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ABSTRACT

In southeast Kansas, where mining activities ceased in the middle half of the twentieth century,
heavy metals in residue materials have created surface contamination problems. The erosion losses of chat
material, aby-product of mining activities, have elevated levels of cadmium, lead, and zinc in nearby farmland
to phytotoxic levelsfor the crops normally planted. Selective vegetation isbeing examined as a means of
controlling the loss of sediment material and containing the further spread of the metal contaminants. The
kinematic runoff and erosion model, KINEROS, isexamined to investigate the role vegetation playsin control-
ling erosion from an 800-acre watershed near Galena, Kansas. Results of the model are compared with
predictions made by another non-point source model, the agricultural non-point source pollution model,
AGNPS.
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INTRODUCTION

Since 1899, whenthefirst water pollution control law was passed in thiscountry, tremendous
strides have been madein understanding and controlling those factorsleading to point and non-
point source pollution. The United States Environmental Protection Agency wasgiven power to
regulate point source pollution by the Clean Water Act of 1972, and more recently, non-point
pollution by the Water Quality Act of 1987. Section 319 of thisact providesfedera fundsfor
statesto establish and implement non-point source control programs, oneof whichis
phytostabilization. The use of modelsto predict the effects of variouswatershed management
practices, including the strategic placement of vegetative covers, will lead to themost efficient non-
point source pollution control measures.

In southeast Kansas, after the abatement of mining activitiesinthemiddlehalf of thetwentieth
century, soil and surfacewater contamination dueto zinc, lead, and cadmium wasidentified asa
seriousconcern. Chat piles, resdue materia from previous mining, have high concentrationsof the
metals, and erosion | osses and subsequent spreading of the sediment materia sby rainstorm events
have contaminated farmland downstream.

Inapreviousstudy (Green et a., 1997), an 800-acre watershed west of thetown of Galena,
Kansas, was sdl ected for smulation to examine which management techniqueswould be predicted
to bemost effectivein controlling sediment |oss. Themodel sdo not s mulate the partitioning of
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metal s between the agueous and adsorbed phases, however, the mgority of the metal contaminants
arefound adsorbed to the soil matrix. It isassumed that sediment lossestherefore predict areduction
intheamount of heavy metalsleaving aswell. The same watershed was examined for thisstudy,
allowing comparisonsin predictionsmade by theagricultural non-point source pollution modd,
AGNPS, and the kinematic runoff and erosion model, KINEROS. L ocated in Cherokee County,
Kansas, the presence of numeroustailing pilesin the watershed allowsfor an examination of the
influence vegetative covers and buffers have on controlling the spread of the metal contaminants. The
outline of thewatershed can beseenin Figure 1.

Thekinematic runoff and erosion model, KINEROS, isan event-based model which predicts
runoff volume and peak runoff rates, aswell aserosionlosses, from asinglerainstorm event. The
model, devel oped with the assistance of the United States Department of Agriculture, with recent
updates by Wool hiser, Smith, and Goodrich (1990), is physically based and accountsfor such
processesasinfiltration and interception. Thewatershed under examinationissubdividedinto cells
which represent both planesand channel s, in which water and sediment transport arerouted. A
maximum of 60 cellscan exist for any smulation, and thislimitsthe size of thewatershed which can
be examined without asi gnificant approximation of watershed characteristics. In order to physicaly
describethewatershed, five categoriesof inputsare required: smulated rainfal information, water-
shed topography, channel characterization, surface cover, and soil parameters(Osborneta., 1990).

Eight divisions, or components, exist withinthemode, thosebeing: rainfal, interception,
infiltration, overland flow, open channel flow, erosion, sediment transport, and reservoir routing and
sedimentation. Two parameter filesare necessary for model execution. Onefiledescribesthe
physical characteristicsof the watershed; the second describesthe nature of therainstorm event
(Woolhiser et al., 1990).

Rainfall

The precipitation file created for thewatershed can account for variationsin precipitationlevels
asonetransgressesthewatershed by placement of “rain gauges’ within specific eementsor cellsof
thesimulated region. By weighting theserain gaugesdifferently, different rainfal amountscan be
smulated over thewatershed. The hyetograph of the storm event isal so inputted, with accumul ated
depth being entered asafunction of time.

| nter ception
Themodel accountsfor interception by vegetation by subtracting theamount from thetotal

precipitation amountsfor the rainstorm event simul ated. I nterception depthisaffected by severa
factors, including wind vel ocity, vegetation type, and seasona growth stages. Model developers
provide atablewithin the operationsmanua giving reported interception depthsfor 11 different
typesof vegetative cover.
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Infiltration

Rainfall excess, whichleadsto runoff, isdefined asthe difference between precipitation
amountsand interception and infiltration depths. Therateat which infiltration occursisnot constant,
but dependson therainfal rate and accumulated infiltration amounts, or the antecedent moisture
condition of thesoil. One of the benefits of vegetation isthat the soil water content isreduced by
evapotranspiration. Thedepressionin soil water content increasesthe amount of precipitation that
caninfiltrateinto theroot zoneof the soil matrix. If therate of rainfall isthelimiting factor, then
infiltration rate equal s preci pitation ratesand no ponding will occur. Howevey, if therate of rainfall
exceedstheinfiltration rate, then accumulation of water onthe soil surfacewill occur. Themodelers
developed afour-cycleprocessfor infiltration:

Rain Limited: Whentherainfdl rateissmal, therateof infiltrationisequal totherate of
ranfdl, thetis

fc=r, @

wherefcistherateof soil infiltration (in/hr) andr istherate of rainfal (in/hr).

Ponding: Ponding occurswhentherateof rainfall exceedstheinfiltrationrate,

fe=f (F.6), @

whereFistheamount of rain previoudy incorporated into the soil, and g istheinitia water content
of thesoil, for thespecificrainfal event.

Two key factorsaffecting infiltration, the net capillary drive, G, and saturated hydraulic con-
ductivity, Ks, arerelated asfollows:

01 O° ©)
G=p——nf K (L/l) dy.

Ks D_Im
K isthehydraulic conductivity function andy isthe soil matric potential. Plantsa so have an effect
onthehydraulic conductivity, with soils containing vegetation having alargervalue under saturated
conditions.

Thesaturation deficit of thesoil, B, isdefined as.

B=G¢(Sw -S). (4)

where Smax isthe maximum rel ative saturation for the soil and Sj istheinitiad relative saturation for
thesail, withrelative values defined asthe soil water content divided by f, the soil porosity. The
authors providetableswhich giverangesof valuesof relative and maximum soil saturation based on
soil type.

When F>0, the maximum estimated infiltration rate can be estimated from
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Initialy, thesoil infiltration ratefollowstherainfal rate; however, when fc estimated from
equation (5) islessthanr, then equation (5) isutilized to estimatefc. Va uesfor the saturated hy-
draulic conductivity, net capillary drive, porosity, and maximum saturation aregiven intermsof soil
types. Astheamount of infiltrationincreases, fc decreasesuntil fc = K thehydraulic conductivity in
saturated soil.

Recession: Thekinematic runoff end erosion model accountsfor infiltration during recession,
wherer <fc, by factoringinthe“smoothness’ of the surfacein the parameter RECS, which mea-
suresthe depth abovewhich the entire surface of the cell isunder water. Larger valuesfor RECS
correspond to rough surfaces, while smaller vdluess mulaterel atively smooth surfaces. Whenthe
depth of therunoff decreases below the RECS val ue, the percentage of the surface experiencing
runoff decreasesproportionally (Woolhiser et a., 1990).

Rainfall Hiatus: If during therainstorm event, the precipitation rate decreasesbelow that at
which moistureisbeing incorporated into the soil matrix, asmeasured by the hydraulic conductivity
of thesail (r <Ks), andthesurfaceisnolonger covered by water, then the* redistribution” of soil
moisture must be accounted for by alarger valuefor theinitial soil moisture content whenthe
precipitation rate again exceedstheinfiltration rate. The* redistribution” isasfollows:

O

r o
S(r) = _ , 6
(r)=S +(Sm S)EiK—SE (6)

where S(r) isthenew soil moisture; S istheresidual soil saturation at the start of the current rainfall
event; ristherainfall rate; and pisapproximately 0.20.

Hortonian Overland Flow

Oncethe preci pitation amount exceedstheinterception depth and infiltration capacity of the
ground, then overland flow can begin. Although athree-dimensiona process, whenviewed onthe
large scale, it can be approximated asonedimensiona. Theamount of flow ismade proportional to
the storage per unit areathrough the kinematic assumption that:
Q=ah", ()
where Q isthedischarge per unit width; histhe storage depth of water per unit area; andmand a
areparametersrelated to surface conditions

Theexpressoniscoupled with the equation of continuity:

dnh dQ _ 8
at o a(xb). ®
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Theheight of water over acell isafunction of timeand position and related to theinflow rate
asfollows:

@_F—arrhm‘ldh =q(xt), €©)
dt dx

wheretisthetemporal coordinate; x isthe spatial coordinate; and gisthelatera inflow rate of
surfacerunoff from surrounding planesand channels.

With appropriate boundary conditions, the kinemati c wave equations, which aresmplifications
of the de Saint Venant equations, are solved by afour-point implicit method, the Newton-Raphson
technique. The parametersm and a, dependent upon s ope and surface roughness, are determined
using oneof four “resistancelaws’ inthemodd . Thesefour lawsincludethe Manning'shydraulic
resistancelaw, alaminar law used with Manning’slaw, Chezy’slaw, and thelaminar law used with
Chezy’slaw. Resistance parametersfor each of thelawsare provided in the operations manual . For
purposes of thisstudy, Manning’ sresistance law wasemployed, asManning'snisasousedinthe
agricultural non-point source pollution model, AGNPS (Young et al., 1989;AGNPS, 1994).

Open Channel Flow

Aswith overland flow, the kinematic equation describing channel flow issolved by thefour-
point Newton-Raphson iteration method. | nputsinto channel flow can occur from other channelsor
overland flow entering the channel fromtheend or sides. Direct rainfall input into the channel isnot
accounted for. Utilizing the kinemati c assumption, therel ationship between the cross-sectional area
of the channd and dischargeisasfollows:

Q=aR™A (10)

whereRisthehydraulic radius of the channel and A isthe cross-sectiond areaof the channel. The
cross-sectional areaof the channel can be approximated aseither circular or trapezoidal. Sufficiently
large s dedopesfor the channels can be sel ected so that ssmulation of arectangular channel isalso
possible. For thewatershed under study, no sewer or piping systemsexisted to channel water flow,
thusall channel sweresimulated astrapezoidal. Again, parameters dependent upon surface condi-
tions, m and a, weredetermined usng Manning’sequeation:

5
m=2 (11)

1
a =1.49s?n?, (12)

wheresisdopeand nisManning’sroughness coefficient. The appropriate Manning'snvaueis
dependent upon the channel material and shape.

Proceedings of the 1999 Confer ence on Hazar dous Waste Resear ch 261



Erosion and Sediment Transport
KINEROS accountsfor two distinct types of sediment erosion: erosion caused by raindrop
impact and eros on resulting from surface water flow. Erosion caused asaresult of surfaceflow can
be upland erosion or channel erosion. Deposition resulting from decreased surface-flow vel ocities
when going through larger water bodies, such asponds, isaccounted for aswell.
Themode devel opersreport that thefollowing massba ance equationisused to model
sediment movement a ong thewatershed:
d(AC,)  d(QC,) _ 13
- + - —e(x,t) =g, (xt), (13
where A isthe cross section areaof flow; C_isthe sediment concentration; eistherate of erosion

inthesoil; and g isthelateral sediment inflow for the channels.
Asdtated, erosioniscaused by impact and surfaceflow. Thesumis

€=0;+ 0, (14)
whereg_issplash erosion;
g, =c;k(h)rq, (15)
andg, ishydraulicerosion.
g =¢,(C —C) A (16)

Thesplash erosionrate, g, isaproduct of arain splash coefficient; ¢, areduction factor
dependent upon water depth, k(h), and rainfall excess, g. In equation 16, c, isthehydraulic erosion
parameter; C_ isthesediment load concentration at thegiven hydraulic and turbulent conditions;
and C_isthe current sediment |oad concentration.

Theeroson duetoimpact, or splash erosion, isaways additive, whilethe term accounting for
hydraulic erosion can add to or decrease eros on, depending upon therate at which water flows.
Splash erosionisnot taken into account when examining channel erosion, and if noinput occursat
theend of the channel asaresult fromlateral inflow, then depositionresults. Hydraulicerosionis
proportional to the difference between the carrying capacity of the stream when at steady state and
the current sediment load.

Thehydraulic erosion parameter accountsfor the“ cohesiveness’ of the soil matrix. Aswater
velocity increases, so doesitscarrying capacity. The KINEROS model can utilize six different
sediment trangport relationships. theempirical “tractiveforce” and Bagnold relations, theunit stream
power relation, the Ackersand Whiterelation, the Yalin relation, and the transport rel ation of
Engelund and Hansen. All relationsuse s ope, vel ocity, and depth of flow. Somerelationsare highly
dependent upon specific gravity and the mean particle size of the soil. Model devel opersreport
particlesizelimitationsin the unit stream power and the Ackersand Whiterelations. The Yalin
relationisaso questionedinitsvalidity to transport over planar surfaces. The Engelund and Hansen
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relationisreportedly valid over arange of particlesizes. Comparisonsof al six relationswere
completed for thewatershed under study. WWhen routing through apond or other water bodly,
particle sizedistribution becomesimportant, with settling velocitiesbeing sensitiveto particlesize. A
normal distributionisassumed for particlesizesin each model e ement, with themean and standard
deviationfor soil particlesbeing parametersto be entered for each.

METHODS

Thewatershed under examination was previoudy model ed using the agricultura non-point
source pollutionmodel, AGNPS (AGNPS, 1994). To perform acomparison between results of the
two models, boundariesof the catchment used inthefirst smulation areused here. Additionaly,
while AGNPS subdividesthewatershed into square cellsof equal size, the kinematic runoff and
erosonmodel allowstheuser to customizethe element sizeand shape. Thecellsin KINEROS
weredesigned in order to alternate between barren conditionsfor the chat material and placement
of vegetation buffersand coverswithin the sameregions, aswasdonefor the AGNPSmodel.
However, 60 e ementsare the maximum permitted by KINEROS, and unlike AGNPS, the el ement
number must a so include channel s present within thewatershed.

Boundariesof the catchment were defined using topographic mapsof the Baxter Springs
Quadrangle, in Cherokee County, Kansas, provided by the State Geol ogic Survey. About one
quarter of the dataentry required for each e ement can be determined from the survey maps. Such
input parametersinclude both plane and channel dopes. overland flow lengths, and cross-sectiona
lengthsof planar e ements. Asmentioned, the definition of dementswithin thewatershed was
partially based on the s mulation of vegetation buffersand coverswithinthe AGNPS modd. Thus
flow pathsfrom element to e ement within the KINEROS mode were such that vegetation buffers
could be smulated in the same manner. Figure 2 showsthe watershed and the corresponding
divison of e ementswithin. Thosee ementsshaded contain chat material.

For thiswatershed, nine e ementsare channelsand theremaining 39 are overland planes. Of
the planar elements, 17 contain chat materia. Oncethewatershed issubdivided, other physica
descriptions must be entered, including land use and cover, and soil characteristics. Input param-
eterswhich describetheland cover for an e ement include surface roughness coefficientsand
vegetativeinterception depths. Reported val ues of each arefound inthemodel’sdocumentation and
user’smanud. Soil characteristicsare smulated by entry of the soil particlesizedistribution, particle
density, percent rocksfound in the soil, actual and maximum relative soil saturation, porosity, and
infiltration rates. Rangesfor soil saturation, porosity, andinfiltration ratesare provided by model
developersand are based on soil composition.

In order to gain asaccurate values aspossible, six samplesof the chat material weretaken by
researchersat experimental sitesjust north of the watershed being examined. Analysisof the col-
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lected chat material found the material to consist of 87% sand, 11% silt, and 2% clay. Density of the
chat material wasdetermined to be 3.1 g/cm?® by weighing the samplesand volumetric di splacement
of water when the sampleswere submerged. Theremaining input parametersfor theeements
include printout commands and the selection of erosion laws. KINEROS offersthe sel ection of one
of six erosiona laws. A comparison of all six isperformed inasimulation of thewatershed inits
present state. Figures 3 and 4 show examplesof input filesrequired for each dement of thewatershed.

Theinfluence of vegetation on controlling sediment lossand runoff reduction wasexamined by
smulating both the strategi ¢ placement of vegetative buffersand by providing acomplete cover over
those regions containing chat material. Ongoing research being performed by Pierzynski, et. dl.,
indicatesthat the addition of proper soil amendments can enabl e the establishment of a75% grass
cover on previoudy barren chat soils. Thus, the vegetative bufferswere smulated ashaving an
effective cover of 75%. Additionally, s mulationswererun wherethose regions contai ning chat
material contained a25%, 50%, 75%, and complete grass cover. In additionto disrupting and
decreasing surfaceflow, avegetative cover also hinderserosion caused by raindropimpact.
KINEROS relatesrainsplash erosonto the universa soil lossequation’ssoil erodibility factor, the
clay content, and exponentialy to the mass of vegetation cover per unit area. Figure 5 showsthe
placement of smulated vegetative additionsto thewatershed.

Aswiththeagricultura non-point source pollution modd, tria sexamining the benefits of
terracing or effective dopereduction were also performed. Those regions containing chat materia
and having an effective 9 ope exceeding one percent were reduced to one percent. Unlike AGNPS,
only thed ope, and not the effective d opelength, could be changed. Findlly, aparameter sengtivity
analysiswascompleted.

In addition to devel opment of thewatershed parameter file, aprecipitationfilefor thestorm
event hasto be created. Within the precipitation file, the variation of rainfall rate with respect to both
position and timeisentered. Spatial variationsin precipitation are model ed by specifying the place-
ment of gaugeswithin thewatershed and entering aweight factor for each gauge. Tempora varia-
tionsinrainfall aresmulated by entering the accumul ated depth of precipitation asafunction of time.
Total timeof therainfal smulation must begreater than the s mulationtime specified by the user.
Threerainstorm events, with return periods of two years, ten yearsand fifty years, eachwitha
congtant rate and duration of thirty minutes, were smulated using rainfall dataprovided by the
Kansas Department of Transportation for Cherokee County, Kansas.

RESULTSAND DISCUSSI ON
Vaiaioninrainfal intensity on KINEROS-predicted effectiveness of vegetationin controlling

sediment yield wasexamined by running threedifferent watershed scenariosat threestormlevels.
Thethree watershed scenariosincludeasimulation of thewatershed at itspresent conditions, a
smul ation when theregions containing chat have a 75% grass cover, and asmulation where vegeta-

264 Proceedings of the 1999 Confer ence on Hazar dous Waste Resear ch



tive buffersare present. Thethree precipitation ratesincluded atwo-year, 10-year and 50-year
storm event. Model predictionsareshownin Table 1.

Asexpected, anincreasein stormintensity increased thetonsof sediment lost from thewater-
shed. However, the model’ s predicted influence of vegetation was not aswe expected. Simulation
for thetwo-year storm event predicted an eight percent decreasein sediment yield with the pres-
enceof agrasscover; however, it aso predicted the placement of vegetative bufferswouldincrease
the sediment yield by two percent. KINEROS predi cted the effectiveness of both the vegetative
cover and buffer toincreasewith stormintensity, with the grassbuffer having thegreater ability to
control sediment |loss. Becauseit isknown that the effectiveness of grassesislimited, with bending
of the bladesand stalksoccurring at higher runoff volumesand rates, themodel’ s predi ction of
increas ng effectivenesswith storm event stemsfrom anincreased contribution of chat material to
sediment yield at higher precipitation amounts, and the presence of either the cover or buffer hinders
thetransport of the chat sediment off site. The greater decreasein sediment yield with thegrass
buffer ascompared to the grass cover could not be explained.

A comparison of the KINEROS predictionsfor thewatershed at present conditionsand those
made by the agricultural non-point source pollution model, AGNPS, isshownin Table 2. Predic-
tionsmade by the kinematic runoff and erosion model were, on average, over 600% larger than
those made by AGNPS. Predicted runoff rates, in Table 3, werea so higher for KINEROS, but
runoff volumeswere comparable, with KINEROS predicting ahigher valuewith greater storm
intensity. Thegreater sediment yieldin Table 2 for KINEROS may bedueto thelarger peak runoff
rateshownin Table 3.

The KINEROS model offersthe user the selection of oneof six different erosion laws. Two of
thelaws, thetractiveforcerelation and the Bagnol d-Kilinc relation, arereported by the author as
“smpleconceptud relations’ and employ anempirica coefficient, withtheloca flow vel ocity being
thekey hydraulic featurefor thetractiveforcelaw and theloca water depth and hydraulic bed
shear being key contributorsinthe Bagnold equation (Woolhiser et a., 1990). Theunit stream
power, Ackersand White, Yalin, and Engelund and Hansen relationsall use particle characteritics,
such as specific gravity and diameter, and water viscosity to predict sediment transport. Both the
Ackers-White and unit stream power relationshavealower limit on particle sizethat can accurately
bepredicted by thelaws. A 0.04 mmlimit existsfor the Ackers-White erosion law and the unit
stream power function hasa0.062 mm limit, asreported by model devel opers. Thus, thoseregions
containing chat, which hasahigh sand content, would fall within thevalidity of theserelations, but
those uncontaminated planeswheretheindigenoussoil isasiit loamwould not. Another law, the
Yalinrelation, which aso depends on particle size and shear velocity, isreported by mode develop-
ersaspredicting adecreasein particlesizeleadsto areduction in transport capacity at certain
diameter-to-flow-depth ratios. Model devel opersreport thelast erosion law, the Engelund and
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Hansenrdation, to bevalid over alargerange of particle size. Predictionson sediment yieldsfor the
watershed under present conditions, or conditionswithout added vegetation, for atwo-year storm
eventareshownin Table4.

The Engelund-Hansen relation predictsan erosiona loss midway between the values predicted
by thetwo empirical methods, whilethe other three-dimens onlessrelations have much higher
predicted | osses. For thisstorm event and watershed condition, the agricultural non-point source
pollution model predicted asediment yield of 60 tons.

Theintroduction and establishment of vegetation affectssoil conditionsin numerousways. In
order to establish the effect of the presence of aplant cover or buffer, asengitivity analysiswas
performed on those parameterswhose val ues are subj ect to change. Table 5 displaystheresults of
theanalysis. The parameterswere adjusted to values both 90% and 110% of the nominal values
giveninFigures3and4.

Theinfiltrationrate (FMIN), net capillary drive (G), porosity (POR), and rel ative soil satura-
tion (SI) areall dependent upon soil typewhiletherain splash and hydraulic erosion parameters
(CF, CG, CH) arenot. Both thoseregions contai ning the chat material and thosethat contained no
chat, or were* clean” of any contamination, were examined.

The sensitivity, reported in Table 5, wasca culated as

LAsU
ds o
AT (17)

Enpmll
0% O

whereA isthechangeinmodel output; s isthenominal output; A isthechangein parameter value;
andx; isthenomina parameter value.

For thetwo-year storm event, altering the various parameter val uesin thoseregionswhich
contain the chat materia had no effect in the predicted model output for the watershed under
examination. Examination of the chat regions, on an e ement-by-element basis, found that these
regionscontributelittle, if at all, to sediment yield. If vegetation werereestablished onthoseregions,
therelative soil saturation would decrease dueto evapotranspiration; the hydraulic conductivity
wouldincrease; the growth and decay of rootswould produce macroporesand changethe porosity
of the soil; and theresulting cover would reduce the amount of precipitation reaching theearth, as
well asproviding resistanceto raindrop impact and splash erosion. Adjustmentsof these parameters
inthechat region showed no significant effects. Reductioninrainfall amountsby interceptionwas
not examined directly becausethe current rainfall ratewasinsufficient to produce sediment yield.

Anexamination of KINEROS output filesindicated that six of the 17 elementsmodeled to
contain chat materia did not contribute any sediment |oss, even at the 50-year storm event. Two of
thosecells, aswell asthe*clean” vegetated region containing the native silt |oam soil downdope
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fromthe chat regions, were used to examinewhich parameters values most contributed to sediment
production. Thenominal condition, or base caserun, predicted that sediment lossesfor the
subwatershed were only from theregion containing thesilt loam soil. Ascan beseenin Table6,
when the parameter valuesfor the soil inthat element were altered asto model them as chat mate-
ria, the sediment yield dropped to zero for atwo-year storm event, and increasing the precipitation
rateto that of a50-year storm event did not produce any sediment losseither. When all three
elementswere model ed as containing silt loam soil, sediment losswasreported for al. A seriesof
caseswerethen runinwhich the parameter valuesfor the chat material were changed, bringing them
closer tothosevaluesreported for silt loam soil. Each casewasbuilt consecutively off thelast. Thus
for the second case, density of the chat wasreduced to onethird itsvalue and the diameter was
reduced to 25% of itsoriginal value.

Even with changesdesigned to bring the parameter valuesfor the chat material moreinline
with valuesreported for thesitloam or “ clean” soils, model resultswere unaffected.

Changesincluded reducing the saturated hydraulic conductivity to 25% of itsorigina value,
reducing the soil density by two thirds, reducing thechat diameter to onefourthitsorigina vaue,
increasing therelative soil saturation and capillary drive by 300%, and doubling therain splash and
hydraulic erosion parameters. Still no sediment losswasreported from either of theformer chat
eements

Based onthe Green-Ampt infiltration model (Viessman and Lewis, 1996), theestimated
infiltration ratefor the chat material, which hasastructuresimilar to sand, wasin excessof 8.8
inchesper hour, higher than any of the preci pitation rates examined. Experimenta studies performed
onthechat materia collaboratethisresult withthe experimenters (Pierzynski et a.) finding alarge
amount of smulated rainfall was hecessary to achieveany runoff.

CONCLUSIONS
Resultsfrom the kinematic runoff and eroson model, KINEROS, were ambiguous. Whilethe

predicted sediment lossfor varying rainstormintensitiesfol lowed expected trends, incorporating the
effectsof vegetation did not. While placement of grass coversdecreased overall yield fromthe
watershed, placement of buffersledto an overall increasein sediment yield for thetwo-year smu-
lated rainstorm event. For higher intensity storm events, themodel predicted thegrassbuffersto
havethegreater ability inlimiting erosion losses. The predicted erosion lossand runoff rateswere
higher with KINEROS than the agricultural non-point source pollution model, or AGNPS. How-
ever, therunoff volumeswerecomparable. A sengitivity analysisreveal ed that tering those param-
eterswhichwould best smulatethe presence of vegetation on chat materia had limited effectson
theoverall sediment yield fromthewatershed. Further analysisshowed that infiltration rates of the
chat materia aresufficiently largeto limit runoff and erosion | ossesto those caseswhere contribu-
tionsfrom upland e ementsare present. Thesefindingsare supported by experimental work.
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NOMENCLATURE
BW
CF
CG
CH
CO-CS

D50
DIAM
DINTR
FMIN
G

J

LAW
NCASE
NC1
NC2
NL
NPNT
NPRIN
NR
NRP

NU
PAVE
POR

RECS
RHOS
ROC

SIGMAS
SMAX

XL
VAR

ZR

Channd bottom width, ft

Rain splash parameter

Hydraulicerosontransfer coefficient rate

Rain splash erosion damming parameter, in.

Parameter in either theKilinc and Richarson erosionrelationship or tractive
forceerogonreationship

M edian sediment particlediameter, ft

Conduit channdl diameter, ft

[ nterception depth. in.

Saturated hydraulic conductivity, inhr

Effectivenet capillary drive, in.

Element n~mher

Codefor erosionlaw, 1 designatestractiveforcelaw

Codefor channd type, 1 designatestrapezoida channels

Element number of first channel contributing at upstream boundary
Element number of second channel contributing at upstream boundary
Element number of plane contributing toleft side of channel

Pond code, 0 designatesaplane or channel

TCodefor detailed printout in auxiliary file, | designatesdo not print
Element number of plane contributing inflow to right Side of channel
Codefor printout of rainfalland intermediate runoff ratesintheprimary
outpuit file, 0 designatesdo not print

Element number of plane contributing to upstream boundary
Proportion of areacovered with gravel. PAVE = 1 designates apaed
Soil porosity

Manning'snif Manning'slaw isusedinresistancelaw

Laminar k usedinlaminar Manning’sandlaminar Chezy’slaws
Infiltrationrecessonfactor, in.

Specific gravity of sediment particles

Volumetric rock content of soil

Sope

Rdativesoil saturation

Standard deviation of sediment particle

Maximum relative saturation under imbibition

Width of plane, ft

Length of planeor channd, ft

Sidedopeof |eft sdeof trapezoida channel

Sidedopeof right side of trapezoidal channel
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Table 1. Effectsof grasscoversand buffersand rainfall amounts on the overal sediment yield from
thewatershed under examination.*

Storm Event Barren (tons) Grass Cover Sediment Yield Grass Buffer Percent
(years) (tons) Percent Reduction (tons) Reduction
2 312.6 288.4 7.7 319.9 -2.3
10 1477.4 866.0 41.4 777.2 47.4
50 3632.0 1356.4 62.7 1203.4 66.9

* Thetractiveforceeroson mode!.

Table2. Comparison of predicted runoff rates and volume, and sediment yield for the watershed
under present condition.

Rainfall Event Land Cover AGNPS Results | Kineros Results

(tons) (tons)
Barren 60.1 312.6
2 year Grass Buffer 49.2 319.9
Grass Cover 22.3 288.4

10 vear Barren 199.0 1477.4
y Grass Buffer 158.4 777.2

50 vear Barren 599.1 3632.0

y Grass Buffer 461.0 1203.4

Table 3: Comparison of predicted runoff ratesand volumesfrom KINEROS and AGNPSfor the
watershed under present conditions.

Rainstorm Watershed Variable AGNPS KINEROS
Event Condition
barren runoff depth 0.13in. 0.05in.
2-year
chat regions peak runoff rate 19.4 cfs. 94.9 cfs.
barren runoff depth 0.331in. 0.38in.
10-year
chat regions peak runoff rate 99.4 cfs. 431.4 cfs.
barren runoff depth 0.62 in. 0.76 in.
50-year
chat regions peak runoff rate 258.4 cfs. 810.2 cfs.
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Table 4. Predicted sediment yield from various erosion laws for atwo-year storm
event.

Rainfall Event Erosion Law Kineros Resullts (tons)
Tractive Force 312.6
Unit Stream Power 1166.2
Bagnold/Kilinc 289.5
2-year
Ackers and Whilte 785.7
Yalin 1111.6
Engelund and Hansen 298.8

Table5. Resultsof sengtivity analysisfor thewatershed under examination for atwo-year storm
event.

Original Adjusted (0.9) Adjusted (1.1)
Parameter Sez(i)rtrilant SeTj(i)rtr?(lant Sensitivity Se-lt—jcijrtnaclent Sensitivity
(tons/storm) (tons/storm) (tons/storm)

FMIN (clean region) 312.6 354.4 -1.34 303.7 -0.29
FMIN (chet region) 312.6 312.6 0.00 312.6 0.00
G (clean region) 3126 349.1 -1.17 309.9 -0.09
G (chat region) 312.6 312.6 0.00 312.6 0.00
POR (clean region) 312.6 349.1 -1.17 309.9 -0.09
POR (chat region) 312.6 312.6 0.00 312.6 0.00
Sl (clean region) 312.6 308.1 0.14 352.0 1.26
Sl (chat region) 312.6 312.6 0.00 312.6 0.00
CF (clean region) 312.6 312.6 0.00 312.6 0.00
CF (chat region) 312.6 312.6 0.0 312..6 0.00
CG (clean region) 312.6 312.6 0.00 312.6 0.00
CG (chat region) 3126 3124 0.01 3129 0.01
CH (clean region) 312.6 312.6 0.00 312.6 0.00
CH (chat region) 312.6 312.6 0.00 312.6 0.00
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Table 6. Analysisof parameter val ues on sediment yield from subwatershed.

Storm Event | oy e for Oha | Sment Ot
Regions
2 original values 46.6
2 0.25 * Diam 46.6
2 0.25* Fmin 46.6
2 3*G 46.6
2 3* Sl 46.6
2 "al silt loam 1.4 + 10¢
2 "all chat" 0.0
50 "all chat" 0.0

watershad

(ziena

Figure 1. Location of thewatershed under study near Galena, Kansas. Taken from atopographic
map of the Baxter Springs Quadrangle, Kansas.
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Figure2. KINEROS simulation of thewatershed under study. Regionscontaining chat material are
shaded.

J NU NR NL NC1 NC2 NCASE NPRINT NPNT NRP
25 26 0 0 0 0 0 1 0 0

XL W S ZR ZL BW DIAM R1 R2

1143.0 1143.0 0.03 0.0 0.0 0.0 0.0 0.13 0.0
FMIN G POR SI SMAX ROC RECS DINTR
0.27 8.0 0.5 0.5 0.97 0.05 0.2 0.08

LAW CF CG CH CO-CS D50 RHOS PAVE SIGMAS

1 100 06.011 203 0.001 0.00008 1.5 0.00 0.0

J NU NR NL NC1 NC2 NCASE NPRINT NPNT NRP
26 27 0 0 0 0 0 1 0 0
XL W S ZR ZL BW DIAM R1 R2
330.0 660.0 0.038 0.0 0.0 0.0 0.0 0.01 0.0
FMIN G POR ST SMAX ROC RECS DINTR
7.3 2.61 0.45 0.5 0.95 0.05 0.2 0.00
LAW CF CG CH CO-CSs D50 RHOS PAVE SIGMAS
1 100 .0.011 203 0.001 0.0005 3.11 0.00 0.0

Figure4. Input parameter filefor a“chat” elementin KINEROS.
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Figure5. KINEROS simulation with vegetative buffersand covers. Regions containing buffersare
shaded. Regionscontaining coversare shownin black.
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