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ABSTRACT

Elevated concentrations of toxic metals in sediments represent an environmental threat,
but can also be used as tracers for dating floodplain deposits, particularly iflthi@po
history is known. Following, metal profile variations within floodplain soites

affected by urban releases qaovide an understanding béimanrelated watershed
changes and geomorphic history. Wilson Creek in Springfield, Missouri drainklthe
industrial center of the city that dates back to the-b8@0s. The purpose of this study is
to investigate the geomorphic history of urban floodplain deposition along a 597 m long
reach ofWilson Creek, located immediately below a USGS dischargengagation.

The subbasin of this study area drains & of southern Greene Counti¥etal

analysis of floodplain surface samples indicate fdradformelevation, proximity to the
channel, and channel capacity contribute to sedimentation pattéetd.andLiDAR

data in combination with BRCS soilmapallowed for accurate identification of valley
floor landorms and associated distribution patternarthropogenic metals Cu, Pb, and
Zn and the nataily occurring metals Ca and Féerial photograhs supported these
findings based owidth measurementsom select channel locatiormver a 57year

period Results suggest that channel widening due to greater flow energy occurred
throughout most of the study reagsihce 1953except for crossectionsaffected by

bedrock control.
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CHAPTER ONE: INTRODUCTION

Floodplains are constructed by the river itself through theentte of both
hydrological and sediment transport processes (Wolman and Leopold, 1957; Magilligan,
1985; Walling, Quine, and He, 1992; Jain, Fryier, and Brierly, 200Bgsedepositional
landformsform along the sides of the chanméien rivers overflowheir banks and
deposit sedimer(tWolman and Leopold, 1957 Floodplains arg@rimarily composed of
sedimentarynateriak that were supp@d fromupstream sources including upland soil
erosion, landslides, and stream bank erosidmerefore, floodplainsepresent both sink
and sourcef sedimentn awatershed (Magilligan, 1985)n addition, sediment
associated contaminants released from urban, industrial, and mining sources can be
stored in floodplains for long periods of time, and remobilized 1A @9>years later
(Sekabira, Origa, Basamba, Mutumba, and Kaky@i@i0). Land use changes within a
watershed such as urbanization or agriculture can alter the geomorphic processes
controllingfloodplain sedimentation and erosion, creating the potentizhé
remobilization offloodplainsedimenbackinto the stream (Knox, 1977; Magilligan,
1985; Wallingand He 1999). The releasef excess sediment and associated
contaminantgan in returrdegrade water quality aféirm biological life within the
wateshed(Paul and Meyer, 2001

Floodplains provide important areas for both aquatic and terrestrial life within
riparian corridors through increased habitat connectivity and biodivePsaty @nd
Meyer, 2001) These natural functions of a floodplasnbecomealtered by human

interference, causing stress on biological life. When biota is exposedtaminants,



those contaminants then entiee biogeochemical pathways that can lead to human
exposure (Ftner and Wittman, 1981). Better knowledge okfilmodplains formin
urban watersheds and how they interact with contaminant patlisvageded in order to
improve management practices and achieve the maximum environmental benefit of
floodplains (Wolman and Leopold, 1957). Umstanding how human adties, as
opposed tamatural processemfluence floodplain formatiorerosionand remobilization
of stored alluvial sediment is needed for better environmentahgeament (Chin, 2006;
Gale, Adams, Wixson, Loftin, and Y«Wern 2002; Galsteet al., 206; Graf, 1975;
Harber, 1999; Knox, 1977; Knox, 2006; Leopold, 1968; Magilligan, 1985; Pavlowsky,
2004; Sekabira, 2010; Bernaadd Laverdie, 2001; Wang, Kim, Dionysiou, Sorial, and
Timberlake 2004).

Wolman and Leoplold (1957) suggest that the areaestulp inundation by the
highest discharge in a given year is considered the floodplain, or in terms of probabilities,
the land subject to flood with a reoccurrence interval of one to two yé&doedplains
can be described in different way# topograpic studies, a floodplain is the flat land
adjacent to a stream, while hydrologically, floodplains are defined as the landforms
subject to periodic flooding by parent streams, and geomorphitdadyfloodplain is the
landform comprised of depositional regtls derived from upstrearB¢hmudde, 1968).

Floodplain topography and sedimentology vary spatialting as bothraend
product and functional part of maintaining equilibrium within a drainage network.
Equilibrium in geomorphology refers to the fsebrrecting balanceamong materias
(sedimentetritus), process efosion, transport, depositipnand form (geometry,

curvatureSchmuddel1968). As an integral part of the stream system, a floodplain must



adjust to meet the requirementssaefdimentoad and dischargenposedupon itby the
drainage basin. Adjustments that alter surface configuration of a floodplain are a result
of initial sediment supply conditions and the sefpuent transport history of theupply
(Knighton, 1998). Types of adjusémts include changes in width and height of the

floodplain, which is associated with surface configurat®chfnudde1968).

Purpose

This geomorphological study identifies the floodplain as a valley floor landform,
influenced by various upstreamanthmop e ni ¢ acti ons since the
use alterations have influenced sedimentation, erosion, and contamination of the urban
floodplain under investigation. The purpose of this study was to investigate the
geomorphology, sedimentology, and geemistry of a floodplain landform along an
urbanaffected stream in the Missouri Ozarks regidime main goal was to describe
where metal contaminants are stored within historical floodplain deposits and to evaluate
the role of floodplains as a contral avater quality in Wilson Creek through storage and
remobilization of sediment and metal contaminatidhe Wilson Creek watershed is
located withinthe James River Basin Watershed in southwest Missouri within the
Springfield Plateaus of the Ozark Plate&rovince of the Interior Highland3heentire
Wilson Creek watershed draig$8km? of the westcentral position o6sreeneCounty
and flows south to the confluence of the James River in Christian County and is
comprised of both urban and agricultuaid use The stream is listeid the Total
Maximum Daily Load Report (TMDLas impaired by multiple point sources and urban

nonpoint sourcesIMDL, 2011). The pollutarg causing impairment to the st are



listed as unknown, but geomorphic alterationd toxicity from multiple pollutants is
likely a result ofexcessive storm water runoff frompervious surfacesTMDL, 2011).

The Springfield Plateau Ozark Highlands is one of the fastest growing areas in
Mi ssour i and home t o attifield. sMamy dosristCarecattrdctedN@ t i o n
this area for the Civil War btory and outdoor recreation and the Ozark region in general
is economically dependent on tourism. In ordesupport the tourism econonihe
James River anitis receiving water &dy Table Rock Lakenust be protected from nen
point sourcecontaminationncluding sediment and pollutants released from bank
erosion. Management strategies to improve water quality need to be implemented at
those locations, which are determined to poadsignificant nonpoint source loads. This
study will evaluate the potential for nonpoint source loads from floodplains to influence
water quality in urban areas.

The study area drains a smaller 96°kubbasin within the Wilson Creek
watershed that igffected largely by urban runoff and nonpoint pollution (TMDL, 2011).
Previous studies along Wilson Crdekve founcheavy metal contamination of mercury,
zinc, andead in channel and floodplain sediments (Shade, 2003; Rodger$, 20@5
floodplain stidied for this study is located within a recent Nonpoint Sourceifafian
easement project that aims to improve the riparian coraiddmnwvater quality that suffers

impairment from urban and agricultural land uses within the watershed.

Objectives

The objectives of this study are:

1) Sample surface and subsurface floodplain sediment to describe the stratigraphy and
geochemical profiles across the valley floor;



2) ldentify and interpret historical site characteristics and disturbance that influence
floodplain morphology;

3) Analyze historical and recent hydrological data to determine influence on historical
channel and floodplain changend

4) Distinguish patterns of elevation and valley floor landfotonaid in the anlgsis of
metal distribution.

Understandindpistorical land use changes and the effects on soil contamination
can help provide a baseline for better environmental management in the future (Knox,
1977; Lenat and Crawford, 1994; Bernard and Laverdiere, 2001; Paul and Meyer, 2001).
Analysis of vallg floor response to historical anthropogenic change is an important
factor in attempng to restore or maintain tltynamicequilibrium of a river system.
Identification of heavy metal distribution throughout floodplain surface andsiiace
sediments &n provide better insight as to how floodplains store sediment, and moreover
respond tdhydrological changes caused lmyman actions. Knowledge obtained by this
study will not only benefit Ozark streams, but could also aid in the environmental
managementf urban streams everywhere. Offloedplain response to urbanization is
understood, potential for remobilizing stored floodplain contamination into the stream
can be reducefGale et al., 2002; Martin, 2004; Sekabira et al., 20Haplogical
habitats an be preserved, and outdoor enthusiast can enjoy the recreation of a healthy

Ozark watershed.



CHAPTER TWO: BACKGROUND

This chapter reviews previous research and background information to provide a
framework for this study, as well as its limitats. The primary focus of this chapter is
to introduce the following areas of study: structure of valley floor landforms, geomorphic
response of floodplains, urban influence on watersheds, floodplains as both sediment
sinks and sources, and rates of flplaih deposition, including sections along Wilson

Creek.

Floodplains and other Valley Floor Landforms

Interactions among basin geology, hydrology, and the inputs of organic and
inorganic material from adjacent hillslopes and vegetation result in timafion of
valley floor landformsincluding floodplaingFigure 1)(Gregory, Lamberti, and Moore,
1989; Gregory, Swanson, McKee, and Cummi®91). Due to the force required to
alter geomorphic surfaces at various spatial scales, viédleylandforms a ranked
hierarchically in a temporal sense that is directly linked to the recurrence intervals for
floods or other geological events of similar magnitadeh as earthquakes, landslides,
hurricanes, and tornado@issell, Liss, Warren, and Hurle}986 Gregory et al.
1991). Floodplains are a type of valley floor landform and their formation and spatial
distributionwithin a river systenms a result oflownstream variations in tlsream power
threshold (Jain et al., 2008). This is the availableggniera stream, also defined as the
rate of liberation of kinetic energy from potential eneggyerally defined as the product
of stream slope and flow depfBagnold, 1966Jain et al., 2008)Floodplain formation

is controlled by basin variables incind drainage area, drainage density, relief, and



Valley flat

Figure 1. Typical representation of valley floor landformsAlAwvial fan; BS
Backswamp; & olluvium; FChannel fill; L-Lag deposit; LALateral accretion; N
Natural levee; FPoint bar; SSplay; VA-Vertical accretion.

(Source: Bloom, 1998)



more local scale variables such as slope, valley width, and sediment Glgplgt al.,
2008)

Floodplains form along streams across the valley fldtre base of the valley
floor and channel areomprised of lag deposits. In the channel, this material is only
moved duringhe highespeak flows. Lag depositan consist of gravel to boulder
sezed clastavaterlogged plant material, and partially consolidated mud blocks that were
eroded from thel@annel wall(Galloway and Hobday, 1996 Above the lag, sand is
transported as the typical bed loasbove these lag deposits, the valley floor is
comprised of colluvium and alluvium deposits.

Colluvium isunconsolidated sedimedepositedy rainwashsheetwash, slope
failure, or continuous downslope creep that collectseab#ise of slopes or hillsides (C in
Figure 1). These deposits are a result of mass wasting, gravity, and friction (Bloom,
1998). Accumulated deposits can form a colluvial wedgenterfingering deposits
along valley margin slopes. Alluvial fans are formations on terraces and floodplain
surfaces that result from tributary sediment and délawe depositgA in Figure 1)

(Gregory et al. 1991 Theyare greatly diverse in sizglope, types of depositand
sourcearea characteristics. Abrupt widening and shallowing of a channelsgossn

are important factors in the formation of alluvial fans (Bloom, 1998). The abrupt loss of
competence at the mouth of the valley througthewing, infiltration, and loss of depth,
results in increased alluvial deposition.

Older floodplains, typically not involved in contemporary floodplain process, may
remain on the valley floor as fluvial terraceserices typically represent the forme

levels of valley floors or flood plaing{oom, 1998. The two types of fluvial terraces



are depositionglalluvial) and erosiona{strath). Alluvialterraces are formed by
alluvium deposition, but occur less often tistirathterraces Cotton, 1940Howard,
Fairbridge, and Quinrl968). Strathterraces are eroded out of preexisting formations
caused by river meandering, or lateral planat©otion, 1940QHoward et al. 1968).
Different types of terraces are best classified by the stratigraphy aditkepA fill-cut
terrace is comprised by a layer of coarse debris and boulders with the finer particles
having been removed during the scouring proddssvérd et al. 1968). A strath terrace
often has a thin layer of alluviuover a bedrock bench, regsenting a previous channel
bed Both strath and fill terraces can be found withi& samevalley.

An oxbow lake is a lake in an abandoned channel found atop a floodplain.
Natural process or human activity can cause a channel meander to be cutnafiy fom
oxbow lake(Figure 1) A neck cutoff can form if a meander recurves until it intersects
with an upstream portion of the channel (Bloom, 1998). This locally abrupt shortening of
channel length will increase the gradient and velocity in the catodf eventually closes
off the abbreviated ends of the abandoned meander with bank deposits (Bloom, 1998).

When channel discharge cannot be contained within channel banks, floodwaters
with high velocity can erode chutes atop the floodplain, which ag@mdary channels
to contain and convey the excess discharge (FigurBrbn a geomorphic perspective,
chutes andecondary channels serve to attenuate flood flows in the main channel, and
from an ecological perspective, they serve as an importantdaraftnutrient exchange,
primary production, and riparian habitat developméiity, Church, and Rosenau
2004). Chutes create a shortcut acrasaeander during a flood event, and sometimes

cut-offs occur in chute locationsThese areas can be freevefjetation due to frequent



use, but are not present at all streams. Streams with largeestadilished natural levees
or where alluvium contains substantial binding material may not develop chutes.
Floodplains consistfovarious combinations of sansljt, and clay, which are
often underlain by pebble and cobble gravels (Wolman and Leopold, 1957). Lateral
(point bar) and vertical (overbank) deposits are the two main tyesivhentary
deposits within floodplainsLateral accretion of floodplainsours as the channel
migrates back and forth across the valley floor (LA in FigureEthsion due to lateral
shifting in a channel is compensated by deposition on the opposite side of the channel,
forming a point bar. Point bars are typically formedtmninside bend of a river by
lateral accretion ofelatively coarssediment at various elevatiordtenreaching all the
way to the floodplain surfad® in Figure 1) Lateral migratiorof the channel across the
valley floor over timehelps control fledplain elevatiorby erosion of bankdut rates
vary upon location due to variation in slope, discharge, and materials being transported.
The size of particles found in bar deposits is also dependent on channel form, particularly
slope (Knighton, 1998)Steeper channels typically transport coarser sediméuatisit
bars can be comprised of materiigh varying sizes and textures. Althoughgeneral,
sediment size decreases exponentially downstfeamthe headwaters to the mouth of
the river systenfKnighton, 1998) As bar height increases, inundating flows become less
frequent and result in vertical gradation sizes from coarsest to finest (Knighton, 1998).
Thus, there is a vertical transition, often abrupt, from buried coarser channel barsdeposit
upward to finer overbank deposits.
The vertical accretion of floodplains occurs by overbank deposition (VA in Figure

1) (Wolman and Leopold, 1957). Overbank deposition occurs when channel flow

10



exceeds bankfull stage and drops sudpdrsediments on tl®odplain,causing
floodplain elevation to increase as a result of sediment accumulktion, 2006)
Presumably, as floodplain elevation increases, flood frequency should decline (Wolman
and Leopold, 1957). Verticakcretiondepositanvary intexturedue to source
materials within a specific basin, but become gradually finer from the bottom to the top
of the floodplain. Resistance to flow increases as floodwaters spread further across the
floodplain, leaving textures of overbank deposits coasdrthickest near the stream
bankor higher energy channeflThis pattern is typically found within one to two stream
widths of the parent streaBchmudde, 1968)

Where a channel has stable banks and relatively slow lateral movement, repeated
deposition an result in a natural levéN in Figure 1) Natural levees often develop
when alluvial streams flow over floodplains, creating a low, wide ridge located
immediately adjacent to the channBldom, 1998. Once a system of natural levees is
establishedoverbank flows do not typically inundate the levees, but instead locally
breach them and spread out across the floodplain behind thegrpoint of breaching is
known as a crevasse in the levee, which can result in splay being spread far across the
backsvamp (S in Figure 1; BS in Figure 1) (Bloom, 1998). A backswamp is a depression
in elevation atop the floodplain where silt and clay accumulate during overbank flows.
This breachn a natural levee can become a-kiie floodtime channel, and may even
become a new permanent chanrBdbpom, 1998. If a new master channel is developed,
the old channel will begin to fill with channel deposits and form a curved oxbow lake (F

in Figure 1).
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Geomorphic Response of Floodplains

Fluvial systemgan retaira geonorphic history of their adjustments to
environmental andnthropogenidlisturbance¢Schumm, 1977; Knighton, 1998).
Present conditions of river systems are a result of both curreprevidus geomorphic
events. The current events reflect the relagigeinstant inputs over time to the fluvial
system, which tend to produce characteristic forms (Knighton, 1998). Hidwvents
such as the last glaciation had a direct effect on streams in both glaciated and unglaciated
areas, leaving a lasting influemon many fluvial systen{&nighton, 1998) During the
late Wisconsin glacial stage between about 20,000 and 1403@s BP, uplands and
hillslopes throughout the Upper Mississippi Valley region immediately south of the
continental glacier experiencedcelerated mass wasting that caused colluvial
aggradation by as much as 10 m in small headwater tributaries of a few square kilometers
or less (Mason and Knox, 1997; Stuiver, Reimer, and Brazid988;Webb, Bartlein,
Harrirson, and Anderseri993 Knox, 2009. Knox (2006 suggests that modest changes
in climate can produce large changes in the magnitedgiency characteristics of
floods, and therefore in the level of fluvial activity.

Climatic change and human influences are important factoromaghic
response of floodplains. Climate is an important source of energy for fluvial systems and
affects the amount of deposition on floodplaiMany rivers throughout the world have
experienced increased flooding from what many believe is a regliinaite change
(Pielke, Downton, and Miller, 2002; Wilby, Beven, and Reynard, 2008; Laforce, Simard,
Leconte, and Brissette, 2011). The general trend explaining increased flood disasters in

Canada is the increase of flood magnitude in the second Hh# aff' Century
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compared to the first half, and greater development on-floode areas as a response to
the growing population (Laforce et al., 2011). The hydrological cycle is accelerating in
response to the evident increasing precipitation at coriithand global scales, leading
to greater flood disasters and geomorphic response (Huntington, 2006; Laforce et al.,
2011). In combination with greater urbanization and impervious surfaces, increased
precipitation as a result of climate change will ims® peak discharge, bankfull
discharge, and surface runoff (Espey, Morgan, and Mash, 1965; Leopold, 1968; Arnold
and Gibbons, 1996; Booth and Jackson, 1997; Paul and Meyer, 2001). Physical
responses to hydrological changes include dramatic change inetipdanmform and
channel enlargement by widening and/or incision (Dunne and Leopold, 1978; Booth and
Jackson, 1997, Paul and Meyer, 2001).

Agricultural practicexzan also lead to geomorphic chamgdéoodplains (Knox,
1977; Trimble 1993; Knox, 2006)Converting natural land cover to agricultural use
typically increased both runoff discharge and sediment supply to stream channels (Knox,
1977; Matisoff, Bonniwell, and Whitling2002 Loczy, 201). Knox (2006) determined
that postsettlement row croppingractices caused accelerated overbank flooding that led
to greater floodplain sedimentation and bank erosion in thetUgdssissippi Valley
from 1900 td950. Thewatershedvasalsoexposed tazinc-leadmining, but the greatest
influence on sedimentationas linked to human activities related to agriculturee
agriculture vertical accretion rates within tributary watersheds with less thdm00
averaged about 0.2 mm*yand rates with areas increased to approximately 170,080 km
were about 0.9 mmr™* (Knox, 2006). In contrast, vertical accretion rates from the past

200 years that possess the highest agricultural production in the same areas averaged
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between 2 and 20 mmy¢Knox, 2006). In preparation for cultivatioratural forest
vegetation wihin a watershed is destroyed, reducing habitat and root protection. The
cultivation and tilling practices reduce soil filtration capacitypfands which can result

in increasedloodplain erosion and sediment into stregksox, 1977; Matisoff et al,

2002). After a single thunderstorm event, approximately 6 to 10 times more sediment
resulted from predominatebjlled sub basins than sub basins with no exposure to tilling
practices in the Old Woman Creek watershed in Ohio (Matisoff et al, 2002)arfiling

and land cultivatiomesults in greater soil erosion and an increase in suspended sediment
dischargesvhen compared to uncultivated lar(éiatisoff et al, 2002).

Livestock can alsact as important geomorphic agents in the fluvial environment
(Trimble, 1993). The cattle industry in the United States increased vastly in the two
decades following the civil war and resulted in geomorphic changes of floodplains.
Trimble (1993) discovered that cattle grazing increased bank erosion along a small
streamin the Central Basin of Tennessee and that uncontrolled grazing of cattle caused
approximately six times the amount of bank erosion as was seen along a controlled

stretch with no grazing.

Urban Influence

Urban development affects hydrologic and geomiarpharacteristics in
watersheds (kin, 2006; Gadter et al., 2006; Graf, 1975; Leopold, 1968; Paul and Meyer,
2001; Pavlowsky, 2004; Sekabira et al., 2010). Greater urbanization leads to an
increasing amourdf impervious surfaces, whiagksult in decresing infiltration rates

and increasing surface runpfifius imperviousurfacesausamnore frequent and larger

14



floods (Leopold, 1968Dunne and Leopold, 1978; Paul and Meyer, 2001). Flooding has
been found to peak more rapidly and occur for shorter peabtime in urban
environments in proportion to the percentage of impervious surface cover in a given
catchment area (Espey et al659Seaburn, 1969; Hirsch, Walker, Day, and Kalk&0;
Arnold and Gibbons, 1996). The increased discharge causedadyaation can lead to
moreerosion, poor aquatic habitat,calandform alteration (Galster et #006). Part of
theissue with increased flooding is related to inabilityptmirm sewer systents
successfully Storm sewer systems were not built to Hartbe increased magnitude of
runoff as a result olhcreasedmpervious surface Drainage efficiency is a crucial
determinant of hydrological change (Leopold, 1968). As cities continue to grow, their
storm sewer systems are insufficientlsécting waer into natural drainage systems
Similar to agriculture, urbanized areas cause greater erosion and sedimegrmiiton
(Graf, 1975; Arnold, Boison, and Pattdr§82; Paul and Meyer, 2001; Chin, 2006
Galster et al.2006).

Urbanization has the poteatito cause various geomorphic changes such as
aggradation and erosigbunne and Leopold, 1978; Booth and Jackson, 1997, Paul and
Meyer, 2001) Aggradation occurs in the construction phase of urbanization as hillslope
erosion increaseandincreased saghent supply leads to bed aggradation enudeased
overbank depositiorates (Dunne and Leopold, 197Anold et al. 1982Booth and
Jackson, 199Paul and Meyer, 2001 Channel pattern change has also lmserved
during the construction phase, anceamschanggrom meandering to braided, or to
more channelizetbrms during the period when watershed surface erosion rates are

restricted by landscaping and storm drain syst@msold et al. 1982; Paul and Meyer,
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2001). The erosional phase takes plaagtconstruction. Hillslope sediment supply
decreases, bte frequency obankfull flows increase due to increased impervious
surfacesand storm water drainage ratess a result, increased stream power causes
incision and widening of the chanrtelmake room to accommodate increased bankfull
di scharge (Paul and Meyer, 2001). Chin (2
to urban development is an increase of sediment production and deposition, followed by a
decline. The declinm energy rquired to transport sediment causes an increase of
excess stream power in the channel, resulting in channel enlargddnban streams can
increase from two to three times the size of the original channel and floodplains can
expand within two years, andentually by 270 percent the initial size (Chin, 2006).
Excess runoff flows across cleared lands that have not yet been deyekpsdg soll
erosion andncreased sediment production that fills channels. Since soil conservation
practices were implemened i n the 194006s, researchers h
control to study how such conservation efforts can alter floodplain sedimentation rates
(Magilligan, 1985).
Large woody debris is also reduced in urban channels as a fesalout,
down-cutting, and direct removal by people (Boatid Jacksor,997; Paul and Meyer,
2001). Altered channel form and processes, greater sediment fluxes, quicker bank
erosion and incision, and loss of heterogeneity in bed morphology can result from a loss

of large woody debris (Bootand Jacksanl997).

Floodplains as Sediment Sinks and Sources

Floodplainsprotect water qualityvith the ability totrap and removautrients and

16



heavy metal$rom polluted runoff by sedimentation, infiltration, and vegetateraoval
Typically, the efficiency of contaminant removal by floodplains is directly related te fine
grained sedimentation rates on the floodplain surface (Horowitz, 1€8/Bxbank
sedimentation and storage rates vary among undisturbed and distutbeshesh, and
are affected by frequency of inundating flows and their sediment load (Knighton, 1998;
Knox, 2006). Knox (2006) compared natural Holocene floodplain aggradation of the
mainstem upper Mississippi River (UMR) along western Wisconsin to thsturized
Driftless Area watersheds in southwestern Wisconsin and northwestern lllinois (Knox,
2006). The sedimentation rate of the UMR was higher in comparison to the Driftless
Area watershed as a result of drainage area and the size of the floodgdlaatirig that
valley size correlates with amounts of sediment accumulation (Magilligan, 1985; Knox,
2006). Wide valleysareassociated witlgreaterfloodplain sediment accumulations while
narrow valleysareassociated with loer sedimentation rates sinoarrow valleys
typically are steeper with higher velocity flows over floodplains (Magilligan, 1985).
Bridge and Leeder (197%9¢ported longerm sedimentation rates from 0.2 to 10
mm yr* with a simulation model of alluvial stratigraphy beneath a flomidpraversed
by a single major river, but with the tendency for rates to vary even within short reaches
of a river. Over the last 35 years, rates of sedimentation along the lower Severn have
ranged between 0 and 10 mmi\{walling et al., 1992Knighton, 1998), while
floodplains in the Amazon region have reached almost 6 T{\Mertes, 1994Knighton,
1998). These variations once again demonstrate how flood frequency and sediment load
can influence sedimentation rates.

Evidence of change in theu¥ial system can come from morphological remnants
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in the floodplain, including relict or buried channels and from sediment sequences that
reveal a complex and typically incomplete record of changing conditions (Knighton,
1998). Analysis of pollutant stage of major nutrients and heavy metals in the

floodplain can also be used to indicate changes in the fluvial systastner, 1990;
Magilligan, 1992; Walling et al.,992; Knighton, 1998; Owen, Walling, and Leeks,
1999;Paul and Meyer2001; Matisoff etl. 2002; Pavlowsky, 20Q04#aviowsky, Owen,

and Martin, 2010 Sedimenttrace element chemistry can be affected by a number of
factors such as surface area, surface charge, and porosity, but the most significant factor
for concentrating and retaining teelements is grain size (Horowitz, 1991). A very
strong positive correlation most commonly exists between decreasing grain size and
increasing trace element concentrations (Horowitz, 1991), resulting in floodplains being
widely recognized as significasinks for storing pollutants adsorbed to suspended
sediments (Lecce and Pavlowsky, 1997; Lecce and Pavlowsky, 2004). REmdhesis

of spatial distribution of nutrients and heavy metals in floodplain soils can help
understand fluvial responses to large changes within a watershed (Lecce and
Pavlovsky. 2001; Owen et al., 1999).

Alluvial sediments with contamination from known anthropogenic factors, such
as mining, can be employed to determine floodplain sedimentaties and patterns
(Lewin, Daviesand Wolfenden1977; Brewer and Taylor, 1997; LeccedaPaviowsky,
200]). Analysis of premining (18301900) and posinining (19201997) alluvium in the
Blue River Watershed, Wisconsin suggests alterations to channel form and floodplain
sedimentation ragecaused by the mining industry (Lecce and Pavlowksy, 2001).

Sediment contamination levels of Pb and Zn and their spatial distribution helped
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acknowledge that lateral channel migration and development of meander belts during the
mining period (1904L920)increased transport capacity of sediments, reducing overbank
flooding and sedimentation.

Identification offloodplains containing high concentrations of pollutants that are
also affected by high rates of bank erosion is important for protecting watiy.qua
Remobilization of contaminants at concentrations of concern can harm aquatic life,
potentially ending with the greatest harm inflicted on people through the process of
bioaccumulation. The Ozarks has a history of heavy Pb and Zn mining. Whengtudy
Ozark streams, these metals can often be identified in sediment samples as a result of
natural mineralization and/or anthropogenic influence. The United States Environmental
Protection Agency (USEPA) defines contamination levels of Pb in floodplashused

as residential soils to be greater than 400 ppm.

Floodplain Deposition Rates in Wilson Creek

Cesium137 (Cs*)is a radionuclide tracer that can be used to date floodplain
deposits and determine sedimentation rates (Walling and Woodward \V¥aBiag and
He, 1993; Owen et al., 1999; Bernard et al., 2001; Sekabira et al., 2001; Matisoff et al.,
2002; Ritchie, Finney, Oster, and Ritchie, 2004). Radioactive fallout from nuclear testing
in the 1950s and 1960s resulted in the deposition of &si¥iby rain and stratification
in the soil profile. Once depositeds-®’strongly absorbs to soil particles and is then
trapped in the sediment profile. The strong absorption to surface sediment@sttides
remain relatively stable in the soil pilef making the isotope a significant tracer for

dating sediment throughout a floodplain. Gamma spectrometer analysis can be used to
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identify the firstCs"’ occurrence in a core and assign the layer a date of 1954 (Walling
and He, 1993). Following, peakncentrations are identified and the layer containing the
greatesCs®’is dated 1963 (Shade, 2003; Rodgers, 2005).

Shade (2003) collected soil cores along a reach of Wilson Creek within the Nation
Battlefield. Resultsfor C&i n S h a d e 6 yindic&etiteDginrsny aof G
deposition at approximately 40 cm near the channel. Peak deposition near the channel
was discovered at about 10 cm while upland soils displayed a typical undisturbed profile
with most of the C§’ confined to the top 13w. Average sedimentation rates between
1954 and 2002 were 0.8 cm/yr, rates between 1963 and 2002 were 0.4 cm/yr, and rates
between 1954 and 1963 were 2.3 cm/yr (Shade, 2003). Hillslope erosion was significant
between 1954 and 1963 as indicated by seditientrates at the sample nearest to the
terrace (Shade, 2003).

Rodgers (2005) also studied overbank deposition along various segments of the
Wilson Creek, including a sample located approximately 60 m south of FR 156 and 20 m
off the east bank of Wits1 Creek. Sedimentation rates were calculated for historical
deposits between the 1963 surface and the buried soil surface. The buried soil surface
was given an estimated date of 1870 based on land use changes and industrial growth
within the watershedOverall, the C¥’profiles generally peaked at the floodplain
surface near 15 to 30 Bg/kg and decrease to 0 Bg/kg by 40 cm depth. The core profile
closest to this studies sampling | o%ation
presence at 20m and peak concentration at 0 cm. The sedimentation rate for-the 94

year timespan at Rodgero6s (2005) sampling
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Previous studies have analyzed floodplain morphology, heavy metal
contamination of surface and/or ssirfece sediment, and stream hydrology, but few
have combined all of these areas of study to understand floodplain response to land use
history. Further, none have evaluated the three dimensional geometry of floodplain
formation and contaminated depositioWMison Creek, or any other urban stream in the
Ozarks. This thesis combines the hydrology, sedimentology, and geochemistry of

floodplain deposition to understand their geomorphic development since the 1950s.
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CHAPTER THREE: DESCRIPTION OF STUDY AREA

The study aress locatedn the middle segment of Wilson Creeithin the James
River Basin (Figure 2). At thstudy reach, th@/ilson Creek drains 98m?of southern
Greene County in Missouri, including storm water runoff from Sprindfigsle third
largest city in Missouri. The length of the study reach is 0.6 km and is located 3.5 km
downstream from the Springfield city limits. Wilson Creek flows into the James River

about 11.2 km downstream from the study area.

Geology

Sedimentay rocks underlie the Wilson Creek watershed and include the
Burlington-Keokuk Limestone and Warsaw Formati@igure 3 (Thompson, 1986)
Differentiation of the Burlington with the lithologically similar overlaying Keokuk is
often difficult, so this sequee of Osagean limestones is often referred to as Burlington
Keokuk Limestone. These limestones are typically cegramed, crystalline, crinoidal
limestone. Chert fragments compose®38 % of i nset fl oodpl ainso
(Hughes, 1982; Oweavlowsky, and Olson, 2012). The small area of Warsaw
Formation outcropping in the study area is comprised of a lower geatang
argillaceous dolomite and shale unit and an upper -slatenated unit (Anderson,
1998). As a result of this limestone back being distributed throughout the watershed,
a karst landscape is formed, consisting of sinkholes, losing streams, and springs
(Vineyard and Feder, 1982Exposed limestone formatiomsth chert beds are exposed

alongthe bed of th@roject segment.

22



(4

0

sop, Croe

Repub

Wilson Creek Watershed Springfield, MO

T P
// = W i) N 5 '.

R e
M S e Wty
%Spn‘ngﬂeld

Figure 2. Wilson Creek watershed and cities.

a \ % F\C\qw
B i = } i N L
: [ T |
Lo -
P 0 25 5 Kilometers
.'/.
]
® SwudyArea [ sames river Basin Highways
[ studyAreawatershed | city —— Streams

Projection: NAD 1983 UTM 15N
Data Source: MSDIS
Created By: Aubree Vaughan

Date: 12/12/13



144

0 2.5 5 Kilometers

@ StudyArea Streams |:| Burlington-Keokuk Limestone I: Warsaw Formation

Projection: NAD 1983 UTM 15N
Data Source: MSDIS, 2005
Created By: Aubree Vaughan
. Date: 12/12/13
Figure 3. Bedrock geology of the study area watershed.



Soils

The fertility and physical properties of soils in the Ozarks vary greatly. Factors of
parent material, climate, pography, drainag@ndvegetatiorall affect soil formation.
Parent materials for soils in the study area are comprised of limestone, dolomite, and
shale residuum and Pleistocene Loess, colluvium, and alluvium (NRCS, 2008) of
the soils throughat the Springfield Plateau are alfisols, ultisols, arallisols. A total of
six soil series were mapped by the Natural Resources Conservation Service (NRCS) near
the sampled segment of the study area, labeled with corresponding landfo(figype
4) (NRCS, 2008). Table 1 provides characteristics for slope (%), landform type, horizon,
texture, and particle size at various depths for the soil classifications at the study site.
The GosgGassconade complex is formed on steeper hillslopes along the vdliey at
study site (NRCS, 2008). Goss gravely silt loam, Peridge silt loam, and the karst Keeno
Bona complex were identified as terraces, and both Dapue silt loam and Cedargap silt
loam are identified as floodplain units (Hughes, 1982; NRCS, 2008). Saonpkefor
this study were all collected from soils within the floodplain unit (Figurel4e
development of floodplain sailand sediment transport wittstream channels at the
study area are strongly influenced by the fluvial geomorphic processesioingro
transportation, and depositioRdgers, 2005) Exposure to agriculture, land clearing, and
urbanization has been proven to bury floodplain soils at various locations within the
southwest Missouri regiorCarlson, 1999Shade, 2003Rodgers, 2005; Oan,

Pavlowsky, and Womble, 2011).
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Table 1. Soil classification characteristics at study site (Hughes, 1982; NRCS, 2008).

Particle Size
Saoll Slope Depth Clay Silt Sand
Classification % Landform (cm) Horizon Texture % % %
Terrace/ 0-7.6 Ap Cherty Silt Loam 17 54 29.3
GossGasconade 3-50 glu?fce 7.6-38 BA Cherty Silty Clay 26 50 23.6
complex 38163 Bt Cherty Silty Clay 38 55 7.5
0-15 A Cherty Silt Loam 156 705 13.9
Goss gravelly silt 815 Terrace 1548 E Cherty S!Ity Clay 16.1 66.4 175
loam 48152 Btl Cherty Silty Clay 38 44 18
152-203 2Bt2 Cherty Clay 70 20 10
. . 0-20 Ap Silt Loam 116 68.2 20.2
Peridge siltloam ~ 2-5  Terrace g Bt Silty ClayLoam 208 654 138
48-152 2Bt2 Silty Clay Loam 345 498 15.7
0-28 A Cherty Silt Loam 20 535 26.5
KeeneBona 0.5 Terrace 2871 Bt Cherty Silty Clay 315 485 20.0
complex, karst 7199 2Btx Cherty Silty Clay Loam 26 50.4 23.6
99152 3Bt Cherty Clay 60 279 121
0-23 Ap Silt Loam 13 62 25
Dapue siltloam 0-3  Floodplain  23-38 A Silt Loam 19 69 12
38-203 Bw Silt Loam 20 69 11
Cedargap silt : 0-20 Ap Silt Loam 21 60 19
0-3  Floodplain
loam P 20117 Bw Silt Loam 25 42 33




Climate

Both mid-continent and midatitude locatios of the Ozarks influendée
seasonal variations temperatureprecipitation, and humidityMost precipitatiorin the
study area subasinfalls asrain, averagingl 1 . 8 t o 1 Unkted State3200§)r ( A
Approximately 57 percent of the average annual rainfall occurs during the 6 warmest
months of the year. Annual®nfall averages nearly0.5 cmand melts fairly quickly
after accumulatin (Rafferty, 2001). Re latitudinal location athe Ozarks favors more

sleetand freezing rain.

Hydrology

The maximum relief of the stifiasin containing the study area&mwith an
average slope of 0.0015 m/m for the 597 m study reach. The study area segment of
Wilson Creek is ahird order strearthat originates in Springfield and transports water
and sediment into the JamR®wer (Shade, 2003)The water and sediment eventually
empty into the White River system at Table Rock Lakeerage runoff at the mouth of
theWilson Creek that influences the study area is approximately #s5uhS. Army
Corps of Engineers, 1968pproximately 1 n¥s of that total is discharge from the
Southwest Waste Water Treatment Plant (SW WWTP). A total of $éwiéed States
GeologicaSurvey (USGSpages have been collecting discharge data along the Wilson
Creek and its tributaries (Table 2), but only the gages 07052000, 07052050, and
07052100 were analyzed in this study. Gaging station 07052100 is located at FR 156,
which is approxnately 239 nupstreanfrom the first crossection in the studyThe

datum ofthe gage is 350.41 above National Geodetic Vertical Datum of 1929.
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Table 2. Drainage area and discharge at USGS along all of Wilson Creek.

Average Q Max Q for Period

Y4

USGS Gage Description Period of Record Dr:mage for Period of  of Record and
rea
Record Date
10/1/1932 to
7052000 Wilson Creek at Scenic Dr. 9/30/1939; 6/28/1973 191.1 ni/s

0 9/22/0977, 6/4/199¢ o 0.55 s

to 2012
N 37°11'13.1", W 93°19&8" _
NADS3 n=26 years 7/12/2000
7052050 - F-Wilson Creekathwy 13 /5573 1 9/30/77 42.5 ns
and 160
N37°12'17.61", W 93°20'54.52" 5.4 mf 0.18 mls
NADS3 n=4 years 5/20/1979
9/21/1972 to
7052100 Wilson Creek near Springfield 9/30/1982; 5/28/1998 181.5 n¥/s
to 2012 31.4 m? 0.6 ni/s
N 37°10'06.7", W 93°22'13.0" _
NADS3 n=25 years 6/13/2008
7052120 South Creek Near Springfield 6/1/1998 to 9/30/2012 81.3ni/s
N 37°09'13.1", W 93°21'46.0" 10.5 mf 0.14 s
. ' n=14years 6/12/2000

NADS83




Table 2Continued Drainage area and discharge at USGS along all of Wilson Creek.

Drainage Average Q for Max Q for Period

0€

USGS Gage Description Period of Record Area Period of of Record and
Record Date
7052150 Wilson Creek below Springfield 4/1/67 to 9/30/1972 105n7/s
47.2 mf 1.1 /s
N 37°08'49", W 93°22'26" NAD27 n=5 years 12/21/1967
: , 8/1/2001 to
7052152 Wilson Creek near Brookline 9/30/2012 269.9 /s
N 37°08'49.7", W 93°22'31.7" 51 mf 1.9 mis
NADS3 n=11 years 6/13/2008
3/1/1968 to 9/30/70;
7052160 Wilson Creek near Battlefield 9/20/72 to 9/30/82; 205 nils
8/3/99 to present 583 mf 2.6 n¥ls
N 37°07'03.9", W 93°24'13.9 n=25 years 5/20/1979

NADS83




Wilson Creek and its tributaries within the City of Springfield have been
straightened and rerouted through concrete tunnels due to increasing urbanization in
several areas. The Jordan Creek is a tributary to Wilsaek@nat has been enclosed in
a concrete tunnel that runs underneath downtown Springfield. The tunneling occurred in
the 19206s as a | ast resort to protect the
types of waste directly into the channel. Chaimation is another result of construction
and human activities in the watershed. These alterations create the flashy flooding and
low baseflow associated with the Wilson Creek waterskewe( and Vitello, 1997
Rogers, 2005; Shade, 2003).

The hydrolagy of the Wilson Creek watershed is influenced by karst features (Vineyard
et al. 1982).Karst aquifers contain dissolution generated conduits that permit rapid
transport of ground water. Several geolagaharacteristics are needed for the formation
of karst features, such as soluble rock with a preferred thickness of several hundred feet,
moderate to heavy rainfall to aid in the solution process, and available relief for solution
to occur (Shade, 2003homson, 198)( Large, weHestablished, jointedr fractured
limestones or dolomites are the begited rocks for the formation of karst features.

These carbonate rocks form various surface anestface karst features including

caves, karrs, sinkholes and tunnels that result in unusual subswydircgy (Delina,

Babre, Popovs, Sennikovs, and Grinberga, 20TBg conduit systems receive localized
water inputs from losingstreams and runoff through sinkholes. These systems
interconnect with groundwater stored in bedrock fractures and graeutaegbility

(White, 2002). These karst pathways accept water during dry seasons and emit water as

springs in the rainy seasons (Vineyard et al., 1982).
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Land Use

Reports and accounts of early settlersbo
was muchéss in the Ozarks than what is present today. Survey notes of Greene County
demonstrate equally divided land consisting of prairie and woodland. Prairies covered
uplands while trees occupied valley floors and slopes (Rafferty, 2001). The primitive
land of the Ozarks was thrdeurths forested with the remaining consisting of ¢g#iss
prairie, particularly the bluestem grasses that were described by Rafferty (2001) to have
grown as high as a man on horseback.

Osage Indians occupied the area until apjpnately 1830. The Native tribes set
fire to forest and grasslands to drive out wild game and to prepare land for agricultural
production. Following displacement of the Indians from the Ozarks, the maintenance and
fires of the land became irregular. s® farmers still practiced the slash and burn
method, but the natural vegetation distribution was forever altered.

River-bordering areas and the Springfield Plain were inhabited by general farming
around 1870. Annual burning and maintenance of grasstao# place during the
spring seasons, but this practice became less common as more settlers arrived and the risk
of burning down neighborodés fences increase
fires allowed for underbrush to take over and killrwdfive grasses.

The arrival of railroads in the Ozarks created transformations in both agriculture
and industry. The period between 1870 and 1920 brought railroads and improved
roadways that allowed for more affordable and quick transportation of goedting a
transition from subsistence to commercial agriculture. Railways were also a draw for

employment, which brought even greater populations to the area. The development of
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the railroad and increased population growth caused great demand tbcovstruction
materials. This demand caused the Ozark timber boom, a period of deforestation that
|l asted until the 19200s.

Wilson Creek has a long history of pollution from industrial sources and
wastewater effluent fra Springfield. The Wilson Creekatershed became a popular
dumping ground for industrial wastes in the {2890s to miel900s (Shade, 2003;

Rodgers, 2005). The 1904 plat book of Greene County, MO describes industries
surrounding Wilson Creek and its tributaries. These businessesad@umlingfield Gas

Light Co., Foundry and Machine Shop, Kansas City and Southern Lumber Co., and

various railroad shops. Springfield Wagon Co. was also located along the Jordan Creek

in downtown Springfield between the years 1873 to 1941. In 1873, tioklBre mining

District became one of the four main lead and zinc producing areas in Greene County,
Missouri. Production near Brookline dropped to low levels in 1876 and eventually
ceased around 1898 (fAMissour. Lddoaatly inMi ni n g,
fractures in the BurlingtoiKeokuk Limestone, which underlie the study area along the

Wilson Creek. When these businesses and others in the area became flooded,

floodwaters transported contaminants from storage and dump sites to downséasam ar

(Figure 5).

As of 2012, approximately 30% of land cover in the watershed was impervious, with

47% urban, and nearly 16% grassland (TMDL, 2011). The rest of the area was

comprised of small percentages of cropland, forest, and herbaceous cover (T(MDL, 2
Todayodés | and use of the watershed ranges f

watershed, to residential, livestock grazing, and forage crop production ouside the city
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M. WOOLLEY, 989 Boonville St.,

Figure 5. Springfield Wagon Co. Flooded by Jordan C&sek1900.
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limits (Figure 6). Most of the area is comprised of farms and ranches where forage and
grain are grown for livestock within the lower portion of the study watershed.

Table 3 provides a chronological history of the city of Springiie6 s dev el op me
All of these major land use and industry changes could have influenced fluvial
geomorphology within the Wilson Creek watershed. This information helps to identify
rapid land use changes for industry and residential construction, ang$amuwces might
have been utilized in the 18ar time span. When analyzing sedimentation and fluvial
changes, these historical land use changes could provide important insight into any
sedimentation patterns and channel morphology. A better undengtarfidhe more
recent (posfl953) landuse changes immediately surrounding the study area can be
acquired through analysis of aerial photographs.
Aerial photographs from 1953, 1970, and 2010 display land cover changes around the
study area (Figure 7 thugh 9. Between 1953 and 1970, a few more structures were
built along the terrace on the east side of the channel. Tree removal is also evident
between the years 1953 and 1970, which can be seen north of FR 156 and along the east
terrace. The most redesmerial from 2010 displays an increase in vegetation on the
terrace along the west side of the valley floor as well as the area north of FR156 where
tree removal previously occurred. To the far west of the 2010 aerial, some rooftops can
be seen from a by neighborhood that was developed between 1970 and 2010. From
1950 to 1980, the population of Greene County increased nearly 20% every 10 years
(Forstall, 1995). The construction of this neighborhood and others to meet the demands
of the growing popwtion of Greene County may have influenced the hydrology an

sedimentation of the study ardaufine and Leopold,978; Paul and Meyer, 2001
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Figure 6. Land cover of the Wilson Creek Watershed in 2005.



Table 3 Chronology of developméand urbanization of Sprifigld, MO (Boyle and
March, 1997; Dark, 1981; Dark, 1984; Fairbanks and Tuck, 1915; Holcombe, 188,
2003; TMDL,2011)

Year Event

1828 John Polk Campbell travels to the area and stakes a claim

1835 Springfield is naned

1850 Greene County population is 12,7@3commercial and industrial economy

1870 Atlantic and Pacific railroad reached North Springfield

1878 Springfield total population is 6,878

1881 The Kansas City, Fort Scott & Memphis Railway waspleted from
Kansas City to Springfield

1926 Highway 66 completed; gives Springfield a paved highway connection f
Chicago to Los Angeles

1945 First SpringfieldBranson Regional Airport opens

1945 Residential construction boom begins

1945 City of Springfield purchases Springfield Gas and Electric Companies a
became City Utilities

1955 Lake Springfield built for cooling James River Power Station

1957 James River Power Station online

1957 City Utilities takes over Springfield City Water @pany

1958 James River Power Station unit # 3 online

1963 James River Power Station unit # 4 online

1965 Wilson Creek Battlefield open to public

1966 Paul Mueller Company plant expansion to 306,000 sq. ft.

1970 James River Power Station unit #&line

1974 Southwest Power Station online

2010 Population of Springfield is 159,498
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Table 3 Chronology of development and urbanization of Spiehd, MO (Boyle
and March, 1997; Dark, 1981; Dark, 1984; Fairbanks and Tuck, 1915; Holcomb
1883; Slade, 2003; TMDL2011).

Year Event

2011 Total Maximum Daily Load established by the EPA for Wilson Cre
and Jordan Creek

2013 James River Riparian Corridor 319 Restoration and Protection
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@ Cores

Figure 7. 1953 aerial photograph of study area and core sampling locations.
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Figure 8. 1970 aerial photograph of study area and core sampling locations.
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