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Chapter 1: Introduction 
The Acton Lake Dam-Four Mile Creek (ALD-FMC) HUC-12 occupies 41.37 square miles within Butler and Preble 

Counties in southwestern Ohio (Figure 1), and encompasses the City of Oxford, Miami University, and Hueston 

Woods State Park. Acton Lake, a significant water body in Hueston Woods State Park in the northwest region of 

the watershed, receives water from three other HUC-12 watersheds (Headwaters FMC, Little FMC, and East Fork 

FMC; Figure 3). These, along with ALD-FMC and Cotton Run-Four Mile Creek HUC-мнΩǎ, are all nested within the 

Four Mile Creek (FMC) HUC-10 watershed. The ALD-FMC HUC-12 is also 

located within the Great Miami River Watershed, which has been 

identified as one of the high priority watersheds in the Ohio River Basin to 

address water quality impairments from excessive nutrient loss, mainly 

from agricultural lands. This plan will help address nutrient loads, 

sediments, and other nonpoint source pollutants that contribute to the 

Great Miami River, the Ohio River, and eventually the Gulf of Mexico.  

Butler Soil and Water Conservation District (Butler SWCD), in collaboration 

with Master of Environmental Science students from the Institute for the 

Environment and Sustainability of Miami University, Oxford, Ohio, 

authored this Nine-Element Nonpoint Source Implementation Strategic 

Plan (NPS-IS). Miami University authored the first two chapters of this NPS-IS, with Butler SWCD completing 

chapters three and four in 2023. In order to improve water quality in the region, and to be compliant with the EPA 

regulations on water health, Butler SWCD is working to implement NPS-IS plans for the ALD-FMC and Dicks Creek 

HUC-мнΩǎΦ  

1.1. Report Background  
The 2022 Ohio EPA Integrated Water Quality Monitoring and Assessment Report identified the ALD-FMC HUC-12 

as impaired and in need of a TMDL. This was attributed to land use and/or anthropogenic activities such as urban 

runoff/storm sewers, urbanization, and natural sources (Ohio EPA 2022a). Also, high concentrations of E. coli 

were identified, making this watershed impaired for recreation. The land use of the ALD-FMC HUC-12 is 

predominantly agricultural land, with large forested and developed areas (Ohio EPA 2022a). 

The ALD-FMC watershed falls within the boundaries of the Great Miami River Watershed, which has been 

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

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

the Mississippi River, and ultimately the Gulf of Mexico, contributing to the Gulf hypoxia. The most recently 

published nutrient mass balance report (OEPA, 2022) identified three major categories of nutrient sources 

impacting the GMR watershed, including Nonpoint Source Pollution (NPS), National Pollution Discharge Elimination 

Systems (NPDES), and Household Sewage Treatment Systems (HSTS). NPS includes nutrient loss from developed, 

agricultural, and natural lands. NPS was identified as the largest contributor to total P and total N load in the GMR 

at 66% and 82%, respectively. NPDES sources contributed 29% of the total P load and 15% of the total N load. The 

HSTS community contributed 5% of the total P load and 3% of the total N load (Figure 2). 

 

 

 

Figure 1 Location of the ALD-FMC HUC-12 
within the Great Miami HUC-4. 
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Figure 2 Proportion of total phosphorus and nitrogen load from different sources (NPS, NPDES, HSTS) for the Great Miami 
watershed, average of five years (wy17-wy21) (OEPA, 2022). 

This NPS-IS will be one of the few developed plans in the GMR watershed. Three Valley Conservation Trust has 

developed plans for Beals Run-Indian Creek, Howard Creek-Dry Fork, and the Paddys Run HUC-12s. This plan will 

identify causes and sources of nonpoint source pollutants within the ALD-FMC HUC-12, determine the watershed 

critical areas and outline strategic projects, which should be implemented to improve local water quality and help 

to reduce impairments in the Ohio River Basin and the Mississippi River as well as the Gulf of Mexico. Projects 

described in the plan will be eligible for federal and state nonpoint source (NPS) funding.  

1.2. Watershed Profile & History 
The ALD-FMC HUC-12 (HUC 05080002 06 04) is one of five HUC-12 watersheds within the FMC HUC-10 watershed 

(HUC 05080002 06; Figure 3). The mainstem of FMC flows 45.6 miles through Butler and Preble Counties in Ohio 

and descends an average of 13.6 ft/mile. The mainstem originates in Jackson Township at an elevation of 1195 ft. 

(NHD 2020, OGRIP DEM 2007) and joins Little FMC and East Fork FMC near Acton Lake. Exiting the southeastern 

end of Acton Lake, FMC flows south through Butler County, skirting the City of Oxford, and joins Seven Mile Creek 

approximately 3 miles north of its confluence with the Great Miami River in Hamilton, OH at an elevation of 574 

ft. (USGS 1981). The ALD-FMC HUC-12 intersects five townships within Preble and Butler County (Figure 4) and 

contains the City of Oxford and the Miami University main campus. Several minor tributaries flow into FMC within 

the ALD-FMC HUC-12, notably Collins Creek and Harkers Run (Figure 5). Collins Creek and its tributaries flow 

through urbanized areas within the City of Oxford while Harkers Run primarily intersects agricultural areas on the 

east side of the ALD-FMC HUC-12.  

ALD-FMC HUC-12 (and more broadly the entire FMC HUC-10) is located within the Eastern Corn Belt Plains Level 3 

Ecoregion, as designated by the U.S. EPA. The vast majority (>99%) falls within the Level 4 Loamy, High Lime Till 

Plains, whose geology is characterized by Wisconsinian age glacial deposits and interbedded shale and limestone 

from the Upper Ordovician series (Woods et al. 2019, Rech et al. 2018). The Four Mile Creek Valley was likely 

created through glacial meltwater. Glacial outwash in this valley forms a buried aquifer ǳƴŘŜǊ ǘƘŜ ǎǘǊŜŀƳΩǎ broad 

floodplain, which is the primary source of drinking water for the City of Oxford (Rech et al. 2018). The City of 

Oxford maintains a source water protection area within the watershed, which encompasses part of FMC (Ohio EPA 

2020a). 
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Soils in the ALD-FMC HUC-12 (and more broadly in the FMC HUC-10) developed from the high-lime Wisconsinian 

glacial till  and are capped with a highly productive silt-loess in the northern portion of the watershed (Medley et 

al. 1995). Common soil series throughout the watershed include Miamian, Russell, and Fincastle (USDA NRCS 

2019). These soils range from very poorly drained to well drained but are all mainly used for cultivation, 

necessitating drainage tiles in some places (NCSS 2014a, 2007, 2014b). 

Land cover in this region was historically dominated by forests, particularly of Oak, Beech, and Maple. European 

settlers began dramatically transforming the landscape in the late 18th century through deforestation for 

agriculture and the damming of waterways to run saw and grist mills. The dominance of agriculture peaked in the 

1920s with only 10% of hƘƛƻΩǎ forests remaining (Rech et al. 2018). Today, Ohio is approximately 37% forest, and 

within the ALD-FMC HUC- 12, land use is currently 46.2% row crops, 27.1% forest, 17.4% developed, and 12.3% 

pastureland (Ohio EPA 2018a). 
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Figure 3 Regional Watershed Boundaries and the ALD-FMC HUC-12. 
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Figure 4 Jurisdictional map of the ALD-FMC HUC-12. 
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Figure 5 River Mile Map for Four Mile Creek in the ALD-FMC HUC-12. River Miles were generated in ESRI 
ArcGIS Pro based on line vectors of Four Mile Creek. 
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Prominent within the ALD-FMC HUC-12 is Acton Lake, a 590-acre recreational reservoir in Hueston Woods State 

Park. The lake was created from the damming of Four Mile Creek in 1956 by a 366-meter-long earth-filled dam 

(Figure 6). Acton Lake, which extends across the border between Butler and Preble County, is used for 

recreational activities such as fishing, swimming and boating (ODNR 2012a; Medley et al. 1995). 

The ALD-FMC HUC-12 contains three wastewater 

treatment plants (WWTPs). Currently, the Ohio 

Department of Natural Resources (ODNR) operates 

one WWTP under a NPDES permit at the Hueston 

Woods State Park Beach and Marina, which discharges 

to Acton Lake (U.S. EPA 2020). Woodland Country 

Manor, a nursing home, discharges to an unnamed 

tributary of Harkers Run. The largest discharge 

originates from the City of Oxford WWTP which 

enters Four Mile Creek at RM 16.36. The City of 

Oxford also contains a former sanitary landfill. Its 

leachate is indirectly discharged to the City of Oxford 

WWTP under an indirect discharge NPDES permit, and 

stormwater runoff is collected in a sedimentation 

pond (Ohio EPA 2008). 

1.3. Public Participation and Involvement 
The creation of this NPS-IS was initiated and led by Butler SWCD. Butler SWCD was created in 1942 to provide 

technical assistance and natural resource education to Butler County residents in urban and agricultural areas 

(BSWCD 2018a). Butler {²/5Ωǎ goal is ǘƻ άǇǊƻƳƻǘŜ the conservation, restoration, and responsible use of our 

natural resources through technical assistance and ŜŘǳŎŀǘƛƻƴέ (BSWCD 2018b). This mission is realized through 

their active involvement in local environmental education, agricultural BMP assistance, stormwater management, 

and watershed planning (BSWCD 2018b). 

In order to expedite the completion of this NPS-IS plan, Butler SWCD requested assistance from Miami ¦ƴƛǾŜǊǎƛǘȅΩǎ 

Institute for the Environment and Sustainability (IES) (Miami University 2020a). IES was established in 1969 as an 

interdisciplinary program to train environmental scientists and prepare them for emerging environmental issues 

(Miami University 2020b). IES regularly partners with local organizations to further its program goals to άŜŘǳŎŀǘŜ 

students as professionals in environmental science and ǎǳǎǘŀƛƴŀōƛƭƛǘȅΣέ and άǘƻ provide leadership in areas of 

research and outreach that address environmental problems and promote a more sustainable ǎƻŎƛŜǘȅέ (Miami 

University 2020c). As part of an ongoing partnership, six Miami University graduate students and the IES Associate 

Director assisted in drafting the first two chapters of this NPS-IS report and in hosting a stakeholder meeting on 

January 22, 2020. 

Interviews were completed with Miami University professors and staff conducting research within the watershed 

to establish an understanding of water quality issues identified in addition to the 9t!Ωǎ most recent assessment 

(Ohio EPA 2008). Local environmental organizations were also contacted for questions relating to the watershed. 

This included communication and data exchange with Ohio-Kentucky-Indiana Regional Council of Governments 

(OKI), Three Valley Conservation Trust, Environmental Solutions AQ, and Preble County Soil and Water 

Conservation District. Butler SWCD also partners with Miami University to orchestrate an EPA-accredited 

volunteer science program called Butler County Stream Team. This program organizes monthly water quality 

sampling that engages stakeholders, educates volunteers on scientific methods, and creates a dataset for water 

Figure 6 Looking north along Four Mile Creek from the 
construction site of the Acton Lake Dam. Photo courtesy of 
Frank Peters. 
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quality comparison within the county (Butler County Stream Team 2020). A Miami University employee in charge 

of the program was interviewed to better understand the data collection methods, and their experiences with 

water quality in the individual streams of the watershed. 

Postcards were sent out to landowners within the ALD-FMC HUC-12 to garner participation in the public meetings. 

Two public meetings were held: an introductory meeting on December 2, 2019 hosted by Butler SWCD, and 

another meeting January 22, 2020 hosted by the Miami University IES team. The purpose of the meetings was to 

inform the stakeholders about the NPS-IS plan and to gain their input about impairments or issues in the 

watershed that they believe can be addressed through this plan. The goals of the meetings were: 

¶ Provide an overview of NPS-IS planning 

¶ Identify critical areas of environmental concern 

¶ Identify possible solutions 

¶ Rank critical areas 

¶ Share opinions/points of view 

A total of 30 stakeholders attended the December 2019 meeting and 23 stakeholders attended the January 2020 

meeting. Participants shared their personal knowledge about the watershed and its history, as well as any insight 

they had about other organizations that were operating within the watershed. A few farmers and landowners 

were in attendance, but most of the stakeholders were affiliated with professional organizations, including 

employees of the City of Oxford, Miami University, OKI, Three Valley Conservation Trust, and Preble SWCD.  

During the December meeting, participants discussed some preliminary issues they were aware of in the 

watershed. In January, stakeholders met in small groups and identified potential critical areas which were 

compiled into a combined list (Figure 7). Participants voted individually on which critical areas should be 

prioritized as part of the NPS-IS. Based on the meeting it was determined that the critical area that the 

participants felt should be the highest priority was agricultural land, which occupies a large section of the ALD-

FMC HUC-12. Other critical areas that were identified as important included flooding in the area north of Acton 

Lake (outside of the ALD-FMC HUC-12 boundary), low-head dams along Four Mile Creek, residential development, 

and private septic systems within the ALD-FMC HUC-12. The critical areas identified in this meeting were used 

throughout the development of this NPS-IS plan. 

Since the initial stakeholder meetings in 2019 and 2020, Butler SWCD has met individually with several 

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

Miami University Natural Areas. Butler SWCD has also conducted several site visits on private property within the 

City of Oxford that could be potential project sites for stormwater management practices to reduce flooding and 

stormwater runoff. Ongoing meetings have occurred between Butler SWCD, Miami University, City of Oxford, and 

other stakeholders to develop plans for dam removal/modifications for the low-head dams found within this 

watershed. Our current priority is the low-head dam in Silvoor Biological Sanctuary, managed by Miami University 

Natural Areas. Near future plans include targeted outreach to farmers within the ALD-FMC HUC-12 to determine 

ƛƴǘŜǊŜǎǘ ƛƴ ŀƴȅ ƻŦ ǘƘŜ ƭƛǎǘŜŘ ŀƎǊƛŎǳƭǘǳǊŀƭ .atΩǎ ƛƴ /ƘŀǇǘŜǊ о ŦƻǊ ŎǊƛǘƛŎŀƭ ŀǊŜŀ м, as well as continued meetings with 

Miami University Natural Areas and private property owners for the project in Silvoor Biological Sanctuary. 

The final version of this NPS-IS plan was developed using individual inputs from local stakeholder organizations 

including: Preble SWCD, Miami University, City of Oxford, Three Valley Conservation Trust, and Environmental 

Solutions AQ. Through Three Valley Conservation Trust support, Environmental Solutions AQ completed the ACPF 

outputs in 2023.  
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Figure 7 Stakeholders map out where they believe there are critical areas and other points of interest, such as point sources 
of pollution and possible sources of NPS pollution during the January 22 stakeholder meeting. 

Chapter 2: Watershed Characterization and Assessment Summary 

2.1. Summary of Watershed Characterization for ALD-FMC HUC-12  

2.1.1 Physical and Natural Features 
Geology 

The bedrock geology of the ALD-FMC HUC-12 is predominantly interbedded limestone and shale of the Late 

Ordovician age, 450 million years ago (Figure 8). The layer above the bedrock is glacial till , which was deposited 

around 24,000 years ago and is fairly thick throughout the watershed (Miami University 2020d), as was evidenced 

at a well site in Oxford where the glacial till was present starting 8 meters down, and extending up to 30 meters in 

depth (Rech 2018). 

The glacial till  in the watershed creates excellent farmland, which supports a large amount of agriculture in the 

watershed. The glacial till  limits the flow of groundwater, acting as an impermeable layer. However, there are 

areas of glacial outwash where sand and gravel were deposited by running water as the glaciers melted. The 

glacial outwash filled valleys with hundreds of feet of sand and gravel, which created aquifers that the City of 

Oxford extracts groundwater from to supply to the city. The groundwater aquifers interact with surface water due 

to pumping by the City of Oxford, which is important to note since any pollutants in the surface water could 

potentially pollute groundwater that is being pumped at the wells. Four Mile Creek is primarily a gaining stream, 

except near the City of Oxford pumping wells where the stream is losing (Levy 2020). Lastly, there is the layer of 

topsoil that sits above the glacial till. 

Ecoregions 

The State of Ohio is divided into six Level III Ecoregions defined by the U.S. EPA. Ecoregions are areas with 

similarity of ecosystems, quality, and quantity of environmental resources. Ecoregions can be used by state 

agencies in the development of biological criteria and water quality standards, along with creating management 

goals to address nonpoint source pollution (U.S. EPA 2019). The ALD-FMC HUC-12 is located in the Eastern Corn 

Belt Plains (Figure 9). The land use within the Eastern Corn Belt Plain is extensive corn, soybean, and livestock 

production, which has impacted stream chemistry and turbidity (USGS 2020). Compared to the Central Corn Belt 

Plains, the Eastern Corn Belt Plains previously had more natural tree cover. The Eastern Corn Belt Plains is defined 

by its rolling till  plains with end moraines, loamier and well drained soils, and extensive glacial deposits of 

Wisconsin age (USGS 2020). 
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Physiography 

Ohio is divided into five physiographic regions, which are defined through the geological profile of the area and 

distinct communities of plants and animals. The ALD-FMC HUC-12 is located in the Till Plains of the Central 

Lowland physiographic region. This region was formed by Pleistocene glaciers that created terraces along valley 

sides and new drainage patterns. The Till Plains is a fertile region characterized by gently rolling hills, with most of 

the hills being a series of moraines created by glaciers that deposited mounds of rock and soil (ODNR Division of 

Natural Areas & Preserves 2020). The ALD-FMC HUC-12 is within the Southern Ohio Loamy Till Plains subunit of 

the Till Plains region. This subunit has a loamy till  surface with end and recessional moraines, stream valleys filled 

with glacial outwash, and alternates between broad and narrow floodplains. Buried valleys are common in this 

subunit, and the elevation of the subunit ranges from ммрлΩ-ролΩ (Ohio Division of Geological Survey 1998; Figure 

10). 

Soils 

The ALD-FMC HUC-12 contains predominantly silt loams, and excluding surface water area, this soil type accounts 

for 80% of the area in the watershed (Figure 11). The major soil series are Russell-Miamian, Xenia, Miamian, 

Fincastle, Hennepin, Wynn, Genesee, and Cyclone. The floodplain of FMC is primarily Genesee Loam, which is 

typical of streams in areas of Wisconsin glaciation. Ross loam is also prevalent in the floodplains (WSS, 2020). 

Approximately 57% of mapped soils in the watershed are designated as prime farmland or farmland of local 

importance, while 17% is designated prime farmland if drained. Approximately 24% of soils are designated not 

prime farmland. Areas considered not prime farmland are generally found along the steep slopes surrounding 

floodplains, or within Hueston Woods State Park or the City of Oxford (WSS, 2020). 

The K factor of soils is moderate to high throughout the watershed. K factor represents the susceptibility of the 

soil to erosion by water, with values ranging from 0.02 to 0.69. Higher values indicate higher susceptibility to 

erosion, with a range of 0.25 to 0.40 being moderate. Within the ALD-FMC HUC-12, the major soil types have K-

factors between 0.28 and 0.49 (Table 1). 

Wetlands 

According to the National Wetland Inventory (NWI 2019), the ALD-FMC HUC-12 contains 34 freshwater wetlands, 

15 of which are emergent and 19 forested/shrub. The total wetland area is 17.5 acres, or approximately 0.07% of 

the total watershed area. The majority of wetlands are located adjacent to a stream channel (Figure 12). 
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Table 1 Common soil series in the ALD-FMC HUC-12 and their drainage and erosion rankings (WSS, 2020). 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Wildlife and Fisheries 

A variety of wildlife is found within the ALD-FMC HUC-12, most notably within Hueston Woods State Park. 

Hueston Woods is home to Bald Eagles, Osprey, foxes, Ring-billed Gulls, woodpeckers, Canada Geese, Blue Heron, 

Mallards, aquatic turtles, mink, non-venomous snakes, and squirrels (Visitors Bureau Hueston Woods Region 

2020). The Ohio Department of Natural Resources (ODNR) lists Hueston Woods State Park as an άhƘƛƻ Birding Hot 

{ǇƻǘΣέ most notably for spotting the Hairy Woodpecker (Picoides villosus) (ODNR 2013). Acton Lake is a popular 

fishing spot with a marina and boat ramp. The lake contains large populations of largemouth bass, bluegill, white 

crappie, channel catfish, bullheads, carp, saugeye, and gizzard shad (ODNR 2019a). Four Mile Creek, which flows 

in and out of Acton Lake, is also home to a variety of fish species. An Ohio EPA monitoring project in 2010 

completed at three locations along Four Mile Creek (River Miles 18.4, 18.3, and 17.2) found a total of thirty-one 

different fish species, the majority of which were minnow, darter, and sunfish species (Ohio EPA 2011). 

Endangered and Threatened Species 

Several animal species have been classified as endangered or threatened in Butler and Preble Counties by the 

Ohio Department of Natural Resources (ODNR) Division of Wildlife (Table 2). Since ALD-FMC HUC-12 falls within 

both these counties, these species may be present in the watershed. Of these species, only the Indiana Myotis 

(Bat) (Myotis sodalis) is considered endangered at both the state and federal levels (ODNR 2020a). Snowy 

Campion (Silene nivea) is the only endangered plant species in the two counties, and is only found in Butler County 

(ODNR 2020a). Midland sedge (Carex mesochorea), Timid sedge (Carex timida), Missouri Gooseberry (Ribes 

missouriense), and Soft-leaved Arrow-wood (Viburnum molle) are threatened species. Many of these endangered 

and threatened species reside in streams, wetlands, marshes, and ponds and therefore could be affected by poor 

water quality in the ALD-FMC HUC-12. 

 
 
 
 
 

Series Name 
% Watershed 

Area 
Drainage 

Erosion Potential  
(K Factor) 

Russell-Miamian Silt 
Loam 

21.2 Well drained 0.49 

Xenia Silt Loam 13.3 
Moderately well 
drained 

0.43 - 0.49 

Miamian Silt Loam 10.8 Well drained 0.37 

Fincastle Silt Loam 10.6 
Somewhat 

poorly drained 
0.43 

Hennepin Silt Loam 6.6 Well drained 0.37 - 0.43 

Wynn Silt Loam 5.0 Well drained 0.37 

Genesee Loam 2.7 Well drained 0.28 

Cyclone Silt Loam 2.5 Poorly drained 0.37 



Acton Lake Dam-Four Mile Creek Nine-Element Nonpoint Source Implementation Strategic Plan 

Page 16  

 

Table 2 Endangered and threatened animal species found in Butler and Preble Counties, Ohio (ODNR 2020a). 

Counties Scientific Name Common Name Group 
State        

Status 

Federal     

Status 

Butler Eurycea lucifuga Cave Salamander Amphibian Endangered  

Butler 
Bartramia 

longicauda 
Upland Sandpiper Bird Endangered  

Butler Gomphus externus Plains Clubtail Dragonfly Endangered  

Butler, 
Preble 

Ladona deplanata Blue Corporal Dragonfly Endangered  

Butler Exoglossum laurae Tonguetied Minnow Fish Endangered  

Butler, 
Preble 

Myotis sodalis Indiana Myotis (Bat) Mammal Endangered Endangered 

Butler Ixobrychus exillis Least Bittern Bird Threatened  

Butler 
Nycticorax 

nycticorax 
Black-crowned Night-
heron 

Bird Threatened  

Butler, 
Preble 

Orconectes sloanii {ƭƻŀƴΩǎ Crayfish Crayfish Threatened  

Butler Anguilla rostrata American Eel Fish Threatened  

Butler, 
Preble 

Clonophis kirtlandii YƛǊǘƭŀƴŘΩǎ Snake Reptile Threatened  

 

Invasive species 

Many invasive species have been recorded in Butler and Preble counties (Ohio Invasive Plants Council 2018). 

Many of these species were also observed in ALD-FMC HUC-12 by naturalists, citizen scientists, and biologists 

(iNaturalist 2020). Table 3 summarizes these invasive plant species. The most widespread invasive plant recorded 

by experts in the ALD-FMC HUC-12 on the iNaturalist database is the Bush Honeysuckle. The Bush Honeysuckle has 

been found to affect organic matter processing and availability in terrestrial and aquatic habitats. It has also been 

shown to have a high transpiration rate, using a larger portion of the ground and surface water compared to other 

shrubs. Research suggests that management of Bush Honeysuckle near streambanks leads to an increase in 

stream light availability and an increase in aquatic macroinvertebrate densities (McNeish & McEwan 2016). 

Table 3 Invasive plant species identified by the Ohio Invasive Plants Council (2018) in Butler and/or Preble counties and by 

iNaturalist (2020) in the ALD-FMC HUC-12. 

Species Name Ohio Invasive Plants 
Council 

iNaturalist 

Bush Honeysuckle X X 

Autumn Olive X  

Canadian/Creeping Thistle X X 

Common Cutleaved Teasel X  
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Garlic Mustard X X 

Japanese Honeysuckle X  

Multiflora Rose X X 

Narrow-leaved Cattail X  

Purple Loosestrife X  

Reed Canary Grass X X 

Autumn Olive X X 

Smooth Brome X  

Tree-of-heaven X  

White Sweet-Clove X  

Common Buckthorn  X 
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Figure 8 Bedrock geology map for ALD-FMC HUC-12 with locator map of bedrock age.  
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              Figure 9 Level III Ecoregion map for the ALD-FMC HUC-12. 
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Figure 10 Shaded topographic relief map for the ALD-FMC HUC-12. 
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Figure 11 Soil type map for the ALD-FMC HUC-12. 
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Figure 10 Soil Type map for the ALD-FMC HUC-12. 

Figure 12 Freshwater wetland locations in the ALD-FMC HUC-12. 
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2.1.2. Land Use and Protection 

Protected areas within the ALD-FMC HUC-12 include state and locally protected areas (Figure 13). Within the ALD-

FMC HUC-12 a significant portion of the forested and protected lands are located within Hueston Woods State 

Park, a ~3,000-acre forested state park that surrounds Acton Lake and makes up roughly 11.3% of the watershed. 

The park includes 226 acres of a unique stand of hƘƛƻΩǎ old growth, Beech-Maple climax forest that was 

designated as a National Natural Landmark in 1967 by the National Park Service (ODNR 2012b, National Park 

Service 2017). Miami University also maintains roughly 1,000 acres of partially forested land for education, 

recreation, and research. This land, identified as Miami ¦ƴƛǾŜǊǎƛǘȅΩǎ Natural Areas, includes multiple nature 

preserves, such as Silvoor Biological Sanctuary, Peffer Park, and the Bachelor Wildlife and Game Reserve (Miami 

University 2020e). Talawanda High School, located within the southern portion of the City of Oxford, also 

maintains roughly 97 acres of natural areas for education (Ruther 2017). The Talawanda School District received 

funding in 2011, 2016 and 2018 through h5bwΩǎ ά²L[5 School {ƛǘŜǎέ program, which provides funding for 

maintaining school property for outdoor learning (ODNR 2019b, ODNR 2012c). The ALD-FMC HUC-12 also contains 

14 separate properties under conservation easements held by Three Valley Conservation Trust, including Ruder 

Preserve (Ratterman 2019). 

About 46% of the ALD-FMC HUC-12 consists of cultivated crops, and combined with hay/pasture taking up 12%, 

agriculture takes up over half of the watershed. According to the Butler SWCD, there are several small to 

medium livestock operations (mostly cattle and horse farms) in the watershed. There were a few livestock 

facilities looking to participate in Comprehensive Nutrient Management Planning (CNMP) and installing waste 

storage facilities. There were also concerns brought up at the January stakeholder meeting about the Miami 

University equestrian center; the floor drain of the horse stables drains directly to Four Mile Creek and could be 

a source of pollutants. There are about four to five small to medium cattle operations with about 25-50 cattle 

each and one operation with sheep. Preble SWCD stated there is one livestock operation enrolled in a CNMP. 

Most of the issues these livestock facilities encounter in Preble County are related to streambank erosion. 

The ALD-FMC HUC-12 is 17.4% development, with the City of Oxford making up the majority of developed land 

(Ohio EPA 2018a). The ALD-FMC HUC-12 has seen an increase in agricultural and developed areas from 2001 to 

2016 (Figure 14). Approximately 385 acres have been converted to cultivated crops and 519 acres converted to 

development. These land cover changes are significant because agriculture and development are sources of NPS 

pollution, such as sedimentation and nutrients. Sedimentation has been identified as an impairment in the ALD-

FMC HUC-12 and urban runoff has been identified as a source of impairment (Ohio EPA 2018a). 

An examination of the land use in the ALD-FMC HUC-12 subwatersheds, specifically Harkers Run from the 

headwaters to Sommerville Road and Collins Creek subwatersheds, is useful since they were in partial attainment 

status for the designated Aquatic Life Use (ALU). Harkers Run watershed is predominantly agriculture, whereas 

Collins Creek watershed is predominantly urban development (Table 4; Figure 15). Since the Collins Creek 

watershed is dominantly urban development, it also has a higher percentage of impervious surface than Harkers 

Run, making it more susceptible to stormwater runoff (Figure 15; Figure 16). Approximately 16% of the ALD-FMC 

HUC-12 is within the NPDES-regulated Municipal Separate Storm Sewer System (MS4) for the City of Oxford. 

The two contrasting land uses in these watersheds have implications for the source of impairments. Harkers Run is 

primarily impaired by nutrients and sediments from natural and agricultural sources, and Collins Creek is 

contaminated by bacteria, metals, nutrients, debris, and sediment discharging directly into waterways from 

untreated urban runoff.   
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Other anthropogenic influences on the landscape include numerous embankment ponds, most located near 

Harkers Run, impeding flow in the watershed. These embankment ponds could be a possible source of the flow 

alterations in Harkers Run. Additionally, one significant embankment pond located north of Acton Lake sits 

directly on the tributary stream flowing into Acton Lake (Figure 17). 

Specific features within the ALD-FMC HUC-12 include: 

¶ Drinking Water Source Protection Areas - Groundwater Public Water Systems 

¶ Acton Lake Dam 

¶ Hueston Woods State Park: Golf course, marina, lodge, and campground 

¶ Former City of Oxford Sanitary Landfill 

¶ Former gravel quarries 

¶ Oxford Country Club Golf Course 

¶ Miami University-Oxford campus 

o Equestrian Center 

o Sports stadium 

o Airport 

o Miami University Natural Areas 

¶ Cemeteries (Oxford, Woodside, and Beechwood Cemetery) 

¶ Low-head dams 

¶ Wastewater Treatment Plants 

¶ Railroads 

¶ Parks (e.g. Hueston Woods State Park, Oxford Community Park, Peffer Park, Lenard G. Howell Park) 
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Table 4 Land Use Classification in the ALD-FMC HUC-12 as of 2016. Area was calculated using ESRI ArcGIS Pro based on 2016 
NLCD data. 

 

ALD-FMC HUC-12 Harkers Run to Sommerville Road Collins Creek 

Cover 
Classification 

% 
Watershed 

Acres 
Cover 

Classification 

% 
Watershed 

Acres Cover 
Classification 

% 
Watersh ed 

Acres 

Cultivated Crops 39.02 10331.9 Cultivated Crops 53.44 1374.1 Cultivated Crops 20.77 847.6 

Deciduous 
Forest 

23.04 6099.5 
Deciduous Forest 

20.73 533.0 Developed, Open 
Space 

20.56 839.1 

Hay/Pasture 12.79 3386.4 
Hay/Pasture 

17.47 449.2 Developed, Low 
Intensity 

16.48 672.5 

Developed, Open 
Space 

8.92 2360.7 
Mixed Forest 

3.96 101.7 Deciduous Forest 13.74 560.6 

Mixed Forest 5.58 1477.5 
Developed, 
Open Space 

3.49 89.8 Hay/Pasture 13.71 559.5 

Developed, Low 
Intensity 

4.73 1253.4 
Developed, Low 
Intensity 

0.32 8.2 Developed, 
Medium 
Intensity 

7.03 286.9 

Open Water 2.37 628.8 Evergreen Forest 0.29 7.5 Mixed Forest 5.03 205.4 

Developed, 
Medium 
Intensity 

1.99 527.9 

Open Water 

0.13 3.3 Developed, High 
Intensity 

1.95 79.8 

Developed, High  
Intensity 

0.61 161.3 
Herbaceous 

0.09 2.2 Open Water 0.27 11.2 

Evergreen Forest 0.52 138.8 Developed, 
Medium 
Intensity 

0.05 1.4 Herbaceous 0.19 7.7 

Herbaceous 0.22 59.3    Evergreen Forest 0.13 5.3 

Emergent 
Herbaceous  
Wetlands 

0.04 11.3 
 

  Shrub/Scrub 0.03 1.2 

Shrub/Scrub 0.03 8.7 
 

  Emergent 
Herbaceous 
Wetlands 

0.02 0.9 

Woody Wetlands 0.03 7.7    Barren Land 0.02 0.8 

Barren Land 0.01 2.8       
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Figure 13 Protected areas in the ALD-FMC HUC-12. 
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Figure 14 Land use changes from 2001 to 2016 in the ALD-FMC HUC-12. 
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Figure 15 Land use in the subwatersheds of Collins Creek and Harkers Run subwatersed is 
measured from the headwaters to Sommerville Road. 
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Figure 16 Impervious surfaces in the ALD-FMC HUC-12. Impervious surfaces were estimated from 
Census road data, the National Building Database, and manual digitizing of parking lots and other 
impervious surfaces based on satellite imagery from 2018.  
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Figure 17 Embankment pond north of Acton Lake (left), location relative to Acton Lake (top right), shaded 

topographic relief map of the area (bottom right), satellite imagery from 2018 of the area.  
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Agricultural Conservation Practices  

The table below provides an estimation of current conservation practices installed within the last 10 years through 

program enrollment initiated through the SWCD/NRCS and the Farm Service Agency. Since some to most of the 

land in the ALD-FMC watershed is privately owned, knowledge of actual land use and conservation practices is 

limited.  

Table 5 Estimates of Conservation Practices within the ALD-FMC HUC-12. 

Conservation Practice  Estimated 
Acreage 
Treated* 

Estimated Phosphorus 
Load (lb/yr)**  

Estimated Nitrogen 
Load (lb/yr)**  

Conservation Tillage 
 

(no till, reduced till) 

3,388 1,958 13,520 

Grassed Waterways 106 79 799 

Cover Crops 846 119 3,206 

Nutrient Management 1,602 117 4,339 

Total  1,450 2,273 21,864 

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

Additional conservation practices in this watershed have been sponsored via Environmental Quality Incentives 

Program (EQIP) and they include: a few Seasonal High Tunnels and Brush Management (Personal Communication: 

NRCS Butler County, Ohio). 

Watershed Development Pressure  

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

will continue to develop. As areas urbanize and impervious surface cover increases, there is a significant impact on 

quality and quantity of water resources. An increase in development leads to an increase in sewage and an 

increase in pollutants from urban runoff and pathogen sources. Increased runoff can exacerbate the frequency and 

severity of flooding, a problem common within the City of Oxford. An increase in the quantity of water can also 

lead to higher flows and flashiness in urban streams, which can generate streambank erosion and sedimentation, 

further degrading local water quality. According to the Center for Watershed Protection (CWP), most streams 

experience a decline in their water quality and habitats when impervious cover (IC) exceeds 10%, with severe 

degradation expected beyond 25%.  

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

southwest Ohio, including the ALD-FMC HUC-12 watershed (OKI, 2014). According to the ICM, in 2007 

approximately 8.5% of the watershed was covered by impervious surface. This puts the ALD-FMC HUC-12 into a 

ŎŀǘŜƎƻǊȅ ǘƘŀǘ ƛǎ άǎŜƴǎƛǘƛǾŜ ōǳǘ ǎƘƻǳƭŘ ƘŀǾŜ ŀŎŎŜǇǘŀōƭŜ ǿŀǘŜǊ ǉǳŀƭƛǘȅ ŀƴŘ Ƙŀōƛǘŀǘέ όhYLΣ нлмпύΦ ¢ŀōƭŜ с provides a 

detailed summary on the correlation between impervious surface cover and environmentally sensitive areas. OKI 

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

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

will also increase. This can negatively affect the water quality and environmentally sensitive habitats within the 

watershed. Reducing the impact of impervious surface cover and protecting sensitive habitats from further 

development is critical in the ALD-FMC watershed.  

Table 6 Impervious Cover vs. Slope, Soil Erodibility, Riparian Corridors and Aquifer Area in the ALD-FMC HUC-12. 

Impervious Acres 
with 0-10% slopes 

Impervious Acres  
with 11-20% slopes 

Impervious Acres  
with > 20% slopes 

1289.6 (7.27% of the watershed 
area) 

150.6 (0.85% of the watershed 
area) 

59.4 (0.33% of the watershed 
area) 

 

Impervious Acres on  
Highly Erodible Soils 

Impervious Acres on Not 
Highly Erodible Soils 

Impervious Acres on Potentially 
Highly Erodible Soils 

70.1 (0.4% of the watershed 
area) 

711.8 (4.01% of the watershed 
area) 

553.3 (3.12% of the watershed 
area) 

 

Impervious Acres Outside of Riparian Corridors* Impervious Acres Inside of Riparian Corridors* 

1428.2 (8.05 % of the watershed area) 71.3 (0.4% of the watershed area) 

 

Impervious Acres Not Over an Aquifer Area Impervious Acres Over an Aquifer Area 

1320.5 (7.44 % of the watershed area) 179.1 (1.01% of the watershed area) 

OKI, 2014 
*200 ft wide riparian corridor 

In 2018 and 2019, the OKI conducted a study to identify and prioritize areas within multiple counties in southwest 

Ohio, including Butler County, where there may be large clusters of failing septic systems that may be impacting 

water quality the most (OKI, 2020). There were no reports on the number of failing septic systems. According to 

GIS data provided by the Butler County General Health District, there are 440 septic systems within the ALD-FMC 

HUC-12, including aerobic, septic tank to leach field, mound, and other random septic systems. In the City of 

Oxford, there are 6 total septic systems with no reports on which are failing. The Ohio Department of Health 

estimated in a 2012 survey that 18% of household sewage treatment systems are failing (ODH 2012). The HSTS 

load estimates and reductions will be added in the future version of the plan once more data is available. 

2.2. Summary of Biological Trends for ALD-FMC HUC-12 
Ohio EPA reports with monitoring data from 2005 and 2010 served as the foundation for understanding existing 

conditions throughout the ALD-FMC HUC-12. Biological and Water Quality Study of Fourmile Creek, Indian Creek, 

and Select Tributaries is a biological and water quality survey published in 2008 containing survey data from 2005 

(Ohio EPA 2008). Biological and Habitat Studies: 10 River and Stream Projects, a report which included a water 

quality monitoring survey to support low-head dam removal on Four Mile Creek in Oxford, provided data to three 

additional monitoring sites on FMC (RM 18.4, 18.3, and 17.24) (Ohio EPA 2011). Ohio 9t!Ωǎ program provides the 

basis for evaluating whether streams throughout the state are meeting existing life use designations and if any 
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changes to biological, chemical, or physical indicators are evident. The 2018 Integrated Water Quality Monitoring 

and Assessment Report also used data from these technical documents to report upon the aquatic life use, 

monitoring results, and attainment status of each monitoring site (Ohio EPA 2018a). 

Within ALD-FMC HUC-12, Four Mile Creek has a use designation of Warmwater Aquatic Habitat (WWH), with the 

exception of a section downstream (RM 13.0 to RM 0.35) that is designated as Exceptional Warmwater Habitat 

(EWH). Harkers Run and Elams Run also are designated as WWH. This use designation defines the άǘȅǇƛŎŀƭέ 

warmwater assemblage of aquatic organisms for Ohio rivers and streams. All other tributaries in the ALD-FMC 

HUC-12 have not been designated, but Collins Creek and Morning Sun Tributaries were recommended for WWH 

designation in the technical report released in 2008 by the Ohio EPA. The primary metrics by which the Ohio EPA 

determines if streams are characterized as supporting or not supporting their designated use is through biological 

indices associated with fish sampling, macroinvertebrate sampling, and habitat assessments. The monitoring and 

assessment results are compared to the thresholds associated with supporting typical warmwater assemblages, 

and classified as fully supporting, partially supporting, or not supporting the typical aquatic assemblages (Ohio EPA 

2008).  

In regard to non-aquatic life uses, Four Mile Creek (the segment within the ALD-FMC HUC-12) and Harkers Run are 

designated for Agricultural Water Supply (AWS) and Industrial Water Supply (IWS) uses. For recreational uses, 

Four Mile Creek and Harkers Run fall under the Primary Contact Recreation (PCR) use.  

The Ohio EPA has conducted biological surveys at eleven locations throughout the ALD-FMC HUC-12, including six 

on the Four Mile Creek mainstem and five sites on four tributaries (Figure 18). Tributaries sampled included Collins 

Creek, Harkers Run, Elams Run, and Morning Sun Tributaries. Elams Run, Morning Sun Tributary North, and five of 

the six locations on Four Mile Creek had biological assemblages rated in acceptable condition (i.e. full attainment). 

At Collins Creek, Harkers Run, Morning Sun Tributary South, and Four Mile Creek RM 18.30 (downstream of 

Bonham Rd. and upstream of impounded dam) biological assemblages failed applicable biocriteria for WWH. The 

Ohio EPA considers these sites to be at partial attainment because one or more of the applicable indices failed to 

meet the biocriteria (e.g., IBI, MIwb, ICI) (Ohio EPA 2008; Ohio EPA 2011). 

Table 7 summarizes the biological index scores for all the sites within the ALD-FMC HUC-12 based on fish samples, 

macroinvertebrate samples, and habitat assessments. Bold and underlined scores in this table denotes scores that 

do not meet the criterion for WWH streams. 

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

The MIwb and IBI scores quantify the integrity of the fish community at each monitoring location. The field and 

laboratory procedures utilized by OEPA for the fish sampling, which involved pulsed DC electrofishing methods, 

are outlined in the document titled Biological Criteria for the Protection of Aquatic Life: Volume III, Standardized 

Biological Field Sampling and Laboratory Methods for Assessing Fish and Macroinvertebrate Communities (Ohio 

EPA 2015). On the mainstem of Four Mile Creek, IBI scores ranged from good to exceptional. IBI scores did not 

reach WWH criterion at Harkers Run and Morning Sun Tributaries South, with scores of marginally good and fair 

respectively. MIwb was only measured along Four Mile Creek. MIwb scores were all exceptional, except at RM 

18.30, where the score was fair and did not meet WWH criterion. Historical data shows that IBI and MIwb have 

increased along the mainstem of Four Mile Creek between 1991 and 2005. 
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Macroinvertebrates: Invertebrate Community Index (ICI) 

The ICI is a measure of the macroinvertebrate community integrity at each monitoring location. Similar to the fish 

sampling, the field and laboratory procedures utilized by Ohio EPA for the macroinvertebrate sampling is outlined 

in the document titled Biological Criteria for the Protection of Aquatic Life: Volume III, Standardized Biological 

Field Sampling and Laboratory Methods for Assessing Fish and Macroinvertebrate Communities (Ohio EPA 2015). 

Sites on the Four Mile Creek mainstem had ICI scores ranging from Fair to Exceptional. Only one site (RM 18.3) did 

not reach WWH criterion, with a score of fair. However, two sites (RM 18.4 and RM 18.7) had scores of good, 

which are barely above the threshold of the baseline score for WWH criteria. This indicates that any negative 

changes in the stream could cause macroinvertebrate populations to fall below WWH conditions. Compared to the 

1996 study, community performance improved on the FMC mainstem downstream from Acton Lake to the area 

around the Oxford WWTP discharge. Overall community performance has improved substantially since 1981 when 

sampling first started. Invertebrate narrative scores along Four Mile Creek tributaries ranged from fair to good. 

Both Harkers Run and Collins Creek did not meet WWH criteria for macroinvertebrates, both with a fair score. 

Macroinvertbrate communitues in Harkers Run seemed to be impacted by low to interstitial stream flow, while the 

community in Collins Creek may have been impacted from metals in urban runoff (Ohio EPA 2008).  
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Figure 18 Ohio EPA sampling locations: full attainment sites are shown in green and partial attainment sites are 
shown in orange. 

Habitat: Qualitative Habitat Evaluation Index (QHEI) 

The Ohio EPA assessed the habitat characteristics through the Qualitative Habitat Evaluation Index (QHEI), which 

provides an understanding of existing habitat features important to fish communities and is based upon 

methodologies established by wŀƴƪƛƴΩǎ habitat assessments (Rankin 1989; Ohio EPA 2006). During this evaluation, 

several habitat characteristics are assessed on the stream reach, such as type/quality of substrate, amount/quality 

of in-stream vegetative cover, channel morphology, extent/quality of riparian vegetation, pool/run/riffle  quality, 

etc. Review of hundreds of QHEI scores from streams across the state indicate that values greater than 60 are 

generally conducive of supporting warmwater faunas (Ohio EPA 2015). 
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The physical stream habitat throughout most of the mainstem of Four Mile Creek appears to be of sufficient 

quality to support warmwater aquatic assemblages, although one sampling location (RM 18.30) scored below 

WWH criterion (QHEI = 57.5). One of the causes of partial impairment at this site was sedimentation, which would 

have contributed to a lower QHEI score. The remaining sites along the mainstem had scores ranging from 74 to 83. 

Extensive substrate embeddedness and heavy to moderate silt cover were the most observed deficient habitat 

features on the Four Mile mainstem. The QHEI scores for the five tributary sites ranged from 60.5 at Collins Creek 

to 79.5 at Morning Sun Tributaries North. The most common habitat deficient features along the tributaries 

appeared to be no fast current, poor/fair development, and low/no cover. Elams Run (QHEI = 65) and Harkers 

Run (QHEI= 67.5) had lower scores, which could indicate that any habitat alterations could negatively affect warm 

water assemblages. Collins Creek also received a low score (QHEI = 60.5). Tables 8 and 9 illustrate the QHEI 

scores as well as the warmwater habitat attribute results for Four Mile Creek and the four tributaries in the ALD-

FMC HUC-12. Green QHEI scores indicate that the score met WWH criterion, while red scores did not meet 

criterion. 

Table 7 Biological index scores for sites in the ALD-FMC HUC-12 (Ohio EPA 2008, 2011) based on fish samples (IBI and MIwb), 
macroinvertebrate samples (ICI), and habitat (QHEI). Bold and underlined scores denote scores that do not meet the 
criterion for WWH streams. 

Year Station 
Name 

Attainment 
Status 

River 
Mile 

Drainage 
Area 
(sqm) 

IBI MIwb ICI Invertebrate 
Narrative 

QHEI 

2005 Four Mile 
Creek Upst. 
Oxford @ St. 
Rt. 732 

Full 18.7W 106.0 52.00 / 
Exceptional 

10.43 / 
Exceptional 

38.00 / 
Good 

- 81.50 

2010 Four Mile 
Creek Upst. 
Oxford @ 
Bonham Rd. 

Full 18.4W 107.0 49.00 / Very 
Good 

9.65 / 
Exceptional 

38.00 / 
Good 

- 83.00 

2010 Four Mile 
Creek Upst. 
Oxford @ St. 
Rt. 73 

Full 17.24W 115.0 52.00 / 
Exceptional 

10.21 / 
Exceptional 

50.00/ 
Exceptional 

- 80.00 

2005 Four Mile 
Creek Upst. 
Oxford WWTP 

Full 16.4W 122.0 54.00 / 
Exceptional 

10.29 / 
Exceptional 

52.00 / 
Exceptional 

- 78.50 

2005 Four Mile 
Creek Just 
Dst. Oxford 
WWTP 

Full 16.2W 122.0 52.00 / 
Exceptional 

10.99 / 
Exceptional 

48.00 / 
Exceptional 

- 74.00 

2005 Elams Run N 
Of Oxford @ 
Mouth, Along 
St. 
Rt. 732 

Full 0.3H 1.6 50.00 / 
Exceptional 

- - Good 65.00 

2005 Morning Sun 
Trib- north 
(23.57) @ 
Main Loop 
Road In Park 

Full 0.7H 4.4 58.00 / 
Exceptional 

- - Good 79.50 
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2005 Morning Sun 
Trib- south 
(23.57/0.25) 
@ Loop Road in 
Park 

Partial 0.9H 3.5 28.00 /  Fair - - Good 69.00 

2005 Collins Creek 
@ 

U.S. Rt. 27 

Partial 0.6H 5.4 50.00/ 
exceptional 

- - Fair 60.50 

2005 Harkers Run 
@ Somerville 
Rd, Dst Trib 
(2.38) 

Partial 2.4H 5.0 36.00/ 
marginally 
good 

- - Fair 67.50 

2010 Fourmile 
Creek Dst. 
Bonham Rd., 
Upst. Dam 
(Impounded) 

Partial 18.3W 107.0 41.00 / 
Good 

7.30 / Fair 22.00 / Fair - 57.50 

QHEI Qualitative Habitat Evaluation Index  
MIwb Modified Index of Well Being 
IBI Index of Biotic Integrity 
H Headwater sample (Drainage Area Җ нл mi2) 
W Wading sample (Drainage Area > 20 mi2 Җ 500 mi2) 
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Table 8 Qualitative Habitat Evaluation Index (QHEI) Matrix with Warmwater Habitat (WWH) and Modified Warmwater 
Habitat (MWH) Attribute Totals for Four Mile Creek Mainstem Sites in the ALD-FMC HUC-12 (Ohio EPA 2008; Ohio EPA 
2011). Bold and underlined scores denote QHEI scores that do not meet the criterion for WWH streams. 

  Four Mile  Creek - Mainstem 

 K
e
y 

Q
H

E
I 

E
le

m
e
n

ts River Mile 18.7 18.4 18.3 17.24 16.4 16.2 

Year Sampled 2005 2010 2010 2010 2005 2005 

Gradient (ft/mile) 9.35 9.35 0.10 9.36 9.26 9.26 

QHEI Score 81.50 83.00 57.50 80.00 78.50 74.00 

  
W

W
H

 A
tt
ri
b

u
te

s 

Not Channelized or Recovered ¶ ¶ ¶ ¶ ¶ ¶ 

Boulder/ Cobble/ Gravel Substrates ¶ ¶ ¶ ¶ ¶ ¶ 

Silt Free Substrates       

Good/Excellent Development ¶ ¶  ¶ ¶ ¶ 

Moderate/High Sinuosity ¶ ¶   ¶ ¶ 

Extensive/ Moderate Cover ¶ ¶ ¶ ¶ ¶ ¶ 

Fast Current/ Eddies ¶ ¶  ¶ ¶ ¶ 

Low/ Normal Embeddedness ¶ ¶  ¶   

Max Depth >40 cm ¶ ¶ ¶ ¶ ¶ ¶ 

Low/Normal Riffle Embeddedness ¶ ¶  ¶ ¶  

WWH Attributes 9 9 4 8 8 7 

 
M

W
H

 A
tt
ri

b
u

te
s 

H
ig

h
 I
n

fl
u

e
n

c
e Channelized/No Recovery       

Silt/Muck Substrates       

No Sinuosity       

Sparse/No Cover   ¶   ¶ 

Max Depth <40 cm       

Hi-Influence Modified Attributes 0 0 1 0 0 1 

M
o

d
e
ra

te 
In

fl
u

e
n

c
e 

Recovering Channel       

Heavy/Moderate Silt Cover ¶ ¶ ¶ ¶ ¶ ¶ 

Sand Substrate (Boat)       

Hardpan Substrate Origin       

Fair/Poor Development   ¶  ¶ ¶ 

Low Sinuosity   ¶ ¶   

Only 1 or 2 Cover types       

Intermediate/Poor Pools       

No Fast Current   ¶    

High/Moderate Embeddedness ¶ ¶ ¶ ¶ ¶ ¶ 

High/Moderate Riffle 
Embeddedness 

    ¶ ¶ 

No Riffle   ¶    

M.I. MWM Attributes 2 2 6 3 4 4 

MWH H.I.+1/WWH+1 Ratio 0.10 0.10 0.40 0.11 0.11 0.25 

MWH M.I.+1/WWH+1 Ratio 0.30 0.30 1.60 0.44 0.56 0.75 
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Table 9 Qualitative Habitat Evaluation Index (QHEI) Matrix with Warmwater Habitat (WWH) and Modified Warmwater 
Habitat (MWH) Attribute Totals for Four Mile Creek tributaries in the ALD-FMC HUC-12 (Ohio EPA 2008; Ohio EPA 2011). 
Bold and underlined scores denote QHEI scores that do not meet the criterion for WWH streams. 

Four Mile  Creek ï Acton Lake Dam HUC-12 

Tributaries  

Collins 

Creek 

Elams 

Run 

Harkers 

Run 

Morning  

Star Trib.  

(North)  

Morning  

Star 

Trib.  

(South) 

 K
e
y Q

H
E

I 

E
le

m
e
n
ts River Mile 0.6 0.3 2.4 0.7 0.9 

Gradient (ft/mile) 23.51 52.63 29.41 30.43 35.71 

QHEI Score 60.50  65.00 67.50 79.50 69.00 

 

W
W

H
 A

tt
ri
b
u
te

s 

Not Channelized or Recovered  ¶ ¶ ¶ ¶ 

Boulder/ Cobble/ Gravel Substrates ¶ ¶ ¶ ¶ ¶ 

Silt Free Substrates  ¶   ¶ 

Good/Excellent Development  ¶  ¶ ¶ 

Moderate/High Sinuosity  ¶ ¶ ¶ ¶ 

Extensive/ Moderate Cover   ¶ ¶  

Fast Current/ Eddies      

Low/ Normal Embeddedness ¶ ¶ ¶ ¶ ¶ 

Max Depth >40 cm ¶ ¶  ¶ ¶ 

Low/Normal Riffle Embeddedness  ¶ ¶ ¶ ¶ 

WWH Attributes 3 8 6 8 8 

M
W

H
 A

tt
ri
b

u
te

s 

H
ig

h 
In

flu
e

n
c
e Channelized/No Recovery      

Silt/Muck Substrates      

No Sinuosity ¶ ¶ ¶   

Sparse/No Cover ¶ ¶ ¶  ¶ 

Max Depth <40 cm   ¶   

Hi-Influence Modified Attributes 2 2 3 0 1 

M
o

d
e
ra

te
 I
n
fl
u
e
n
c
e 

Recovering Channel ¶     

Heavy/Moderate Silt Cover   ¶   

Sand Substrate (Boat)      

Hardpan Substrate Origin      

Fair/Poor Development ¶ ¶ ¶  ¶ 

Low Sinuosity      

Only 1 or 2 Cover types      

Intermediate/Poor Pools      

No Fast Current ¶ ¶ ¶ ¶ ¶ 

High/Moderate Embeddedness      

High/Moderate Riffle 

Embeddedness 
¶     

No Riffle      

M.I. MWM Attributes 4 2 3 1 2 

MWH H.I.+1/WWH+1 Ratio 0.75 0.33 0.57 0.11 0.22 

MWH M.I.+1/WWH+1 Ratio 1.75 0.56 1.00 0.22 0.44 

 
Water Quality 

The Ohio EPA also assessed water quality at the 9 sites in 2008 as well as at a few sites within Acton Lake. Water 

quality throughout the Four Mile Creek mainstem was generally good except at four sampling locations on the 

mainstem (RM 16.2, 16.4, 18.7, 20.3) and one on Collins Creek (RM 0.6). At RM 20.3, dissolved oxygen fell below 

the minimum criterion (4.0 mg/L).  Near the bottom of the impoundment near the dam, the water was found to be 

anoxic during June sampling and near anoxic with elevated ammonia-N concentrations during October sampling by 

Ohio EPA (2008). Biological integrity in Four Mile Creek became threatened downstream from the Acton Lake 

outflow due to high ammonia-N levels, low dissolved oxygen (<4.0 mg/L) and sedimentation (OEPA 2008). The 

Acton Lake sampling at the site nearer to stream inflows increased in both chlorophyll-a concentrations and total 

phosphorus from June to October. The 3-year means for all results of total phosphorus (129.9 µg/l) and 
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chlorophyll-a (56.3 µg/l) were also indicative of hypereutrophic conditions. The sampling location along the 

mainstem at RM 18.7 was also found to measure below the water quality standards for dissolved oxygen (4.46, 4.6 

mg/L) but exceeded ammonia-N levels.  

Reflecting the heavy agriculture in the watershed, several organic compounds found in sites not meeting WQS 

were pesticides. One Four Mile Creek (RM 16.4) sampling location exceeded water quality standards for heptachlor 

epoxide, dieldrin, aldrin, copper, lead, and E. Coli. RM 16.2 exceeded water quality standards for heptachlor 

epoxide, dieldrin, fecal coliform, and E. Coli. These sites became elevated following heavy rainfall from the 

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

phosphate levels in the mainstem were generally low with respective overall medians. However, phosphorus levels 

spiked downstream from the Oxford WWTP at RM 16.2.  

ALD-FMC HUC-12 is impaired for Primary Contact Recreation due to E. Coli. Four Mile Creek (RM 20.3), 

downstream from Acton Lake outflow, and Morning Sun Tributary ς South (RM 0.9) had at least one bacterial 

indicator not meeting criteria. One source of bacterial contamination is expected to be from failing septic systems 

within the watershed. Future versions of this plan may be geared towards addressing faulty HSTS in the ALD-FMC 

HUC-12. 

In regards to urban runoff, Collins Creek exceeded WQS for concentrations of copper (59 µg/l), iron (52600 µg/l), 

and barium (241 µg/l). Elevated concentrations of TSS (2360 mg/l), arsenic (9.6 µg/l), cadmium (0.59 µg/l), 

chromium (42 µg/l), lead (36.5 µg/l), nickel (55 µg/l), zinc (217 µg/l), and aluminum (30000 µg/l) were also 

documented in Collins Creek on the sampling day following an increase in flow extremes from stormwater runoff 

from the City of Oxford. 

2.3. Summary of NPS Pollution Causes and Associated Sources for the ALD-FMC 

HUC-12 
As listed in the 2018 Integrated Water Quality and Assessment Report, the Ohio EPA has determined that 

biological impairments in ALD-FMC HUC-12 are caused by sedimentation/siltation, habitat and flow regime 

alterations, and high metals concentrations (copper, iron, and barium) during flow extremes (Table 10). 

Additionally, in 2005, Acton Lake was evaluated as hypereutrophic based on the Trophic State Index (TSI) values 

from samples (Ohio EPA 2008). Also, the OEPA has listed bacteria (E. Coli) as a cause of recreational impairment. 

More detail on Acton Lake will be described in Chapter 2.4.2. Habitat alterations on Morning Star Tributary-South 

(RM 0.9) and flow regime alterations on Harkers Run (RM 2.4) are naturally caused. High metal concentrations in 

Collins Creek (RM 0.6) are the result of urban runoff from the City of Oxford, which had an impervious surface of 

almost 9% in 2005 and has likely increased due to further urban development. Concentrations of copper, iron, and 

barium exceeded Water Quality Standards, as determined by the US EPA. Elevated concentrations of total 

suspended solids (TSS), arsenic, cadmium, chromium, lead, nickel, zinc, and aluminum were also found. These 

concentrations were only found during exceptionally high flows. Other potential sources of impairments in the 

watershed include stream bank erosion, failing home sewage treatment systems, and point discharges from 

wastewater treatment facilities. Failing HSTS and cattle access to streams are also potential sources for E. Coli 

contamination in this watershed. 
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Table 10 Summary of sites of partial attainment in the ALD-FMC HUC-12, including causes and sources of the impairments 
determined by Ohio EPA (2008). 

Station Name 
River 

Mile 
Causes Sources 

Fourmile Creek Dst. Bonham Rd., Upst. Dam 

(Impounded) 

18.30 Lack of riffle area, channel 

development, embedded 

substrates 

Impounded 

Dam 

Morning Sun Trib. - South (23.57/0.25) @ Loop 

Road in Park 

0.9 Transition between headwater 

and primary headwater habitat 

Natural 

Harkers Run @ Somerville Rd, Dst. Trib. (2.38) 2.4 Low to interstitial stream flow Natural 

Collins Creek @ U.S. Rt. 27 0.6 Metals (Cu, Fe, Ba) increase in 

flow extremes 

Urban runoff 

from Oxford 

 

Row crop agriculture has also been identified as a main source of excessive nutrient loads and 

sedimentation/siltation in rural watersheds as well as a major contributor to excess nutrients to the Gulf of Mexico 

hypoxia, particularly in regards to nitrogen. Ohio EPA has estimated nutrient loadings from individual sub-

watersheds in the Ohio River Basin. These estimates include a breakdown of estimated loads from contributing 

sources of NPS pollutants, including agricultural lands/activities and developed/urban lands (Table 11). Efforts to 

reduce nutrients from each of these contributing sources will focus on reaching the 20% reduction goal. 

Table 11 Estimated Nutrient Loadings from Contributing NPS Sources in the ALD-FMC HUC-12. 

  
Agricultural Load (lbs/yr) 

  
Developed/Urban Load (lbs/yr) 

  

  Total Nitrogen  Total Phosphorus Total Nitrogen Total Phosphorus 

Current Estimates* 270,000 17,000 45,000 2,900 

Target Reduction 
Goals   53,000 3,400 9,000 570 

Estimates provided by Rick Wilson, OEPA in April 2023 
*Rounded using two significant figures 

Additional sources of sedimentation include three low-head dams in the HUC-12, two of which are located on 

Four Mile Creek and the other on a tributary of Collins Creek. One of the low-head dams on FMC is impounded at 

RM 18.3, approximately one-third of a mile downstream from the Bonham Road bridge. This dam is constructed of 

reinforced concrete and is six-feet high and 75 feet wide. The Ohio EPA reported that removal of the dam would 

eliminate the current impounded area and restore approximately 700 linear feet of natural stream habitat and 

flow conditions (Ohio EPA 2011). Another low-head dam is located downstream on FMC, north of the fenced 

horse pastures at Miami ¦ƴƛǾŜǊǎƛǘȅΩǎ Equestrian Center. A third dam is located on a small tributary of Collins 

Creek. It is roughly 20 yards north of Collins Creek and is directly south of Silvoor Lane near Peffer Park. This dam 

appears to be degrading, and there is a large vertical separation between the tributary and its connection to 

Collins Creek (Figure 18; Figure 19).  
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All low-head dams are candidates for removal/modification. The dam at RM 18.3 is on private property. Butler 

SWCD has been working with the private property owner, Miami University, and the City of Oxford to implement a 

plan for removal. Butler SWCD has also been working with Miami University and the City of Oxford on plans for 

modifications on the dam near the Equestrian Center, which cannot be removed due to the dam being hard 

armoring for the sanitary sewer line underneath. The dam in Silvoor Biological Sanctuary on a tributary to Collins 

Creek has become a large hazard and safety risk, and Butler SWCD is working closely with Miami University and 

Miami Natural Areas to lay out a plan for either burial or removal of the dam. All dam removal/modification 

projects are expected to be implemented within the next few years. 

2.4. Additional Information for Determining Critical Areas and Developing 

Implementation Strategies  

2.4.1. Agricultural Conservation Planning Framework 
The Agricultural Conservation Planning Framework (ACPF) is an agricultural watershed management tool using 

high-resolution spatial data and ArcGIS to identify opportunities for installing conservation practices in a 

watershed. Designed by United States Department of Agriculture, the ACPF is a widely used tool in many 

A  

 

Figure 19 Lowhead dams in the ALD-FMC HUC-12 (A) Four Mile Creek RM 18.3 (Photo 

by Seth Swearingen); (B) Tributary of Collins Creek near Peffer Park (Photo by Emily 

Salings); (C) Four Mile Creek near Miami University Equestrian Center (Photo by Seth 

Swearingen). Locations of dams are shown in Figure 18. 
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watersheds to help inform and support watershed planning efforts. ACPF can help engage stakeholders through 

providing conservation solutions. Butler SWCD plans to hold a stakeholder meeting with targeted landowners on 

the ACPF outputs, as these outputs were developed after the initial stakeholder meetings in 2019 and 2020. The 

ACPF program provides various solutions and options that can be implemented in fields, below fields, and in 

riparian zones. Several conservation practices are applicable in the ALD-FMC HUC-12 including: 

Grassed Waterway ς NRCS Practice code 412  
Buffer Contour Strip ς NRCS Practice code 332  
Nutrient Removal Wetlands ς NRCS Practice code 658  
Water and Sediment Control Basin (WASCOB) ς NRCS Practice code 638  
Riparian Buffer ς NRCS Practice code 391  
Streambank Stabilization ς NRCS Practice code 580 

 
The ACPF model was performed for the Four Mile Creek HUC-12 using a 2.5 ft LIDAR DEM from Ohio 

Geographically Referenced Information Program (OGRIP) and a file geodatabase provided by ARS (USDA, 2020). 

The tool was run using cropland data layers representing the years 2015 through 2020.  

 

The ACPF model identified a number of possible in-field conservation practices, below-field practices and also 

riparian zone designs in the Four Mile Creek watershed (Table 12). As estimated by the ACPF model, 18.2% (565 

fields or 2231 acres) of analyzed agricultural fields (12261.4 acres of crops and pasture) at ALD-FMC HUC-12 are 

considered high or very high runoff risk and at least 68.9% (249 fields or 8446.5 acres) of the crop fields are tile-

drained. Figures 20 through 24 depict the ACPF model results. 

Table 12 Conservation Practices at ALD-FMC HUC-12 Suggested by the ACPF.  

Practice Unit Length (Miles) Area (Acres) 

In-Field Practices 

Grassed Waterways  1257 sites 145 528* 

Contoured Buffer 

Strips/Filter Strips  

232 sites 49 179* 

Tile Drainage 

Management 

4 sites NA 366 

Below-Field Practices 

Nutrient Removal 

Wetlands  

24 wetlands 

 

NA 4900** 

 Pools: 45.7 

Buffers: 75.6 

WASCOBs 104 sites NA 969** 

Bioreactors 50 sites NA 1996***  

Riparian Zone 

Riparian Buffers 

(various plants) 

NA 60.5 NA 

Saturated Buffers NA 3.6 NA 

Saturated Buffer 

Requiring Carbon 

Enhancement 

NA 1.0 NA 

Streambank NA 68.7 NA 
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Stabilization 

*Assuming 30 feet wide 
** Contributing area 
*** Flow accumulation in acres at the point of bioreactor installation 
NA ς Not applicable  
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Figure 20 ACPF In-Field Agricultural Conservation Practice Opportunities in ALD-FMC HUC-12: 
Runoff Control.  
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Figure 21 ACPF In-Field Agricultural Conservation Practice Opportunities in ALD-FMC HUC-12: 
Tile Drainage Treatment. 
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Figure 22 ACPF Below-Field Agricultural Conservation Practice Opportunities in ALD-FMC HUC-
12: Water Retention and Storage.  
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Figure 23 Riparian Function Management Suggested by ACPF in ALD-FMC HUC-12: Riparian 
Management. 
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2.4.2. Acton Lake 

Miami University has directed research on Acton Lake for more than 25 years, documenting trends in Acton Lake 

and in streams that feed Acton Lake in a largely agricultural watershed. Acton Lake has high concentrations of 

nutrients, inorganic sediments, and phytoplankton, which is mostly likely caused by the predominance of row crop 

agriculture in the ƭŀƪŜΩǎ watershed. Over the past decade, researchers have found that nitrogen:phosphorus (N:P) 

loads have been declining, which could be attributed to the shift to conservation tillage in the local area (Andersen 

et al. 2019). However, it has been noted that conservation tillage may be resulting in unexpected nutrient trends in 

the watershed as well, possibly because of increased soil P stratification as a result on long-term conservation 

tillage (Renwick et al. 2018). Additionally, Vanni et al. (2011) found high sedimentation rates in Acton Lake 

Figure 24 Riparian Function Management Suggested by ACPF in ALD-FMC HUC-12: Denitrifying 
Practices. 
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compared to other reservoirs in the same study. These high rates were also related to land use in Acton [ŀƪŜΩǎ 

watershed. Research has also shown that there has been an increase in the abundance of bottom-feeding fish, like 

gizzard shad, that consume sediment in the lake. The fish then excrete nutrients, leading to more nutrient sources 

for algal growth (Meikle 2019). More recent publications have continued to identify Acton Lake as hypereutrophic, 

predominantly due to nonpoint source pollution in the watershed draining to the lake (Andersen et al. 2019, 

Renwick et al. 2018). Research has also shown that the lake received more nutrients than it discharged in the past 

years, indicating that it has served as a nutrient catchment due to sediment exiting the water column and settling 

in the lake (Vanni et al. 2011).  

Historically, Acton Lake has experienced significant sedimentation, with potential sources including agricultural 

and urban land use activities, which contributes to high sedimentation downstream. In 2005, approximately 

70,000 cubic yards was dredged out of Acton Lake. Since then, the lake or parts of the lake have been dredged 

periodically when necessary to reduce the build-up of sediments (Vanni 2020). To further reduce sedimentation 

downstream of the lake, $15 million in dam repairs were completed in 2017 that included replacement of the lake 

drain tower and several concrete walls, rehabilitation of the spillway weir and outlet channel, and construction of 

a new toe drainage network and berm (ODNR 2020b). Acton Lake is designated as an Exceptional Warmwater 

Habitat (EWH), which means it is characterized by a high diversity of species, particularly those which are highly 

intolerant and/or rare, threatened, endangered, or special status. The Ohio EPA has classified Acton Lake as a 

Public Water Supply (PWS) and a State Resource Water (SRW). For recreational uses, Acton Lake has a Bathing 

Water Recreation (BWR) designation because of the public beach located within Hueston Woods State Park. In 

2005, Ohio EPA surveys identified Acton Lake as hypereutrophic, though downstream segments were still meeting 

WWH expectations (Ohio EPA 2008). Ohio Department of Health has not listed any advisories for harmful algal 

blooms in Acton Lake, but has reported several advisories for E. Coli within the past few years (ODH, 2023). 

2.4.3. Citizen Science 
Stream Team Data 

Butler County Stream Team is a citizen science group (supported by Butler SWCD, Butler County Storm Water 

District, and Miami University) which collects, analyzes, and reports water quality data from Butler County 

waterways. The program has EPA level 2 credible data status. Volunteers collect samples and then analyze them 

under the supervision of trained staff. The water quality data is public information (Butler County Stream Team 

2020). 

Nine Stream Team sampling locations are located within the ALD-FMC HUC-12 along Four Mile Creek, Harkers 

Run, Collins Creek, Bull Run, and Kyger Run (Figure 25). Samples taken from March to November 2019 were 

analyzed and averaged for nine locations (Table 13). Ohio EPA has only established parameter limits for three 

parameters: nitrate in drinking water, total dissolved solids (TDS) in WWH aquatic life use, and E. coli in primary 

contact surface water (Ohio EPA 2018b). 

¶ Only two of the samples taken in the watershed in 2019 violated the nitrate drinking water standard (10 

mg/L nitrate-N), both of which were taken at the southernmost site on Four Mile Creek (FMMS_14.65). 

This location is south of the City of Oxford wastewater treatment plant, which may impact measurements 

taken there (City of Oxford 2020). These measurements are not of immediate concern for public health 

because the City of hȄŦƻǊŘΩǎ public drinking water supply is from a local aquifer north of this site (Figure 

19) (Levy 2020). 

¶ Only one of the Stream Team samples in 2019 was above the TDS standard (1500 mg/L) at BRUT_0.78 

(Figure 19).  
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¶ The E. coli EPA standards for primary contact recreation are above 126 as a 90-day average, or locations 

for which 10% of samples are above 410, indicate that the stream does not meet EPA standards for 

primary contact recreation (Ohio EPA 2018b). A measurement of 235 CFU/100mL is considered to be 

high enough to issue a bathing water advisory (Ohio EPA 2018b).  

¶ All the Stream Team sites within the watershed except FMMS_20.28 were above both the E. coli primary 

contact standards and the bathing water advisor value for at least one month in 2019. The upper portion 

of Collins Creek and its tributaries contained the highest E. coli measurements within the watershed. 

Table 13 2019 Average values for Stream Team sampling site. 

 

 
Site ID 

 
Site 

Description 

 
Conductivity 
ό˃{κŎƳύ 

 
TDS 

(mg/L) 

 
Turbidity 

(NTU) 

 
Total 

Phosphorus 

(mg/L TPO43-P) 

 
Nitrate  (mg/L 

NO3-N) 

Total 
Coliform 

(CFU/ 100mL) 

 
E. coli 
(CFU/ 

100mL) 

BRUT_0.78 Unnamed 
Tributary to 
Bull Run at 

Oxford 
Community 

Park 

1152.2 580.6 4.5 0.08 1.1 11826 1254 

CCBR_0.02 Bull Run @ 
Locust and 

Sandra 

765.1 383 1.2 0.06 0.73 10686 3473 

CCKR_0.03 Kyger Run @ 
Locust and 

Sandra 

901.1 430.9 1.2 0.04 0.94 10483 1930 

FMCC_0.74 Collins Creek 
@ Peffer Park 

834.8 422.6 3 0.03 0.82 13684 992 

FMCC_1.7 Collins Creek @ 
Locust and 

Sandra 

665 331.5 2.5 0.07 1.09 12523 1437 

FMHR_0.03 Harker's Run 

@SR 73 

638.3 319.6 1.9 0.03 1.43 6728 193 

FMMS_14.65 Four Mile Creek 
@ end of 

Wallace Road 

837.4 416.9 5.1 0.95 6.73 12680 481 

FMMS_17.24 Four Mile 
Creek @ SR 73 

483.7 237.9 7.3 0.06 2.08 8287 148 

FMMS_20.28 Four Mile 
Creek @ 

Buckley Rd 

438.8 216.9 6.5 0.06 2.3 7904 75 
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Figure 25 Sampling site locations correlating with Table 13. 
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Chapter 3: Critical Area Conditions & Restoration Strategies for Acton 
Lake Dam-Four Mile Creek HUC-12 Critical Areas 

3.1. Overview of Critical Areas 
In 2005, Four Mile Creek and its main tributaries were a part of a biological and water quality assessment 

completed by the Ohio EPA (Ohio EPA 2008). Six sampling locations reside on the Four Mile Creek mainstem, while 

five sites exist on four tributaries. Four Mile Creek and its tributaries are designated as WWH, except for a section 

of Four Mile Creek downstream (RM 13.0 to RM 0.35), which is designated EWH. Of the eleven sampling locations 

located within the ALD-FMC HUC 12, four sites failed applicable biocriteria for WWH and are in partial attainment. 

Every site along the Four Mile Creek mainstem was in full attainment for the designated ALU except for RM 18.3, 

which did not meet biocriteria for the WWH ALU. An additional study was completed in 2010 to support low-head 

dam removal at RM 18.3 with three additional sampling locations at RM 18.4, 18.3, and 17.2 (Ohio EPA 2011). This 

study also found the sampling location at RM 18.3 to be in partial attainment for WWH. Of the tributaries that 

were sampled, Morning Sun Tributary ς South (RM 0.9), Collins Creek (RM 0.6), and Harkers Run (RM 2.4) were all 

in partial attainment. Currently, the ALD-FMC HUC 12 is listed as impaired due to metal contamination, flow 

regime modification, habitat alterations, and sedimentation/siltation for aquatic life and impaired for recreation 

due to E. Coli.  In 2005, Acton Lake was designated as hypereutrophic (Ohio EPA 2008). The Ohio EPA listed natural 

sources as causes of impairment in Morning Sun Tributary and Harkers Run. Dam impoundment is the primary 

source of impairment on Four Mile Creek at RM 18.3, while urban runoff is leading to heavy metal contamination 

in Collins Creek. Other suspected sources for these impairments may also include row crop agriculture, failing 

septic systems, and streambank and top soil erosion. Implementing conservation and other management practices 

within this watershed play key roles in improving water quality and biological assemblages as well as protecting 

environmentally sensitive areas and overall health of waterways. 

Three critical areas have been identified in the ALD-FMC HUC 12. Critical Area 1 will address the far-field (Gulf of 

Mexico) and near-field (local waterways) effects of nutrients and sediment from agricultural activities. Critical Area 

2 will focus on improving and restoring riparian habitat along stream corridors. Critical Area 3 will involve reducing 

sediment and nutrient enrichment from prioritized urban areas in the City of Oxford. Critical areas may be 

modified or additional critical areas may be identified in the future as new water quality and biological data 

become available and new projects are developed. 
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Figure 26 Map of Critical Areas in the ALD-FMC HUC-12. 
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Table 14 Critical Areas of ALD-FMC HUC-12. 

Critical 
Area 

 

Critical Area Description 

 

Impairment Being Addressed 

 

Size (Acres) 

1 Prioritized Agricultural Fields as 
determined by ACPF 

Nutrient Management in Prioritized 
Agricultural Lands (Near-Field and 
Far-Field Impairment ς Gulf of Mexico 
hypoxia ς N and P Reduction) 

12,261 

2 Riparian Corridor Improve high quality habitat scores in 
IBI, ICI, QHEI, and stream health by 
reducing nutrients and 
sediment/siltation (Near-Field and 
Far-Field Impairment ς Gulf of Mexico 
hypoxia) 

1,671  

3 Prioritized Urban Land ς City of 
Oxford 

Improve high quality habitat scores in 
IBI, ICI, QHEI, and stream health by 
reducing nutrients and 
sediment/siltation from urban runoff 
(Near-Field and Far-Field Impairment 
ς Gulf of Mexico hypoxia) 

4,979 

 

3.2. Critical Area 1: Conditions, Goals, & Objectives for Prioritized Agricultural 
Fields 
3.2.1. Detailed Characterization 
.ŀǎŜŘ ƻƴ hƘƛƻΩǎ Nutrient Mass Balance Study (Ohio EPA, 2022), 82% of the nitrogen loading and 66% of the 

phosphorus nutrient loading to the Ohio River via the Great Miami River came from nonpoint sources. Acton Lake 

was identified as hypertrophic based on the Trophic State Index (TSI) values calculated from data collected during 

the 2005 monitoring conducted by Ohio EPA (2008). There is a large amount of agricultural land use surrounding 

Acton Lake, which drains a watershed that is 81% agricultural and 12% forested, primarily corn and soy cropland 

(Hayes et al. 2015). Given the dominance of agricultural land use throughout the Great Miami River watershed, the 

use of agricultural BMPs that target nutrient and sediment reduction are recommended. ²ƘƛƭŜ .atΩǎ ŀǊŜ 

encouraged on all agricultural lands, certain lands may be more susceptible to nutrient loss and are prioritized for 

BMP application.  

Critical Area 1 includes all agricultural lands throughout the ALD-FMC HUC-12 and prioritized based on the criteria 

set by the local stakeholders and ACPF results (Fig. 27). The ACPF model was used to identify 565 high runoff fields 

covering 2,231 acres of the agricultural land (18.2%) within the ALD-FMC watershed. Prioritized areas and potential 

projects should meet at least one of the following criteria:  

 
ω Lands identified as high runoff fields;  
ω Lands directly adjacent to Four Mile or its tributaries;  
ω Lands experiencing gully erosion;  
ω Lands currently under conventional tillage regimes and/or underutilizing cover crops;  
ω Lands without current nutrient management plan or current soil test results (< 3 years). 
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Figure 27 ALD-FMC HUC-12 Critical Area 1. 

3.2.2. Detailed Biological Conditions 

The most recent fish community assessments in the ALD-FMC HUC 12 watershed were conducted by Ohio EPA in 

2008 at 8 sites with an additional 3 sites sampled in 2010 for a water quality study to support low-head dam 

removal on Four Mile Creek. These results are summarized in Table 15. The condition of fish communities along 

the mainstem ranged from good/fair (IBI = 41.00/MIwb = 7.30) to exceptional (IBI = 54.00/MIwb = 11.0). The fish 

community met WWH criteria for IBI and MIwb (goal for wading sampling: IBI = 40 and MIwb = 8.3) at each site 

except one, Four Mile Creek at RM 18.3 (MIwb = 7.3). The IBI was also low at this site due to dam impoundment. 
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The tributaries to Four Mile Creek ranged from exceptional (IBI = 58) to fair (IBI = 28). Morning Sun Tributary ς 

South (RM 0.9) did not meet WWH WQS for the IBI (minimum IBI = 40 for headwater sampling), primarily due to 

ephemerality and may be a likely candidate for a primary headwater habitat.  

 

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

ALD-FMC watershed (Table 15). The QHEI values of Four Mile Creek mainstem ranged between 57.5 and 83.0. The 

Four Mile Creek tributaries had values between 60.5 and 79.5. All sampling locations from 2005 had QHEI values 

above 60, as well as 2 of the sampling locations from 2010. Values above 60 usually indicate a level of 

macrohabitat quality sufficient to support an assemblage of aquatic organisms fully consistent with the WWH 

aquatic life use designation. One Four Mile Creek station (RM 18.3) sampled in 2010 fell below 60 and exhibited 

fair instream habitat conditions due to lack of riffle area, extensively embedded substrates, and fair channel 

development (OEPA 2011), although not significant.   

Table 15 Fish Community and Habitat Data for Critical Area 1. 

 
Year 

 
RM 

Drainage 
Area 
(mi2) 

Total 
Species 

 
QHEI 

 
IBI 

 
MIwb 

Predominant species 
(% of catch) 

 
Narratives 

Four Mile Creek 

2005 18.7W 106.0 23 81.50 50 10.5 Central stoneroller 
(16.9%), northern hog 

sucker (13.4%), bluntnose 
minnow (13.1%) 

Exceptional 
 

2010 18.41W 107.0 26 83.0 49 9.6 Central stoneroller 
(26.1%), northern hog 
sucker (9.7%), spotfin 

shiner (15.8%) 

V. Good/ 
Exceptional 

2010 18.3W 107.0 19 57.50 41 7.30*  Longear sunfish (33.7%), 
bluntnose minnow 

(11.5%), green sunfish 
(9.3%) 

Good/ 
Fair 

2010 17.24W 115.0 27 80.0 52 10.2 Central stoneroller 
(20.4%), northern hog 
sucker (12.3%), sand 

shiner (11.1%) 

Exceptional 
 

2005 16.4W 122.0 32 
 

78.50 56 10.0 Northern hog sucker 
(51.2%), central 

stoneroller (10.4%), 
spotfin shiner (8.1%) 

Exceptional 

2005 16.2W 122.0 30 74.0 52 11.0 Central stoneroller 
(24.3%), sand shiner 
(24.3%), sand shiner 

(16.6%) 

Exceptional  

Elams Run 

2005 0.3H 1.6 11 65.0 50 - Central stoneroller 
(50.9%), creek chub 

(20.3%), western 
blacknose dace (12.2%) 

Exceptional 

Morning Sun Tributary ς North  
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2005 0.7H 4.4 22 79.5 58 N/A Central stoneroller 
(27.1%), rainbow darter 
(16.6%), striped shiner 

(10.7%) 

Exceptional  

Morning Sun Tributary-South 

2005 0.9H 3.4 4 69.0 28*  N/A Western blacknose dace 
(85.2%), creek chub 
(11.6%), southern 

redbelly dace (2.9%) 

Fair 

Harkers Run  

2005 2.4H 5.0 6 67.5 36ns N/A Creek chub (33.1%), 
southern redbelly dace 

(32.2%), western 
blacknose dace (22.3%) 

Marginally 
Good 

Collins Creek 

2005 0.6H 5.4 18 60.5 50 N/A Central stoneroller 
(57.1%), creek chub 

(11.2%), spotfin shiner 
(6.3%) 

Marginally 
Good 

QHEI Qualitative Habitat Evaluation Index  
MIwb Modified Index of Well Being 
IBI Index of Biotic Integrity 
H Headwater sample (Drainage Area Җ нл mi2) 
W Wading sample (Drainage Area > 20 mi2 Җ 500 mi2) 
ns not significant departure from the biocriteria (<4 IBI units) 
* - Significant departure from the biocriteria (>4 IBI units or >0.5 MIwb units). 
N/A Not applicable (MIwb only applies to drainage areas > 20 mi2) 

 

Macroinvertebrate communities within the ALD-FMC HUC were also evaluated in 2005 and again at three separate 

sampling locations in 2010 (Tab. 16). A total of 12 sites were sample for macroinvertebrates, 4 sites along the 

mainstem and 5 within Four Mile Creek tributaries in 2005 and at 3 sites along the mainstem in 2010. 

Macroinvertebrate community conditions ranged from fair (ICI = 22) to exceptional (ICI = 52) along the mainstem. 

Macroinvertebrates at RM 18.3 did not meet WWH WQS for wadeable streams (minimum ICI = 36) mainly due to 

habitat degradation resulting from the dam impoundment. During the 2005 Ohio EPA monitoring, there were no 

sites sampled within the lake; however, macroinvertebrates were sampled on Four Mile Creek (RM 20.3), 

downstream from the Acton Lake outflow. While macroinvertebrate communities did meet WWH expectations, 

however, this narrative was solely based off of qualitative data collection. There were unusually high abundances 

of tolerant midges and facultative flatworms with few sensitive taxa present. Excessive siltation was found at this 

site, but community performance improved downstream above the Oxford WWTP, where community 

performance declined from there. 

Macroinvertebrate community performance in Four Mile Creek tributaries ranged from fair to good. Both Harkers 

Run (RM 2.4) and Collins Creek (RM 0.6) did not meet WWH WQS (minimum ICI = 36). Harkers Run was limited due 

to low to interstitial flow. Collins Creek appeared to maintain flow during the summer, but may have likely been 

impacted by contaminated urban runoff from the City of Oxford.  
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Table 16 Macroinvertebrate Community for Critical Area 1. 

Year RM Drainage 
Area 
(mi2) 

Density 
QI./Qt. 

ICI Predominant Organisms on the 
Natural Substrate with Tolerance 

Category(ies) In Parentheses 

Narratives 

Four Mile Creek 

2005 20.3W 100.0 Moderate-
High 

(22)a Midges (T,F,MI) Good 

2005 18.7W 106.0 High 38 Rheotanytarsus midges (MI), 
hydropsychid caddisflies (F, MI) 

Good 

2010 18.4W 107.0  38 
- 

Good 

2010 18.3W 107.0  
 

22* - 
 

Fair 

2010 17.24W 115.0  
 

50 - Exceptional 

2005 16.4W 122.0 High 52 Rheotanytarsus midges (MI), 
hydropsychid caddisflies (MI,F), 

Chimarra caddisflies (MI) 

 

2005 16.2W 122.0 Moderate-
High  

48 Rheotanytarsus midges (MI), 
hydropsychid caddisflies (MI,F), 

Chimarra caddisflies (MI) 

 

Elams Run 

2005 0.3H 1.6 Moderate - Midges (MI, F), baetid mayflies (F) Good 

Morning Sun Tributary ς North 

2005 0.7H 4.4 Moderate - Hydropsychid caddisflies (F), baetid 
mayflies (F), Helicopsyche 

caddisflies (MI) 

Good 

Morning Sun Tributary ς South  

2005 0.9H 3.5 Low- 
Moderate 

- Baetid mayflies (F), blackflies (F), 
hydropsychid caddisflies (F) 

Good 

Harkers Run  

2005 2.4H 5.0 Moderate - Flatworms (F), midges (MI,F), 
craneflies (F,MI) 

Fair 

Collins Creek  

2005 0.6H 5.4 Moderate - Hydropsychid caddisflies (F), baetid 
mayflies (F) 

Fair 

RM ς River Mile 
W Wading sample (Drainage area > 20 mi2 Җ 500 mi2) 
H - IŜŀŘǿŀǘŜǊ {ŀƳǇƭŜ ό5ǊŀƛƴŀƎŜ !ǊŜŀ Җ нл Ƴƛ2) 
Ql.: Qualitative sample collected from the natural substrates. 
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Qt.: Quantitative sample collected on Hester-Dendy artificial substrates, density is expressed in organisms per square foot. Tolerance Categories: 
VT=Very Tolerant, T=Tolerant, MT=Moderately Tolerant, F=Facultative, MI=Moderately Intolerant, I=Intolerant. ICI - Invertebrate Community 
Index 
ICI = Invertebrate Community Index  
* - Significant departure from the biocriteria (>4 IBI or ICI units or >0.5 MIwb units). 
a ICI values in parentheses are invalidated due to insufficient current speed over the artificial substrates. The station evaluation is based on the 
qualitative sample narrative evaluation. 

 
The predominance of cropland in the watershed is reflected in the water quality through Acton Lake and Four Mile 

Creek. Downstream of the Acton Lake outflow at RM 20.3, dissolved oxygen fell below the minimum criterion (4.0 

mg/L).  Near the bottom of the impoundment near the dam, the water was found to be anoxic during June 

sampling and near anoxic with elevated ammonia-N concentrations during October sampling by Ohio EPA (2008). 

These conditions threatened the biological integrity in Four Mile Creek downstream due to high ammonia-N levels, 

low dissolved oxygen (<4.0 mg/L) and sedimentation (Ohio EPA 2008). RM 18.7 was also found to exceed ammonia 

N-levels. Increased total phosphorus and chlorophyll-a were also measured in Acton Lake near the stream inflow. 

Heavy sedimentation and an increase in nutrients are suspected to be from upland row crop agriculture practices. 

Reflecting the heavy agriculture in the watershed, several organic compounds found in sites not meeting WQS 

were pesticides, including heptachlor epoxide, dieldrin, aldrin, copper, lead and E. Coli at RM 16.4 on Four Mile. 

RM 16.2 also exceeded water quality standards for heptachlor epoxide, dieldrin, fecal coliform, and E. Coli. These 

sites became elevated following heavy rainfall. RM 16.2 falls immediately downstream of the Oxford WWTP. 

Nitrate and phosphate levels in the mainstem were generally low with respective overall medians (Ohio EPA 2008). 

Due to outflows from Oxford WWTP at RM 16.2, phosphorus levels spiked. Two sites, Four Mile Creek (RM 20.3), 

downstream from Acton Lake outflow, and Morning Sun Tributary ς South (RM 0.9) had at least one bacterial 

indicator not meeting criteria.  

3.2.3. Detailed Causes and Associated Sources 
The 2005 Ohio EPA study found that all sites along the Four Mile Creek mainstem were in attainment. However, 

the 2010 Ohio EPA study that sampled three additional sites on Four Mile mainstem found RM 18.3 in partial 

attainment. This partial attainment status was mostly due in part by underperforming fish and macroinvertebrate 

communities and habitat degradation behind the dam impoundment. Three Four Mile Creek tributaries were also 

found to be in partial attainment in the 2005 Ohio EPA study (Morning Sun Tributary ς South RM 0.9, Harkers Run 

RM 2.4, Collins Creek RM 0.6). Two of the partial attainment sites with WWH designation are due to natural 

conditions caused by natural sources (flow regimes) that are unable to support resident biological communities. 

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

urban runoff.  

Agriculture land use activities in the ALD-FMC watershed have been known to be a leading cause of the 

hypereutrophic status of Acton Lake. In the Great Miami River basin, agricultural activities are also a source of 

nutrient loading into local streams and rivers, which ultimately contribute to the extensive hypoxia zone in the Gulf 

of Mexico (Goolsby et al. 1999). The use of a variety of BMPs on private agricultural lands can help reduce the 

amount and concentration of nutrients in surface water runoff and tile drainage. Agricultural BMPs can also help 

address the loss of sediment/topsoil from agricultural lands and help nutrient retention in fields. The 

implementation of BMPs on prioritized agricultural lands that are prone to sediment and nutrient loss can benefit 

both near-field and far-field waterbodies. 

3.2.4. Outline Goals and Objectives for the Critical Area 

The primary goal of NPS-IS is to improve water quality and meet nutrient reduction goals to remove impairment 

status for the watershed. Agricultural land use activities in Critical Area 1 contribute to far-field impairments 
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through excessive nutrient loss to local waterways that flow into Four Mile Creek, the Great Miami River, and 

ultimately add to the Gulf of Mexico hypoxia. Current load reduction goals for agricultural sources in agricultural 

watersheds within the Great Miami River basin, including the ALD-FMC HUC-12, are set at 20% of the estimated 

loading. To achieve the nutrient loading goals for the ALD-FMC HUC-12, the following goals and objectives have 

been established: 

Goal 1 ς Reduce nitrogen loading contributions in Critical Area 1 by 20%. Current total nitrogen loads for 

agricultural lands are estimated to be 270,000 lbs/yr. The reduction goal is 53,000 lbs/yr.  

NOT ACHIEVED ς Based on the Spreadsheet Tool for Estimating Pollutant Loads (STEPL) calculations using current 

and past established conservation practices, the current load reduction is 21,864 lbs/yr. The required load 

reduction to meet target reduction goals will be an additional 31,136 lbs/yr. 

Goal 2 ς Reduce phosphorus loading contributions in Critical Area 1 by 20%. Current total phosphorus loads for 

agricultural lands are estimated to be 17,000 lbs/yr. The reduction goal is 3,400 lbs/yr. 

NOT ACHIEVED ς Based on STEPL, the current load reduction for phosphorus is 2,272 lbs/yr. An additional 1,128 

lbs/yr of phosphorus is required to meet reduction goals. 

Simultaneous goals relate to the improvement of in-stream conditions within ALD-FMC HUC-12 in order to 

improve the health of aquatic communities. Implementation of BMP to target nutrient reduction goals will also 

help target progress towards the following goals: 

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

NOT ACHIEVED ς The IBI at Morning Sun Tributary ς South RM 0.6 has a score of 28; the IBI at Harkers Run RM 2.4 
has a score of 36. 

Goal 4 ς To maintain or achieve the MIwb score at or above 8.3 at all 2005 and 2010 Ohio EPA sampling locations 

NOT ACHIEVED ς The MIwb at Four Mile Creek RM 18.3 has a score of 7.30. 

Goal 5 ς To maintain or achieve the ICI score at or above 36 or a narrative of good or above. 

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

Goal 6 ς To maintain or achieve the QHEI score at or above 60.  

NOT ACHIEVED ς The QHEI score at Four Mile Creek RM 18.3 has a score of 57.5. 

OBJECTIVES 

In order to achieve the load reduction goal of 53,000 lbs/yr of nitrogen and 3,400 lbs/yr of phosphorus, a 20% 

target reduction goal, within the ALD-FMC HUC-12, efforts will be geared towards implementing appropriate 

.atΩǎ ǿƛǘƘƛƴ /ǊƛǘƛŎŀƭ !ǊŜŀ мΦ !/tC ƻǳǘǇǳǘǎ ƛŘŜƴǘƛŦƛŜŘ ŀ ƴǳƳōŜǊ ƻŦ ǇǊŀŎǘƛŎŜǎ ǘƘŀǘ ǿŜǊŜ ŎŀǇŀōƭŜ ƻǊ ōŜƛƴƎ ǳǘƛƭƛȊŜŘ ƛƴ 

this region. BMP locations will be chosen based on ACPF output, available resources, and landowners willing to 

implement practices on their properties. Objectives are based on acreage being achieved as a total every year with 

goals to maintain that acreage every year. 
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Objective 1 ς Implement 800 acres of conservation tillage to add to the current 3,388 acres. 

Objective 2 ς Implement an additional 1,000 acres of cover crops of the 846 acres already planted.  

Objective 3 ς Implement nutrient management planning (plan development, soil testing, and variable rate 
fertilization) on at least 800 additional acres.  

Objective 4 ς Reduce erosion and nutrient loss through the installation of grassed waterways and filter strips on at 
least 120 additional acres at locations suggested by ACPF. 

Objective 5 ς Reduce nutrient loss from subsurface tile drainage or below-field practices through the installation of 
drainage water management structures such as WASCOBs and nutrient removal wetlands on at least 45 acres at 
locations suggested by ACPF. 

Table 17 Estimated Nutrient Loading Reductions from Each Objective.  

Objective 
Number 

Best Management Practice Total Acreage 
Treated 

Estimated Nitrogen (N) and Phosphorus 
(P) Load Reduction (lbs/yr)* 

1 Conservation Tillage 4,188 16,694 lb/yr (N),  2,418 lb/yr (P) 

2 Cover Crops 1,846 9,070 lb/yr (N), 258 lb/yr (P) 

3 
Nutrient Management (Soil 
Sampling and Variable Rate) 2,402 6,495 lb/yr (N), 176 lb/yr (P) 

4 
In-field BMPs: Grassed Waterway 
and Filter Strips 226 1,678 lb/yr (N), 165 lb/yr (P) 

5 
Below-Field BMPs: Nutrient 
removal wetlands and WASCOBs 45**  

33,434 lb/yr (N), 278 lb/yr (P) 

Total 8,707 67,371 lb/yr (N), 3,295 lb/yr (P) 
*Estimates calculated using Spreadsheet Tool for Estimating Pollutant Loads (STEPL), version 4.4 (USEPA, 2019) 

** 4,900 acres of catchment area determined by the ACPF is used for this estimate  

These objectives will be directed towards implementation on prioritized agricultural lands and are estimated to 

make progress nutrient reduction goals listed in Table 11. The implementation of the BMPs included in these 

objectives, as well as BMPs implemented through federal and state programs and other voluntary efforts may be 

tracked to monitor progress towards nutrient reduction goals within the ALD-FMC HUC-12.  

Project-specific and routinely scheduled monitoring will be conducted by Ohio EPA, MCD, MBI, Butler County 

Stream Team, Miami University, or other qualified organizations to determine progress towards meeting the goals 

listed in the plan for Critical Area 2. This NPS-IS will employ an adaptive management process and the objectives, 

projects, and implementation strategies will then be reevaluated and modified if necessary. Objectives may need 

to be added or altered to make further progress towards attainment or reduction goals as new and additional 

BMPs can help further improve water quality and improve nutrient reduction and sedimentation in streams.  

The Ohio EPA Nonpoint Source Management Plan Update, which has a complete listing of all eligible NPS 

management strategies, will be referenced. Strategies to consider, as presented in Chapter 4, include: 
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¶ Urban Sediment and Nutrient Strategies  

¶ Altered Stream and Habitat Restoration Strategies 

¶ Agricultural Nonpoint Source Reduction Strategies; and 

¶ High Quality Waters Protection Strategies  

3.3. Critical Area 2: Conditions, Goals, & Objectives for Riparian Corridor  
3.3.1. Detailed Characterization 
Critical Area 2 consists of 69 miles Four Mile Creek and its main tributaries and 1,671 acres of riparian corridors. 

Ohio EPA studies in 2005 and 2010 found a total of 4 sites that were in partial attainment, 3 on Four Mile Creek 

tributaries and 1 on the Four Mile Creek mainstem. The sampling location at Morning Sun Tributary ς South (RM 

0.9) was found in partial attainment due to poor transition between headwater and primary headwater habitat. 

Harkers Run (RM 2.4) was found in partial attainment due to low to interstitial stream flows. The sampling location 

at Collins Creek (RM 0.6) was found in partial attainment due to urban runoff from the City of Oxford. In 2010, a 

Ohio EPA study completed to support dam removal found the sampling location at Four Mile Creek (RM 18.3) in 

partial attainment due to dam impoundment. QHEI scores at all three tributaries were found supporting WWH 

WQS, however the QHEI score at RM 18.3 on the Four Mile mainstem fell below 60, below a level of macrohabitat 

quality sufficient enough to support biological community assemblages consist with WWH aquatic life use 

designation. Stream riparian habitat, including wetlands and riparian buffers, provide critical protection to 

streambank erosion and help filter and mitigate impacts resulting from nutrient and sediment pollution from 

surrounding landscapes. Vegetated riparian buffers also provide important habitat features that support diverse 

biological communities. Protection and restoration of riparian habitat is highly important, specifically in areas that 

are susceptible to erosion and areas adjacent to agricultural and residential lands. The City of Oxford has many 

production wells that are also located in close proximity to Four Mile Creek. Healthy riparian corridors will also play 

a critical role in filtering the contaminants from agricultural land and urban development, protecting not only Four 

Mile Creek but also aquifers where drinking water is pumped. 

Stakeholders that participated in the public outreach meeting voiced their concerns for riparian areas impacted by 

erosion as well as low-head dam impoundments on the Four Mile Creek mainstem and tributaries. The low-head 

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

morphology, and serves as a barrier to fish passage. Two other dams in the ALD-FMC HUC-12 have also been 

identified; however, there have been no Ohio EPA sampling locations near these dams. Many stream segments 

throughout the watershed have been altered by anthropogenic impacts, including native vegetation removal and 

dam creation for milling and recreational purposes. Streambank stabilization practices and riparian plantings can 

help reduce stream erosion and sedimentation resulting from stream alteration.   

For Critical Area 2, the ACPF model identified 57 miles of eroding streambank and 47 miles of banks suitable for 

enhancing or restoring riparian buffers along the Four Mile Creek tributary and its mainstem. Based on stakeholder 

input and ACPF model results, the following criteria have been set to prioritize areas and restoration projects: 

¶ Riparian area of Four Mile Creek and its main tributaries near the high runoff fields; 

¶ Riparian area with severe encroachment by agricultural or residential activities; 

¶ Riparian area with extremely severe erosion threatening land and properties; 

¶ Riparian areas with narrow or nonexistent buffers;  

¶ Riparian areas suitable for wetland enhancement and/or restoration. 
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Figure 28 ALD-FMC HUC-12 Critical Area 2. 

3.3.2. Detailed Biological Conditions 

As previously presented, Table 15 summarizes the fish community and habitat data. The 2005 and 2010 Ohio EPA 

study indicates that one tributary to Four Mile Creek was in partial attainment as well as one mainstem site. All 

other sites along the mainstem or Four Mile Creek and tributaries were in full attainment for WWH criteria. The 

condition of fish communities within the watershed ranged from good/fair (IBI = 41.00/ MIwb = 7.30) to 

exceptional (IBI = 58.00/MIwb = 11.0). QHEI scores fell between 57.5 and 83.0. Nearly 20% of the species collected 

on the Four Mile mainstem were environmentally sensitive species, including mimic shiner, rosyface shiner, silver 

shiner, southern redbelly dace, banded darter, slenderhead darter, and black redhorse (OEPA, 2008). Morning Sun 

Tributary ς South (RM 0.6) did not meet the WWH WQS for IBI (IBI = 28). The fair IBI score appeared directly 
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related to ephemerality. The majority of the catch at this site composed of the northern creek chub and blacknose 

dace, two highly tolerant taxa (OEPA, 2008). There were poor indicators of in-stream productivity, indicating that 

this site is intermittent and incapable of supporting a resident fish community.  

Macroinvertebrate community performance ranged from fair to exceptional along the mainstem. Two sites along 

the tributaries, Collins Creek (RM 0.6) and Harkers Run (RM 2.4), were found in partial attainment and were scored 

fair. Harkers Run macroinvertebrate communities were strongly impacted by the lack of surface flows. The 

macroinvertebrate communities in Collins Creek were likely impacted from urban runoff, as Collins Creek did 

appear to maintain flow during the summer.  

Table 18 and 19 isolates the 2010 Ohio EPA study completed following a 319 grant approval for the City of Oxford 

to remove the low-head dam at RM 18.3. However, the dam removal project was never completed. Four Mile 

Creek (RM 18.3) at the dam impoundment was found in partial attainment and did not meet WWH WQS for MIwb 

(MIwb = 7.3, minimum MIwb = 8.3). Macroinvertebrate community performance at this site also fell below WWH 

WQS (ICI = 22, minimum ICI = 36). High numbers of Dicrotendipes were collected along with very few sensitive EPT 

taxa. The sampling location at RM 18.3 also fell below a QHEI of 60 (QHEI = 57.5), which indicates a macro-habitat 

sufficient enough to support WWH communities. Low fish numbers and fair macroinverterbrate community 

performance at this site reflected the fair instream habitat consisting of a lack of riffle areas, fair channel 

development, and extensively embedded substrates. This study found excellent physical habitat upstream and 

downstream from the dam as well as good to exceptional biological communities that attained the WWH WQS at 

RM 18.4 and 17.2.  

Table 18 Fish Community and Habitat Data, Ohio EPA 2010 Study for Critical Area 2. 

 
Year 

 
RM 

Drainage 
Area 
(mi2) 

Total 
Species 

 
QHEI 

 
IBI 

 
MIwb 

Predominant species 
(% of catch) 

 
Narratives 

Four Mile Creek 

2010 18.4W 107.0 26 83.0 49 9.6 Central stoneroller 
(26.1%), northern hog 
sucker (9.7%), spotfin 

shiner (15.8%) 

V. Good/ 
Exceptional 

2010 18.3W 107.0 19 57.50 41 7.30* Longear sunfish (33.7%), 
bluntnose minnow 

(11.5%), green sunfish 
(9.3%) 

Good/ 
Fair 

2010 17.24W 115.0 27 80.0 52 10.2 Central stoneroller 
(20.4%), northern hog 
sucker (12.3%), sand 

shiner (11.1%) 

Exceptional 
 

QHEI Qualitative Habitat Evaluation Index  
MIwb Modified Index of Well Being 
IBI Index of Biotic Integrity 
W Wading sample (Drainage Area > 20 mi2 Җ 500 mi2) 
* - Significant departure from the biocriteria (>4 IBI units or >0.5 MIwb units). 

 
 
 



Acton Lake Dam-Four Mile Creek Nine-Element Nonpoint Source Implementation Strategic Plan 

Page 66  

 

Table 19 Macroinvertebrate Data, Ohio EPA 2010 Study for Critical Area 2. 

Year RM Drainage 
Area 
(mi2) 

ICI Predominant Organisms on the 
Natural Substrate with Tolerance 

Category(ies) In Parentheses 

Narratives 

Four Mile Creek 

2010 18.4W 107.0 38 
- 

Good 

2010 18.3W 107.0 22* 
- 

Fair 

2010 17.24W 115.0 50 
- 

Exceptional 

RM ς River Mile 
W Wading sample (Drainage area > 20 mi2 Җ 500 mi2) 
Tolerance Categories: VT=Very Tolerant, T=Tolerant, MT=Moderately Tolerant, F=Facultative, MI=Moderately Intolerant, I=Intolerant. ICI - 
Invertebrate Community Index 
ICI = Invertebrate Community Index  
* - Significant departure from the biocriteria (>4 IBI or ICI units or >0.5 MIwb units). 

3.3.3. Detailed Causes and Associated Sources 
The 2005 and 2010 Ohio EPA surveys demonstrated that one site along Four Mile Creek mainstem was in partial 

attainment (RM 18.3) and three sites on Four Mile Creek tributaries were in partial attainment (Collins Creek RM 

0.6, Morning Sun Tributary ς South RM 0.9, Harkers Run RM 2.4). The ALU impairment in Morning Sun Tributary 

and Harkers Run were caused by natural sources due to flow regime patterns. Collins Creek exhibited low 

macroinvertebrate community performance due to metals in urban runoff from the City of Oxford. All three 

tributaries, however, had a QHEI of over 55, a score that indicates that headwater streams have habitat capable of 

supporting WWH aquatic assemblages. During the 2010 Ohio EPA survey, Four Mile Creek mainstem at RM 18.3 

was found to be in partial attainment and did not meet WWH criteria due to underperforming fish and 

macroinvertebrate communities due to dam impoundment. The QHEI score also fell below 60 at this site, mainly 

due to substrate embeddedness, lack of riffle areas, and fair channel development.  

Projects that address the above stated impairments are highly recommended for this critical area. Severe 

streambank erosion prevalent in the ALD-FMC HUC-12 also results in large amounts of sediments being washed 

from banks following extreme rain events. Many banks within this watershed are exposed, undercut, and lack or 

have very narrow riparian buffers. Floodplain reconnection, wetland restoration and enhancement, dam removal 

and/or modification, and streambank restoration and riparian buffers plantings would help reduce nutrients and 

excess sediments entering streams. The implementation of streambank stabilization and other in-stream and 

riparian restoration practices can have a positive impact on habitat (QHEI). As habitat improves, IBI, MIwb, and ICI 

scores are also expected to improve.  

3.3.4. Outline Goals and Objectives for the Critical Area 

The primary goal of NPS-IS is to improve water quality, meet nutrient reduction goals, and improve impairment 

status. For Critical Area 2, addressing poor streambank and riparian habitat conditions within Four Mile Creek and 

its tributaries to help maintain and improve biological and habitat conditions are the primary goals. Improving IBI, 

MIwb, ICI, and QHEI scores through in-stream and riparian restoration and enhancement practices can help sites 

reach full attainment. To achieve the full attainment status in all ALD-FMC HUC-12 streams, the following goals and 

objectives have been established: 
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Goal 1 ς To maintain or achieve the IBI scores at or above 40 at all 2005 and 2010 Ohio EPA sampling locations: 

NOT ACHIEVED ς The IBI at Morning Sun Tributary ς South RM 0.6 has a score of 28; the IBI at Harkers Run RM 2.4 
has a score of 36. 

Goal 2 ς To maintain or achieve the MIwb score at or above 8.3 at all 2005 and 2010 Ohio EPA sampling locations. 

NOT ACHIEVED ς The MIwb at Four Mile Creek RM 18.3 has a score of 7.30. 

Goal 3 ς To maintain or achieve the ICI score at or above 36 or a narrative of good or above. 

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

Goal 4 ς To maintain or achieve the QHEI score at or above 60.  

NOT ACHIEVED ς The QHEI score at Four Mile Creek RM 18.3 has a score of 57.5. 

OBJECTIVES 

In order to achieve the full attainment goals for Four Mile Creek and its main tributaries in the ALD-FMC HUC-12, 

the following objectives have been set. The implementation of these objectives, combined with implementation in 

Critical Area 1, will help relieve negative impacts from excessive nutrients and sediments and improve aquatic life 

in the near-field and far-field waterways.  

Objective 1 ς Modify/remove two low-head dams along Four Mile Creek mainstem.  

Objective 2 ς Restore channel stability of at least 2 miles (10,560 linear feet) of streambank erosion on Four Mile 

Creek mainstem and its main tributaries using natural channel design methods and bioengineering. 

Objective 3 ς Create, enhance, and/or restore floodplain/riparian wetlands for habitat restoration or sediment 

storage on at least 30 acres. 

Objective 4 ς Create, enhance, and/or restore approximately 14 acres of riparian grasses, shrubs, and trees where 

deemed applicable along Four Mile Creek and its main tributaries (at least 50 feet on each side) 

Project-specific and routinely scheduled monitoring will be conducted by Ohio EPA, MCD, MBI, Butler County 

Stream Team, Miami University, or other qualified organization to determine progress towards meeting the goals 

listed in the plan for Critical Area 2. This NPS-IS will employ an adaptive management process and the objectives, 

projects, and implementation strategies will then be reevaluated and modified if necessary. Objectives may need 

to be added or altered to make further progress towards attainment or reduction goals as new and additional 

BMPs can help further improve water quality and improve nutrient reduction and sedimentation in streams.  

The Ohio EPA Nonpoint Source Management Plan Update, which has a complete listing of all eligible NPS 

management strategies, will be referenced. Strategies to consider, as presented in Chapter 4, include: 

¶ Urban Sediment and Nutrient Strategies  

¶ Altered Stream and Habitat Restoration Strategies 

¶ Agricultural Nonpoint Source Reduction Strategies; and 

¶ High Quality Waters Protection Strategies  
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3.4. Critical Area 3: Conditions, Goals, & Objectives for Prioritized Urban Land ς 
City of Oxford   
3.4.1. Detailed Characterization 

Critical Area 3 includes the City of Oxford, which spans 4,969 acres within the ALD-FMC watershed. The City of 

Oxford contains 1.83 miles of Four Mile Creek mainstem as well as 11.27 miles of tributaries to Four Mile, including 

Collins Creek, Harkers Run, and Bull Run. This area also houses Miami UniversityΩǎ main campus, where students 

make up a majority of the population. The city has grown from five square miles by the mid-мффлΩǎ to a little under 

eight square miles today (Oxford Tomorrow Comprehensive Plan). Oxford is predicted to go from a population of 

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

development within the ALD-FMC watershed.  

Urbanization within Butler County has increased rapidly over the last century, resulting in an increase in 

impervious surface. Based on the OKI study conducted in 2007, the ALD-FMC HUC-12 has an impervious surface 

ǇŜǊŎŜƴǘŀƎŜ ƻŦ уΦр҈Σ ƛƴŘƛŎŀǘƛƴƎ ǘƘŜ ǿŀǘŜǊǎƘŜŘ ŀǎ άǎŜƴǎƛǘƛǾŜ ōǳǘ ǎƘƻǳƭŘ ƘŀǾŜ ŀŎŎŜǇǘŀōƭŜ ǿŀǘŜǊ ǉǳŀƭƛǘȅ ŀƴŘ Ƙŀōƛǘŀǘέ 

(OKI, 2014). The Center of Watershed Protection predicts that most stream quality indicators will decline with an 

impervious cover of greater than 10%, with severe degradation expected after 25% of the watershed contains 

impervious cover. During the 2005 biological and water quality survey conducted by Ohio EPA, one site was 

sampled within the City of Oxford, and another site along the Four Mile mainstem was sampled in 2010. The site 

along Collins Creek in 2005 was in partial attainment due to fair macroinvertebrate scores. The QHEI score was also 

low at 60.5 but was within the range for supporting WWH communities in headwater streams. The Ohio EPA 

accredited the poor macroinvertebrate communities to metal contamination from urban runoff from the City of 

Oxford following peak flows. Urbanization and development can lead to increased runoff, peak flow, and stream 

flashiness (ODNR, 2006), and urban stream sediments are also likely to have 3-10 times more heavy metals than 

rural stream sediments (OKI, 2014). Urban stormwater runoff can also contribute to sediment and nutrient 

pollution from fertilizers, animal excrement, and sediment erosion. Currently, the City of Oxford contains 1,488 

acres of public parks and preserves that help protect environmentally sensitive habitats. It is important to continue 

to limit development pressure and reduce stormwater impacts on riparian and wetland habitats within this critical 

area.  
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Figure 29 ALD-FMC HUC-12 Critical Area 3. 

3.4.2. Detailed Biological Conditions 
The Ohio EPA sampling survey conducted at 2 sites within Critical Area 3 is summarized in Table 20 and 21. Fish 

community indices at the single site on Four Mile creek scored very good/exceptional (IBI = 49/MIwb = 9.6). The 

QHEI value of 83.0 scored above the WWH WQS of 60. The sampling site at Collins Creek scored marginally good 

(IBI = 50). The QHEI was on the lower side at 60.5 but still exceed WWH WQS for headwater streams (QHEI > 55).  
































