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SCOPE AND OBJECTIVES

The James River Basin Partnership (JRBP) has implemented a riparian corridor easement on
privateproperty along Pearsd@reek, a major tributary of the James River. This conservation
easement is part of a Section 319 Grant from the Missouri Department of Natural Resources and
the Environmental Protection Agency Region VII designed to reduce nomgpairde pollution

to the James Riverin 2001, a Total Maximum Daily Load (TMDL) was developed for the
James River that set nutrient limits and targets for both wastewater treatment facilities and
nonpointsources in thevatershedMDNR, 2001). Effortg¢o control point sources through
improved tertiary treatment have reduced nutrient concentrations in the Lower James River
between 60% 0% (MDNR, 2004). Recentmanagemerefforts have focused on reducing
pollution from nonpoint sources the James River Ba, which includes contributions from

bank erosion.Sediment released to the channel by erosion can supply excess nutsamsns
and cause sedimentation problems downstr@uwwen et al. 2007; Owen and Pavlowsky 2008)
By implementing conservation easements and restoring the riparian corridor, nutrients and
sediment entering the stream by bank erosion andameanel runoff can be reduced over time.

The Ozarks Environmental and Water Resources Institute (OEWRIIssburi State University
was responsible fassessing nonpoint source pollutloadsfor this projectto determire
sediment and nutrient contributiottsPearsorCreek for the=150 meter (n) long easement
segment.Riparian easements remove the potéfdiafuture development or other disturbances
that can increase runoff @amonpoint loads to the riveiThe purpose of this assessment is to
evaluate the effects of the riparian easement implementatioedncedoankerosion ratesn
sediment andutrient loads irPearsorCreekto support 319 requirements and the goals of the
James Rivefotal Maximum Daily LoadTMDL). Thespecificobjectives of the assessment are
to calculate nonpoint loadsf sediment and phosphongasthe channel due to banlosion ando
guantify runoffload reductionsrom easement arasingdifferent scenarios based tand use
managementsing thenonpointsource pollutiormodel STEPL (Spreadsheet Tool for
Estimating Pollutant Load).

STUDY AREA

The Pearson Creek watersh{@@-digit Hydrologic Unit Code (HUC) 110100020108)
approximately 59.2 kfn(22.9 mf) and drains the eastern edges of the City of Springfield
Missouriin Greene County flowing south to the confluence of the James River (BiguTde
underlying geology of the watershed is Mississippian age limestone within which a karst
landscape has formed where sinkholes, losing streams, and springs are common (Bullard et al.
2001). Land use of the watershed ranges from-loghdensity uban in the western half of
watershed to residential, livestock grazing, and forage crop production outside the city limits to



the east (Hutchison 2010T.he easement is alonige main channebf PearsorCreek between
FR 199 and FR 2B on private propertjocatedat 5377E. FoxgroveLanein easterrGreene
County, Missouri(Figure 2). The upstream drainage area is approximat@l¢2m?. The total
area of the easementasund0.6 halocatedalongthe southsideof the streanthat is currently
100% forested.

METHODS

The influence on water quality from establishing a riparian buffer along an easement was
assessed by predictitige reduction of nutrients and sediment input to the stream fotimblank
erosionandrunoff from the landareawithin the easememtlongthe channel Specific methods
used in this assessment are detailed below.

Bank Erosion

The bank erosion rate used for this study was based on results of a recent erosion pin monitoring
study in the area where the avardmnk erosion rate was 0.48 Mg/m/yr and the average
phosphorus loss due to bank erosion was 0.17 kg/m/yr (Owen et al. A01$ktudy looked at
erosion from both banks of the stream. For this study, the erosion rate was cut in half to
represent theasement that is only on the south bank of the strédre.average phosphorus
concentration of 359 mg/kg for floodplain soils was used to calculate the total P load coming
from bank erosion in the study reg@wen et al. 2015) The average phosphorus centration

was calculated from a total of 50 samples collected at two different sites along Wilson Creek
upstream of the wastewater treatment plant (Rodgers, 2005). Samples were collected at exposed
cutbanks along the channel in 10 cm increments andseete¢o ALS Chemex Laboratory

(Sparks, Nevada) for hot aguegia extraction and geochemical analysis by inductively coupled
plasmaatomic emission spectroscopy (KHES).

STEPL Water Quality Model

STEPL is a customizable spreadsHestsed moddor use in Excel. Using simple algorithms, it
calculates nutrient and sediment loads from different land uses and the load reductions from the
implementation of BMPs. Annual nutrient loading is calculated based on the runoff volume and
pollutant concensitions. The annual sediment load from sheet and rill erosion is calculated based
on the Universal Soil Loss Equation (USLE) and the sediment delivery ratio. Accuracy is
primarily limited by the wide variability in event mean concentrations (EMCs) acrdsssivads
sinceEMCs drive the water quality calculations.

For this study, load results of existing conditioverecompared to scenaritisat change the
hydrological and nutrient management characteristics of thelsitdrologicalinputs into the
model are controlled by soils information supplied by the uSeils within the easement area



were identified, clipped, and areas calculated using ArcGIS. The Hydrological Soil Group
(HSG) was assigned to thppropriate soil mapping uni Combinecturve numbeswere
calculated using techniques outlinedliR-55 (USDA, 198§. GreeneCounty Missouri and the
Springfield Regional Airport were selected within the STEPL user interface for rainfall and
runoff data. Builin default mutrientandsedimentconcentrationsvere used for each land use
category within each scenario.

RESULTS AND DISCUSSION

Bank Erosion

Results of this study suggest that preserving the current land use within the conservation
easement can protect Pearson Cfemk potential contributions of nutrients and sedimetite

land use was changed within the easement dretal estimatedank erosion for the studyte
was36.0Mg/yr with 12.8kg/yr of phosphoruéP) loss(Tablel). The upstream watershed loads
were estimated at the site by extrapolating loads from th&meige (25.8 knf) located just

upstream (Owen and Pavlowsky 2014). Annual loads at the State YY Bridge were 286.7 Mg of
TSS, 20.0 Mg of TN and 1.5 Mg of TP (Taldle Extrapolating that to the drainage area of the
studysite the annual loadse 331.5 Mg of TSS, 23.1 Mg of TN, and 1.5 Mg of TP. Using the
nutrient and sediment yielasstimats suggesthatabout11% of the sediment load in Pearson
Creek at this location could be coming from bank erosion from the easement area if erosion rates
were similar to measured rates in other local streams (BabRhosphorusontributions from

bank erosion account fer1% of the annual load at the watershed outlet. However, assuming
that the forested area wasmoved from the easement area and erosion would incteess,

would be about 8.6-11% increase irsediment and arour@3-0.9% increasean Pin Pearson

Creek athis location Results of this study suggest thank erosion can havesgnificantly

negative impact on water quality in Pearson Creek aninghlementation of a conservation
easemendt this location can protect the streiom sediment contributiossfrom bank erosion

STEPL Modeling Results

Model results suggest there is a significant increase in nutrient and sediment loads in runoff from
the easement when the land cover is changed from the existing conditienentire easement

areais 0.6ha and the Cedargap silt loam is only soil series mapped within the easement area and
is classifiechydrological soil group (HSG) Boil (Table 4) This soil classification wagsedto
generateurve numbe(CN) valuesthat werecombined withdifferent land use scenarios in

STEPLto calculate pollutant loadslsing the exi8Bng land use in the model, the P loa® &4

kg/yr, thenitrogen (N)load is0.27 kg/yr, and the sediment loadd€9 Mg/yr (Table5). There

is an increasan annual loads when the forest land cover is removed from the modéhe site

is converted tgasture land Annual loadgrom the pasturecenario ar®.86kg/yr P,6.4kg/yr

N, and0.82Mg/yr sediment. These estimates ae23x higherthanloads modeled from existing



conditions. Conservation easememgducemuch lower reduction inutrients and sedimertt
they are applied to thehannelwhen looking at runoff generatedmpared to bank erosiort
thislocation, thesedimentaind nutrient load entering the stream by runoff from the 0.6 ha
easement area is extremely low compared to the evdiershed However it can improve
water quality at the local scale through less 1odennel loads and can act a buffer between
more irtense land use and the stream.

CONCLUSIONS

The JRBP has implemented 80 mconservation easement alaihg southbank ofPearson

Creek inGreene CountyMissouri. This study estimates the annual nutrient and sediment loads
using bankerosion rates measuredatocal streamandby usingSTEPL water quality naeling

The results of this analysis are used to deterthi@@mpact protecting the land within the
easemerthas orsediment and nutrietdads There aréghreemainconclusiondrom this study:

1. Bank erosion from this site is potentially significant Total estimated bank erosion for the
study site was 36.0 Mg/yr with 12.8 kg/yr of phosphorus (P) loss suggdsat about 11%
of the sediment load in Pearson Creek at this logatould be coming from bank erosion
from the easement area if erosion rates were similar to measured rates in other local streams

2. STEPL water quality model created for easement areaConservation easements produce
much lower reduction in nutrients and sediment if they are applied to the channel when
looking at runoff generated compared to bank erosiomvever, esults of this assessment
suggest that converting easement area to pastutd increase sediment andtrientloads
in runoff by 6-23x that of existing conditionsAt this location, the sediment and nutrient
load entering the stream by runoff from the 0.6 ha easement area is extremely low compared
to the entire watershedHowever, it can improve water quality at the local scale through less
nearchannel loads and can act a buffer between more intense land use and the stream.

3. Resultsof this assessment suggest that riparian easements can have a significantaotp
on protecting water quality from sediment and nutrient inputs from bank erosion |If
the forested area was removed from the easement area and erosion would increase, there
would be about a 3:61% increase in sediment and around@®% increase in P in Pearson
Creek at this locationResults of this study suggest thank erosion cahave a
significantly negative impact on water quality in Pearson Creek andchgilementation of a
conservation easemedttthis location can protect the stream freediment contributions
from bank erosion
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Tablel. BankErosionEstimateResults

TABLES

Annual Annual .
Sediment P to
Sed. Phos.
Segment . Eroded  Stream
Erosion Loss Per
Length . . for S. from S.
Per Unit Unit
(m) Bank Bank
Length Length (Mg) (kq)
(Mg/miyr)  (kg/miyr) 9 9
150 048 0.17 36.0 12.8

Table2. Annual Nutrient and Sediment Loads

Station Ad (km?) TSS Load (Mg) TN Load (Mg) TP Load (Mg)
YY 258 286.7 20.0 13
Study 29.6 3315 23.1 15
Site

Table3. Estimated Reductions in Sediment and P from Bank Erosion

1SS TP
Annual LoadOutlet(Mg) 3315 15
Total from Bank ErosionMg/yr) 36.0 0.013
% atOutlet 11.0 0.9
Loadwith 25% increasgMg/yr) 48.0 0.0173
% Increase aDutlet 3.6 0.3
Load with 50% increasgvg/yr) 72.0 0.026
% Increase aDutlet 11.0 0.9
Table4. Description of Soils in Easement Area
Soil Description HSG Area (ha)
Cedargapsilt loam 0 to3 percent slopesrequentlyflooded B 0.6
Table5. STEPL Modeling Results
. " TP TN TSS
Scenarios Land Use (Condition) CN (kalyr)  (kalyr)  (Malyr)
Existing 100% Woods 55 | 014 027  0.09
Conditions
Pasture 100%Pasture 69 0.86 6.4 0.82
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