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Chapter 1: Introduction

TheActon LakeDamFourMile Creek(ALDFMC)HUG12 occupiesA1.37squaremileswithin Butlerand Preble
Countiesin southwesternOhio (Figurel), and encompassethe Gty of Oxford,Miami University,and Hueston
WoodsStatePark.Acton Lake a significantwater body in HuestorWoodsStateParkin the northwestregionof

the watershed receiveswater from three other HUG12 watersheds(Headwaterd=MC Little FMC,and EastFork
FMC;Figure3d). Thesealongwith ALDFMCand CottonRunFourMile Creek HU@ H, @ré all nestedwithin the
Four MileCreek(FMCHUGC10watershed The ALEFMC HUQ2 is also
located within the Great Miami River Watershed, which has been
identified as one of the high priority watersheds in the Ohio River Basin to
address water quality impairments from excessive nutrient loss, mainly
from agricultural landsThis plan will help address nutrient loads,
sediments, and other nonpoint source pollutants that contribute to the
Great Miami River, the Ohio River, and eventually the Gulf of Mexico.

Butler Soiland Water ConservatiorDistrict (Butler SWCD)in collaboration
with Masterof EnvironmentalSciencestudentsfrom the Institute for the
Figurel Location of the ALIFMC HU@2 Environmentand Sustainabilityof Miami University,Oxford,Ohio,

within the Great Miami HUG} authoredthis Nine-ElementNonpoint SourcelmplementationStrategic
Plan(NPSS).Miami University authored the first two chapters of this NBSwith Bitler SWCD completing
chapters three and fouin 2023 In order to improvewater quality in the region,andto be compliantwith the EPA
regulationson water health, Butler SWCDs workingto implementNPSISplans forthe ALDFMCand DicksCreek
HUGMH Q& ®

1.1 Report Background

The20220hio EPAIntegratedWater QualityMonitoring and AssessmenReportidentified the ALDFMCHUG12
asimpairedand in need of a TMD[ hiswasattributed to landuseand/or anthropogenicactivitiessuchasurban
runoff/storm sewers,urbanization,and naturalsources(Ohio EPR022a). Also, high concentrations &:. coli
were identified, making this watershed impaired for recreatidheland useof the ALDFMCHUG12is
predominantlyagriculturalland, with largeforestedand developedareas(OhiocEPA2022).

The ALEFMCwatershed falls witin the boundaries of the Great Miami Rivafatershed, which has been

identified as high priority watershed to address nutrient loss to streams and rivers in the Ohio River Basin. The

Great Miami River (GMR) is one of thegest contributors ohitrogen (N) and phosphorus (P) to the Ohio River,

the Mississippi River, and ultimately the Gulf of Mexico, contributing to the Gulf hypoxia. The most recently
published nutrient mass balance report (OEPA, 2022) identified three major categories of nutrient sources

impacting the GMR watershed, including Nonpoint Source Pollution (NPS), National Pollution Discharge Elimination
Systems (NPDES), and Household Sewage Treatment Systems (HSTS). NPS includes nutrient loss from developed,
agricultural, and natural lands. NPS was identified as the largest contributor to total P and total N load in the GMR

at 66%and 82%, respectively. NPDES sources contributed 29% of the total P load and 15% of the totall¢ load.
HSTS community contributed 5% of the total P load and 3% of the total N load (Figure 2)
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Figure2 Proportion of total phosphorus and nitrogen load from different sources (NPS, NPDES, HSTS) for the Great Miami
watershed, average of five years (wyivy21) (OEPA2022)

This NP$S will be one of the few developed plans in the GMR watershed. Three Valley Conservation Trust has
developed plans foBeals Rusindian Creek, Howard Creé&ky Fork, and the Paddys Run HL&S. This plan will
identify causes and sources of nonpoint source patits within the ALEFMC HU@ 2, determine the watershed
critical areas and outline strategic projects, which should be implemented to improve local water quality and help
to reduce impairmergin the Ohio River Basin and the Mississippi River as well as the Gulf of Mexico. Projects
described in the plan will be eligible for federal and state nonpoint source (NPS) funding.

1.2. Watershed Profile & History

TheALDFMCHUGC12 (HUQD508000206 04)is one of five HUCG12 watershedswithin the FMCHUG10 watershed
(HUQD508000206; Figure3). Themainstemof FMCflows 45.6milesthrough Butlerand PrebleCountiesin Ohio
and descendsan averageof 13.6ft/mile. Themainstemoriginatesin Jacksormownshipat an elevationof 1195ft.
(NHD2020,0GRIBDEM2007)andjoins Little FMCand EastFork FMCnear Acton Lake Exitingthe southeastern
end of ActonLake FMCflows souththrough Butler County,skirtingthe Gty of Oxford,andjoins SevemMile Creek
approximately3 milesnorth of its confluencewith the GreatMiami Riverin Hamilton,OHat an elevationof 574
ft. (USGY981). TheALDFMCHUGCL12 intersectsfive townshipswithin Prebleand Butler County(Figure4) and
containsthe Cityof Oxfordand the Miami University maircampus.Severaiminor tributaries flow into FMCwithin
the ALDFMC HU@ 2, notably CollinsCreek anHarkersRun(Figureb). CollinsCreekandits tributariesflow
through urbanizedareaswithin the Gty of Oxfordwhile HarkersRunprimarilyintersectsagriculturalareason the
east sideof the ALDFMCHUG12.

ALDFMCHUG12 (and more broadlythe entire FMCHUGC10)is locatedwithin the EasternCornBelt PlainsLevel3
Ecoregionasdesignated byhe U.S.EEPAThevastmajority (>99%Yalls within the Level4 Loamy HighLimeTill
Plainswhosegeologyis characterizedy Wisconsiniarageglacialdepositsand interbedded shalendlimestone

from the UpperOrdovicianseries(Woodset al. 2019,Rechet al. 2018). TheFourMile CreekValleywaslikely

createdthrough glacialmeltwater. Glacialoutwashin this valleyforms a buried aquiferdzy’ RS NJ ( K Broad i NE I Y Qa
floodplain,whichis the primarysourceof drinkingwater for the City ofOxford(Rechet al. 2018).TheCity of

Oxfordmaintainsa sourcewater protection areawithin the watershed,whichencompassepart of FMC(OhioEPA

2020a).
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Soilsin the ALDFMCHUG12 (andmore broadlyin the FMCHUG10) developedfrom the high-lime Wisconsinian
glacialtill andare cappedwith a highlyproductivesilt-loessin the northern portion of the watershed(Medleyet
al. 1995).Commonsoil seriesthroughoutthe watershedinclude Miamian, Russelland Fincastig USDANRCS
2019).Thesesoilsrangefrom verypoorly drainedto well drainedbut are all mainlyusedfor cultivation,
necessitatinglrainage tilesn someplaces (NCS¥14a,2007, 2014b).

Landcoverin this regionwashistoricallydominatedby forests,particularly ofOak,Beech,and Maple. European
settlersbegandramaticallytransformingthe landscapen the late 18th century throughdeforestationfor
agricultureand the dammingof waterwaysto run sawand grist mills. Thedominanceof agriculturepeakedin the
1920swith only 10%o0f h K A @resésremaining(Rechet al. 2018).Today,Ohiois approximately 37%orest, and
within the ALDFMCHUG 12, land use iscurrently46.2%row crops,27.1%forest, 17.4%developed,and12.3%
pastureland (Ohi&PA2018a).
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ALD-FMC and Regional Watershed Boundaries
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ALD-FMC Jurisdictional Boundaries
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Four Mile Creek River Miles
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Prominentwithin the ALDBFMCHUG12 is ActonLake,a 590-acrerecreationalreservoirin HuestonWoodsState
Park.Thelakewascreatedfrom the dammingof FourMile Creekin 1956 ty a 366-meter-long earth-filled dam
(Figure6). ActonLake which extendsacrossthe border betweenButlerand PrebleCounty,is usedfor
recreationalactivitiessuchasfishing,swimmingand boating (ODNR012a;Medleyet al. 1995).

The ALBFMCHUG12 containsthree wastewater
treatment plants (WWTPs)Currently the Ohio
Department ofNaturalResourcegODNRpperates
one WWTPundera NPDE®ermit at the Hueston
WoodsStateParkBeachand Marinawhichdischarges
to ActonLake(U.S. EP2020). WoodlandCountry
Manor, a nursinghome, discharge¢o anunnamed
tributary of HarkersRun.Thelargestdischarge
originatesfrom the Cityof OxfordWWTPwhich
entersFourMile Creekat RM 16.36.TheCity of
Oxfordalsocontainsa former sanitarylandfill. Its
leachateis indirectly dischargedo the Cityof Oxford
WWTPunderanindirectdischargeNPDE$ermit, and

Figure6 Looking north along Four Mile Creek from the stormwaterrunoff is collectedin a sedimentation
construction site of the Acton Lake Dam. Photo courtesy of pond (OhicEPA2008).
Frank Peters

1.3. Public Participation and Involvement

Thecreationof this NPSISwasinitiated and led by Butler SWCDButler SWCDwascreatedin1942to provide
technicalassistancend natural resourceeducationto Butler Countyresidentsin urbanandagricultural areas
(BSWCDR018a)Butler{ 2 / Sg@pfisii 2 & LINLR abBsérationrestoration,and responsibleuseof our
natural resourceghroughtechnicalassistance ang R dzO | (B83WAC{2@18b).Thismissionis realizedthrough
their activeinvolvementin localenvironmentaleducation,agriculturalBMPassistance, stormwateananagement,
andwatershedplanning (BSWCB018b).

In order to expeditethe completionof this NPSISplan, Butler SWCDequestedassistancdrom Miami! y A S NER A (& Q&
Institute for the Environmentand Sustainabilitf IESYMiami University2020a).lESvasestablishedn 1969asan
interdisciplinaryprogramto train environmentalscientistsand preparethem for emergingenvironmentalissues

(Miami University2020b).IESregularlypartnerswith localorganizationgo further its program goalgso & S RdzOl i S
studentsasprofessionalsn environmentalscienceanda dza G I A yamdd KipPokide Baxiérshipin areasof

research andutreachthat addressenvironmentalproblemsand promote a more sustainabled 2 O A(Mién#é £
University2020c).Aspart of an ongoingpartnership,sixMiami Universitygraduatestudentsand the IESAssociate
Directorassistedn drafting the first two chaptersof this NPSSreport andin hostinga stakeholdemmeetingon

Januan®2,2020.

Interviewswere completedwith Miami Universityprofessorsand staff conductingresearchwithin the watershed
to establishan understandingof water quality issuesidentified in additionto the 9 t ! nfdgtrecentassessment
(OhioEPA2008).Localenvironmentalorganizationsvere alsocontactedfor questionsrelatingto the watershed.
Thisincludedcommunicationand dataexchangewith Ohio-KentuckylndianaRegionalCouncilof Governments
(OKI),ThreeValleyConservationtrust,Environmental Solution8Q, andPrebleCountySoiland Water
ConservatiorDistrict. Butler SWCIDalsopartners withMiami University toorchestratean EPAaccredited
volunteerscienceprogramcalledButler CountyStream TeamThisprogramorganizesnonthly water quality
samplingthat engagestakeholders, educateglunteerson scientificmethods,and createsa datasetfor water
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quality comparisonwithin the county (Butler CountyStreamTeam2020).A Miami Universityemployeein charge
of the program wasnterviewedto better understandthe datacollectionmethods,andtheir experienceswith
water quality inthe individualstreamsof the watershed.

Postcards were sent out to landowners within the AENAC HUQ2 to garner participation in the public meetings.
Twopublic meetingswere held: anintroductory meetingon December2, 2019hostedby Butler SWCDand
anothermeetingJanuary 222020hostedby the Miami UniversitylESeam. Thepurposeof the meetingswasto
inform the stakeholdersaboutthe NPSISplanandto gaintheir input aboutimpairmentsor issuesin the
watershedthat they believecanbe addressedhroughthis plan. Thegoalsof the meetingswere:

Providean overviewof NPSISplanning
Identify critical areasof environmentalconcern
Identify possiblesolutions

Rankcriticalareas

Shareopinions/pointsof view

=A =4 =4 -4 =4

Atotal of 30 stakeholdersattendedthe December2019meetingand 23 stakeholdersattendedthe January2020
meeting.Participantssharedtheir personalknowledgeabout the watershedandits history, aswell asanyinsight
they had about other organizationghat were operatingwithin the watershed.A few farmers and landowners
were in attendancebut most of the stakeholderswvere affiliated with professionabrganizationsjncluding
employeesof the Cityof Oxford,Miami University,OKI, ThreeValleyConservation Trust, an@rebleSWCD.

Duringthe Decembemeeting,participantsdiscussedomepreliminary issueshey were awareof in the
watershed.In Januarystakeholderanet in smallgroupsandidentified potential criticalareaswhich were
compiledinto acombinedlist (Figure7). Participantsvoted individually orwhich criticalareasshouldbe
prioritized aspart of the NPSIS.Basedon the meetingit wasdeterminedthat the critical areathat the
participantsfelt shouldbe the highestpriority wasagriculturalland, which occupiesa largesectionof the ALD
FMCHUG12. Othercriticalareas thatwere identified asimportant included floodingn the areanorth of Acton
Lake(outsideof the ALDFMCHUGC12 boundary),low-headdamsalongFourMile Creekresidentialdevelopment,
and private septicsystemswithin the ALDFMCHUG12. Thecriticalareas identifiedn this meetingwere used
throughoutthe developmentof this NPSISplan.

Since the initial stakeholder meetings in 2019 and 2020, Butler SWQbehasdividually with several

stakeholders in attempts to identify projects, including the City of Oxfeegeral Miami University faculty, and

Miami UniversityNatural Areas. Butler SWCD has also conducted several site visits on private property within the
City of Oxford that could be potential project sites for stormwater management practices to reduce flooding and
stormwater runoff. Ongoing meetings have occurred between Butler SWCD, Miami University, City of Oxford, and
other stakeholders to develop plans for dam removal/modifications for thelead dams found within this
watershed. Our current priority is the lehead dam in Silvoor Biological Sanctuary, managed by Miamgersity
Natural Areas. Near future plans includegetedoutreach to farmers within the ALBMC HU@2 to determine
AYyUuSNBad Ay Fye 2F GKS fAadG§SR I hdkeDaztontouhd rheetings wihd A y
Miami University Natural Areas and private propestyners forthe project in Silvoor Biological Sanctuary.

The final version of this NRS plan was developagsing individual inputs from local stakeholder organizations
including: Preble SWCD, Miami University, City of Oxford, Three Valley Conservation Trust, and Environmental

Solutions AQ. Through Three Valley Conservation Trust support, Environmental Solutions AQ completed the ACPF
outputs in 2023.
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Figure7 Stakeholders map out where they believe there are critical areas and other points of interest, such as point sources
of pollution and possible sources of NPS pollution during the January 22 stakeholder meeting.

Chapter 2: Watershed Characterization and Assessment Summary

2.1. Summary of Watershed Characterization for AHMC HU@Q?2

2.1.1Physical and Natural Features

Geology

Thebedrockgeologyof the ALDFMCHUGC12 is predominantly interbeddedimestoneandshaleof the Late
Ordovicianage,450 million yearsago(Figure8). Thelayerabovethe bedrockis glacialtill, which wasdeposited
around24,000yearsagoandis fairly thick throughoutthe watershed(Miami University2020d),aswasevidenced
at a well site in Oxfordwherethe glacial tillwas presentstarting8 metersdown, and extendingup to 30 metersin
depth (Rech2018).

Theglacialtill in the watershed creategxcellentfarmland,which supportsa largeamountof agriculturein the
watershed.Theglacialtill limits the flow ofgroundwater,actingasanimpermeablelayer.However there are
areasof glacialoutwashwhere sandand gravelwere depositedby runningwater asthe glaciersmelted. The
glacialoutwashfilled valleyswith hundredsof feet of sandand grave| which created aquifersthat the Cityof
Oxfordextractsgroundwaterfrom to supply tothe city. Thegroundwateraquifersinteractwith surfacewater due
to pumpingby the City of Oxford, whichisimportant to note sinceanypollutantsin the surfacewater could
potentially pollutegroundwaterthat is beingpumpedat the wells. FourMile Creekis primarilya gainingstream,
exceptnearthe Cityof Oxfordpumpingwellswherethe streamis losing(Levy2020).Lastly there is the layer of
topsoilthat sitsabovethe glaciatltill.

Ecoregions

TheStateof Ohiois dividedinto sixLevellll Ecoregionglefinedby the U.S.EPAEcoregions arareaswith
similarity ofecosystemsguality, and quantity of environmentalresourcesEcoregionganbe usedby state
agenciesn the developmentof biologicalcriteriaand water quality standardsalongwith creatingmanagement
goalsto addressnonpoint sourcepollution (U.SEPA2019).The ALDFMCHUG12 is locatedin the EasternCorn
Belt Plains(Figure9).Theland usewithin the EasternCornBelt Plainis extensivecorn, soybean andlivestock
production,which hasimpactedstreamchemistryand turbidity (USG2020).Comparedo the CentralCornBelt
Plains, theEasternCornBelt Plainspreviouslyhad more naturaltree cover.TheEasternCornBelt Plainsis defined
byits rolling till plainswith end moraines,Joamierand welldrainedsoils,and extensiveylacialdepositsof
Wisconsin ag€USG2020).
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Physiography

Onhiois dividedinto five physiographigegions,whichare definedthroughthe geologicalprofileof the areaand
distinctcommunitiesof plantsandanimals. ThALDFMCHUG12 is locatedin the TillPlainsof the Central
Lowlandphysiographigegion. Thisregionwasformed by Pleistocengglaciersthat createdterracesalongvalley
sidesand new drainagepatterns. TheTill Plainsis a fertile regioncharacterizedy gentlyrolling hills, with most of
the hills beinga seriesof morainescreatedby glaciersthat depositedmoundsof rockand soil (ODNRDivisionof
NaturalAreasé& Preserve2020). TheALDFMCHUG12 is within the SouthernOhioLoamyTill Plainssubunitof
the Till Plainsregion. Thissubunithasa loamytill surfacewith end andrecessionamoraines streamvalleysfilled
with glacialoutwash andalternates betweenbroadand narrowfloodplains.Buriedvalleysare commonin this
subunit,andthe elevationof the subunitrangesfrom m m ppioORioDivisionof GeologicaBurveyl998;Figure
10).

Soils

The ALDFMCHUG12 containspredominantlysilt loams and excludingsurfacewater area, thissoiltype accounts
for 80%of the areain the watershed(Figurel1). Themajor soil seriesare RusselMiamian, Xenia,Miamian,
FincastleHennepin Wynn,Geneseeand Cyclone Thefloodplainof FMCis primarily Genesed.oam,whichis
typical of streamsin areasof Wisconsin glaciatiarRosdoamis alsoprevalentin the floodplains(WSS2020).

Approximately57%of mappedsoilsin the watershedare designated agprime farmlandor farmlandof local
importance,while 17%is designatedprime farmlandif drained.Approximately 24%f soilsare designatedot
prime farmland.Areasconsiderednot prime farmlandare generallyfound alongthe steepslopessurrounding
floodplains,or within HuestonWoodsStateParkor the City of Oxford (WSS020).

TheKfactor of soilsis moderateto highthroughoutthe watershed.Kfactor representsthe susceptibilityof the
soilto erosionby water, with valuesrangingfrom 0.02to 0.69.Highervaluesindicatehighersusceptibilityto
erosion,with arangeof 0.25to 0.40beingmoderateWithin the ALDBFMCHUGC12, the major soiltypeshavek-
factorsbetween0.28and 0.49(Tablel).

Wetlands

Accordingto the NationalWetland Inventory(NW12019),the ALDFMCHUGC12 contains34 freshwatemwetlands,
15 of whichare emergentand 19 forested/shrub.Thetotal wetland areais 17.5acres,or approximately0.07%of
the total watershedarea.Themajority of wetlandsare locatedadjacent to astreamchannel (Figurd2).
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Table 1Common soil series in the AHEMC HU€2 and their drainage and erosion rankings (WSS, 2020)

: % Watershed ) ErosionPotential
SeriesName Area Drainage (KFactor)

RussetMiamiansSilt 21.2 Well drained 0.49

Loam

XeniaSiltLoam 13.3 Moderatelywell 0.43-0.49
drained

MiamianSiltLoam 10.8 Well drained 0.37

Fincastle Siltoam 10.6 Somewhat 0.43
poorlydrained

HennepinSiltLoam 6.6 Well drained 0.37-0.43

Wynn SiltLoam 5.0 Well drained 0.37

Genesed_oam 2.7 Well drained 0.28

Cyclone Silkoam 2.5 Poorly drained 0.37

Wildlife and Fisheries

Avariety of wildlife is found within the ALBFMCHUG12, mostnotably withinHuestonWoodsStatePark.
HuestonWoodsis hometo BaldEaglesQspreyfoxes,Ringbilled Gulls,woodpeckersCanadaGeeseBlueHeron,
Mallards,aquaticturtles, mink, non-venomoussnakes, angquirrels(VisitorsBureauHuestonWoodsRegion
2020).TheOhioDepartmentof NaturalResource§ODNR)ists HuestonWoodsStateParkasan & h KBir@ngHot
{ LJ2 idiasthotably forspottingthe Hairy WoodpeckefPicoidesrillosu3(ODNR2013). Actori_akeis a popular
fishingspotwith a marinaand boat ramp.Thelakecontainslargepopulationsof largemouthbass bluegill white
crappie,channelcatfish,bullheads carp,saugeyeand gizzardsshad(ODNR2019a).FourMile Creek whichflows
in and outof ActonLake,is alsohometo avariety of fish speciesAn Ohio EPAnonitoring projectin 2010
completedat three locationsalongFourMile Creek(RiverMiles 18.4, 18.3,and 17.2)found a total of thirty-one
different fish speciesthe majority of whichwere minnow, darter, and sunfishspecieOhioEPA2011).

Endangeredand ThreatenedSpecies

Severabnimalspecieshavebeenclassifiedasendangeredor threatenedin Butlerand PrebleCountiesby the
OhioDepartmentof NaturalResource4ODNRPivisionof Wildlife (Table2). SinceALDFMCHUGC12 falls within
both thesecounties,thesespeciesnaybe presentin the watershed.Of thesespeciespnly the IndianaMyotis
(Bat)(Myotis sodali§ isconsideredendangeredat both the state and federallevels(ODNR2020a).Snowy
Campion(Sileneniveg) is theonly endangeredblant speciesn the two counties, ands only found in Butler County
(ODNR2020a).Midland sedge(Carexmesochoreq Timidsedge(Carextimida), MissouriGooseberryRibes
missouriensg and SoftleavedArrow-wood (Viburnummolle) are threatened speciesMany of theseendangered
andthreatenedspeciegresidein streams,wetlands,marshesand pondsand therefore could be affectedby poor
water qualityin the ALDFMCHUG12.
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Table 2Endangered and threatened animal species found in Butler and Preble Counties, Ohio (ODNR 2020a).

) L State Federal
Counties ScientificName CommonName Group
Status Status

Butler Euryceducifuga CaveSalamander Amphibian Endangered
Butl Bartramia UplandSandpi Bird End d

utler longicauda plandSandpiper ir ndangere
Butler Gomphusexternus PlainsClubtail Dragonfly Endangered
Butler,
Preble Ladona deplanata BlueCorporal Dragonfly Endangered
Butler Exoglossunaurae TonguetiedMinnow Fish Endangered
Butler, . . . .
Preble Myotis sodalis IndianaMyotis (Bat) Mammal Endangered | Endangered
Butler Ixobrychusexillis LeastBittern Bird Threatened

Nycticorax ight
Butler Y . BlackcrownedNight Bird Threatened
nycticorax heron

Butler, . .
Preble Orconectesloanii { f 2 Cvidish Crayfish Threatened
Butler Anguillarostrata AmericanEel Fish Threatened
Butler, L. . . S .
Preble Clonophikirtlandii Y A NI SrhakéR Q & Reptile Threatened

Invasivespecies

Manyinvasivespecieshavebeenrecordedin Butlerand Preblecounties(OhiolnvasivePlantsCouncil2018).
Many ofthesespeciesvere alsoobservedin ALDFMCHUGC12 by naturalists;itizen scientistsand biologists
(iNaturalist2020).Table3 summarizegheseinvasiveplant speciesThemost widespreadnvasiveplant recorded
by expertsin the ALDFMCHUG12 on the iNaturalistdatabaseis the BushHoneysuckle. ThBush Honeysuckleas
been foundto affect organicmatter processingand availabilityin terrestrial and aquatichabitats. It hasalsobeen
shownto havea hightranspirationrate, using aargerportion of the groundand surfacewater comparedto other
shrubs.Researctsuggestgshat managemenbof BushHoneysucklenearstreambankdeadsto anincreasen
streamlight availabilityand an increasein aquaticmacroinvertebratedensities(McNeish& McEwan2016).

Table 3Iinvasiveplant speciesidentified by the Ohio InvasivePlantsCouncil(2018)in Butler andor Preble countiesand by

iNaturalist (2020)in the ALDFMCHUG12.

SpecieName Ohio InvasivePlants iNaturalist
Council
BushHoneysuckle X X
Autumn Olive X
Canadian/Creepinghistle X X
CommonCutleavedTeasel X
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GarlicMustard

Japaneséioneysuckle

Multiflora Rose

NarrowleavedCattail

PurpleLoosestrife

ReedCanary Grass

Autumn Olive

SmoothBrome

Treeof-heaven

X [ X [ X[ X [ X | X |[X|X|X|X

White SweetClove

CommonBuckthorn X
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Local Bedrock Geology ALD-FMC HUC-12

Legend
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Cartography by: Institute for the Environment
and Sustainability, Miami University

Created in April 2020

Data Sources: ODNR, OGRIP

Projection: NAD 1983 StatePlane OH South
FIPS 3402 Ft

Figure8 Bedrock geology map for ALEMC HUE 2 with locator map of bedrock age.
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U.S. EPA Level lll Ecoregions ALD-FMC HUC-12

Figure9 Level Il Ecoregion map for the AIHMC HUA 2.
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Shaded Topography of ALD-FMC HUC-12
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Figure10 Shadedopographic relief map for the ALIEMC HUQ2.
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Major Soil Types of ALD-FMC HUC-12

Figure 11Soil type map for the ALIFMC HUE 2.
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Cartography by: Institute for the Environment
and Sustainability, Miami University

Created in April, 2020

Data Sources: ODOT, NHD, WBD, NRCS
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Projection: NAD 1983 StatePlane OH South
FIPS 3402 Ft
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Freshwater Wetland Locations in ALD-FMC HUC-12

Legend
— Acton Lake Dam - Four Mile
Creek (ALD-FMC) Watershed
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Figure 12Freshwater wetland locations in thALBFMC HUE2.
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2.1.2 Land Use and Protection

Protectedareaswithin the ALBFMCHUG12 includestate andlocallyprotected areas(Figurel3). Within the ALD
FMCHUGC12 a significantportion of the forestedand protected landsare locatedwithin HuestonWoodsState
Park,a~3,000acreforestedstate parkthat surroundsActon Lakeand makesup roughly11.3%of the watershed.
Theparkincludes226 acresof a uniquestandof h K A @d@gowth, BeechMaple climaxforestthat was
designatedasa NationalNaturalLandmarkin 1967 by the NationalParkServicf ODNR2012b,NationalPark
Service2017).Miami Universityalsomaintainsroughly1,000 acresof partially forestedland for education,
recreation,andresearch Thisland, identified asMiami! y A @ S NatukaliAgeas includesmultiple nature
preservessuchasSilvoorBiologicalSanctuaryPefferPark,and the BacheloWildlife and GameReservegMiami
University 2020e)TalawandaHigh School, locatedwithin the southernportion of the City of Oxford,also
maintainsroughly97 acresof natural areasforeducation(Ruther2017). TheTalawandaSchoolDistrictreceived
fundingin 2011,2016and2018throughh 5 b vx@ & $chool A (pBogram,which providesfundingfor
maintaining schooproperty for outdoor learning(ODNR2019b,0ODNR2012c¢).The ALDFMCHUGC12 alsocontains
14 separatepropertiesunder conservatioreasementsheld byThreeValleyConservation Trusincluding Ruder
PreservgRatterman 2019).

About46%o0f the ALDFMCHUG12 consistsof cultivated cropsand combinedwith hay/pasturetaking up 12%
agriculturetakesup over half of the watershed.According to the Butler SWCD, there are several small to

medium livestocloperations (mostly cattle and horse farms) in the watershBtkere were a few livestock

facilities looking to participate i@omprehensive Nutrient Management Planni@NMB and insalling waste

storage facilitiesThere were also concerns brought up at the January stakeholder meeting about the Miami
University equestrian center; the floor drain of the horse stables drains directly to Four Mile @rdedould be

a source of pollutantsThere are about four to five small to medium cattle operations with aboubQ@%Tattle

each and one operation with sheep. Preble SWCD stated there is one livestock operation enrolled in a CNMP.
Most of the issues these livestock facilities encounter in Pr&uenty arerelated to streambank erosion.

TheALDFMCHUG12is 17.4%development,with the City ofOxfordmakingup the majority ofdeveloped land
(OhioEPA2018a).TheALDFMCHUGC12 hasseenanincreasein agriculturaland developedareasfrom 2001to
2016(Figure 14 Approximately385acreshavebeenconvertedto cultivatedcropsand 519 acresconvertedto
development.Thesdand coverchangesare significantbecauseagricultureand developmentare sourcesof NPS
pollution, suchassedimentationand nutrients. Sedimentatiorhasbeenidentified asan impairmentin the ALD
FMCHUG12 and urbanrunoff hasbeenidentified as a sourcef impairment(OhioEPA2018a).

An examinationof the land usein the ALDFMCHUG12 subwatershedsspecificallyHarkersRunfrom the
headwatersto SommervilleRoadand CollinsCreeksubwatershedsis usefulsincethey werein partial attainment
statusfor the designatedAquatic Life Use (ALWHlarkersRunwatershedis predominantlyagriculture,whereas
CollinsCreekwatershedis predominantlyurbandevelopment(Table4; Figurel5). Sincethe CollinsCreek
watershedis dominantly urbandevelopment,it alsohasa higherpercentageof impervioussurfacethan Harkers
Run,makingit more susceptibleto stormwater runoff(Figurel5; Figurel6). Approximatelyl6%of the ALDFMC
HUGC12is within the NPDES$egulatedMunicipal SeparateStorm SewerSystem (MS4fpr the Cityof Oxford.

Thetwo contrastingland usesin thesewatershedshaveimplicationsfor the sourceof impairments HarkersRunis
primarilyimpairedby nutrients and sediments from natural and agricultural souraes Collins Creek is
contaminated by bacteria, metals, nutrients, debris, and sediment discharging directly into waterways from
untreated urban runoff.
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Otheranthropogenidnfluenceson the landscapencludenumerousembankmentponds,mostlocatednear
HarkersRun,impedingflow in the watershed.Theseembankmentpondscould be a possiblesourceof the flow
alterationsin HarkersRun.Additionally,one significantembankmentpond locatednorth of ActonLakesits
directlyon the tributary stream flowinginto ActonLake(Figurel?).

Specifideatureswithin the ALBFMCHUGC12 include:
1 DrinkingWater SourceProtectionAreas- GroundwaterPublicWater Systems
ActonLakeDam
HuestonWoodsStatePark:Golf course,marina,lodge,and campground
FormerCityof Oxford Sanitary Landfill
Formergravelquarries
Oxford CountryClubGolf Course
Miami UniversityOxford campus
o EquestrianCenter
0 Sportsstadium
o Airport
o MiamiUniversity NaturaAreas
CemeterieqOxford,Woodside and BeechwoodCemetery)
Lowheaddams
WastewaterTreatmentPlants
Railroads
Parks(e.g.HuestonWoodsStatePark,Oxford Community ParkPefferPark,LenardGHowell Park)

=A =4 =4 4 -4 4

=A =4 =4 -4 =
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Table 4Land Use Classification in the AIHMC HU€E 2 as of 2016. Area was calculated usiB§RI ArcGIS Pbbased on 2016

NLCD data.
ALBDFMCHUG12 HarkersRunto SommervilleRoad CollinsCreek
Cover % Acres Cover % Acres Cover % Acres
Classification Watershed P Watershed Classification Watershed
Classification
CultivatedCrops 39.02 10331.9 CultivatedCrops 53.44 1374.1 CultivatedCrops 20.77 847.6
Deciduous 23.04 6099.5 id 20.73 533.0 Developed, Open 20.56 839.1
Forest Deciduoud-orest Space
Hay/Pasture 12.79 3386.4 / 17.47 449.2 Developed, Low 16.48 672.5
Hay/Pasture Intensity
Developed, Open 8.92 2360.7 . 3.96 101.7 Deciduoud~orest 13.74 560.6
s Mixed Forest
pace
Mixed Forest 5.58 1477.5 3.49 89.8 Hay/Pasture 13.71 559.5
Developed,
OperSpace
Developed, Low 4.73 1253.4 0.32 8.2 Developed, 7.03 286.9
Intensity Developed, Low Medium
IntenSIty Intensity
OpenWater 2.37 628.8 EvergreerForest 0.29 7.5 Mixed Forest 5.03 205.4
Developed, 1.99 527.9 0.13 3.3 Developed, High 1.95 79.8
Medium OpenWater Intensity
Intensity
Developed, High 0.61 161.3 b 0.09 2.2 OpenWater 0.27 11.2
Intensity Herbaceous
Evergreerf-orest 0.52 138.8 Developed, 0.05 1.4 Herbaceous 0.19 7.7
Medium
Intensity
Herbaceous 0.22 59.3 Evergreerforest 0.13 5.3
Emergent 0.04 11.3 Shrub/Scrub 0.03 1.2
Herbaceous
Wetlands
Shrub/Scrub 0.03 8.7 Emergent 0.02 0.9
Herbaceous
Wetlands
WoodyWetlands 0.03 7.7 BarrenLand 0.02 0.8
BarrenLand 0.01 2.8
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Protected Areas in ALD-FMC
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Created in April, 2020
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Figure 13Protected areas in the ALBMC HU@2.
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Land Cover Changes 2001-2016
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Figure 14Land use changes from 2001 to 2016 in the AANDC HUE 2.
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Land Cover in Collins Creek and Harkers Run
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Figure 19.and use in the subwatersheds of Collins Creek and Harkers Run subwatersed it
measured from the headwaters to Sommerville Road.

Page28



Acton Lake Darfrour Mile Creek NirElement Nonpoint Source Implementation Strategic Plan

Impervious Surfaces in the ALD-FMC HUC-12
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Figure 1@mpervious surfaces in the ALBMC HU@ 2. Impervious surfaces were estimated from
Census road data, the National Building Database, and manual digitizing of parking lots and oth
impervious surfaces based on satellite imagery from 2018.
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Figure 17Embankment pond north of Acton Lake (left), location relative to Acton Lake (top right), shaded
topographic relief map of the area (bottom right), satellite imagery from 2018 of the area.
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Agricultural Conservation Practices

The tablebelow provides an estimation a@furrent conservation practices installed within the last 10 years through
program enrollment initiated through the SWCD/NRCS and the Farm Service Agency. Since some to most of the
land in the ALBFMC watershed is privately owned, knowledge of actual land use and conservation practices is
limited.

Table 5Estimates of Conservation Practices within tdé DFMC HUA 2.

Conservation Practice Estimated Estimated Phosphorug  Estimated Nitrogen
Acreage Load (Ib/yr)** Load (Ib/yr)**
Treated
Conservation Tillage 3,388 1,958 13,520
(no till, reduced till)
Grassed Waterways 106 79 799
Cover Crops 846 119 3,206
Nutrient Management 1,602 117 4,339
Total 1,450 2,273 21,864

*All estimates were provided by USIDIRCSButler County and Preble County Soil and Water
** Estimates calculated using Spreadsheet Tool for Estimating Pollutant Loads (STEPL), Version 4.4 (USEPA, 2019) ématedthsmcal
nitrogen and phosphorus load estimate provided by R. Wilson in 2023.

Additional conservation practices in this watershed have bggnsored via Environmental Quality Incentives
Program (EQIP) and they indk1 a few Seasonal High Tunnels and Brush ManagefRendonal Communication:
NRCS Butler County, Ohio).

Watershed Development Pressure

While the watershed is mostly agricultural and forested lands, a large poofithe watershed is developed and

will continue to developAs areas urbanize and impervious surface cover increases, there is a significant impact on
quality and quantity of water resourceén increase in development leads to an increase in sewage and an

increase in pollutants from urban runoff and pathogen sources. Increased runoff can exacerbate the frequency and
severity of flooding, a problem common within the City of Oxford. An increase in the quantity of water can also

lead to higher flows and flashiness in urban streams, which can generate streambank erosion and sedimentation,
further degrading local water quality. According to the Center for Watershed Protection (CWP), most streams
experience a decline in their water quality and habitats when impervious cover (IC) exceeds 10%, with severe
degradation expected beyond 25%.

In 2014, OKI completed a study to assess the impact of development on the water quality of 82 watersheds in

southwest Ohio, includinthe ALBFMC HU@2 watershed (OKI, 2014). According to the ICM, in 2007

approximately 8.5% of the watershed was covered by impervious surface. This puts thtA&LBUE 2 into a

OFGS3I2NE (KIG A& aaSyarldAagdsS odri K OAdel K ¢ K0 DVIAESR@ 31 din 10 adf $
detailed summary on the correlation between impervious surface cover and environityesgasitive areasOKI

also predicted that the population within the Four Mile Creek watershed will increase from 6,864 in 2010 to 7,525

in 2024. The City of Oxford alone is predicted to increase from a population of 21,626 people in 2010 to 22,275
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people in 2040 (OKI, 2014). It is expected that with the grodewglopment and population, impervious cover

will also increase. This can negatively affect the water quality and environmentally sensitive habitats within the
watershed. Reducing the impact of impervious surface cover and protecting sensitive habitats from further
development is critical in the AHEMC watershed.

Table 6lmperviousCover vs Slope, Soil Erodibility, Riparian Corridors and Aquifer Area in the-RMT HUE2.

Impervious Acres Impervious Acres Impervious Acres
with 0-10% slopes with 11-20% slopes with > 20% slopes
1289.6 (7.27% of the watershe( 150.6 (0.85% of the watersheq 59.4 (0.33% of the watershed
area) area) area)
Impervious Acres on Impervious Acres on Not Impervious Acres on Potentially
Highly Erodible Soils Highly Erodible Soils Highly Erodible Soils
70.1 (0.4% of the watershed | 711.8 (4.01% of the watershe¢ 553.3 (3.12% of the watersheg
area) area) area)

Impervious Acres Outside of Riparian Corridorg Impervious Acrednside of Riparian Corridors*
1428.2 (8.05 % of the watershed area) 71.3 (0.4% of the watershed area)
Impervious Acres Not Over an Aquifer Area Impervious Acres Over an Aquifer Area

1320.5 (7.44 % of the watershed area) 179.1 (1.01% of thevatershed area)
OKI, 2014

*200 ft wide riparian corridor

In 2018 and 2019, the OKI conducted a study to identify and prioritize areas within multiple counties in southwest
Ohio, including Butler County, where there may be large clusters of failing septic systems that may be impacting
water quality the most (OKI, 2020). There were no reports on the number of failing septic systems. According to
GIS data provided by the Butler County General Health District, there are 440 septic systems withinEhG\LD
HUGC12,including aerobic, septic tank to leach field, mound, and other random septic systems. In the City of
Oxford, there are 6 total septic systems with no reports on which are failimg.Ohio Department of Health

estimated in a 2012 survey that 18% of household sewage treatment systems are @iHP012)The HSTS

load estimates and reductions will be addedtie future version of the plabnce more data is available.

2.2. Summary of Biological Trends for AIHMC HUAQ2

OhioEPAreportswith monitoringdatafrom 2005and 2010 servedasthe foundationfor understandingexisting
conditionsthroughoutthe ALDFMCHUG12. Biologicaland Water Quality Studyof FourmileCreekndianCreek,
and SelecfTributariesis a biologicaland water quality surveypublishedin 2008containingsurveydata from 2005
(OhioEPA2008).Biologicahnd Habitat Studies10 Riverand StreamProjects areport whichincludeda water
guality monitoring surveyto supportlow-headdam removabn FourMile Creekin Oxford,provided datato three
additionalmonitoring siteson FMC(RM 184, 18.3,and 17.24) (OhioEPA2011).0Ohio9 t ! pfbgram provideghe
basisfor evaluatingwhether streamsthroughoutthe state are meetingexistinglife usedesignationsandif any
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changedo biological,chemicalor physicaindicatorsare evident. The2018IntegratedWater QualityMonitoring
and AssessmenReportalso useddatafrom thesetechnicaldocumentsto report uponthe aquaticlife use,
monitoring results,and attainment statusof eachmonitoring site(OhioEPA2018a).

Within ALDFMCHUG12, FourMile Creekhasa usedesignationof WarmwaterAquaticHabitat (WWH),with the
exceptionof a sectiondownstream(RM13.0to RM0.35)that is designatedas ExceptionaWarmwaterHabitat
(EWH)HarkersRunand ElamsRunalsoare designatedas WWH. Thisusedesignationdefinestne & G & LJA O f ¢
warmwaterassemblagef aquaticorganismsfor Ohioriversand streams.All other tributariesin the ALBFMC
HUG12 havenot beendesignated but CollinsCreekand Morning SunTributarieswere recommendedor WWH
designationin the technicalreport releasedin 2008by the OhioEPATheprimary metricsby whichthe OhioEPA
determinesif streams arecharacterized asupportingor not supportingtheir designateduseis throughbiological
indicesassociatedvith fish sampling,macroinvertebratesampling,and habitat assessmentsThemonitoringand
assessmentesultsare comparedto the thresholdsassociatedvith supportingtypicalwarmwaterassemblages,
and classified a$ully supporting,partiallysupporting,or not supporting thetypical aquatiassemblage§OhioEPA
2008).

In regardto non-aquaticlife uses, FouMile Creek(the segmentwithin the ALBFMCHUC12) and HarkersRunare
designatedor AgriculturalWater Supply (AWSnd IndustrialWater Supply(IWS)uses.Forrecreationaluses,
FourMile Creekand HarkersRunfall underthe PrimaryContactRecreationPCRyse.

TheOhioEPAhasconductedbiologicalsurveysat elevenlocationsthroughoutthe ALDBFMCHUG12, including six
on the FourMile Creekmainstemandfive siteson four tributaries (Figurel8). TributariessampledincludedCollins
Creek HarkersRun,ElamsRun,and Morning SunTributaries ElamsRun,Morning SunTributaryNorth, andfive of
the sixlocationson FourMile Creekhad biologicalassemblagesated inacceptablecondition (i.e. full attainment).
At CollinsCreek HarkersRun,Morning SunTributary Southand FourMile Creek RML8.30(downstreamof
BonhamRd.and upstreamof impoundeddam)biologicalassemblagefailed applicablebiocriteriafor WWH.The
OhioEPAconsiderghesesitesto be at partial attainmentbecauseone or more of the applicableindicesfailedto
meetthe biocriteria(e.g.,|Bl,Mlwb, ICIYOhioEPA2008;OhioEPA2011).

Table7 summarizeghe biologicalindex scoregor all the siteswithin the ALDFMCHUG12 basedon fish samples,
macroinvertebratesamplesand habitat assessmentdBoldand underlinedscoresin this table denotesscoresthat
do not meetthe criterion for WWHstreams

Fish:Indexof Biotic Integrity (IBI)& Modified Indexof Well-Being(MIwb)

TheMIlwb and IBlscoresguantify the integrity of the fish communityat eachmonitoringlocation. Thefield and
laboratoryproceduresutilized by OEPAor the fish samplingwhichinvolvedpulsed D@lectrofishingmethods,
are outlined in the documenttitled BiologicalCriteriafor the Protectionof AquaticLife:Volumelll, Standardized
BiologicalFieldSamplingand LaboratoryMethodsfor Assessingishand MacroinvertebrateCommunitiegOhio
EPA2015).0Onthe mainstemof FourMile Creek,IBlscoresranged fromgood to exceptional.IBlscoresdid not
reachWWHcriterion at HarkersRunand Morning SunTributariesSouth,with scoresof marginallygood and fair
respectively Mlwb wasonly measuredlongFourMile Creek MIwb scoreswere all exceptional,exceptat RM
18.3Q wherethe scorewasfair and didnot meet WWHcriterion. Historicaldata showsthat IBland Mlwb have
increased alonghe mainstemof Four Mile Creek betweeh991and 2005.
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Macroinvertebrates:Invertebrate Communitylndex (ICI)

ThelClis a measureof the macroinvertebratecommunityintegrity at eachmonitoring location. Similarto the fish
samplingthe field andlaboratoryproceduresutilized by Ohio EPAfor the macroinvertebrate sampling outlined

in the documenttitled BiologicalCriteriafor the Protectionof AquaticLife: Volumelll, Standardizediological
FieldSamplingand LaboratoryMethodsfor Assessindgrishand MacroinvertebrateCommunitieSOhioEPA2015).
Siteson the FourMile Creekmainstemhad ICIscoresrangingfrom Fairto ExceptionalOnlyone site (RM18.3) did
not reachWWHcriterion, with a scoreof fair. However two sites(RM18.4and RM 18.7) had score®f good,
whichare barelyabovethe thresholdof the baselinescorefor WWHcriteria. Thisndicatesthat anynegative
changedn the streamcould causemacroinvertebratepopulationsto fall below WWHconditions.Comparedo the
1996study,communityperformanceimprovedon the FMCmainstemdownstreamfrom ActonLaketo the area
aroundthe OxfordWWTPdischarge. Overalommunityperformancehasimprovedsubstantiallysince1981 when
samplingdfirst started. Invertebrate narrative scores along Four Mileeek tributariesanged from fair to good.

Both Harkers Run and Collins Creek did not meet WWH criteria for macroinvertebrates, both with a fair score.
Macroinvertbrate communitues in Harkers Run seemed to be impacted by low to interstitial stream flow, while the
community in Collins Creek may have been impacted from metals in urban runoff (Ohio EPA 2008).
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Ohio EPA Attainment Status in ALD-FMC
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Figure 180hio EPA sampling locations: full attainment sites are shown in green and partial attainment sites are
shown in orange.

Habitat: Qualitative Habitat Evaluationindex(QHEI)

TheOhioEPAassessedhe habitat characteristicghrough the QualitativeHabitat Evaluatioindex(QHEI)which
providesan understandingof existinghabitat featuresimportant to fish communitiesandis basedupon
methodologiesestablishedbyw | Yy | Halfit® @ssessmentfRankin1989;Ohio EPA2006).Duringthis evaluation,
severalhabitat characteristicsare assessean the streamreach,suchastype/quality of substrate,amount/quality
of in-streamvegetativecover,channelmorphology,extent/quality of riparianvegetation,pool/run/riffle quality,
etc. Reviewof hundredsof QHEkcoresfrom streamsacrossthe state indicatethat valuesgreaterthan 60 are
generallyconduciveof supportingwarmwaterfaunas(OhioEPA2015).
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Thephysicalstreamhabitat throughout most of the mainstemof FourMile Creekappearsto be of sufficient
quality to supportwarmwateraquaticassemblageslthoughone samplinglocation(RM18.30) scoredbelow
WWHcriterion (QHEE 57.5).0Oneof the causef partialimpairmentat this site wassedimentation,whichwould
havecontributedto alower QHEkcoreTheremainingsitesalongthe mainstem hadscoresrangingfrom 74to 83.
Extensive substrate embeddednessd heavy to moderate silt cover were the most observed deficient habitat
featureson the Four Mile mainstenThe QHEI scorefor the five tributary sitesrangedfrom 60.5at CollinsCreek
to 79.5at Morning SunTributariesNorth. The most common habitat deficient features along the tributaries
appeared to be no fast current, poor/fair development, and low/no coamsRun(QHEE 65) and Harkers
Run(QHEI=67.5)had lower scoreswhich couldindicatethat anyhabitat alterationscould negativelyaffectwarm
water assemblage<Collins Creek also received a low score (QHEI = @@&bles8 and 9 illustratethe QHEI
scoresaswell asthe warmwaterhabitat attribute resultsfor FourMile Creekandthe four tributariesin the ALD
FMCHUG12. GreenQHEkcoresindicatethat the scoremet WWHcriterion, while red scoreslid not meet
criterion.

Table 7Biologicalindex scoresfor sitesin the ALBFMCHUGC12 (Ohio EPA2008,2011)basedn fish sampleqIBland Mlwb),
macroinvertebratesamples(ICl),and habitat (QHEI)Bold and underlined scoresdenote scoresthat do not meet the
criterion for WWHstreams.

Year Station Attainment | River Drainage 1BI Miwb ICI Invertebrate| QHEI
Name Status Mile Area Narrative
(sqm)
2005 | Four Mle Full 8.7 106.0 52.00/ 10.43/ 38.00/ - 81.50
Creek Upst. Exceptional Exceptional Good
Oxford @St.
Rt. 732
2010 | Four Mle Full 18.4Y 107.0 49.00 /Very 9.65/ 38.00/ - 83.00
CreekUpst. Good Exceptional Good
Oxford @
BonhamRd.
2010 | Four Mle Full 17.24v 115.0 52.00/ 10.21/ 50.00/ - 80.00
Creek Upst. Exceptional Exceptional | Exceptional
Oxford @St.
Rt. 73
2005 | Four Mle Full 16.4Y 122.0 54.00/ 10.29/ 52.00/ - 78.50
Creek Upst. Exceptional Exceptional | Exceptional
OxfordWWTP
2005 | FourMile Full 16.2V 122.0 52.00/ 10.99/ 48.00/ - 74.00
Creek Just Exceptional Exceptional | Exceptional
Dst. Oxford
WWTP
2005 | ElamsRunN Full 0.3 1.6 50.00/ - - Good 65.00
Of Oxford@ Exceptional
Mouth, Along
St.
Rt.732
2005 [ MorningSun Full 0.7 4.4 58.00/ - - Good 79.50
Trib- north Exceptional
(23.57)@
Main Loop
Roadln Park
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2005 [ MorningSun Partial 0.9" 3.5 28.00/Fair - - Good 69.00
Trib- south
(23.57/0.25)
@ Loop Road i
Park

2005 | Collins Creek | Partial | 0.6 5.4 shonr - - Fair 60.50
@ exceptional
U.SRt. 27

2005 | Harkers Run Partial | 2.4 5.0 36.00/ ' - - Fair 67.50
@ Somerville mgg_ay
Rd, Dst Trib food
(2.38)

2010 | Fourmile Partial 18.3V 107.0 41.00/ 7.30/ Fair | 22.00/ Fair - 57.50
Creek Dst. Good
Bonham Rd.,
Upst. Dam
(Impounded)

QHEI Qualitative Habitat Evaluation Index

Mlwb Modified Index of Well Being

IBI Index of Biotic Integrity

H Headwater sample (Drainage Aga i)

W Wading sample (Drainage Area > 26 X600 mf)
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Table 8Qualitative Habitat Evaluationindex (QHEIMatrix with Warmwater Habitat (WWH)andModified Warmwater
Habitat (MWH) Attribute Totalsfor FourMile CreekMainstem Sitesin the ALBFMCHUG12 (Ohio EPA2008;Ohio EPA
2011).Boldand underlined scoresdenote QHEIscoresthat do not meet the criterion for WWHstreams.

Four Mile Creek - Mainstem

oo River Mile 18.7 18.4 18.3 17.24 16.4 16.2
I Year Sampled 2005 2010 2010 2010 2005 2005
O e : -
>0 Gradient(ft/mile) 9.35 9.35 0.10 9.36 9.26 9.26
v W QHEI Score 81.50 83.00 57.50 80.00 78.50 74.00
Not Channelizedbr Recovered 1 1 1 1 1 1
Boulder/Cobble/GravelSubstratesi|l 1 1 1 1 1
Silt FreeSubstrates
4 Good/ExcellenDevelopment 1 1 1 1 1
2 Moderate/HighSinuosity 1 q 1 q
§ Extensive/ModerateCover 1 1 1 1 1 1
T FastCurrent/Eddies !l 1 il 1 1
= Low/ Normal Embeddedness 1 1 T
= Max Depth>40cm 1 1 1 1 1 1
Low/Normal Riffle Embeddednessji|l 1 1 1
WWH Attributes 9 9 4 8 8 7
o Channelized/N&Recovery
2  Silt/Muck Substrates
5 No Sinuosity
£ Sparse/NdCover 1 i
S Max Depth<40cm
T Hi-InfluenceModified Attributes 0 0 1 0 0 1
RecoveringChannel
a Heavy/ModerateSilt Cover 1 1 1 1 1 1
3 SandSubstratgBoat)
E HardpanSubstrateOrigin
; g Fair/PoorDevelopment 1 1 1
= $ | Low Sinuosity q q
= % Only 1 or 2 Covertypes
T Intermediate/PooPools
g No FastCurrent ]
T High/ModerateEmbeddedness 1 1 1 Ll 1 1
=  High/ModerateRiffle 1 1
Embeddedness
No Riffle 1
M.l. MWM Attributes 2 2 6 3 4 4
MWH H.l.+1/WWH+1 Ratio 0.10 0.10 0.40 0.11 0.11 0.25
MWH M.l.+1/WWH-+1 Ratio 0.30 0.30 1.60 0.44 0.56 0.75
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Table 9Qualitative Habitat Evaluationindex (QHEIMatrix with Warmwater Habitat (WWH)andModified Warmwater
Habitat (MWH) Attribute Totalsfor FourMile Creektributaries in the ALDFMCHUG12 (Ohio EPA2008;Ohio EPA2011).
Bold and underlined scoresdenote QHEIscoresthat do not meet the criterion for WWHstreams.

Four Mile Creeki Acton Lake Dam HUC-12 Collins Elams Harkers Mornln_g g il
Tributaries Creek Run Run Star b, St_ar
(\[e]gip)] Trib.
(South)
w g River Mile 0.6 0.3 2.4 0.7 0.9
Q £ Gradient(ft/mile) 2351 52.63 29.41 30.43 35.71
g ﬁ QHEI Score 60.50 65.00 67.50 79.50 69.00
Not Channelizedr Recovered 1 1 1 1
Boulder/Cobble/Gravel Substrates i 1 1 1 i
m Silt FreeSubstrates 1 1
2 Good/ExcellenDevelopment 1 1 1
= Moderate/HighSinuosity 1 1 1 1
g ExtensiveModerateCover 1 1
ac FastCurrent/Eddies
% Low/ Normal Embeddedness 1 1 1 1 1
Max Depth>40 cm 1 1 1 1
Low/Normal Riffle Embeddedness T 1 1 i
WWH Attributes 3 8 6 8 8
o Channelized/NdRecovery
% Silt/Muck Substrates
= No Sinuosity 1 1 1
% Sparse/NdCover 1 1 1 1
© Max Depth<40cm 1
i Hi-InfluenceModified Attributes 2 2 3 0 1
RecoveringChannel T
i Heavy/ModerateSilt Cover i
3 SandSubstratgBoat)
= o HardpanSubstrateOrigin
; % Fair/PoorDevelopment 1 1 1 1
= =  Low Sinuosity
= £ Only1or2 Covertypes
% Intermediate/PooPools
g No FastCurrent 1 1 1 1 1
§ High/ModerateEmbeddedness
High/Moderate Riffle ]
Embeddedness
No Riffle
M.l. MWM Attributes 4 2 3 1 2
MWH H.l.+1/WWH-+1 Ratio 0.75 0.33 0.57 0.11 0.22
MWH M.l.+1/WWH+1 Ratio 1.75 0.56 1.00 0.22 0.44

Water Quality

The Ohio EPA also assessed water quatitiie 9sites in 2008 as well as at a few sites within Acton Lake. Water
quality throughout the Four Mile Creek mainstem was generally good except at four sampling locations on the
mainstem (RM 16.2, 16.4, 18.7, 20.3) and one on Collins Creek (RM 0.6). At RM 20.3, dissolved oxygen fell below
the minimum criterion (4.0 mg/L). Near the bottom of the impoundment near the dam, the water was found to be
anoxic during June sampling and near anoxic with elevated amnahbniacentrations during October sampling by
Ohio EPA (2008). Biological integrity in Four Mile Creek became threatened downstream from the Acton Lake
outflow due to high ammonidN levels, low dissolved oxygen (<4.0 mg/L) and sedimentation (OEPATI288).

Acton Lake sampling at the site nearer to stream inflows increased in both chloragtoyicentrations and total
phosphorus from June to Octobé&rhe 3year means for all results of total phosphorus (129.9 pg/l) and
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chlorophylta (56.3 pg/l) were also indicative of hypereutrophic conditidrtsee sampling location along the
mainstem at RM 18.7 was also found to measure below the water quality standards for dissolved oxygen (4.46, 4.6
mg/L) but exceeded ammonid levels.

Reflecting the heavy agriculture in the watershed, several organic compounds found in sites not meeting WQS
were pesticides. One Four Mile Creek (RM 16.4) sampling location exceeded water quality standards for heptachlor
epoxide, dieldrin, aldrin, copper, lead, aBd ColiRM 16.2 exceeded water quality standards for heptachlor

epoxide, dieldrin, fecal coliform, ari€l ColiThese sites became elevated following heavy rainfall from the

aftermath of Hurricane Katrina. RM 16.2 falls immediately downstream of the Oxford WWTP. Nitrate and

phosphate levels in the mainstem were generally low with respective overall medians. However, phosphorus levels
spiked downstream from the Oxford WWTP at RM 16.2.

ALDFMC HU@2 isimpaired forPrimary Contact Recreation due o ColiFour Mile Creek (RM 20.3),

downstream from Acton Lake outflow, and Morning Sun Tributg®puth (RM 0.9) had at least one bacterial
indicator not meeting criteria. One source of bacterial contamination is expected to be from failing septic systems
within the watershedFuture versions of this plan may be geared towards addressing faulty HSTS in fRRIELD
HUGC12.

In regards to urban runoff, Collins Creek exceed&dS forconcentrations of copper (59 ug/l), iron @20 ug/l),

and barium (241 pg/lElevated concentrations of TSS (2360 mg/l), arsenic (9.6 pg/l), cadmium (0.59 ug/l),
chromium (42 pg/l), lead (36.5 pg/l), nickel (55 ug/l), zinc (217 ug/l), and aluminum (30000 ug/l) were also
documented i Collins Creekrothe sampling day following an increase in flow extremes from stormwater runoff
from the City of Oxford.

2.3. Summary of NPS Pollution Causes and Associated Sources for th&MCD

HUC12

Aslistedin the 2018IntegratedWater Qualityand AssessmenReport,the OhioEPAhasdeterminedthat
biologicalimpairmentsin ALDFMCHUG12 are causedby sedimentation/siltation habitat and flow regime
alterations,and high metalsconcentrationgcopper,iron, and barium)during flow extremes(Table10).
Additionally,in 2005,Acton Lake wa evaluatedashypereutrophichasedon the TrophicStatelndex(TSlvalues
from sampleqOhioEPA2008).Alsq the OEPA has listed bacteria Co)ias a cause of recreational impairment.
More detail on Acton Lakeill be described in Chapter 221 Habitatalterationson Morning StarTributary-South
(RM0.9) andflow regimealterationson HarkersRun(RM2 4) are naturallycaused Highmetal concentrationsin
CollinsCreek(RMO0.6) are the result of urbanrunoff from the Cityof Oxford,whichhad animpervioussurfaceof
almost9%in 2005and haslikelyincreaseddue to further urban development.Concentrationsof copper, iron, and
bariumexceededNater Quality Standardsasdeterminedby the USEPAElevated concentrationsf total
suspendedsolids(TSS)arsenic,cadmium,chromium,lead,nickel,zinc, andaluminumwere also found.These
concentrationswere only found duringexceptionallyhigh flows.Other potential sources of impairments in the
watershed include stream bank erosion, failing home sewage treatment systems, and point discharges from
wastewater treatment facilitiedrailing HSTS and cattle access to streams are also potential sourEe€fur
contamination in this watershed.
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Table 10Summaryof sites of partial attainment in the ALDFMCHUG12, including causesand sourcef the impairments
determined byOhio EPA(2008).

. River
Station Name . Causes Sources
Mile
FourmileCreekDst.BonhamRd.,Upst.Dam  [18.30 |Lackof riffle area,channel Impounded
(Impounded) development,embedded Dam

substrates

Morning SunTrib.- South (23.57/0.25& Loop (0.9 Transitionbetweenheadwater [Natural
Roadin Park andprimary headwaterhabitat

HarkersRun@ SomervilldRd,Dst. Trib.(2.38) |24 Lowto interstitial streamflow [Natural

CollinsCreek @U.S Rt.27 0.6 Metals (Cu,Fe,Ba)increase in [Urban runoff
flow extremes from Oxford

Row crop agriculture has also been identified as a reaince of excessive nutrient loads and
sedimentation/siltation in rural watershedss well as a major contributor to excess nutrients to the Gulf of Mexico
hypoxia, particularlyn regards tanitrogen. Ohio EPA has estimated nutrient loadings from individual sub
watersheds in the Ohio River Basin. These estimates include a breakdown of estimated loads from contributing
sources of NPS pollutants, including agricultural lands/activitiedsd@weloped/urban lands (Table 1 Efforts to
reduce nutrients from each of these contributing sources will focuseashing the 20% reduction goal.

Table11 Estimated Nutrient Loadings from Contributing NPS Sources in the-AUC HUAQ 2.

Agricultural Load (Ibs/yr) Developed/Urban Load (Ibs/yr)

Total Nitrogen | Total Phosphorus| Total Nitrogen Total Phosphorus

Current Estimates* 270,000 17,000 45,000 2,900
Target Reduction
Goals 53,000 3,400 9,000 570

Estimates provided by Rick Wilson, O&EP®pril 2023
*Rounded using two significant figures

Additionalsourcesof sedimentationincludethree low-headdamsin the HUG12, two of whicharelocatedon
FourMile Creekandthe other on atributary of CollinsCreek.Oneof the low-headdamson FMCis impoundedat
RM 18.3,approximatelyone-third of a mile downstream fromthe BonhamRoad bridgeThisdam isconstructedof
reinforcedconcreteandis sixfeet highand 75 feet wide. TheOhio EPAreported that removalof the dam would
eliminatethe currentimpoundedareaand restore approximately700linearfeet of natural streamhabitat and
flow conditions(OhioEPA2011).Anotherlow-headdamis locateddownstreamon FMC north of the fenced
horsepasturesat Miami! y A @ S Bdudstiiah@@ater.A third damis locatedon a smalltributary of Collins
Creek.t is roughly20 yardsnorth of CollinsCreekandis directly south of SilvoorLanenear PeffelPark.Thisdam
appearsto be degradingandthere is a largeverticalseparationbetweenthe tributary andits connectionto
CollinsCreek(Figurel8; Figurel9).
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Figure19 Lowheaddamsin the ALBFMCHUG12 (A) Four Mile CreekRM 18.3(Photo
by SethSwearingen){B) Tributary of CollinsCreeknear Peffer Park(Photo byEmily
Salings){C)FourMile Creeknear Miami University EquestrianCenter(Photo bySeth

Swearingen)Locationsof damsare shownin Figure18.

Alllow-head dams are candidates for removal/modification. The dam at RM 18.3 is on private property. Butler
SWCD has been working with the private property owner, Miami University, and the City of Oxford to implement a
plan for removal. Butler SWCD raso been working with Miami University and the City of Oxford on plans for
modifications on the dam near the Equestrian Center, which cannot be removed due to the dam being hard
armoring for the sanitary sewer line underneaifhe dam in Silvoor Biological Sanctuary on a tributary to Collins
Creek has become a large hazard and safety risk, and Butler SWCD is working closely with Miami University and
Miami Natural Areas to lay out a plan for either burial or removal of the dam. All dam removal/modification
projects are expected to be implemented within the next few years.

2.4. Additional Information for Determining Critical Areas and Developing
Implementation Strategies

2.4.1. Agricultural Conservation Planning Framework

The Agricultural Conservation Planning Framework (ACPF) is an agricultural watershed management tool using
high-resolution spatial data and ArcGIS to identify opportunities for installing conservation practices in a
watershed. Designed by United States Department of Agriculture, the ACPF is a widely used tool in many
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watersheds to help inform and support watershed planning efforts. ACPF can help engage stakeholders through
providing conservation solutionButler SWCD plans to hold a stakeholder meeting with targeted landowners on
the ACPF outputs, as these outputs were developed after the initial stakeholder meetings in 2019 anth2020.
ACPF program provides various solutions and optieaiscan be implemented in fields, below fields, and in

riparian zones. Several conservation practices are applicable in th&MCCHUQ 2 including:

Grassed Waterwag NRCS Practice code 412

Buffer Contour Strig NRCS Practice code 332

Nutrient Removal Wetlands NRCS Practice code 658

Water and Sediment Control Basin (WASGENBRCS Practice code 638
Riparian Buffeg NRCS Practice code 391

Streambank StabilizationNRCS Practice code 580

The ACPF model was performed for the Four Mile Creek}2UGSing a 2.5 ft LIDAR DEM from Ohio
Geographically Referenced Information Program (OGRIP) and a file geodatabase provided by ARS (USDA, 2020).
The tool was run using cropland data layers representing the years 2015 through 2020.

The ACPF model identified a number of possibféeid conservation practices, belefield practices and also

riparian zonalesigns in the Four Mile Creek watershed (TaBle As estimated by the ACPF model, 18(366

fields or2231 acres) of analyzed agricultural fields (12261.4 acres of crops and pasitERVICHUG12 are
considered high or very high runoff risk and at least 68.9% (249 fields or 8446.5 acres) of the crop fields are tile
drained.Figures 20 through 2depict the ACPF model results.

Table 12Conservation Practices at AHEMC HU€2 Suggested by the ACPF.

Practice Unit Length (Miles) |  Area (Acres)
In-Field Practices
Grassed Waterways 1257 sites 145 528*
Contoured Buffer 232 sites 49 179*
Strips/Filter Strips
Tile Drainage 4 sites NA 366
Management
Below-Field Practices
Nutrient Removal 24 wetlands NA 4900**
Wetlands Pools: 45.7
Buffers: 75.6
WASCOBs 104 sites NA 969**
Bioreactors 50 sites NA 1996***
Riparian Zone
Riparian Buffers NA 60.5 NA
(various plants)
Saturated Buffers NA 3.6 NA
Saturated Buffer NA 1.0 NA
Requiring Carbon
Enhancement
Streambank NA 68.7 NA
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Stabilization

*Assuming 30 feet wide

** Contributing area

*** Elow accumulation in acres at the point of bioreactor installation
NAC¢ Not applicable
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ACPF Conservation Opportunities in Four Mile Creek Watershed
Agricultural Runoff Control Map
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Figure 20ACPF Hlrield Agricultural Conservation Practice Opportunities in AERIC HUEL.2:
Runoff Control.
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ACPF Conservation Opportunities in Four Mile Creek Watershed
Tile Drainage Treatement
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Figure 21ACPF IfField Agricultural Conservation Practice Opportunities in AERIC HUE.2:
Tile Drainage Treatment.
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ACPF Conservation Opportunities in Four Mile Creek Watershed
Water Retention & Storage
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Figure 22ACPF Belowrield Agricultural Conservation Practice Opportunities in AERIC HUC

12: Water Retention and Storage.
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ACPF Conservation Opportunities in Four Mile Creek Watershed
Riparian Management
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Figure 23Riparian Function Management Suggested by ACPF inF D HUE@ 2: Riparian
Management.
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ACPF Conservation Opportunities in Four Mile Creek Watershed
Denitrifying Practices
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Figure 24Riparian Function Management Suggested by ACPF irFBMD HUE 2: Denitrifying
Practices.

2.4.2. Acton Lake

Miami University has directed research on Acton Lake for more than 25, yEmsmenting trends in Acton Lake
and instreams that feed Acton Lake in a largely agricultural watershethn Lakehashigh concentrationsof
nutrients, inorganicsediments and phytoplankton,whichis mostlylikely causedby the predominanceof row crop
agriculturein the f | {w&it@rahed.Overthe pastdecade researcherdhavefound that nitrogen:phosphorugN:P)
loadshavebeendeclining,which could be attributed to the shift to conservatiortillagein the localarea(Andersen
et al. 2019).However, it has been noted that conservation tillage may be resulting in unexpeatgdnt trends in
the watershed as well, possibly because of increased soil P stratification as a result-terfoiegnservation
tillage (Renwick et al. 2018)dditionally,Vanniet al. (2011)found highsedimentationratesin ActonLake
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comparedto other reservoirsin the samestudy. Thesehighrateswere also relatedto landusein Acton[ I { SQa
watershed Research has also shown that there has been an increase in the abundance of-festhng fish, like
gizzard shad, that consume sediment in the lake. The fish then excrete nutrients, leading to more nutrient sources
for algal growth(Meikle 2019)More recentpublicationshavecontinuedto identify Acton Lakeashypereutrophic,
predominantlydue to nonpoint sourcepollution in the watersheddrainingto the lake (Andersen etl. 2019,

Renwicket al. 2018).Researcthasalsoshownthat the lakereceivedmore nutrients thanit dischargedn the past
years,indicatingthat it hasservedasa nutrient catchmentdue to sedimentexitingthe water columnand settling

in the lake (Vanniet al.2011).

Historically Acton Lakehasexperiencedsignificantsedimentation with potential sources including agricultural
and urban land use activitiewhich contributesto high sedimentatiordownstream.Iln 2005,approximately
70,000cubicyardswasdredgedout of ActonLake.Sincethen, the lakeor parts of the lakehavebeendredged
periodicallywhennecessaryo reducethe build-up of sediments(Vanni2020).Tofurther reducesedimentation
downstreamof the lake, $15million in damrepairswere completedin 2017that includedreplacementof the lake
draintower and severalconcretewalls,rehabilitation of the spillwayweir and outlet channel,and constructionof
anewtoe drainagenetwork and berm (ODNR2020b).Acton Lakeis designated asn ExceptionaWarmwater
Habitat(EWH)whichmeansit is characterizedy a high diversity ofspeciesparticularlythosewhichare highly
intolerant and/or rare, threatened,endangeredpr specialstatus.The Ohio EPAasclassified Actohakeasa
PublicWater Supply (PW3nd a StateResourceNater (SRW)Forrecreationaluses,ActonLakehasa Bathing
Water RecreationBWR)designationbecauseof the publicbeachlocatedwithin Hueston Woods State Pailk
2005,0hioEPAsurveysidentified ActonLakeas hypereutrophicthough downstreamsegmentswere still meeting
WWH expectations(OhioEPA2008).0hio Department of Health has not listed any advisories for harmful algal
blooms in Acton Lake, but has reported several advisorieE f@olithin the past few years (ODH, 2023).

2.4.3. Citizen Science

StreamTeamData

Butler CountyStream Teanis a citizensciencegroup (supportedby Butler SWCDButler County StormWater
District,and Miami University)which collects,analyzesandreports water qualitydatafrom ButlerCounty
waterways.TheprogramhasEPAlevel 2 credibledata status.Volunteerscollectsamplesand then analyzethem
underthe supervisionof trained staff. Thewater qualitydatais publicinformation (Butler CountyStreamTeam
2020).

Nine Stream Teansamplinglocationsare locatedwithin the ALDFMCHUG12 alongFourMile Creek Harkers
Run,CollinsCreek BullRun,and KygerRun(Figure25). Samplegakenfrom Marchto November2019were
analyzedand averagedor nine locations(Tablel3). OhioEPAhasonly establishedoarameterlimits for three
parametersnitrate in drinkingwater, total dissolvedsolids(TDS)n WWHaquaticlife use,andE. colin primary
contactsurfacewater (OhioEPA2018b).

1 Onlytwo of the samplegakenin the watershedin 2019violatedthe nitrate drinkingwater standard(10
mg/L nitrate-N), both of which were takenat the southernmostsite on FourMile Creek(FMMS_14.65).
Thislocationis south of the Cityof Oxfordwastewater treatment plantwhich mayimpactmeasurements
takenthere (Cityof Oxford2020).Thesemeasurementsare not of immediateconcernfor publichealth
becausethe Cityofh E T 2 puBti€t&nkingwater supply isfrom a localaquifer north of this site (Figure
19)(Levy2020).

1 Onlyone of the Stream Team samplés 2019wasabovethe TDSstandard(1500mg/Lyat BRUT_0.78
(Figurel9).

Pageb0



Acton Lake Darrour Mile Creek Nirélement Nonpoint Source Implementation Strategic Plan

1 TheE.coliEPA standardfor primarycontactrecreationare abovel26asa 90-dayaveragepr locations
for which 10%o0f samplesare above410,indicatethat the stream doesiot meet EPAstandardsfor
primarycontactrecreation(OhioEPA2018b).A measurementof 235 CFU/100mlis consideredto be

high enoughto issuea bathingwater advisory(OhioEPA2018b).

1 Allthe StreamTeamsiteswithin the watershedexceptFMMS_20.28vere aboveboth the E.coliprimary
contactstandardsand the bathingwater advisorvaluefor at leastone month in 2019.Theupper portion
of CollinsCreekandits tributaries containedthe highestE.coli measurementswithin the watershed.

Table132019 Average values for Stream Team sampling.site

. Total .
Site Conductivity TDS | Turbidity Total Nitrate (mg/L Coliform E. coli
SiteID Description 0>{ kO (mglL) (NTU) Phosphorus NO3N) (CFU/100mL) (CFU/
(mg/L TPGI3P) 100mL)
BRUT_0.78 Unnamed 1152.2 580.6 4.5 0.08 1.1 11826 1254
Tributary to
BullRunat
Oxford
Community
Park
CCBR_0.02 Bull Run @ 765.1 383 1.2 0.06 0.73 10686 3473
Locustand
Sandra
CCKR_0.03| Kyger Run @ 901.1 430.9 1.2 0.04 0.94 10483 1930
Locustand
Sandra
FMCC_0.74| CollinsCreek 834.8 422.6 3 0.03 0.82 13684 992
@ PefferPark
FMCC_1.7 | Collins Creel@ 665 3315 25 0.07 1.09 12523 1437
Locustand
Sandra
FMHR_0.03 Harker's Run 638.3 319.6 1.9 0.03 1.43 6728 193
@SR 73
FMMS_14.65 FourMile Creek 837.4 416.9 51 0.95 6.73 12680 481
@ end of
WallaceRoad
FMMS_17.24 Four Mile 483.7 237.9 7.3 0.06 2.08 8287 148
Creek@ SR73
FMMS_20.2§ Four Mile 438.8 216.9 6.5 0.06 2.3 7904 75
Creek@
BuckleyRd
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Butler Stream Team Sampling Location Sites
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Chapter 3: Critical Area Conditions & Restoration Strategies foioAct
Lake Dard~our Mile Creek HUC?2 Critical Areas

3.1 Overview of Critical Areas

In 2005, Four Mile Creek and its main tributaries were a part of a biological and water quality assessment
completed by tke Ohio EPA (@o EPA 2008). Six sampling locations reside on the Four Mile Creek mainstem, while
five sites exist on four tributaries. Foltile Creekand its tributaries ar@lesignated as WWH, exceforr a section

of Four Mile Creedownstream (RM 13.0 to RM 0.3%jhich is designated EWBf the eleversampling locations
located within the ALEFMC HUC 12qur sites failed applicable biocriteria for WWAd are in partial attainment.
Every site along the Four Mile Creek mainstem was in full attainment for the designated ALU exBaptli®:3,

which did not meet biocriteria for the WWH ALU. An additional study was completed in 2010 to suppbeddw

dam removal at RM 18&ith three additioral sampling locations at RM 18#8.3, and 17.2 (Ohio EPA 2011). This
studyalso found the sampling location at RM 18.3 to be in phaitinment for WWH. Of the tributaries that

were sampled, Morning Sun TributarySouth(RM 09), Collins Creek (RM@), and Harkers Run (RM42were all

in partial attainment Currently, the ALBFMC HUC 12 is listed as impaired due to metal contamination, flow
regime modification, habitat alterations, and sedimentation/siltation for aquatic life and impaired for recreation
due toE. Coli In 2005, Acton Lakeasdesignated as hypereutroph{(©hio EPA 2008Jhe Ohio EPA listed natural
sources as causes of impairment in Morning Sun Tributary and HarkerB&urimpoundment is the primary

source of impairment on Four Mile Creek at RM 18.3, while urban runoff is leading to heavy metal contamination
in Collins Creek. Othsuspectedsources for these impairments may also include row crop agricylfaiéng

septic systemsand streambank and top soil erosidmplementing conservation and other management practices
within this watershed play key roles in improving water quality andolgical assemblages as well as protecting
environmentally sensitive areas and overall health of waterways.

Threecritical areas have been identified in the AERIC HUC 12. Critical Area 1 will addtessarfield (Gulf of

Mexico) and neafield (local waterways) effects of nutrienand sediment from agricultural activities. Critical Area

2 will focus on improving and restoring riparian habitat along stream corridors. Critical Area 3 will involve reducing
sediment and nutrient enrichment from prioritized urbareas in the City of Oxfordri@ical areas may be

modified or additional critical areas may be identified in the future as new watelitguwand biological data
becomeavailable and new projects are developed.
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Table X Critical Areas oALBFMC HUA 2.

Critical

Area Critical Area Description Impairment Being Addressed Size (Acres)
1 Prioritized AgriculturaliElds as Nutrient Management in Prioritized 12,261

determined by ACPF Agricultural LandsNearField and

FarField Impairment, Gulf of Mexico
hypoxia¢ N and P Reduction)

2 Riparian Corridor Improve high quality habitat scores i 1,671
IBI, ICI, QHEAnd stream healthby
reducing nutrients and
sediment/siltation(NearField and
FarField Impairment, Gulf of Mexico
hypoxia)

3 Prioritized Urban Land City of Improve high quality habitat scores i 4,979
Oxford IBI, ICI, QHEI, and stream hedith
reducing nutrients and
sediment/siltation from urban runoff
(NearField and FaField Impairment
¢ Gulf of Mexico hypoxia)

3.2 Critical Area 1: Conditions, Goals, & Objectives Ruioritized Agricultural

Fields

3.2.1 DetailedCharacterization

. aSR 2NutricnkKMagsBalance Stu@@hio EPA, 2022), 82% of the nitrogen loading and 66% of the
phosphorus nutrient loading to the Ohio River via the Great Miami River came from nonpoint séctmesLake

was identified as hypertrophic based on the Trophic State Index (TSI) values calculated from data collected during
the 2005 monitoring conducted by Ohio EPA (2008gre is a large amount of agricultural land use surrounding
Acton Lake, which drains a watershed that is 81% agricultural and 12% fqrpstedrily corn and soy cropland

(Hayes et al. 20158iven the dominance of agricultural land use throughout@reat Miami River watershed, the

use of agricultural BMPs that target nutrient and sediment reductiooracemmended? KA f S . at Qa | NB
encouraged on all agricultural lands, certain lands may be more susceptible to nutrient loss and are prioritized for
BMP application.

Critical Aredl includesall agricultural lands throughout the AIEMC HU@ 2 and prioritized based on the criteria
set by the local stakeholdeesxd ACPF resul{fig. 2. The ABF model was used to identify 565 high runoff fields
covering 2,231 acres of the agricultural land (18.2%) withirhBeFMC watershedPrioritized areas and potential
projects should meet at least one of the following criteria:

Lands idatified as high runoff fields;

Lands directly adjacent to Four Mile or its tributaries;

Lands experiencing gully erosion;

Lands currently under conventional tillage regimes and/or underutilizing cover crops;
Lands without current nutrient management plan or current soil test results (< 3 years).

geeee
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3.2.2 Detailed Biological Conditions

The most recent fish community assessments inAh®FMC HUC 1®atershed were conductedy Ohio EPA

2008 at 8 sites with an additional 3 sites sampled in 2010 for arveatality study to support lovihiead dam

removal on Four Mile Creekhese esults are summarized in Table. THhe condition of fish communities along

the mainstem rangd from good/fair (IBl = 41.08Iwb = 7.30) to exceptional (1Bl = 54.00/MIwk X Q). The fish
community met WWH criteria for 1Bl and Mlwb (goal for wading sampling: 1Bl = 40 and Mlwb = 8.3) at each site
except one Four Mile Creek at RM 18.3 (Mlwb = 7.3). The IBI was also low at this site due to dam impoundment
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The tributaries to Four Mile Creek ranged from exceptional (IBI = 58) to fair (IBI = 28). Morning Sun Tributary
South (RM 0.9) did not meet WWH WQS for the IBI (minimum IBI = 40 for headwater samphimayjly due to
ephemerality and may be a likely candidate for a primary headwater habitat.

In 2005 and 2010, the Ohio EPA also evaluated the physical stream features and riparian conditinribevi

ALDFMC watershed (Table 13he QHEI values of Four Mile Creek mainstem ranged between 57.5 and@183.0

Four Mile Creek tributaries had values between 60.5 and 79.5. All sampling locations from 2005 had QHEI values
above 60, as well as 2 of the sampling locations from 2010. Values above 60 usually indicate a level of
macrohabitat quality sufficient to support an assemblage of aquatic organisms fully consistent with the WWH
aquatic life use designation. One Four Mile Creek station (RM 18.3) sampled in 2010 fell below 60 and exhibited
fair instream habitat conditions due to lack of riffle area, extensively embedded substrates, and fair channel
development (OEPA 2011), although not significant.

Table B Fish Community and Habitat Dafar Critical Area 1

Drainage | Total Predominant species
Year| RM Area Species| QHEI | IBI | Miwb (% of catch) Narratives
(mP?)

Four MileCreek

2005 | 18.7" 106.0 23 81.50| 50 | 105 Central stoneroller Exceptional
(16.9%), northern hog
sucker (13.4%), bluntnos
minnow (13.1%)

2010 | 18.41V 107.0 26 83.0 | 49 9.6 Central stoneroller V. Good/

(26.1%), northern hog | Exceptional

sucker (9.7%), spotfin
shiner (15.8%)

2010 | 18.3" 107.0 19 5750 | 41 | 7.30* | Longear sunfisi3@.7%), Good/
bluntnose minnow Fair
(11.5%), green sunfish
(9.3%)
2010 | 17.4V 115.0 27 80.0 | 52 | 102 Central stoneroller Exceptional

(20.4%), northern hog
sucker (12.3%), sand
shiner (11.1%)

2005 | 16.4¥ 122.0 32 78.0 | 56 | 10.0 Northern hog sucker | Exceptional
(51.2%), central
stoneroller (10.4%),
spotfin shiner (8.1%)

2005 | 16.2V 122.0 30 740 | 52 | 11.0 Central stoneroller Exceptional

(24.3%), sand shiner

(24.3%), sand shiner
(16.6%)

Elams Run

2005 | 0.3! 1.6 11 65.0 | 50 - Central stoneroller Exceptional
(50.9%), creek chub
(20.3%), western
blacknose dace (12.2%

Morning Sun Tributarg North
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2005 | 0.7 4.4 22 795 | 58 | N/A Central stoneroller Exceptional

(27.1%), rainbow darter

(16.6%), striped shiner
(10.7%)

Morning Sun Tributargouth

2005 | 0.9¢ 3.4 4 69.0 | 28* | N/A | Western blacknose dace Fair

(85.2%) creek chub
(11.6%), southern

redbelly dace (2.9%)

Harkers Run

2005 | 2.4¢ 5.0 6 67.5 | 36" | N/A Creek chub (33.1%), | Marginally

southern redbelly dace Good
(32.2%), western

blacknose dace (22.3%

Collins Creek

2005 | 0.6! 5.4 18 60.5 | 50 | N/A Central stoneroller Marginally
(57.1%), creek chub Good
(11.2%), spotfin shiner
(6.3%)

QHEI Qualitative Habitat Evaluation Index

Mlwb Modified Index of Well Being

IBI Index of Biotic Integrity

H Headwater sample (Drainage Aga i)

W Wading sample (Drainaged® > 20 nfi>X500 mf)

ns not significant departure from the biocriteria (<4 1Bl units)

* - Significantdeparture from the biocriteria (>4 IBI units or >0.5 Mlwb units).
N/A Not applicable (MIwb only applies to drainage areas > 2 mi

Macroinvertebrate communities within the ALEMC HUC were also evaluated in 2005 and again at fmgarate
sampling locations in 20 (Tab. 15 A total of 12sites were sample for macroinvertebrates, 4 sites along the
mainstem ad 5within Four Mile Creek tributaries in 2005 and at 3 sites along the mainstem in 2010
Macroinvertebrate community conditions ranged from féiC] = 22)o exceptionallCl = 52@long the mainstem.
Macroinvertebrates at RM 18.3 did not meet WWH WQS for wadeable streams (midi@giun86) mainly due to
habitat degradation resulting from the dam impoundmeburing the 2005 Ohio EPA monitoring, there were no
sites sampled within the lake; however, macroinvertebrates were sampled on Four Mile(RiMe20.3),
downstream from the Acton Lake outflow. While macroinvertebrate communities did meet WWH expectations,
however, this narrative was solely based off of qualitative data colleclibere were unusually high abundances
of tolerant midges and facultative flatworms with few sensitive taxa present. Excessive siltation was found at this
site, but community performance improved downstream above the Oxford WWTP, where community
performance declined from there.

Macroinvertebrate community performance in Four Mile Creek tributaries ranged from fair to §atlal.Harkers

Run (RM 2.4) and Collins Creek (RM 0.6) did not meet WWH WQS (minimum ICI = 36). Harkers Run was limited due
to low to interstitial flow. Collins Creek appeared to maintain flow during the summer, but may have likely been
impacted bycontaminatedurban runoff from the City of Oxford.
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Table B Macroinvertebrate Communi for Critical Area 1

Year RM Drainage | Density ICI Predominant Organisms on the | Narratives
Area QL./Qt. Natural Substrate with Tolerance
(mi?) Category(ies) In Parentheses
Four Mile Creek
2005 20.3V 100.0 Moderate- | (227 Midges (T,F,MI) Good
High
2005 18.7" 106.0 High 38 Rheotanytarsusnidges (Ml), Good
hydropsychid caddisflies (F, MI)
2010 | 18.4V 107.0 38 Good
2010 | 18.3% 107.0 22* - Fair
2010 | 17.24Y 115.0 50 - Exceptional
2005 | 16.4Y 122.0 High 52 Rheotanytarsusnidges (Ml),
hydropsychid caddisflies (MI,F),
Chimarracaddisflies (MI)
2005 16.2 122.0 Moderate- 48 Rheotanytarsusnidges (M),
High hydropsychid caddisflies (MI,F),
Chimarracaddisflies (Ml)
Elams Run
2005 0.3 1.6 Moderate - Midges (MI, F), baetid mayflies (H Good
Morning Sun Tributarg North
2005 0.7" 4.4 Moderate - Hydropsychid caddisflies (F), baet Good
mayflies (F)Helicopsyche
caddisflies (MI)
Morning Sun Tributarg South
2005 0.9 35 Low - Baetid mayflies (F), blackflies (F) Good
Moderate hydropsychid caddisflies (F)
Harkers Run
2005 2.41 5.0 Moderate - Flatworms (F), midges (MI,F), Fair
craneflies (F,Ml)
Collins Creek
2005 0.6" 5.4 Moderate - Hydropsychid caddisflies (F), baet Fair
mayflies (F)
RM¢ River Mile
W Wading sample (Drainage area > 26 #$00 mf)
H-1 SEReFGSNI { I YLXS &5NIAYyF3IS ' NBF X Hn YA

Ql.: Qualitative sample collected from the natural substrates.
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Qt.: Quantitative sample collected on HesBendyartificial substrates, density is expressed in organisms per square foot. Tolerance Categories:
VT=Very Tolerant, T=Tolerant, MT=Moderately Tolerant, F=Facultative, MI=Moderately Intolerant, I=Intolermvert€brate Community

Index

ICI = Invertebrate Community Index

* - Significant departure from the biocriteria (>4 IBI or ICI units or >0.5 Mlwb units).

2]Cl values in parentheses are invalidated due to insufficient current speed over the artificial substrates. The statiimmévdlased on the
qualitative sample narrative evaluation.

The predominance of cropland in the watershed is reflected in the water quality through Acton Lake and Four Mile
Creek Downstream of the Acton Lake outflow at RM 2@&solved oxygen fell below the minimum criterion (4.0
mg/L). Near the bottom of the impoundment near the dam, the water was found to be anoxic during June
sampling and near anoxic with elevated ammeNi@oncentrations during October sampling by Ohio EPA (2008).
These conditions threatened thadbogical integrity in Four Mile Creek downstream due to high ammbhliavels,

low dissolved oxygen (<4.0 mg/L) and sedimentatidm@d®@PA 2008kRM18.7 was also found to exceed ammonia
N-levels. Increased total phosphorus and chlorophyltere also measured in Acton Lake near the stream inflow.
Heavy sedimentation and an increase in nutrients are suspected to be from upland row crop agriculture practices.
Reflecting the heavy agriculture in the watershed, several organic compounds found in sites not meeting WQS
were pesticidesincludingheptachlor epoxidedieldrin, aldrin, copper, leadndE. Colat RM 16.4 on Four Mile.

RM 16.2alsoexceeded water quality standards for heptachlor epoxide, dieldrin, fecal coliformia@oliThese

sites became elevated following heavy rainfall. RM 16.2 falls immediately downstream of the Oxford WWTP.
Nitrate and phosphate levels in the mainstem were generally low with respective overall méQiaiosEPA 2008)

Due to outflows from Oxford WWTP at RM 1&BRosphorus levels spiketiwo sitesfFour MileCreek RM 203),
downstream from Acton Lake outflow, and Morning Sun Tributag®pout (RM 09) had at least one bacterial

indicator not meeting criteria.

3.2.3 Detailed Causes and Associated Sources

The 2005 Ohio EPA study found that all sites along the Four Mile Creekenaimere in attainment. However

the 20100hio EPA study that sampled three additional sied-our Mile mainsterfound RM 18.3n partial
attainment. This partial attainment status was mostly due in part by underperforming fish and macroinvertebrate
communitiesand habitat degradation behind the dam impoundmeithree Four Mile Creek tributaries were also
found to be in partial attainment in the 2005 Ohio EPA study (Morning Sun Tribu&oyth RMD.9, Harkers Run

RM 2.4, Collins Creek RM 0.6). Two of the partial attainrsiées withWWH designation are due to natural
conditions caused by natural sources (flow regimes) that are unable to sumgsitientbiological communities.

The partial attainment status at Collins Creek is due to underperforming macroinvertebrate communities due
urban runoff.

Agriculture land use activities in the AERC watershed have bedmownto be a leading cause of the

hypereutrophic status of Acton LaKke.the Great Miami River basin, agricultural activities are also a source of
nutrient loading into local streams and rivers, which ultimately contribute to the extensive hypoxia zone in the Gulf
of Mexico(Goolshy et al. 1999The use of a variety of BMPs on private agricultural lands can help reduce the
amount and concentration of nutrients in surface water runoff and tile drainAgeicultural BMPs can also help
address the loss of sediment/topsoil from agricultural lands and help nutrient retention in figgs.

implementation of BMPs on prioritized agricultural lands that are prone to sediment and nutrient loss can benefit
both nearfield and farfield waterbodies.

3.2.4. Outline Goals and Objectives for the Critical Area
The primary goabf NPSIS is to improve water quality and meet nutrient reduction goals to remove impairment
status for the wateshed Agricultural land usactivities in Critical Ared contribute to farfield impairments
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through excessive nutrient loss to local waterways that flow into Four Mile Creek, the Great Miami River, and
ultimately add to theGulf of Mexicchypoxia. Current load reduction goals for agricultural sources in agricultural
watersheds within the Great Miami River basin, including the-AMIT HUE 2, are set at 20% of the estimated
loading. To achieve the nutrient loading gomisthe ALBFMC HU@ 2, the following goaland objectives have
been established:

Goal 1¢ Reduce nitrogen loading contributions in Critical Area 1 by 20%. Current total nitrogen loads for
agricultural lands are estimated to 1290,000lbs/yr. The reduction goal is ZK)0Ibs/yr.

NOT ACHIEVEBased on the Spreadsheet Tool for Estimating Pollutant Loads (STEPL) calculations using current
and past established conservation practices, the current load reduct@h,854Ibs/yr. The required load
reduction to meet target reduction gds will be an additioné81,136Ibs/yr.

Goal 2¢ Reduce phosphorus loading contributions in Critical Area 1 by 20%. Curremtiosgdhorudoads for
agricultural lands are estimated to 4&,000lbs/yr. The reduction goal is 3,400s/yr.

NOT ACHIEVEBased on STEPL, the current load reduction for phosphopg4glbs/yr. An additionall,128
Ibs/yr of phosphorus is required to meet reduction goals.

Simultaneougyoals relate to the improvement ofistream conditions within ALBMC HUQ2 in order to
improve the health of aquatic communities. Implementation of BMP to target nutrient reduction goals will also
help target progress towards the following goals:

Goal 3¢ To maintain or achieve the IBI scores at or above 40 at all 2005 and 2010 Ohio EPA sampling locations:

NOT ACHIEVE he IBI at Morning Sun Tributapysouth RM 0.6 has a score of 28; the IBI at Harkers Run RM 2.4
has a score of 36

Goal 4¢ To maintain or achieve the MIwdrore at or above 8.3 at all 2005 and 2010 Ohio EPA sampling locations
NOT ACHIEVEODheMIlwb at Four Mile Creek RM 18.3 has a score 0f.7.30
Goal 5¢ To maintain or achieve the ICl score at or above 36 or a narrative of good or. above

NOT ACHIEVEThe ICI at Four Mile Creek RM 18.3 has a score of 22; Harkers Run RM 2.4 and Collins Creek RM
0.6 have a narrative score of fair

Goal 6¢ To maintain or achieve the QHEI score at or above 60
NOT ACHIEVEOhe QHEI score at Four Mile Creek RM 18.3 sasra of 57.5
OBJECTIVES

In order to achievelte load reduction goal of 53,00bs/yr of nitrogen and 3L00Ibs/yr of phosphorus, a 20%

target reduction goal, within the ALBMC HUQ 2, efforts will be geared towards implementing appropriate

.atQa GAGKAY [/ NRAGAOFET ! NBF mod ! /tC 2dzildzia ARSYGAFTASR |
this region. BMP locations will be chosen based on ACPF output, available resources, and landowners willing to
implement practices on their propertieQbjectives are based on acreage being achieved as a total every year with

goals to maintain that acreage every year.
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Objective 1¢ Implement800 acref conservation tillage to add to the curreBt388acres.
Objective 2¢ Implement an additional D00acres of cover cropsf the 846acres already planted.

Objective 3¢ Implement nutrient management planning (plan development, soil testing, and variable rate
fertilization) on at leas800additional acres

Objective 4¢ Reduce erosion and nutrient loss through the installation of grassed waterways and filter strips on at
least 120additionalacres at locations suggested by ACPF

Objective 5¢ Reduce nutrient loss from subsurface tile drainage or beield practices through the installation of
drainage water management structures such as WASCOBs and nugrismial wetlands on at least 4igres at
locations suggested by ACPF

Tablel7 Estimated Nutrient Loading Reductions from Each Objective

Objective Best Management Practice | Total Acreage Estimated Nitrogen (N) and Phosphor
Number Treated (P) Load Reduction (Ibs/yr)*
1 Caservation Tilige 4,188 16,694 Ib/yr (N), 2,418 Iblyr (P)
2 Cover Crops 1,846 9,070 Ib/yr (N), 258 Ib/yr (P)
3 Nutrient Management (Soil
Sampling and Variable Rate) 2,402 6,495 Ib/yr (N), 176 Ib/yr (P)
4 In-field BMPs: Grassed Waterwg

and Filter Strips 226 1,678 Ib/yr (N), 165 Ib/yr (P)

BelowField BMPs: Nutrient
5 removal wetlands and WASCOB 45+ 33,434 lblyr (N), 278 Iblyr (P)

Total 8,707 67,371Ib/yr (N),3,295lb/yr (P)

*Estimates calculated using Spreadsheet Tool for Estimating Pollutant Loads (STEPL), version 4.4 (USEPA, 2019)
** 4 900acres of catchment area determined by the ACPF is used for this estimate

These objectives will be directed towards implementation on prioritized agricultural lands and are estimated to
make progressiutrient reduction goals listed in Table 1The implementation of the BMPs included in these
objectives, as well as BMPs implemented through federal and state programs and other voluntary efforts may be
tracked to monitor progress towards nutrient reduction goals within the &ML HUC2.

Projectspecific and routinely scheduled monitoring will be conducted by Ohio EPA, MCBUd&1,County

Stream Team, Miami Universityr other qualified organizaticsto determine progress towards meeting the goals
listed in the plan for Critical Area 2. This NBSvill employ an adaptive management process and the objectives,
projects, and implementation strategies will then be reevaluated and modified if necessary. Objectives may need
to be added or altered to make further progress towards attainment or reduction goals as new and additional
BMPs can help further improve water quality and improve nutrient reduction and sedimentation in streams.

The Ohio EPA Nonpoint Source Management Plan Update, which has a complete listing of all eligible NPS
management strategies, will be referenced. Strategies to consider, as presented in Chapter 4, include:
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Urban Sediment and Nutrient Strategies

Altered Stream and Habitat Restoration Strategies
Agricultural Nonpoint Source Reduction Strategies; and
High Quality Waters Protection Strategies

=A =4 =4 =

3.3. Critical Area 2: Conditions, Goals, & Objectives Raparian Corridor

3.3.1. Detailed Characterization

Critical Are& consists 069 milesFour MileCreek and its main tributaries arig671 acres ofiparian corridors.

Ohio EPA studies in 2005 and 2010 found a total of 4 sites that were in partial attainment, 3 on Four Mile Creek
tributaries and 1 on the Four Mile Creek mainstem. The sampling location at Morning Sun TritBtarth (RM

0.9) was found in partial attainment due to poor transition between headwater and primary headwater habitat.
Harkers Run (RM 2.4asfound in partial attainment due to low to interstitizkreamflows. The sampling location

at Collins CreeflRM 0.6) was found in partial attainment due to urban runoff from thg &fi Oxford. In 2010, a

Ohio EPA studgompleted tosupportdam removal found the sampling location at Four Mile Creek (RM 18.3) in
partial attainment due tadam impoundment. QHEI scores at all three tributaries were found supporting WWH
WQS, however the QHEI score at RM 18.3 on the Four Mile mainstem fell below 60, below a level of macrohabitat
quality sufficient enough to support biological community assemblages consist with WWH aquatic life use
designation Stream riparian habitat, including wetlands and riparian buffers, provide critical protection to
streambank erosion and help filter and mitigatepacts resulting from nutrierdnd sedimengpollution from

surrounding landscape¥egetated riparian buffers also provide important habitat features that support diverse
biological communities. Protection and restoration of riparian habitat is highly important, specifically in areas that
are susceptible to erosion and areadjacent to agricultural and residential land$ie City of Oxford has many
production wells that are also located in close proximity to Four Mile Creek. Healthy riparian corridors will also play
a critical role in filtering the contaminants from agricultural land and urban development, protecting not only Four
Mile Creek but also aquifers where drinking water is pumped.

Stakeholders that participated in the public outreach meeting voiced their concerns for riparian areas impacted by
erosion as well as lolwead dam impoundments on the Four Mile Creek mainstem and tributarteslowhead

dam at RM 18.3 poses a drowning hazard at recreational users, ndgatiypacts habitat and channel

morphology, and serves as a barrier to fish pass@ge. other damsn the ALBFMC HU@2 have also been

identified; howeverthere have been no Ohio EPA sampling locatioeer these dams. Margtream segments
throughout thewatershed have been altered by anthropogenic impacts, including native vegetation removal and
dam creation for miing and recreational purposeStreambank stabilization practicasd riparian plantings can

help reduce stream erosion and sedimentation resulting from stream alteration.

For Critical Are@, the ACPF model identified &Yles of eroding streambank and 4iles of banks suitable for
enhancing or restoring riparian buffers along the Four Mile Crebktiiry and its mainstem. Based atakeholder
input and ACPF model results, the followargeria have been set to prioritize areas and restoration projects:

Riparian areaf Four Mile Creek and its main tributaries near the high runoff fields
Riparian area with severe encroachment by agtizal or residential activities;
Riparian area with extremely seveseosion threatening land and properties
Riparian areas with narrow or nonexistent buffers

=A =4 =4 4 A

Riparian areas suitableifwetlandenhancement and/or restoration.
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Figure 28ALDFMC HU@Q2 Critical Area 2

3.3.2. Detailed Biological Conditions
As previously presented, Table §6mmarizeshe fish community and Hatat data. The2005and 20100hio EPA

studyindicates thatone tributaryto Four Mile Creek was in partial attainmeag well as one mainstem sit&ll

other sites along the mainstem or Four Mile Creek and tributaries were in full attainment for WWH cfiitezia.
condition of fish communities within the watershed ranged from good/fair (IBl = 41.00/ MI#B0) to

exceptional (1Bl = 580/MIwb = 11.0). QHEI scores fell between 57.5 and 83.0. Nearly 2686 species collected
on the Four Mile mainstem were environmentadlgnsitive species, including mimic shiner, rosyface shiner, silver
shiner, southern redbelly dace, banded dartéerslerhead darter, and black radrse (OEPA, 20Q8)lorning Sun
Tributaryq South (RM 0.6) didot med the WWH WQS for IBI (IBI = 28). The fair IBI score appeared directly
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related to ephemerality. The majority of the catch at this site composed of the northern creek chub and blacknose
dace, twohighly tolerant taxa (OEPA, 2008 here were poor indicators of-Btream productivity indicatingthat
this siteisintermittent and incapable of supporting a resident fish community.

Macroinvertebratecommunity performanceanged from fair to exceptional along the mainstefwo sites along

the tributaries, Collins Creek (RM 0.6) and Harkers Run (RM 2.4), were found in partial attainment and were scored
fair. Harkers Run macroinvertebrate communities were strongly impacted by the lack of surface flows. The
macroinvertebrate communities in Collins Creek were likely impacted from urban runoff, as Collins Creek did
appear to maintain flow during the summer.

Table 18 and 1&olates the 2010 Ohio EPA study completed following a 319 grant approval for the City of Oxford
to remove thelow-headdamat RM 18.3However, thedam removal project was never completdebur Mile

Creek (RM 18.3) at the dam impoundment was found in partial attainment and did not\Wiaéi WQS for Miwb
(Mlwb = 7.3, minimum Mlwb = 8.3Ylacroinvertebrate community performance at this site also fell below WWH
WQS (ICI = 22, minimum ICI = 36). High numbddicobtendipesvere collected along with very few sensitive EPT
taxa.The sampling location at RM 1&ko fell below a QHEI of 60 (QHEI = 57.5), which indicates a-heduitat
sufficient enough to support WWH communitiésw fish numbers and fair macroinverterbrate community
performance at this site reflected the fair instream habitat consisting of a lack of riffle areas, fair channel
development, and extensively embedded substraf#ss study found excellent physical habitat upstream and
downstream from the dam as well as good to exceptional biological communities that attained the WWBtWQS
RM 18.4and 17.2

Table B Fish Communityand Habitat Data, Ohio EPA 2010 Study Critical Area 2

Drainage | Total Predominant species
Year| RM Area Species| QHEI | IBI | Mlwb (% of catch) Narratives
(mi?)

Four Mile Creek

2010 | 18.4 107.0 26 83.0 | 49 9.6 Central stoneroller V. Good/

(26.1%), northern hog | Exceptional

sucker (9.7%), spotfin
shiner (15.8%)

2010 | 18.3% 107.0 19 57.50| 41 | 7.30* | Longear sunfish (33.7% Good/
bluntnose minnow Fair
(11.5%), green sunfish
(9.3%)
2010 | 17.24V 115.0 27 80.0 | 52 | 10.2 Central stoneroller Exceptional

(20.4%), northern hog
sucker (12.3%), sand
shiner (11.1%)

QHEI Qualitative Habitat Evaluation Index

Mlwb Modified Index of Well Being

IBI Index of Biotic Integrity

W Wading sample (Drainage Area > 26 X600 m#?)

* - Significant departure from the biocriteria (>4 1Bl units or >0.5 Mlwb units).
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Table B Macroinvertebrate Data, Ohio EPA 2010 Study Critical Area2.

Year RM Drainage | ICI Predominant Organisms on the | Narratives
Area Natural Substrate withTolerance
(mi?) Category(ies) In Parentheses
Four Mile Creek
2010 | 18.4V 107.0 38 Good
2010 | 18.3% 107.0 22* Fair
2010 | 17.24Y 115.0 50 Exceptional
RMc¢ River Mile

W Wading sample (Drainage area > 26 #$00 mf)

ToleranceCategories: VT=Very Tolerant, T=Tolerant, MT=Moderately Tolerant, F=Facultative, MI=Moderately Intolerant, I=Intolerant. ICI
Invertebrate Community Index

ICI = Invertebrate Community Index

* - Significant departure from the biocriteria (>4 IBI or ICI units or >0.5 Mlwb units).

3.3.3. Detailed Causes and Associated Sources

The 2005 and 2010 Ohio EPA surveys demonstrated that one site along Four Mile Creek mainstem was in partial
attainment(RM 18.3) and three sites on Four Mile Creek tributaries were in partial attainment (Collins Creek RM
0.6, Morning Sun TributarySouth RM @®, Harkers Run RM 2.4). The ALU impairment in Morning Sun Tributary
and Harkers Run were caused by natural sources due to flow regime pat@ohtins Creek exhibited low
macroinvertebrate commuity performance due to metalsiurban runoff from the City of Oxford. All three

tributaries, however, had a QHEI of over 55, a score that indicates that headwater streams have habitat capable of
supporting WWH aquatic assemblages. During the 2010 Ohio EPA survey, Four Mile Creek mainstem at RM 18.3
was found to be in partial attainment and did not meet WWH criteria due to underperforming fish and
macroinvertebrate communities due to dam impoundment. The QHEI score also fell below 60 at this site, mainly
due to substrate embeddedness, lack of riffle areas, and fair channel development.

Projects that address the above statiopairments are highly recommended for this critical area. Severe
streambank erosion prevalent in the AHMC HUE2 also results in large amounts of sediments being washed

from banks following extreme rain events. Many banks within this watershed are exposed, undercla;land

have very narrow riparian buffer§loodplain reconnection, wetland restoration and enhancemeatn removal

andor modification, and streambank restoration and ripariamffers plantings would help reduce nutrients and

excess sediments entering streams. The implementation of streambank stabilization and edtreaim and

riparian restoration practices can have a positive impact on habitat (QHEI). As habitat improves, I1BI, Miwb, and ICI
scores are also expected to improve.

3.3.4. Outline Goals and Objectives for the Critical Area

The primary goal of NFS is to improve water quality, meet nutrient reduction goals, and improve inmzauit

status. For Critical Are3 addressing poor streambank and riparian habitat conditions within Four Mile Creek and
its tributaries to help maintain and improve biological and habitat conditions are the primary goals. Improving IBlI,
Miwb, ICI, and QHEI scores througistream and riparian restoration and enhancement practicas help sites

reach full attainmentTo achieve the full attainment status in all AERIC HUE@ 2 streams, the following gosénd
objectives have been established:
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Goal 1¢ To maintain or achieve the IBI scores at or above 40 at all 2005 and 2010 Ohio EPA sampling locations:

NOT ACHIEVEDThe IBI at Morning Sun TributarySouthRM 0.6 has a score of 28; the IBHarkers Run RM 2.4
has a score of 36

Goal 2¢ To maintain or achievithe Mlwb score at or above 8 all 2005 and 2010 Ohio EPA sampling locations
NOT ACHIEVETheMIlwb at Four Mile Creek RM 18.3 hasaore of 7.30
Goal 3¢ To maintain or acleive the ICI score at or above 86a narrative of good or above

NOT ACHIEVED he ICI at Four Mile Creek RM 18.3 has a score of 22; Harkers Run RM 2.4 and Collins Creek RM
0.6have a narrative score of fair.

Goal 4¢ To maintain or achieve the QHEI score at or above 60
NOT ACHIEVED he QHEI score at Four Mile Creek RM 18.3 has a score of 57.5
OBJECTIVES

In order to achieve the full attainment goals for Four Mile Creek and its main tributaries in tREMCIHUQ 2,

the following objectives have been sdthe implementation of these objectivexymbinedwith implementation in
Critical Area 1, will help relieve negative impacts from excessive nutrients and sediments and improve aquatic life
in the nearfield and farfield waterways.

Objective 1¢ Modify/remove two lowhead dams along Four Mile Creek mainstem

Objective 2¢ Restore channel stability att least 2 mile10,560 linear feetpf streambank erosioon Four Mile
Creek mainstem and its main tributariesingnatural channel design methods and bioengineering.

Objective 3¢ Create, enhance, and/or restore floodplain/riparian wetlands for habitat restoratiopediment
storage on at least 30 acres

Objective 4¢ Create, enhance, and/or restore approximatély acres of ripariagrasses, shrubs, and trees where
deemed applicablalong Four Mile Creek and its main tributaries (at least 50 feet on adeh s

Projectspecific and routinely scheduled monitoring will be conducted by Ohio EPA, MCBU#&i County

Stream Team, Miami Universityr other qualified organization to determine progress towards meeting the goals
listed in the plan for Critical Area Phis NP$S will employ an adaptive management process and the objectives,
projects, and implementation strategies will then be reevaluated and modified if necessary. Objectives may need
to be added or altered to make further progress towards attainment or reduction goals as new and additional
BMPs can help further improve water quality and improve nutrient reduction and sedimentation in streams.

The Ohio EPA Nonpoint Source Management Plan Update, which has a complete listing of all eligible NPS
management strategies, will be referenced. Strategies to consider, as presented in Chapter 4, include:

1 Urban Sediment and Nutrient Strategies

1 Altered Stream and Habitat Restoration Strategies

1 Agricultural Nonpoint Source Reduction Strategies; and

1 High Quality Waters Protection Strategies
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3.4. Critical Area 3: Conditions, Goals, & Objectives Ruioritized Urban Land,

City of Oxford

3.4.1. Detailed Characterization

Critical Area& includes the B/ of Oxfod, which spans 869acres within the ALIFMC watershedThe City of
Oxfordcontains 1.83niles of Four Me Creek mainstem as well as 11riles of tributaries to Four N&, including
Collins Creek, Harkers Run, @&uwll Run. This area also houses Miami Unive®sigin campus, where students

make up a rajority of the population. Theity has grown from fig square miles by the mid ¢ pto 8 I#tle under

eight square miles todafOxford Tomorrow Comprehensive Blaxfordis predictal to go from a population of

21,626 people in 2020 to 22,275 people in 2040 (OKI, 2014). The City of Oxford also makes up the majority of the
development within the ALIPMC watershed.

Urbanization within Butler County has increased rapilgr the last century, resulting in an increase in
impervious surface. Based on the OKI study conduct@®07, the ALBFMC HUQ2 has an impervious surface

LISNOSy i3S 2F yop:I AYRAOIGAY3 GKS 4FGSNEKSR Fa aaSyaa

(OKI, 2014). The Center of Watershed Protection predicts that stiesam quality indicators witlecline with a
impervious cover of greater than 10%, with severe degradation expected after 25% of the watershed contains
impervious cover. During the 2005 biological and water quality survey conducted by OhmnER#Ae was
sampledwithin the City of Oxfordandanothersite along the Four Mile mainstem was sampled in 20h@ site

along Collins Cregk 2005was in partial attainment due to fair macroinvertebrate scores. The QHEI score was also
low at 60.5 but was within the range for supporting WWH communities in headwater streams. The Ohio EPA
accredited the poor macroinvertebrate communitiEsmetal contamination from urban runoff from the City of
Oxfordfollowing peak flowsUrbanization and development can lead to increased runoff, peak flow, and stream
flashiness (ODNR, 2006), anban stream sediments are also likely to have®@times more heavy metals than

rural stream sediments (OKI, 201@yrban stormwater runoff can also contribute to sediment and reuti

pollution from fertilizersanimal excrement, and sediment erosidurrently, the City of Oxford contaii,488

acres of public parks and preservmat help protect environmentally sensitive habitatsis important tocontinue

to limit development pressure and reduce stormwater impacts on riparian and wetland habitats within this critical
area.
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Figure 29ALBFMC HU€E2 Critical Area 3

3.4.2. Detailed Biological Conditions

TheOhio ER samplingsurveyconducted at Xiteswithin Criical Area3 is summarized in Tab®9)and21. Fish

community indices at the single site on Four Mile creek scored very good/exceptional (1Bl = 49/Mlwb =€9.6). Th
QHEI value of 83.0 scored above the WWH WQS of 60. The sampling site at Collins Creek scored marginally good
(IBI =50). The QHEI was on the lower side at 60.5 but still exceed WWH WQS for headwater streams (QHEI > 55).
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