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Chapter 1: Introduction 
 

The McFarland Creek - Aurora Branch of the Chagrin River (12-digit HUC: 041100030303) includes portions of 
southeastern Cuyahoga County and southwestern Geauga County in Ohio. This HUC-12 watershed includes the 
Aurora Branch from McFarland Creek to the Chagrin River, McFarland Creek, and unnamed tributaries. This HUC-
12 is immediately downstream from the Headwaters Aurora Branch watershed (12-digit HUC: 041100030302) and 
immediately upstream of the Aurora Branch’s confluence with the Upper Main Branch of the Chagrin River, where 
these two branches join to form the Main Branch of the Chagrin River.  
 
State and Federal nonpoint source funding is now closely tied to strategic implementation-based planning that 
meets U.S. EPA’s nine minimum elements of a watershed plan for impaired waters.  Chagrin River Watershed 
Partners, Inc. (CRWP) have taken the lead in authoring these Nonpoint Source Implementation Strategic (NPS-IS) 
Plans with input and collaboration from our watershed Member communities, park districts, and other local 
agencies and conservation organizations.  These stakeholders have agreed to collaborate toward the 
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development of NPS-IS Plans for every HUC-12 watershed in the Chagrin watershed.  A total of seven, one for 
each HUC-12 unit, will be developed for the Chagrin River watershed. 
 

1.1 Report Background 
 

This NPS-IS Plan was created as an update to the Chagrin River Watershed Action Plan (Chagrin WAP, 2006; 
updated 2010, revised 2011).  The Chagrin WAP was financed in part or totally through grants from the Ohio 
Environmental Protection Agency and the United States Environmental Protection Agency, under the provisions of 
Section 319(h) of the Clean Water Act.  It represents a collaborative effort to improve local land use planning and 
water quality throughout the Chagrin watershed and balance the development and conservation priorities of our 
watershed communities and park districts.  The Plan incorporated recommendations and action steps from the 
Chagrin River Watershed TMDL Study (Ohio EPA, 2007). 
 
The Chagrin WAP was adopted by the Chagrin River Watershed Board of Trustees, which represents local 
governments and park districts in the Chagrin River watershed.  This plan was fully endorsed by the Ohio 
Environmental Protection Agency and Ohio Department of Natural Resources on December 18, 2006.  The WAP 
was revised in December 2009 and submitted to Ohio Environmental Protection Agency and Ohio Department of 
Natural Resources on January 15, 2010.  CRWP completed WAP updates in September 2011 to provide additional 
details on subwatersheds in non-attainment of water quality standards.  For more details on the initial watershed 
plan development process, please reference Chapter 2: Watershed Plan Development in the Chagrin WAP, found 
online at http://crwp.org/index.php/projects/watershed-plans. 
 
With the change of the State of Ohio’s watershed plan program’s focus, this NPS-IS is being created to guide 
watershed partners in addressing nonpoint source pollution issues for the McFarland Creek - Aurora Branch (12-
digit HUC: 041100030303), rather than a watershed plan for all issues in the Chagrin River watershed. Other 
impairments (e.g. point sources) that require attention in order to restore the HUC-12 to fishable, swimmable and 
drinkable waters that meet water quality standards are addressed through the Chagrin River Watershed Action 
Plan, Biological and Water Quality Study of the Chagrin River and Selected Tributaries 2003-04 (TSD), and Total 
Maximum Daily Loads for the Chagrin River Watershed (TMDL). Finally, this NPS-IS was created to comply with 
U.S. EPA’s nine element plan requirements to maintain eligibility for state and federal sources of funding. CRWP 
will continue to update the Chagrin WAP with other information or actions to address other impairments with the 
goal of restoring and maintaining water quality standards in the Chagrin River watershed’s HUC-12s. 

 

1.2 Watershed Profile & History 
 

The Chagrin River watershed drains 267 square miles in four northeast Ohio counties: Cuyahoga, Geauga, Lake, 
and Portage. Portions of twenty-two municipalities, ten townships, and four park districts govern land use and 
other activities in the watershed. A high quality natural resource, the Chagrin River is increasingly impacted by 
urban and suburban development that increases flooding, erosion and water quality problems. The Main Branch 
of the Chagrin River begins above Bass Lake in the City of Chardon and flows 48 miles before entering Lake Erie in 
the City of Eastlake. Along its path, the Main Branch is joined by the Aurora Branch, flowing from the Mantua 
Township and Aurora and meeting the Main Branch in Bentleyville, and the East Branch, beginning in Geauga 
County and joining the Main Branch in Willoughby (Chagrin River WAP, 2011). Table 1 details the seven HUC-12 
watersheds within the Chagrin River watershed. The McFarland Creek - Aurora Branch (12-digit HUC: 
041100030303) is located just upstream of the confluence of the Upper Main Branch and the Aurora Branch of 
the Chagrin River; this HUC-12 is the focus of this NPS-IS. 
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Table 1. HUC-12 watersheds within the Chagrin River watershed (Ohio EPA Integrated Report 2016). 

Subwatershed  HUC-12  Drainage Area 
(square miles) 

Relationship to this 
HUC-12 

Town of Willoughby-Chagrin River 04110003 04 03 17.97 Downstream 
East Branch Chagrin River 04110003 04 01 51.33 Downstream 
Griswold Creek-Chagrin River 04110003 04 02 76.54 Adjacent/Downstream 
Beaver Creek-Chagrin River 04110003 03 04 47.48 Adjacent/Downstream 
Silver Creek 04110003 03 01 13.83 Adjacent/Downstream 
McFarland Creek-Aurora Branch 04110003 03 03 20.42 N/A 
Headwaters Aurora Branch  04110003 03 02 37.5 Adjacent/Upstream 

 
 

 
Figure 1. Map of 12-digit HUC watersheds within the Chagrin River watershed. The McFarland Creek – Aurora Branch HUC-12 is highlighted 
in pink. Source: Chagrin River Watershed Partners, Inc. 
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On a 1755 map, the Chagrin River was labeled as the Elk River. The name “Chagrin” has been claimed to come 
from two different sources.  One source claims that the river name Shaguin memorialized a French trader named 
Sieur de Saguin.  Another hypothesis is that the name came from the Indian word “shagrin” meaning “clear 
water.” Regardless of the origin of the name, it was anglicized in 1797 on a map of the Western Reserve prepared 
by Seth Pease to read “ChagrinRiver.”  Land use has been changing in the Chagrin River valley since the settlers 
first arrived in the 1700’s.  These families cleared forests and drained wetlands to build farms and villages.  The 
Chagrin River was used for mills in these early days. In spite of massive clearing and continued farming, 
residential, commercial and industrial development, the Chagrin River maintains high water quality and natural 
beauty. 
 
Seventy-one miles of the Chagrin River have been designated as a State Scenic River.  The original 1979 
designation of 49 miles includes the Aurora Branch from S.R. 82, 12 miles downstream to its confluence with the 
main stem of the Chagrin, 23 miles of the main stem from its confluence with the Aurora Branch downstream to 
US Rt. 6, and 15 miles of the East Branch from Heath Road Bridge downstream to its confluence with the main 
stem.  The river’s Scenic designation was extended in November 2002 to include the headwaters of the Chagrin, 
also known as the Upper Main Branch of the Chagrin, from the Woodiebrook Road bridge to the confluence with 
the Aurora Branch of the Chagrin River in Bentleyville.  Exceptional aquatic habitat and adjacent high-quality 
forests characterize these State-scenic reaches.   
 
 

 
Figure 2. Scenic River designations in the Chagrin River watershed (highlighted in yellow). 
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Glacial activity shaped the watershed with resulting soils and geologic deposits contributing to the high quality 
and varied habitats of the watershed.  Since the last glaciers retreated approximately 12,000 years ago, the river 
has progressed from the upland headwater areas to create deep ravines further downstream. There are many 
areas on the Chagrin River and its numerous tributaries where thick glacial till has eroded, exposing sandstone 
and Chagrin Shale bedrock.  The Chagrin River watershed lies in two distinct physiographic regions: the glaciated 
Allegheny Plateau and the Erie Lake plain.  Soils with clayey textures in the subsoil that formed in glacial till 
predominate in the watershed, and somewhat poorly drained soils are common in areas with six percent slope or 
less.  
 
The geology of the Chagrin River watershed creates numerous issues for watershed management and land 
development including: erosion, stormwater runoff, and septic suitability.  Rapid runoff and erosion are significant 
concerns through much of the watershed because of the proximity of bedrock to the surface, the instability of the 
glacial deposits, and the steepness of the valley areas.  The geologic factors that affect the operation of septic 
tanks include the permeability of the soil, depth to bedrock, depth to the water table, slope, and drainage.  Soils 
in the Chagrin River watershed are generally of limited use for proper sewage disposal in many communities 
because of their low permeability and seasonal high water tables. 
 
The terrain of most of the watershed is generally rolling with a substantial percentage of wooded land.  The 
Chagrin River is deeply entrenched over the lower 25 miles of its length and flows on bedrock in narrow valleys 
through much of the watershed.  The glacial deposits in the watershed overlay sandstone and shale bedrock.  
Bedrock is deeper than 60 inches below the soil surface in most of the watershed, but it is 20 to 40 inches below 
the soil surface in some nearly level or gently sloping areas.  The major geologic deposits obvious in the watershed 
are the uppermost Sharon Conglomerate, that provides rock outcroppings and ground water input in reaches of 
the Upper Main and East Branches of the Chagrin River and formations of Berea Sandstone and Shale 
outcroppings of both Cleveland and Chagrin Shale in the lower reaches of the river. 
 
The climatic system that influences the weather in the Chagrin River watershed is known as humid continental, 
typified by cold and snowy winters and hot and humid summers.  Average daily temperatures in the winter range 
from slightly below freezing in the winter months to the high 60s to low 70s during the summer months.  
Precipitation ranges from 40 to 47 inches per year on average.  Due to the proximity to Lake Erie, average annual 
snowfall in the watershed ranges from 70-100 inches.  Despite the significant snowfall, 50-60% of the watershed’s 
precipitation occurs between April and September. 
 
The McFarland Creek - Aurora Branch HUC-12 drains 20.42 square miles and parts of the following townships and 

municipalities: Auburn Township, Bainbridge Township, Bentleyville, Russell Township, Solon, and South Russell. 

Rapid development is expected to continue in this HUC-12 watershed, resulting in additional stormwater loadings 

to streams, loss of riparian vegetation, and streambank modification/destabilization (Chagrin River WAP, 2011, p. 

137 - 138). The lower 12 miles of the Aurora Branch of the Chagrin River has been designated a State Scenic River 

for its exceptional aquatic habitat and high quality riparian forests. Additionally, the lower 0.5 miles of the Aurora 

Branch has been designated as seasonal salmonid habitat (SSH) (Chagrin River WAP 2011, p. 3, 137). 
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Figure 3. Map of subwatersheds within the McFarland Creek – Aurora Branch HUC-12. The Lower Aurora Branch drainage is highlighted in 
purple and the McFarland Creek drainage is highlighted in green. Source: Chagrin River Watershed Partners, Inc. 

 

1.3 Public Participation and Involvement 
 

Although CRWP was formed in 1996, the underlying concept of the watershed approach to managing the Chagrin 
River goes back more than forty years, when a group called the Chagrin Valley Association tried to establish a 
watershed coalition to address mounting concerns such as increased flooding, urbanization, water pollution, and 
loss of wilderness areas. Cleveland businessman John H. Byrne said in 1952, “This is why a Conservancy District 
(the equivalent of a watershed coalition) organization under the laws of Ohio and under local control is now a 
‘must.’”  The Chagrin Valley Association never succeeded in implementing a full watershed approach to managing 
the Chagrin River.    
 
In 1986 the Chagrin River Land Conservancy (now the Western Reserve Land Conservancy (WRLC)) completed a 
strategic plan for their organization.  The plan revealed that WRLC should encourage the creation of a separate 
entity to deal with the political and zoning issues in the Chagrin River watershed.  Thus in 1994 a group of 
concerned citizens began meeting to discuss the concept of a watershed approach to manage the Chagrin River.  
Led by private landowners this group evolved into an impressive coalition of municipalities, land trusts, county 
agencies and governments, state and federal agencies, park districts, schools, and other organizations with a stake 
in the Chagrin River watershed.  In December 1995, a group of 75 representatives from these organizations 
endorsed the concept of forming a watershed coalition with a steering committee and a not-for-profit corporation 
in the State of Ohio.  From this beginning, the Chagrin River Watershed Partners Inc. was formed in 1996.  
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CRWP is organized and operated as an Ohio non-profit corporation and is qualified as a tax-exempt entity under 
Section 501(c)(3) of the Internal Revenue Code.  Each member organization is entitled to elect one Regular 
Trustee to the Board of Trustees which, in turn, is authorized to elect At Large Trustees provided the At Large 
Trustees do not exceed one-half of the Regular Trustees.  As of December 2016, the CRWP member organizations 
in the Beaver Creek-Chagrin River HUC-12 are: Geauga Park District, Chardon Township, City of Chardon, Munson 
Township, Newbury Township, Russell Township, South Russell Village, Chagrin Falls Village, Bainbridge Township, 
Village of Moreland Hills, Village of Bentleyville, and Cleveland Metroparks, representing 89.6% of the land area in 
the HUC-12. 

 
CRWP maintains and updates the Chagrin River WAP and is the primary author of the Chagrin River watershed 
NPS-IS plans, with input and assistance from its member organizations. CRWP Members (Auburn, Aurora, 
Bainbridge, Bentleyville, Chagrin Falls City, Chagrin Falls Township, Chardon City, Chardon Township, Eastlake, 
Gates Mills, Hunting Valley, Kirtland, Kirtland Hills, Mantua Township, Mayfield Village, Mayfield Heights, Mentor, 
Moreland Hills, Munson, Newbury, Orange Village, Pepper Pike, Russell, Solon, South Russell, Waite Hill, Wickliffe, 
Willoughby, Willoughby Hills, Woodmere, Cleveland Metroparks, Geauga Park District, Lake Metroparks, Lake 
County) and At-Large Trustees contributed valuable input at a December 8, 2016 Board of Trustees meeting and 
through an online survey.  Additionally, the Chagrin River Watershed Action Plan (2011) substantially informed the 
development of this NPS-IS, and public involvement and input from technical experts informed that document. 
CRWP will continue to update and refine this document as further information is gathered from our members and 
stakeholders and milestones are reached in the implementation of the McFarland Creek – Aurora Branch HUC-12 
NPS-IS Plan. 
 
CRWP members provided information on critical areas, high quality streams and wetlands, ongoing water quality 
monitoring efforts and potential projects to include in the NPS-IS plans at CRWP’s December 8, 2016 Board of 
Trustees meeting.  Paul Pira, Park Biologist with Geauga Park District, provided additional input for the McFarland 
Creek-Aurora Branch HUC-12 at a meeting held at CRWP offices on December 19, 2016. 
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Figure 4. McFarland Creek – Aurora Branch HUC-12 stakeholders and CRWP staff discuss the watershed’s challenges, high quality resources, 
critical areas, and restoration/protection opportunities at the December 8, 2016 CRWP Board of Trustees Meeting. Photo source: Chagrin 
River Watershed Partners, Inc., December 8, 2016. 

Chapter 2: HUC-12 Watershed Characterization and Assessment Summary 

2.1 Summary of HUC-12 Watershed Characterization 
 

2.1.1 Physical and Natural Features 

This HUC-12 is located within Ohio’s Erie-Ontario Lake Plains (EOLP) Ecoregion (Chagrin River TSD 2006, p. 3). The 
McFarland Creek-Aurora Branch HUC-12 drains 20.42 square miles and includes the Aurora Branch from 
McFarland Creek to the Chagrin River (Aurora Branch RM 3.73 – 0.0), McFarland Creek, and unnamed tributaries. 
The lower 12 miles of the Aurora Branch of the Chagrin River has been designated a State Scenic River for its 
exceptional aquatic habitat and high quality riparian forests. Additionally, the lower 0.5 miles of the Aurora 
Branch was designated as seasonal salmonid habitat (SSH) (Chagrin River WAP 2011, p. 3, 137). Despite increased 
suburban development, the Aurora Branch and its tributaries generally have good to excellent habitat. 
 
The glacial history of the region has shaped physical characteristics of this watershed. In general, the Chagrin River 
watershed is characterized by soils with clayey textures and in some areas, poorly drained soils that contribute to 
rapid runoff and erosion. This geology may contribute to watershed management and land development issues 
such as erosion, stormwater development, and septic suitability. The terrain of the Chagrin River watershed is 
generally rolling, and major geologic deposits include Sharon Conglomerate in the upper reaches of the Upper 
Main and East Branches and Berea Sandstone and Cleveland/Chagrin Shale outcroppings in the lower reaches of 
the river (Chagrin River WAP 2011, p. 7). The predominant geologic formations in the McFarland Creek – Aurora 
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Branch HUC-12 include Berea Sandstone and Bedford Shale (Undivided), Ohio Shale, Allegheny and Pottsville 
Groups (Undivided), and Maxville Limestone (Rushville, Logan, and Cuyahoga Formations, Undivided). 
 

 

 
Figure 5. Geologic formations in the McFarland Creek – Aurora Branch HUC-12. 

 

Predominant soil types in the HUC-12 include Wadsworth silt loam, 2 – 6% slopes (30.5% of the HUC-12), 
Wadsworth silt loam, 0 – 2% slopes (13.3% of the HUC-12), and Rittman silt loam, 6 to 12 percent slopes (9.1% of 
the HUC-12) (USDA Web Soil Survey). The predominant soil types in this HUC-12 have generally high runoff 
potential and slow infiltration rates. 
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The climatic system that influences the weather in the Chagrin River watershed is known as humid continental, 
typified by cold and snowy winters and hot and humid summers.  Average daily temperatures in the winter range 
from slightly below freezing in the winter months to the high 60s to low 70s during the summer months.  
Precipitation ranges from 40 to 47 inches per year on average.  Due to the close proximity to Lake Erie, average 
annual snowfall in the watershed ranges from 70 - 100 inches.  Despite the significant snowfall, 50 - 60% of the 
watershed’s precipitation occurs between April and September. 

 
Although historic wetland coverage in the HUC-12 was 6.91%, current wetland coverage is 2.12%, indicating a 
69.24% loss of wetlands in this HUC-12. There are 67 wetlands within this watershed identified through the 
National Wetlands Inventory (NWI) (OEPA, 2016 Integrated Water Quality Monitoring and Assessment Report). 

 

Figure 6. Soil drainage class of the predominant soil types in the McFarland Creek – Aurora Branch HUC-12. 
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Figure 7. Streams and wetlands within the McFarland Creek – Aurora Branch HUC-12. Data source: National Wetlands Inventory, U.S. Fish 
and Wildlife Service. 

 

Rare, threatened, endangered species found in this HUC-12 include Long Beech Fern (Phegopteris connectilis), 
Cow-wheat (Melampyrum lineare), Bigeye Club (Notropis amblops), Gray Birch (Betula populifolia), and Great 
Lakes Crayfish (Orconectes propinquus). 
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Table 2. Rare, threatened, and endangered species found in the McFarland Creek – Aurora Branch HUC-12.  

Common name Scientific name Protected status 
in Ohio 

Location found (year) 

Long Beech Fern Phegopteris 
connectilis 

Potentially 
threatened 

South Chagrin Reservation (1959, 2000) 

Cow-wheat Melampyrum 
lineare 

Endangered South Chagrin Reservation (1976) 

Bigeye Club Notropis 
amblops 

Rare South Chagrin Reservation (1972), McFarland 
Creek (1963) 

Gray Birch Betula 
populifolia 

Rare Unnamed tributary to Aurora Branch drainage 
(1954), McFarland Creek drainage (1954) 

Great Lakes Crayfish/ 
Northern Clearwater 
Crayfish 

Orconectes 
propinquus 

Uncommon, 
decreasing 

Unnamed tributary to Aurora Branch (1979); 
Unnamed tributary to McFarland Creek (1979) 

 
 

 
Figure 8. Map of rare, threatened, and endangered species found in the McFarland Creek – Aurora Branch HUC-12. 

 

The lower 12 miles of the Aurora Branch of the Chagrin River has been designated a State Scenic River for its 
exceptional aquatic habitat and high quality riparian forests. In the entire Chagrin River watershed, seventy-one 
miles of the Chagrin River have been designated as a State Scenic River. The original designation of 49 miles 
includes the Aurora Branch from S.R. 82, 12 miles downstream to its confluence with the main stem of the 
Chagrin, 23 miles of the main stem from its confluence with the Aurora Branch downstream to US Rt. 6, and 15 
miles of the East Branch from Heath Road Bridge downstream to its confluence with the main stem was made in 



14 | P a g e  
 

1979.  The river’s Scenic designation was extended in November 2002 to include the headwaters of the Chagrin, 
also known as the Upper Main Branch of the Chagrin, from the Woodiebrook Road bridge to the confluence with 
the Aurora Branch of the Chagrin River in Bentleyville (Chagrin River WAP 2011, p. 3). 

 

 
Figure 9. Map of designated State Scenic River within the McFarland Creek – Aurora Branch HUC-12. 

 

Specific landmarks and features in this watershed include: 
- Waterfall barrier at Aurora Branch RM 0.38 (Cleveland Metroparks - South Chagrin Reservation) 
- State Scenic Aurora Branch of the Chagrin River 
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2.1.2 Land Use and Protection 
Land use classifications in this HUC-12 include developed (45.5%), forest (38.8%), grass/pasture (10.9%), row 
crops (3.8%), and other (0.9%) (OEPA, 2016 Integrated Water Quality Monitoring and Assessment Report). The 
Aurora Branch is expected to experience the largest population growth over the next 25 years based on 
population forecasts from the Northeast Ohio Areawide Coordinating Agency (NOACA) and Northeast Ohio Four 
County Regional Planning and Development Organization (NEFCO). Rapid development is expected to continue in 
this HUC-12 watershed, resulting in additional stormwater loadings to streams, loss of riparian vegetation, and 
streambank modification/destabilization (Chagrin River WAP 2011, p. 137 - 138). 
 

 

 
Figure 10. Land use within the McFarland Creek – Aurora Branch HUC-12. Source: OEPA, 2016 Integrated Water Quality Monitoring and 
Assessment Report. 
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Figure 11. Map of land use/land cover within the McFarland Creek – Aurora Branch HUC-12. Data source: National Land Cover 
Database, 2011. 
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Watershed assessment unit scores assigned by the OEPA are detailed in the following table. The next field 
monitoring conducted by OEPA for this HUC-12 is planned for 2021 (OEPA, 2016 Integrated Water Quality 
Monitoring and Assessment Report).  
 

Table 3. Status of watershed assessment unit scores for the McFarland Creek – Aurora Branch HUC-12 (OEPA, 2016 Integrated Water 
Quality Monitoring and Assessment Report). 

Category  Score Category Definitions 

Human Health 3 Use attainment unknown 
Recreation 5 Impaired; TMDL needed 
Aquatic Life 4A Impaired; TMDL not needed (TMDL complete) 
PDW Supply 0 No waters currently used for water supply  
Priority Points  4 1 to 20 range 

 
 

This HUC-12 includes approximately 3,197 acres of protected lands (public and institutional lands, parks, 
conservation easements), including the following: 

- Protected lands owned by the Geauga Park District 
o Frohring Meadows: 298-acre park in Bainbridge Township   
o Ellerin Property: 130.5 acres 
o Stubbs Property: 10.64 acres 

- South Chagrin Reservation and other protected lands owned by the Cleveland Metroparks 
- River Road Park: 17535 Chagrin River Road, Bainbridge Township 
- Settlers Park of Bainbridge 
- South Russell Village Park, other municipally owned lands 
- Privately owned lands protected with conservation easements 

Other commercial and industrial uses include: 
- Tanglewood Golf Course: public golf course in Bainbridge Township   
- Grantwood Golf Course (small portion lies within the HUC-12) 
- U.S. Route 422 and utility right-of-ways 
- Manufacturing (in the City of Solon, top manufacturing sectors include: electronics, machinery, 

instruments, chemicals/allied products, and fabricated metal products) 
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Figure 12. Protected areas within the McFarland Creek – Aurora Branch HUC-12 are highlighted in dark green (public and institutional lands, 
parks, conservation easements). Map source: Chagrin River Watershed Partners, Inc. 

 

2.2 Summary of HUC-12 Biological Trends 
The Aurora Branch of the Chagrin River was designated as coldwater habitat (CWH) prior to 1987. However, 
sampling by the OEPA in 1987 indicated a WWH biological community, despite exceptional to very good habitat 
for macroinvertebrates. Sampling in 1991 indicated exceptional habitat scores and macroinvertebrate scores 
exceeded WWH and even equaled or exceeded the EWH criteria, but siltation and embedded substrates were 
noted just downstream of McFarland Creek (McFarland Creek empties into the mainstem of Aurora Branch 
Chagrin River at RM 3.73). Impacts to the fish community were noted upstream of McFarland WWTP (located at 
Aurora Branch RM 3.46). The 1995 OEPA Water Quality study indicated full attainment of WWH along this 
segment. Sampling in 2003 - 2004 indicated lower IBI fish diversity scores than in previous years, and suburban 
development appears to be a major source of impairment (in addition to point sources such as the McFarland 
WWTP, which was upgraded by the Geauga County Water Department in 2006). During 2004 OEPA sampling, the 
Aurora Branch was in partial attainment of WWH use downstream of McFarland Creek (RM 3.40), but in full 
attainment near the mouth (RM 1.0). In addition, the lower 0.5 mile of the Aurora Branch was designated as 
season salmonid habitat (SSH) (Chagrin River WAP 2011, p. 137). 

 
McFarland Creek is in partial attainment of its EWH aquatic life use at both RM 0.20 and RM 2.30 (downstream of 
Lake Lucerne and its confluence with the North Branch of McFarland Creek). OEPA sampling in 2003 – 2004 
indicated impacts of excessive siltation and embedded rocky substrate due to upstream development (including 
the Canyon Lakes housing development), riparian habitat losses between Chagrin River Road and Chagrin Road, 
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and habitat disturbance from the construction of the Chagrin Road bridge over the North Branch of McFarland 
Creek. No violations of EWH chemical criteria were observed for McFarland Creek in 2003 – 2004 sampling, and 
both total phosphorus and nitrate-nitrites levels were below ecoregion target goals. Total suspended solids were 
also less than detection (< 5 mg/l) under baseflow conditions. Despite the aforementioned habitat impairments, 
McFarland Creek exhibits a marginally exceptional macroinvertebrate community and high QHEI scores of 78.5 
(RM 2.30) and 75.0 (RM 0.20). A 1995 OEPA survey indicated marginally exceptional fish diversity (IBI score of 46) 
in addition to the presence of rosyface shiners (Notropis rubellus) and river chubs (Nocomus micropogon), species 
found in streams with relatively silt-free substrates. OEPA recommended that McFarland Creek be designated a 
Superior High Quality Water under the Antidegradation Rule based on these attributes (Chagrin River TSD 2006, p. 
30 and 46). 

 
OEPA sampling in 2004 also resulted in the designation of the North Branch of McFarland Creek as a CWH stream. 
Although biological surveys indicated the North Branch to be in full attainment of its recommended CWH use 
designation, the stream is threatened by habitat alteration from land development and suburbanization, 
especially the bridge constructed where Chagrin Road crosses the North Branch of McFarland Creek (Chagrin River 
WAP 2011, p. 137 – 138). The North Branch of McFarland Creek is recommended to be designated General High 
Quality Waters under the Antidegradation Rule based on its highly diverse cold water macroinvertebrate 
community and high quality habitat (QHEI score of 70.0). Coldwater dragonfly species have been collected from 
this stream (Boyeria grafiana and Lanthus parvulus) (Chagrin River TSD 2006, 2006, p. 30). No chemical samples 
were collected from the North Fork McFarland Creek during 2003 – 2004 sampling by OEPA (Chagrin River TSD 
2006, p. 46). 

 
OEPA has recommended additional biological surveys of tributaries downstream from Aurora Branch RM 11.0 
(including tributaries to the Aurora Branch within this HUC-12) to determine if these streams may provide habitat 
for coldwater fish, macroinvertebrates, and salamanders (Chagrin River WAP 2011, p. 138). 

 
 

Table 4. Most recent aquatic life use assessment data for sampling sites within the McFarland Creek – Aurora Branch HUC-12. Data source: 
Source: OEPA, 2016 Integrated Water Quality Monitoring and Assessment Report. 

Year Station Name Attainment 
Status 

Beneficial 
Uses 

River 
Mile 

Drainage 
Area 
(sqm) 

2003 AURORA BRANCH SW OF 
CHAGRIN FALLS @ SOLON 
RD. 
 

Full Warmwater 
habitat 

1.00 57.0 

2003 AURORA BRANCH DST. 
MCFARLAND CREEK WWTP 
 

Partial Warmwater 
habitat 

3.40 49.0 

2004 MCFARLAND CREEK S OF 
CHAGRIN FALLS @ 
CHAGRIN RIVER RD. 
 

Partial Exceptional 
Warmwater 
habitat 

0.20 11.1 

2004 MCFARLAND CREEK DST 
CHAGRIN RD, DST. 
TANGLEWOOD BRANCH 
 

Partial Exceptional 
Warmwater 
habitat 

2.30 9.3 

2004 N. BR. MCFARLAND CREEK 
@ CHAGRIN RD. 
 

Full Coldwater 
Habitat 

0.10 4.0 
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Figure 13. Aquatic life use designations in the McFarland Creek – Aurora Branch HUC-12. Map source: Chagrin River Watershed Partners, 
Inc. 
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Figure 14. Attainment status of aquatic life use designations in the McFarland Creek – Aurora Branch HUC-12. Map source: Chagrin 
River Watershed Partners, Inc. 

 

The following table shows the QHEI attributes that were documented by Ohio EPA during their comprehensive 
sampling for the Chagrin River TSD (2006).  It shows the most common habitat impairment is substrate 
embeddedness. At RM 1.0 of the Aurora Branch, sparse/no cover, fair/poor channel development, and presence 
of only 1-2 cover types were noted as impairments. At RM 0.2 of McFarland Creek, habitat impairments included 
recovering channel and hardpan substrate origin in addition to substrate embeddedness. 
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Figure 15. QHEI attributes for OEPA sites sampled within the McFarland Creek-Aurora Branch HUC-12. Attributes are indicated as 
presence/absence with a symbol within each respective category. 

 

2.3 Summary of HUC-12 Pollution Causes and Associated Sources 
 

OEPA’s last comprehensive survey of the Chagrin River watershed was in 2003 – 2004 (OEPA, 2006). The Chagrin 
River watershed also has Total Maximum Daily Loads for phosphorus, nitrates, habitat, bacteria, and total 
suspended solids (OEPA, 2007). As listed in the 2016 Integrated Water Quality Monitoring and Assessment Report, 
OEPA has determined that the biological impairments in the McFarland Creek – Aurora Branch HUC-12 are 
primarily from the following causes and non-point sources. 
 
 
Table 5. Causes and sources of impairment in the McFarland Creek – Aurora Branch HUC-12. Source: 2016 Integrated Water Quality 
Monitoring and Assessment Report.   

Causes of Impairment  Sources of Impairment  
Nutrients streambank modification/destabilization* 
natural limits (wetlands) land development/suburbanization* 
organic enrichment/dissolved oxygen (DO) upstream impoundment* 
direct habitat alterations urban runoff/storm sewers* 
siltation onsite wastewater systems (HSTS)* 
unknown toxicity channelization – development* 
flow alteration removal of riparian vegetation* 
 drainage/filling of wetlands* 
  

* Sources related to nonpoint source pollution 

 
These are common causes and sources in northeast Ohio and throughout the state. Many of these impairments 
are related to changing land use and increased impervious cover in this HUC-12 (Chagrin River WAP 2011, p. 137 - 
138). 
 
Streambank erosion and stream sedimentation is evident in lower reaches of McFarland Creek. The stream has 
been destabilized due to a combination of factors including heavy sedimentation during the construction of Route 
422, increased stormwater runoff due to increased impervious cover, and general construction activities. Portions 
of the stream have been impounded, particularly in the headwater areas. In general, problems are expected to 



23 | P a g e  
 

continue to worsen due to the changing watershed hydrologic regime attributed with changing land use. OEPA 
data from 2003 – 2004 indicated impacts of sedimentation due to the construction of the Canyon Lakes housing 
development; future development at Canyon Lakes is planned, and these activities are expected to further impact 
McFarland Creek. Additionally, this sampling also indicated habitat disturbance from the bridge construction for 
Chagrin Road crossing over the North Branch of McFarland Creek. McFarland Creek is in partial attainment of 
EWH use from RM 2.30 to the mouth (RM 0.20). Field observations indicate excessive siltation and embedded 
rock substrates as a significant cause of nonattainment. No violations of EWH chemical criteria were noted 
(Chagrin River WAP 2011, p. 137). 

 
Sampling by OEPA in 2004 indicated that the North Branch of McFarland Creek is in full attainment of its CWH 
aquatic life use designation; however, the stream is threatened by habitat alteration from land development and 
suburbanization, specifically where the bridge constructed where Chagrin Road crosses the North Branch of 
McFarland Creek (Chagrin River WAP 2011, p. 138). 
 
 
Table 6. Causes and sources of NPS impairments for selected McFarland Creek – Aurora Branch sampling locations. Source: 2016 Integrated 
Water Quality Monitoring and Assessment Report.   

Year 
Sampled 

Station Name Attainment 
Status 

Beneficial 
Uses 

River 
Mile 

Drainage 
Area 
(mi2) 

Primary Cause Primary Source 

2003 Aurora Branch 
SW of Chagrin 
Falls at Solon Rd. 
 

Full WWH 1.00 57.0 N/A N/A 

2003 Aurora Branch 
downstream of 
McFarland Creek 
WWTP 
 

Partial WWH  3.40 49.0 Organic 
enrichment 
including P; 
Siltation 

Hydro-
modification; 
Streambank 
stabilization 
(bridge 
construction) 

2004 McFarland Creek 
South of Chagrin 
Falls at Chagrin 
River Rd. 
 

Partial EWH 0.20 11.1 Flow alteration; 
Direct habitat 
alteration; 
sedimentation 

Suburbanization; 
NPS stormwater 
runoff; Riparian 
vegetation removal 

2004 McFarland Creek 
downstream of 
Chagrin Road, 
downstream of 
Tanglewood 
Branch 
 

Partial EWH 2.30 9.3 Flow alteration; 
Direct habitat 
alteration; 
sedimentation; 
Organic 
enrichment 

Suburbanization; 
NPS stormwater 
runoff; Riparian 
vegetation removal 

2004 N. Branch 
McFarland Creek 
at Chagrin Rd. 
 

Full CWH 0.10 4.0 N/A N/A 

 
 

The Chagrin River TSD recommends efforts to control nonpoint source runoff from developed areas that discharge 
to the Aurora Branch and its tributaries. Specifically, “first-flush” controls or stormwater detention is 
recommended to decrease nutrient and sediment inputs to these streams. Stormwater controls that protect 
coldwater habitat, such as bioretention, permeable pavement, underground detention, and incorporation of 
shading and infiltration in parking lot designs, would also help decrease stormwater temperatures prior to release 
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into CWH designated streams such as the North Branch of McFarland Creek. Protection of vegetated riparian 
corridors is also recommended to help minimize nonpoint sources of pollution to the streams in this HUC-12, 
particularly the Aurora Branch’s western tributaries which are at a greater risk for development. Riparian 
protection in McFarland Creek would also reduce negative nonpoint inputs and better protect the McFarland 
Creek mainstem (EWH), North Branch McFarland Creek (CWH), and Aurora Branch downstream of McFarland 
Creek (Chagrin River TSD 2006, p. 33). 
 

2.4 Additional Information for Determining Critical Areas and Developing 

Implementation Strategies 
 

2.4.1: Public Input 

CRWP Members and At-Large Trustees contributed valuable input at a December 8, 2016 Board of Trustees 

meeting. Representatives of Bainbridge Township, South Russell Village, and the City of Solon participated in a 

discussion regarding the McFarland Creek – Aurora Branch HUC-12. An online survey was also conducted by 

CRWP to gain additional feedback to inform critical areas, needs and projects in the McFarland Creek – Aurora 

Branch HUC-12. The following feedback regarding critical areas, needs and projects in the McFarland Creek -

Aurora Branch HUC-12 was identified through these input-gathering processes: 
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Table 7. Public input regarding McFarland Creek – Aurora Branch HUC-12 received from December 8, 2016 CRWP Board of Trustees meeting 
and online survey.  

Non-point source pollution and other challenges found in 
this HUC-12 watershed: 

Stormwater/drainage/flooding issues due to increases in 
impervious surfaces: 

- Kenston School District bus garage 

- Gurney Elementary School/Waverly Lane 
- Chagrin Road/Canyon Lakes development in 

Bainbridge Township 
- Vicinity of State Route 306/Bell Street 

intersection in South Russell Village 
- Vicinity of Emerald Lakes Subdivision  

Failing home sewage treatment systems (HSTS) 

Streambank erosion 
- McFarland Creek through the entire Canyon 

Lakes housing development (this development 
is exempt from Bainbridge Township’s riparian 
setback regulation) 

Stream siltation 
- Geauga Park District’s Ellerin Property (erosion 

caused by earthworm infestation and lack of 
leaf litter) 

Management of large lakes and dams 

High quality ecosystems and natural resources that would 
benefit from resource protection: 

CWH streams and their drainages: 
- North Branch McFarland Creek (CWH) 

- CWH habitat tributary to N. Branch McFarland 
Creek at Geauga Park District’s Frohring 
Meadows Property 

Lake Luczek (privately owned lake in City of Solon) 

Critical areas for watershed protection and restoration in 
this HUC-12: 

CWH streams and their drainages 

Areas affected by stormwater/drainage/flooding issues 

Streams in partial attainment of aquatic life use 
designations 

Potential protection and restoration strategies to address 
watershed challenges identified in this HUC-12: 

Land protection opportunities and connecting already 
protected areas 

Stormwater retrofits 

 

2.4.2: Chagrin River Watershed Balanced Growth Plan 

CRWP and its watershed communities collaborated on the development of the Chagrin River Watershed Balanced 
Growth Plan from 2006 - 2009. Through this process, Priority Conservation Areas (PCAs) and Priority Development 
Areas (PDAs) were identified and mapped for the watershed’s communities and incorporated into the 
communities’ comprehensive land use plans. PCAs are locally designated areas for protection and restoration. 
They may be important ecological, recreational, heritage, agricultural, and public access areas that are significant 
for their contribution to Lake Erie water quality and general quality of life. PDAs are locally designated areas 
where development and/or redevelopment is to be encouraged in order to maximize development potential, 
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maximize the efficient use of infrastructure, promote the revitalization of cities and towns, and contribute to the 
restoration of Lake Erie (Chagrin River Watershed Balanced Growth Plan, 2009). This plan has been adopted by 
four of the six communities within this HUC-12: Auburn Township, Village of Bentleyville, Russell Township, and 
South Russell Village. PCAs and PDAs identified for the McFarland Creek – Aurora Branch HUC-12 are summarized 
in the map below and can help guide the identification of critical protection areas in this watershed.  
 

 

Figure 16. Priority Development Areas and Priority Conservation Areas in the McFarland Creek – Aurora Branch HUC-12. Source: Chagrin 
River Watershed Balanced Growth Plan, 2009. 
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Chapter 3: Critical Area Conditions & Restoration Strategies 
 

3.1 Overview of Critical Areas  
The following critical areas have been identified for the McFarland Creek-Aurora Branch HUC-12: 

• Critical Area 1: Aurora Branch at RM 3.40 and McFarland Creek at RMs 0.20 and 2.30 

• Critical Area 2: North Branch of McFarland Creek and its Drainages 

• Critical Area 3: State Scenic River Designated Aurora Branch Corridor 

• Critical Area 4: Primary Headwater Streams Impacted by Development 
 
Three of the five sampling locations in the McFarland Creek – Aurora Branch HUC-12 are not in full attainment of 
the expected aquatic life uses. The Aurora Branch at RM 3.40 is in partial attainment of its warmwater habitat 
(WWH) aquatic life use and McFarland Creek at RM 0.20 and RM 2.30 is in partial attainment of its exceptional 
warmwater habitat (EWH) aquatic life use. Critical Area 1 has been identified to address the nonpoint source 
pollution issues that are causing these impairments. This critical area is a high priority for restoration. Critical 
Areas 2 and 3 have been identified for high quality stream reaches in need of protection in order to maintain full 
attainment of their aquatic life use designations and other special statuses. These critical areas are high priority 
areas for protection. Critical Area 4 has also been identified for primary headwater streams within the HUC-12 
impacted by urban development and associated loss of riparian vegetation and increased stormwater loadings. 
 

3.2 Critical Area 1: Conditions, Goals & Objectives for Aurora Branch at RM 3.40 and 

McFarland Creek at RM 0.20 and RM 2.30 
 

3.2.1 Detailed Characterization  

The Aurora Branch at RM 3.40 (downstream of its confluence with McFarland Creek) is in partial attainment of its 
WWH aquatic life use designation. Sampling by OEPA in 2003-2004 indicated the causes of impairment as organic 
enrichment including phosphorus and siltation. Non-point sources of impairment were listed as 
hydromodification (streambank destabilization) due to bridge construction. There were nonpoint source silt 
inputs from local development observed from a tributary at State Route 306 into Aurora Branch during sampling 
in 2003-2004. There is also a large nonpoint source sand bedload downstream from McFarland Creek confluence. 
Improvements in biological diversity will be facilitated by limiting these nonpoint source inputs at this site and 
upstream reaches. Some improvement and maturation in the riparian corridor downstream from the McFarland 
Creek confluence (particularly near U.S. Rt. 422) and improved suburban tributary nonpoint source stormwater 
runoff controls will reduce algae growth, stream channel scouring, sand/silt bedload, and will contribute to stable 
high quality communities at this site and in the lower reaches of Aurora Branch Chagrin River (Chagrin River TSD 
2006, p. 130 - 131). 
 
McFarland Creek at RM 0.20 and RM 2.30 is in partial attainment of its EWH aquatic life use designation. Sampling 
by OEPA in 2003 - 2004 indicated the causes of impairment at these sites as flow alteration, direct habitat 
alteration, sedimentation, and organic enrichment. Non-point sources of impairment were listed as 
suburbanization, nonpoint source stormwater runoff, and riparian vegetation removal. It has been noted that 
sedimentation from new home construction affects McFarland Creek in the vicinity of Chagrin Road (Chagrin River 
TSD 2006, p. 95).  

 
Critical Area 1 includes McFarland Creek at and upstream of RM 0.20 (includes site at RM 2.30) and contributing 
drainage to this reach, in addition to Aurora Branch RM 3.40. 
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Figure 17. Map of Critical Area 1 in the McFarland Creek – Aurora Branch HUC-12. 
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3.2.2 Detailed Biological Conditions   

The biological conditions for Critical Area 1 are summarized in the following table: 
 

Table 8. Biological conditions for Critical Area 1. Significant departure from biocriteria is indicated with an asterisk and highlighted in 
orange. 

Year 
Station 
Name 

Attainment 
Status 

ALU 
Designation 

River 
Mile 

Drainage 
Area 
(mi2) 

2003/ 
2004 IBI 

2003/ 
2004 
Miwb 

2003/ 
2004 ICI 

ICI 
Narrative 

2003/ 
2004 
QHEI 

2003 

Aurora 
Branch 
downstream 
of 
McFarland 
Creek 
WWTP Partial WWH  3.40 49 30* 

7.8 
(ns) 48 Exceptional 79.5 

2004 

McFarland 
Creek South 
of Chagrin 
Falls at 
Chagrin 
River Rd.  Partial EWH 0.2 11.1 44* n/a VG(ns) Very Good 75 

2004 

McFarland 
Creek 
downstream 
of Chagrin 
Road, 
downstream 
of 
Tanglewood 
Branch Partial EWH 2.3 9.3 38* n/a VG(ns) Very Good 78.5 

(*) Indicates significant departure from biocriteria 
(ns) Indicates nonsignificant departure from biocriteria 

 
 

The Aurora Branch at RM 3.40 needs to increase its IBI fish diversity score from 30 to 38 in order to meet WWH 
aquatic life use targets for wading streams. This site is already exceeding WWH targets for macroinvertebrate 
diversity (ICI) and habitat (QHEI).  

 
McFarland Creek at RM 0.2 needs to increase its IBI fish diversity score from 44 to 50 in order to meet its EWH 
aquatic life use targets. McFarland Creek at RM 2.30 needs to increase its IBI fish diversity score from 38 to 50 in 
order to meet its EWH aquatic life use targets. These sites are already meeting EWH (headwaters) targets for 
macroinvertebrate diversity (ICI narrative) and habitat (QHEI).  

 
The number of sensitive macroinvertebrate taxa in McFarland Creek almost doubled between 1995 and 2004 
sampling. Sampling in 1995 occurred shortly after the construction of U.S. Route 422 and the dewatering of 
McFarland Creek due to filling Canyon Lake. These improvements are likely due to riparian corridor vegetative 
growth that has helped stabilize banks upstream and maintain cooler instream temperatures. Sampling in 2004 
also indicated three cold water taxa at both McFarland Creek sample sites compared to zero cold water taxa at 
the mouth site in 1995. Further improvements in biological diversity could be achieved in McFarland Creek and 
downstream Aurora Branch through additional nonpoint source stormwater volume controls (Chagrin River TSD 
2006, p. 134) 
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During 2003 – 2004 sampling at McFarland Creek RM 0.2 (near mouth), the macroinvertebrate community was 
assessed as Very Good with 21 sensitive taxa observed. McFarland Creek at RM 2.3 indicated higher relative 
macroinvertebrate density than at the mouth site, and was also assessed as Very Good. Four sensitive 
macroinvertebrate taxa were found at RM 2.30, including the mayfly Stenonema vicarium, the coldwater mayfly 
Baetis tricaudatus, and the caddisflies Leucotrichia pictipes and the coldwater Ceratopsyche slossonae. The 
biological communties at this site may benefit from lower instream temperature inputs from the North Branch of 
McFarland Creek (Chagrin River TSD 2006, p. 134-135). 

 

3.2.3 Detailed Causes and Associated Sources    

The combination of poor fish community scores and excellent habitat scores at Aurora Branch RM 3.40 indicates 
that likely causes of impairment are due to water quality and possibly unknown fish barriers. The elevated relative 
abundance of pollution tolerant species and omnivores may also indicate organic enrichment (Chagrin River TSD 
2006, p. 94). The Aurora Branch at RM 3.40 is impacted by organic enrichment and toxicity due to the McFarland 
Creek WWTP (point source); however, nonpoint sources of impairment may also include failing home sewage 
treatment systems (HSTS). Hydromodification due to bridge construction is also a source of silt and nutrients. 
Increasing bank stability in the Aurora Branch near the U.S. Route 422 bridge crossing and immediately 
downstream would help stabilize the streambed and minimize impacts due to McFarland Creek stormwater 
inputs. Management of stormwater runoff entering McFarland Creek and the Aurora Branch from impervious 
areas, including U.S. Route 422, would also help improve water quality (Chagrin River TSD 2006, p. 134). 

 
Nonpoint source stormwater runoff into McFarland Creek has contributed to increased embedded conditions. The 
loss of riparian vegetation near the U.S. Route 422 bridge over the Aurora Branch has led to bank destabilization 
and erosion at the confluence of McFarland Creek and the Aurora Branch, in addition to sand accumulation in the 
Aurora Branch at RM 3.40. In 2003 – 2004 sampling, McFarland Creek at RM 2.30 was affected by silt and 
embedded substrates attributed to upstream development (Lake Lucerne development among others) and flashy 
stormwater nonpoint source runoff. Management of nonpoint source stormwater inputs to McFarland Creek 
would decrease bedload movement downstream, and riparian revegetation at the McFarland Creek confluence 
would help stabilize streambanks, increase riffle stability, and decrease bedload downstream into the Aurora 
Branch (Chagrin River TSD 2006, p. 134). 
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Table 9. Detailed causes and sources for Critical Area 1. 

Year Station Name 
Attainment 
Status ALU Designation Primary Cause Primary Source 

2003 

Aurora Branch 
downstream of 
McFarland Creek 
WWTP Partial WWH  

Organic 
enrichment 
including P; 
Siltation 

Hydro-modification; 
Streambank 
stabilization (bridge 
construction) 

2004 

MCFARLAND CREEK S 
OF CHAGRIN FALLS @ 
CHAGRIN RIVER RD. Partial EWH 

Flow alteration; 
Direct habitat 
alteration; 
sedimentation 

Suburbanization; NPS 
stormwater runoff; 
Riparian vegetation 
removal 

2004 

MCFARLAND CREEK 
DST CHAGRIN RD, 
DST. TANGLEWOOD 
BRANCH Partial EWH 

Flow alteration; 
Direct habitat 
alteration; 
sedimentation; 
Organic 
enrichment 

Suburbanization; NPS 
stormwater runoff; 
Riparian vegetation 
removal 

 
 

3.2.4 Outline of Goals and Objectives for Critical Area   

The overall nonpoint source restoration goals for the NPS-IS plan are to improve IBI, MIwb, ICI, and QHEI scores so 
that partially attaining sites can achieve full attainment of the WWH or EWH designated aquatic life use and that 
full attaining reaches may maintain their status. Specific goals referencing the partially attaining sites are outlined 
here: 
 
Goal 1: Protect the Aurora Branch by maintaining ICI score of at least 48 at RM 3.40. 
 Achieved: Site currently has an ICI score of 48. 
 
Goal 2: Protect the Aurora Branch by maintaining QHEI score of at least 79.5 at RM 3.40. 
 Achieved: Site currently has a QHEI score of 79.5. 
 
Goal 3: Protect McFarland Creek by maintaining an ICI narrative of Very Good or greater at RM 0.2. 
 Achieved: Site currently has an ICI narrative of Very Good. 
 
Goal 4: Protect McFarland Creek by maintaining a QHEI score of at least 75 at RM 0.2. 
 Achieved: Site currently has a QHEI score of 75. 
 
Goal 5: Protect McFarland Creek by maintaining an ICI narrative of Very Good or greater at RM 2.3.  

Achieved: Site currently has an ICI narrative of Very Good. 
 

Goal 6: Protect McFarland Creek by maintaining a QHEI score of at least 78.5 at RM 2.3.  
Achieved: Site currently has a QHEI score of 78.5. 

 
Goal 7: Achieve IBI score ≥38 at Aurora Branch RM 3.40. 
 Not achieved: Site currently has an IBI score of 30. 
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Goal 8: Achieve IBI score of ≥50 at McFarland Creek RM 0.2. 
 Not achieved: Site currently has an IBI score of 44. 
 
Goal 9: Achieve IBI score of ≥50 at McFarland Creek RM 2.3. 
 Not achieved: Site currently has an IBI score of 38. 
 
To achieve these goals for Critical Area 1, the following objectives need to be achieved: 
 
Objective 1: Reforest 19,650 linear feet of riparian areas in the McFarland Creek drainage 
 
Objective 2: Restore 2,250 linear feet of in-stream habitat using natural channel design features and principles 
within the McFarland Creek drainage 
 
Objective 3: Permanently protect existing high quality riparian areas along McFarland Creek  

• Permanently protect 4,470 linear feet of riparian areas along McFarland Creek through the acquisition of 
conservation easements (Chagrin River WAP 2011, p. 154) 

• Riparian setback adoption for South Russell Village  

• Riparian setback enforcement for Bainbridge Twp and Russell Twp 
 
As these objectives are implemented, water quality monitoring (both project related and regularly scheduled 
monitoring) will be conducted to determine progress toward meeting the identified goals (i.e., water quality 
standards). These objectives will be reevaluated and modified if determined to be necessary. For instance; many 
agricultural BMPs can be “stacked” (a systems approach) that will also incrementally improve the quality and 
quantity of runoff and drainage waters and in-stream water quality. When reevaluating, the committee will 
reference the Ohio EPA Nonpoint Source Management Plan Update (Ohio EPA, 2013), which has a complete 
listing of all eligible NPS management strategies to consider including:  

- Urban Sediment and Nutrient Reduction Strategies;  
- Altered Stream and Habitat Restoration Strategies;  
- Nonpoint Source Reduction Strategies; and  
- High Quality Waters Protection Strategies 

 

3.3 Critical Area 2: Conditions, Goals & Objectives for the North Branch of McFarland 

Creek and its Drainages 
 

3.3.1 Detailed Characterization  

The North Branch of McFarland Creek is in full attainment of its coldwater habitat (CWH) aquatic life use 
designation due to coldwater biological communities and excellent habitat quality. However, future suburban 
development and habitat alteration in the North Branch’s drainage area could affect its coldwater community 
quality; therefore, this area has been designated a critical area for protection and maintenance of its high quality 
(Chagrin River TSD 2006, p. 95). The protection of high quality riparian areas and wetlands through conservation 
easements and riparian setbacks and the prevention of thermal pollution through the promotion of infiltrative 
stormwater control measures would help maintain the high quality habitats and coldwater communities in the 
North Branch. Protection of the North Branch will also maintain the ecological benefits provided to downstream 
McFarland Creek. 

 
Critical Area 2 includes the North Branch of McFarland Creek and its drainage.  
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Figure 18. Map of Critical Area 2 for McFarland Creek – Aurora Branch HUC-12. 

 

3.3.2 Detailed Biological Conditions   

OEPA sampling in 2003 – 2004 indicated that the North Branch of McFarland Creek supports six coldwater taxa 
and very good macrooinvertebrate community quality. At RM 0.1, 21 EPT taxa and 34 sensitive taxa were 
identified and sensitive mayflies and midges were predominant. The high density of filtering midges of the genus 
Rheotanytarsus indicated some enrichment from nonpoint source inputs. Filtering hydropsychid caddisflies, 
including the coldwater species Ceratopsyche slossonae, were common in riffles and runs. Redside dace 
(Clinostomus elongatus) and rainbow darter (Etheostoma caeruleum), both pollution sensitive fish speces, were 
also present in the North Branch during 2003 – 2004 sampling (Chagrin River TSD 2006, p. 25 and Appendix 7). 
The North Branch at RM 0.1 indicated a QHEI score of 70.0 as a result of high quality habitat with coarse gravel to 
boulders predominating in the riffles and runs.  
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Table 10. Biological conditions for Critical Area 2. 

Year Station Name 
Attainment 
Status 

ALU 
Designation 

River 
Mile 

Drainage 
Area 
(sqm) 

2003/ 
2004 
IBI 

2003/ 
2004 
Miwb 

2003/ 
2004 
ICI 

ICI 
Narrative 

2003/ 
2004 
QHEI 

2004 

North Branch 
McFarland 
Creek at 
Chagrin Rd.  Full CWH 0.1 4 34 n/a VG Very Good 70 

 
 

3.3.3 Detailed Causes and Associated Sources    

The North Branch of McFarland Creek is in full attainment of its CWH aquatic life use designation; therefore, there 
are no causes and associated sources of impairment. However, causes of impairment for the HUC-12 that could 
threaten the high quality of this critical area include nutrients, organic enrichment/dissolved oxygen, direct 
habitat alterations, siltation, flow alteration, and water temperatures exceeding targets for streams supporting 
coldwater aquatic organisms. Potential sources of impairment in this critical area include streambank 
modification, land development/suburbanization, upstream impoundment, stormwater runoff, HSTS, removal of 
riparian vegetation, and drainage/filling of wetlands. 
 

3.3.4 Outline of Goals and Objectives for Critical Area   

The goal for Critical Area 2 is to maintain the North Branch of McFarland Creek’s full attainment of its CWH 
aquatic life use designation. OEPA does not set numerical criteria for CWH; attainment of this ALU designation is 
instead based on the presence of at least one coldwater fish species and at least four macroinvertebrate taxa. 
Therefore, the goal is to maintain or improve the presence of coldwater taxa at North Branch McFarland Creek 
RM 0.1.  
 
Goal 1: Maintain count of at least 1 coldwater fish species at North Branch McFarland Creek RM 0.1 

ACHIEVED: Site currently has 1 coldwater fish species present (Brook Stickleback; Chagrin River TSD 2006, 
Appendix 7, p. 57) 

 

Goal 2: Maintain count of at least 6 coldwater macroinvertebrate taxa at North Branch McFarland Creek RM 0.1 

ACHIEVED: Site currently has 6 coldwater macroinvertebrate taxa present (including Rheotanytarsus 

midges and Stenonemid mayflies; Chagrin River TSD 2006, p. 120) 

 
To achieve these goals for Critical Area 2, the following objectives need to be achieved: 
 
Objective 1: Permanently protect existing high quality riparian areas by acquiring easements along 17,131 linear 
feet of stream channel 
 
Objective 2: Permanently protect existing high quality riparian areas along North Branch McFarland Creek  

• Permanently protect 134 acres existing high quality wetland areas by acquiring conservation easements  

• Riparian setback adoption for South Russell Village  

• Riparian setback enforcement for Bainbridge Twp and Russell Twp 
 

 
As these objectives are implemented, water quality monitoring (both project related and regularly scheduled 
monitoring) will be conducted to determine progress toward meeting the identified goals (i.e., water quality 
standards). These objectives will be reevaluated and modified if determined to be necessary. For instance; many 
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agricultural BMPs can be “stacked” (a systems approach) that will also incrementally improve the quality and 
quantity of runoff and drainage waters and in-stream water quality. When reevaluating, the committee will 
reference the Ohio EPA Nonpoint Source Management Plan Update (Ohio EPA, 2013), which has a complete 
listing of all eligible NPS management strategies to consider including:  

- Urban Sediment and Nutrient Reduction Strategies;  
- Altered Stream and Habitat Restoration Strategies;  
- Nonpoint Source Reduction Strategies; and  
- High Quality Waters Protection Strategies 

 

3.4 Critical Area 3: Conditions, Goals & Objectives for the State Scenic River 

Designated Aurora Branch Corridor 
 

3.4.1 Detailed Characterization  

The Aurora Branch at RM 1.0 is fully attaining its WWH aquatic life use designation. Additionally, the lower 12 
miles of the Aurora Branch of the Chagrin River has been designated a State Scenic River for its exceptional 
aquatic habitat and high quality riparian forests, including the Aurora Branch from RM 0.0 – 3.73 within this HUC-
12 (Chagrin River WAP 2011, p. 3). This critical area may be impacted by rapid urban development, inadequately 
controlled stormwater runoff, riparian deforestation, wetland loss and direct stream channel modification. To 
maintain high quality and State Scenic River designation, this critical area needs to be protected from degradation 
by nonpoint source pollutants such as nutrients and sediment. Efforts to protect this critical area will focus on the 
preservation of high quality riparian areas and wetlands. Efforts will also include the restoration of local 
impairments, such as streambank erosion, which could lead to non-attainment if not addressed. 
 
Critical Area 3 includes the riparian area (120 feet each side) of the Aurora Branch from RM 0.0 – 3.73.  
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Figure 19. Map of Critical Area 3 within the McFarland Creek – Aurora Branch HUC-12. 

 

3.4.2 Detailed Biological Conditions   

The Aurora Branch at RM 1.0 is in full attainment of its warmwater habitat (WWH) aquatic life use designation. 
 
Table 11. Biological conditions for Critical Area 3. 

Year 
Station 
Name 

Attainment 
Status 

ALU 
Designation 

River 
Mile 

Drainage 
Area 
(sqm) 

2003/ 
2004 
IBI 

2003/ 
2004 
Miwb 

2003/ 
2004 
ICI 

ICI 
Narrative 

2003/ 
2004 
QHEI 

2003 

AURORA 
BRANCH 
SW OF 
CHAGRIN 
FALLS @ 
SOLON 
RD. Full WWH 1 57 36(ns) 7.9 VG Very Good 54 

 (ns) Indicates nonsignificant departure from biocriteria 
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3.4.3 Detailed Causes and Associated Sources   

The Aurora Branch at RM 1.0 is in full attainment of its warmwater habitat (WWH) aquatic life use designation, so 
there are currently no identified causes or sources of impairment for this critical area.  

  

3.4.4 Outline Goals and Objectives for Critical Area   

The goal for Critical Area 3 is to maintain or improve the Aurora Branch’s full attainment of its WWH aquatic life 
use designation and protect its status as a designated State Scenic River. The protection of high quality riparian 
and wetland areas through permanent conservation easements and the adoption and enforcement of riparian 
setback codes will help maintain the high quality of this critical area. Auburn Township, Bainbridge Township, the 
Village of Bentleyville, and Russell Township have already adopted riparian setback regulations. Specific goals for 
this critical area are outlined below: 
 
Goal 1: Protect the Aurora Branch by maintaining Miwb score of at least 7.9 at RM 1.0. 
 Achieved: Site currently has an Miwb score of 7.9. 
 
Goal 2: Protect the Aurora Branch by maintaining ICI narrative of Very Good or greater (42-44) at RM 1.0. 
 Achieved: Site currently has an ICI narrative of Very Good. 
 
Goal 3: Achieve IBI score ≥38 at Aurora Branch RM 1.0. 
 Not achieved: Site currently has an IBI score of 36. 
 
Goal 4: Achieve QHEI score of ≥60 at Aurora Branch RM 1.0. 
 Not achieved: Site currently has a QHEI score of 54. 
 
To achieve these goals for Critical Area 3, the following objectives need to be achieved: 
 
Objective 1: Permanently protect existing high quality riparian areas along the Aurora Branch  

• Permanently protect 94.7 acres of riparian and wetland areas along the Aurora Branch through the 
acquisition of conservation easements 

• Riparian setback adoption for two remaining jurisdictions without riparian setbacks (City of Solon and 
South Russell Village) 

• Enforcement of riparian setbacks for all communities with these regulations (Auburn Twp, Bainbridge 
Twp, Russell Twp, Village of Bentleyville), including educational and outreach efforts 

Objective 2: Restore 750 linear feet in-stream habitat using natural channel design features and principles. This 
objective will prevent future nonattainment by addressing localized areas of erosion or habitat impairments. 
 
As these objectives are implemented, water quality monitoring (both project related and regularly scheduled 
monitoring) will be conducted to determine progress toward meeting the identified goals (i.e., water quality 
standards). These objectives will be reevaluated and modified if determined to be necessary. For instance; many 
agricultural BMPs can be “stacked” (a systems approach) that will also incrementally improve the quality and 
quantity of runoff and drainage waters and in-stream water quality. When reevaluating, the committee will 
reference the Ohio EPA Nonpoint Source Management Plan Update (Ohio EPA, 2013), which has a complete 
listing of all eligible NPS management strategies to consider including:  

- Urban Sediment and Nutrient Reduction Strategies;  
- Altered Stream and Habitat Restoration Strategies;  
- Nonpoint Source Reduction Strategies; and  
- High Quality Waters Protection Strategies 
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3.5 Critical Area 4: Conditions, Goals & Objectives for primary headwater streams 

impacted by development  
 

3.5.1 Detailed Characterization  

Critical Area 4 includes primary headwater streams within the HUC-12 which are currently impacted by urban 
development or threatened by future urban development. Although these streams have not received an aquatic 
life use designation or attainment status by the OEPA, they have been identified as impacted by increased 
stormwater loadings and resulting habitat impairments due to urban development. In addition to being local 
impairments, these areas may also contribute to future nonattainment of OEPA sampling sites in this HUC-12. 
 
Primary headwater streams (identified as OEPA as headwater streams draining <1 square mile) are important for 
the health of larger, downstream reaches and the overal health of a watershed. Headwater streams provide 
several services to downstream systems, including the following: contribution of organic matter, reduction of 
stream siltation, habitat refugia for amphibians and unique aquatic species including coldwater taxa, and 
contribution of biodiversity and biomass to downstream reaches. Despite their importance for overall watershed 
health, primary headwater streams are particularly vulnerable to the effects of urban development. These effects 
include physical, chemical, and biological impacts due to nonpoint sources such as increased stormwater runoff 
and channel modification. Increased stormwater runoff leads to increased peak flows, flow variability, and 
frequency of high flows, all leading to impacts such as streambank erosion, channel incision, stream channel 
widening, and lower habitat diversity. Headwater streams are also impacted by siltation and elevated turbidity 
due to runoff from the construction of urban areas. Lack of riparian vegetative cover can further impact stream 
habitat by contributing to bank instability and warming water temperatures. Stormwater inputs can also impair 
the chemical health of headwater streams and downstream reaches by carrying pollutants from the urban 
landscape (Davidson-Bennett 2011). 
 
Aquatic communities have been demonstrated to show water quality and habitat impairments when their 
drainage area exceeds 10% impervious cover (Center for Watershed Protection, “Impervious Cover Model”). 
Percent impervious area for the HUC-12 is 11.8% (approximately 1,543 acres of impervious area out of 13,068.8 
total acres in the HUC-12). According to a 2004 CRWP Impervious Cover Study, the impervious cover was assessed 
for the following communities: City of Solon (13.4%), South Russell Village (12.8%), Bainbridge Township (6.2%), 
Russell Township (5.8%), Auburn Township (5.0%), and Village of Bentleyville (4.5%) (Chagrin River WAP 2011, p. 
30). The land use in this HUC-12 is mostly developed (45.5%) and forest (38.8%). Rapid development is expected 
to continue in this HUC-12 watershed, and the less developed eastern portions of the HUC-12 may be particularly 
at risk for future urbanization. These areas are at risk for increased impervious cover and greater stormwater 
volume and nonpoint source inputs to headwater streams.  
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Figure 20. Map of impervious cover (totaling approximately 1,543 acres) within the McFarland Creek-Aurora Branch HUC-12. Fully attaining 
Ohio EPA sampling locations are indicted with blue and partially attaining locations are indicated with yellow.  

 

The health of the Aurora Branch is influenced by the health of its many primary headwater streams, which can 
provide benefits to larger streams if they are high quality with adequate vegetated buffer. Some headwater 
streams in this HUC-12 are impacted by urban development and are not currently providing this service to the 
Aurora Branch. Instead, these impaired headwater streams may be contributing sources of silt and nutrient loads 
downstream. Therefore, the restoration and protection of these headwater streams is an important tool for 
preserving the high quality of larger streams such as the Aurora Branch. 
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Figure 21. Map of Critical Area 4 within the McFarland Creek – Aurora Branch HUC-12. 

 

3.5.2 Detailed Biological Conditions   

To determine this Critical Area, data was gathered for impacted streams by CRWP and other partners during 
landowner site visits, project scoping with member communities, and other field assessments. These streams 
have often been impacted by suburbanization and increased volume of stormwater inputs. For example, in 
partnership with the City of Solon, data was collected for a stream draining to the Aurora Branch. An unnamed, 
perennial headwater stream north of Valley Forge Drive in the City of Solon has formed a headcut, resulting in 
downcutting and the formation of an incised channel as the headcut has progressed upstream. This downward 
incision has reduced the stream’s access to its original floodplain width and has caused lateral channel erosion as 
the stream attempts to widen and create a floodplain bench at a lower elevation.  
 
A QHEI assessment was conducted for this stream in September 2016 by CRWP. One hundred and fifty meters of 
representative stream reach evaluated for this assessment indicated a QHEI score of 50.5, demonstrating a “Fair” 
narrative range for headwater streams ≤20 square miles and indicating fair habitat quality for aquatic life. 
However, bank erosion scored as “high” at one site and “very high” at two sites along the stream using the 
Modified Bank Erosion Hazard Index (BEHI) adapted by Cleveland Metroparks for northeast Ohio from Dave 
Rosgen’s BEHI methods (Newton and Drenton 2015). Streambank erosion occurring on this stream is degrading 
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primary headwater habitat and contributing a source of nonpoint source pollution to the Aurora Branch of the 
Chagrin River. 
 
In partnership with South Russell Village, data was collected for a headwater stream draining to the North Branch 
of McFarland Creek. The headwater stream is stable through a wooded corridor; however, a 1.5-foot headcut 
located approximately 360 feet upstream of State Route 306 threatens the stability of the upstream channel. The 
channel downstream of the headcut is incised and has limited floodplain access. At the end of the wooded 
corridor, the stream enters an area that has historically been maintained as turf grass. The stream channel 
narrows considerably in this area and there is aggradation of substrate that causes the channel to lose definition 
for approximately 75 feet. CRWP performed a pre-restoration QHEI assessment for a 269-ft reach of this 
headwater stream just upstream and downstream of State Route 306 on February 24, 2017. The stream received 
a QHEI score of 31.25 (“Poor” narrative). Due to the small drainage area (≤1 square mile) of this headwater stream 
and a lack of pools ≥40 centimeters, a Level 1 Primary Headwater Habitat Evaluation Index (HHEI) assessment was 
also performed by CRWP on February 24, 2017. The stream received a Level 1 HHEI score of 47, indicating the 
stream is a Modified Class II primary headwater habitat stream. Streambank erosion occurring on this stream is 
degrading primary headwater habitat and contributing a source of nonpoint source pollution to the North Branch 
of McFarland Creek, McFarland Creek, and the Aurora Branch of the Chagrin River. 

 
Additional evaluation of in-stream conditions for headwaters streams in this HUC-12 will occur as CRWP and 
partner resources permit. 

 

3.5.3 Detailed Causes and Associated Sources   

Causes and associated sources of impairment for Critical Area 4 are detailed below: 
 
Causes of impairment: 

• Nutrients 

• Direct habitat alterations 

• Siltation 

• Flow alteration 

 

Sources of impairment: 

• Streambank modification 

• Land development/suburbanization 

• Urban runoff/storm sewers 

• Channelization – development 

• Removal of riparian vegetation 

 

3.5.4 Outline of Goals and Objectives for Critical Area   

Efforts to address the impairments in this critical area will focus on the preservation of high quality riparian areas 
and the restoration of primary headwater streams impacted by urban development. The protection of high 
quality riparian and wetland areas through permanent conservation easements and the adoption and 
enforcement of riparian setback codes will help protect and improve this critical area. Auburn Township, 
Bainbridge Township, the Village of Bentleyville, and Russell Township have already adopted riparian setback 
regulations. 
 
Improved stormwater management will also maintain and improve this critical area by decreasing nutrient and 
sediment inputs and decreasing water temperatures. For communities in this critical area where future 
development is likely, the adoption and enforcement of erosion and sediment control and post-construction 
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stormwater management codes that promote stormwater infiltration through green infrastructure and address 
Total Maximum Daily Load requirements will improve stormwater management. Additionally, the implementation 
of stormwater retrofits may be beneficial in communities mostly developed prior to the implementation of Phase 
II stormwater regulations (e.g. City of Solon). These retrofits include implementation of innovative stormwater 
management such as bioretention and other forms of green infrastructure. 
 
Finally, the restoration of streams impacted by urban development will benefit these reaches and also reduce 
sediment and nutrient loadings to downstream reaches, helping to improve or prevent nonattainment of the 
Aurora Branch and its tributaries. 
 
Based on GIS analysis, there are approximately 510,599 linear feet of primary headwater streams included in 
Critical Area 4. Using data from National Oceanic and Atmospheric Administation’s Coastal Change Analysis 
Program (C-CAP) Land Cover Atlas, approximately 131,807 linear feet of these primary headwater streams can be 
assumed to be developed based on land use type (bare land, developed-open, developed (all intensities), 
pasture/hay, or cultivated crops), with 378,792 linear feet remaining that may be assumed to be high quality. 
 
The overall nonpoint source restoration goals for the NPS-IS plan are to improve IBI, MIwb, ICI, and QHEI scores so 
that partially attaining sites can achieve full attainment of the designated aquatic life use and that full attaining 
reaches may maintain their status. Specific goals for this critical area are to achieve, maintain, or improve 
conditions to meet at least WWH biocriteria at sites not assessed by Ohio EPA but identified as impaired by CRWP 
and partners. 
 
 
Goal 1: Achieve QHEI score of ≥55 for unassessed headwater streams. 
 Not achieved: Impaired sites have been identified; attainment status unknown.  
 
Goal 2: Achieve Modified BEHI score of Low (10-19.5) for unnamed, perennial headwater stream north of Valley 
Forge Drive.  

Not achieved: Highest score along proposed restoration reach currently 33 (Very High) using Modified 
BEHI. 

 
To achieve these goals for Critical Area 4, the following objectives need to be achieved: 
 
Objective 1: Permanently protect existing high quality riparian areas in this critical area. 

• Acquire riparian and wetland easements along 75,758 linear feet stream channel 

• Protect 403.4 acres through adoption of riparian setbacks for City of Solon (301.8 acres) and South Russell 
Village (101.6 acres) 

• Enforcement of riparian setbacks for all communities with these regulations (Auburn Twp, Bainbridge 
Twp, Russell Twp, Village of Bentleyville) 

 
Objective 2: Prevent nonattainment of Aurora Branch and its tributaries by restoring streams impacts by 
increased stormwater inputs 

• Restore 26,341 linear feet in-stream habitat using natural channel design features and principles 

• Reduce approximate impervious cover by 236 acres to reduce impervious cover to ≤10% for the HUC-12. 
Reduction in impervious cover and/or the implementation of infiltrative stormwater practices to reduce 
connected impervious cover will reduce inputs of heated stormwater to streams in this HUC-12.  

 
Objective 3: Limit impacts of stormwater runoff from future development on headwater streams 

• Adoption/enforcement of post-construction stormwater regulations that incentivize infiltration-based low 
impact development for 6 jurisdictions 
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• Use of conservation development planning to preserve the ecosystem services of headwater streams and 
wetlands and improve greenspace connectedness for 6 communities 

• Endorsement of Chagrin River Watershed Balanced Growth Plan by 2 remaining communities (Bainbridge 
Township and City of Solon) 

 
As these objectives are implemented, water quality monitoring (both project related and regularly scheduled 
monitoring) will be conducted to determine progress toward meeting the identified goals (i.e., water quality 
standards). These objectives will be reevaluated and modified if determined to be necessary. For instance; many 
agricultural BMPs can be “stacked” (a systems approach) that will also incrementally improve the quality and 
quantity of runoff and drainage waters and in-stream water quality. When reevaluating, the committee will 
reference the Ohio EPA Nonpoint Source Management Plan Update (Ohio EPA, 2013), which has a complete 
listing of all eligible NPS management strategies to consider including:  

- Urban Sediment and Nutrient Reduction Strategies;  
- Altered Stream and Habitat Restoration Strategies;  
- Nonpoint Source Reduction Strategies; and  
- High Quality Waters Protection Strategies 
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Chapter 4: Projects and Implementation Strategy 

4.1 Projects and Implementation Strategy Overview Table 
Below are the projects and evaluation needs currently believed to be necessary to remove the impairments to the 
McFarland Creek-Aurora Branch HUC-12 as a result of the identified causes and associated sources of nonpoint 
source pollution.  Because the attainment status is based on biological conditions, it will be necessary to 
periodically re-evaluate the status of the critical area to determine if the implemented projects are sufficient to 
achieve restoration.  Time is an important factor to consider when measuring project success and overall status. 
Biological systems in some cases can show response fairly quickly (months); others may take longer (years) to 
show recovery.  There may also be reasons other than nonpoint source pollution for the impairment.  Those 
issues will need to be addressed under different initiatives, authorities or programs which may or may not be 
accomplished by the same implementers addressing the nonpoint source pollution issues. 

The projects described in the Overview Table have been prioritized using the following three step prioritization 

method: 

Priority 1: Projects that specifically address one or more of the listed Objectives for the Critical Area. 

Priority 2: Projects where there is landowner willingness to engage in projects that are designed to address 

the causes and sources of impairment or where there is an expectation that such potential 

projects will improve water quality in the McFarland Creek-Aurora Branch HUC-12. 

Priority 3: Input from the public on water quality issues and/or project ideas gathered from a permanent 

online survey and periodic stakeholder meetings will be evaluated for correlation between known 

causes and sources and potential for inclusion in the NPS-IS.
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For McFarland Creek – Aurora Branch (HUC-12) (041100030303) 

Applicable 
Critical 

Area  
Goal Objective Project # 

Project Title 
(EPA Criteria g) 

Lead 
Organization 

(criteria d) 

Time Frame  
(EPA Criteria f) 

Estimated Cost 
(EPA Criteria d) 

Potential/Actual 
Funding Source 
(EPA Criteria d) 

Recommend 
that your 

critical areas 
be numbered 
or coded for 

reference.That  
number/code 

listed here 
comes from 
Chapter 3 
section 3.1 

It is recommended that 
your goals and 

objectives be numbered 
or coded for easy 

reference.  The 
number/code listed 

here comes from 
Chapter 3 section 3.x.4. 

The 
information 
listed here 

comes from 
the Project 
Summary 

Sheets 
Chapter 4 
Table 4.2. 

The information listed here comes from the 
Project Summary Sheets Chapter 4 Table 4.2. 

The information 
listed here comes 
from the Project 
Summary Sheets 
Chapter 4 Table 

4.2. 

The information 
listed here comes 
from the Project 
Summary Sheets 
Chapter 4 Table 

4.2. 

The information 
listed here comes 
from the Project 
Summary Sheets 

Chapter 4 Table 4.2. 

The information listed 
here comes from the 

Project Summary Sheets 
Chapter 4 Table 4.2. 

Urban Sediment and Nutrient Reduction Strategies 

4 1 2 1 
South Russell Village Stormwater 
Retrofits 

CRWP; South 
Russell Village 

3 – 7 years $400,000 319; SWIF; GLRI 

4 1 2 2 
Geauga County Library Stormwater 
Retrofit Project 

CRWP; Geauga 
County Public 
Library; 
Bainbridge 
Twp 

3 – 7 years $150,000 319; SWIF 

Altered Stream and Habitat Restoration Strategies   

4 2 2 3 
Valley Forge Headwater Stream 
Restoration 

City of Solon, 
Ohio; CRWP 

1 – 3 years $275,000 319 
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1, 4 

CA 1: 
Goals 
7 – 9, 
CA 4: 
Goal 

1  

CA 1: Obj. 
2,  

CA 4: Obj. 
2 

4 
South Russell Village Headwater 
Stream and Wetland Restoration 

CRWP; South 
Russell Village 

1 – 3 years $188,118 
319; GLRI; SWIF; 

SOGL; private 
foundations 

1 8, 9 2 5 
McFarland Creek RM 0.20 – 2.30 
Restoration of Natural Flood Plain 
Function 

CRWP; 
Bainbridge 
Twp 

3 – 7 years $2,000,000 319 

High Quality Waters Protection Strategies 

4 1 1 6 
Stream and Wetland Protection at 
Ellerin Property (Cuyahoga County) 

Cleveland 
Metroparks; 
CRWP 

1 – 3 years $1,722,750 
WRRSP; 319; Clean 

Ohio Fund 

1, 2, 3, 4 

1.2, 
1.4, 
2.1, 
2.2, 
3.4, 
4.1 

1.2.3, 
1.4.3, 
2.1.2, 
2.2.2, 
3.4.1, 
4.1.1 

7 
Adoption of Local Conservation 
Statutes 

CRWP; 
Member 
communities 

3 – 7 years $18,000 
Private 

foundations 

1 4 3 8 
McFarland Creek Riparian Land 
Preservation 

CRWP; 
Bainbridge 
Township; 
land trusts 

3 – 7 years $120,000 
319; Clean Ohio 

Fund; Private 
foundations 
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4.2 Project Summary Sheet(s) 
These summary sheets provide the essential nine elements for short-term and/or next step projects that are in 
development and/or in need of funding.  As projects are implemented and new projects developed, these sheets 
will be updated.  Any new summary sheets created will be submitted to the state of Ohio for funding eligibility 
verification (i.e., all nine elements are included). 

Nine 
Element 
Criteria 

Information needed Explanation 

n/a Title Valley Forge Headwater Stream Restoration 

criteria d 
 

Project Lead 
Organization &  Partners 

City of Solon, Ohio; Chagrin River Watershed Partners, Inc. 

criteria c HUC-12 and Critical Area McFarland Creek – Aurora Branch (HUC-12: 041100030303), Critical Area 4 

criteria c Location of Project 41.394004, -81.416344 

n/a Which strategy is being  
addressed by this 
project? 

Restore Streams Using Natural Channel Design Methods 

criteria f Time Frame Short-Term (Priority) (1-3 yr) 

criteria g Short Description The City of Solon proposes to restore 500 linear feet of a perennial headwater 
stream that is severely incising and contributing to riparian slope instability, 
channel erosion, and water quality concerns in the McFarland Creek - Aurora 
Branch 12-digit HUC watershed. 

criteria g Project Narrative The City of Solon, in partnership with Chagrin River Watershed Partners, Inc., 
proposes to restore 500 linear feet of a perennial headwater stream that is 
severely incising and contributing to riparian slope instability, channel erosion, 
and water quality concerns in the McFarland Creek - Aurora Branch 12-digit HUC 
watershed. This project will provide a load reduction of 206.6 pounds/year of 
nitrogen, 103.3 pounds/year of phosphorus, and 103.3 tons/year of sediment. This 
project will also reestablish ecological function to a primary headwater stream 
draining to the Aurora Branch of the Chagrin River by improving in-stream habitat 
and creating long-term stream channel stability and prevention of future 
downcutting. These objectives will be accomplished through natural channel 
design methods and a bio-engineered streambank stabilization approach. 
Restoration of this headwater stream will reduce silt and nutrients in this 12-digit 
HUC watershed and provide water quality protection benefits to the Aurora 
Branch, a designated State Scenic River.  

criteria d Estimated Total cost Total project cost: $275,000 - $325,000 
Local cash match committed: $110,000 
 
Expense breakdown: 
Final site assessment, design, and permitting ($110/hr): $88,000 
Stream restoration and riparian revegetation ($316.50/linear ft): $158,250 
Conservation easement appraisals and legal services: $20,000 
Grant management and educational outreach: $8,750 

criteria d Possible Funding Source Ohio EPA Section 319 Grant Program 
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criteria a Identified Causes and 
Sources 

Causes of impairment: 

• Nutrients 

• Direct habitat alterations 

• Siltation 

• Flow alteration 

Sources of impairment: 

• Streambank modification 

• Land development/suburbanization 

• Urban runoff/storm sewers 

• Removal of riparian vegetation 

criteria  
b & h 

 

Part 1: How much 
improvement is needed 
to remove the NPS 
impairment for the 
whole Critical Area? 

A goal for this Critical Area is to achieve Modified BEHI score of Low (10-19.5) for 
unnamed, perennial headwater stream north of Valley Forge Drive (Goal 2). 
 
One objective to reach this goal is to restore 26,341 linear feet in-stream habitat 
using natural channel design features and principles (Objective 2). 

Part 2: How much of the 
needed improvement for 
the whole Critical Area is 
estimated to be 
accomplished by this 
project?  

This project will restore 500 linear feet of streambank using bioengineering and 
natural channel design methods. This project will meet 1.9% of the in-stream 
habitat restoration Objective 2 for this Critical Area. 
 
It is anticipated that upon completion this project will completely achieve Goal 2. 

Part 3: Load Reduced? This project will provide a load reduction of 206.6 pounds/year of nitrogen, 103.3 
pounds/year of phosphorus, and 103.3 tons/year of sediment. 

criteria i How will the 
effectiveness of this 
project in addressing the 
NPS impairment be 
measured? 

The success of this project will be evaluated by project partners in the following 
ways: 
1) Decrease in erosion and confirmation that the stream bed has successfully 
aggraded to the designed elevations supporting appropriate access to the newly 
created flood-prone width along the restored stream. 
2) Proper establishment and effective streambank stabilization function of 
riparian vegetation. 
3) Feedback from collaborators regarding attainment of project goals and 
objectives. 
4) Post-construction QHEI assessment to determine improvements in stream 
habitat as a result of this project. 
 
Success will also be measured by maintenance of full attainment of WWH 
designation of Aurora Branch at RM 1.0. This sampling will be conducted by Ohio 
EPA. 

criteria e Information and 
Education 

1) One fact sheet detailing the headwater stream restoration project and the 
importance of headwater streams to downstream river resources.  
2) One public presentation 
3) One annual report 
4) One website post 
5) One tour for elected officials and interested community members to review the 
restoration upon completion. 
6) One press release for publishing in local newspapers. 
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Nine 
Element 
Criteria 

Information needed Explanation 

n/a Title Stream and Wetland Protection at Ellerin Property (Cuyahoga County) 

criteria d 
 

Project Lead 
Organization &  Partners 

Cleveland Metroparks; CRWP 

criteria c HUC-12 and Critical Area McFarland Creek – Aurora Branch (HUC-12: 041100030303) – Critical Area 4  

criteria c Location of Project Latitude: 41.407380 
Longitude: -81.305550 

n/a Which strategy is being  
addressed by this 
project? 

Acquire and Protect High Quality Riparian Areas 

criteria f Time Frame Short-Term (Priority) (1-3 yr) 

criteria g Short Description This project will acquire and protect 3.7 acres of Category 3 wetlands, 710 linear 
feet of headwater stream, 2,020 linear feet of dry, modified stream beds, 
and 17.7 acres of forest and meadow habitat draining to an unnamed tributary to 
the Aurora Branch.  

criteria g Project Narrative Acquisition of this property will combat urban development and the impacts 
associated with development including increases in stormwater flows and volume, 
sedimentation, nutrient enrichment, and temperature modifications.  There is 
threat of development of this project site, as the properties have been subdivided 
and are ready for residential development. Acquisition of this property will 
permanently protect 3.7 acres of Category III wetlands, which are part of a larger 
9.1 Category III wetland complex; the other 5.4 acres of this complex are already 
protected. Acquisition of this property will permanently protect 2,730 linear feet 
of headwater streams and dry stream beds and prevent future modification. This 
project will also include invasive species management, vegetative plantings, and 
removal of drain tile impacts to dry, modified stream beds. 

criteria d Estimated Total cost Total estimated project cost: $1,722,750 (acquisition expenses) 

criteria d Possible Funding Source Ohio EPA WRRSP; Ohio EPA Section 319 Grant Program; Clean Ohio Fund 

criteria a Identified Causes and 
Sources 

Causes of impairment: 
• Nutrients 
• Natural limits (wetlands) 
• Organic enrichment/dissolved oxygen (DO) 
• Direct habitat alterations 
• Siltation 
• Unknown toxicity 
• Flow alteration 

Sources of impairment: 
• Streambank modification 
• Land development/suburbanization 
• Upstream impoundment 
• Urban runoff/storm sewers 
• Onsite wastewater systems (HSTS) 
• Channelization – development 
• Removal of riparian vegetation 
• Drainage/filling of wetlands 
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criteria  
b & h 

 

Part 1: How much 
improvement is needed 
to remove the NPS 
impairment for the 
whole Critical Area? 

A goal for this Critical Area is to achieve a QHEI score of ≥55 for unassessed 
headwater streams. One objective to reach this goal is to acquire riparian and 
wetland easements along 75,758 linear feet stream channel. 
 
A primary headwater stream on this property (710 linear feet) received a QHEI 
score of 64.5 and a Headwater Macroinvertebrate Field Evaluation Index (HMFEI) 
score of 22, indicating WWH conditions. It is anticipated that upon completion this 
project will contribute to completion of Goal 1 for Critical Area 4. 

Part 2: How much of the 
needed improvement for 
the whole Critical Area is 
estimated to be 
accomplished by this 
project?  

This project will preserve 710 linear feet of headwater stream and 2,020 linear 
feet of dry, modified stream beds. This project will meet 3.6% of the headwater 
stream preservation objective for this Critical Area. 

Part 3: Load Reduced? Protecting this area will prevent phosphorus, nitrogen, and sediment loads to the 
Aurora Branch that would have resulted from potential future development of the 
property. 

criteria i How will the 
effectiveness of this 
project in addressing the 
NPS impairment be 
measured? 

Periodic stream, wetland, and plant monitoring will occur approximately every 5-
10 years as part of Cleveland Metroparks ongoing programs by the Division of 
Natural Resources utilizing OEPA protocols (QHEI, IBI, ORAM). Staff engaged in 
stream monitoring are Level 2 & 3 OEPA certified data collectors and those 
performing vegetation monitoring are highly trained botanists.  Invasive plant 
management, especially to control glossy buckthorn and prevent encroachment 
by Phragmites, will become part of Cleveland Metroparks operational Invasive 
Plant Management Program. Once acquired, Cleveland Metroparks will determine 
if areas of the property, especially those near the three small dry stream beds, are 
underlain by drain tile.  If discovered, tile will be broken to restore hydrological 
conditions.  Additionally, plans will be developed by Division of Natural Resources 
staff to enhance (through tree planting) the upland forest areas of the property 
while maintaining other areas as open, meadow; management strategies include 
plantings and invasive plant control. Deer management will be implemented on 
the project site as active restoration (e.g., tree planting) occurs. 

criteria e Information and 
Education 

Cleveland Metroparks utilizes extensive public outreach efforts, including the 
Emerald Necklace, a free monthly print publication that is mailed to over 23,000 
subscribers, and a website, www.clevelandmetroparks.com, to disseminate news, 
events, and natural resources information to the public. Additionally, Cleveland 
Metroparks uses social media outlets, including Facebook (125,000+ fans) and 
Twitter (59,000+ followers), to promote newsworthy items and events.  
Educational programs and volunteer programs for youth and adults are 
conducted throughout Cleveland Metroparks reservations; Cleveland Metroparks 
Division of Outdoor Experiences has established curriculum on streams, forests, 
and wetland restoration that will marry well with natural resources on the Ellerin 
property.   
 
Cleveland Metroparks has and will continue to collaborate with Chagrin River 
Watershed Partners (CRWP) on projects within the watershed. CRWP fully 
supports this acquisition and will use its networks of member communities to 
promote the acquisition and preservation of the resources on this property, as 
well as any future educational or volunteer opportunities.   
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Nine 
Element 
Criteria 

Information needed Explanation 

n/a Title South Russell Village Headwater Stream and Wetland Restoration 

criteria d 
 

Project Lead 
Organization & Partners 

CRWP; South Russell Village; Kensington Green Homeowners Association 

criteria c HUC-12 and Critical Area McFarland Creek – Aurora Branch (HUC-12: 041100030303), Critical Areas 1 and 4 

criteria c Location of Project Coordinates: 41.431487, -81.338104 (vicinity) 
The project site is located on the southeast corner of the intersection of 
Chillicothe Road (State Route 306) and Bell Street within the Village of South 
Russell, Geauga County, Ohio. 
This project includes stream and wetland restoration south of Village Hall on 
property owned by the Village and in common areas owned by the adjacent 
Kensington Green Homeowners Association (HOA). 

n/a Which strategy is being  
addressed by this 
project? 

Restore Streams Using Natural Channel Design Methods; Reduce stormwater 
runoff 

criteria f Time Frame Short-Term (Priority) (1-3 yr) 

criteria g Short Description The Village of South Russell proposes to restore 200 linear feet of stream, restore 
0.65 acres of riparian wetlands, and revegetate 0.25 acres of riparian zone in the 
valley of an unnamed primary headwater stream that is currently impacted by 
hydrologic disconnection and urban development. Restoration and revegetation 
of this primary headwater stream and its riparian wetlands will improve the 
hydrological function and biological habitat of this stream and provide water 
quality benefits to McFarland Creek, which is in partial attainment of its 
exceptional warmwater habitat (EWH) aquatic life use designation (ALU). 
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criteria g Project Narrative At its crossing with State Route 306, this unnamed headwater stream drains 
approximately 0.09 square miles of land owned by South Russell Village and 
portions of Kensington Green, a residential development. At its headwaters, this 
stream flows intermittently through a poorly-drained common area, owned by 
the Home Owners’ Association (HOA) and currently managed as mowed turf 
grass, before it drains to a 2.3-acre recreational pond that outlets to the stream. 
The stream then flows along a Village drainage easement on HOA property 
through a wooded corridor and onto Village property south of Village Hall before 
flowing west through a culvert under State Route 306.   
 
The headwater stream is stable through this wooded corridor; however, a 1.5-
foot headcut located approximately 360 feet upstream of State Route 306 
threatens the stability of the upstream channel. The channel downstream of the 
headcut is incised and has limited floodplain access. At the end of the wooded 
corridor, the stream enters an area that has historically been maintained as turf 
grass. The stream channel narrows considerably in this area and there is 
aggradation of substrate that causes the channel to lose definition for 
approximately 75 feet. Chagrin River Watershed Partners, Inc. (CRWP) performed 
a pre-restoration Qualitative Habitat Evaluation Index (QHEI) assessment for a 
269-ft reach of this headwater stream just upstream and downstream of State 
Route 306 on February 24, 2017. The stream received a QHEI score of 31.25 
(“Poor” narrative) due to poor quality substrates, poor instream cover, poor 
channel morphology, lack of riparian vegetation and poor quality floodplain, and 
poor pool/glide and riffle/run quality. Due to the small drainage area (≤1 square 
mile) of this headwater stream and a lack of pools ≥40 centimeters, a Level 1 
Primary Headwater Habitat Evaluation Index (HHEI) assessment was also 
performed by CRWP on February 24, 2017. The stream received a Level 1 HHEI 
score of 47, indicating the stream is a Modified Class II primary headwater habitat 
stream. 
 
Restoration techniques proposed for this project will stabilize the stream’s 
headcut and reconnect the stream to its original floodplain, allowing the stream 
to dissipate energy during high flows and minimize future erosion and stream 
channel incision. Stream gradient changes will occur gradually through a series of 
grade control riffles installed along the existing stream pattern. Natural channel 
design techniques will be used to ensure stream flows and sediment transport 
remain stable and that the stream maintains its newly aggraded channel within 
the adjusted stream channel dimensions.  
 
Specific stream restoration components of this project include: 

1) Approximately 200 linear feet of headwater stream on Village property 
will be restored using approximately 6 grade control riffles to reconnect 
the stream to its floodplain.  

2) Restoration of approximately 0.25 acres of riparian corridor with a 
diversity of native woody tree and shrub species along the newly 
restored 200 linear feet of stream. Tree removal will be minimized as 
much as possible during project construction and any areas where tree 
removal is necessary for construction will be revegetated with woody 
tree and shrub species. Plant species will be chosen based on their 
suitability for riparian zones and the ability of their roots to stabilize 
streambanks and prevent future erosion. Temporary erosion and 
sediment control measures will be installed at the restoration site to 
provide immediate erosion control and will remain in place until final 
riparian plantings are complete. 
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Riparian wetlands will be restored at two locations within the stream valley to 
mimic the intermittent stream/wetland characteristics of primary headwater 
streams in this 12-digit HUC watershed. Native plantings installed in restored 
wetlands will filter nonpoint source pollutants, such as sediment and nutrients, 
from this stream and provide water quality benefits to downstream McFarland 
Creek. 
 
Specific wetland restoration components of this project include:  

1) A 0.25-acre existing mowed area on Village property east of State Route 
306 will be excavated to a lower elevation and revegetated as an 
emergent wetland community. A riser or restrictor may be added 
upstream of the State Route 306 culvert to further enhance wetland 
hydrology.  

2) A 0.4-acre existing mowed area within a common area owned by 
Kensington Green HOA will be excavated to a lower elevation and 
microtopography will be added to provide water quality benefits and 
create habitat for a diversity of wetland plants. This wetland will also be 
revegetated as a wet meadow plant community. Two small berms will 
also be installed upstream and downstream of an existing catch basin to 
increase water retention in this area.  

 
Site-specific goals for this project are to reach a post-construction QHEI score of 
55 (reaching a “Good” narrative) and a post-construction HHEI score of 56 
(potential Class III primary headwater habitat) through improvements to riparian 
zone, substrate and channel morphology in the stream restoration reach. Another 
site-specific goal is to attain post-construction Ohio Rapid Assessment Method for 
Wetlands (ORAM) assessments indicating Category 2 wetlands within wetland 
restoration reaches. No baseline ORAM assessment was performed because 
previously existing wetlands were removed during urban development and as a 
result of current land management practices. 
 

criteria d Estimated Total cost Total estimated project cost: $188,118 
 
Project Design and permitting: $27,105 
Bioengineered Stream and Wetland Restoration, Riparian Revegetation: $136,513 
Conservation Easement/Environmental Covenant Acquisition Services: $5,000 
Restoration Project Oversight: $8,750 
Grant Management and Educational Outreach: $10,000 
Educational Signage at Project Site: $750 
 

criteria d Possible Funding Source Ohio EPA Section 319 Grant Program; GLRI; Ohio EPA SWIF; Sustain Our Great 
Lakes program; private foundations 

criteria a Identified Causes and 
Sources 

Causes of impairment for McFarland Creek (RM 0.20 and 2.30) include:  

• Flow alteration 

• Direct habitat alteration 

• Sedimentation 

• Organic enrichment  

 
Sources of impairment for McFarland Creek (RM 0.20 and 2.30) include:  

• Suburbanization 

• NPS stormwater runoff 

• Riparian vegetation removal 
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criteria  
b & h 

 

Part 1: How much 
improvement is needed 
to remove the NPS 
impairment for the 
whole Critical Area? 

One objective to reach the goals of Critical Area 1 is to restore 2,250 linear feet of 
in-stream habitat using natural channel design features and principles (Objective 
2). 
One objective to reach the goals of Critical Area 4 is to restore 26,341 linear feet 
in-stream habitat using natural channel design features and principles (Objective 
2). 

Part 2: How much of the 
needed improvement for 
the whole Critical Area is 
estimated to be 
accomplished by this 
project?  

This project will meet 8.9 percent of the in-stream habitat restoration target 
(Objective 2) for Critical Area 1 and 0.8 percent of the in-stream habitat 
restoration target (Objective 2) for Critical Area 4.  

Part 3: Load Reduced? Total estimated load reductions for this project: 
 
Nitrogen: 77.6 pounds/year 
Phosphorus: 24.4 pounds/year 
Sediment: 8.0 tons/year 

 

criteria i How will the 
effectiveness of this 
project in addressing the 
NPS impairment be 
measured? 

The success of this project will be evaluated by project partners in the following 
ways: 
 

1) Floodwaters accessing floodplain in stream restoration area. 
2) Proper establishment and effective streambank stabilization function of 

riparian and wetland vegetation. 
3) Feedback from collaborators regarding attainment of project goals and 

objectives. 
4) Post-construction QHEI and/or HHEI assessment to determine 

improvements in stream habitat as a result of this project. Post-
construction ORAM assessment to determine improvements in wetlands 
habitats as a result of this project. 

 
Success will also be measured by achieving full attainment of exceptional 
warmwater habitat ALU designations at McFarland Creek RM 0.20 and 2.3. This 
sampling will be conducted by Ohio EPA. 
 

criteria e Information and 
Education 

1) One project sign detailing the stream and wetland restoration project and 
the importance of headwater streams to downstream river resources.  

2) CRWP will present on the restoration project to public officials attending a 
quarterly CRWP Board of Trustees meeting. These meetings typically average 
over 40 local officials and professional advisors per meeting. 

3) CRWP will highlight the project in its Annual Report distributed to over 200 
public officials, trustees, sponsoring organizations and conservation partners 
within the Chagrin River watershed. 

4) The project will be highlighted on CRWP and Village social media outlets. 
5) The Village, with assistance from CRWP, will coordinate and conduct one tour 

for elected officials and interested community members to review the 
restoration upon completion. 

6) The Village, with assistance from CRWP, will create a news release for 
publishing in local newspapers such as the Chagrin Valley Times and the 
Geauga County Maple Leaf, highlighting the restoration project. 
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Appendix A: Acronyms and Abbreviations   
 
A 
ALU   Aquatic Life Use  
 
B 
BEHI  Bank Erosion Hazard Index  
 
C  
CRWP  Chagrin River Watershed Partners, Inc. 
CWH  Coldwater Habitat 
C-CAP  Coastal Change Analysis Program  
CRWP  Chagrin River Watershed Partners, Inc.  
 
E 
EB  East Branch 
EOLP  Erie-Ontario Lake Plains  
EPA  Environmental Protection Agency  
EWH   Exceptional Warmwater Habitat  
 
G 
GPD  Geauga Park District 
GPM  Gallons Per Minute 
 
H 
HSTS  Home Sewage Treatment Systems 
HUC  Hydrologic Unit Codes  
 
I  
IBI  Index of Biotic Integrity  
ICI  Invertebrate Community Index  
 
M 
MIwb  Modified Index of Well-being  
 
N 
NLCD  National Land Cover Data 
NWI  National Wetlands Inventory  
NPS  Non Point Source 
NPS-IS  Nonpoint Source Implementation Strategic Plan  
 
O 
ODNR  Ohio Department of Natural Resources 
OEPA  Ohio Environmental Protection Agency  
OSW  Outstanding State Waters  
 
P 
PCA  Priority Conservation Area  
PDA  Priority Development Area  
 
Q 
QHEI  Qualitative Habitat Evaluation Index  
 
R 
RM  River Mile 
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S 
SWCD  Soil and Water Conservation District  
 
T 
TMDL  Total Maximum Daily Load  
TSD  Technical Support Document  
 
U  
USDA  United States Department of Agriculture  
USGS  United States Geological Survey  
UT  Unnamed Tributary 
 
W 
WAP  Watershed Action Plan  
WRLC  Western Reserve Land Conservancy 
 


