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SCOPE AND OBJECTIVES

The James River Basin Partnership (JRBP) has implemented a riparian corridor easement on
City of Springfield owned property along Wilson Creek, a major tributary of the James River.
This conservation easement is part of a Section 319 Grant from the MBspartment of

Natural Resources and the Environmental Protection Agency Region VIl designed to reduce
nonpoint source pollution to the James Rivier2001, a Total Maximum Daily Load (TMDL)

was developed for the James River that set nutrient limitseagets for both wastewater

treatment facilities and urban nonpoint land use (MDNR, 2001). Efforts to control point sources
through improved tertiary treatment have reduced nutrient concentrations in the Lower James
River between 60%0% (MDNR, 2004).However, nutrient concentrations still remain high in
streams draining urban areas particularly during storm flows and Wilson Creek has a long history
of water quality degradation associated with development (Petersen et al. 1998; Richards and
Johnson 2002Miller 2006; MEC 2007; Hutchinson 2010T.he increase in impervious surface

due to ubandevelopmenthanges hydrologic conditioms the watershethat result in increased
flooding and erosion in local streamnsthe Springfield are@Paviowsky 2004; &/lowsky and

Owen 2009; Pavlowsky and Owen 201@ediment released to the channel by erosion can
supply excess nutrients streamsand cause sedimentation problems downstrgwen et al.

2007; Owen and Pavlowsky 2008y implementing conservation eaments and restoring the
riparian corridor, nutrients and sediment entering the stream by bank erosion acklameesi

runoff can be reduced over time.

The Ozarks Environmental and Water Resources Institute (OEWRI) at Missouri State University
was responsible for théank erosion monitoring and nonpoint source pollution modglangon

of thisprojectto determine the annual bank erosion rates and related sediment and nutrient
loadings to Wilson Creek for the 1.17 km long easement segiRgmdrianeasements remove

the potential for future development or other disturbances that can increase rdnuhanint

loads to the riverThe purpose of this assessment is to evaluate the effects of the riparian
easement implementation aretiucedbankerosion ratesn sediment andutrient loads in

Wilson Creekio support 319 requirements and the goals of the JamesTRit&Maximum

Daily Load(TMDL) and futuréWilson Creek TMDL The objectives of the assessment are:

(1) Install and nonitor bank epsionpinsfor 1 yearusing repeat measurements at 17 transects
within the project reach;

(2) Calculate nonpoint loadsf sediment and phosphonasthe channel due to bank erosion; and
(3) Quantify runoffload reduction$rom easement aresingdifferent scenarios based on (i)

land use managememsing thenonpointsource pollutiormodel STEPL (Spreadsheet Tool for
Estimating Pollutant Load).



STUDY AREA

The Wilson Creek watershed is approximag&lgkm? and drains the central and westaraa

of the City of Springfield in Greene County flowing south to the confluence of the James River
in Christian County (Figure 1)This portionof Wilson Creelis within the 12digit Hydrologic

Unit Code (HUC) 110100020303 (Headwaters Wilson Cre2R0.4 knj). The underlying

geology of the area is the Burlingtét®eokuk limestone of Mississippian age within which is
formed a karst landscape where sinkholes, losing streams, and springs are cgmayamnq

and Fedefl982 Thompson 1986 Soils ofthe valley bottom are siltfpam terraces with inset
floodplains composed of 380% chert fragments in the subsurface horizons (Hughes 1982).
Limestone bluffs are common where the stream meets the valley margin and bedrock is often
exposed in the bed dfi¢ stream. Land use of the watershed ranges frorddigbensity urban

in the upper watershed to residential, livestock grazing, and forage crop production outside the
city limits.

The easement Iscated along the main channel of Wilson Crbetween FR 156 and James

River Expressway (Figure 2). United States Geological Survey (USGS) gaging stations are
located just upstream of the site at FR 156, upstream of the site at Scenic Avenue, and
downstream along South Creek (Table 1). These gaifjdse used in this study to look at
discharge variability during the study and to calculate pollution |dddsupstream drainage

area of the segment is 81.3 knThe total area of the easement is 9.8 ha, with 4.0 ha on the east
side and 5.8 ha on theest side. With the exception of a few standing pools, the channel in this
reach is dry. Bedrock is common along the bed and there are several knickpoint features in the
bed that create local scour and erosion. The stream is adjacent to bedrock tieffseginning

and end of the reach. In general, the riparian corridor consists of a thin line of mature trees, but
the banks show signs of sligimoderate erosion throughout. More severe erosion occurs in
localized areas where there is little ripaneagetation and where cattle have entered the stream

or have been loafing along the banks.

METHODS

The influence on water quality from establishing a riparian buffer along an easement was
assessed by predictitige reduction of nutrients and sedimargut to the stream fromoth bank
erosionandrunoff from the landareawithin the easemertiongthe channel Bank erosion was
assessed at the loesdale using erosion pins and repeat surveys at the sitegw@ximately a
1-year periodo quantify &isting erosion rates for the study reaétunoff water quality was
modeled using TEPLto predict changes frowlifferent land usscenarios Specific methods
used for each of these approaches are detailed below.



Bank Erosion Monitoring

Bank erosion was monitored using 17 erosion pin arrays over the 1,170 m reach between Farm
Road 156 and James River Expressway fAgril 17, 2014 through Map, 2015(383 days) A

total of52, 46 cm (1.5 ft) long, 1.3 cm (0.5 in) diameter pieces of releae driven into the bank

at 17 transectsZ-4 pins per transect) along the bank to within 15 cm (0.5 ft) of the end. Each

pin represented a different part of the bank depending on the bank angle and bank material. Each
pin was measureeightdifferenttimes throughout the year. If erosion had occurred, the
measurement was recorded and the pin driven back to within 15 cm of end. If no change or
deposition occurred, the measurement was recorded and the pin was lefCalusssectional
surveys wereollected at each pin array for bank height information and to assign specific pins
to corresponding bank sections. The length of bank each pin array represents follows the sub
reaches that were identified in an earlier geomorphic assessment conduntesitat(Owen et

al 2012). Bank erosion wathencalculatecat each transect that represented that portion of the
bank using the following equation:

Ea= xt*ELEDs)

Where:

E, = annual erosion (Mg)

E. = total transect erosion fn = ,%By)( E

E, = total pin erosion (m)

Bnh = bank height represented by individual gims is variable by transect)

B = length of bank represented by the transect (m)

Ds = bulk density of soil (Mg/m) from soil survey(1.4 g/cni, from Hughes 1982)

The average phosplus concentrationf 359 mg/kgfor floodplain soilswas used tealculate

the totalP load coming from bank erosian the study reach. The average phosphorus
concentratiorwascalculated from a total of 50 samples collected at two different sites along
Wilson Creek upstream tiie wastevater treatment plarfRodgers, 2005)Samples were
collected aexposedtutbanis along the channel in 10 cm increments and were se&xit$o
Chemex LaboratorySparks, Mvadg for hot aquaregia extractiorand geochemical analysis by
inductively coupled plasmatomic emission spectroscopy (KMES).

STEPL Water Quality Model

STEPL is a customizable spreadsHested model for 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 calculate@das the runoff volume and
pollutant concentrations. 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 variabilityn event mean concentrations (EMCs) across watersheds
sinceEMCs drive the water quality calculations.

For this study, load results of existing conditioveyrecompared to several scenartbat change

the hydrological and nutrient management charastiesiof the site Hydrologicalinputs into

the model are controlled by soils information supplied by the Beaits within the easement

area were identified, clipped, and areas calculated using ArcGIS. The Hydrological Soil Group
(HSG) was assigned theappropriate soil mapping unit. Combinadve 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. Builtin default utrient andsedimentconcentrationsvere used for each land use
category within each scenario.

RESULTS AND DISCUSSION

Bank Erosion Monitoring

Study PeriodHydrology

Thestudy period was drier than normal with nedr8cm @ 7n) lower rainfalltotalsthan the

30 year average (FiguB. The months oNovember 2014April 2015 were particularly dry
howeverthe area did receive snow fitllat was not included in this analysiRainfalldid exceed
the 30yr average by at lea&tcm inonly three monthdune 2014, October 2014, and May 2015.
The study sitdasintermittentflow, buttypically receivesunoff >50% of the timgTablel).

During the study perigdevenrevents occurred that were near thg flood Rlandoneflood
eventoccurredthat exceeded theZyr flood RI(Table2, Figure 4. Dischargesiear or>than

the Lyr flood Rl would be expected to do the most geomorphic work in the river, such as gravel
transport, bank saturatiamollapse, and bank erosion along the t@werall, the study period

was drier than normal with small, frequent flood events.

Erosion Pin Monitoring

The majority of the totaldnk erosioroccurred in the middle section of the study reach where
the channel was not confined by bedrdoéwever, significant bank erosion was measured
throughout the study reach indictitige channeis not stableand still adjusting to upstream
hydrologic changesTotal bank erosion for the study period was 564 Mg/yr with 202 kg/yr of
phosphorugP) loss over that timéTable 3) Over the study periodank erosion supplied
betweerD.09-1.04Mg/m/yr with an average of 0.52 Mg/m/fnom all pin array segments

Losses of Rlue to bank erosion rangédm 0.03-0.38kg/m/yr with an average of 0.21 kg/m/yr.
The highest erosion rates, & 1 Mg/ m/ yween wer e
stationsl4,60014,700 m(Figure5). When taking the length of the segment each pin represents,
nearly57% of the erosion occurs in the middle section of the study reach between stations
14,30014,700 m(Figure 6) Around 21% occurs in the upper section and a2t occurs in




the lower section of the study readHowever, lateral migration and widening of the channel at

both the upper and lower section of the study réalimited by bedrock. This indicateseh

entire reach is still adjusting to watershed disturbance and/or to flood magnitude and frequency
changes duw climatic shifts in rainfall. While no large floods occurred over the study period,

this suggests smaller, more frequent events have thiy abitause significant bankasion in

urbanized watersheds. Erosion was measured along the entire channel though the easement area,
but confined in places by bedrock suggesting the stream is still adjusting to upstream

disturbance.

STEPL Modeling Results

For the purpose of this model the stalga vasdividedinto an east and west easement and soils
and land use were classified in each. About 92% of the soils in the east side are classified as
hydrological soil group (HSG) Boilswith the remaader in HSG C (Table 4)Along the west

side of the channel about 57% of the soils were in HSG B and the remaining 43% in HSG C.
This soil classification wassedto generateurve numbe(CN) valuesthat werecombined with
different land use scenarias $TEPLto calculate pollutant loads

Existing Conditions

STEPL results suggest nutrients and sediment leaving the existing easemerfaatea is
uniform from easements on both sides of the chandsing the exigng land use in the model,
the Pload is 14.5 kg/yr, thaitrogen (N)load is85.4kg/yr, and the sediment load15.5Mg/yr
(Table5, Figure7). The loads are fairly even between the two easemehts is because the
west easement is larger, but has more of the total area in waodthéhsmaller east side with
more pastureThis holds true for alleenarios tested for this study.

All Woods Scenario

This enariogenerateshe lowest modeled loads of all of the scenaaiod suggests adding

forested areas to marginal agricultural land can reduce nutrient and sediment entering local rivers
and streamfrom nearchannel areasThis scenario is what might occur if all of the easement

land was converted into forest land ushich is expected over time in the conservation

easement aread he annuaSTEPLIload resultdor this scenari@are2.5 kg/yr P, 5.4g/yr N,
and1.5Mg/yr sediment.These results indicatround a 83-94% drop in nutrients and

sediment in this scenarammpared to existing conditions

Row Crops/Pasture

There is a dramatiocreasan annual loads when the forest land cover is removed from the
modeland the site is converted to higher intensity agricultural land Tik&s scenario is what

may happn if theHSG B soils were converted from pasture to row crops and the HSG C soils
were converted from woods to pastuennual loads for thiscenario aré3.1 kg/yr P, 257

kg/yr N, and81.1Mg/yr sediment.These estimates aBebx higher thanloads modeled from




existing conditions.This would be considered the worst case scenario for runoff water quality
for nearchannel lands.

Residential/Commercial

Modeled annuaN loadswould increasevhen the easement areas are converted to higher

intensity urban developments, Butand sediment loads would actually decrease over existing
conditions In this scenario HSG B soils were converted from pasture to commercial
development and the HSG C soils were converted from woods to ¥4 acre residential
development Annual load®f N increased over the existing conditionsl@®.9kg/yr.

However, phosphorus and sediment loads actually decreased in runoff to 12.7 kg/yr of P and 4.1
Mg/yr of sediment This scenario may produce less overall P and sedjroenit will increase

runoff and cause increased floodinggain, this is in runoff from the land within the easement
area and doesnodot take into account other prob
flooding and channel erosion.

Implications for Nonpoint Source Pollution Reductions

Results of this study suggest conservation easemenssgraiicantlyreduce contributionsf

nutrients and sediment to Wilson Credloads were estimated @ite confluencef Wilson

Creek andsouthCreekwhich is the 12digit HUC 110100020303 (Headwaters Wilson Creek =
130.4 knf). The nutrient and sediment loads were calculasiug recentvater quality data
collectedfrom 20082009 at theWilson Creekat Scenic and a recentbpmpleted study with

data collected from 2012015 study at South Creekar Highway FKTable 7 Hutchison201Q

Owen et al. 2016 Annual load estimates #te outletare3,808 Mg of TSS,73.0Mg of TN, and
11.7Mg of TP. Recent water quality data and loads from the upper Wilson Creek watershed are
used to compare with load reduction from easement implementation.

Using the mitrient and sediment yield estimates frimasite specificerosion estimateor the

main stem ofWilson Creek between the confluence of Jordan and Fassnight Creek to the
confluence of South Creek (9.9 ksujggestgshatmoresedimen{(125%) is eroded from bank

erosion than leawthe watershed outletAdditionally, Pcontributions from bankrosion

account for about 15% of the annual l@dhe watershed outleThe erosion estimate exceeds

the outlet load, howeverllgediment eroded from banks in this section doesiac¢ssarily

make it to the watershed outlethis is only an estimatef bank erosion contributions compared
totheentireload nd doesndét take into account other se
pulsing or floodplain depositionFor examplepresendayfloodplain depositiomates are

around0.03 cm/yr #ong the studyreachfrom a recent studgVaughan 2014). However, it does
suggesthat bank erosiors a significant source of sedimentwélson Creek The upper Wilson
Creek watershed has been developed for a long time and overland erosion rates are likely
minimal. However, assuming 50% of the eroded sediment does reach the outlet, there would be
about a 180% reduction in sediment and around-492 reduction in P at the outleResults of



this study suggest that implementation of a conservation easeoudthteduceerosion by 25
50% would significantly reduce sediment contributions to the lower watershed

Conservation easemermsducemuch lower reduction inutrients and sedimerftthey are

applied to thehannewhen looking at runoff generatedmpared to bank erosioin this case
131.7Mg of sediment0.73Mg of N, and0.13Mg of P would be entering the river annually

from runoff(Table8). This accounts foonly 3.5% of the sedimentl.1% of theP, and1% of

the Nleaving the watershedf conservation easements were applied to the entire river and that
landwasconverted into forest, the annual load from these areas wo@ls. bilg of sediment
0.1Mg of N, and0.04Mg of P. That translates intecaund a2.8% reduction irsediment 0.9%
reduction in Pand0.8% reduction of Nat the watershed outleNutrients and sediment

reduction in overland runoff is less significant than from reduced bank erosion at the watershed
scale, however it can improve water quality at the local scale through lesshaeael loads and
can act a buffer between more irgerland use and the stream.

CONCLUSIONS

The JRBP has implemented. 47 km conservation easement aldmgth banks ofVilson Creek
in Springfield, Missouri. Tis study estimates the annual nutrient and sediment loads from
runoff and banlerosion using a combination of fielthsed bank erosion monitoringd STEPL
water quality mdeling The results of this analysis are used to determine the load reduction
attributed to the easement managed for sediment and nutridr@se aresix main @nclusions
from this study:

1. Bank erosion pins were installed along a.17km reach of channel and monitored for
over one year Bank erosion was monitored using 17 erosion pin arrays over the 1,170 m
reach from April 17, 2014 through May 5, 2018ank epsion pin monitoring was combined
with crosssectional surveyw calculate total erosion volume and mass at each. afiag
length of bank each pin array represents follows thasathes that were identified in an
earlier geomorphic assessment condiietiethe site

2. The study period was drier thannormal overall but severallow magnitude flood events
occurred over the study periodsuggesting smaller, more frequent floods can cause
significant erosion of banks inan urban watershed Rainfall during the study period was
a18 cm lower than the 30 year average. While no large flood event occurred over the study
period, 7 events did occur that were near or over4reflbod RI with one exceeding the
1.5yr flood RI. Discharges near o than the 4yr flood Rl would be expected to be able to
do transporgravel causebank saturatioitollapse, andreate high channel boundary shear
stress causinigank erosion along the toe.



3. Bank erosionestimates suggest the channel is still adjugat to the current hydrological
regime, but the spatial distribution of erosion is limited by bedrock confinement Over
the study period bank erosion supplied between-0.09 Mg/m/yr of sediment with an
average of 0.52 Mg/m/ifrom all pin array segments. When taking the length of the
segment each pin represents, neav of the erosion occurs in the middle section of the
study reach21% occurs in the upper sectj@md abouR2% occurs in the lower section of
the study rach. However, lateral migration and widening of the channel at both the upper
and lower section of the study reach are limited by bedrdbkse resultsuggesthe entire
reach is still adjusting tapstreanwatershed disturbance and/or to flood maglétand
frequency changes due to climatic shifts in rainfall.

4. STEPL water quality model created for easement areaResults of the ater quality
model indicatenearlya 90% reduction in the nutrient and sediment load from the easement
areacan be achieved if it was all established in forest land cduathermore, the
conservation easement prohibits the establishment of more intensive agricultural practices on
the property that could increase the nutrient and sediment load in the ronothi
easement area by3times. However, the overall reduction to the watershed would be
minimal.

5. Bank erosion results applied to the entiraipper watershed suggest sediment from bank
erosion is a significant source of sediment to the lower Wilsonr€ek. Sediment yield
estimatesvere applied to the entire main stem of Wilson Cifea the confluence of
Jordan and Fassnight Creek to the confluence of South Creek (9.Rksyltsshow that
more sediment (125%pmesfrom bank erosion than leasthe watershed outldtut does
not account for all factors of sediment transport in streams, such as sediment pulsing and
floodplain deposition.However, it does suggest that bank erosion is a significant source of
sediment to Wilson CreekAdditionally, Pcontributions from bank erosion account for
about 15% of the annual loadlthe watershed outleResults of this studindicatethat
implementation of a conservation easement could significantly reduce sediment contributions
to the lower watershed.

6. Water quality model applied to the entire upper watershed suggest sediment from bank
erosion is a significant source of sediment to the lower Wilson CreelkConservation
easements produce much lower reduction in nutrients and sediment if they aretaghked
channel when looking at runoff generated compared to bank erosion. If conservation
easements were applied to the entire river and that land was converted into forest, the annual
loadwould translates into a 2.8% reduction in sediment, 0.9% reduti®, and 0.8%
reduction of N at the watershed outlet.



LITERATURE CITED

Hughes, H.E., 1982. Soil Survey of Greene and Lawrence Counties, MisSoilri.
Conservation Service, United States Department of Agriculture in Cooperation with Missouri
Agricultural Experiment Station.

Hutchison, E.C., 2010. Mass Transport of Suspended Sediment, Dissolved Solids, Nutrients, and
Anions in the James River, @hwest Missouri. Unpublished Masters Thesis, Missouri State
University.

MEC Water Resource2007. Southwest Missouri Water Quality Improvement Project (WQIP)
James River Basin Water Quality GAP Analysis.

Miller, R.B., 2006. Nutrient Loads in asrban Ozark Watershed: Jordan, Fassnight, and Upper
Wilson Creeks, Springfield, Missouri. Unpublished Masters Thesis, Missouri State University.

Missouri Department of Natural Resources (MDNR), 2001. Total Maximum Daily Load
(TMDL) for James River, Waster, Greene, Christian, and Stone Counties, Missouri.

Owen, M.R., M.A. Gossard, and R.T. Pavlowsky, 2007 -Guestruction Report for the Ward
Branch Stream Restoration Project. Ozarks Environmental and Water Resources Institute,
Missouri State Unigrsity, OEWRI EDR07-004.

Owen, M.R. and R.T. Pavlowsky, 2008. Ward Branch Stream Restoration Project Post
Construction Assessment and Final Report. Ozarks Environmental and Water Resources
Institute, Missouri State University, OEWRI EBIB-004.

Owen M.R., R.T. Pavlowsky and L.M. Olson, 2012. Channel Stability and Riparian Corridor
Assessment to Identify Nonpoint Source Pollution, Wilson Creek, Springfield, Missouri. Ozarks
Environmental and Water Resources Institute, Missouri State Unived&tyRI EDR12-003.

Owen M.R., R.T. Pavlowsky and A. Mulling, 2015. South Creek and Fassnight Creek Water
Quality Assessment, Springfield, Missoubraft Report Ozarks Environmental and Water
Resources Institute, Missouri State University, OEWRREI®-003.

Pavlowsky, R.T., 2004. Urban Impacts on Stream Morphology in the Ozark Plateaus Region.

SelfSustaining Solutions for Streams, Wetlands, and Watersheds. Proceedings ef3he 12
September 2004 Conference.

10



Pavlowsky, R.T. and M.R. OweB009. Geomorphic Assessment of Galloway Branch in
Sequiota Park, Springfield, Missouri. Ozarks Environmental and Water Resources Institute,
Missouri State University, OEWRI TR9-002.

Pavlowsky, R.T. and M.R. Owen, 2010. Geomorphic Assessment eir Wypgrds Branch,
Springfield, Missouri. Ozarks Environmental and Water Resources Institute, Missouri State
University, OEWRI EDR10-006.

Petersen, J.C., J.C. Adamski, R.W. Bell, J.V. Davis, S.R. Femmer, D.A. Freiwald, and R.L.
Joseph, 1998. Water Qiglin the Ozarks Plateaus, Arkansas, Kansas, Missouri, and
Oklahoma, 199®5.

Richards, J.M. and B.T. Johnson, 200%ater Quality, Selected Chemical Characteristics, and
Toxicity of Base Flow and Urban Stormwater in the Pearson Creek and WilsaisBa&ns,
Greene County, Missouri, August 1999 to August 2000. \ARésources Investigations Report
02-4124, United State Geological Survey.

Rodgers, W.E., 2005. Mercury Contamination of Channel and Floodplain Sediments in Wilson
Creek Watershed, 8thwest Missouri. Unpublished Masters Thesis, Missouri State University.

Thompson, K.C., 1986. Geology of Greene County Missouri. Watershed Management
Coordinating Committee, Springfield, Missouri.

United States Department of Agriculture (USDA)869 Urban Hydrology for Small
Watersheds. Technical Release 55, Conservation Engineering Division, Natural Resources
Conservation Service.

Vaughan, A 2014. Geomorphology and Metal Contamination of an Urban Floodplain along
Wilson CreekSpringfield, Missouri. Unpublished Masters Thesis, Missouri State University.

Vineyard, J.D. and G.L. Feder, 1982. Springs of Miss@uvision of Geology and Land

Survey, Missouri Department of Natural Resources in cooperation with the United States
Geological Survey and Missouri Department of Conservation.

11



TABLES

Tablel. USGS Gaging Stations the Wilson Creek Watershegar Study Site

Drainage | Annual 10% 50% 90%
ID Name Period of Record Area Mean Q | Exceeds| Exceeds| Exceeds
(km?) (m¥s) (m¥s) (m¥s) (m¥s)
May 1932 to Nov.
. 1939; June 28,
07052000 gv"r?:”ﬁgdeel\';gt 1973 to Sept. 22, 46.1 0.54 1.05 0.24 0.08
pringhe’c, 1977; June 4,
1998 to present
Sept. 211972 to
Wilson Creek neal  Sept 30, 198;
07052100 Springfield. MO | May 28, 1998to 81.3 0.59 1.16 0.11 0.0
present
07052120 S0Uth Creek neaq May 28 1®8to |, , 0.13 0.17 0.0 0.0

Springfield, MO

present

Table2. Flood Recurrence Intervals for USGS Gaging Stalit®b2100at FR 156.
(from Owen et al. 2012)

Q-RI Discharge (rs)
1.005yr 254
1.0%-yr 28.4
1.05yr 38.3
1.1%-yr 44.9
1.25yr 54.3
1.5yr 64.8
2-yr 77.9
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Table3. Erosion Pin Monitoring Results

Annual
Pin Segment Avg. Sediment Sediment Pto % of Sed. Ero;ion

Array # Length Eroszlon Erogled Eroded  Stream Total Per Unit

(m) (m) () (Mg) (kg) Length

(Mg/mlyr)
1 36 0.56 20.2 28.2 10.1 4.8 0.73
2 76 0.07 5.5 7.7 2.8 1.3 0.09
3 61 0.07 4.5 6.3 2.3 1.1 0.10
4 61 0.43 26.4 37.0 13.3 6.3 0.56
5 48 0.42 20.2 28.3 10.2 4.8 0.55
6 58 0.19 11.2 15.6 5.6 2.6 0.25
7 58 0.80 46.2 64.7 23.2 10.9 1.04
8 53 0.72 37.9 53.0 19.0 9.0 0.94
9 30 0.50 14.9 20.8 7.5 3.5 0.64
10 58 0.56 32.4 45.4 16.3 7.7 0.72
11 32 0.56 17.9 25.0 9.0 4.2 0.72
12 121 0.49 59.6 83.4 29.9 141 0.64
13 91 0.34 31.1 43.5 15.6 7.4 0.44
14 33 0.07 2.2 3.1 1.1 0.5 0.09
15 89 0.54 47.9 67.1 24.1 11.3 0.70
155 235 0.10 24.2 33.9 12.2 5.7 0.13
16 31 0.66 20.5 28.8 10.3 4.9 0.86

Total 1,170 422.8 591.9 212.5
Totallyr 402.7 563.8 202.4
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Table4. Description of Soils in Easement Area

Soil Description HSG Area (ha)

East

GossGasconade CompleR to50 percent slopes C 0.3
Cedargap silt loapD to3 percent slopedrequentlyflooded B 3.7
Total 4.0
West

Dapue silt loam0 to 3 percent slopesgcasionally flooded B 0.6
GossGasconade CompleR to50 percent slopes C 25
Cedargap silt loanD to3 percent slopedrequentlyflooded B 2.7
Total 5.8

Table5. STEPL Modeling Results

. o TP TN TSS
Scenarios  Group Land Use (Condition) CN (kalyr)  (kglyr)  (Mglyr)
Existing East 91.6% Pasture/8.4% Woods 69.1 7.4 445 8.2
Conditions ~ West 56.9%Pasturet3.1% Woods 69.4 7.1 40.9 7.3

All East 100% Woods 56.2 1.0 2.1 0.6
Woods West 100% Woods 61.5 15 3.3 0.9
Pasture/ East 91.6% Row Crops/8.4% Pasture  78.1| 31.3 119.2 41.4

Row Crops  West 56.9% Row Crop@3.1% Pasture 784 | 31.8 137.9 39.7
Residential/  East 8.4% Residential/91.6% Commercia 91.2 4.9 45.7 1.7
Commercial West 56.9% Residential/43.1% Commercic 88.1 7.8 57.2 2.4
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Table6. Annual Nutrient and Sediment Loads

Station Ad (km?) TSS Load (Mg) TN Load (Mg) TP Load (Mg)

Scenic 46.1 1,391 32.0 3.0
SH FF 27.2 147 8.9 3.5
Total 73.3 2,138 40.9 6.5
Yield 29.2 Mg/km?lyr 0.56 Mg/km?lyr 0.09Mg/km?lyr
Outlet 130.4 3,808 73.0 11.7

Table7. Estimated Reductions in Sediment and P from Bank Erosion

T1SS TP
Annual LoadOutlet(Mg) 3,808 11.7
Load per Unit LengtifMg/km/yr) 482 0.173
Totalfrom Bank ErosionMg/yr) 4,770 1.71
% atOutlet 125 14.6
Loadreductionat 25% BMP efficiency (Mgi) 1,193 0.43
Reduction aDutlet 31.3 3.66
Loadreductionat 50% BMP efficiency (Mg/yr) 2,385 0.86
Reduction aDutlet 62.6 7.32

Table8. Estimated Reductions in Sediment and P from Runoff

TSS N TP
Annual LoadAt Outlet(Mg/yr) 3,808 73.0 11.7
Existing Conditions
Load per Unit LengtiiMg/km/yr) 13.3 0.074 0.013
Total from Easement(Mg/yr) 131.7 0.73 0.13
% atOutlet 3.5 1.0 1.1
Forest
Load per Unit LengtiiMg/km/yr) 1.3 0.005 0.0
Total from Easemeist(Mg/yr) 25.7 0.1 0.04
% at Outlet 0.7 0.1 0.3
% Reduction atOutlet 2.8 0.9 0.8
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Figure3. Monthly rainfall departure from normal over study period.
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APPENDIX

CrossSection: Pin Array 1
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Pin Array 1. Erosiomeasurements by date.
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