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Chapter 1: Introduction

1.1 Report Background

The Red Creek—Grand River Nine-Element Nonpoint Source Implementation Strategic Plan (NPS-IS
Plan) provides a framework for communities to protect water quality in the Grand River, manage
stormwater runoff and reduce flooding within the watershed.

The plan was created to restore and maintain the chemical, physical and biological integrity of water
bodies within the watershed and to access funding from USEPA, Ohio EPA and other granting
entities for those purposes.

Preparation of Version 1.2 (2026) of this plan was funded through a Clean Water Act Section 319(h)
Nonpoint Source Implementation Grant from the United States Environmental Protection Agency and
administered by the Ohio Environmental Protection Agency.

1.2 Watershed Profile & History

The Red Creek-Grand River HUC-12 Watershed is located in northeastern Lake County in Northeast
Ohio (Figure 1). The Red Creek-Grand River 12 digit Hydrologic Unit Code (HUC) is
041100040607; the watershed drains approximately 26.2 square miles. It is located within the 10-
digit HUC 0411000406 known as the Lower Grand River Watershed. This watershed is at the lowest
end of the Grand River Watershed and includes the mouth of the Grand River as it empties into Lake
Erie (Figure 2). The Grand River, including both upper and lower, drains 705.5 square miles as it
flows through portions of Ashtabula, Trumbull, Geauga, Portage and Lake Counties.

The HUC-12 watershed encompasses five subwatersheds (Figure 3): Red Creek, “Wild” Designated
Grand (upstream of SR 84), Grand River (downstream of SR 84), Unnamed Creek and Tiber Creek.
Approximately 6 miles of the Grand River are designated “Wild” in this watershed, between SR 84
and the upper end of the “Wild” Designated Grand (upstream of SR 84) subwatershed.

It encompasses portions of Perry, Grand River and Fairport Harbor Villages, the City of Painesville,
and Concord, Painesville, Perry, and Leroy Townships in Lake County. The center of the watershed
is approximately 30 miles from the City of Cleveland central business district. The City of Painesville
in the center of the watershed is the seat of Lake County Government.



As described by the Upper Grand River Watershed Action Plan (December 13, 2012), “The Grand
River has two distinct reaches. The Upper reach flows slowly through the broad valley of an ancient
glacial lake, past some of the state's largest wetlands, floodplain forests, marshes, wet meadows, and
swamps. The lower reach, west of Harpersfield, has cut a steep shale gorge notable for its cold, fast
flow, spectacular sedge meadows, glacial slumps, and deep ravines. The lowest reaches of the river
created sand dunes and palustrine sand plains; and aquatic beds and emergent marshes were once
plentiful. Lake effect precipitation in Ohio's "snow belt" increases the biological diversity of the
watershed.

Diverse wetlands along the Grand River protect the quality of the stream's water from degradation.
Many of these remaining wetlands support rare plant species, such as painted trillium and
bunchberry. The forests along the river shelter nesting and migratory bird populations, including
yellow-bellied sapsuckers and cerulean warblers. The Eastern Massasauga rattlesnake, a very rare
inhabitant of the watershed, has suffered dramatic population declines in recent years. The watershed
may provide one of the best areas for recovery of this secretive reptile in coming years.... The single
greatest threat to the Grand River basin is suburbanization.”

Figure 1 Location of Watershed
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Figure 2 Location in the Lower Grand River Watershed
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Fairport Harbor Village, Grand River Village, Painesville City, Concord Township, Painesville
Township, Perry Township and Perry Village are members of the Lake County Stormwater
Management Department (SMD) and meet the National Pollution Discharge Elimination System
(NPDES) requirements through the county program. All of the member communities are Level Two,
enabling them to utilize the services of the Lake County SMD for all six minimum control measures,
and receive funding assistance to maintain and upgrade the storm sewer infrastructure within the
community. Leroy Township is not a Phase Il mandated community.

Prior to European settlement, the watershed was mostly forested with a mixed oak forest. Following
early settlement, many of the forests were cleared for agricultural production, and the areas with
poorly drained soils were drained with subsurface drainage and ditches. Portions of channels were
dredged and straightened to improve water flow. The primary agricultural industry was nursery
production. Population growth from the Cleveland Metropolitan Area to the west has displaced most
of the agricultural operations, which have moved to eastern Lake County townships. This
subwatershed has the second highest amount of land in urban land uses, second only to the Big Creek



subwatershed of the Lower Grand River. 61.3% of the watershed is developed, of which 32.1% is
considered low intensity development and 24.4% has forest cover.

Figure 3 Watersheds within the HUC 12
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1.3 Public Participation and Involvement

Public participation for Version 1.2 of the Red Creek—Grand River NPS-IS Plan built upon the strong
interagency foundation established in prior versions. As previously noted, Version 1.1 was developed
in coordination with Lake County Soil and Water Conservation District, the City of Painesville,
Painesville Township, Perry Township, Lake County Stormwater Management Department, Lake
County Planning and Community Development, Lake County Engineer’s Office, Lake Metroparks,
and Chagrin River Watershed Partners. Public participation for the Version 1.2 update expanded
beyond agency coordination to include structured community outreach, intergovernmental project
development meetings, and a formal watershed survey process conducted throughout 2025 and early
2026.

Engagement began in early 2025 with coordination meetings involving the Lake County Stormwater
Management Department, the City of Painesville, and Lake County Buildings and Grounds to review
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watershed priorities, evaluate potential project sites, and identify feasible green infrastructure retrofit
opportunities. These early discussions helped shape preliminary project concepts and ensured that
potential implementation partners were involved from the outset of plan development.

To broaden community input, a Community Watershed Survey was developed and launched at a
staffed display during the Painesville Farmers Market in February 2025. The survey was created
using Google Forms and accessed through a QR code displayed at outreach events and shared
throughout the planning process. It remained open during the 2025-2026 update period to encourage
ongoing participation. The survey was also promoted at Lake SWCD’s display at the Lake County
Fair in July 2025. The display focused on the NPS-IS update and watershed education.

Survey results indicated widespread community concern regarding poor drainage, stormwater runoff,
and water quality and pollution. These responses directly informed project prioritization, with an
emphasis on green infrastructure, runoff reduction, and drainage improvement strategies reflected in
Version 1.2.

Additional outreach and coordination throughout 2025 included collaboration with HOLA to broaden
engagement, participation in a Cinco de Mayo community event, a presentation to the Painesville
Rotary Club, and joint meetings with the Lake County Stormwater Management Department, the City
of Painesville, and the Village of Fairport Harbor to align municipal stormwater and urban forestry
planning with watershed goals.

In late 2025, Lake Erie College was engaged to explore student and staff involvement in supporting
green infrastructure implementation and maintenance on public property, strengthening long-term
stewardship capacity. The public participation process culminated in January 2026 with a public
meeting at Morley Library, where plan updates were presented for review and discussion. Input
gathered through outreach events, meetings, and the survey process directly shaped the refinement of
projects and implementation priorities included in Version 1.2.

1.3.1 Commitment of Stakeholders

Stakeholder commitment to the Red Creek—Grand River NPS-IS Plan extends beyond plan
development into defined implementation and maintenance responsibilities. Representatives from
county departments, municipalities, partner organizations, and community groups participated in plan
refinement meetings held at the Lake County Administration Building and through virtual
coordination sessions, establishing shared ownership of watershed goals.

Lake County Buildings and Grounds, the City of Painesville, and the Village of Fairport Harbor have
committed to implementing green infrastructure, stormwater retrofit, and urban forestry projects
identified in this Plan on properties under their jurisdiction. These entities will oversee installation,
long-term operation, and routine maintenance consistent with the specifications outlined in the
Project Summary Sheets.

The Master Rain Gardeners program will support installation of residential green infrastructure

practices through a cost-share model on private property, expanding the Plan’s reach while promoting
homeowner stewardship and education.
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Lake Erie College has committed to assisting with maintenance of green infrastructure projects
installed by Lake County Buildings and Grounds on County-owned properties. Through engagement
of student organizations and campus partners, these sites will function as living classrooms while
ensuring sustained maintenance and performance monitoring.

Established stakeholder coordination meetings will continue to serve as the primary venue for
reviewing progress, identifying new project opportunities, pursuing funding, and updating the project
list as needed. This collaborative structure ensures clear implementation roles, documented

maintenance responsibility, and an adaptive framework for incorporating future projects into the
NPS-IS Plan.

Chapter 2: HUC-12 Watershed Characterization and Assessment Summary

2.1 Summary of HUC-12 Watershed Characterization

2.1.1 Physical and Natural Features
A brief set of descriptive data follows.

Water Resources

100 year floodplain 1945.0 ac
Wetlands (2007) 474.3 ac
Ponds & lakes 283.0 ac
Streams & rivers 46.5 ac
Approx. number of water wells 264
Highly sensitive to groundwater contamination 16,800.5 ac
Ohio EPA permitted CSOs 0
Land Use and Environment
Conservation & recreation land 820.7 ac
Ohio EPA NPDES industrial & municipal 10
discharge permits
Ohio EPA Approved bio-solid app. Fields 2.2 ac
Dams 7
Ecological region: Erie Lake Plain, Erie Gorges, Mosquito Creek/Pymatuning Lowlands, Low Lime
Drift Plain
Land Use (acres) 1994 2001 2009
Agriculture 6,402 3,450 1,770
Water 1,902 2,025 348
Urban 2,088 6,191 10,425
Forest 8,461 5,079 4,294
Barren 20 0 2
Shrub/scrub 478 87 1
Ohio EPA Aquatic Life Use Designation Miles
Coldwater Habitat (CWH) 0
Exceptional Warmwater Habitat (EWH) 9.4
Warmwater Habitat (WWH) 14.6
Seasonal Salmonid Habitat (SSH) 21.8

11



Ohio EPA Stream Classifications (Miles)
Primary Contact Recreation Class A Waters 14.9
Outstanding State Waters 9.1

Ohio EPA Source Water intakes & Protection Areas

Fairport Harbor Village Public Water Supply 1,445 ac
Lake County East Water Subdistrict 2,743 ac
Painesville City Public Water Supply 1,564 ac

People (reported by tract)

Rural: 1,882
Urban: 26,588
Agricultural: 11
In Labor Force: 14,977

Source: 2011 ERIN Watershed Report

Topography
The elevation ranges from 1012 feet above sea level in the southern watershed boundary on the
Allegheny Plateau to 572 feet along the Lake Erie shoreline, a change of 440 feet.

The watershed is located in the Lake Plain physiographic region, which is characterized by glacial
sediment overlaying Devonian shale, ranging from fine sand, silt and clay. The southern boundary of
the watershed is on the Portage Escarpment, which marks the boundary between the Lake Plain
region and the Allegheny Plateau (Figure 4).

The Lake Plain is relatively flat and is poorly drained in most places. The Mentor Marsh just west of
the mouth of the Grand River is the former and ancient channel of the Grand River (Figure 6).

12



Figure 4 Topography
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Figure 5 Topography- Shaded Relief
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Figure 6 Mentor Marsh, Early Grand River Channel
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Geology & Glacial History

The Red Creek—Grand River Watershed lies within Ohio’s glaciated plateau and is underlain by the
Lake Erie Lake Plain, a relatively flat landscape averaging about four miles in width. The Lake Plain
is characterized by poorly drained soils and limited topographic relief, conditions that influence
runoff patterns and contribute to flashy hydrology in local streams. Sandy and gravelly beach ridge
deposits formed during higher historical lake levels run parallel to the present Lake Erie shoreline and
provide slightly elevated, better-drained areas within the watershed.

Bedrock underlying the watershed consists primarily of Devonian-age Chagrin Shale. In some
locations this shale is near the surface or exposed in stream channels, influencing stream morphology
and limiting the presence of larger substrates such as cobble and boulders. As a result, streams within
the Lake Plain are typically smaller, low-gradient Warmwater systems with naturally limited habitat
complexity.
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Geologic conditions, combined with historic land use and ongoing development, influence the
watershed’s ability to support high-quality aquatic habitat. The lack of coarse substrate and limited
channel stability, along with agricultural and urban land uses, have reduced the formation of stable
pools, riffles, and floodplain connectivity needed to support diverse aquatic communities.

Figure 7 Glacial Geology
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Soils

The soils (Figure 8) in the watershed reflect the glacial history of the region and can be divided into
four categories: soils on the lake plain and offshore bars; soils on beach ridges, terraces and offshore
bars; soils on flood plains, terraces and marshes; and soils on till plains. Refer to the Soil Survey of
Lake County, Ohio for more information about the soils and their properties.

More than 75% of the soils have severe limitations for development because of seasonal wetness.
3.4% have 30 to 75% slopes, and are found along the Grand River in the Allegheny Plateau, and on
sections of Red Creek and Tiber Creek (Figure 9).

Six soil types are designated by the United States Department of Agriculture (USDA) as “unique and
of local importance” for agricultural production.
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Soils designated as “unique and of local importance™:
e Colonie loamy fine sand with 2% to 6% slope

¢ FElnora loamy fine sand with 1% to 5% slope

e (Granby sandy loam

e Kingsville fine sand

e Otisville gravelly loamy sand

e Stafford loamy fine sand

The agricultural industry has been historically important and continues to be an important economic
driver and measure of the quality of life in Lake County. Agricultural land use in the watershed has
declined from 3,877 acres in 1994 to 1,770 acres in 2009, a drop of 45%.

Soil drainage characteristics information is essential for siting Best Management Practices (BMPs) so
that they will work properly. BMPs such as rain gardens and pervious pavers that are based on
infiltration are best suited for well drained soils (in shades of green, Figure 10), whereas wetlands and
on-site storage BMPs should be utilized in hydric soils (in shades of blue, Figure 10).
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Figure 8 Soils
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Figure 9 Soils with Steep Slopes
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Figure 10 Soil Drainage Characteristics
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2.1.2 Land Use and Protection

The ERIN Watershed Report delineated 62% of the land use as urban in 2009, with forest the next

highest percentage at 25% and agriculture at 11% (Figure 11).

Figure 11 Land Use Percentage (ERIN Watershed Report 2009)

2009 Watershed Land Use by Percent

] Agricutture 11%
B Water 2%

[ Wrban 62%

B Forest 25%

I Barren 0%

[ Shrub/Scrub 0%
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5% of the land is protected by Lake Metroparks, with parks located along the Grand River, and a
section of walk/bike path in Painesville. Lake Metroparks will continue to evaluate natural areas
along the Grand River and its tributaries for potential permanent protection and park development.

12% of the land is publicly owned, which includes boards of education property, churches, and
County, Municipality-owned properties (Figure 13).

Former Diamond Shamrock Facility

The Diamond Shamrock Painesville Works site in this subwatershed is a former chemical
manufacturing facility approximately 1,100 acres in size. The Grand River bisects the site and Lake
Erie borders it to the north (Figure 12). The facility operated from 1912 through 1977 and
manufactured a variety of products that included soda ash, baking soda, chromium compounds,
carbon tetrachloride, hydrochloric and sulfuric acids, chlorinated wax, and coke.

The site is currently a brownfield/ reclamation site. Waste containment ponds from the abandoned
Diamond Alkali chemical plant are located adjacent to the Grand River. As part of a remedial effort,
clay dikes and caps have been placed around and over the waste lagoons; however, chromium
continues to leak into the Grand River, with at least two known discharges reported during the spring
of 2004 that violated water quality standards for hexavalent chromium.

Periodic review of the sampling plans and procedures, as well as the analytical results obtained from
the monitoring efforts by the Ohio EPA is vital in order to ensure that progress is made in meeting the
water quality criteria.

Figure 12 Aerial photograph of the Diamond Shamrock Painesville Works site
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Figure 13 Public and Protected Lands
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2.2 Summary of HUC-12 Biological Trends

Figure 14 Aquatic Life Use Designation
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The Ohio EPA has designated 9.4 miles of Exceptional Warmwater Habitat, 14.6 miles of
Warmwater Habitat and 21.8 miles of Seasonal Salmonid Habitat in the Red Creek-Grand River

subwatershed. It is the most urbanized catchment in the Grand River basin, with mixed commercial
industrial and residential land use.

EPA Biological and Water Quality Study of the Grand River Basin 2003-2004
Red Creek and the Grand River are referenced below because they were the primary stream segments

within the watershed where Ohio EPA conducted biological and water quality sampling and
assessment.
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Figure 15 Red Creek WWH Aquatic Life Use

Mile IBI ICI QHEI Attainment | Causes Sources
Status
0.5 30 Fair 67.0 NON Flow Urban runoff
alteration,
toxicity

Figure 16 QHEI Metric Scores for Red Creek

Substrate | In-Stream | Channel Bank erosion | Pool/glide | Riffle/run Gradient
(20) Cover Morph. (20) & riparian (12) (8) (10)
(20) zone (10)
13 16 14.5 6.5 9 6
Red Creek

Aquatic life in Red Creek does not meet its Warmwater Habitat (WWH) standards. The creek drains a
suburbanized former lake plain, and its fine-grained lacustrine soils contribute to embedded substrates
and sedimentation. Although the lower reach has not been channelized and retains adequate physical
habitat—reflected in strong QHEI scores and intact wooded riparian corridors—the biological
communities remain impaired. Fish sampling at Mantle Road failed to meet WWH criteria, with
Index of Biotic Integrity (IBI) metrics indicating episodic stress events, reduced species richness, low
relative abundance, and an absence of darters. While sustained flow was evident from the presence of
steelhead trout smolts, the macroinvertebrate community was highly degraded, with low diversity of
sensitive taxa and substrates embedded with silt—conditions consistent with increased sedimentation
and flashier hydrology. Red Creek is in non-attainment along its entire length due primarily to flow
alteration and pollutants associated with urban stormwater runoff. Given historic stormwater
management practices in densely developed areas, attainment of WWH is unlikely without significant
changes to runoff control and watershed planning.

Grand River

In contrast, aquatic life in the Grand River is fully attaining Exceptional Warmwater Habitat (EWH)
standards from Sweitzer Road (RM 42.2) to the SR 2 bridge in Painesville (RM 5.2) and meets
Warmwater Habitat (WWH) standards downstream of the SR 2 bridge. The Seasonal Salmonid use
designation remains appropriate. Biological surveys documented high-quality conditions, including
the collection of the state-listed Species of Concern crayfish Orconectes propinquus (Great Lakes
Crayfish) at more than half of the sampled stations. Seventeen species of freshwater mussels were
identified in the lower Grand River, including two state Endangered species, three state Threatened
species, and four state Species of Concern. The presence of numerous sensitive and state-listed taxa
reflects the exceptional ecological quality of the lower Grand River basin.

Ohio EPA 2020-2021 Aquatic Life and Water Quality Survey of Ohio’s Large Rivers

The 2020-2021 Aquatic Life and Water Quality Survey assessed biological and water quality
conditions across Ohio’s largest rivers, documenting that approximately 86 % of river miles now
meet biological and water quality expectations, a substantial improvement compared to past decades.
This improvement reflects declines in pollutants such as ammonia, total phosphorus, and certain
metals, and enhanced aquatic communities, although nutrient over-enrichment remains a pervasive
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stressor in many rivers. The survey includes the Grand River among the monitored systems,
providing a current baseline on aquatic life condition and pollutant stressors that informs watershed

planning. These findings underscore the ongoing need for nutrient and sediment load reductions at the
watershed scale to support and further improve biological condition in the Grand River and contribute
to broader water quality goals.

Figure 17 Summary of findings for the Grand River within the Red Creek-Grand River HUC-12

Mile IBI ICI QHEI ALU Attainment
Status

13.7 54 52 81 EWH Full

6.1 52 52 78.5 EWH Full

Figure 18 Linear rates of change in biological index scores and sensitive taxa richness, and differences in scores (or richness)

observed between the 2003-2019 and 2020-2021 timeframes.

IBI MIWB | ICI Sensitive
Taxa
Average Increase | 2.4 0.39 1 7.2
Since 1981
Difference 2003- | -3.2 0.39 4.9 16.1
2019 to 2020-
2021

Headwater Habitat Evaluation Index

Lake SWCD worked with the EPA to develop and collect Headwater Habitat Evaluation Index
(HHEI) data for Lake County watersheds to establish a baseline database of existing conditions.
HHEI data was collected by Lake SWCD staff in the Red Creek-Grand River Watershed between
2007 and 2008. 53 sites were assessed, with the majority occurring on the “Wild” portion of the

Grand River and the “Unnamed” tributary. Twenty-three sites were assessed as Class III; thirty were

Class II Modified or below. (Figures 15 and 16) See Figure 17 and the following text for an

explanation of the Ohio Stream Classification system.

Figure 19 Stream Class Percentages

Class %
Class I 13
Class I Modified 15
Class 11 25
Class II Modified 4
Class III 23
100
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Figure 20 Stream Class
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Figure 21 Three Types of Primary Headwater Streams in Ohio (OEPA. 2009.)

THE THREE TYPES OF PRIMARY HEADWATER STREAMS IN OHIO:

1. Class llI-PHWH Stream (cool-cold water adapted native fauna)
2. Class lI-PHWH Stream (warm water adapted native fauna)
3. Class |- PHWH Stream (ephemeral stream, normally dry channel)

Class III-PHWH (Primary Headwater Habitat) streams have a diverse population of native fauna
adapted to cool-cold perennial flowing water, with larval stages continuously present in the stream.
They exhibit the highest quality of headwater stream habitat, with HHEI scores > 70.
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Class II-PHWH streams have a moderately diverse population of warm-water adapted native fauna on
a seasonal or annual basis. They are usually intermittent streams, but may have perennial flow in
some instances. Class II streams will score between 30 and 70 on the HHEL

Class I-PHWH streams are ephemeral, with water present for short periods of time, from snow melt
or rainwater runoff. Since they are normally dry, there is little or no aquatic life present. They score
<30 on the HHEI and do not provide good habitat for salamanders or macroinvertebrates.

The primary physical habitat distinction between Class I and Class II- PHWH streams is that Class II-
PHWH streams are watered- either with the presence of flowing water or isolated pools during the
summer months, and Class [-PHWH steams are dry. The primary biological habitat distinction is that
Class I-PHWH streams have no species of aquatic life present or the biological community has poor
diversity. (OEPA. 2009.)

A natural “stream channel is characterized by the presence of riffles and pools, heterogeneous
substrate deposition, the presence of point bars or other evidence of floodplain sediment deposition,
appropriate stream channel sinuosity for the setting of the stream in the landscape, varied water
depths and current velocity (when flowing), no obvious evidence of current or past bank shaping or
armoring activities is present. Natural wooded or wetland riparian vegetation dominates the stream
margin.” (OEPA. 2009.)

When channels have been historically altered by man, they are categorized as “Modified”. This can
include a status of “Recovered”, where the stream shows evidence of channel alteration, but has fully
recovered many of the natural stream channel characteristics listed above; “Recovering”, where there
is evidence of alteration and the stream is in the process of adjusting, channel sinuosity is lacking and
riparian vegetation is in early stages of re-growth; and “Recent or No Recovery”, where alteration is
evident and few if any natural characteristics are present. Highly modified streams are characterized
by uniform depths, over-wide channels, homogeneous substrates, embeddedness of substrates and
low sinuosity. (OEPA. 2009.

Figure 22 Channel Modification Percentages

Channel Modification %
None/Natural Channel 73
Recovering 8
Recent/No Recovery 19
100
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Figure 23 Channel Modification
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When the HHEI assessment was done in 2008, 19% of the channels were identified as recent with no
recovery, and 81% as recovering or natural channel. Figures 20 and 23 illustrate the different stream

classifications within the watershed.
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Figure 24 Class I Modified Stream, Recent with No Recovery in Red Creek Subwatershed

Figure 25 Class II Modified Stream in Red Creek Subwatershed
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Figure 26 Class III Stream in “Wild” Grand River Subwatershed

2.3 Summary of HUC-12 Pollution Causes and Associated Sources

The causes and sources of impairment in the Red Creek—Grand River watershed are documented in
both the Total Maximum Daily Loads (TMDL) for the Grand River (Lower) Watershed (January
2012) and the Biological and Water Quality Study of the Grand River Basin 2003—-2004 (November
1, 2006), prepared by the Ohio Environmental Protection Agency, as well as through stakeholder
identification efforts. Together, these reports outline the documented impairments and identify the
associated pollutant sources contributing to degraded biological and water quality conditions.

The TMDL for the Lower Grand Watershed concluded that: “The water quality impairments in the
lower part of the Grand River watershed can be corrected through a variety of actions. The impact of
development can be lessened by retaining storm water on-site or allowing it to infiltrate the ground
and by adopting better site design practices. Agricultural practices that minimize runoff from fields
would reduce both sediment and nutrient impacts.”
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Figure 27 Summary Table of Causes and Associated Sources

Cause

Source

Habitat alteration

e Urban/Suburban runoff

Siltation and sedimentation

e Riparian deforestation
e Streambank erosion, channel scour, bank failure
e [owhead dam

Flow alteration and imperviousness

e Urban runoff/storm sewers

Organic enrichment/dissolved oxygen

Untreated/Undertreated Stormwater Runoff
e Residential, single family development
e Commercial/Institutional development
e Riparian deforestation

Temperature

e Urban/Suburban runoff

Hydromodification

e Agricultural land drainage

Ohio EPA identified urban/suburban runoff and storm sewers as potential sources that could cause
impairments. The natural hydrology of the watershed is altered by impervious surfaces, such as
roads, roofs and parking lots. Biological communities are impacted by the change in flow hydrology,
resulting in the following stressors:

Degraded habitat and siltation
High stream flow velocities

Erosion, channel scour and bank failure
Poor storm water quality
Increased temperatures or rapid temperature flux
Reduction in base flow

The impairment causes and sources reported in Ohio’s 2010 303(d) Integrated Water Quality
Monitoring and Assessment Report (Ohio EPA 2010a) are shown in the following table.

Figure 28 Lower Grand River watershed assessment units to be addressed by TMDLs

Name

Causes

Probable Sources

Red Creek-Grand River

Flow alteration

Urban runoff, storm sewers
(non-point sources)

Pollutants associated with urban Urban runoff, storm sewers

stormwater

Bacteria

The EPA 2010 Waterbody report for Red Creek-Grand River classified the overall status of this
waterbody as Impaired for all assessed designated uses (Figure 24).
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Figure 29 Water Quality Assessment Status for Reporting Year 2010

Designated Use Designated Use Group Status

Aquatic Life Use Fish, Shellfish, Wildlife Impaired
Protection & Propagation

Human Health Use Aquatic Life Harvesting Impaired

Recreational Use Recreation Impaired

2.4 Summary of HUC-12 Far-Field goals and reference

This watershed plan supports regional water quality objectives by reducing nutrient loads to Lake
Erie’s central basin. Consistent with the Great Lakes Water Quality Agreement (GLWQA) and the
Ohio Domestic Action Plan (DAP), the far-field goal is to achieve a 40 percent annual reduction in
total phosphorus entering the central basin.

Current nutrient and sediment loads within the watershed are summarized in the table below (Figure
30). Loads are based on the EPA’s Pollution Load Estimation Tool (PLET). Local best management
practices (BMPs) identified in this plan are designed to reduce these loads and contribute to
measurable progress toward the central basin phosphorus reduction goal.

2.4.1 HUC-12 Load Estimates

Figure 30 Current Load Estimates

Parameter Current Annual Load | Units Source
Estimate
Total Nitrogen 65,797 Ibs./year EPA PLET
Total Phosphorus 10,499 Ibs./year EPA PLET
Sediment Load 1,669 tons/year EPA PLET
Figure 31 Total load by land uses
Sources N Load P Load BOD Load Sediment Load
(Ib/yr) (Ib/yr) (Ib/yr) (ton/yr)
Urban 46,055 7,090 175,221 1,060
Cropland 10,851 2,147 22,642 596
Forest 7,031 621 1,520 12
Feedlots 459 92 612 0
Septic 1,402 549 5,726 0
TOTAL 65,797 10,499 205,721 1,669

(Source Model: US EPA Pollution load Estimation Tool(2024))

2.5 Additional Information Determining Critical Areas and Developing Implementation
Strategies
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Flooding has been a long-standing problem in the watershed. Numerous studies have been undertaken
to determine how to alleviate the flooding and improve water quality.

2.5.1

Grand River Riparian Corridor Protection Plan (Davey Resource Group, March 1998)

Initiated by the Grand River Partnership, a consortium of public agencies and private organizations in
Ashtabula, Geauga, Lake and Trumbull Counties, the protection plan identified three targeted
“critical areas” for acquisition of conservation easements in the riparian corridor of the Grand River.

The goals of the project were to:
1. Protect the water quality and aquatic habitat, wetlands and associated forest communities of
the Grand River watershed
2. Provide education for landowners on the ecological and economic benefits of riparian buffers,
wetlands, floodplains and steep slopes
3. Assist elected officials, public servants, decision makers and concerned citizens in making
the right choices for watershed protection
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Tiber Creek Drainage Study, City of Painesville, February 2008

The City of Painesville contracted with Metcalf & Eddy/AECOM to conduct an analysis of
alternatives for ameliorating drainage problems within the Tiber Creek area. The objectives of the
study were to:

Define the Tiber Creek drainage area

Develop a computer model of the drainage system

Evaluate the hydraulic capacity of the existing drainage system
Determine restrictive drainage areas

Recommend potential improvements and planning-level costs

SNhAWD =

The study created an existing hydrologic and hydraulic model of Tiber Creek and recommended a
series of projects that the City of Painesville is in the process of implementing, which includes
expansion of existing retention/detention basins and storm sewer improvements.
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Tiber Creek Drainage Study, City of Painesville, February 2013

The City of Painesville and the Lake County Stormwater Management Department contracted with
ARCADIS to extend the scope of the 2008 study to the confluence of Tiber Creek at the Grand River,
and to evaluate detention and stream restoration improvements not considered in the original study.
Recommendations included detention projects as well as stream restoration improvements to help
alleviate the flooding concerns in the southwest section of the City.

2.5.4

Stormwater Financing Report to the City of Painesville

Sandy Point Environmental Consulting, LLC produced the Stormwater Financing Report to the City
of Painesville in April 2014 as an assessment of the capacity and effectiveness of the City’s
stormwater management program.
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The recommendations included:
1. Improve the management and administration of the City’s stormwater program
Partner with County agencies such as the Lake County Stormwater Management Department
and Lake County Soil & Water Conservation District that provide expertise and education in
stormwater management

3. Incorporate stormwater management into all facets of life and activity

4. Make stormwater financing a priority

5. Implement the Tiber Creek watershed improvements

6. Implement a backflow preventer program

7. Implement a green infrastructure grant program for rain gardens and rain barrels
2.5.5

Painesville Township worked with the Lake County Planning Commission on a comprehensive plan
in 2007 and 2016. One of the plan goals is to discourage activities and land uses that could harm
waterways and watersheds. The plan contains the following Objectives to help fulfill that goal:

1. Work with county, state and federal agencies to purchase or acquire easements on high
priority sites and areas of outstanding natural significance, for restoration and/or preservation.
2. Support appropriate uses along rivers and streams that limit their impact and protect the
environmental qualities of these natural systems, such as parks and open space, carefully
planned residential development, institutional uses, and civic uses located outside floodplains.
3. Promote conservation along rivers and streams through parks, open space, floodplain
preservation, forested buffers, and conservation easements.

4. Encourage green construction practices, such as permeable pavement and green roofs to
reduce stormwater runoff.

5. Work with state and federal officials to obtain grants and assistance to clean or seal toxic
sites.

6. Riparian setbacks shall be required on all land adjacent to designated watercourses.

2.5.6

The Perry Village Comprehensive Plan adopted in 2005, includes goals to manage future
development of land in order to protect and improve the quality of air, surface water resources
(creeks, lakes, wetlands, floodplains) and other natural resources from pollution, sedimentation and
unnecessary alteration of their natural forms and functions and maintain the rural character of the
Village. The plan states that the floodplains of the two main watersheds of the Village are building
constraints for future growth and development, and that the Village and Perry Township will need to
collaborate to properly manage stormwater as new development continues. The Village will need to
adopt a drainage policy to “eliminate negative impacts on environmentally sensitive areas and to
protect existing horticultural activities”.

2.5.7

City of Painesville Source Water Protection Plan (SWPP), August 2016

The SWPP was the first in the State to protect a Lake Erie drinking water system, and was written
through a collaboration between the City of Painesville Water Division, The Nature Conservancy,
NOACA, Lake County Soil & Water Conservation District, Lake County GIS Department and Lake
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County General Health District. The drinking water intake is in Lake Erie, close to the mouth of the
Grand River, and is affected by the water quality of the Grand River. Recommendations were given
for Best Management Practices for non-point source pollution in the watershed within Critical
Assessment and Potential Influence Zones.

2.5.8
Riparian Setbacks
Three communities in the watershed have riparian setbacks:
e Painesville Township: 75 feet on Red Creek and most of the tributaries, 25 on any tributary
draining one square mile or less
e Perry Township: 30 feet on Red Creek and zero on the tributaries
e Perry Village: 75 feet on Red Creek, 25 on any tributary draining 'z of square mile or less

Chapter 3: Critical Area Conditions & Restoration Strategies — Overview of
Critical Areas

The Red Creek Watershed is dominated by three primary land use categories—agricultural lands
(primarily nursery operations), urban/developed lands, and forested lands—each influencing
watershed hydrology and nonpoint source pollution (NPSP) differently.

The Land Use Map below shows the distribution of developed lands (red), agricultural lands
(yellow), and forested lands (green). Because pollutant generation mechanisms vary substantially by
land use, successful watershed restoration and protection efforts require targeted, land-use-specific
best management practices aligned with the dominant pathways in each critical area.
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Figure 32 Land Use Map
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Urban development can be further represented by impervious surface area (Figure 33). Impervious
surface area is highly concentrated west of the Grand River in Painesville City and in Fairport Harbor
Village near the mouth (Figure 34).
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Figure 33 Impervious Surface Area
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Figure 34 Impervious Surface Area Concentration
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Agricultural lands are further illustrated in the map below, which identifies parcels classified as
agricultural by the Lake County Auditor’s Office (2024). The map also depicts the channelization of
waterways traversing these lands, appearing as straight lines, highlighting the extent of drainage
modification within agricultural areas of the watershed.
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Figure 35 Agricultural Lands
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Forested lands provide important water quality benefits and generally contribute the lowest relative
pollutant loads within the watershed. Forest cover promotes infiltration, stabilizes soils, moderates
stream temperatures, and supports ecological integrity. The primary strategy for forested areas is
protection from future development and fragmentation. Maintaining and expanding intact forest

cover—particularly along riparian corridors—is critical to preserving existing water quality functions
and preventing increased runoff and nutrient loading associated with land conversion

3.1 Critical Area 1 Agricultural Lands: Conditions Goals and Objectives

3.1.1 Detailed Characterization of Agriculture in Watershed

The Red Creek subwatershed has the most agricultural land in the Red Creek-Grand River
watershed (Figure 3). The results of the HHEI data collected by Lake SWCD show many of the
stream channels in the upper or agricultural portions of the watershed have been modified and are
classified as “recent/no recovery” (Figure 23). Figure 35 shows the extent and pattern of the
modifications. Agricultural lands in the Red Creek—Grand River HUC 12, which are largely
comprised of nursery production, represent a significant portion of the watershed acreage and are
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a key contributor to nutrient and sediment loading as identified through the Pollution Load
Estimation Tool (PLET). The primary pollutant pathways in these areas include surface runoff
and drainage conveyance through ditches.

Nursery production differs from traditional row crop systems in that crops are not harvested
annually, and many nurseries maintain bare soil between rows, which can increase erosion and
runoff. Because of these operational differences, cover crops have not been implemented as
widely in nurseries as in row crop systems, though they have the potential to increase infiltration,
reduce runoff, and retain nutrients where feasible. As a result, the stakeholders believe the most
effective nonpoint source pollution reduction strategies for nursery-dominated agricultural lands
include the installation and enhancement of vegetated buffers along waterways, the use of cover
crops, and implementation of two-stage ditches, and where appropriate (Objective 1.01.02(B),
and Objective 2.04.01(D), respectively, Nonpoint Source Management Plan Update, Ohio EPA).
Vegetated buffers slow runoff, promote infiltration, and filter sediment and nutrients before they
reach surface waters, two-stage ditches reconnect flood flows to a vegetated bench to reduce
channel erosion and improve nutrient processing, and cover crops can further enhance soil
infiltration and nutrient retention.

3.1.2 Water Quality Metrics
The majority of the agricultural land in the Red Creek-Grand River HUC is situated in the Red
Creek subwatershed. The Ohio EPA has given Red Creek Warmwater Habitat (WWH) and
Seasonal Salmonid Habitat (SSH) designations. Waterbodies with SSH designation are “capable
of supporting the passage of salmonids from October to May and are waterbodies large enough to
support recreational fishing.” (Ohio EPA Lower Grand River Watershed TMDL)

Red Creek has been identified as Impaired for Aquatic Life Use by the Ohio EPA. Bacteria
impairments have also been identified in Red Creek, with E. coli readings of 428 (greater than
seasonal geometric mean standard of 161 counts per 100 mL for PCR Class B waterbodies).
Maximum Phosphorus data (0.098) exceeded 0.08 mg/L in for headwaters WWH, although the
average readings were 0.067. Maximum and average Nitrate data (1.71 and 1.56 respectively)
exceeded 1.0 mg/L for WWH. (Ohio EPA Lower Grand River Watershed TMDL). As shown in
Figure 15 IBI and ICI scores do not meet the criteria for attainment.

In 2003 and 2004 Ohio EPA assessed the habitat conditions and found them to be good to
excellent. As shown in Figure 16 the QHEI score for Red Creek was 67. Ohio EPA found it
noteworthy that good to excellent habitat is still on streams that have been developed or are
beginning to develop. However, 4 out of 7 of the habitat scores for Red Creek measured 50 to
75% of the maximum score (in orange), and 1 measured in the 0 to 50% range (in red) (Figure
16).

3.1.3 Causes and Associated Sources
As shown in Table 27 Summary Table of Causes and Associated Sources agricultural drainage
practices are a source of hydromodification, a significant cause of nonpoint source pollution in
the watershed. Drainage ditches accelerate the movement of water—and the sediment, nutrients,
and chemicals it carries—directly into streams. By quickly conveying runoff away from fields,
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these ditches reduce infiltration and limit opportunities for natural filtration, increasing the
delivery of nitrogen, phosphorus, and sediment to Red Creek and downstream waters.

Drainage-induced hydromodification also destabilizes channels, causing bank erosion and habitat
degradation, which further mobilizes sediment and attached nutrients. Because these impacts
occur diffusely across the landscape, they are considered nonpoint sources. Strategies such as
two-stage ditches, vegetated buffers, and cover crops help reduce runoff and nonpoint source
pollution by slowing flows, reconnecting floodplains, increasing soil infiltration, and retaining
nutrients before they reach surface waters.

3.1.4 Water Quality Goals
e 3.1.4.1 Bring Red Creek into attainment of its WWH and SSH habitat
designations
o 3.4.1.1(A) Increase IBI scores on Red Creek to >40
= Not achieved: site currently has score of 30
o 3.4.1.1(B) Increase ICI scores on Red Creek to >34
= Not achieved: site currently has Fair score (<33)
e 3.1.4.2 Achieve far-field target load reductions for phosphorus for the central
Lake Erie Basin (40% reduction)

3.1.5 Objectives Agricultural Lands

Objective 1: Implement two stage ditch design on 75% of agricultural acres in the watershed to
increase infiltration

Objective 2: Plant 35 ft wide riparian buffers along agricultural ditches that drain 75% of
agricultural acres in the watershed

Objective 3: Plant cover crops on 30% of agricultural land in the watershed

Figure 36 Load Reduction Estimates for Critical Area 1 Objectives

Objective | Acreage N P Sediment | %N %P %Sediment
Reduction | Reduction | Reduction | Reduction | Reduction | Reduction
(Ibs/yr) (Ibs/yr) (tons/yr)

1. Two 4500 805 296 0 1.22 2.82 0

Stage

ditches

2. Riparian | 4500 3039 758 237 4.62 7.22 14

buffer

4. Cover 1000 651 108 36 1 1.03 2

crops

These objectives will be directed toward implementation on prioritized agricultural lands within
the Red Creek watershed and are intended to support progress toward the pollutant load reduction
goals outlined in Section 3.1.4 and the far-field goals described in Section 2.4 within Critical Area
#1. Additional conservation activities throughout the Red Creek—Grand River HUC-12 may also
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contribute incremental reductions in nutrient and sediment loading. Implementation of the BMPs
identified in these objectives, along with practices installed through federal and state programs
and other voluntary efforts, will be tracked to monitor and document progress toward achieving
watershed pollutant load reduction and far-field goals.

3.2 Critical Area 2 Urban Lands: Conditions Goals and Objectives

3.2.1 Detailed Characterization of Urban/Developed Land in the Watershed
Urban and developed lands contribute nonpoint source pollution primarily through stormwater
runoff from impervious surfaces such as rooftops, roads, and parking areas. These surfaces
accelerate the delivery of nutrients, sediment, and other pollutants to the Grand River and its
tributaries by reducing infiltration and increasing both runoff volume and peak discharge. As
impervious cover has expanded over time—and as storm frequency and intensity have
increased—the volume of water conveyed through the lower reach of the Grand River has risen
accordingly. Because this section of the river is largely confined by steep, high bluffs, increased
flows translate to higher velocities. In areas where the channel is not constrained by bedrock or
cliffs, these elevated volumes and velocities result in significant erosive forces and floodplain
instability.

Watershed imperviousness is strongly correlated with declines in stream physical stability and
biological integrity. Research summarized in United States Environmental Protection Agency
CADDIS (Volume 2: Sources, Stressors & Responses) indicates that channel instability
commonly occurs when watershed imperviousness exceeds 10 percent, and sharp declines in
macroinvertebrate diversity are observed above approximately 8 percent impervious cover. U.S.
Geological Survey StreamStats data show that impervious surface coverage is approximately
10.6 percent in the Red Creek subwatershed and 30.7 percent in the Tiber Creek subwatershed.
These data indicate that Red Creek is at or just beyond the threshold associated with channel
degradation, while Tiber Creek has substantially exceeded it. As shown in Figure 34, impervious
cover within the watershed is not evenly distributed but is heavily concentrated in the urbanized
areas of Painesville and Fairport Harbor, where dense residential, commercial, and transportation
infrastructure drive elevated runoff volumes.

Reduction strategies in developed areas must differ from agricultural approaches and focus on
stormwater retrofits and green infrastructure practices designed to reduce runoff volume and
pollutant loading. These include bioretention cells, permeable pavement, rain gardens, enhanced
detention, and infiltration systems, consistent with Objectives 4.01.02(A) and 4.03.01(A) of the
Ohio EPA Nonpoint Source Management Plan Update. Targeting these practices within the
highly impervious portions of Painesville and Fairport Harbor will be critical to stabilizing
channels, reducing erosive flows, and improving overall watershed health. Painesville serves as
the county seat and contains a high concentration of governmental and civic buildings, creating a
strong opportunity to implement and visibly showcase green infrastructure practices on public
properties. Demonstration projects in these prominent, high-traffic locations would not only
reduce stormwater impacts but also increase public awareness and serve as educational examples
for residents, businesses, and other communities.
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3.2.2 Water Quality Metrics
Aquatic life in the Grand River is fully attaining standards for Exceptional Warmwater Habitat
(EWH) from Sweitzer Road (RM 42.2) to the SR 2 bridge in Painesville (RM 5.2) and is fully
meeting standards for Warmwater Habitat (WWH) downstream from the SR 2 bridge.
Assessments of the aquatic life habitat showed attributes for WWH began to decline downstream
from River Mile 6.1 (Biological and Water Quality Study of the Grand River Basin 2003-2004,
Ohio EPA, November 1, 2006).“Habitat conditions on the Grand River ranged from fair to
excellent with a large segment of the river above Painesville having excellent habitat. In the
lowest reaches of the river, all the metrics’ scores decreased successively downstream. The
worsening habitat conditions may reflect the increasing levels of development (i.e., urbanization,
imperviousness) and historic modifications from industrial land uses in the lower reaches of the
Grand River.” (Total Maximum Daily Loads for the Grand River (lower) Watershed, Final
Report January 31, 2012)

3.2.3 Causes and Associated Sources
As shown in Table 27, Summary Table of Causes and Associated Sources, urban and suburban
runoff is a primary contributor to nonpoint source pollution within the watershed. Habitat and
flow alteration as well as increased impervious surfaces are associated with residential,
commercial, and institutional development. Storm sewers and other conveyance systems rapidly
transport untreated or undertreated runoff to receiving streams, increasing flow flashiness,
streambank erosion, and channel instability. This accelerated runoff also contributes to organic
enrichment and depressed dissolved oxygen levels by delivering nutrients and other pollutants
directly to surface waters. In addition, riparian deforestation and loss of vegetative cover reduce
shading and increase stream temperatures, further stressing aquatic communities. Together, these

urban-driven stressors degrade habitat quality, alter natural hydrology, and impair overall stream
health.

3.2.4 Water Quality Goals
e 3.2.4.1 Maintain EWH and WWH attainment status on the Grand River
e 3.2.4.2 Meet or exceed the Aquatic Life Use water quality threshold metrics in shown
Figure 17 at sampling locations downstream of most urbanized areas
o 3.2.4.2(A)Increase IBI scores at RM 6.1 sampling point to >54
= Not achieved: site currently has a score of 52
o 3.2.4.2(B)Increase QHEI scores at RM 6.1 sampling point to > 81
= Not achieved: site currently has a score of 78.5

e 3.2.4.3 Achieve far-field target load reductions for Phosphorus according to section 2.4
(40% reduction)

3.2.5 Objectives for Urban Lands

Objective 1: Replace existing impervious pavement with porous pavement or pervious pavers on
50% of commercial land.

Objective 2: Install bioretention to capture stormwater runoff from 50% of commercial lands
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Objective 3: Retrofit existing stormwater basins for extended water quality detention capturing
drainage from 10% of single-family land use.

Objective 4: Install rain gardens to capture drainage from 30% of single-family land use.

Figure 37 Load Reduction Estimates for Critical Area 2 Objectives

Objective Acreage N P Sediment | %N %P %Sediment
Reduction | Reduction | Reduction | Reduction | Reduction | Reduction
(Ibs/yr) (Ibs/yr) (tons/yr)

1. Pervious 640 3584 274 71 5.45 2.61 4

pavement

2. 640 1813 342 0 2.76 3.25 0

Bioretention

3. Extended | 255 320 73 11 0.49 0.7 11

wet

detention

4. Rain 765 766 262 0 1.16 2.5 0

gardens

In order to make substantive progress toward the achievement of the water quality goals outlined in
section 3.2.4 efforts must commence on widespread implementation as outlined in the above
objectives within Critical Area #2. Depending on the specific green infrastructure practices selected,
pollutant reduction efficiencies may not fully achieve the targeted nutrient reduction goals for urban
lands within the Red Creek—Grand River HUC 12. Stakeholders recognize that future updates to this
NPS-IS may require additional or modified objectives to more effectively address urban loading.
However, there is strong consensus on the urgency of initiating implementation now to make
incremental, measurable progress toward the established goals. The objectives, as written, reflect
what stakeholders consider to be reasonable, achievable, and scalable within the Red Creek—Grand
River HUC 12 over time.

3.3 Critical Area 3 Forested Lands: Conditions Goals and Objectives

3.3.1 Detailed Characterization of Forested Land in the Watershed
The Red Creek—Grand River HUC 12 contains approximately 4,441 acres of forested land, as
estimated using the Ohio EPA Pollution Load Estimation Tool (PLET). As shown in Figure 32
the majority of forested land is located along the mainstem of the Grand River, and as described
in Section 2.1.2, roughly one-fifth of this forested acreage is permanently protected and managed
by Lake Metroparks, providing an important foundation for long-term watershed protection.
Despite this protected core, the most densely developed subwatershed (downstream of SR 84)
drains directly to Grand River, making the remaining forested lands especially critical as a
designated protection priority area.

Forested lands play a vital role in maintaining and improving water quality. Intact forests
intercept rainfall, promote infiltration, and reduce the volume and velocity of stormwater runoff.

Their root systems stabilize soils, limit streambank erosion, and reduce sediment delivery to
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receiving waters. Forest soils also enhance nutrient uptake and microbial processing, helping to
reduce nitrogen and phosphorus loading before runoff reaches streams. In addition, forested
riparian corridors provide shading that moderate in-stream temperatures, improve dissolved
oxygen conditions, and support sensitive aquatic communities. The protection and restoration of
high-quality in-stream habitat is identified as Objective 3.03.01(A) in the Ohio EPA Nonpoint
Source Management Plan Update, and safeguarding forested lands within this HUC 12 is directly
aligned with achieving that objective.

Ecologically, the watershed supports a diverse assemblage of forest community types, including
beech—maple, oak—hickory, and hemlock—northern hardwood systems. Steep ravines harbor
hemlock/white pine/northern hardwood forests, while rare hemlock swamp forests occur in
poorly drained areas, both of which provide habitat conditions more typical of colder,
mountainous regions. Riparian and floodplain forests are often dominated by flood-tolerant
species such as eastern cottonwood, sycamore, black willow, and black walnut. These streamside
communities are particularly important for filtering runoff from adjacent agricultural and urban
lands, stabilizing channel margins, and maintaining floodplain connectivity.

The high-quality habitat supported by these forest systems allows the Grand River corridor to
sustain a diverse assemblage of aquatic and semi-aquatic species, including river redhorse,
rainbow trout, eastern sand darter, and northern brook lamprey. The River and its associated
wetlands also provide habitat for Ohio’s smallest salamander, the rare four-toed salamander, as
well as the elusive spotted turtle. Beavers are common along the riverbanks, and river otters are
once again established along the Grand River corridor.

Given the high degree of development pressure within the Red Creek—Grand River HUC 12, the
protection and restoration of forested lands are essential to preserving water quality, stabilizing
stream channels, and maintaining the biological integrity of this critical watershed. Stakeholders
have therefore identified the protection of remaining forested lands and riparian corridors from
further development as the primary strategy for maintaining and improving water quality.
Preventing additional forest conversion is essential to preserving Exceptional Warmwater Habitat
(EWH) attainment, sustaining rare and state-listed species, and maintaining the exceptional water
quality metrics that define this reach of the Grand River. In addition, stabilizing streambanks in
forested areas impacted by increased suburban runoff is necessary to reduce erosion, protect in-
stream habitat, and prevent degradation of these high-quality conditions.

3.3.2 Water Quality Metrics
Water quality metrics within the forested lands critical area of the Red Creek—Grand River HUC
12 reflect exceptionally high biological integrity and are directly tied to the presence of intact
forest cover. The Grand River fully attains Exceptional Warmwater Habitat (EWH) standards
from Sweitzer Road (RM 42.2) to the SR 2 bridge in Painesville (RM 5.2) and meets Warmwater
Habitat (WWH) standards downstream of the SR 2 bridge. The Seasonal Salmonid use
designation remains appropriate. Fish communities exhibit an exceptionally high degree of
biological integrity, including a full suite of endemic, naturally reproducing, self-sustaining top
carnivores: walleye, northern pike, and muskellunge. The muskellunge present is the Great Lakes
subspecies (Esox masquinongy masquinongy), and the Grand River supports the only self-
sustaining population of Great Lakes muskellunge in any Ohio tributary to Lake Erie,
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representing a vitally important resource for genetic and habitat conservation. Given the species’
tendency to differentiate into unique strains, the Grand River population may represent a truly
endemic strain. The river is also singularly unique among Ohio streams in maintaining native
populations of muskellunge, walleye, and northern pike concurrently.

Macroinvertebrate and mussel data further substantiate these high-quality conditions. Biological
surveys documented the state-listed Species of Concern crayfish Orconectes propinquus (Great
Lakes Crayfish) at more than half of sampled stations. Seventeen species of freshwater mussels
were identified in the lower Grand River, including two state Endangered species, three state
Threatened species, and four state Species of Concern. Overall, the Grand River basin supports
32 macroinvertebrate and freshwater mussel species and 11 fish species considered rare by Ohio
EPA or listed as threatened or endangered by the Ohio Department of Natural Resources. The
presence of these sensitive and state-listed taxa reflects stable substrates, high dissolved oxygen
concentrations, moderated temperatures, and limited sediment and nutrient stress—conditions
strongly associated with intact forested watersheds. These biological performance metrics are
sustained by the watershed’s remaining forested lands. Forested riparian corridors and upland
ravines intercept rainfall, promote infiltration, reduce peak flows, stabilize streambanks, limit
fine sediment delivery, filter nutrients, and provide canopy shading that maintains thermal
regimes necessary for sensitive aquatic species.

3.3.3 Causes and Associated Sources

Within the Forested Lands Critical Area, the primary causes and associated sources of
impairment are summarized in Table 27 and are largely driven by land conversion, riparian
disturbance, and increased impervious cover. These stressors threaten the Exceptional
Warmwater Habitat (EWH) attainment and high-quality biological communities documented in
this reach of the Grand River.

Habitat alteration in the watershed is primarily linked to urban and suburban runoff, which
increases peak flows and erosive energy, degrading riffle-pool structure and destabilizing stream
channels. Siltation and sedimentation are largely the result of riparian deforestation and
streambank erosion; the loss of riparian vegetation reduces bank stability and increases sediment
delivery to the stream.

Flow alteration and increasing imperviousness are associated with urban runoff and storm sewer
infrastructure connected to residential and commercial or institutional development. As
impervious surface area expands, runoff produces flashier hydrographs, reduced infiltration, and
diminished baseflow stability. Organic enrichment and dissolved oxygen impacts are tied to
untreated or undertreated stormwater runoff from developed areas and riparian clearing, which
reduce natural filtration and increase the delivery of oxygen-demanding materials. Temperature
increases are also associated with urban and suburban runoft and reduced riparian canopy, which
elevate in-stream temperatures through heated runoff and decreased shading.

Together, these causes and sources underscore the importance of protecting remaining forested

lands from urban development and preserving riparian corridors to maintain hydrologic function,
channel stability, and existing high water quality conditions.
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3.3.4 Water Quality Goals

e 3.3.4.1 Maintain EWH and WWH attainment status on the Grand River

e 3.3.4.2 Meet or exceed the Aquatic Life Use water quality threshold metrics in Figure 17

at sampling locations downstream of most urbanized areas

e 3.3.4.3Achieve far-field target load reductions for Phosphorus according to section 2.4

o 3.3.4.2(A)Increase IBI scores at RM 6.1 sampling point to >54

Not achieved: site currently has a score of 52
o 3.3.4.2(B)Increase QHEI scores at RM 6.1 sampling point to > 81

Not achieved: site currently has a score of 78.5

(40% reduction)

3.3.5 Objectives for Forested Lands

Objective 1: Protect 25% of forested land from urban development

Objective 2: Stabilize streams draining 50% of forested land to protect from destabilization as a
result of upstream development

Figure 38 Load Reduction Estimates for Critical Area 3 Objectives

Objective Acreage N P Sediment | %N %P %Sediment
Reduction | Reduction | Reduction | Reduction | Reduction | Reduction
(Ibs/yr) (Ibs/yr) (tons/yr)

1. Land 1110 4266 774 138.47 6.48 7.37 8.29

protection

2. 2220 535 71 3.42 0.81 0.68 0

Streambank

stabilization

Implementation of these objectives, in coordination with projects in other identified critical areas,
will protect the high-quality conditions currently documented in this reach of the Grand River and
prevent future degradation associated with forest conversion and upstream development.

Achieving these objectives is essential to maintaining Exceptional Warmwater Habitat (EWH)
attainment, sustaining rare and state-listed species, and preserving the hydrologic and thermal

functions provided by intact forested lands within this HUC-12.

Chapter 4: Projects and Implementation Strategy
The projects and evaluation needs that are believed to be necessary to remove the impairments to the
Red Creek-Grand River HUC-12 are listed below. They were determined by evaluating the identified
causes and associated sources of nonpoint source pollution. Because the attainment status is based
upon biological conditions, it will be necessary to periodically re-evaluate whether or not the
implemented projects are sufficient to achieve restoration. The response of biological systems may
take some time following project implementation. If issues other than nonpoint source pollution are
causing impairments, they will need to be addressed under different initiatives, authorities or

programs.
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The projects described in the Overview Tables have been prioritized using the following three step
prioritization method:

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

Priority 2: Projects where there is land-owner willingness to engage in projects that are designed to
address the cause(s) and source(s) of impairment or where there is an expectation that such potential
projects will improve water quality in Red Creek- Grand River.

Priority 3: In an effort to generate interest in projects, an information and education campaign will be
developed and delivered. Such outreach will engage citizens to spark interest as stakeholders to
participate and implement projects like those mentioned in Priority 1 and 2.

Project Summary Sheets (PSS) are provided in Subsection 4.2. These PSS contain the essential nine elements
for short-term and/or next-step projects that are currently in development and/or in need of funding. As
projects are implemented and new projects are developed, these sheets will be updated accordingly. Any new
PSS created will be submitted to the State of Ohio for funding eligibility verification to ensure that all nine
required elements are included.

Subsection 4.2.1 also includes PSS that were developed under previous versions of the plan. Each sheet will
clearly identify the applicable plan version and indicate whether the project has been implemented, is ongoing,
or remains unimplemented. References within these legacy PSS to critical areas, goals, and objectives may not
align with the organization of the current plan, as these sections have been reformatted in this update to reflect
current Ohio Environmental Protection Agency guidelines.
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4.1 Projects and Implementation Overview Table

Red Creek-Grand River HUC-12 041100040607

. . Lead e Estimated Potegtlal
Project - - [Project Title Oreanizati Frame Cost Funding
Critical Objective gantzation 08 Source(s)
Summary Goal -
|Area # (EPA Criteria (PR i (EPA (EPA
Sheet # ) N3 eriteria . (EPA Ceriteria
d) f Criteria d) d)
1 2 324.1 2 Lake County | Lake County |1-3 years| $126,250 | 319, GLRI,
3.2.4.2 IAdministration| Buildings & GLSNRP,
3243 Building Grounds OLEC
Green Roof
2 2 [3.24.1 4 Orchard Street|  Fairport 1-3 years| $195,000 | EPA 319,
3242 Stormwater |Harbor Village GLRI,
3243 Park GLSNRP,
OLEC
2 3041 YMCA EPA 319,
3 3'2' 4'2 3 Stormwater | Painesville 1-3 Years GLRI,
3' 2' 4' 3 Retention City $284,000 | GLSNRP,
e Basin Retrofit OLEC
4 2 [3.24.1 2 High Street Fairport  |1-3 years| $285,184 | EPA 319,
3242 Walkway |Harbor Village GLRI,
3243 Green GLSNRP,
Infrastructure OLEC
Project
1 EPA 319,
3141 Agricultural GLRI,
5 3'1' 4'2 2 Ditch Riparian| Lake SWCD |5-7 years| TBD H2O0hio,
T Buffers OLEC,
GLSNRP
6 2 3241 4 Master Rain | Lake SWCD EPA 319,
3247 Gardener Cost i OLEC,
3243 Share 5-7years|  TBD GLSNRP,
H2Ohio
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4.2 Project and Implementation Strategy

The Project Summary Sheets provided below were developed based on the actions or activities
needed to achieve/maintain water quality standards and make progress toward nutrient reduction
targets in the Red Creek-Grand River HUC-12. These projects are considered next step or
priority/short term projects and are considerably ready to implement. Medium and longer-term
projects will not have a Project Summary Sheet, as these projects are not ready for
implementation or need more thorough planning.
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1.

Nine Element Criteria

Information Srslbaation
needed
n/a Title Lake County Administration Building Green Roof

criteria d Project Lead | Lake County Buildings & Grounds, Lake County Soil &
Organization | Water Conservation District, Lake Erie College
& Partners

criteria ¢ HUC-12 and | Red Creek Grand River HUC-12 (041100040607) —
Critical Area | Critical Area #2 Urban Lands

criteria ¢ Location of 105 Main Street, Painesville Ohio 44077
Project

n/a Which 4.0 Urban Stormwater Pollutant Reduction Strategies

strategy is 4.01: Reduce Stormwater Runoff
being 4.03: Low Impact Development (LID)
addressed by
this project?

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

criteria g Short Green roof installation on the Lake County Administration
Description Building in highly impervious downtown Painesville to

reduce urban stormwater runoff and improve local water
quality.

criteria g Project The Lake County Administration Building Green Roof

Narrative Project will retrofit 3,750 square feet of a 14,000-square-

foot roof in highly impervious downtown Painesville to
reduce stormwater runoff to the Red Creek—Grand River
watershed. Urban runoff from rooftops and other hard
surfaces contributes to flashy flows, localized flooding, and
downstream pollutant transport. This project advances
NPS-IS Plan goals by reducing runoff at its source.

Lake County Soil & Water Conservation District (Lake
SWCD) will manage the project and grant, provide
technical oversight, coordinate partners, and document
outcomes. Lake County Buildings & Grounds will oversee
installation and long-term management. Lake Erie College,
through the Dean of STREAMS (Science, Technology,
Research, Engineering, Animal, and Medical Sciences),
will involve students in hands-on fieldwork, including
vegetation monitoring and routine maintenance.

The green roof uses modular 1’ x 2’ pre-vegetated trays
providing 100% coverage on delivery to ensure immediate
stormwater interception. Hardy sedums and alliums were
selected for water absorption, drought tolerance, and
survival through Northeast Ohio winters. Trays allow root
and water movement between modules, mimicking natural
hydrologic processes. Engineered growing media is tailored
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to local climate conditions and plant needs to maximize
water retention and buffer acid rain.

Runoff reductions were calculated using the EPA National
Stormwater Calculator: annual runoff is reduced from
26.89 inches to 25.20 inches, a 6.3% reduction, or roughly
3,950 gallons per year. Nutrient reductions were estimated
using the EPA Pollution Load Estimator Tool (PLET), with
0.91 pounds per year of total nitrogen and 0.17 pounds per
year of total phosphorus avoided. While nutrient reductions
are modest, the primary benefit is runoff volume reduction,
which decreases sediment and nutrient transport, moderates
peak flows, and supports long-term hydrologic function
restoration in the watershed.

Located on a publicly owned building in downtown
Painesville, the project also demonstrates green
infrastructure to the community. It provides a visible,
hands-on example to educate the public and local decision-
makers about stormwater management, nonpoint source
pollution, and sustainable urban design, promoting wider
adoption of similar practices.

criteria d

Estimated
Total cost

Green roof installations for extensive systems typically
range from $15 to $35 per square foot, including materials
and labor, based on regional cost data for Northeast Ohio
projects. Local contractor consultations provided a
reasonable estimate for this project. An additional $10,000
is included under administrative costs to cover project
management, coordination, reporting, and compliance
documentation required for Ohio EPA 319 LID projects.
All project implementation costs will be subcontracted to
qualified vendors.

Green Roof Materials 3,750 sq ft x $21

$78,750

Green Roof Installation 3,750 sq ft x $10

$37,500

Administrative Costs ~ Lump sum

$10,000

Total Proposed Budget $126,250

criteria d

Possible
Funding
Source

319, GLRI, GLSNRP, OLEC

criteria a

Identified
Causes and
Sources

Cause Source

Habitat alteration Urban/Suburban runoff

Flow alteration and Urban runoff/storm sewers
imperviousness

Temperature Urban/suburban runoff

Organic Untreated/undertreated
enrichment/dissolved stormwater runoff from
oxygen commercial/institutional
development
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criteria Part 1: How | Goals
b&h much e Increase IBI scores at RM 6.1 sampling point to
improvement >54
is needed to o Current score 52
remove the e Increase QHEI scores at RM 6.1 sampling point to
NPS > 81
impairment o Current score 78.5
for the whole e Achieve far-field target load reductions for
Critical Area? Phosphorus according to section 2.4 (40%
reduction)
Objective 2: Install bioretention to capture stormwater
runoff from 50% of commercial lands.
N Reduction | P Reduction
(Ibs/yr) (Ibs/yr)
1813 342
Part 2: How This green roof project will make incremental progress
much of the toward the Critical Area goals. While it will not
?rie(iz(\i/ement independently achieve IBI (>54) or QHEI (>81) targets at
fo rpth e whole RM 6.1, it will reduce stormwater runoff volume and
Critical Areais | associated nutrient loading from a directly connected
estimated to be | impervious surface within the drainage area, contributing
accomplished toward the 40% far-field phosphorus reduction goal
by this project? | jdentified in Section 2.4.
The overall nutrient reduction target for Objective 2 in this
Critical Area is 1,813 Ibs/year of nitrogen and 342 Ibs/year
of phosphorus. This project will achieve less than 1% of
those totals. Although the load reduction from this single
installation is small, it serves as a visible demonstration
practice that can be replicated on other properties,
supporting broader adoption of green infrastructure needed
to achieve long-term biological and water quality
improvements.
Part 3: Load Runoff reduction was calculated by subtracting the scenario
Reduced? runoff (25.20 inches) from the baseline (26.89 inches),
yielding 1.69 inches reduced, which converts to
~3,950 gallons/year (1.69 in x 3,750 sq ft x 0.623).
Pollutant reductions were estimated with the EPA Pollution
Load Estimation Tool, using bioretention BMP efficiencies
as a conservative proxy for the green roof, resulting in
0.91 Ib/year total nitrogen and 0.17 Ib/year total phosphorus
removed.
criteria i How will the | Effectiveness will be measured by modeled reductions in

effectiveness

of this project
in addressing

the NPS

stormwater runoff and nutrient loading using Ohio
EPA-approved tools (EPA National Stormwater Calculator
and Pollution Load Estimation Tool). LID practice
installation will be verified through site inspections and
photo documentation, with reductions reported to Ohio
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impairment EPA as the measurable progress toward addressing the Red
be measured? | Creek—Grand River NPS impairment.

criteria e Information Information about the Lake County Administration
and Building Green Roof Project will be shared through
Education multiple public-facing channels. Because the project is

located on a publicly owned building in downtown
Painesville, it serves as a visible demonstration of green
infrastructure and stormwater management to the
community. Outreach will include a feature article in the
Lake SWCD newsletter and a corresponding article in the
local newspaper to highlight project goals, design features,
and measurable stormwater benefits. This approach ensures
both residents and local decision-makers are informed and
encourages broader adoption of similar practices in the
watershed.

54




Nine Element Criteria

R Explanation
needed
n/a Title Orchard Street Stormwater Park
criteria d Project Lead | Fairport Harbor Village
Organization | Lake County Soil & Water Conservation District
& Partners
criteria ¢ HUC-12 and | Red Creek Grand River HUC-12 (041100040607) — Critical
Critical Area | Area #2 Urban Lands
criteria ¢ Location of | Lat Long, 41.7460, -81.2729
Project Parcel #14-A-018-0-00-045-0
Owner: Fairport Harbor Village
Access to property is via Orchard Street
n/a Which 4.0 Urban Stormwater Pollutant Reduction Strategies
strategy is 4.01: Reduce Stormwater Runoff
being 4.03: Low Impact Development (LID)
addressed by
this project?
criteria f Time Frame | Short-Term (Priority) (1-3 yr)
criteria g Short This project will redevelop flood-prone Orchard Street Park
Description | in Fairport Harbor into a stormwater park using green
infrastructure to reduce flooding, treat stormwater runoff
and improve downstream water quality.
criteria g Project Orchard Street Park is a municipal park in the Village of
Narrative Fairport Harbor that experiences frequent flooding due to

poorly drained soils and limited stormwater management
infrastructure. A former water tower was recently removed
from the park, creating newly available open space that the
Village would like to redevelop in a way that provides
community benefit while addressing longstanding
stormwater issues. This project proposes redevelopment of
the site into a stormwater park that uses green infrastructure
to manage runoff, reduce localized flooding, and improve
downstream water quality.

The project will be implemented through a partnership
between the Lake County Soil and Water Conservation
District (SWCD), the Village of Fairport Harbor, and the
Lake County Stormwater Management Department. Section
319 funding will be used to support a design-build approach
by hiring an environmental consultant to design and
construct stormwater best management practices within the
park. Proposed practices will focus on approximately 3,750
square feet of bioretention with engineered soils and
underdrains. Final sizing and layout of practices will be
determined during the design phase based on site conditions
and drainage area characteristics. These practices will be
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designed to function effectively in poorly drained soils
while providing measurable pollutant removal and runoff
volume reduction.

For the 0.31-acre project site, modeling with the EPA
National Stormwater Calculator developed by the United
States Environmental Protection Agency shows annual
runoff reduced from 16.88 inches to 14.21 inches, a 15.8%
reduction, equal to approximately 22,400 gallons of
stormwater avoided per year.

The stormwater park will be designed as a visible and
accessible community asset and will include educational
signage to promote awareness of green infrastructure and
nonpoint source pollution. Site design will preserve space
for future recreational amenities, including playground
equipment, should additional funding be secured through
other sources such as a Community Development Block
Grant.

Overall, the project will transform a flood-prone municipal
property into a functional stormwater management asset that
improves water quality, increases flood resilience, and
demonstrates green infrastructure practices for the Fairport
Harbor community.

criteria d

Estimated
Total cost

Project costs are based on current Ohio and regional
municipal unit costs for green infrastructure and reflect site-
specific constraints, including poorly drained soils and the
need for engineered stormwater controls. Regional studies
indicate bioretention construction costs typically range from
approximately $25 to $65 per square foot in urban retrofit
settings (U.S. EPA, 2015; ALCOSAN, 2019). A mid-range
unit cost of $40 per square foot was used to develop a
conservative and realistic estimate.

Underdrains are required due to soil conditions and the need
to convey treated stormwater to the existing storm sewer
system. For budgeting purposes, the underdrain system is
estimated at approximately 500 linear feet at $30 per linear
foot, consistent with municipal stormwater construction
costs. Engineering and design costs are estimated at
approximately 12 percent of construction costs and reflect a
design-build approach consistent with similar municipal
green infrastructure projects.

Section 319 funds will be used exclusively for eligible
stormwater BMP design and construction. Non-eligible park
amenities, including walkways and other site features, will
be funded separately by the Village of Fairport Harbor
and/or other grant sources and are not included in the
requested grant amount.
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Subcontract

Bioretention (3,750 sq ft) $40 per sq ft $150,000
Underdrain System (500 LF) $30 per LF $15,000
Subtotal — Construction Costs $165,000
Engineering & Design ~12% of
(Design-Build) construction $20,000
Administration $10,000
Total Estimated 319 Funding $195.,000
Request
criteria d Possible EPA 319, GLRI, GLSNRP, OLEC
Funding
Source
criteria a Identified Cause Source
Causes and Habitat alteration Urban/Suburban runoff
Sources Flow alteration and Urban runoff/storm sewers
imperviousness
Temperature Urban/suburban runoff
Organic Untreated/undertreated
enrichment/dissolved stormwater runoff from
oxygen residential/single family
development
criteria Part 1: How | Goals
b&h much e Increase IBI scores at RM 6.1 sampling point to >54
improvement o Current score 52
is needed to e Increase QHEI scores at RM 6.1 sampling point to >
remove the 81
NPS o Current score 78.5
impairment e Achieve far-field target load reductions for
for the whole Phosphorus according to section 2.4 (40%
Critical reduction)
Area?
Objective 4: Install rain gardens to capture drainage from
30% of single-family land use.
N Reduction | P Reduction
(Ibs/yr) (Ibs/yr)
766 262
Part 2: How This bioretention project, treating runoff from a contributing
much of the single-family residential drainage area, will make
needed incremental progress toward the Critical Area goals. While
improvement

for the whole
Critical Area is
estimated to be
accomplished
by this project?

it will not independently achieve IBI (>54) or QHEI (>81)
targets at RM 6.1, it will reduce stormwater runoff volume
and associated nutrient loading from residential impervious
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surfaces, contributing toward the 40% far-field phosphorus
reduction goal identified in Section 2.4.

The overall nutrient reduction target for Objective 4 for this
Critical Area is 766 Ibs/year of nitrogen and 262 lbs/year of
phosphorus. This project will achieve a portion of those
totals, representing measurable but incremental progress
toward the broader nutrient reduction goals. In addition to
load reductions, the project will demonstrate effective
stormwater management within a public park setting,
supporting expanded implementation needed to achieve
long-term biological and water quality improvements.

Part 3: Load For the 0.31-acre project site, modeling with the EPA

Reduced? National Stormwater Calculator developed by the United
States Environmental Protection Agency shows annual
runoff reduced from 16.88 inches to 14.21 inches, a 15.8%
reduction, equal to approximately 22,400 gallons of
stormwater avoided per year.
Using the EPA Pollution Load Estimation Tool, the project
is estimated to reduce 0.31 Ibs/year of total nitrogen (N) and
0.11 Ibs/year of total phosphorus (P).

criteria i How will the | Effectiveness will be measured by modeled reductions in

effectiveness | stormwater runoff and nutrient loading using Ohio

of this EPA-approved tools (EPA National Stormwater Calculator

project in and Pollution Load Estimation Tool). LID practice

addressing installation will be verified through site inspections and

the NPS photo documentation, with reductions reported to Ohio EPA

impairment | as the measurable progress toward addressing the Red

be Creek—Grand River NPS impairment.

measured?

criteria e Information | An educational sign will be installed within the park to
and interpret the function and benefits of the bioretention cells
Education and to acknowledge the project’s funding source. The

signage will explain how the bioretention system captures
and treats stormwater runoff, reduces nutrient and sediment
loading to local waterways and improves downstream water
quality. It will also describe the broader importance of
stormwater management in urban and suburban settings,
where impervious surfaces increase runoff volume and
pollutant transport. The sign will be designed to be
accessible and visually engaging, using clear graphics and
concise language to educate park visitors, nearby residents
and students about green infrastructure practices and their
role in protecting local streams and Lake Erie.
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Nine Element Criteria

R Explanation
needed
n/a Title YMCA Stormwater Retention Basin Retrofit

criteria d Project Lead | City of Painesville
Organization | Lake County Soil & Water Conservation District
& Partners | Lake County Stormwater Management Department

criteria ¢ HUC-12 and | Red Creek Grand River HUC-12 (041100040607) — Critical
Critical Area | Area #2 Urban Lands

criteria ¢ Location of | Lat Long, 41.7093, -81.2618
Project Parcel # 15-C-036-J-00-003-0

n/a Which 4.0 Urban Stormwater Pollutant Reduction Strategies

strategy is 4.01: Reduce Stormwater Runoff
being Goal 4.01.02: Encourage the installation of green
addressed by | stormwater management systems
this project?

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

criteria g Short Retrofit of the stormwater retention basin behind the YMCA
Description | in Painesville to reduce flooding at the south end of

Chatfield Drive by increasing storage and adding an outlet
structure.

criteria g Project The YMCA Stormwater Retention Basin Retrofit Project in

Narrative Painesville, Ohio, will expand and improve an existing basin

behind the YMCA to reduce flooding at the south end of
Chatfield Drive. The current basin has no outlet and
insufficient storage, contributing to localized flooding and
stress on nearby properties. A drainage study conducted in
January 2026 determined that retrofitting the basin and
routing Chatfield Drive runoff into it is the most effective
solution for flood reduction while maintaining controlled
discharge.

Lake County Soil & Water Conservation District (Lake
SWCD) will manage the project and grant, providing
technical oversight and documentation of measurable
outcomes. The City of Painesville will serve as the fiscal
agent and oversee construction activities. Together, the
partners will ensure the retrofit meets local hydrologic and
regulatory standards and demonstrates effective flood
mitigation through stormwater management infrastructure.
The project will increase basin storage by approximately
153,000 cubic feet, expanding it to roughly five times its
current volume. An outlet structure will be installed to
convey stormwater at a maximum of § cubic feet per
second. Capturing and temporarily storing runoff from both
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the basin and Chatfield Drive will reduce peak flows, lower
the frequency and severity of downstream flooding, and
restore more natural hydrologic function.

Pollutant load improvements are estimated using the EPA
Pollution Load Estimation Tool. Annual nutrient reductions
of 128 pounds of total nitrogen, 29 pounds of total
phosphorus, and 4.55 tons of sediment are expected. While
the primary benefit is flood mitigation, the controlled
storage and outlet will also reduce sediment and pollutant
transport during storms, supporting ongoing restoration
efforts in the Red Creek—Grand River watershed.

The project location provides a visible demonstration of
stormwater management that benefits the surrounding
community. Outreach will include Lake SWCD newsletter
updates and media coverage to highlight project
performance and educate local residents and decision-
makers about nonpoint source pollution reduction and
sustainable stormwater practices.

criteria d Estimated Based on the January 2026 drainage study, the following
Total cost costs were estimated as necessary to retrofit the detention
basin and associated stormwater infrastructure:
Category Item / Description Estimated
Cost
Subcontractual / Construction
Excavation of detention basin $160,000
Seeding and mulching $15,000
Catch basins $29,000
Manholes
$55,000
Outlet structure $15,000
Administration / Project Management/Grant administration,
coordination, reporting, compliance
$10,000
Total Estimated Project Cost 3284,000
criteria d Possible EPA 319, GLRI, GLSNRP, OLEC
Funding
Source
criteria a Identified Cause Source
Causes and Habitat alteration Urban/Suburban runoff
Sources Flow alteration and Urban runoff/storm sewers
imperviousness
Temperature Urban/suburban runoff
Organic Untreated/undertreated
enrichment/dissolved stormwater runoff from
oxygen residential/single family
development
criteria Part 1: How | Goals
b&h much e Increase IBI scores at RM 6.1 sampling point to >54
improvement o Current score 52

is needed to
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remove the
NPS

e Increase QHEI scores at RM 6.1 sampling point to >
81

impairment o Current score 78.5
for the whole e Achieve far-field target load reductions for
Critical Phosphorus according to section 2.4 (40%
Area? reduction)
Objective 3: Retrofit existing stormwater basins for
extended water quality detention capturing drainage from
10% of single-family land use.
N Reduction | P Reduction | Sediment
(Ibs/yr) (Ibs/yr) Reduction
(tons/yr)
320 73 11
Part 2: How This extended wet detention project, treating runoff from a
much of the contributing drainage area, will make substantial progress
needed toward the Critical Area goals. While it will not
improvement

for the whole
Critical Area is
estimated to be

independently achieve IBI (>54) or QHEI (>81) targets at
RM 6.1, it will reduce stormwater runoff volume, sediment,
and associated nutrient loading, contributing toward the

accomplished | 40% far-field phosphorus reduction goal identified in

by this project? | Section 2.4.
The estimated pollutant reductions from this project are
shown below. These reductions represent approximately
40% of the nitrogen target (320 1bs/year), 40% of the
phosphorus target (73 lbs/year), and 41% of the sediment
target (11 tons/year) established under Objective 3. As such,
this project provides a significant portion of the required
load reductions and represents meaningful progress toward
achieving the Critical Area’s water quality objectives.

Part 3: Load Estimate of reduction in pollutants:

Reduced? 128 Ibs./yr total nitrogen
29 1bs./yr total phosphorus
4.55 tons/yr sediment

criteria i How will the | Effectiveness will be measured by modeled reductions in

effectiveness | stormwater runoff and nutrient loading using Ohio

of this EPA-approved tools (EPA National Stormwater Calculator

project in and Pollution Load Estimation Tool). The basin retrofit and

addressing outlet installation will be verified through construction

the NPS inspections and photo documentation, with reductions

impairment | reported to Ohio EPA as measurable progress toward

be addressing the Red Creek—Grand River nonpoint source

measured? impairment.

criteria e Information | Information about the YMCA Stormwater Retention Basin
and Retrofit Project will be shared through public-facing
Education channels to highlight its flood mitigation and stormwater

management benefits. Updates will be provided in the Lake
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SWCD newsletter and in local newspaper articles,
describing project goals, design features, and measurable
stormwater reductions. This approach ensures that local
residents, decision-makers, and other stakeholders are
informed and encourages awareness and adoption of similar
stormwater management practices.
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Nine Element Criteria

Information Explanation
needed
n/a Title The High Street Walkway Green Infrastructure Project
criteria d Project Lead | Fairport Harbor Village
Organization | Lake County Soil & Water Conservation District
& Partners
criteria ¢ HUC-12 and | Red Creek Grand River HUC-12 (041100040607) — Critical
Critical Area | Area #2 Urban Lands
criteria ¢ Location of | Lat Long: 41.7561, -81.2772
Project High Street, Fairport Harbor Village, block between Second
and Third Street
n/a Which 4.0 Urban Stormwater Pollutant Reduction Strategies
strategy is 4.01: Reduce Stormwater Runoff
being 4.03: Low Impact Development (LID)
addressed by
this project?
criteria f Time Frame | Short-Term (Priority) (1-3 yr)
criteria g Short The Village of Fairport Harbor will replace an aging
Description | walkway on High Street with permeable pavers and
bioretention to reduce stormwater runoff and nutrient
loading, improving water quality and mitigating impacts
within the watershed.
criteria g Project The High Street Walkway Green Infrastructure Project in
Narrative the Village of Fairport Harbor, Lake County, Ohio, will

replace approximately 4,800 square feet of aging walkway
with permeable interlocking pavers and install
approximately 720 square feet of engineered bioretention
cells to capture and treat stormwater runoff. The site is a
moderately flat urban streetscape with poorly drained soils
and will include approximately 350 linear feet of perforated
underdrain to ensure proper drainage. Exact dimensions will
be determined during the design and engineering phase by
the contractor. The project will be delivered as a design-
build, with the Village of Fairport Harbor leading design
and implementation and serving as fiscal agent and grantee,
while the Lake County SWCD provides project and grant
management to ensure compliance, reporting, and oversight.
The project will improve pedestrian infrastructure, reduce
stormwater volume, and provide measurable reductions in
pollutant loads. Installation of permeable pavers and
bioretention is expected to reduce [0.1]% of total
phosphorus and total nitrogen loads. According to the
National Stormwater Calculator existing conditions at the
project site generate approximately 16.96 inches of annual
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runoff; following project implementation, modeled runoff is
expected to decrease to 1.76 inches per year. This represents
a reduction of 15.20 inches annually, or an 89.6% decrease
in total runoff. In volumetric terms, the project will prevent
an estimated 2.53 acre-feet—approximately 825,500
gallons—of stormwater from leaving the site each year,
significantly reducing downstream pollutant loading and
supporting watershed water quality goals.

Through engineered BMPs and collaboration between the
Village and Lake SWCD, the project provides safer, more
accessible walkways as well as nutrient load reduction,
infiltration, and water quality improvement, while serving as
a demonstration for future urban watershed restoration
efforts.

criteria d

Estimated
Total cost

Costs reflect municipal streetscape retrofit construction in
Northeast Ohio and include materials, excavation, drainage
infrastructure, planting, and professional services necessary
to meet stormwater performance standards.

Permeable Paver Walkway (4,800 sq ft $40/sq ft)
Includes removal, excavation, open-graded base, geotextile,
pavers, edge restraints, grading, and integration with
drainage.

$192,000
Bioretention Cells (720 sq ft $60/sq ft)
Includes excavation, engineered soil, stone drainage layer,
underdrain tie-ins, curb and inlet structures, native plantings,
mulch, and stabilization.

$43,200
Supplemental Underdrain (350 LF $30/LF)
Perforated pipe, stone trench, fittings, and stormwater
connections.

$10,500
Engineering & Design (12% of construction subtotal)
Covers design, hydraulic sizing, construction drawings,
specifications, bid support, and construction oversight.

$29,484
Project Administration
Grant management, reporting, documentation, and
reimbursement processing.

$10,000
Total Estimated Project Cost:

$285,184

criteria d

Possible
Funding
Source

EPA 319, GLRI, GLSNRP, OLEC

criteria a

Identified
Causes and
Sources

Cause Source
Habitat alteration Urban/Suburban runoff
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Flow alteration and Urban runoff/storm sewers
imperviousness
Temperature Urban/suburban runoff
Organic Untreated/undertreated
enrichment/dissolved stormwater runoff from
oxygen commercial/institutional
development
criteria Part 1: How | Goals
b&h much e Increase IBI scores at RM 6.1 sampling point to >54
improvement e Increase QHEI scores at RM 6.1 sampling point to >
is needed to 81
remove the e Achieve far-field target load reductions for
NPS Phosphorus according to section 2.4 (40%
impairment reduction)
for the whole
Critical Objective 2: Install bioretention to capture stormwater
Area? runoff from 50% of commercial lands.
N Reduction | P Reduction
(Ibs/yr) (Ibs/yr)
1813 342
Part 2: How This streetscape project will make incremental progress
much of the toward the Critical Area goals. While it will not
needed independently achieve IBI (>54) or QHEI (>81) targets at
1f1;1rptrl? eV ;n;zlllet RM 6.1, it will reduce stormwater runoff volume and
Critical Area is | associated nutrient loading from directly connected
estimated to be | impervious surfaces within the drainage area, contributing
accomplished | toward the 40% far-field phosphorus reduction goal
by this project? | jdentified in Section 2.4.
The overall nutrient reduction target for Objective 2 in this
Critical Area is 1,813 lbs/year of nitrogen and 342 lbs/year
of phosphorus. This project will achieve less than 1% of
those totals. Although the load reduction from this single
installation is small, it serves as a visible demonstration
practice that can be replicated on other properties,
supporting broader adoption of green infrastructure needed
to achieve long-term biological and water quality
improvements.
Part 3: Load Pollutant reductions were estimated with the EPA Pollution
Reduced? Load Estimation Tool as 8.9 Ib/year total nitrogen,
1.15 Ib/year total phosphorus, and 0.11 tons/yr of TSS
removed.
criteria i How will the | Effectiveness will be measured by modeled reductions in

effectiveness | stormwater runoff and nutrient loading using Ohio

of this EPA-approved tools (EPA National Stormwater Calculator
project in and Pollution Load Estimation Tool). LID practice
addressing installation will be verified through site inspections and

the NPS photo documentation, with reductions reported to Ohio EPA
impairment
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be

as the measurable progress toward addressing the Red

measured? Creek—Grand River NPS impairment.

criteria e Information | Information about the High Street Walkway Green
and Infrastructure Project will be shared through multiple
Education public-facing channels. One educational sign will be

installed on-site explaining the purpose of the permeable
pavers, bioretention cells, and their role in stormwater
management. The project will also be featured in an issue of
the Lake SWCD e-newsletter and in a local newspaper
article to reach residents and stakeholders.
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4.2.1 Project Summary Sheet(s) from Previous Versions

1. Version 1.0, not implemented.
Nine
Element Information needed Explanation
Criteria
n/a Title Removal of Abbott’s Mill Dam Remnants on the Grand River
criteria | Project Lead Lake County Engineer, City of Painesville Engineer
d Organization &
Partners
criteria | HUC-12 and Critical HUC 12- 041100040607; Critical Area 1
c Area
criteria | Location of Project Lower Grand River, under the East Main Street Bridge in the City of
c Painesville, Lake County Ohio
n/a Which strategy is being | Provide the NPS reduction, restoration or protection strategy from Ohio’s
addressed by this Nonpoint Source Management Plan (Update) that will be addressed by this
project? project.
Restore free flowing stream
criteria | Time Frame Short-Term (1-3 yr.)
f
criteria | Short Description The Lake County Engineer proposes to remove 106 yards of concrete and
steel remnant dam materials from the Grand River. The project will
improve floodplain access and natural flow along at least 500 linear feet of
downstream areas on both banks.
criteria | Project Narrative The Lake County Engineer, with the assistance of the City of Painesville
g Engineer will remove the remnants of the Abbott’s Mill Dam on the lower
Grand River, underneath the East Main Street Bridge in the City of
Painesville. The removal activity will fully eliminate the physical
alteration to the river caused by the old dam. The concrete and rebar
remnants of the dam are more than 100 years old and have begun to
deteriorate, break off and move downstream. The dam remnants will be
broken up and removed from the bridge directly above the project site,
which will minimize disturbance to the river bed, floodplains and riparian
areas.

The project will improve the flow regime of the lower Grand River and
improve water quality by returning natural sediment transport to the river
and reducing riverbank erosion. Aquatic habitat and fish passage will be
improved. The Grand River is the only Ohio tributary to Lake Erie that
contains a self-sustaining population of Great Lakes muskellunge. Native
populations of walleye and northern pike are also present. The project site
is located within a designated seasonal salmonid habitat. The Grand River
mainstem is especially sensitive to pollution and disturbance due to limited
summer base flows, and this project will help to maintain the biological
integrity of the river.

criteria | Estimated Total cost Total cost: $88,426 (see table below)
d

criteria | Possible Funding Ohio EPA 319
d Source

criteria | ldentified Causes and Cause: Direct Habitat Alteration/Flow Alteration
a Sources Source: Lowhead dam
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criteria | Part 1: How much This project is aimed to protect attainment of the aquatic beneficial use at
b & h | improvement is needed | or above a QHEI score of 70.
to remove the NPS
impairment for the
whole Critical Area?
Part 2: How much of the This project will restore free movement of the Grand River, of sediment
needed improvement for loads and of fish passage. It completely addresses Objective 1 in Critical
the‘whole Critical Area is Area 1.
estimated to be
accomplished by this
project?
Part 3: Load reduced? 10 tons/ year of sediment, 19 pounds/year of nitrogen, and 10 pounds/year
of phosphorous. This project is aimed to protect the attainment of the
aquatic life beneficial use above the threshold metrics of 70 for QHEI, 50
for IBI, 46 for ICI and 9.4 for MLwb.
criteria | How will the Staff from the OEPA-DSW Ecological Assessment Unit will perform both
i effectiveness of this pre and post project monitoring. The next full-scale OEPA-DSW
project in addressing watershed assessment is scheduled for 2019.
the NPS impairment be
measured?
criteria | Information and Lake County, the City of Painesville and Chagrin River Watershed Partners
e Education (CRWP) will promote and highlight how this project improves hydrology

and water quality within the lower Grand River Watershed, with the
following activities:
e The County will issue a press release following the grant award
o The County will install a project sign onsite to educate the public
about the benefits of dam removal projects and allowing rivers
access to their floodplains
e Develop a factsheet detailing the project for distribution by Lake
County
e Highlight the project on the Lake County website
e Highlight the project on the City of Painesville website
e Highlight the project in the City of Painesville news publication,
the Painesville Pride

CRWP will present information about the project to attendees of the Board
of Trustees meeting which typically averages over 40 local officials

Federal

Budget Justification

Category

Federal $$ Requested

Provide a summary of your TOTAL FEDERAL GRANT FUNDS project budget (by category) and
include a BRIEF justification and ITEMIZED breakdown for the amount proposed in each
category. ANY budget category with an amount entered MUST be accompanied by a
Justification/description. Applicants requesting PERSONNEL and/or FRINGE BENEFIT funding
MUST also complete a PERSONNEL ROSTER.

BUDGET
Justification & Description
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Personnel: Include a Personnel

Lake County personnel to break up and remove the dam remnants, haul away
the materials, and construct the educational sign:

Roster if Personnel funds are §13 ’8 18
requested. (Check activity description -Laborer -Truck Driver
for any limits on personnel) -Laborer -Equipment Operator
-Laborer -Sign Shop Laborer
X Fringe benefits for the following Lake County personnel to break up and remove
Frlnge Benefits Include a $ 6.963 the dam remnants, haul away the materials, and construct the educational sign:
Personnel Roster if Fringe Benefit ?
funds are requested -Laborer -Truck Driver
-Laborer -Equipment Operator
-Laborer -Sign Shop Laborer
Travel
Equipment
. Purchase of the following supplies:
Supplies $8,000 e 40 diamond tip blades @ $200/unit = $8,000
Subcontract costs for:
. Environmental permitting and associated site assessments and
Subcontract: $47,445 environmental analyses
Include a Subcontract Worksheet. e Grant administration and management
Other items include educational sign materials ($200) and the rental of the
following equipment:
Other $12,200 e 1 hydraulic excavator @ $100/hr X 80 hr = $8000
e jack hammer attachments @ $50/hr X 80 hr = $4000
Cost Share
' A $88,426
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2.Version 1.1, currently being implemented.

Critical Area 1: Project 2

n/a Title Sidley Casement Restoration

Project Lead Organization

criterion d
and Partners

West Creek Conservancy (WCC)

Red Creek-Grand River HUC-12: 041100040607
criterion c = HUC-12 & Critical Area
Critical Area 1: Grand River (downstream of SR 84)

criterion ¢ Project Location 349 Old Casement Avenue Painesville, Ohio 44077

o Altered wetland restoration
. . . o Altered stream and habitat restoration
wa Which strategy is being e Nonpoint source reduction
ddressed by this project? : : :
a y proj e High quality waters protection (cold water)
criterion f  Time Frame Short (1-3 years)

The Grand River watershed has been impacted significantly
by urban development and agriculture, leading to impaired
water quality. The Sidley Casement Restoration project will
criterion g = Short Description restore a former golf course to a matrix of riparian wetlands,
riparian woodland, and native meadow in a 100-year
floodplain. These actions will improve habitat and restore
wetland function in the floodplain of the Grand River.

The former golf course will be restored through grading to
restore hydrologic connectivity in the floodplain, removal of
irrigation and drainage systems, restoration of natural
wetland and upland vegetation, and slowing/detaining water
running off the site through a series of seepage berms and/or
log jams. In addition, approximately 5.4 acres of wetland
will be restored in former fairways, with an additional 3.0

criterion g Project Narrative acres of floodplain forest, 6.5 acres of meadow, and 1.3
acres of wet meadow to be restored.

The project will address the following objectives of the plan.

e 1.3 Manage invasive species
e 1.4 Protect and restore streams and wetlands
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criterion d = Estimated Total Cost

criterion d  Possible Funding Source

criterion a

Criteria b
&h

Identified Causes and
Sources

Part 1: How much
improvement is needed to
remove the NPS impairment
associated with this Critical
Area?

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

Approximately $800,000.00

OEPA 319

ODNR H20hio

Great Lakes Sediment & Nutrient Reduction Program
Clean Ohio Greenspace

Protection of Large River Assessment Unit Grand River
Mainstem is under consideration for the update of this NPS-
IS, which is currently under development. The Grand River
is currently in full attainment of its Exceptional Warmwater
Habitat ALU. Threats to attainment include:

Causes:
1. Habitat alteration
2. Siltation and sedimentation
3. Flow alteration and imperviousness
4. Organic enrichment and dissolved oxygen

5. Temperature
Sources:

Urban/suburban runoff and hydromodification
Riparian deforestation, streambank erosion, channel
scour, bank failure, and lowhead dam
3. Urban runoff/storm sewers
4. Untreated/undertreated stormwater runoff
(residential, commercial, deforestation)
5. Urban/suburban stormwater runoff
According to the 2020-2021 Aquatic Life and Water Quality
Survey of Ohio’s Large Rivers the Grand River Mainstem is
currently in full attainment of the EWH ALU. To keep this
attainment status the following metrics must be maintained
or improved:

IBI score of 52 at RM 6.1
ICI score of 52 at RM 6.1
QHETI score of 78.5 at RM 6.1

River mile 6.1 adjacent to this project.

The Large River Assessment Unit Grand River Mainstem is
currently in full attainment of the EWH ALU. This project
will incrementally protect against threats to the Grand River
in this area. The project site is very close to highly
developed urbanized area downstream. The project will
address the following objectives:
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criterion i

criterion e

Part 3: Load reduced?

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

Information and Education

Objective 1.3: Manage invasive species - Remove 15 acres
of invasive species in riparian areas.

Project will include 6-7 acres of invasive species removal
(40-46% of objective).

Objective 1.4 Protect and restore streams and wetlands -
Protect 100 acres of riparian area from development.

This project will protect 68 acres (68% of objective) of
woodlands, floodplain, meadow wetland, wooded ravines
and riparian corridors through fee simple purchase and a
conservation easement/environmental covenant.

Objective 1.4 Protect and restore streams and wetlands -
Restore 50 acres of floodplain with wetland creation, stream
enhancement, and/or reforestation.

An estimated 50 acres of recovering former floodplain forest
and riparian wetlands will be restored and protected (100%
of objective).

Reducing the impacts of golf course development, disruption
of tributaries, drainage and irrigation systems, run-off and
stormwater will increase the IBI and ICI in the mainstem of
the Grand River.

Annual load reductions of the stream and wetland restoration
is estimated (using PLET) to result in load reductions of:
75.76 1b/yr Nitrogen, 8.76 1b/yr Phosphorus, and 2.08 T/yr
Total Suspended Solids (TSS).

IBI, ICI, and QHEI will be assessed on the Grand River
before and after project implementation. WCC will monitor
effectiveness and post-restoration effectiveness (internally
completed by WCC, as well as consultant
contracted).Additionally, OEPA-DSW monitors program-
funded projects with pre- and post-construction monitoring.

Interpretive signage will be installed at the project site.
WCC will publish the project on their website, social
platforms, newsletter, and annual report. WCC also hosts
guided hikes, tours, birding outings, photography sessions
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and additional stewardship activities and volunteerism (e.g.
invasive control, vegetation management, access
management, and other scientific research programs).

73



Works Cited

Center for Watershed Protection. (2002). Watershed Vulnerability Analysis report.
(http://online.sfsu.edu/jerry/geo _642/refs/Vulnerability Analysis.pdf)

ERIN Watershed Report. Red Creek- Grand River Watershed.

Great Lakes Water Quality Agreement (2012), Annex 4 — Nutrients.

Ohio Domestic Action Plan (2023), Ohio Environmental Protection Agency.

Ohio EPA. (2006). Biological and Water Quality Study of the Grand River Basin 2003-2004.

Ohio EPA. (2009). Three Types of Primary Headwater Habitat. Field Evaluation Manual for Ohio’s
Primary Headwater Habitat Streams.

Ohio EPA. (2004). Integrated Water Quality Monitoring and Assessment Report.
(http://www.epa.ohio.gov/dsw/tmdl/ohiointegratedreport.aspx)

Ohio EPA. (2012). Total Maximum Daily Loads for the Grand River (lower) Watershed.

Ohio EPA. (2016). Guide to Developing Nine-Element Nonpoint Source Implementation Strategic
Plans in Ohio. Columbus.

Ohio EPA. (2016). Water Quality Summary- 2016 Integrated Report.
(http://www.epa.ohio.gov/dsw/tmdl/ohiointegratedreport.aspx)

Ohio EPA. (2024) Summary of Findings from the 2020-2021 Aquatic Life and Water Quality Survey
of Ohio’s Large Rivers.
https://dam.assets.ohio.gov/image/upload/epa.ohio.gov/Portals/35/tmdl/LargeRiverSurvey-
DataSummary-2023.pdf

Ohio EPA. (2025). Ohio’s Nonpoint Source Management Plan Update (FY 2025-2029). Columbus.

The Cleveland Museum of Natural History. (2002). 4 Natural History of Lake County, Ohio.
Rosemary Szubski, editor.

United States Army Corps of Engineers. (2016). Red Creek- Grand River Watershed Assessment for
Sediment Transport. Great Lakes Tributary Modeling Program 516(e). Sediment Transport Analysis
and Regional Training (START) Initiative.

74


http://www.epa.ohio.gov/dsw/tmdl/ohiointegratedreport.aspx
https://dam.assets.ohio.gov/image/upload/epa.ohio.gov/Portals/35/tmdl/LargeRiverSurvey-DataSummary-2023.pdf
https://dam.assets.ohio.gov/image/upload/epa.ohio.gov/Portals/35/tmdl/LargeRiverSurvey-DataSummary-2023.pdf

