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1 INTRODUCTION

1.1 Purpose and Objectives

Recent water quality monitoring of Loch Erin and its surrounding waterbodies indicate significant water
quality concerns within the watershed due to the presence of high nutriéhtspli and cyanobacteria
blooms.Discharge fronboch Erin feed#/olf Creekwhichthen flows irto Lake Adrian, a drinking water
source in Lenawee Counslevating the severity of water quality conceriisvo waterbodies within the
Upper Wolf Creek watershed are on the 8f)dist of impaired waterbodies for exceeding recreatbk. coli
criteria. These waterbodies are also not supporting for fish consumption.

The purpose of this Upper Wolf Creek Watershed Management(I&4P)is to serve as a guiding document
for identification of stressorgrioritization of locations for restoration and protection, and recommendations
for management actions to improve the water quality within the watershed. This WMP supports the goals of
the larger River Raisin watershed, particularly the attainment of watdity standards, achievement of
designated uses, and protection of the source water supply for Adrian, Blissfidl@esrfield.
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Figurel. Location of the Upper Wolf Creek watershed in the state of Michigam watershed boundaries depicting
geographic coverage considered in this watershed management plan

Page |4



2 PROBLEM STATEMENT

2.1 Project Background

The Wolf Creek watershed (HUC 041000020204) lies within Lenawee Cofimiyhi@ast Michigan. This
watershed flows from northwest to southeast and is within Riger Raisin watershe@vhich empties into
the Western Basin of Lake Erihis project focuses on the upper portion of the Wolf Creek wateréthed
G LILISNI 2 2 F / MEcB included dck Bl & &ndajor tributaries draining to it.

The State of Michigan Integrated Report, developedhgyMichigan Department of Environment, Great

Lakes, and EnerdiGLE lists impaired water bodies under Clean Water Act Section 303(d) that do not meet
designated useEGLE 2032Two watercourses in thepper Wolf Creek watershedere added to the

303(d)f Aald 2F AYLI ANBR g (SND 2 RATSHel) Uppertvaf[Ceeékandu nvn Ly ds$S
Unnamed Tributaries to Erin Lake (AUID MI0410002@®)4vere not supporting fdooth partial andfull-

body contact due to elevateHscherichidE. colj per the South Branciriver Raisin TMMDEQ 2008)

Geddes Drainwds RRSR (2 aAOKA3Il yQa&a o noihR&R024 iktegiatedrdportiay” LI A NB R
not supporting partial and total body contatipperWolf Creek and Unnamed TributariesltochErin isalso

not supporting forPolychlorinated Bipheny(®CB}in fish for consumption and in fish tissues peh OK A 3| y Q&
PCB TMD{LimnoTech 2013)

The second waterbody not supporting its designated uses is Loch Erin (AUID MI0410060®020i¢h was
deemed not supporting for Other Indigenous Aquatic Life and Wildlifeler Rule 60 of the water quality
standards for Michigan (R 323.1060), nutrients shall be limited to the extent necessary to prevent growths of
aguatic rooted, attached, suspended, and floating plants, fungi or bacteria which are or may become
injuriousto the designated uses. Due to increases in nuisance algal growth in Loch Eceninyears, Loch

Erin was listed as impaired due to elevated phosphorus under this designated use in the 2020 Integrated
Report(EGLE 2020Yhese 30@l) listed impaired waterbodies are shownHkigure2.

Tablel. Official 303d) impairments in theUpperWolf Creekwatershed

AUID ‘ Waterbodies ’ Unsupported Uses Causes of Impairment ‘
041000020204-05 Wolf Creek and Unnamed Fish Consumption, Total Body Polychlorinated Biphenyls
i Tributaries to Erin Lake Contact, Partial Body Contact (PCBs), E. coli
041000020204-06 Loch Erin Other Indlgenou§ Aguatlc Life Phosphorus
and Wildlife

Geddes Drain in vicinity of Total Body Contact, Partial .

041000020204-09 . E. coli
Donegal Drive Body Contact
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Figure2. Impaired waterbodies withinthe Upper Wolf Creek watershed
2.2 Watershed Characteristics

2.2.1Land Cover, Soils, and Slopes

The Upper Wolf Creek watershedversa47 kn¥ (11,600 acresportion of the larger, 148 kr(36,600 acres
Wolf Creek watershedHUCG12 1D04100002020% Although cultivated cropland is thgreatest single land

use at 12.5 k(3,090 acres)land cover inlie Upper Wolf Creek watersheddiverse relative to most other
subwatershed®f the River Raisimyith a mix ofpasture/hay forest, wetlandsppen water (Loch Erin and
other lakeslandresidential developmentéTable2, Figure3). The primary developed areas are the Village of
Onsted and Loch ErmesidencesAlthough thereare noconcentrated aimalfeedingoperations (CAFOS)
within the Upper Wolf Creekvatershed several mediunand hobbysize horse and cattliarms are present.

Like land cover, the soils and slopes of this watershed are also relatively diverse compared to other
subwatersheds of the River Raisin. Soil composition within the Upper Wolf Creek waterahaik isf

hydrologic soil group Bnoderate infiltration ratg, group C (slow infiltration), and group D (very slow
infiltration) (Figure4). Group D soils are mostly located in the developed riparian land arboold Erirand

some farmland in the southernmost areas of the watershed. Group B soils generally coincide with forested
areas in the central and northern portions of the watershed, although some of these soils are also in
cropland. Group C soils are more scatteretlghout the watershed. The northern and western quadrants

of the watershed tend to have the highest elevations and slopes, while the southern and eastern quadrants
have lower elevations and slopdsidure5 and Figure6). Areas with relatively higher slopes (i.e., 5% or more)
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tend to coincide with undeveloped forested land or pasture/hay, while the areas with lower slopes are in
cultivated cropland or residential development.

Table2. Upper Wolf Creek watershethnd cover breakdown (derived from National Land Cover Dataset)

Land Cover ‘ Area (Acres) ‘ Percent

Cultivated Cropland 3,114 27%
Pasture/Hay 1,627 14%
Developed 1,555 13%
Forest 2,256 19%
Wetlands 1,932 17%
Open Water 1,127 10%
Cultivated Cropland 3,114 27%
TOTAL 11,610
5 —oee
EN S / Land Cover (NLCD 2019)
f I Open Water
g Walter | Haye: Developed Open Space
SEte Ptk 1 peveloped Low Intensity
| Aol I Developed Medium Intensity
{52} Junction <" I Developed High Intensity
3 Barren Land
[ Deciduous Forest
I Evergreen Forest
I Mixed Forest
3 Shrub/Scrub
= Sand
g ake Grassland/Herbaceous
Pasture/Hay
W Cultivated Crops
Woody Wetlands
Emergent Herbaceous Wetlands
Raes
Slea Rd ;5“
I
0 0.5 1 Il = .
I | 0. z E Limno @

Figure3. Upper Wolf Creek watershethnd coverbreakdown (derived fromNational Land Cover Dataset
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Figureb. Elevation map fotthe Upper Wolf Creek watershed.
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Figure6. Land slopes within te Upper Wolf Creek watershed

2.2.2Landscape Level Wetland Functional Assessment

Wetlands are a critical component kydrologyand nutrient transport within a watershedh recent years,

the United States Fish and Wildlife Services, Michig@hEand the United States Environmental Protection
Agency(USEPAJupported the update of the National Wetlands Inventory (NWI). EGLE incorporated this
enhanced NWI into a Landscape Level Wetland Functional Assessment (LLFWA). dsbkiéhial

photography, hydrologic data, topographic data, and other valuable information such as the enhanced NWI
to identify areas where wetland restoratidas possible, wetland functions, and loss of wetland function due

to land use change and ultimately help inform watershed management plans.

A LLWFA was performed on the Wolf Creeltershed(Figure7). Withinthe Upper Wolf Creek watershed,

there were 4,004.3 acres of wetland pEeiropearsettlement and 2,226.5 acres in 2015 which equates to a

loss of 44% of wetland area withine Upper Wolf Creek watersheButure implementation efforts should
emphaskepreserving existing wetlands and restoring historic wetland locations with higher potential for

intercepting nutrientsFigure8sk 2 g4 020K OdzZNNByYy(d FyR KAAG2NRO 6Siftl+yR
GY2RSNI GS¢ FT2N) ydzi NASy G NI ya T2 additod th tRefloss obDetaNR A y 3§ 2
wetland area relative to pr&European settlementhe remainingwetlandsare also predicted to have lost

functional capacity for several categori@able3).
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Figure8. Map showingpriority locations fornutrient transformation wetlands (existing and historic).
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Table3. Upper Wolf CreekvatershedLandscape Level Wetland Functional Assessnrestlts for 15 wetland function
categories and both préeuropean settlement and current (2015) conditions.

Finetion “SetiomentConditlons . Predicted Funciional
Conditions (acres) (acres) CEpeEy hoss (79)

Flood Water Storage 6842 2999 56.2
Streamflow Maintenance 5804 2969 48.8
Nutrient Transformation 7842 3162 59.7
gi?ér:t?c?rtl and Other Particulate 6226 2877 53.8
Shoreline Stabilization 5094 1933 62

Fish Habitat 6149 3138 49

Stream Shading 1859 880 52.6
Waterfowl and Waterbird Habitat 5620 2646 52.9

Shore Bird Habitat 7842 2897 63.1

Interior Forest Bird Habitat 6705 1909 715
Amphibian Habitat 3205 2202 31.3

Ground Water Influence 4420 2847 35.6

Carbon Sequestration 5823 2217 61.9
oo Rore & mperied : A
Pathogen Retention 0 654 NA

2.3 Water Quality Impairments

2.3.1Great Lakes Water Quality Agreement

The 2012 updatecreat Lakes Water Quality Agreement (GLWQA) between the United States and Canada
SadlrofAakKSa GKS 202S00A0Sa FyR NBalLlRyaroAftAdASa NBAI
quality. Annex 4 of the GLWQA addresses actions to control nutrieaisely phosphorug-ollowing a

commitment from the 2012 GLWQA, the two countries established binational phosphorus load reduction

targets for Lake Erie including:

f ' nm: NBRAzOGAZ2Y 2F (20Ff LIK2aLK2NHza f2FR Ayid2 |
equates to a 3,316 metric ton/year reduction by the United StéteSEPA 20)8
1 A 40% reduction of total phosphorus and soluble reactive phosphorus loads in the spring in a
subset of watersheds where algae was determined to be localized. The watersheds in the United
States include th&laumee River, River Raisin, Portage River, Toussaint Creek, Sandusky River
and Huron River (OhigySEPA 20)}8

2.3.2Section 303(d) List
¢t62 61 0SNDP2RASE INB fAaG§SR & AYLI Adssmate@ugesdok OKA I y Q:
Creek and other tributarie©410000202045) are not meeting designated uses for fish consumption due to

PCBsand they are not meetingptal body contactand partial body contactises due to elevateB. coli
concentrationsLoch Erir{0410000202046) is not meeting a designated use father indigenous aquatic
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and wildlifedue to elevated phosphorus loading resultingnoreases in nuisance algal growttthe lake in
recent years

2.4 Water Quality Standards

The Michigan Administrative Code R 323.10823.1117 irMichigar@Part 4 Rules, Water Quality
Standards (Part 31, Water Resources Protection, of Act 451 of &é8@d)lished water quality standards and
designated uses within the stat8ection R 323.1100 Rule 100 of the Michigan Administrative Code states
that all surface waters of the state are, at minimumbptdesignated and protected for the following uses
agriculture, navigation, industrial water supply, warmwater fishery, other indigenous adifa@nd wildlife,
partial body contact recreation, and fish consumption.

2.4.1E. coli

Under Michigan Administrative Code R 323.1B%&e 62 the E. colstandards are establishe@he applicable
subrules state that:

,,,,,,

Gomo ! ff AdaNFIFOS 61 GSNER 2F GKS adlrdsS LINRPGSOGSR ¥
than 130Escherichia colE. colji per 100 milliliters, as a 3lay geometric mean. Compliance shall be

based on the geometric mean of all individual samples taken during 5 or more sampling events
representatively spread over a @&y period. Each sampling event shall consist of 3 or isamples

taken at representative locations within a defined sampling area. At no time shall the surface waters

of the state protected for total body contact recreation contain more than a maximum oE3@li

per 100 milliliters. Compliance shall be based on the geometric mean of 3 or more samples taken

during the same sampling event at representative locations within a defined sampling area.

(2) All surface waters of the state protected for partial body contact recreation shall not contain
more than a maximum of 1,00®. colper 100 milliliters. Compliance shall be based on the
geometric mean of 3 or more samples, taken during the same sampling event, at representative
f20FGA2ya 6AGKAY + RSFAYSR al YL Ay3 | NBI o¢

2.4.2 Total Phosphorus
The btal phosphorustandardestablished under Michigan Administrative Code R 323.50#@s

(1) Consistent with Great Lakes protection, phosphorus which is or may readily bavaiiable as

a plant nutrient shall be controlled from point source discharges to achieve 1 milligram per liter of
total phosphorus as a maximum monthly average effluent concentration unless other limits, either
higher or lower, are deemed necessary angrapriate by the department.

(2) In addition to the protection provided under subrule (1) of this rule, nutrients shall be limited to
the extent necessary to prevent stimulation of growths of aquatic rooted, attached, suspended, and
floating plants, fungi or bacteria which are or ntacome injurious to the designated uses of the
surface waters of the staté.

C2NJ aA OKA I yHe aarratiyefwhtgf Ruality Istin8asiddortion of R 323.1060 (part tmay be

evaluated using a weightf-evidence approach that includes ambient water column nutrient concentrations,
0A2t23A0Ff AYRAOFIG2NEREI YR @GAaddat SGARSYyOS 27F 3l f
trophic status index (TSI), which da@computed from Secchi depth, TP concentrations, and/or chlorophyll a
concentratio® aA OKA Il yQa AyflyR 1 1S4 | NFL éRophicloRTPIRER K& LIS N
50 ug/L, mesotrophic for TP 120 ug/L, and oligotrophic for TP <1@/L (EGLE 2022).
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In addition to the Water Quality Standards described in Michigan Administrative Code, as part of Annex 4 of

the GLWQA, the U.S. committed td@% reductionofPf 2 R Ay {2 [ 1S 9NASQa OSydNI
(relative to water year 2008 as a baseline), including the River Raisin as a priority tributary (USEPA 2018). The
load reduction waslsoexpressed as a floweighted mean concentration (FWMtyget for TPof 0.09 mg/L

for the River Raisin (USEPA 2018, State of Michigan 2018).

USEPA recommends nutrient criteria for states and Tribes to use in establigatagquality criteria. The
criteria are intended to address the adverse effects of excess nutrient inputs caused by humans and
represent conditions of surface waters that are minimally impacted and protective of aquatic life and
recreational usesAllwater qualitymonitoringsitesevduated in this studyare within or very neari.e., one
site 5 wthin ahalf mileof) the Eastern Corn Belt Plains ecoregittf8EPR000) The maximum
recommendedl' P oncentrationreference conditioris 0.0625 mg/lfor the Eastern Corn Belt Plains

2.4.3Polychlorinated Biphenyls

Although this WMP does not address PCBs, beddpper Wolf Creek and Unnamed Tributaries to Lake Erin
(AUIDMI04100020204)5) is notsupportingfish consumptiondue to PCB# fish tissuegit is mentioned

here for completenessa A OK A 3 | y Q &hould/be refdrradid for more information on PCB targets and
implementation strategie¢LimnoTech 201)3Water quality standards for toxic substances are established in
the Michigan Administrative Code R. 323.1057 Rul@Biesholds established for PCBs inclQde ng/L for

the protection ofwildlife and0.026 ng/Lfor the human cancer valutor protection of human health
Michigancompleteda statewide PCB TMIL.2013 which was approved by thEEPA in 201L7PCB
concentration in fish tissue residweasused as thevaluationcriteria due to fish consumption being the
primary means of exposure for humans and animals. The fish tissue residue PCB criteria is 0.02&ing/kg
weight which is equivalent to the water quality standdmaman cancefassuming a Risk Associated Dose of 5
x 108mg/kg/day, a body weight of 70 kg, and a fish consumption rate of 0.015 kdiday)oTech 2013).

2.4.4Temperature

Temperature standards are established under Michigan Administrative C8a8.R075 which states:

(1) In allsurface waters of the state, the points of temperature measurement normally shall be in the
surface 1 meter; however, where turbulence, sinking plumes, discharge inertia or other phenomena
upset the natural thermal distribution patterns of receiving watdesnperature measurements shall
be required to identify the spatial characteristics of the thermal profile

(2) (2) Monthly maximum temperatures, based on the ninetieth percentile occurrence of natural water
temperatures plus the increase allowed at thedge of the mixing zone and in part on letegm
physiological needs of fish, may be exceeded for short periods when natural water temperatures
exceed the ninetieth percentile occurrence. Temperature increases during these periods may be
permitted by the @partment, but in all cases shalbt be greater than the natural water
temperature plus the increase allowed at the edge of the mixing zone.

(3) Natural daily and seasonal temperature fluctuations of the receiving waters shall be preserved.

Rivers and streams in the Upper Woléek watershed are designated as warmwater fisheri€sey shall not
receive a heat load greater than 5 degrees Fahrerneit degrees Celsiualpove existing natural water
temperatures, which are defined ak7.22C for April, 24.44Cfor May, 28.89Cfor June, 29.44Cfor July,
29.4£Cfor August, and 28.1°Cfor September.
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2.4.5 Dissolved Oxygen
Dissolved oxygestandards are established under Michigan Administrative Code R 323 \i/6&h states:

(2) (b)For surface waters of the state designated for use for warmwater fish and other aquatic life, except for
inland lakes as prescribed in R 323.1065, the dissolved oxygen shall not be lowered below a minimum of 4
milligrams per liter, or below 5 milligramsipi@er as a daily average, at the design flow during the warm
weather season in accordance with R 323.1090(3) and (4). At the design flows during other seasonal periods
as provided in R 323.1090(3), a minimum of 5 milligrams per liter shall In¢ain@id. At flows greater than

the design flows, dissolved oxygen shall be higher than the respective minimum values specified in this
subdivision

2.4.6 pH
pHstandards are established under Michigan Administrative Code R 323.1053, which states:

The hydrogen ion concentration expressed as pH shall be maintained within the range of 6.5 t0 9.0 S.U. in all
surface waters of the state, except for those waters where the background pH lies outside the range of 6.5 to
9.0 S.U. Any requests to artificialhnduce a pH change greater than 0.5 S.U. in surface waters where the
background pH lies outside the range of 6.5 to 9.0 S.U., shall be considered by the department elpya case
case basis.

2.4.7 Turbdity

USEPA ecoregion criteria fthhe Eastern Corn Belt Plains ecoregsetts 10.4 NTU as the maximum for
minimally impacted water@JSEPAR000).
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3 POLLUTANTASESSMENT

3.1 Pollutant Sources

The twoprimary pollutantsdiscussed in this WM&ue to impaired waterbodies not meeting designated uses
areE. coliand phosphorusWater quality threats can occur from both point and nonpoint soutéR3S)

Point sources are regulated and requine NPDEBermit from EGLEAny facility that discharges directly to
surface water is required to obtain an NPOHe8nit which contains specific water quality criteria for that
facility based upon the facility as well as the waters they are discharging to. There is one NPDES permit
(NEC186858) within the watershed located southwest of Sand Lake. This pemmNPRDEBdustrial
Stormwater No Exposure Certificate.

Due to the complexity of tracing NPS pollutants, themoisegulation in place to document and limit these
sources. Sources of NPS pollution may include runoff from both agricultural and urban areas, septic systems,
animal excrement, and atmospheric sources. Elevated phosphorus loading from agricultural landseapes

to soil erosion and application of commercial fertilizer and livestock mataufam fields hasthe potential

to be a significant threat to Loch Erxirater quality, Lake Erie, and communities in between that rely on

surface water for drinking wategources (i.e., Adrian, Blissfield, and Deerfiglidher sources of phosphorus

in the watershed may include rundfiom developed aregsseptic systems, runoff from natural landscapes
(forests and grasslands), andstteam bed and bank erosion.

Sources of bacteria leading to tke colimpairments in many streams in the watershed may include both dry
and wet weather source®acteria sources during dry weather potentially include illicit sanitary connections,
failingor poorly operatingseptic systems, livestock or wildlife with stream access, or resuspension of bacteria
from streambed sedimentdVet weather driven sources of bacteria include runoff from agricultural areas

with a livestock manure source (recently applied manure, feedlots, pastuneban runoff (transporting pet

or wildlife waste), or combined sewer overflows (CSOs) although none are present in this watershed.

3.2 Tributary Flow and Water Level Monitoring

To assess whether dry weather or wet weather driven pollutant sources are more dominant in this
watershed, tributary flow and water level monitoring was conducted to couple thiglwater quality

monitoring described lateThree locationsvere selected to collecbccasional, manual streamflow
measurements andontinuousdepth measurements usingater level sensodeploymentfor estimation of
stream discharge rate$Volf Creek and Onsted Creek upstream of Loch Erin, and Wolf Creek downstream of
the Loch Bn outlet. The two locations upstream of the lake represent the two largest single tributary
drainage areas entering the lake.

3.2.1Manual Flow Measurements

At each of the three sites, discharg@smeasured or20 separateoccasionspanning June 202Qctober
2023 andepresentinga range oflow conditions (i.e., dry weather baseflows apdst-storm flows) LEPOA
RRWC, and LimnoTestaff conducted the manual discharge measurements following USGS protocols for
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using avelocity meter attached to a topetting wading rodind standard operating procedures described in
the sampling QAPP for thisoject (LimnoTech 2022). Thetdand time of all manual discharge
measurements eventwere documented to correspond to the water level sensor readimgging field
measurementstransectsvere established perpendicular to stream flowhe wetted width was recorded,

and water depth and velocityere measured asevenequally spaced points along each transdtie
measuremets were then entered into a spreadsheet for computing the stream discharge at each location
for each date sampled.

3.2.2Continuous Water Level Measurements

Continuous water levedensors with data loggerscordedwater depthsat the samethree locations for a
cumulativedeployment length of 14 months (427 days), split between the 2022 and 2023 monitoring
seasonsSolinst Levelogger 5 Junior water level loggezee installed at each site and programmed to record
the water levelat 15-minute intervalks for the duration of the surface water sampling period. A fourth Solinst
Leveloggewas alsaleployed to record barometric pressure, whieasused to correct thevater level

sensors for changes in air pressusensors were deployed from 6/14/2022 to 12/1/2022 and 2/15/2023 to
10/30/2023. Removal of the sensors during the December throughFR@imuary period was necessary to
prevent potential freeze damag€igure9 shows the water level time series for each site during 2022.
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Figure9. Water level time series for three sites in the Upper Wolf Creek watershed for Noeember 2022.
3.2.3Stage-Discharge Curves

Continuous tributary discharge estimates were estimated from the continuous water level measurements by
developing rating curves between stafyeater depth/level)and dischargéi.e., stagedischarge curvesind

applying these functions tthe water level recordsWhile relatively strong stagdischarge relationships

were found for Site 6Rigurel0, Upper Wolf Creek at Springville) and SiteFi@urell, Wolf Creek at

Gilbert), this was not the case for Site 3 (Onsted Creek at Castlebar). Site 3 is within a few hundred feet of

Loch Erin, and, despite being separated from the lake by a culvert, it was determined that backwater effects

from the lake alongvith a relatively smaller drainage area and lower flow rates impacted the quality of the

stageRA 4 OKIF NES Odz2NBS F2NJ G§KAAa 20 GA 2-discha@@rdld®&shipS 2 F (K
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can be seen by observing the 12/1/2022 and 2/15/2023 manual flow measurements, which occurred during

GKS t1F1SQa 6AyidSNI St SJI (iFel@uAry)avhéR Nakeiwater |evels ard I8eNdoraly 0 b 2 O ¢
lowered by one foot relative to the summer gktion operational period. On these dates, for a given water

level, measured flows were much higher compared to measured flows for similar water levels during the

summer elevation operational periodlthough potential impacts of the lake were anticipaiduk to the

proximity of this site, it was not practical to install the level sensor further upstream on Onsted Creek

because a tributaryrepresenting approximately 30% of the drainage area to Sij@rds Onsted Creek

immediately upstream of our sampling locatidrhere were also accessibility concerns or restrictions with

alternative locations upstream on Onsted Creek. Because of these challenges, estimating continuous

discharge for Onsted Creek was not practical.

Site 6: Sensor Stage-Discharge Curve
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Figurel0. Stagedischarge curve for Site #6: Upper Wolf Creek at Springville Highway.

Site 10: Sensor Stage-Discharge Curve
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Figurell. Stagedischarge curve for Site #10: Wolf Creek at Gilbert Highway.
3.2.4Flow Estimates

Continuous daily average streamflow (discharge) time series are shdviguirel2 for Site 6 andrigurel3
for Site 10, respectively. As was expected, the Upper Wolf Creek site above Loch Erin experiences relatively
flashier streamflow conditions compared to the Wolf Creek site below Loch Erin (Site 10) due to the peak

A

Ft2¢6 RIYLSYAy3a STan8neitsFigardl2andcigurelJaboSagest xhat tie 2022 flow
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monitoring period (i.e., Juallovember 2022) experienced lower streamflow rates and lower magnitude of
peak flows during runoff eventsgsulting in a much lower streamflow volume for this period compared to

the FebruaryOctober 2023 flow monitoring period. The most significant streamflow responses to rain events
coinciding with the water quality sampling program were those in late Juyearly August 2023.

Site 6: Upper Wolf Creek at Springville Highway
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Figurel2. Daily average discharge time series for Upper Wolf Creek at Springville Highway (Site 6) fe2@B22

Site 10: Wolf Creek at Gilbert Highway
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Figurel3. Daily average discharge time series for Wolf Creek at Gilbert Highway (Site 10) for2ZizZ2

To ensure the streamflow estimates derived from the continuous water level sensor deployments and stage
discharge curves were reasonable, a cumulative flow volume was computed for each site, divided by the
drainage area to each site to get a parit-areastreamflow yield, and finally these values were compared
against the same cumulative streamflow yield for the same combined time periods of the water level sensor
deployments (i.e., 6/14/2212/1/22 and 2/15/23;10/30/23) for the nearest USGS gauging statibie River

Raisin in Manchester, ighigan The pefunit-area streamflow yield&r the three sites were:

M 11.7 inches for Site 6,

Page |18



I 10.0 inches for Site 10, and
1 8.7 inches for the River Raisin at Manchester.

These streamflow yields are within 30% or less of each other, and the two Upper Wolf Creek watershed
locations are less than 16% different. This analysis provides confidence in the streamflow estimation
approach and results.

3.2.5Loch Erin Residence Time

A final analysis was completed using the streamflow monitoring information to determine the approximate
residence time (or retention time) of water in Loch Erin. While analysis had several simplifying assumptions,

at a reasonable level of confidence it prdes an idea of how long it takes for water to flush the lake and
therefore has implications for lake water quality. For example, the shorter the residence time the greater the
potential impact of tributary pollution loading on the lake water quality aigk versa. Our assumptions

included a fixed lake area of 625 acres and average depth of 6 feet, average annual precipitation and lake
evaporation rates typical for Southeast Michigan (Huffman et al. 2013), and we did not account for potential
groundwaterinflows and outflows. Because the penit-area streamflow yields computed for Site 6 and Site

10 agreed well with the USG8ver Raisin in Manchestarii I G A2y > ¢S dzaSR GKFdG adl daz
1971-2023) annual streamflow statistics to inform \aility in annual runoff rates to Loch Erin. The average
annual runoff rate was 10.8 inches per year (range 5.5 inches to 15.9 inches per year). Using a residence time
formula that simply divides the lake volume by the inflow rate, we determined an aveeagkence time of

4.3 months, with a range of 2.9 months in the wettest year to 8.4 months in the driest year. Residence time
will vary seasonally, with the shortest residence times during the Febivagyperiod and longest residence

times during the JytOctober period (historically).

3.3 Water Quality Monitoring

3.3.1LEPOAWQ Monitoring Program

Beginning in 2019, the Loch Erin Property Owners Association (LEPOA) collected water quality samples at
several locations within the Wolf Creek watersh&ay(rel4, Tabled4). Thesgrimarysampling locations

were identified as representing the largest tributary drainage areas to Loch Erin. The primary study
parameters at these sampling sites include total phospharitisgte (NOs-N), ammonia NH:-N), andE. colj

which were analyzed from graamples Sonde parameters including temperature, dissolved oxygen, pH,
and turbidity were also collected during sors@mpling eventsPrior to the sampling conducted in 2062023

as part of this study, LEP@so collected water samples at other locations in the watershed, however results
from only the primary sampling locations are presented herein for consistency with the more recent efforts.
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Figureld. PrimaryLEPOA Wolf Creek samplisges.

Table4. LEPOA Wolf Creek sampling sitesluding approximate cumulative drainage areas to each point

Site No. Site Name Drainage Area (acres)

1 Geddes Drain at Donegal Dr. 1,300
3 Onsted Creek at Castlebar Ln. 2,510
4 Wolf Creek at Stephenson Rd. 6,460
5 Tributary to Wolf Creek at Springville Hwy. 1,060
6 Wolf Creek at Springville Hwy. 4,720
10 Wolf Creek at Gilbert Hwy. 12,070
14 Tributary to Onsted Creek at Springville Hwy. 550

15 Onsted Creek at Springville Hwy. 1,770

3.3.2E. coliResults

Prioritization of subwatersheds to implement management actions to addrasteiba, as indicated big. coli

concentration data, wamformedo & S @t f dz- GA2y 2F GKS [9th! 2v-Y2yAi2ND
2023 period for the eight key locations with the greatest number of samples throughout that period. An
evaluationwas completed to showow frequently each siteexceeded theotal body contact TBG and

partial body contact (PB@gilygeometric meark. colicriteriaduring 20192023 sampling eventsA

summary of thek. colidata analysis is presented Trable5 and a boxand-whisker plot is shown ifigurel5

for the 20222023 data Appendix B contains the full listing of water quality data collected during this project.
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Table5. LEPOA. colisampling summaryenoting exceedances of BC andPBC criterialuring the 20192023 period

Frequency of Daily Geomean Exceedances Count number of discrete samples
SiteNo. 04 U100 o o my 2019 2020 2021 2022 2023 ‘
1 82% 54% 12 21 33 36 27
3 66% 34% 17 30 32 39 21
4 29% 11% 21 24 33 39 21
5 77% 49% 15 15 33 33 27
6 51% 11% 27 21 33 39 27
10 21% 7% 18 21 33 31 21
14 88% 47% 27 21 - 27 27
15 77% 63% 18 24 - 41 27

Daily Geometric Mean E. coli Concentrations

Upper Wolf Creek Sampling 2022-2023
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E. coliconcentration (MPN/100mL)

Figurel5. Box-and-whisker plot depicting themedian,interquartile range minimum, and maximung. coli
concentrations for eight Upper Wolf Creek sampling locations for the 2@223 period.

All the sampling sites along Wolf Creek (sites 4, 6, 10) showed consistently among theElogadist
concentrations, with Site 10 having the lowest concentrations. Because Site 10 is downstream of Loch Erin
GAGK @GSNE fAGOES FTRRAGAZ2YLFE AYyFE2g a2dzNDOSa 20KSN GKI
that it would have low bacteria conn&ations. The lake serves to significantly dilute inflowing tributary

water volumes and reduces bacteria through natural removal mechan&sisentionedabove, the LEPOA

has also sampled at other locations throughout the watershed and within Loch Erin over th@23.9

period, but this study focused on the eight key stations list¥tile E. coliconcentratiors at tributary
locationsoften exceed TBC thresholdscations sampled within Loch Erin over the yeses consistently

below the TBC thresholdsvhichsuggests the lake itself is safe for human recreatfite 6 likely has

relatively lowerE. coliconcentrations because it is downstream of a chaisederallakes that have a similar
impact at attenuating bacteria. Site 4 is a wetland and estiygg area immediately adjacent to Loch Erin,

so it too has loweE. coliconcentrations due to presumed attenuation within the wetland area and possibly
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backwater effects from Loch Erin diluting the water samples at theRiter to 2022, Site 4 was sampled on
the downstream side of a culvert (i.e., the Loch Erin side), but for the-2022 sampling it was sampled on
the upstream side of the culvetd reduce the potential impact from lake backwatdihis site was reported

to be more influencedby the lake than the creek flowing intq with observed apparent reverse flow during
EGLEBampling conducted in 2018 (Varricchione 2028 remaining five sites all had relatively higher levels
of bacteria compared to Sites 4, 6, and TAoughE. colconcentrations athese sites wer&ariablefrom
eventto-event and fromyearto-yea, Sites 1, 5, 14, and Iadthe greatest number of exceedansefdaily
geometric mean criteria for PBC an8d rereation

The 20222023E. coldata were further summarized by daily geomeam obtain an understanding of the
seasonality oE. coliat the sampling sites arichpacts of dry vs. wet conditions (i.e., rainfall/runoff events)
on E. coliconcentrationsThe2022 dataare shown inFigurel6, and the 2023 data are shownkigurel?.

There were only two wet events during the 2022 sampling season-{@Mzland 9/139/14) as abnormally

dry conditions prevented wet weather samplifigpobtain moresamplesafter rainevents in 2023two
dedicated wet weather sampling events were conducted outside of the normal sampling routine for Sites 1,
5, 6, 14, and 15. As shownhkigurel6 andFigurel?, daily geomean concentrations at all sitexceptSte

10, were often above theTBCE. coliimit of 300 MPN/100 mLSites 1, 5, 14, and 1Bostfrequently

exceeded the?Bdimit as well.Therewere no obvious trends observed when comparing the wet weather
sampling data to the other data points. At any given site, the daily geomean result for a wet weather
sampling event may be higher or lower than adjacent dry weather sampling data. One obseceatisient

in both 2022 and 2023 was that the April and May daily geomean concentrations tended to be the lowest
observed, followed by increases in concentrations into June and Judyoldservation of increasirig. coli
concentrations corresponds withdreasing water temperatures and decreasing streamflow in both years.

Another analysis was completed to evalu&tecoliconcentrations as a function of daily streamflow

estimated for Upper Wolf Creek (Site 6), recognizing that a wet weather sampling event (characterized as 0.5
inches of rain within a 2our period) may not necessarily result in higher streamflow tharyandrather

sampling event depending on the antecedent moisture conditions and other factors. This analysis excluded
the Site 1(E. coldata because that locatiorended to have the lowest concentratiaue to the impacts of

Loch Erin just upstream of s shown irFigurel8, there is perhaps a trend of the highest daily geomEan
coliconcentrations being evident during the lowest flows and concentrations decreasing as flows increase.
Although future monitoring could be conducted to confirm this trend, it suggests that dry weather sources
may be the primary driver of elevatdfl coliconcentrations in this watershed, as concentrations apparently
become more diluted as streamflow increases.
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Figurel8. Scatterplot of daily average streamflow at Site 6 and daily geometric mBagoliat all sites except Site 10.

3.3.3Huron River Watershed CouncilE.coli Monitorin g

In 2020.E. coldatawere collected by LimnoTech under a Huron River Watershed Council (HRWC) project
(Lawson and Turner 2022)hisstudyincludedfive sampling events between August and September in which
samples were collected at the left, right, and center of the channel and analyz&d é¢oti. The sampling sites

in this study that coincide with the LEPOA sampling study include Loch Erin Inlet (S) @ Castlé)at¢ch
Erin Input (Mid) @ Springvill&ite 5), and Wolf Creek @ Springvillii€ 6). Results from this fiveveek

sampling program were relatively consistent with results from the LEPOA sampling program. Of the three
sites sampleddte 6 had the lowesE. coliconcentrations with an overall geometric mean of 356 cfu/100mL
and it never exceeded the PBC threshold. Sites 3 and 5 had similar overall geometric mea2$ at 1
cfu/100mLand 1,403 cfu/100mL, respectively, and both exceeded the PBC thresholdd@fQicfu/100mLon
several occasions.

3.3.4LEPOA Microbial Source Tracking

Microbial Source Tracking (MSBmpling and analysis has been conducted by LEPOA artretalgen
2019-2023to supplement its routine water sampling prograithe MST techniqueperformed by Helix
Biolab,relies on evaluation of host specific DNA markers to indicatethsence (positive) or absence
(negative) otertainBacteroidedbactera as well athe proportional quantities of each host source DNA
marker in instances where multiple host source DNA markers are detettieite the MST sampling was not
formally a part of this studyesults are briefly discussed here for relevance to the prioritization of
implementation actions related to thE. colimpairments in the Upper Wolf Creek watershed.

Table6 containsa summary of the MST sampling results for the six sites sampled most frequertéyper

year, during the 2012023 period. Sampling dates were 8/7/2019, 9/28/2020, 10/12/2022, and 10/10/2023.
A positive symbol (+) indicates a posittetection for human or bovine bacterial DNA, while a negative
symbol §) indicateshe host specific DNA marker was not detected. For instances when both human and
bovine DNA markers were detectealquantitative MST analysis was completeevaluatethe proportional
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amounts of each host source specific DNA marfResportional amounts of host source specific DNA markers
are expressed as a fold difference between the host source specific DNA marker detected in greater quantity
versus the host source specific DNA marker detected in lesser quagishown below, human DNA

markers werepositively detectedor all sites and all sampling dates. BovibidA markers were a mix of

positive and negative detections. In all instances when both human and bovine were pdsitivae) specific

DNA markers were detected in greater quantity than the bovine specific DNA markeng Jiyvo, or three

orders of magnitude (i.e., a range of 48 to 8249 times greatw) shown,deer specific DNA markers were

also evaluated for Sites 1, 14, and 15 in 2888 were positive for all three sampledthough human DNA
markers were detected in greater quantityan deer, thehumanto-deerratios ranged from 1.5 to 22 (i.e.,

lesser than the humato-bovine ratios from other samples).

Table6. LEPOMSTsampling summary.

Location Site 1 | Site 3 Site 4

Year 2019 2020 ‘ 2022 2023 ‘ 2019 2020 2022 2023 2019 | 2020 2022 2023
Human e aF + - + + + “r

Bovine y y + y + + Yy A

Human:Bovine n/a n/a 2957 n/a 48 8249 n/a 52

Location Site 6 Site 14 Site 15

Year 2019 2020 ‘ 2022 2023 ‘ 2019 2020 2022 2023 2019 | 2020 2022 2023
Human + + + + + -F + + + +

Bovine + y + + y y + + y +

Human:Bovine | 1722 n/a 54 4513 n/a n/a 855 357 n/a 52

+ indicates positive for DNA marker, d indicates negative for DNA marker, n/a indicates not applicable

3.3.5Total Phosphorus Results

Prioritization of subwatersheds to implement managemaations to address phosphorus loading was
AYF2NXYSR o0& S@lfdzrGA2y 2F (GKS [ 9t K023 peviod i6r2hé kighe NA y 3
key locations with the greatest number of samples throughout that period. An annual average TP
concentration vas computed for each year and each location, and these values were compared against a
threshold of 0.09 mg/L, which is the flameighted mean concentration (FWMC) target for the River Raisin
establishedas part of the Annex 4 proce@4SEPA 2018, StateMichigan 2018)Resultsvere also

comparedagainst the USPA ecoregion reference condition for the Eastern Corn Belt Bfn8625 mg/L

A summary of the TP data analysis is presentddlvie?.

TPconcentrations wergenerally the highesit Sites 5 and 15 and lowest at Sites 4 and 14 across the five
years sampledSite 1 also had generally lower average TP concentrations except for 2019 due to a few high
samplesAlthough Site 1 had the highest overallcoliconcentrations during the 2022023 sampling period,

it had the lowest overall TP concentrations during the same peWiten considering only the sampling

events following meaningful rainfall events during the 22223 period, Sites 6 arib stood out as having
elevated TP concentrations during these sampling dates compared to the average across the other sampling
dates. Sites 1 and 14 had relatively low TP concentrations during the wet weather sampling events compared
to the other sitesAn evaluation of TP concentrations as a function of daily average streamflow at Site 6 was
also completed, but there was not a clear relationship between streamflow anBigi€19). AverageTP
concentrationsat Site 5 exceeded botihe FWMC and ecoregion criteria the most, durfogr out of five
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sampling yearsAverageTP concentrationat Site 4 never exceeded tH@NVMC buexceeded the ecoregion
criteria every yearMost sites in most years exceeded theoregion criteria for reference conditions.

Table7. LEPOA Psampling summaryLight greendenotes averagél Pconcentrations that exceed 09 mg/L, the
springFWMCtarget for the River RaisirBold font indicates TP concentrations that exceed 0.0625 mg/L, the reference
ecoregion nutrient criterion.

Average TP (mg/L) Count number of discrete samples
2020 ‘ 2021 2022 2019 2020 2021 2022 2023
1 0.028 0.064 0.193 0.058 0.031 4 7 11 12 9
3 0.074 0.120 0.091 0.062 0.084 6 9 11 13 7
4 0.064 0.076 0.087 0.068 0.066 7 7 10 13 7
5 0.062 0.140 0.176 0.138 0.103 5 4 11 11 9
6 0.100 0.041 0.045 0.054 0.149 7 7 11 13 9
10 0.065 0.061 0.077 0.099 0.083 6 7 11 10 7
14 0.077 0.073 - 0.084 0.030 6 7 - 9 9
15 0.103 0.087 - 0.143 0.223 4 7 - 13 9
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Figurel9. Scatterplot of daily average streamflow at Site 6 and TP concentrations at all sites except Site 10.

3.3.6Nitrogen Results

Nitrate (NO3N)and Anmonia (NH3aN) were also sampled during the 202223 monitoring periodTable8).
One sample result exceeded the nitrate maximum contaminant level (MCL) of 10 mg/L established for
drinking water for both raw water sources and treated water: Site 1 had arMN€dhcentration of 18.4

mg/L when sampled on 6/14/2022, which correspondedhe highest daily streamflow measured for Upper
Wolf Creek during the twayear study period. While this result of 18.4 mg/L appeared to be an outlier, as it
was over three times higher than the next highest result (5.5 mg/L at Site 14 in May 2023), &ifgehdd

to be chosen for the random duplicate sample for the 6/14/2022 event, and the duplicate sample had an
NO3N concentration of 18.1 mg/L (TablelBAppendix B). Based on the timing of this observation{mid
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June) following a significant rain event, the nature of the waterway being mostly a subsurface county drain
(Geddes Drain) running underneath cropland, and results from the windshield survey (described later)
showing that the cropland was planted in com2i022(Figure A2), it is likely that the high nitrate
concentrations are explainable by a recent nitrogen fertilizer application (i.e., at planting cepesgence
sidedress) being partially flushed through the soil profile and into the subsurfaceadeapipe. This single
sample out of 20 samples total for Site 1 caused it to have an overall averagh Si@®@entration that was
about two times higher than the next highest sites.

Another observation from the nitrateampling demonstrates the influence of lakes on the resulisge
waterbodies like lakes and wetlands can reduce nitrate concentrations through both algal uptake and
denitrification within the water columnAs was described fd. colj Site 10 represents the outflow from Loch
Erin and therefore consistently had the lowest bacteria concentrations due to dilution and attenuation within
the lake. The same was true for nitrate, as Site 10 had the overall lowest averagé ttd8entration. Site 4

and Site 6 also had relatively lower average NNO&ncentrations than the other sampling sites, and these
findings are assumed to also be explainable by lake influences. Site 6 is just downstream of Cambridge Lake
and the upper chin of lakes. Site @Jpper Wolf Creekis downstream of Site &ndisalso influenced by a
wetland area and Loch EriAn EGLEeport suggestedhat Upper Wolf Creek at the Loch Erin inlet (i.e., Site

4) is at times more influenced by the lake than the creek flowing into it and observed apparent reverse flow
during sampling conducted in 20{8arricchione 2023

Table8. LEPOAiItrogen sampling summary.

Nitrate (NO3-N) Ammonia (NH3-N)

Site | Average (mg/L) ‘ Count Exceedances Average (mg/L) Count
No- 2022 2023 | 2022 2023 e gl 2022 2023 2022 2023
1 244 | 132 11 9 5% 0.23 0.12 11 9
3 1.08 | 0093 11 7 0% 0.10 0.13 11 7
4 033 | o021 12 7 0% 0.13 0.11 12 7
5 1.03 | 092 11 9 0% 0.09 0.06 11 9
6 035 | 034 11 9 0% 0.09 0.08 11 9
10 031 | 019 11 7 0% 0.08 0.06 11 7
14 131 | 1.78 9 9 0% 0.09 0.09 9 9
15 1.09 | 1.00 12 9 0% 0.08 0.10 12 9

3.3.7Sonde Parameter Results

Sonde parameters including temperature, dissolved oxygen (DO), pH, and tunBdiyneasured using

field probesat each of the seven primary locations during eaamplingevent(Table9). The sites most

influenced by flow from lakes (Site 6 and Site 10) had the highest temperatures on average, likely because a
large portion of the flow at these sites originates from the uppermost and therefore warmest portions of the
water column of the lags upstream of the sited\ll sitesfor all sampling events hadasimum monthly

water temperatures below thetandards for warmwater fishery us8ite 4 stood out as having much lower
average DO concentration than the other six sites. This result is consistent with EGLE sampling in 2018, which
attributed the low DO concentrations to the shallow, open water wetland type area that characterizes Site 4
(Varricchione2023). Site 1 typically had among the lowest turbidity readings and the lowest overall average
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turbidity. As described above, much of the upstream waterway draining to this sampling site is a subsurface
county drain, and therefore the low turbidity at the site is likely due to the lackudace flow and surface

erosion contributing to it. Site 1 also had the lowest TP concentrations of all sites sampled, which when
coupled with the low turbidity measurements, suggests that pathways for particulate phosphorus loading to
the site (e.g., sdiace erosion) are limitedAll sites metDOstandards for the warmwater fishery use. Site 4

had the lowesDQ, which was likely caused by influences from a warmer Loch Erin. Yearly average pH values
always fell within the range of 6%. The average turbidity exceeded recommended ecoregion criteria for

most sites between 2022023. Site 15 had the highest yeactyncentrations, while Site 1 had the lowest.

Table9. LEPOA temperature, DO, pH, and turbidity sampling summBold font indicatesexceedinceof standards.

S e Average Temp (°C) Average DO (mg/L) Average pH Average Turbidity (NTU)

2022 2023 2022 2023 2022 2023 2022 2023

1 13.9 14.3 8.3 9.2 7.2 7.8 9.2 5.6

3 14.0 15.7 8.5 8.4 7.7 8.0 114 15.6

4 15.2 16.0 54 54 7.4 7.6 17.5 16.0

5 14.5 14.8 9.5 10.0 7.7 8.2 16.3 20.6

6 18.4 18.9 8.1 9.0 7.6 8.0 9.2 14.4

10 19.8 16.6 7.8 8.7 7.8 8.0 20.5 13.7

14 14.3 14.1 9.4 9.4 7.6 8.1 11.8 8.8

15 14.8 14.3 9.7 9.5 8.0 8.2 15.4 30.5

3.4 On-Site Disposal Systems

Onsite disposal systems (OSDS) are common in rural communities which are not connected to a municipal
sanitary sewer system and are prevalent throughout much of the rural areas of the WolfWzxesgkhed.

Three sanitary sewer systems are present in the watershed servicing the Village of Onsted and Loch Erin
communities and servicing the Sand Lake dFégure20). Both the Onsted and Loch Erin systems utilize
wastewater stabilization lagoons located in the Upper Wolf Creek watershed downstream of Loch Erin (i.e.,
outside of the study area of this project). The remainder of residences in the watershed utilizeTO&®S.

are a significant number of buildings in unsewered areas thaheagwater (less than 20€eet) as identified

in the figure. If these septic systems were constructed poorly or have begun to fail, wastewater high in
nutrients and bacteria is expelled into the drain field where it can contaminate groundwater as well as
surface water. Recommended mayement actions are provided Bectia 5.
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Figure20. Depiction of sewered areas, human population density, andtdnce from unsewered buildings to surface
water in the Upper Wolf Creelvatershed.

3.5 Agricultural Inventor y

The agricultural inventory component of this project included conducting windshield surveys of the
agricultural landscape, utilizing the Agricultural Conservation Planning Framework (ACPF), identifying
livestock operations, anevaluating riparian filters between cropland and surface waterbodiesh
component and results are described in the following sections.

3.5.1 Agricultural Conservation Planning Framework

Adesktop analysis of the ACPF madiein previous work by Environmental Working Grd&WG)was

provided by theeGLEor the entire Wolf Creekvatershed (HUC41000020204)The analysis performed by

the EWGnvolvedthe digitization of agricultural cropland and creation of maps outlining each individual field
within the watershedEWGoverlaid aerial photos with the HUI2 watershed boundary to clearly delineate

the area included in the inventory. Using best professional judgment, every individual field visible from aerial
photographs was identified within the HLI@ watershed and field boundaries digitized for use in a

geographic information system (GIS). Aerial photographs with higHL(fa6t) resolution were usetb get

the best level of detalil for each site. Fields were digitized at a maximum scale of 114,8@@ition to field
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digitization,EWGutilized the ACPF to hydienforce a higkresolution digital elevation model of the H@

watershed to model surface water flows over the landscapsulting in map obverlandrunoff flow

pathways Figure21). The ACPF toglasalsof S@S NI ISR ({2 A RSchdrdctéristicshtt OK FASE RQ
distance to streamswhich are combined to produce a runoff risk metfgQre22). ACPF was also used to

identify potentiallocations for grassd waterways, contour stripsjutrient removal wetlandsand water and

sediment control basins (WASCOBSs) withintipger Wolf Creek watershedhisinformation obtained from

the ACPF modeVas used taid in theidentification ofpotential critical source areas for TP guribrity areas

for management actionas described in several sections below

3 Loch Erin Watershed

—— Flowpaths 4

Figure21. Likely pathways of overland runoffierived from ACPF
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Figure22. Runoff risk by fieldderived from ACPF

3.5.2Livestock Operations

To further support the identification of pollutant sources and to aid in prioritization of potential management
activities, an assessment of livestock operations in the watershed that may contribute to el&:atefibr

TP loading was completed. Although there were no permitted CAFOs in the Upper Wolf Creek watershed as
of the date of this plan, several operations of various sizes raising different types of livestock are present.
Satellite imagery was used to identifye locations of livestock operationgthin the watershed and to

classify each farm by animal type and approximate size of the operation using best professional judgement.
Potential areas of concern were also noted, such as locations where livestock have unrestricted access to
streams, erosin at stream crossings, or short distances between pastures or feedlots and surface waters.
This preliminary analysis identified 8perations within or close to the watershed. These locations were then
driven by LEPOA to confirm whether an animal operaéigisted and if so, confirm the animal type. Some
operations could not be confirmed during the driving survey due to distance from the roadways. A final step
involved identifying fields within a hatfile radius of the largest operations as an indicatbgreater

likelihood that manure would be applied to a given field. The animal operations iderdifigthe depiction

of the halfmile radius aroundargeroperations in relation to field boundaries are showrFigure23.
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3.5.3Riparian Filters

The presence of vegetated filter strips in the area between crop fields and surface waterbodies (i.e., the
riparian zone) functions to slow and distribute overland flow, resulting in both removal of particulate
pollutants via settling and filtration andstiolved pollutants via infiltration. When riparian filter strips are
inadequate or absent, overland flow leaving cropland is discharged directly into surface waterbodies without
opportunity for pollutant removal. A desktop analysias performed to identif whether fields within a 50

foot distance of surface waterbodies had an adequate riparian filter ptepent defined as a 3foot width
between the edge of the field and the top of the bank. The first step was performed using geospatial analysis
to set a 56foot buffer on streamlines (e.g., streams, creeks, and drainage ditches) and intersect this with the
fields used in the windshield surveys and ACPF analytital of 25 fields {2 perceni metthis criterion Of

these fields, wenanually inspectedecent satellite imagery to determine whether an adequate riparian filter
was present. An adequate filter was assigndtiéfe wasat least a30-foot setback from approximately top

of bank to edgeof-field and the vegetation was determined as grass or simlleges, shrubs, or similar

woody vegetation with potentially sparse understory vegetated density were not considered adequate
because they do not meet NRCS conservation practice standard #393 (filter strip) requireDréyiténe of

the 207fields were classified as both within §0ot of a surface waterbody and not having an adequate filter
(Figure24).
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3.5.4Windshield Survey
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conducting windshield surveys, which entails driving a predetermined route through a portion of a watershed

or other geographic area of interest anecordng spatially explicit observations related to cropland

management practices. A total of four windshield surveys, two fall tillage surveys and two spring residue

surveys, were conducted by LCD from Fall 2021 to Spring 2023 to record observations icobydintation,

tillage practice, use of cover crops, and presence of crop res®pring residue refers to prior planting

season (i.e., 2022 spring residue is the residue that remained after the 2021 fall planting season).

A summary of the windshield survey data is presenitetiable10 and map-based results are available in
Appendix Ad b 2 G A f fwhsTeSordRd2fof the& most acres in both the Fall 2021 and 2022 tillage surveys,
F2ft26SR 08 20aSNBIGA2ya 2F ay2d FLILX AOFofSeéx aailAlLd
relatively infrequent observations in the datasetiese two fall tillage surveys suggest minimal soil
disturbance and high ground coweasused in this watershed, with over 90% in 2622 and over 80% in
2022-23 of the nonskipped acres eithetid not do fall tillagewere planted with winter wheabr a cover

crop, orwere planted in pasture, hay, or not currently farmekhese observations were consistent with the
spring residue survey results for both years, where28% of the norskipped acres were 0% or <30%

residue, and the remaining total wagplit between higher residue observatioresther >30% residue, planted
with notill, or planted in pasture, hay, winter wheat, or not currently farmétbver crops were utilized on
343acres during the 20222 nongrowing season, representing abod#d of the cropland area survey.
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Use of cover crops decreased to 216 acres during the-282®ngrowing season (7% of the cropland area
surveyed).

Tablel10. Windshield survey summary (acres)

Tillage Practice Spring Residue Cover Crop

Category 2021 2022 Category 2022 2023 Category 2021 2022
Chisel Plowed 59 106 Absent; 0% 0 278 Yes 343 216
Mulch Till 129 376 | Less than 30% 621 a4z | No.-ornot o045 273

summarized
No-Till 1160 858 Greater than 30% 765 248
Planted with Wheat or Planted with
Cover Crop 580 536 No-Till 108 566
Planted in Hay/Pasture Hay, Pasture, Sod,
Sod or Fallow 529 650 Wheat, or Fallow 1130 913
Skipped 632 563 | Not Planted 0 85
Skipped 465 555

3.6 Field Prioritization

Priority crop fieldsare those that have a highlikelihood of contributing nonpoint source pollutants to
surface waters during runoff events based on the field conditions present and proximity to surface water
bodies. Sites were highlighted as a priority based on several factors, including theptilajee, percentage
of crop residue, lack afdequate riparian filterspotential for elevated manure applicatipproximity to
surface water bodigsand runoff risk suggested by ACPF

Observations recorded during the four windshield surveys provided valuable insights into which fields might
be prioritized based on the management practices utilidddre intensive fall tillage practices reduce the
amount of crop residue on field surfaces during the winter and early spring. This reduction in crop residue
increases the potential for soil erosion and the delivery of sediment and nutrients to surfaceswlaténg

storm events and snowmelt eventgloldboard gowing is the mosintensive tillaye practice followed by

chisel plowing. Depending on the crop that was planted on a field previously, little to no residue could be left
after these tillage practices are implemented, especially if the vegetation of the observed previous crop is not
very hearty (e.g, soybeans). Less intensive practices such as mulch till, strotft]l tillage or planting a

winter wheat crop or other ovewinter cover crop result in more crop residue left on the soil surface or a
living cover, thereby reducing thereount of sediment and nutrients reaching surface wat&spending on

the crop that was planted, even sites where less intensive tillage practices weretheedcould still bdittle

to no residue left. Fields that were observed to have zero or less than 30 percent residue during spring
residue surveys, that are in proximity of a surface water body, and that have no buffer between fields and
surface water bodiesere given a highepriority for future BMPimplementation efforts due to the increased
likelihood that runoff events could transfer sediment and nutrients unabated to surface waters.

Using the logic described above for the windshield survey observations, and incorporating the runoff risk
assessment conducted in ACPF, the riparian filter strip assessment, and the identification of priority livestock
facilities, we followed examples prioed by EGLE staff and demonstrated in the Bean Creek WMP to
construct a field prioritization schen{®londe and Cleland 2019, Cleary 20Zhy)s field prioritization
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approach was also implemented in a recent study for five priority subwatersheds in Southeast Michigan
(Schlea and Zimnicki 2027 he results of the field prioritization assessment executed using the various
components of the agricultural inventory work are showrrigure25. Darker shades of red indicate fields
given the highest priority while the lightest shades indicate fields that had the lowest prioritization score. For
example, a very high score (i.e., near 100) would result from a field having chisel plowing, lgwesgidoe,

no use of cover crops, potential for manure application, high runoff risk from ACPRearalsurface

drainage waterbody without an adequate riparian filter strip. In contrast, a field using cover crops, having
high spring residue, not in the vicinity of a priority livestock operation, with low runoff risk from ACPF, and
with either an adequateiparian filter strip or a far distance from a surface waterbody would result in among
the lowest scores (i.e., near @ompared to field prioritizatio assessments completed for other HUZ
subwatersheds in the River Raisin and other WLEB watersheds (Schlea and Zimnicki 2024), this analysis
completed for the Upper Wolf Creek watershed resulted in a greater number of fields on the lower end of
the prioritization scoring spectrurFigure26). This suggests that addressing more than just agricultural
pollutant loading sources will be important for the Upper Wolf Creek watershiee runoff risk analysis
identified eight fields (totaling 234 acres) with very high runoff risk and forty fields (totaling 573 acres) with
high runoff riskFigure21). The fields with the highest scores as showFRigure25will be prioritized for the
agriculturatrelated management recommendations and actions described in the next section.
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Figure26. Sideby-side comparison ofield prioritization scores for the Upper Wolf Creek watershed (left) and another
subwatershed in Lenawee County (Schlea and Zimnicki 2024).

3.7 Pollut ant Assessment Summary

Water quality monitoring conducted as part of this study during the period confirmedhe 303(d)
listed impairments for the Upper Wolf Creek watershiifyhlevelsof E. coliconsistentlyexceedingrBC and
often exceeding PBC critefigere found in thewaterwaysmonitored. TPlevels exceeding the 0.09 mg/L
threshold value were also regularly measuredéntainlocations.

Themultifacetedpollutant assessmenwork completed sought tdistinguish the relative importance of
several possible pollutant sourcascontributing to the water quality impairments. Elevatédcoliand TP
loadingmay be caused by agricultural sources, runoff from developed landsdapis) or improperly
functioning septic systemsunoff from natural landscapes like forest and grasslands, and other causes. While
it is often presumed thaagriculturalsources (e.g., soil erosion, fertilizer and manapplication, livestock
operations)are the primary pollutant source in rural landscapes, the work completed $igggestshe
Upper Wolf Creek watershathplementation actions should target a mix of sources. AG®F analysis and
windshield surveys demonstrade¢hat many ofthe crop fields evaluatedxhibitgood conservatiopractices
(e.q., fieldbuffers, conservation tillage, anmbver crops)The omparisonshown inFigure26 demonstrates a
smaller incidence dfiigh priorityagricultural fields in the Upper Wolf Creefatershedcompared to another
subwatershed in Lenawee CounBjthough a few livestock operatiop®tentially in need of intervention
were identified, thewatershed hasnostlyhobby farmsno large animaleedingoperations are present.

An analysisf E. coliconcentrations paired with streamflow estimates suggestadgests that dry weather
sources may be the primary driver of elevatatteriaconcentrations in this watershed, as concentrations
apparently become more diluted as streamflow increaseelatively large number afesidences in the
watershed rely on decentralized wastewater treatment, with especially dense clusters located #neund
upper lakegFigure20). These factors, coupled withsults from MS&nalysis conducted at selectonitoring
locationsshowing a dominance of human bacterial DNA marksuggesseptic systems from the multiple
residences in the watershed are likely a significant, if not the largest, contributor to thé&highivalues
measuredand potentiallya meaningful contributor to TP loading to Loch Erin also.
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Tablell below summaries key findings from the pollutant assessment and introduces priority actions, which
are described in greater detail in Sections 5 throughl@nagement goals and subsequexdtions must
emphasizehe mix of potential pollutant sources, and outreach eff@atould prioritizeresidential

awareness of maintenance responsibilitiesa8D&s well as agricultural producers.

Tablell. Key Findingsind Priority Actions

Key Finding Proposed Priority Actions

Park areas of Loch Erin consistently
demonstrate E. coli levels well below
state guidelines, while TP levels are in the
high/normal range.

Continue a lake water monitoring program at common park areas. Sampling
within 48 hours of significant rain events should be considered as additional
key information. Research in-lake phosphorous absorption products and
filters and consider implementation.

Input streams and drains to Loch Erin
frequently contain E. coli levels
significantly above state guidelines, but
do not regularly coincide with wet weather
events.

Continue monitoring water quality at major input streams and drains to Loch
Erin. Apply for grants and team with environmental professionals to further
study and identify specific sources of E. coli. Identify appropriate areas to
expand or establish nutrient transformation wetlands and apply for
implementation funding.

Commercial agricultural in the watershed
is minimal when compared to other areas
of Lenawee County. Further, activities at
these locations generally follow good
agricultural practices, although a few
exceptions were identified. Several hobby
farms were identified containing low
animal counts.

Obtain grants to develop education, outreach and training programs for the
local commercial and hobby operations. Coordinate methods to contact and
connect with these operations to encourage maintenance of existing good
practices and grow into improved practices. Discourage introduction of
CAFOs and of liquid manure applications in the watershed. Monitor state
permits. Work with lawmakers to provide appropriate incentives to encourage
the agricultural community to adopt and maintain improved practices:
improved manure storage, proper manure spreading, filter strips adjacent to
streams, and prevent direct contact of livestock to surface water.

Minimal agricultural activity in watershed
and the concentration of homes
surrounding the many lakes in the
watershed coupled with several years of
E. coli monitoring and DNA analysis
implies E. coli sources are likely more
human than commercial livestock.

Work with state legislators to develop and implement a statewide septic code
to assure individual and commercial septic systems are working properly and
not releasing sewage into waterways. County and or township officials should
also be encouraged to develop local ordinances to improve septic system
maintenance. Apply for grants to allow research and discovery of failing
septic systems and provide funding offsets for repair or replacement. Provide
education materials to homeowners to aid in understanding proper system
inspection and maintenance.
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4 MANAGEMENTGOALS AND OBJECTIVES

4.1 Management goals

Management goals for this plan ar@)to improve[ 2 O K watkdqyakydto restore its designated use of
protecting indigenous aquatic life and wildlife through the reduction of phosphorus loads from the
watershed to Loch Erjand(2)to improve water quality in the impaired tributaries through the reduction of
bacterialoading To achieve these goalsamagement recommendations within the Upper Wolf Creek
watershed focuprimarily on reducing phosphorus loads from agricultural soufces, runoff from cropland,
grazed pastures, and livestock operatipri@her sourcessuch as OSDS arebidentialrunoff, contribute to
the bacteriaimpairmentin the Upper Wolf Creetkibutariesas well as phosphorus loading to the lake
therefore, management actions for these sources halgebeen included.

4.2 Management objectives

Managementbjectives to help meet the watershedanagement plan goals include: @gvelop an
implementable watershed management pltrat prioritizes BMPspecific to pollutant sources and causes
(2)improve outreach, education, and information sharing activities with residential property owners,
agricultural property owners, and agricultural producers to promote awareness and encourage BMP
adoption; (3)increase participation iexisting conservation programs such as MAEAP and;N®RESand
the techrical and financial assistance availat@sidents and producers, including increas@mnservation
District and MAEAP technical staffing; if®rease he adoption ofresidential property management,
livestock management, row crop operat@nand land conservation BMBSa level necessary to achieve
desired water quality outcomesnd (6) establish methods including water quality monitoring and
agricultural inventorying to track progress toward meeting goals and objectives.
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5 MANAGEMENT ACTIONS

This section describes the management actions necessary to achieve the desired water quality outcomes for
the Upper Wolf Creek tributaries and Loch Eltimcludes discussion of the pollutants, sources, and causes
that the different types of management actions address, as well as estimates of the quantity of BMPs, costs,
priority areas, angbhosphorus load reductions expectebhblel2 summarizeshe management actionand
pollutant sourceseduced,organized intaix source categorieAlthough all management actions are
recommended, recognizing that implementation effomigy be time or resource limited, these actiomsre

also prioritized (as high, medium, or low) basgdan assessment of ability to implement and potential for
meaningfu) nearterm reduction of pollutant sourcesr to enhance understanding of pollutant causes

Table12. Summary of management actions, arranged by category and pollutant source reduced

Source

tegor Management Action Priorit
Category T anageme ctio ority
Conduct E. coli source tracking to identify priority areas which source E. H
Poorly coli to the lake.
On-Site functioning, Outreach to educate residents on septic system operation and best H
Disposal failing, or | Management practices listed below.
System insufficient | Inspect priority OSDS. M
Management septic Work with Lenawee County Health Department to obtain records for
Systéms | pyildings in areas of the watershed where failing OSDS are a problem M
and explore a process for digitizing hard copy records.
Conduct E. coli source tracking to identify priority areas which source E. H
coli to the lake.
Livestock Prevent livestock from accessing Upper Wolf Creek and other streams. H
ivestoc .
Management Livestock | jmplement livestock manure management BMPs in priority areas.
Work with local and state government officials to ensure local
ordinances preventing certain new livestock operations are enforced M
and not overridden given the water quality impairments and concerns.
Develop nutrient management plans for all fields. H
Implement cover crops on priority fields. M
Row Crop — -
Management Cropland | implement grassed waterways, WASCOBs, and riparian filters on M
priority fields.
Implement no-till and reduced tillage practices on priority fields. L
) ) Runoff Educate residents about the Michigan Fertilizer Law (1994 PA 451, Part M
ReRs_lder_ltlaI / from 85 Fertilizers) restricting the use of phosphorus fertilizers.
iparian - - -
Education developed | Educate Onsted and Loch Erin community residents about the L
landscapes | importance of picking up pet waste.
Protect existing wetlands, especially nutrient transformation wetlands. H
Wetlands / Restore wetlands in the concentrated flow paths near Loch Erin. M
etlands - - - -
Drainage Multiple Use innovative technl_ques to rc_aduce ppllutants once in-stream (two- M
Network stage ditches, P-sorbing materials, offline detention, etc.).
Restore wetlands in low lying areas within or adjacent to priority fields. L
Monitoring N/A Continue annual water quality monitoring at key tributary locations. H

H i highest priority; M i medium priority; L i relatively lower priority

The following sections detail the sources, causes, and management actions for the two primary pollutants
addressed in this WMRE. coliand TPThe sections on pollutant sources are listed in order of priority, based
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on the pollutant assessment work and findings, with known causes taking greater priority followed by
suspected or potential causeBrief descriptions of the management actions are provided in the following
sections. Fogreater details on management actions, the USDA NRCS Field Office Technical Guide is
suggested for agricultural BMPs (USDA NRCS MEARD (2024) for livestock operations, and EGLE (2023)
for details regarding operation and maintenance of septic systems.

5.1 Sources, Causes, and Management Actions for E. coli
5.1.1Human sources of E. coli

Humans are likely a primary sourcekofcolpollution in the Upper Wolf Creek watershethused by two
suspectedpathways:poorly functioning or failing OSD@,lack of a proper OSDSs described in Section 3,
manyof the residences and some businesses in the watersitiéde OSDS for sanitary waste disposal. Only
residences in the Village of Onsted and Loch Erin community utilized centralized sanitary waste treatment
systemsPoorly functioning or failing OSDS may regolin improper operation and matenance significant
agingresulting in structural deficienciesr from problems dating to the installation such as impropei
drainage or inadequately sized systei@scasionally, particularly for very old residences, household sewage
leaving a septic tankay bedirectly connectedto astorm drain, agricultural tile drain, or surface waterbody
rather than entering a drain fieldAlthough these different potential causes of human sourgEedolimay

result in varying levels of pollutant loading, r@isult in humark. colbacteria reaching surface waters and
resulting in water quality impairment®riority tributaries and watershed areas for human sources. afoli

are described in Section 3.

Residentiaproperty owners and businesses utilizing OSDS hold the primary responsibility for properly
inspecting managing, and maintaininteir systensto ensurethat they are functioning as intended.
Property owners with OSDS should maintain best practices in OSDS management and comply with the
recommended operation and maintenance guidance provided by EXZBPB)to prevent system failure:

1 Inspect the system every 3 years by a qualified professional,
1 Pump tanks approximately everys3years;

1 Do not send clogging substances such as fats, grease, coffee grounds, floss, wipes, cat litter, etc.
down the drain or toilet;

1 Reduce water consumption, install lefl@w fixtures, quickly repair leaks on fixtures, and spread
out water intensive activities such as laundry and dishwashing;

91 Prohibit driving or parking vehicles on the drain field; and
9 Test the drinking water well for contaminants.

Additional management actiomecommended in this watershed management plan inclad&#each to

residents to educate them on theest practices listed above, conductifigld inventory work targeted

toward sources oE. coliinspection of OSDS in priority areas where monitoring suggested the most elevated
E. colievels,installation of new OSD&here failing systems or lack of proper systems are identified, and,
workingwith Lenawee County to implement a time of sale ordinagoresimilar) if current leglation in the
Michigan congress regarding a statewide septic code does not pass.
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5.1.2Livestock sources ofE. coli

Livestock, primarily cattle and horses, &ikely another pimary source oE. colpollution in the Upper Wolf

Creek watershedAs described in Section &though there are no permitted CAFOs in the watershed, several
medium sized cattle and horse operaticm® presentExcrement from these animals can be a cause of
elevatedE. coliconcentrations in surface waterbodiggen livestock have direct access to or are located
pasturesimmediately adjacent to streams, when stormwater runoff from improperly stored madrams to
waterbodies, or manurapplied tocrop fieldsis done improperlyTwo cattle operationsvere identified

where livestock have access to a stream: one pasture wteik have unrestricted access twer a hal

mile of Upper Wolf Creefsee Figure Q) andonelocation where cattlehave access atneOnsted Creek

stream crossing between pasturé@e unrestricted cattle access to Upper Wolf Creek downstream of
Springville Highway has been documented by E®HEvas referred to the Michigan Department of

Agriculture and Rural Development (MDARD) Right to Farm (RTF) prdgmaiochione 2028 Several other
livestock rearing operations were identified wheeacing is in place to prevent animals from directly

accessing surface waters, but the setbackatist is minimal (i.e., less than 30 fe@ecommended isolation
distances from surface water include 300 feet for manure storage and 75 feet for livestock lots (Curell 2011),
FYR aAOKA3IlIyQa DSYySNrftfe ! OOSLIWISR ! ANXOdzZ GdzNF £ | yR
pasture areas shouldeorouted through a filter strip meeting NRCS standards to protect surface water
(MCARD 2024plthough manure management practices were not quantifietjroper storage of manure

and improper application of manumn crop fields are potential causes fevatedE. coliconcentrations

due to meaningful quantities of manure generated in animal housing facilities in this watershed.

Management actiono address livestock sources Bf colinclude:

Outreach, education, and information sharing activities with owners of livestock operations.
Exclusion fencing to restrict direct stream access.

Improved stream crossing structuresrstrict occasional access.

Riparian filter strips to increase distance between pastures and waterbodies.

Contained manure storage areas.

= =/ =4 4 -4 -9

Manure management plans
1 Proper manure application procedures.

Ensurdocal regulations (e.g., township zoning ordinances) regaidiagtock/animal limitations, other than
domestic pets, are enforced and not overruled by state agenPiggrity livestock operations for
consideration of implementing the above BMPs are showFiguire23.

5.1.3Wildlife sources of E. coli

Due to several large areas of open water, wetlands, forest, and grassland in the Upper Wolf Creek watershed,
wildlife such as deer, geese, and other mammals and waterfowl may be a potentially meaningful s@&irce of
colipollution. Populations of wildlife and their potential contributionsEocolioading were not quantified in

this watershed management plan, but because certain management activities may help to Eeciatrom

wildlife excrement, it is discussénxdre. Geese are frequently observedamd around Loch Erin throughout

the year. Most residential properties surrounditige lake have welnanicured lawns which attract the

geese to the riparian areas. When storm events occur, the short grass does not allow for much filtering of
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stormwater runoff. Management actions aimed to redugecolicontributions from geese and other wildlife
include outreach, education, and information sharing with residents to promote landscape management
activities that both deter waterfowl and can filter runoff. This may include installing shoreline buffers of
native vegetation in place of manicured lawns, or filter strips to trap pollutants prior to runoff in tributaries
and Loch Erirf-igure & in Appendix C depicfmotential sources and solutions fthis pollution category.

5.1.4Pet sources of E. coli

Pets, primarily dogs, are a potential sourcé=otolpollution in the Upper Wolf Creek watershdde to the
potential for stormwater runofin the residential areas of the watershed to enter subsurface pipes and be
directly discharged to waterbodies during wet weath&lthoughthe population of dogs was not estimated,
when not picked up and disposed properly,dog waste containing. colimay contribute to local hotspots
from the Onsted and Loch Erin commtiags where residences are relatively denSormwater runoff from
both communities enters pipes through surface inlets @diped directly to waterway$lanagement
actionsto reduceE.colicontributions from pets include outreach, education, and information sharing with
residents to promote propedog waste managememnd ensuring compliance with county and local
ordinances regarding pet quantities

5.2 Sources, Causes, and Management Actions for Phosphorus

5.2.1Cropland sources of phosphorus

Due to itsdominance in the landscape draining to Western Lake Erie, runoff froptamdareasis reported

to be the largest source of phosphorus loading to the Jdkeugh that load is distributed across hundreds of
thousands of properties/Vhile thepercentageof the total Upper Wolf Creek watershed area made up of
croplandis lower compared to other subwatersheds in the WLEB likelya primary source of phosphorus
loading to Loch ErifThe causes linked to this sounceyinclude improper application of phosphorus
fertilizers including both manure and inorganic fertilizemosion ofdisturbed or poorly coveredoils

containing particulate phosphorugarticularly on fields with high slopes and concentrated flow pathert-
circuiting of phosphorus laden runoff into subsurface drainage pipes (i.e., tile drawiagakgferential flow
paths in the soil or surface inletand concentated ordistributed overland flow paths leaving the fields and
entering the surface waterbodies with little or no opportunity for filtering and infiltration in the riparian zone.

Management actions to address cropland sourceghafsphorusnclude:
Outreach, education, and information sharing activities with farmers.
Comprehensive nutrient management planning

Adoption of 4R nutrient management principles

Cover crops

No-till or reduced tillage

Conservation crop rotatian

Blind inlets.

=A =4 4 4 -4 -4 -4 I

Nutrient removal wetlands
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1 Grassed waterways
1 Water and sediment control basins (WASCOBS)

1 Riparian filter strips

Priority fields for implementing these agricultural BMPs were identified as part of the critical source area
evaluation described in Section 3.6 and are showFigure25. Fields with the highest prioritization scores
should be considered for implementation of multiplefield management practices including both nutrient
management and activities that decrease the risk of soil erosion by increasing surface residuesand cov
Fields that should be considered for installation of structural BMPs suggested by the ACPF are shown in
Figure27 for grassed waterways$;igure28 for WASCOBS, arkiigure29 for nutrient removal wetlandsigure
24, earlier, shows fields identified for possible installation of riparian filter strips adjacent to surface
waterbodies where a desktop analysis suggested they were absent.

t::}ngﬁnWhmEMﬂ
[ Field Boundaries
— Grass Waterways

e Limno'=chQ

Figure27. Suitable locations for gragsl waterways
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5.2.2Livestock sources ofphosphorus

As described in Sectidnl.2 cattle and horse populations in the Upper Wolf Creek watershed are a likely a
source oft. colpollution, and these livestockre also a likely source of phosphorus loadimigh the same
causes described in that section. One additiar@alse of phosphorus loading linked to livestpopulations

that is not dso acause oE. colpollutionis streambank erosion in areas where livestock have unrestricted
access or occasional accésstreams. As evidenced by aerial imagéng, frequent trampling of

streambanks by livestogirevents vegetation from establishing in these areas and loosehsnaking it

easily erodible during high flow eventsor brevity, additional details on livestock sources, causes, and
management actions related to phosphorus loading are not repeated in this seletionity livestock
operations for consideration of implementing BMRare shown inFigure23.

5.2.3Human sources of phosphorus

As describedi Sectim 5.1.1, human vaste from poorly functioning, failing, or absent OSDS is a likely source
of E. colpollution, and this sewage is also a likely source of phosphorus loading, with the same causes
described in that sectiorkor brevity, details othis source, causes, and management actions are not
repeated in this section.

5.2.4Residential, commercial, and institutional sources of phosphorus

Runoff fromdeveloped areage.g., residential, commercial, and institutional properties)he watersheds
another source of phosphorus loadirRhhosphorus in stormwater runoff frontevelopedareasoriginates

from multiple sources including pet wastgrass clippings and leaf litter, accumulated sediment on roads and
other impervious surfaces, wildlife excrement, dadn and turf fertilizersThe Onsted and Loch Erin
communities have the highest density of impervious surfaces in the watershech resilts in relatively

higher stormwater runoff during rain events compared to othegas of the watershed with limited
imperviousness. This stormwater runggrries phosphorus from the sources listed amiters pipes through
surface inlets and isonveyed directlyd waterways Causes of these pollution sources that can be addressed
through management activities includigck of properdisposal opet waste and organic materials, and
application of fertilizers containing phosphortit isnot in compliance wittState of Michigan fertilizer
legislation adopted in 201@MDEQ 2013)or example, fertilizer applications to residential lawns and athletic
fields, such as those on the campus of Onsted Community Schools which runoff into Cambridge Drain and
Loch Erin, should only includégsphorudertilizer if soil testing has determined it is necessary.

Management actions to address phosphoarigyinating from developed areasclude:

Outreach, education, and information sharing activities vpitivate citizens and public officials
Installing signage at parks andar stormwater infrastructure.

1
1
9 Soil testing to determine lawn and turf fertilizer needs.
1

Rain gardens or other green infrastructure to intercept and infiltrate stormwater runoff.
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5.2.5Wildlife sources of phosphorus

As described in Sectidnl.3 wildlife populations are a potentigource ofE. colpollution, andthey are also
a likely source of phosphorus loading, with the same causes described in that section. For brevity, details on
this source, causes, and management actions are not repeated in this section.

5.3 Technical and Financial Assistance

5.3.1Sources of technical and financial assistance

A variety of partners are available to provide technical and financial assistance to address water quality
concerns in the Upper Wolf Creek watersh&ey local organizationisclude the Lenawee Conservation

District, Lenawee County Drain Commission, and the Lenawee County Health Department. Thesargroups
most familiar with the local landscape and issues important to residents of the waterah#tk state level,

9 D[ MR3F&rogram ikeyfor facilitating implementation of projectand itsstaff providetechnical expertise,
information regardingyrant fundingopportunities andfacilitate coordination withother state andederal
agenciesOther technical assistance options include working with service providers, MSU Extension Service,
the Great Lakes Commission, and fgmvernmentorganizationsctive in the WLEkke The Nature

Conservancy and Ducks Unlimited

Several state and federal funding sources provide opportunities for project implement&tiaancial
assistanceo support implementation effortshat are administered by EGLE via state or federal funding
sourcesnclude: Section 319(h) grantSection 205(J) grant€lean Michigan Initiative (CMI) grani8ater
Pollution Control Revolving Fund (WPCRBERI grants, and other program&w in 2024EGLE and Michigan
Saves launched the Septic Replacement Loan Program (B8REtdR)de lowinterest loans foup to $50,000

for Michigan homeowners that need to replace failing septic systémsther relevant source dtinding
originating from American Rescue Pkt and allocated by the state legislature is baeimanaged by Ducks
Unlimited for wetland restoration projects in the Lake Erie watersfdek U.S. Department of Agriculture
(USDA) through the Natural Resources Conservation Service (NRCS) offers voluntary programs to eligible
landowners and agricultural producers, which provides financial and technical assistance that address natural
resourceconcerns. Included are the Environmental Quality Incentives Program (EQIP), the Conservation
Stewardship Program (CSP), and the Conservation Innovation Grant (Ci@jrpro

5.3.2Cost estimate

An evaluation of the costs associated with implementation activities described in this watershed
management plan accounted for both cost to install and maintain new BMPs and cost related to staff time for
various professionals involved in the implementatiactivities, including: outreach, education, and

information sharing activities; technical consultation or design services related to BMP installation; and
additional planning and data gathering activities. The levels of technical assistance needegaid sup
management actions are quite variable depending on the nature of the actions, and therefore the additional
financial assistance above baseline duties of key processionals is also variable. A graduated level of costs
estimates associated with techniadsistance of professionals was used, which has also been ysladsn
developed in other Michigan watershedgaplel3).
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In addition to the graduated scales for professional costs, cost estimates associatdd@wlifferent types of
individual BMPs wereompleted(Tablel4). The magnitude of BMP implementation needed to achieve an
approximately 40% TP load reduction for the entire drainage areas to Loch Erin (i.e., the same target as set
for the River Raisin watershed for its loading to Lake Erie) was assessed in a spreadsleteiescribed
below.While most of the TP load reduction needed was assumed to come from cropland, BMP assignments
and subsequent TP load reductions were also assumed for pasture, septic systems, and urban stormwater
runoff sources. Unit cost estimates were multiplied by thenier of units at full implementation to achieve
desired WQ outcomes, and then an annual average cost was computed for each individual BMP by assuming
a lifespan of 20 years for structural BMPs or assuming unit costs apply ariou#ily nonstructural BMPs
(Table14). Costs associated with information aaducationalactivities are described in Section 6.

Tablel13. Graduated scales to estimate technical and financial assistance néfeols Blonde and Cleland 2019)

Assistance Tier Description Actions Included Sources
No special assistance
needed; handled by existing | Distribute information,

Lenawee Conservation

Tier 1 . o . . District, River Raisin
conservation district and meetings, presentations i
. Watershed Council
watershed council staff
Local outside experts needed: MDARD, EGLE, MSU
. Some technical assistance meetings, workshops, field Extension Service, local
Tier 2 . ) . .
needed days, presentations, technical agricultural service
assistance providers, etc.
Low level consulting, planning
Tier 3 Moderate technical and data collection, develop Local consultants,
assistance needed project recommendations, engineers, planners
grant applications
. . . . . Specialty consultants,
. Significant technical High level consulting, project .
Tier 4 : . . . developers, engineers,
assistance needed implementation, construction
planners
adualed ale SONIONS ale appro ale CO Ol Proposead plementaton a >
Cost Level Description Actions Included Estimated Annual Costs
Level 1 Staff time, mileage Meetings, presentations $1,000-$5,000

Includes all above costs plus
Level 2 printing postage, advertising, | Mailings, workshops, field days $4,000-$8,000
speaker fees, etc.
Includes all above costs plus | Field inventory, special data

Level 3 consultant fees (planning & collection, site-specific $8,000-$10,000
design). planning & design
Includes all above costs plus

Construction & Implementation

. $10,000-$100,000++
of projects

Level 4 engineering design,
permitting, and construction.
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Tablel4. Annual ost estimates fomanagement actionglescribedin Section 5.1 and Section 5.2.

Annual
Category Management Action Unit Cost ! Average
Cost

Cover Crops $70/acre 960 acres $67,200
No-till $25/acre 1290 acres $32,250
Row Crop Conservation tillage $10/acre 1290 acres $12,900
Management Conservation crop rotation $15/acre 960 acres $14,400
Nutrient management planning $55/acre 1600 acres $4,400
4R nutrient management $20/acre 1600 acres $32,000
Blind inlets $3,000/inlet 10 inlets $1,500
Grassed waterway $5/linear foot 2820 feet $705
Structural BMPs WASCOB $5,000/acre 20 acres $5,000
Riparian filter strip $300/acre 3 acres $45
Nutrient removal wetlands $15,000/acre 25 acres $18,750
Livestock exclusion fencing $5/linear foot 7920 feet $1,980
Livestock Livestock stream crossing structures $10/sq ft 3000 sq ft $1,500
Manure storage structures $20/sq ft 5000 sq ft $5,000
Manure management planning $35/acre 310 acres $543
Shoreline vegetated buffers $500/acre 6 acres $150
Other Residential rain gardens $0.95/sq ft 1.7 acres $3,517
OSDS inspections $300/inspection 5 per year $1,500

1 Unit cost data sources included USDA NRCS (2024), Schlea and Zimnicki (2024), and Blonde and Cleland (2019).

5.4 TP and Sediment Load Reduction Estimates

An assessment of baseline TP loading, TP load reductions expected with full implementation of BMPs, and an
estimate of the total costs was completéfiablel5). Phosphorus loads for six subwatershed areas were
estimated using the Spreadsheet Tool for Estimating Pollutant Loads (STEPL). This model uses land use, soil
type, septic, and agricultural animal data to quantify pollutant loads within the watershed.usanand soil

type data were obtained from Model My Watershed. Estimates of livestock populations and the number of
residences using septic systems were completed using the datasets described in Section 3. STEPL was used to
estimate TP loads for five subteashed areas corresponding to the five key WQ monitoring sites and a sixth
subwatershed representing direct drainage areas to Loch(Eignire30). Although sediment is not identified

as a water quality impairment, because it is often closely linked with phosphorus loading, the sediment load
results from the STEPL assessment were also incli@dxde16). Appendix D contains additional details on

the anticipated phosphorus and sediment load reductions associated with individual management actions.
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Tablel5. Pre- and postimplementation annual TP load estimatdsom STEP&nalysis

Pre-Implementation Post-Implementation

SulnrelEEed ‘ TP Load(lbs/year) TP Load (Ibs/year) L HEREEn

Site 17 Geddes Drain 670 380 43%
Site 6 1 Upper Wolf Creek 3230 1990 38%
Site 51 Reed Drain 1050 550 48%
Site 157 Onsted Creek 1600 870 46%
Site 14 7 Cambridge Drain 740 390 47%
Loch Erin direct drainage 990 590 40%

TOTAL 8280 4770 42%

Tablel6. Pre and post-implementation annual sediment load estimatefsom STEPL analysis

Subwatershed Pre-Implementation Post-Implementation Load

Sediment Load (tons/year) Sediment Load (tons/year) Reduction

Site 11 Geddes Drain 110 40 64%
Site 6 7 Upper Wolf Creek 460 170 63%
Site 57 Reed Drain 180 60 67%
Site 157 Onsted Creek 280 100 64%
Site 147 Cambridge Drain 110 40 64%
Loch Erin direct drainage 140 70 50%
TOTAL 1280 480 63%
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6 PUBLIC ENGAGEMENT

6.1 Description of information/education component

Community participation will be critical to the success of this plan as the implementation actions are
voluntary. To encourage and best inform community participation in the implementation of the plan,
educating the members of the watershed will be essantiThe goals of the information and educat{¢&E)
component of this plan include:

1 Increasing public awareness on the water quality challenges faced in the Upper Wolf Creek
watershedand Loch Erinfocusing on bacterigphosphorus, and HAB formation

1 Increasing public understanding of the factors that contribute to the water quality challenges faced
in the Upper Wolf Creelatershed,;

f LYONBlFaAy3a K2YS26ySNEQ dzyRSNREGFYRAY3 2F GKS yS3al
and failing septic systems and educate them on routine inspections and maintenance; and

1 Provide an opportunity for community input into the plan.

The approach for developing the information and education strategy tables below invidietifying
stakeholdersnost closely linked to the primary pollutant sources and causes, having several discussions with
Lenawee County government groups, and referring to strategies developed recently for other rural
watersheds in Southeast Michigan (River Raisin Institute , 2Blbnde and Cleland 2019). A social survey was

not conducted, as the communities within the small watershed are generallyuweérstood resiiing from

past and current community involvement by LEPOA, RRWC, and Lenawee Conservation District, and lessons
learned from these groups in performing information and education activities was leveraged for this WMP.

Dissemination of the data collected in the development of this plan will be a key component of educating
stakeholders. This includes meeting whtbalth departmentanddrain commission staff to discuss the data

that have been collected for this plaas well as promotion ad Story Mapbeing developedhrough inperson
events and social medi@he objective of this activity is to inform the stakeholders of any trends or anomalies
in the watershedemphasize the importance of this plan, and provide a spacéhéon to provide input on
implementation activities.

The RRWC and LEPOA will lead I&E activities, leveraging their ability to connect with a diverse range of
individuals within the watershed through existing and developing networks. These activities will include
promotion of the plan at RRWC monthly boardetiegs, on the RRWC website, and at LEPOA meetings to
inform both board members and the community.

Education and outreach activities will target the goals listed above with a focus on meeting the community
where they are at. To best accomplish this, a talk sevi#sake place each year to promote the

management actions detailed in this plan and provide information and guidance to residents on how they
can implement those actions. For example, the RRWC participates in recurring meetings with the WLEB
FarmerLedWatershed Conservation Network, a group dedicated to helping local farmers improve their
operations through adoption of BMPs that improve water quality and have other benefits such as soil health
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and reduced input costé&dditional partners from local community organizations will be leveraged in a
similar manner to identify further opportunities to engage with relevant stakeholder groups and their
networks. Finally, the RRWC website will act as a central hub of infornvetiere stakeholders can access
thisplanto understand the critical pollutant sources and solutioview the Story Mapand get information
about ongoing effortsVisitors can also learn more about the partner organizations wiveldped the plan,
including highlighting some of their relevant programs and resources

Tablel7to Table22 provide detailed information on the overall strategy for the public information,

education, and participation component of this plan. Tables are organized by management action topic areas
and describe the pollutant and causes addressed, educational ggahiaations responsible, target

audience, message, delivery method, timeline and milestones, evaluation criteria, and anticipated costs.
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Tablel7. Information and education strategy for promoting homeowner awareness regarding septic systems.

Information and Education strategy: Septic System Management

Educational Goal: Increase awareness of water quality issues linked to septic
N systems and importance of routine maintenance.

— Cost: $5,000/year Critical Areas: Non-sewered areas of watershed

Y

G Pollutant: Phosphorus, Cause: Improper or malfunctioning septic

E. coli systems

97_1 Organization(s) Conducting: RRWC, LEPOA, LCHD

W Target Audience: Homeowners in hon-sewered areas

Q Message:

1 Improper or malfunctioning septic systems contribute to water quality issues in local
tributaries and lakes, including both pathogens and excess nutrient loading.

1 Homeowners are responsible for understanding their septic system and properly
operating and maintaining it, including routine inspections and tank pumping.

1 Properly maintaining your system now can prevent the need for larger financial
investments to repair or install a new system in the future.

9 Technical assistance is available.

Delivery Method:
1 Provide direct evidence through monitoring results.

91 Publish monthly information on LEPOA website, social media, and use emails or direct
mailings for septic system awareness and proper maintenance.

R

N
7

1 Public information events, including presentations to local property owner associations,
citizen groups, and local governments.

1 Prepare articles for local newspapers and newsletters and develop a Story Map.
1 Radio (WLEN) in conjunction with health department.

Timeline & Milestones:
1 Prepare concise and impactful PowerPoint presentation in 2024.
1 Develop Video message in 2024.
9 Outline for articles to be published by newspapers by end of 2024.
1 Coordinate local meetings in 2025.

¢=| Evaluation Criteria:

1 Attendance at in-person events.

1 Number of new inquiries to health department.

1 Number of presentations given, and articles published.

1 Number participants reached via presentations and meetings.
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Tablel8. Information and education strategy for promoting farmer awareness regarding croplarahagement.

Information and Education strategy: Best Agricultural Practices

Educational Goal: Increase use of no-till, cover crops, nutrient management,
N filter strips, grassed waterways, WASCOBs, and wetlands.
— Cost: $14,000/year Critical Areas: Priority Fields
Y Y
G Pollutant: Phosphorus, Cause: Soil erosion, fertilizer and manure
E. coli application, excess runoff, feedlots.
'yn Organization(s) Conducting: RRWC & LCD, Farmer-Led Group Watershed Conservation
7 Network
W Target Audience: Agricultural producers and landowners.
Q Message:
1 Phosphorus and bacteria from cropland contribute to degraded water quality.
1 Agricultural drainage ditches are an important part of the Upper Wolf Creek watershed
and carry nutrients ultimately to western Lake Erie.
1 Clean water is important to maintain livestock health, improve public perception of
modern agriculture, and preserve the resource for future generations.
{Ep Delivery Method:
X yMetod: o
91 Provide direct evidence through monitoring results.
1 Conduct one-on-one meetings with producers operating on identified priority fields.
91 Provide articles for local newspapers / township newsletters and develop a Story Map.
1 Partner with Lenawee Conservation District staff and conservation technicians to

develop & distribute materials and signage in the field.

f
f

Timeline & Milestones:

Year 1 start (anticipating 2025).

Develop mailing list of producers operating within Upper Wolf Creek watershed with
annual direct mailing beginning in early 2025.

Raise awareness of water quality concerns and economic benefits associated with
cover crops, no-till, nutrient management, and structural BMPs.

il

f
f
f
f

Evaluation Criteria:

Attendance at in-person events.

Number of new inquiries to LCD.

Conducting surveys to learn if the I&E strategy is impacting the intended audience.
Increased use of no-till/minimal tillage and residue management practices.

Increase use of filter strips, grassed waterways, WASCOBSs, and wetlands.
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Tablel9. Information and education strategy for promoting producer awareness livestock manure management.

Information and Education strategy: Best Livestock Operation Practices

@ Educational Goal: Increase awareness of water quality issues and adoption of
N new BMPs by livestock operations.
— Cost: $10,000/year Critical Areas: Priority Livestock Operations
G Pollutant: Phosphorus, Cause: Stream access, insufficient setbacks from
E. coli surface water, runoff from manure
storage.
er/j Organization(s) Conducting: RRWC & LCD, Farmer Led Group
W Target Audience: Livestock producers and hobby farmers.
@ Message:
1 Phosphorus and bacteria from livestock manure contribute to degraded water quality.
1 Technical and financial assistance is available to relieve any perceived burden of
changing practices.
1 Clean water is important to maintain livestock health, improve public perception of
modern agriculture, and preserve the resource for future generations.
(=) Delivery Method:
= g

1 Provide direct evidence through monitoring results.

Conduct one-on-one meetings with owners/managers of priority operations.

Partner with Lenawee Conservation District staff and conservation technicians to
develop & distribute materials and signage in the field.

Timeline & M|Iest0nes:. o
1 Year 1 start (anticipating 2025).

1
1 Provide articles for local newspapers / township newsletters and develop a Story Map.
1

91 Develop mailing list of livestock producers operating in or near the Upper Wolf Creek
watershed with annual direct mailing beginning in 2025.

1 Annual in-person event established by 2025.

s=| Evaluation Criteria:
1 Attendance at in-person events.

1 Number of new inquiries to LCD.
1 Conducting surveys to learn if the I&E strategy is impacting the intended audience.
)l

Implementation of proposed livestock management BMPs.
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Table20. Information and education strategy for promotingesidential awareness regarding pollution sources.

Information and Education strategy: Residential Landscape Management

Educational Goal: Increase awareness of impacts to excessive fertilizer runoff
N and improper discharges into lakes, streams and drains.

= Cost: $5,000/year Critical Areas: Onsted and Loch Erin communities

Y

G Pollutant: Phosphorus, Cause: Stormwater runoff carrying pet and wildlife

E. coli excrement, lawn fertilizers, other sources.

97_1 Organization(s) Conducting: RRWC, LCDC, LEPOA, LCHD

W Target Audience: Homeowners in sewered areas

Q Message:

1 Stormwater runoff from residential properties can contribute to water quality issues in
local tributaries and lakes, including both pathogens and excess nutrient loading.

1 Alaw passed in Michigan in 2012 restricts lawn fertilizers containing phosphorus to very
limited circumstances 1 following soil testing or when establishing a new lawn.

1 Small actions such as picking up pet waste, managing grass clippings and leaf litter,
and adding structural BMPs to your landscaping such as rain gardens or vegetated
buffer strips to deter geese can result in measurable water quality improvements.

iéi Delivery Method:
1 Provide direct evidence through monitoring results.
1 Publish monthly information on LEPOA website and social media on septic system
awareness and proper maintenance.

91 Public information events, including presentations to LEPOA members and Onsted
community schools (i.e., the school district overlapping the entire watershed).

1 Prepare articles for local newspapers and newsletters and develop a Story Map.
1 Host rain garden and shoreline classes.

Timeline & Milestones:
1 Prepare concise and impactful PowerPoint presentation and Story Map in 2024.
9 Develop Video message in 2024.
9 Outline for articles to be published by newspapers by end of 2024.
1 Coordinate local meetings in 2025.

¢=| Evaluation Criteria:

1 Attendance at in-person events.

1 Number of new inquiries to LEPOA or RRWC.

1 Number of presentations given, and articles published.

1 Number participants reached via presentations and meetings.
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Table21. Information and education strategy for promoting awareness regarding drainage network strategies

Information and Education strategy: Drainage Network Strategies

Educational Goal: Increase awareness of the advantages of wetlands and

N other means to intercept pollutants around input streams on

private or public property
= Cost: $16,000/year Critical Areas: Local streams and drains
G Pollutant: Phosphorus, Cause: Multiple upstream sources (agricultural,
E. coli urban, septic)

,Qr/j Organization(s) Conducting: RRWC, LCD, LCDC
W Target Audience: Area residents and agricultural landowners

@ Message:

1 To keep our lake and streams clean, protect existing wetlands that remain is critical.

1 Finding more opportunities to restore wetlands, especially those that can intercept
runoff from a meaningful drainage area, is a high priority for improving water quality.

9 Other techniques to intercept and treat pollutants running off the landscapes should be
explored and implemented where practical, including two-stage ditches, filtration
structures around surface inlets (e.g., blind inlets), natural buffers around surface
waters, or phosphorus-sorbing materials.

1 Not only do these actions improve water quality, use of wetlands or other natural areas
has a co-benefit of increasing fish and wildlife habitat.

<>§<> Delivery Method:
1 Host educational seminars and meetings.

1 Prepare articles for local newspapers and newsletters and develop a Story Map.
1 Public information events, including presentations to landowners.
1

Develop a demonstration wetland, natural buffer area, and/or drain filter site(s).

Timeline & Milestones:
91 Ouitline for articles to be published by newspapers by the end of 2024.

1 Coordinate local meetings in 2025.

1 Identify priority sites for four new wetlands in watershed in 2025.

s=| Evaluation Criteria:
1 Measured progress/change using aerial GIS analysis (RRWC drone)

1 Number of participants engaged via meetings and presentations - Pre/post survey

1 Number of voluntary installations by participants (establishment of new wetlands, drain
filters, natural buffers, etc.).
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Table22. Information and education strategy for promoting awareness regardpgtection of the lake ecosystem

Information and Education strategy: Lake Ecosystem

Educational Goal: Increase awareness of ways to protect our lake, preserving
N and enhancing recreational activities, and other lake
ecosystem services.
= Cost: $11,000/year Critical Areas: Loch Erin and immediate watershed
6 Pollutant: Phosphorus, Cause: Animal (livestock, pets, wildlife), Human
E. coli waste (poor septic systems), Lakefront

runoff, Lack of awareness of management

5] Organization(s) Conducting: RRWC, LEPOA, Jackson, Lenawee and Washtenaw

e Cooperative Invasive Species Management Area

W Target Audience: Residents and visitors and users of the lakes and streams in

the watershed.

Message:

T Restoring Loch Erindés other indigenous a
preventing further degradation of it through invasive species management and other
actions is essential.

91 Pollutants enter the lake through many pathways, and can negatively impact
recreational activities (swimming, fishing, boating) and other lake ecosystem services
(aesthetics, nutrient cycling, wildlife habitat, etc.).

1 Invasive species can be introduced to the lake though traveling watercraft and can have
negative impacts on water quality by destroying native wetland plants that filter
pollutants or disturbing lake sediments (e.g., mute swans, carp, red swamp crayfish).

1 Actions of lake users (e.g., invasive species prevention, wake reduction, picking up pet
waste) can help to ensure Loch Erin water quality recovers and remains healthy.

H

A\

ﬁ Delivery Method:

9 Publish monthly information on LEPOA website and social media on creating and
maintaining a healthy lake for recreational activities.

91 Public information events: boat wash, rain garden classes, community meetings.
Local newspapers, emails, and radio (WLEN) RRWC staff interviews.
9 Develop a Story Map.

==

Timeline & Milestones:
1 Story Map completed in 2024.
1 Information booths at public events and boat wash events in watershed in 2025
9 Outline for articles to be published by end of 2024.
1 Year1start

Evaluation Criteria:
1 Attendance at in-person events.
1 Request feedback and evaluation on website and social media.
1 Number of presentations given, and articles published.
1 Number participants reached via presentations and meetings.
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6.2 Plan Partners

Many groups involved idata gathering, pladevelopment review, or providing valuable feedback this

planwill also be critical partners as the effort moves into implementation phases. These key plan partners
include: RRWC, LEPOA, Siena Heights Universitghe@Bnawee Center for Excellentenawee County

Health Department, Lenawee County Drain Commission, EGLE, MDARD, \AthdEBr@rmerLed
WatershedConservatiorNetwork Additional partners may include USDA NRCS, FSA, MDNR, MSU Extension,
the Village of Onsted, and Cambridge Township.
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/ IMPLEMENTATION

7.1 Timeline

Implementation of theactivities described in this WMP will occur over a-year period, divided into three
phases: Phase 1 (202426), Phase 2 (202030), and Phase 3 (202D34).The first phase will focus on
executing the outreach, education, and information sharing activities described in Section 6 to expand

awareness of both the water quality issues and technical and financial resources available to homeowners,
agricultural pralucers, agricultural landowners, and government leaders. The first phase also includes certain
implementation activities. The second and third phases will focus on expanding implementation activities
across all categories to reach the overall adoption levels needed to result in desired water quality outcomes.

Table23 below summarizes the activities planned for eatiplementationphase, organized by category.

Table23. Timeline for WMP implementation

Timeline Category Activities
Phase 1 9 Execute information and education strategy activities.
2024-2026 | On-Site 9 Prioritized inspections of 5 residences in watershed per year.
Phase 2 | Disposal 9 Prioritized inspections of 5 residences in watershed per year.
2027-2030 | System 9 Mitigation of three failing or illicit septic systems (if identified).
Phase 3 | Management 9 Prioritized inspections of 5 residences in watershed per year.
2031-2034 1 Mitigation of three failing or illicit septic systems (if identified).
9 Execute information and education strategy activities.
Phase 1 1 Riparian filter strips for 2 priority fields without.
2024-2026 9 Increase acreages of cover crops, no-till, conserva_tion tillage,
conservation crop rotation according to phase 1 milestones.
9 Nutrient management plans and 4R adoption for 30% of acres.
1 Riparian filter strips for 2 additional priority fields without.
9 Increase acreages of cover crops, no-till, conservation tillage,
Phase 2 | Row crop conservation crop rotation according to phase 2 milestones.
2027-2030 | operations 1 Nutrient management plans and 4R adoption for 60% of acres.
9 Grassed waterways and WASCOBs installed for approximately half of
identified areas by ACPF.
1 Riparian filter strips for 5 additional priority fields without.
9 Increase acreages of cover crops, no-till, conservation tillage,
Phase 3 . : ; .
2031-2034 con;ervatlon crop rotation according to phgse 3 milestones.
1 Nutrient management plans and 4R adoption for 100% of acres.
9 Grassed waterways and WASCOBs installed for all areas identified.
1 Execute information and education strategy activities.
Phase 1 9 Livestock exclusion fencing and stream crossings constructed on one
2024-2026 high priority operation: Wolf Creek upstream of Lock Erin
1 Manure management plan for one high priority operation.
Livestock 1 Manure management plans for three high priority operations.
Phase 2 | operations 9 Manure storage structures for two high priority operations.
2027-2030 9 Stream crossing constructed on one priority operation west of
Springville Hwy.
25;?_2%24 1 Manure management plans for five additional operations.
Phase 1 9 Execute information and education strategy activities.
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2024-2026 9 Restore 5 acres of high priority wetland(s).
9 Identify willing landowners or locations for blind inlet installation.
Phase 2 | Wetlands and 9 Restore 10 acres of high priority wetland(s).
2027-2030 | County Drains | 1 Blind inlets at 5 locations on county drains.
Phase 3 9 Restore 10 acres of high priority wetland(s).
2031-2034 9 Blind inlets at 5 locations on county drains.
égzljfgggj Monitoring 1 Routine monitoring by LEPOA, RRWC, and Siena Heights U.

7.2 Milestones and o utcome monitoring

7.2.1Introduction

Evaluating progress made on the goals and objectives defined in this watershed management plan will be
done by establishing interim milestones for the various management actions in the implementation strategy,
conducting water quality monitoring, and moaring adoption of new BMPs as described in the sections

below. The RRWC and LEPOA will use these strategies to determine if progress in the watershed is on track
with the timeline defined in the plan. If it is determined that implementation milestoneshatédeing met or

water quality improvements are not being realized, the team may decide revisions to the watershed
management plan are necessary. This determination will be conducted on approximately an annual basis.
Prior to pursuing revisions to the plahowever, the team will assess potential reasons for a lack of progress,
following the guidance established in thiandbook for Developing Watershed Plans to Restore and Protect
our Waterswhich includes asking a series of questions that can inform whether a plan revision is needed and
what factors specifically need updated (USEPA 2008).

7.2.2Interim milestones

Interim milestones for each management action describethe sectionsabove are listed iffable24 below,
organized into the three phases over which implementation activities will occur. Festnactural
managementype BMPs, the milestones represent cumulative area of the watershed experiencing that BMP
in any given year. For structural BMPs, theesibnes represent the cumulative total new area/length of the
BMP relative to the prémplementation levels.
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Table24. Interim milestones for the various management actions described in this WMP

Phase 1 Phase 2 Phase 3

Category Management Action Milestone Milestone Milestone

2024-2026 2027-2030 2031-2034
Cover Crops 320 acres 640 acres 960 acres
No-till 430 acres 860 acres 1290 acres
Row Crop Conservation tillage 430 acres 860 acres 1290 acres
Management | Conservation crop rotation 320 acres 640 acres 960 acres
Nutrient management planning 530 acres 1070 acres 1600 acres
4R nutrient management 530 acres 1070 acres 1600 acres
Blind inlets O inlets 5 inlets 10 inlets
Grassed waterway 0 feet 1410 feet 2820 feet

Structural

BMPs WASCOB 0 acres 10 acres 20 acres
Riparian filter strip 1.5 acres 2.5 acres 3 acres
Nutrient removal wetlands 5 acres 15 acres 25 acres
Livestock exclusion fencing 7920 feet 7920 feet 7920 feet
Livestock Livestock stream crossing structures 0sqft 3000 sq ft 3000 sq ft
Manure storage structures 0sqft 5000 sq ft 5000 sq ft
Manure management planning 150 acres 250 acres 310 acres
Shoreline vegetated buffers 2 acres 4 acres 6 acres
Other Residential rain gardens 0.6 acres 1.1 acres 1.7 acres
OSDS inspections 5 per year 10 per year 15 per year

7.2.3Water quality monitoring

The ultimate outcome sought in developing this WMP and resulting from implementation phases is
improvement in water quality in the Upper Wolf Creek watershed tributaries and LochTEER.EPOA in
partnership with RRWC and City of Adrian has successfully executed an annual tributary water quality
monitoring program for the fivgrear period 2012023 that includes both routine monitoring at sentinel

sites and special investigative monitoring of certain limited sites and to identify potential sourceseafdact

via DNA sampling and analysis. An important action identified in this WMP to occur during all three phases is
continuation of the monitoring program to both confirm past monitoring results of potential elevated source
areas and to serve as a measufguoogress resulting from implementation activiti@sable25 describes the
locations, parameters, analyses, frequency of sampling, and responsible parties for completing this
monitoring. Water quality improvement progress will be made by compaEngoliand TP concentration
measurements against Water Quality Standards described earlier in this docUEnenticoncentration
measurements will be evaluated against the PBC criteria of 130 cfu/100 mL for-ttey 3@omean and 300
cfu/100 mL for the single day geomean, and the TBC criteria of 1000 cfu/100 mL for the single day geomean.
TP concentration measuremenisll be evaluated against the FWMC target of 0.09 mg/L established for the
River Raisin as part of the Annex 4 process (USEPA 2018, State of Michigan 2018).

In addition to the routine, annual water quality monitoring at the five key sites representing the largest

inflows to Loch Erin, certain special monitoring programs conducted by EGLE should be considered for sites in
the Upper Wolf Creek to evaluate impemwents in other water quality related variables. EGLE has conducted
sampling in the River Raisin watershed aar intervals to evaluate biological, chemical, and physical

habitat conditions. The 2018 EGLE survey included macroinvertebrate and hahbltat@ns for LEPOA Site
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#10, Wolf Creek at Gilbert Highway (Varricchione 2023). ELGE also conducted special algal toxin monitoring in
Michigan inland lakes during the 202618 period, which included sampling of Loch Erin on multiple
occasions (EGLE 2019). Repeating these effoftsure years is suggested Table25.

Table25. Water quality monitoring plan details

Responsible

Location(s) Parameters Type of Analysis ‘ Protocol | Frequency Party

Site 1 (Geddes Drain) Total Phosphorus | 4500-P E
Site 5 (Reed Drain) - - See QAPP 5 times/vear
Site 6 (Upper Wolf) E. coli 9223B / Colilert 18 (LimnoTech | =™ -Sila ) | RRWC, LEPOA
Site 14 (Cambridge Drain) | Temperature, DO, YS! Pro DSS sonde 2022) y->ep
Site 15 (Onsted Creek) turbidity, pH
Site 10 (Wolf Creek) Biology qugtrr(‘)'i‘; ertebrates P51 oyear EGLE WRD
) Toxins Microcystin LC/MS/MS
Loch Erin - As needed EGLE WRD
Algal biomass Chlorophyll a 10200H

7.2.4BMP adoption monitoring

Monitoring or tracking of agricultural BMP adoption will be another measure of progress toward the

milestones established in this WMP. The State of Michigan in its 2023 updatedorttesticaction plan for

reducing phosphorus loading to Lake Erie has committed to improved tracking of conservation practices
through a MAEAP database and an enhanced Great Lakes Watershed Management System (GLWMS) that will
incorporate information collected during the agriculainventory process and possibly remote sensihg
agricultural conservation measuré€State of Michigan 2024)n addition to information compiled by the

Lenawee Conservation District during future implementation funding cycles specific to the Upper Wolf Creek
watershed, these two resources will be ugednonitor progress of agricultural BMP adoption.

7.3 Public Participation

Public participation in this WMP development process began prior to officially starting the effort and

continued throughout the data collection and plan development phase. The first public event occurred on
November 29, 2018, with meetingat the Cambridge Township Hall between local residents, the Lenawee
CountyHealth Departmenand DrainCommissionandstate representatives. Aecondpublic meetingon

October 212019,included representatives froBGLENd was alsteld at Cambridge Township H&keral
eventswere subsequenthheld during development of the plawith the City of Adrian, th&éenawee

Conservation District, Lenawee County Health Department, and Ler@wuagty Dain Commission

Community members attending regular LEPOA and RRWC meetings were also informed of any updates in the
plan development process.

Movingforward, publicoutreach will continue byosting meeting(s) with th&vestern Lake EriBasin Farmer

Led Water Conservation Initiatieand LenaweeConservation District in the Upper Wolf Creek aeattract

more local attendees. Additionallgesidential property owners and community action groups will be

provided the opportunity to consider shoreline plantings and rain gardens with classes taught by the RRWC

al @aGSNJ wktAy DIFENRSY &aLISOAFfA&lD 9 YLKIhépartershipwith Ay ONBI :
the Siena Heights Universityternship program will continue and expansianiticlude representatives from

Adrian College will be explored. Grant and funding opportunities will be soSgihtFdr&st taiFauces for

additional communication of conservation principals.
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APPENDIX A: SUPPLEMENTAL MAPS
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FigureA-4: Agricultural inventory windshield survey results for Fall Tillage 2622
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