to climatic, geographic antt@pbgenic changes because of the spatial and
temporal variation in climate and environmentalditons. Lack of long term data, differences ifdiand
data collection complicate spatial and temporalyaimaof sedimentation. However, identification of
impacts of land cover changes on watersheds isgis® maintaining healthy, functional freshwater
systems that will continue to provide for plantddiife and human needs. There are many studies
worldwide pertaining to sediments and freshwateirenments (e.g. lakes, rivers, reservoirs androthe
water bodies. For example, a study in Ethiopiayaea water availability for community use as wall a
economic impacts and found that impoundments gredtéred the landscape (Tefera and Sterk, 2008).
Other studies examined the positive and negatipaats of sedimentation including: the ability of
sediments to trap pollutants and contaminants iridde(Ruiz-Fernandeet al., 2012); deposition of
agricultural soil loss and subsequent degradati@yuatic ecosystems in the Midwest, United States
(Heathcoteet al., 2013). Land use changes are often attributed toggsain sedimentation rates. Mattheus

et al. (2010) analyzed the impact of land-use changehand structures on the evolution of fringing marsh
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shorelines in North Carolina. A study in the Unit€dgdom (Lexarta-Artza and Wainwright, 2011)
identified areas within a catchment that are mosteptible to erosion from land use changes. Odi@im
and Ricker (2012) found that land use changes pilyria areas cleared for agricultural fields cantrted
the most sediment to the Lake Anna watershed igiMa, US.

Many studies demonstrate the importance of ripasisffers on water quality and sedimentation
rates. Riparian buffers slow surface runoff, redgaielocity, which increases sediment removal by
increasing infiltration rate. Riparian buffers ftexptly have over 90% efficiency in trapping seditaen
(Leeet al., 2000). Stream buffers can include many specieggétation from herbaceous forbs to large
woody species. Legt al. (2000) found that during simulated rainfall evempgrian buffers trapped 93%
sand and silt particles and 52% of clay partididfering capacity also increases as buffer width
increases. Changes to land cover result in billafrisns more sediment being deposited in streards a
water bodies (Weatheesal., 2013). Removing vegetation increases the amouwbtdr that enters a
stream, thereby increasing the amount of sedinantgell (Weatherst al., 2013).

In 1950, a report was prepared by the USDA (196@etermine the effects of soil conservation
on sedimentation in Lake Issaqueena. This repoltded data on the bathymetry and morphometryef th
lake, and a detailed sedimentation survey thatomagpleted in 1941 by the Soil Conservation Service.
The watershed was resurveyed in October of 194%atalled comparisons of data as well as land use
changes were included in the report. USDA (195Qpébthat annual storage loss for the period fro8819
to 1941 was 1.67%, while the average annual rakessffor the 8.5-year period from 1941 to 1949 was
reduced to 1.01 %. This reduction was attributetthéoadoption of improved agricultural practicesved
as the best management practices (BMPs) that veeict an the CEF (USDA, 1950). Rainfall and excess
inflow over discharge were actually higher durihg second period studied and yet sedimentatios rate
were lower (USDA, 1950). USDAL950) also determined that the sediment was tapgsited in the
upper fourth of the reservoir, which is even mariglent today. Sheet erosion on cultivated fields wa
identified as the primary source of sediment, foltd by gullies, road banks and stream banks (USDA,

1950).
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Long-term data and a consistent method for meagwedimentation and identifying erosion
factors are essential for sustainable watershedggamnent in the future. Methods used to determine
sediment yield within this watershed could be usedther similar reservoirs within South Carolizad
other parts of the world. The Soil Conservationviger collected limited reservoir data years agda, bu
assemblage of new data will provide a means to esenpedimentation fluxes and changes within the
watershed to that of known land cover changes. Kexge of reservoir sedimentation, watershed erosion
trends and sediment chemistry are important fadgtopsedicting future water quality of surface wate
reservoirs.

The overall objective of this study is to condsjgatial and temporal analysis of sedimentation in
Lake Issagueena, South Carolina. The specific tilg=carea to: 1. Delineate the Lake Issaqueena
watershed and create the stream network using Lidafed data; 2. Document changes in lake volume,
surface area and catchment area between 1938 esehpusing historical and field data; 3. Classify
stream buffers (30 meters) as vegetated or un-agkin relation to sediment yield; 4. Analyze fast

which contribute to sedimentation in Lake Issaqaeen

Study Area and Land Use History

The Lake Issaqueena watershed is located in tladp of the Savannah River Basin in Pickens
County, South Carolina (Figure 2.1). The United&tdnvironmental Protection Agency (EPA) classifie
the lake as located in the Inner Southern Piedmegibn. Currently, various types of forestlandsgiag
from small pine plantations to mature oak-hickarsekts, dominate the landscape. Clemson University
owns and manages approximately 30% of the wateystigte the remaining land is owned privately
owned.

The watershed is principally drained by one foumttier stream (Sixmile Creek), two third-order
streams (Indian Creek and Wildcat Creek), and ns@epnd and first-order ephemeral streams. Thenstrea
network is approximately 69.48 km, with an averbggyth of 0.61 km, a minimum of 0.01 km and a
maximum of 1.89 km. The Lake Issaqueena reservas eompleted in 1938 under the Works Progress

Administration (WPA) as part of the “Clemson Coke@ommunity Conservation Project” (Figure 2.2).
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Since 1947, best management practices (BMP) haae Ueed to continue land reclamation and
improvement for the Clemson Experimental ForestRCEs it came to be known. In 2008, CEF staff
enacted a revised Natural Resource Plan, whichifaenl3 divisions for the entire CEF, 4 of whidf
within the Lake Issaqueena watershed (Clemson Wsitye 2008). The majority of the watershed lies
within a Special Natural Resource Area, which jgs@ected area where new activities are prohilared
the goal of maintaining existing roads, trails, aacreation areas is to minimize impacts related to
sedimentation and on floral, faunal and water resesi(Clemson University, 2008). Stream Buffers are
also identified and maintained to protect watediyguand biodiversity. Part of the watershed isntifed
as Mixed Successional Habitat Areas, which are groh#¢o provide areas in various successional stages
provide quality habitat for an assortment of wiiellspecies. There are also two small areas lalasled
Intensive Habitat Management Areas which are odsf maintained for game and non-game species
(Clemson University, 2008). Figure 2.2 providdsreeline of events that relate to sedimentation and

management of Lake Issaqueena.

Methods

Aerial photographs used for riparian buffer clisation and lake surface area estimates were
provided by the Pickens County GIS Department, éthtates Geological Survey (USGS) EarthExplorer
and the United States Department of Agriculture@AfGeospatial Database (Table I). Photographs were
available for the following years: (1947, 1951, 695968, 1977, 1989, 1999, 2005, 2006 and 2009).
Limited hydrologic data was available from the afoentioned report collected by the Soil Conserwatio
Service in April 1941 and October 1949. Data avdddrom this report includes elevation, surfacesar
drainage area, sediment deposits, rainfall infoilonadnd storage loss. The Federal Interagency
Sedimentation Committee provided instructions fampleting the Summary Data report, but not specific
methods for determining data. The Committee inadushembers from the United States Department of
Agriculture (USDA), Department of the Interior (U§DEnvironmental Protection Agency (EPA),
Department of Army, Department of Commerce, Depantnof Transportation, Department of Energy and

the Tennessee Valley Authority. The instructiongenaot been revised since 1978.
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Watershed characteristics

The watershed boundary was delineated using Ar@igiktop 10.1 and 2011 LiDAR files
provided by the Pickens County GIS office. Fromtii2AR files, a DEM was created using a terrain
dataset. The DEM was then used along with the hggyospatial analyst toolset. Figure 2.3a provides
flow chart for ArcGIS processes used in creatirgwlatershed map and the stream network.

Historical imagery (1947, 1951, 1956, 1968, 191889, 1999, 2005, 2006 and 2009) was
classified using maximum likelihood supervised sifigation. Training samples were made for each yea
of photographs due to inconsistencies in resolu#fo80 meter buffer was then created around treastr
network for each of the classified maps. South @@aloes not have a stream buffer width requirdmen
but the SC Department of Health and Environmentait@®| (SCDHEC) recommends at least thirty-meter
(approximately 100-foot) buffers. The stream bidfesere then classified as either vegetated or

unvegetated. The number of hectares was then ceahpar each buffer width.

Surface area, catchment area, and lake volume etsopa

Change in lake surface area was calculated ussgeasure polygon tool in ArcGIS 10.1. For
each year of historical photography a polygon waated to encompass the lake surface. These aezas w
then compared using Microsoft Excel.

Limited hydrologic data was available from a Resar$edimentation Data Summary report (RESSED)
collected by the Soil Conservation Service in Afi41 and October 1949. Catchment area could anly b
compared using the created watershed boundarytfrerB011 LiDAR files. Area was then compared to
the catchment areas listed on the RESSED repoit9%t and 1949.

Lake volume was determined using a Lowrance Elit#DI| sonar logging depth finder,
SonarTRX (www.sonartrx.com) software and ArcMapll@ransects were made evenly across the lake
from shoreline to shoreline, while recording solegs. These logs included geographic coordinatetpoi
(XY) and their associated depths (Z) and also asonage of the lake bottom and sediment. Thess fil
(-sl2) were imported into SonarTRX, viewed and tegported as comma separated values (.csv) with an

XY-coordinate system of UTM Zone 17N and a Z-cooadé system of WGS 1984. The resulting data
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(8335 XYZ points) were added to ArcGIS 10.2, prgelcnto the correct coordinate system and exported
as ESRI shapefiles. These shapefiles were theneméogether to simplify processing. From the résglt
shapefile, a Triangular Irregular Network (TIN) wagated using the Create TIN 3D Analyst tool. dsw
then converted into a raster based on depth. Tterraas then clipped to the lake extent createm fr
LiDAR data. The Surface Volume 3D Analyst tool weed to then determine the surface area and volume
below a named plane height of 10.353 meters, wiiiphesented the maximum lake depth. This tool was
also used to determine the volume of water in nmad@th increments, from 1 meter to 10.353 meters.
From this data a hypsograph was created in Mictdsadel. Figure 2.3b provides a flow chart for
SonarTRX and ArcGIS processes used to determirmevakime.

A contour map, a bathymetric map and a three-démo@al image of the lake bottom were also
created using the Natural Neighbor Raster Intetppi88D Analyst tool. The contour map was created
from the resulting layer using the Contour 3D Asafpol in ArcMap 10.1. Because Lake Issaqueena is
relatively shallow, contour lines were set 1 minats. The bathymetric map was created using tHashd
3D Z Data Management tool and reversing the valoiesflect depth instead of elevation. The symbglog
was then changed to reflect 10 depth classes ragfigim the most shallow to deepest depths. A 30gena
of the lake bottom was also created from the TIbd&yer using ArcScene 10.1. The TIN was added to
the map and base height properties were changedifnm to 10.353 m to encompass all depths present

within the lake.

Climatological data analysis
Climatological analysis was performed on data ftbemNational Climatic Data Center (NCDC,
2014). Average annual precipitation data was ergoand analyzed using Microsoft Excel. Data was
collected for 1938 to 2009 and plotted on the primyaaxis. Surface area data was plotted on theedare

graph (on the secondary y-axis) for the availakelery.
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Soil inventory and analysis
Soil inventory data was provided by Pickens Coui8 (Table 1). This data was clipped to the
watershed extent.
Discussion
Watershed characteristics
Based upon 2011 LiDAR data, the Lake Issaqueetthment drains approximately 3638.15 ha.
In 1938, the catchment area was slightly small&68t1.16 ha. This difference could be attributethto
various means for collecting data or because ofesipn of the stream network. Figure 2.1 providesaa
imagery from 1951, 1977, 1989 and 2009. It is evideom these photos that the northern portionaid.
Issaqueena has experienced extensive sedimentBdoause reservoirs are man-made structures that
disturb the natural flow of rivers and streamsywa#i as sediment transportation and deposition,
sedimentation in reservoirs occurs much more rgpidin in naturally occurring lakes. Substantial
allochthonous sedimentation occurs due to the Isizgeof the catchment area. Catchment size idlysua
larger for reservoirs as opposed to natural lakestde construction of man-made lakes in areas with
limited water supply.
It is evident from Table Il that significant esion has occurred. Steep slopes that were once more
than 25% have drastically decreased (-296.75 Ha)e wentle slopes that are between 2 and 7% have
significantly increased (+318.92). The soils tha&t laeing eroded away are likely deposited in aofas

lower elevation, which include the stream channels$ the lake.

Surface area, catchment area, and lake volume etsopa
When the lake was created in 1938 the lake covappdoximately 47.35 ha, but by 2011 the lake
only covered only 36.02 ha, a 23.93% decrease. takace area significantly decreased (by almogta)0
between 1941 and 1947. High rainfall possibly dbnted to an increase in surface area in 194%ngst
decreased again by 1951. In 1954, Lake Issaqueasarained due to fisheries re-stocking, whichtéed
man-made change in surface area. Surface areanegingteady until 1989 when it again decreased by ov

7 ha. Since 1989, the lake surface area has rechegtadively similar from year to year. For thetl#@s
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years, the lake had an average surface area @ 8a.8-igure 2.4 shows lake surface area for eeahof
aerial photography analyzed. Sedimentation ofdke tauses a loss in surface area and volume.rEacto
that contribute to sedimentation include severmstvents, natural erosion processes and many
anthropogenic causes such as agricultural andtfgnesactices. Changes in land cover are the likalyse
for sedimentation of Lake Issaqueena. Peak loss yeéncide with years that were not well managed
(1942-1945) and years that saw a large decreasg@tated buffers. Other studies have found similar
results with varying causes. A study completed hatk (1996) in East Africa states that the grovtthe
river delta is the result of both increased sediatéon and decreased lake levels and river flowe Take
Issaqueena watershed has experienced an increasefall from1938 to present, so decrease in fiow
not a major contributor to surface area loss. Aaogtudy, completed at Seyfe Lake in Turkey constud
that the 33% loss in surface area from 1975 to 2@6the result of a change in climatic conditiand
anthropogenic factors (Reis and Yilmaz, 2008).

Catchment area increased from 3631.16 ha to 363t 1The catchment area could vary due to
the method for determining area. By using LiDARad@&rious stream orders can be included in the
drainage area; these streams may not have beedéukin the original contour survey. Another pogsib
explanation is an extension of the stream netwakktd an increase in precipitation, but this carot
confirmed due to lack of data. LIDAR data has bgeown provide a highly accurate depiction of
hydrologic features derived from DEMSs.

Lake volume decreased from 2,264,700m1.938 to 1,943,900 fin 2014 (Figure 2.5). From the
raw data collected, average mean depth was appatedy™.66 meters. Table IV provides a comparison
of surface area, volume and mean depth for 19381,1847 and 2014. Figure 2.5 depicts the
hypsographic curve from data collected from the taswee depth finder. It is hypothesized that this
320,800 mdecrease is a result of changes in land covevelisis a factor of soil type and vegetated
buffer coverage. Data collected by the Soil Coreson Service in 1941 and 1949 showed that on geera
storage capacity of the lake was decreasing bya 8428132.17 rh Had this trend continued it is
predicted that Lake Issaqueena would be complétielg with sediment within the next four years.

However, due to land reclamation sedimentatiorsrhgve significantly decreased and storage capacity
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loss for 2014 is roughly 4220.53 i\ similar study was conducted on Lake Hayq iniftta, by Yesuft
al. (2013), also measured lake volume using an echadéog device and ArcGIS. They found that a loss
in storage capacity was also not attributed tocedese in precipitation, but due to a decreaséshdrge
from upstream watersheds and from degradation mitiose watersheds (Yesafal., 2013). This
degradation included poor farming and land managémmctices, which increased soil erosion and
increased surface runoff (Yesaifal., 2013). Lake Issaqueena watershed is unique in cosopeto other
studies in that there was a shift from agricultlmad to forestland, which greatly reduced sediauigon
rates by approximately 88.28%.

A contour map (Figure 2.6), bathymetric map (FéggRr7) and 3D surface map (Figure 2.8) were
created based upon the XYZ data collected. Theocomhap provides a 2D representation for the 3@ dat
collected (Yesuét al., 2013). The contour lines are labeled for everyemdépth starting from 1 m up to
10 m. At the southern end of the lake, closedhéodam, the contour lines are very close togethis;
represents the steepest slopes, or the deepebsd¥psufet al. (2013) utilized a similar process in
ArcGIS to create a contour lake with 5 m intenvatsl contour lines ranging from 0 m to 80 m. Thekdstr
areas of the map represent the deepest depthd) asfidocated in thalweg. This information can becu
to monitor long-term morphological changes andrseditation (Yesuét al., 2013). A study in Turkey
also created bathymetric maps for the Altinapariedeand found that sedimentation was seriousathie
the continued operation of their reservoirs (Ceyad Ekizoglu, 2014). Ceylan and Ekizoglu (2014jni
that within a 25-year span nearly 12.7% of the laké been lost due to sedimentation; causes weére no
discussed. Using the same data layer as the battigmmap (TIN), a 3D image of the lake bottom was
created using ArcScene (Figure 2.8). A 3D imagepramide a clearer visual for how sediments aredpei

deposited on the lake bottom.

Climatological data analysis
From 1938 to 2009, the watershed received an gearf1294.43 mm of precipitation annually.
From observing Figure 2.9 alone, it would appeat ke surface area is correlated to annual rainfa

However, by applying the Pearson correlation coiffit, precipitation and lake surface area are not
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correlated. This suggests that sedimentation oéllakaqueena does not heavily rely on averageathinf
across the watershed. However, it is possiblestinahg storm events do contribute significant ant® o
sediment. Overall, there has been an increasenimshprecipitation rates from 1938 to 2011 of 19669
Kebedeet al. (2006) found that low sensitivity of lakes to ffaithis typical for lakes with significant
outflow. From a preliminary analysis of Lake TandEthiopia, Kebedet al. (2006) hypothesized that the
sensitivity of lake level and outflow was contrallore by a variation in rainfall than by basinisca
anthropogenic factors. However, Lake Issaqueenarigolled more by human activity than by changes i

precipitation.

Soil inventory and analysis

There are seventeen soil series representedsisttidy area with Cecil being the predominant
series at 24.46%, followed by Pacolet series &%8.(Figure 2.10). These soils are highly erodiGlecil
soils are located on predominately on 2-10 % slopbsreas Pacolet soils are located primarily odQ%
slopes (Table Il). Bank steepness has a significapact on the surface runoff, which causes erosion
Three soil orders are represented in this study aith Ultisols being the most abundant, followsd b
Inceptisols and then Entisols. Staal. (1985) analyzed the effect of past erosion on NGdholina
Piedmont soils that are very similar to those mlthke Issaqueena watershed. They found that clay
content increased by approximately 10% for eachiencclass (slight, moderate and severe), organic
matter content was higher on more eroded sitestamtdvailable water capacity decreased with enosio
severity (Stonet al., 1985). Sediment that has been deposited at the afeBixmile Creek has been
classified as Chewacla soils. Chewacla soils anencon in Piedmont river valleys (Soil Survey Staff,
2014). Chewacla soils are somewhat poorly draimedaae frequently flooded for short to long periods
(Soil Survey Staff, 2014). When sediments are prarted from the lentic stream system to the |atiel
system larger particles (e.g. sand) are quickhodited at the delta, while smaller particles (elay) stay
suspended in the water column quite a distanced®stetling out. Over time this process leads ¢o th

creation of soils and decreases lake surface area.
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Vegetated versus Unvegetated Buffer Analysis

Figure 2.11 provides a comparison of vegetatedugeunvegetated buffers for the following years
of aerial photography: 1947, 1951, 1956, 1968, 19889, 1999, 2005, 2006 and 2009. All years were
analyzed to show a trend in land cover change witie riparian buffer. During 1947 and 1951, years
directly following lease to Greenville Air Force 85 the amount of vegetated versus unvegetatedrbuff
were nearly even. In 1956, unvegetated bufferseded the amount of vegetated buffers. Table V
provides information about land use classes (Rilgi al., 2014) in hectares for 1951, 1977, 198D an
2009. For each year of aerial photographs, fonedt{avergreen and deciduous) dominated the watkrshe
In 1951, the amount of vegetated versus unvegehatéfdrs was roughly even, by 1977 vegetated bsiffer
had increased significantly, and lake surface beghincreased. While the relationship between atget
buffer increase and surface area increase ardneatly related (likely an increase in precipitatied to
increased surface area), this suggests that th@faediment inflow is slowed. This trend is c&sode
noted from 1977 to 1989 when the amount of unvegetauffers increased and surface area decreased,
and also from 1989 to 2009 when again surfaceamdasegetated buffer coverage increased. Vegetated
buffers increase infiltration rate, reducing erosiate and therefore decreasing the sedimentadien r
Hook (2003) found that average sediment retentiguiats of various widths and vegetation in Montana
trapped between 63 and 99% of sediments. He alsalfthat 6 m wide buffers retained between 94 and
99% of sediment regardless of vegetation typeapes(Hook, 2003). He noted that narrow buffer wadth

steep slopes and sparse vegetation increase khaf gediment delivery (Hook, 2003).

Conclusions
Lake Issagueena has accumulated a significant mnodgediment in the past 75 years. The lake
has lost over 14.74 hectares due to sedimentdtignspeculated that changes in land cover sicgifily
contributed to the accumulation of sediments withimlake. There was not a significant relationship
between average precipitation rates and loss édciarea, while there was a relationship betwess of
vegetated buffers and surface area. Understandentate of sedimentation for reservoirs is veryantgnt

in planning and creating man-made lakes. Few asudive examined long-term impacts of reforestation
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of eroded agricultural lands on reservoir sedim@maates. Land cover changes associated wih thi
reforestation included improved stream buffers Wwhikely lowered the sediment loads through theastn
networks to the reservoir. Long term studies aitecal to understand erosion processes that ooeer
decades instead of seasons, such as watershectkbopges. Aerial photography is widely availablero

a long period of time, and this study demonstréted utility to examine both land cover and resérv
surface area changes. Methodologies and work flave been develop to integrate the latest techiualbg
tools, such as LIDAR and Sonar, into watershedrasdrvoir assessment. These tools provide an decura

baseline for future studies, while also demonsiga#i rapid assessment tool for future updates.
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CHAPTER 4

Conclusion

This research analyzes the intimate relationsbtgvéen land cover change, sedimentation and
water quality. It uses advanced technology to mtewd depiction of what has happened in Lake Issague
and the surrounding watershed over the past 7&year

Chapter two provided an analysis of land covengbdor nine years of aerial photographs. Water
quality data was provided for over forty yearstfoe Sixmile Creek station and approximately sixrgdar
the Lake Issaqueena station. This chapter focuseittking changes in water quality and significant
changes in land cover throughout the watershed nig¢tbodology applied to this study can be usedust
on a local scale, but also at the regional scale.

Chapter three provided information on changesle Imorphometry due to sedimentation and
identified possible causes of sediment accumulaBguipment utilized in this study was relatively
inexpensive and did not require specialized trgjrior use. Due to reclamation of this landscape ledie

and watershed are very unique.
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Table 1.1 Data sources and descriptions

Data Layer Source Coordinate System Date

LiDAR (LAS) files Pickens County GIS NAD State Plane 1983 SC 2011

Lake Polygon Pickens County GIS NAD State Plane 1983 SC 2013

Subdivisions Pickens County GIS NAD State Plane 1983 SC 2013

Parcels Pickens County GIS NAD State Plane 1983 SC 2013

Single-frame Aerial

Photos

5/14/51 USGS Earth Explorer NAD State Plane 1983 SC 1951
3/17/56 USGS Earth Explorer NAD State Plane 1983 SC 1956
3/14/77 USGS Earth Explorer NAD State Plane 1983 SC 1977
1989 USGS Earth Explorer NAD State Plane 1983 SC 1989

1999 USGS Earth Explorer NAD State Plane 1983 SC 1999

Aerial Photos

2005 USDA Geospatial Data Gateway NAD State Plane 1983 SC 2005

2006 USDA Geospatial Data Gateway NAD State Plane 1983 SC 2006

2009 USDA Geospatial Data Gateway NAD State Plane 1983 SC 2008
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Table 1.2 Land use/ land cover descriptions

Land Use Class Description

1. Evergreen Defined by the presence of evergreen species

2. Deciduous Defined by the presence of hardwood/ deciduous species

3. Bare Ground Areas of bare soil with little to no vegetation

4. Pasture/ Grassland Defined by the presence of grass species

5. Cultivated Defined by the presence of rows and/ or strips of bare
ground alternated with green vegetation

6. Residential/ Other Development* Identified by impervious surfaces, homes, commercial

buildings, etc.
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Table 2.1 Data sources and descriptions

Data Layer Source Coordinate System Date
LiDAR (LAS) files Pickens County GIS NAD State Plane 1983 SC 2011
Lake Polygon Pickens County GIS NAD State Plane 1983 SC 2013
1968 Aerial Photo Pickens County GIS NAD State Plane 1983 SC 2013
SSURGO Soils Data USDA-NRCS Geographic na
Single-frame Aerial

Photos

2124/47 USGS Earth Explorer NAD State Plane 1983 SC 1947
5/14/51 USGS Earth Explorer NAD State Plane 1983 SC 1951
3/17/56 USGS Earth Explorer NAD State Plane 1983 SC 1956
3/14/77 USGS Earth Explorer NAD State Plane 1983 SC 1977
1989 USGS Earth Explorer NAD State Plane 1983 SC 1989
1999 USGS Earth Explorer NAD State Plane 1983 SC 1999
Aerial Photos

2005 USDA Geospatial Data Gateway NAD State Plane 1983 SC 2005
2006 USDA Geospatial Data Gateway NAD State Plane 1983 SC 2006
2009 USDA Geospatial Data Gateway NAD State Plane 1983 SC 2008
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Table 2.2 Soils of the Lake Issaqueena watershed

Watershed
Soil map unit Map unit Percent Surface soil type  area (%) Family of higher taxonomic classification
name symbol slopes
CeB3 2-6 Clay loam 0.41
CeC3 6-10 Clay loam 4.17
Cecill CiB2 2-6 Sandy loam 8.98 Fine, kaolinitic, thermic Typic Kanhapludults
Cic2 6-10 Sandy loam 8.19
CID2 10-15 Sandy loam 2.71
(24.46)
Chewacla Co _ Soils, frequently 0.30 Fme—loamy3 mixed, active, thermic
flooded Fluvaquentic Dystrudepts
Clifton CtF 15-35 Fine sandy loam 0.05 Fine, mixed, semiactive, mesic, Typic
Hapludults
Grover GrB2 2-6 Fine sandy loam 0.45 Fine-loamy, micaceous, thermic Typic
GrG 40-80 Fine sandy loam 0.18 Hapludults
(0.63)
. GwF 24-40 Sandy loam 0.16 Fine, kaolinitic, thermic Rhodic
Gwinnett
Kanhapludults
HwB2 2-6 Sandy loam 0.35
HwC2 6-10 Sandy loam 0.75
Hiwassee HwWE2 10-25 Sandy loam 2.58 Very-fine, kaolinitic, thermic Rhodic
HyB2 2-6 Clay loam 0.36 Kanhapludults
HyC3 6-10 Clay loam 1.16
HyE3 10-25 Clay loam 1.53
(6.73)
Louisbur LoE 10-25 Sandy loam 0.04 Coarse-loamy, mixed,semiactive, thermic
9 LoF 25-40 Sandy loam 0.10 Typic Hapludults
0.14
Madison MaB2 2-6 Sandy loam Fine, kaolinitic, thermic Typic Kanhapludults
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Musella

Pacolet

Rabun

Saluda

Starr
Stony

Tallapoosa

Toccoa

Worsham
Water

MaC2
MaE?2
McE3

MuG

PaB2
PaE2
PaF
PaG
PcE3

RbE
RaF
RaG

SaF
SaG

SrB
St

TaD

TaF

TaG
To

WoB

6-10
10-25
10-25

40-80

2-6
10-25
25-40
40-80
10-25

10-25
25-40
40-70

25-40
40-70

0-6

6-15
25-40
40-80

2-6

Sandy loam
Sandy loam
Clay loam

Soils

Fine sandy loam
Fine sandy loam
Fine sandy loam
Fine sandy loam
Clay loam

Loam
Cobbly loam
Cobbly loam

Sandy loam
Sandy loam

Loam
Land

Loam
Loam
Loam

Sandy loam

Water

1.66
5.70
8.94
2.14
(18.44)

0.04

02
5.66
8.44
1.55
7.92

(23.59)

0.07

0.03

0.04
(0.14)

1.78
0.18
(1.96)

0.65

0.11
0.02
0.17
0.05
(0.24)

2.18
0.31

19.94

Loamy, mixed, subactive, thermic shallow
Typic Rhodudults

Fine, kaolinitic, thermic Typic Kanhapludults

Fine, kaolinitic, mesic Typic Kanhapludults

Loamy, mixed, active, mesic, shallow Typic
Hapludults

Fine-loamy, mixed, semiactive, thermic
Fluventic Dystrudepts

Loamy, mixed, semiactive, thermic shallow
Typic Hapludults

Coarse-loamy, mixed, active, nonacid,
thermic Typic Udifluvents
Fine, mixed, active, thermic Typic
Endoaquults
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Table 2.3 Distribution of land slope classes for net-sediment contributing area for 1950 to 2011 (1950 measurements adapted from Noll et

al. 1950)
Slope class Hectares Watershed Percent Change
1950 2011 1950 2011 Hectares Watershed Percent
0-2% 124.24 133.95 3.5 3.68 9.72 0.18
2-7% 460.13 779.04 12.8 21.43 318.92 8.63
7-10% 797.64 744.21 22.2 20.46 -53.42 -1.74
10-14% 552.80 782.29 17.6 21.51 229.49 3.91
14-25% 1028.71 949.95 28.7 26.12 -78.76 -2.58
> 25% 544.30 247.55 15.2 6.8 -296.75 -8.4
Total: 3588.75* 3636.91** 100 100 48.16 -




Table 2.4 Comparison of lake characteristics

Year Surface Area Volume (m®) Mean Depth Average Yearly
(ha) (m) Storage
Capacit%/ Loss
(m°)
1938 47.35 2,264,700 4.78 -
1941 46.13 2,156,100 491 36007.37
1947 42.90 2,005,600 5.28 20256.96
2014 36.02 1,943,900 6.29 4220.53
Total Change: -11.33 -320,800 -1.51 --
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Table 2.5 Land use/ land cover descriptions

Land Use Class Description 1951 1977 1989 2009
(ha) (ha) (ha) (ha)
7. Evergreen Defined by the presence 651.40 1139.29 1052.45 764.51
of evergreen species
8. Deciduous Defined by the presence 911.13 1332.20 1393.51 1478.61
of hardwood/ deciduous
species
9. Bare Ground Areas of bare soil with 167.50 252.03 317.04 183.86
little to no vegetation
10. Pasture/ Defined by the presence 821.30 398.94 581.42 471.46
Grassland of grass species
11. Cultivated Defined by the presence  1081.50 514.59 292.66 528.08
of rows and/ or strips of
bare ground alternated
with green vegetation
12. Residential/ Identified by impervious -- -- -- 209.86
Other surfaces, homes,
Development* commercial buildings,
etc.
Total area 3632.83 3637.05 3637.08 3636.38
(ha):

e Only applicable for 2009
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Figure 1.1 Map of the study area: Lake Issaqueena
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Figure 1.2 Timeline of events for the Clemson Experimental Forest (CEF) and Lake Issaqueena

watershed
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a Comparison of land class coverage for each year in hectares
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Figure 1.5 Land class data a Comparison of land class coverage for each year in hectares b Total

tree cover in hectares by year
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a Sampling depth for SV-205
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Figure 1.6 Water quality data for Sixmile Creek water quality monitoring station (SV-205) a
Sampling depth (m) b Water temperature (C) c Dissolved oxygen (mg/L) d pH e Turbidity (NTU)

f Fecal coliform (#/100mL) g Inorganic nitrogen (mg/L)
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a Water/ air temperature for the Sixmile Creek data station
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Figure 1.7 Water temperature and average daily air temperature comparison (Air temperature
data from USHCN) a Water/ air temperature for the Sixmile Creek data station b Water/ air

temperature for the Lake Issaqueena data station
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a Sampling depth for SV-360

— 0.35 ~

§—03-
S 025 -
8 02 -
0.15 -
0.1 -
0.05 -

¢f - -

N R TS R R R R R

& & ¥ F ¢ & &S

b Water temperature for SV-360

35
30 + - _ S o s
625- ] ) <
— 20 -
)
5 15 A .
g 10|, «
g 5
g 0 T T T T T T T T T T T T T T T T T T T T T T T T
|_

o & %0 S @qﬁ & P A& §°A & F %@ S @qﬁ & & SR §°4 &

Year

¢ Dissolved oxygen content for SV-360

12 -

-././'\o/\ R AT

[N
o

DO (mg/L)

O N A OO O
1

48



d pH for SV-360

pH
N

IR PSS S QQ N QQ Q‘; ga N g: S Q‘v NS Q% NS Q‘a $
o/ / / / ’ 9 / ,g 4} \ % X o’

0 T T T T
S S
Ni W& @‘b W @ 8"0 N QQO%QQ Q°$o e S & K Q@fo & - SO Q°$o &

Year

e Turbidity for SV-360

20 -

Turbidity (NTU)
(ee]

49



f Fecal coliform concentrations for SV-360
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Figure 1.8 Water quality data for Lake Issaqueena water quality monitoring station (SV-360) a

Sampling depth (m) b Water temperature (C) c¢ Dissolved oxygen (mg/L) d pH e Turbidity (NTU)

f Fecal coliform (#/100mL) g Inorganic nitrogen (mg/L)
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1951 1977 1989 2009

Figure 2.1. Aerial photographs (scale 1:3657.6 m) of the study site showing decrease in lake
surface area (1951, surface area: 35.23 ha; 1977, surface area: 38.48 ha; 1989, surface area:

31.01 ha; and 2009, surface area: 32.61 ha)
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Figure 2.2 Timeline of events and historical measurements of sedimentation in the Lake

Issaqueena watershed.
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Figure 2.4 Lake surface area comparison in hectares, *Lake drained in 1954
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Figure 2.6 Contour map for Lake Issaqueena in meter depth (2014)
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Figure 2.7 Bathymetric map for Lake Issaqueena (2014)
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a. Aerial view
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Figure 2.8 Three-dimensional view of lakebed for Lake Issaqueena a. Aerial view b. Left side

view (from dam), c. Right side view (from dam)
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59




Soils of the Lake
Issaqueena Watershed

| CHEWACLA
| cuFton
| GROVER
| GWINNETT
| HIWASSEE
| LOUISBURG
| maDisoN
|| MUSELLA
. PACOLET
. RABUN
| SALUDA

. |smRR

. |sTONY
| TALLAPOOSA
| TOCCOA
| WATER
| WORSHAM

Figure 2.10 Saoils of the Lake Issaqueena watershed.
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