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Section 2

Zoning Data Development

2.1 Introduction

This section describes the zoning and parcel data sets that were used in this project as well
as the data processing that took place during the project to create the digital zoning files
for Chagrin River watershed communities. These data were developed to support the
specific project goals for this study, but can also be used to support CRWP’s continuing

education programs for its member communities.
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Figure 2-1: Chagrin River Watershed with County Boundaries

2.2 Data Sources

Geauga

Portage

The Chagrin River watershed covers an
area of approximately 267 square miles,
representing 40 communities in
Cuyahoga, Geauga, Lake, and Portage
counties as shown in Figure 2-1.

The 48-mile main branch of the
Chagrin River receives flow from
several major tributaries including the
East Branch, Griswold Creek, Willey
Creek, and the Aurora Branch,
discharging north into Lake Erie.
Surface waters make up a significant
portion of the water resources of the
Chagrin River, with over 100 miles of
named perennial streams and many
large waterbodies including Bass Lake,
Lake Lucerne, Sunny Lake, and
Kiwanis Lake. In addition, there are
hundreds of wetlands, smaller lakes,
and ponds scattered throughout the
watershed.

CRWP provided data from various jurisdictions and other organizations. These data sets
represented a combination of jurisdiction-specific and watershed-wide data and were
primarily digital Geographic Information System (GIS) data in ArcView shapefile format

with some paper maps.

2.2.1 Base Mapping Data

Base mapping data and digital aerial orthophotography for this project were generally
obtained from the previous CRWP project, Wetlands Impacts Assessment (CDM, 2002).
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2.2.2 Parcel Data

Parcel data were available for Cuyahoga, Geauga, and Lake Counties. Parcel data were
not available for most of the Portage County communities, but were available for the City
of Aurora, which encompasses the majority of the Chagrin River watershed within
Portage County. Parcel data were available for Mantua Township, however this
community was not evaluated in this study as it was felt development was not typical of
other Chagrin River watershed communities.

2.2.3 Zoning Data

Zoning data were collected from communities and/or County agencies responsible for
land use planning. Table 2-1 presents an alphabetical listing of the communities within
the Chagrin River watershed for which ArcView zoning shapefiles were compiled or
created as part of this study. Although zoning shapefile attributes varied by community,
each shapefile included at least a reference to the parcel ID, the community’s designated
zoning code, and the CRWP land use category described in Section 3.2.

For each community listed in Table 2-1, the corresponding county, total community area,
and area within the Chagrin River watershed are given. The source and original zoning
map format for each community zoning shapefile are given in the final two columns.

Zoning data was not evaluated for 6 of the 40 communities within the Chagrin River
watershed, including;:

* Claridon Township (Geauga County)

* Concord Township (Lake County)

* Hambden Township (Geauga County)

* Shalersville Township (Portage County)

= City of Streetsboro (Portage County)

* Timberlake Village (Lake County)

Zoning shapefiles were not created for these communities or for Mantua as discussed in
Section 2.2.2, since these 7 communities collectively represent a small portion of the
watershed (less than 6 percent of the total area) and have development patterns atypical
of the remainder of the watershed.

A detailed description of the source of the zoning shapefiles that were created or
compiled as part of this study is given below, grouped by source.

City of Aurora

The City provided their zoning data in ArcView shapefile format.

2-2
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Section 2
Table 2-1 Zoning Data Development
Chagrin River Watershed Partners - Impervious Area Study
Community Summary and Zoning Shapefile Source

Community Total Within Watershed Zoning Shapefile Original
Name County Area (ac)1 Area (ac) | Percent Source® Map Format

Auburn Township Geauga 19,202 3,408 18%|Geauga County Shapefile
City of Aurora Portage 15,439 8,433 55%|City of Aurora Shapefile
Bainbridge Township Geauga 16,531 15,937 96% |Geauga County Shapefile
City of Beachwood Cuyahoga 3,360 584 17%|CDM Inc. Paper Map
Village of Bentleyville Cuyahoga 1,675 1,675 100%|CDM Inc. n/a
Chagrin Falls Township Cuyahoga 361 361 100%|CDM Inc. n/a
Village of Chagrin Falls Cuyahoga 1,349 1,349 100%|CT Inc. CAD file
City of Chardon Geauga 2,943 1,398 47%|Geauga County Shapefile
Chardon Township Geauga 14,646 9,547 65%|Geauga County Shapefile
Chester Township Geauga 15,033 15,033 100%|Geauga County Shapefile
City of Eastlake Lake 4,172 1,548 37%|LCPC Shapefile
Gates Mills Village Cuyahoga 5,822 5,822 100%|CDM Inc. Paper Map
City of Highland Heights Cuyahoga 3,284 305 9%|CDM Inc. Paper Map
Hunting Valley Village Cuyahoga 5,108 5,108 100%|CDM Inc. n/a
City of Kirtland Lake 10,693 10,693 100%|LCPC Shapefile
Kirtland Hills Village Lake 3,620 3,270 90%|LCPC Shapefile
City of Lyndhurst Cuyahoga 2,810 27 1%|CDM Inc. Paper Map
City of Mayfield Heights Cuyahoga 2,699 2,128 79%|CDM Inc. Paper Map
Mayfield Village Cuyahoga 2,514 2,306 92%|CDM Inc. Paper Map
City of Mentor Lake 17,969 4,998 28%|LCPC Shapefile
Moreland Hills Village Cuyahoga 4,610 4,610 100%|CVE Ltd. Shapefile
Munson Township Geauga 16,573 13,954 84%|CDM Inc. n/a
Newbury Township Geauga 18,275 11,916 65% |Geauga County Shapefile
Orange Village Cuyahoga 2,444 1,308 54%|CDM Inc. Paper Map
City of Pepper Pike Cuyahoga 4,567 4,236 93%|CDM Inc. Paper Map
Russell Township Geauga 12,326 12,326 100%|Geauga County Shapefile
City of Solon Cuyahoga 13,088 5,344 41%|CDM Inc. Paper Map
South Russell Village Geauga 2,485 2,485 100%|Geauga County Shapefile
Waite Hill Village Lake 2,734 2,734 100%|CDM Inc. n/a
City of Wickliffe Lake 2,980 541 18%|LCPC Shapefile
City of Willoughby Lake 6,548 3,974 61%|LCPC Shapefile
City of Willoughby Hills Lake 6,944 5,240 75%|LCPC Shapefile
Woodmere Village Cuyahoga 211 211 100%|CDM Inc. n/a

Total Study Area 243,015 162,811 acres
379.7 254.4 sq.mi.
20Other Communities various 94,180 5,372 6% n/a
Total Watershed Area 337,194 168,183 acres
526.9 262.8 sq.mi.

Notes:

1. This is the total area of the community.

2. Source indicates who the digital shapefile was created by, not the source of the zoning data.
LCPC is the Lake County Planning Commission.

3. Watershed communities not included in this study include Claridon Twp., Concord Twp., Hambden
Twp., Mantua Twp., Shalersville Twp., Streetsboro, and Timberlake Village.
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CDM Inc.

CDM created zoning shapefiles from paper zoning maps provided by the following
communities:

City of Beachwood (Cuyahoga County)

Gates Mills Village (Cuyahoga County)

City of Highland Heights (Cuyahoga County)
City of Lyndhurst (Cuyahoga County)

City of Mayfield Heights (Cuyahoga County)
Mayfield Village (Cuyahoga County)

Orange Village (Cuyahoga County)

City of Pepper Pike (Cuyahoga County)

City of Solon (Cuyahoga County)

CDM also created zoning shapefiles for the following communities where paper zoning
maps were unavailable, based on CRWP staff knowledge of zoning codes in adjacent or
similar communities, including:

AN

Village of Bentleyville (Cuyahoga County). For the purposes of this study, all land
was assumed to be zoned as Single-Family Residential with an average lot size of
1 to 2 acres.

Chagrin Falls Township (Cuyahoga County). For the purposes of this study, all
land was assumed to be zoned as Single-Family Residential with an average lot
size of 5 acres.

Hunting Valley Village (Cuyahoga County). For the purposes of this study, all
land was assumed to be zoned as Single-Family Residential with an average lot
size of 5 acres.

Munson Township (Geauga County). For the purposes of this study, all residential
land uses were assumed to be Single-Family Residential with an average lot size
of 5 acres. In addition, non-residential zoning data from Geauga County were
used.

Waite Hill Village (Lake County). For the purposes of this study, all land was
assumed to be zoned as Single-Family Residential with an average lot size of 5
acres.

Woodmere Village (Cuyahoga County). For the purposes of this study, all land
was assumed to be zoned as Single-Family Residential with an average lot size of
1/2to1 acre.

2-4
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CT Consultants, Inc.

CT provided zoning data for the Village of Chagrin Falls in AutoCAD format.
Chagrin Valley Engineering (CVE), Ltd.

CVE provided zoning data for Moreland Hills Village in ArcView shapefile format.
Geauga County

The County provided zoning data for the various communities in Geauga County in
ArcView shapefile format.

Lake County Planning Commission (LCPC)

LCPC provided zoning data for the various communities in Lake County in ArcView
shapefile format. Zoning data for four communities (Eastlake, Mentor, Wickliffe, and
Willoughby) were clipped to the watershed boundary. Consequently, the analyses in this
study were limited to the Chagrin River watershed boundary for these communities.

2.2.4 Watershed “Protected” Lands

Areas of protected land within the Chagrin River watershed were taken from the CRWP
tile “protected1_04.shp” (6/8/2004 version, LU1 attribute table). "Protected lands" are
considered to be non-developable for purposes of this study, and the underlying zoning
of parcels within these protected lands was not used to establish the future land use in the
imperviousness impact analysis described in Section 5. The following land use types in
the referenced attribute table of this file were defined to be protected and therefore
considered non-developable for the purposes of this study: Conservation, Park, Vacant,
and Miscellaneous. The other land use types in the referenced attribute table include
Institutional, Recreational, and Transportation/ Utility. For the purposes of this study,
parcels within these three categories were not considered to be protected, and therefore
were developed at their underlying zoning under the future land use scenario used in the
impervious impact analysis.

2.3 Methodology for Creating New Zoning Shapefiles

In cases where ArcView zoning shapefiles were not available, new shapefiles were created
from existing paper maps or other digital zoning data formats. The general methodology
included the following steps:

* For communities that did not have digital zoning data, the development of new
zoning shapefiles involved assigning the appropriate community’s zoning code
(whether from paper zoning maps or the zoning assumptions listed in Section
2.2.3) to each parcel within the community. Paper zoning maps were digitally
scanned (in TIFF file format), geo-referenced based on available parcel or street
shapefiles using ArcView, and then saved in shapefile format. Zoning attributes
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from the paper maps were assigned to the digital parcel layer using basic ArcView
tools. There was some inconsistency with the zone boundaries; some communities
showed zoning up to the road centerline, others did not include the road right-of-
way. In addition, there were some discrepancies between the parcel layer and
zoning map (e.g., zoning boundaries identified on the maps were not coincident
with parcel boundaries). In such cases, best judgment was used to resolve these
differences and to exclude the road right-of-way from the calculations.

* For communities that had digital zoning data, parcel shapefiles were first clipped
to the community boundary. The zoning layer was then overlain with the parcel
layer and the community’s land use zoning codes (with related description field, if
available) were assigned as an attribute of the parcel data using basic ArcView
tools. The shapefiles provided by LCPC already had zoning assigned as an
attribute of the parcel data and so were used as provided.

* For communities where zoning maps were not available, CDM created zoning
shapefiles based on CRWP staff knowledge of zoning in adjacent or similar
communities. These zoning definitions are described in Section 2.2.3.

A detailed description of the specific methods for updating parcel zoning data using
ArcView 3.x is presented in Appendix A. The parcel and zoning shapefiles used in this
study are included on the CD-ROM in Appendix B.
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Section 1
Introduction

1.1 Background

The Chagrin River Watershed Partners, Inc. (CRWP) was founded in 1996 for the purpose
of preserving and enhancing the Chagrin River and its watershed as a high quality natural
resource. CRWP’s organizational role is to support local governments within the
watershed in making land use decisions for the long-term minimization of flooding,
erosion, and other water quality problems.

Land use changes and practices in the Chagrin River watershed are altering its water and
natural resources by disrupting the hydrologic characteristics and ecosystems within the
watershed. The principal cause is increased imperviousness due to development (e.g.,
construction of roads, parking lots, and buildings), removal or alteration of natural
vegetation, and other land surface activities occurring on the land. Increased
imperviousness within the watershed and the land use activities associated with
imperviousness can result in a combination of impacts including increased flooding
frequency, reduced groundwater recharge and baseflow in streams, increased stream
bank erosion and sedimentation, degraded habitat, and increased pollution threats to
surface and groundwater resources. These impacts pose potentially significant costs
(monetary and ecological) to local, county, and state governments and citizens.

1.2 Project Purpose

The purpose of this project is to complete an impervious cover analysis of the Chagrin
River watershed, with particular focus on the following key elements:

* Estimate increases in impervious cover from land use changes due to
development, and

* Qualitatively assess the effectiveness of Best Management Practices (BMPs) to
control imperviousness or to control the resulting impacts of increased impervious
cover.

By understanding the impact of potential land use changes on the flooding, erosion, and
water quality problems of the watershed, this project will assist CRWP member
communities in making informed land use planning and management decisions. This
project also provides technical information to support CRWP members as they implement
zoning and policy tools to control impervious cover.

1.3 Authorization and Acknowledgment
CDM was contracted in December 2003 to conduct this study for CRWP. Funding for this

study was made possible by generous support provided by the Coastal Zone
Management Act, administered by the Office of Ocean and Coastal Resource

1-1
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Management, National Oceanic and Atmospheric Administration, and the Ohio Coastal
Management Program administered by the Ohio Department of Natural Resources, Office
of Coastal Management, and the member communities of the Chagrin River Watershed
Partners, Inc.

There were a number of people who assisted in the preparation and collection of data
used in this study, particularly the Lake County Planning Commission, the Lake County
Stormwater Management Department, and Frank McIntyre with Bainbridge Township.
Their helpful assistance is greatly appreciated.

1.4 Document Organization

The remainder of this document provides details on the data development and analysis
methods applied as part of this study. The document is organized as follows:

* Section 2 provides information on the parcel and zoning data available for this
project and how these data were developed and applied.

* Section 3 describes the analysis of existing impervious cover within Chagrin River
watershed communities.

* Section 4 describes the analysis of potentially developable and non-developable
land within Chagrin River watershed communities.

* Section 5 presents the imperviousness impact analysis, which includes changes to
watershed hydrologic features due to projected development scenarios and the
effectiveness of measures to control imperviousness and the resulting impacts of
increased imperviousness.

= Section 6 presents the conclusions of this study.

* Appendix A describes the key procedures used in the development and
manipulation of the GIS data.

* Appendix B includes a CD ROM with the data that were gathered and generated
for this study as well as an electronic version of the final report.

AN 1-2
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Section 3
Impervious Cover Analysis

3.1 Introduction

This section describes the analysis of existing impervious cover within Chagrin River
watershed communities. For the purposes of this study, community zoning codes were
grouped into a common set of land use categories (e.g., residential less than Y2-acre, non-
residential, and non-developable). An estimate of the impervious cover was made for
each land use category within the Chagrin River communities using available impervious
cover estimates and limited measurements from available digital aerial photographs. In
addition, impervious cover statistics were determined to better quantify the variability
and confidence of imperviousness as it correlates to land use characteristics.

This analysis establishes a link between impervious cover and land use, which is critical to
evaluating the impact of various land use development scenarios on imperviousness and
the corresponding impact on watershed hydrology and water quality.

The following impervious area definitions are used in this report:

* Impervious Cover: Any land surface that has been compacted or is covered with a
layer of material such that it substantially reduces or prevents the infiltration of
storm water runoff into the ground. Impervious surfaces may include paved or
graveled roadways, parking areas, driveways, sidewalks, rooftops and similar
structures.

* Imperviousness: The percentage of impervious cover within a given area of land.

3.2 Land Use Categories

Representative land use categories were defined that best consolidate the range of
imperviousness of the predominant zoning categories for Chagrin River watershed
communities. Table 3-1 lists the land use categories developed for this project. These
categories were based on a review of community zoning codes and were generally
established at logical breakpoints between typical development patterns and impervious
factors. Residential land use categories were generally categorized in terms of the
minimum lot size per dwelling unit or the inverse; the number of dwelling units per acre.
The range of these values is shown in Table 3-1.

The following representative land use categories were defined for Chagrin River
watershed communities:

* Residential (<%2 acre). This category includes typical high-density residential land
use zones with lot sizes less than 2 acre or densities of more than 2 dwelling units
per acre. This category also includes apartments, multi-family residential, or
assisted living developments.

Section3_CRWP_ImperviousAreaStudy_final.doc
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Table 3-1
Representative Land Use Categories
e — Minimum Lot Size (ac) Dwelling Units per Acre
Lower Upper Upper Lower
Residential (<1/2 acre) <0.1 0.5 >10 2
Residential (1/2 - 1 acre) 0.5 1 2 1
Residential (1 - 2 acres) 1 2 1 0.5
Residential (>2 acres) 2 >5 0.5 <0.2

Non-Residential (High) Categorized by development density (not parcel size)

Non-Residential (Medium) Categorized by development density (not parcel size)

Non-Developable Categorized by open-space zoning or “protected” area

Residential (2-1 acre). This category includes typical medium-density residential
land uses that are zoned with lot sizes between Y2 and 1 acre or densities between
1 and 2 dwelling units per acre.

Residential (1-2 acres). This category includes typical medium to low-density
residential land uses that are zoned with lot sizes between 1 and 2 acres or
densities between 0.5 and 1 dwelling unit per acre.

Residential (>2 acres). This category includes typical low-density or rural
residential land uses that are zoned with lot sizes of 2 acres or more and densities
of less than 0.5 dwelling units per acre.

Non-residential (High Density). Non-residential land use zones that feature
highly impervious cover are included in this category. This category includes
commercial land use types such as motels, automotive service stations, car
washes, commercial garages and parking lots, bowling alleys, amusement parks,
warehouses. Heavy industrial land use types are also represented in this category,
although there are only a small number of these in the watershed, primarily in
Lake County.

Non-residential (Medium Density). This category includes other non-residential
land use zones that feature less impervious cover than the previous category. This
generally includes institutional land use types, office parks, medical arts facilities,
and light industry.

Non-Developable (Zoned Open Space). This category includes areas zoned as
open space, and were not considered developable in this study (e.g., active /
passive parks, conservation districts, cemeteries, country clubs or other
recreational areas)

Non-Developable (Protected Open Space). This category includes the protected
open space areas defined by CRWP in the file "protected1_04.shp" (dated
6/8/2004), with LU1 attribute table codes of Conservation, Park, Vacant, and
Miscellaneous as described in Section 2.2.4. In the zoning shapefiles, the land use
category for parcels in these areas was defined as protected open space.

3-2
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3.3 Land Use under Projected Build-Out Conditions

The land use categories defined from existing community zoning represent an anticipated
projection of build-out within the Chagrin River watershed. Table 3-2 summarizes build-
out land use by community. As mentioned in Section 2.2.3, zoning data for Eastlake,
Mentor, Wickliffe, and Willoughby were clipped to the Chagrin River watershed
boundary. As a result, it is important to note that the analysis was limited to the
watershed boundary and does not reflect the land use within the entire community.

The average percentages shown at the bottom of the table have been weighted by the
areas of the individual communities. Low-density residential zoning is by far the
predominant land use at projected build-out conditions among the Chagrin River
watershed communities, comprising 43 percent of the projected future land use.

3.4 Community Interviews

During this project, a number of community interview meetings were held with selected
representative communities. The purpose of the meetings was to help confirm existing
zoning, build-out, and development conditions, to refine and improve analysis methods
as the project progressed, and to gage community attitudes and preferences toward
certain BMPs. The following communities were interviewed (meeting attendees in
parentheses):

* Bainbridge Township, January 14, 2004 (Sam Desiderio, Township Trustee, and
Frank McIntyre, Regulation Compliance Coordinator; Amy Holtshouse, CRWP;
John Aldrich, CDM).

= City of Aurora, May 3, 2004 (Dave Lipstreu, Director of Planning and Zoning, Jim
Kushner, Engineering Department, and Courtney Schumm, GIS Coordinator;
Amy Holtshouse, CRWP; Mike Gregory, CDM).

* Russell Township: May 5, 2004 (Rick Machnics and Diana Steffen, Zoning
Department; Amy Holtshouse, CRWP)

» City of Kirtland: May 26, 2004 (Carm Catania, Zoning Inspector and Public
Service Administrator, and Phil Kiefer, City Engineer; Amy Holtshouse, CRWP).

Meeting agenda included the following items:

* Review and clarification of existing zoning and anticipated development.

* Identification of existing impervious cover measurements or of representative
areas to conduct new impervious cover sampling.

* Discussion of development practices and policies affecting imperviousness and
methods to control impervious areas.

* Discussion of typical subdivisions and infill development characteristics.

3-3
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Table 3-2
Chagrin River Watershed Partners - Impervious Area Study
Build-Out Land Use Based on Current Zoning

Community Land Use Category Percentages
Residential Non-Residential Non-Developable Total
Area Zoned Open | Protected
Name (ac) <1/2 acre |1/2-1acre| 1-2acres | >2 acres High Medium Space Open Spa\ce2

Auburn Township 19,202 0.0% 1.1% 34.1% 38.4% 2.0% 3.3% 0.0% 21.0%| 100.0%
City of Aurora 15,439 11.3% 29.2% 19.4% 18.1% 1.6% 8.6% 0.0% 11.8%| 100.0%
Bainbridge Township 16,533 0.0% 0.0% 0.0% 86.4% 1.2% 3.9% 0.2% 8.2%| 100.0%
City of Beachwood 3,364 4.0% 64.9% 0.0% 0.0% 7.4% 22.3% 0.0% 1.4%| 100.0%
Village of Bentleyville 1,675 0.0% 0.0% 60.6% 0.0% 0.0% 0.0% 0.0% 39.4%| 100.0%
Chagrin Falls Township 330 0.0% 0.0% 0.0% 78.7% 0.0% 0.0% 0.0% 21.3%| 100.0%
Village of Chagrin Falls 1,349 26.6% 44.3% 1.5% 0.0% 1.9% 10.0% 1.0% 14.6%| 100.0%
City of Chardon 2,951 3.1% 12.1% 10.9% 28.9% 4.6% 20.2% 19.1% 1.0%| 100.0%
Chardon Township 14,640 0.0% 0.0% 45.1% 33.5% 0.9% 0.0% 0.0% 20.5%| 100.0%
Chester Township 15,033 0.0% 0.0% 24.6% 70.1% 1.5% 0.9% 0.0% 3.0%| 100.0%
City of Eastlake® 1,548 26.2% 20.7% 0.0% 10.3% 9.3% 21.5% 0.1% 11.9%| 100.0%
Gates Mills Village 5,822 0.4% 0.0% 1.8% 79.7% 0.1% 0.0% 0.0% 17.9%| 100.0%
City of Highland Heights 3,284 0.0% 77.8% 0.0% 0.0% 1.5% 20.7% 0.0% 0.0%| 100.0%
Hunting Valley Village 5,108 0.0% 0.0% 0.0% 76.1% 0.0% 0.0% 0.0% 23.9%| 100.0%
City of Kirtland 10,693 1.4% 24.2% 28.5% 15.4% 1.0% 4.8% 0.0% 24.6%| 100.0%
Kirtland Hills Village 3,620 0.0% 0.0% 0.0% 79.7% 0.2% 0.0% 0.0% 20.1%| 100.0%
City of Lyndhurst 2,810 3.2% 86.1% 0.0% 0.0% 2.5% 1.0% 7.3% 0.0%| 100.0%
City of Mayfield Heights 2,699 58.8% 12.8% 0.0% 0.0% 8.9% 12.7% 5.9% 0.9%| 100.0%
Mayfield Village 2,514 54.4% 0.0% 0.0% 0.0% 0.9% 16.6% 0.0% 28.0%| 100.0%
City of Mentor" 4,998 2.6% 26.4% 16.2% 0.6% 10.4% 26.3% 14.8% 2.8%( 100.0%
Moreland Hills Village 4,641 0.1% 0.0% 0.0% 88.9% 0.2% 0.0% 0.0% 10.8%| 100.0%
Munson Township 16,576 0.1% 0.0% 0.0% 38.1% 0.8% 43.1% 5.3% 12.6%| 100.0%
Newbury Township 18,280 0.0% 0.0% 0.0% 83.2% 2.2% 3.7% 0.0% 10.8%| 100.0%
Orange Village 2,432 7.6% 13.7% 76.5% 0.0% 1.5% 0.2% 0.0% 0.6%| 100.0%
City of Pepper Pike 4,567 0.9% 79.4% 0.0% 0.0% 0.5% 18.6% 0.0% 0.6%| 100.0%
Russell Township 12,327 0.0% 0.0% 0.0% 86.3% 0.2% 0.1% 0.0% 13.4%| 100.0%
City of Solon 13,088 6.7% 60.1% 0.0% 9.1% 1.9% 17.8% 0.0% 4.3%| 100.0%
South Russell Village 2,486 18.6% 56.1% 11.8% 9.7% 1.0% 1.3% 0.0% 1.4%| 100.0%
Waite Hill Village 2,734 0.0% 0.0% 0.0% 84.4% 0.0% 0.0% 0.0% 15.6%| 100.0%
City of Wickliffe® 541 9.4% 47.1% 0.0% 0.0% 0.0% 33.4% 0.0% 10.1%| 100.0%
City of Willoughby" 3,974 27.2% 8.2% 0.0% 31.0% 6.5% 22.2% 0.4% 4.6%| 100.0%
City of Willoughby Hills 6,944 0.3% 81.4% 0.0% 0.0% 1.2% 2.5% 0.0% 14.7%| 100.0%
Woodmere Village 211 0.0% 100.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%| 100.0%

Total/Avg. Study Ared®  347.5 4% 17% 12% 43% 2% 9% 1% 12% 100.0%

sg.mi.

Notes:

1. For Eastlake, Mentor, Wickliffe and Willoughby, only the areas within the Chagrin River watershed are given, not the total community area.

2. Zoning of parcels within protected open space areas is not used to define the land use category of each community. Land use is defined by CRWP in the file

"protected1_04.shp" (dated 6/8/2004, LU1 attribute table). Protected LU1 codes include Conservation, Park, Vacant, and Miscellaneous (note: LU1 codes
Institutional, Recreational, and Transp/Utility were not considered to be protected).

3. The average impervious percentages for the study area, listed at the bottom of the table, have been weighted by community area.
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3.5 Impervious Cover Measurements by Land Use
Category

Impervious cover measurements within Chagrin River watershed communities were
obtained from both previous available impervious cover measurements and a
representative sample of impervious area performed as part of this study. The various
data sources are described in detail below. Impervious cover data are included in Excel
spreadsheet format in the \ Spreadsheets\ folder on the CD in Appendix B.

Bainbridge Township - Residential Areas

Existing impervious cover measurements were obtained from Bainbridge Township.
These data are largely representative of low density residential land use categories. The
Township maintains a database of impervious area by parcel in order to ensure
compliance with their current zoning regulations (i.e., a 10-percent limit on
imperviousness of a parcel). Available data includes a total of 395 single-family residential
parcels throughout the Township, based on site plans.

Lake County - Residential Areas

Existing impervious cover measurements were obtained from a previous study for the
Lake County Engineer (CDM, 2003). These data are representative of mixed density
residential land use categories. A total of 389 single-family residential parcels were
sampled from various communities throughout Lake County. These parcels are
statistically representative of all residential properties within the drainage district served
by the Lake County Stormwater Management Department (LCSMD), which includes the
communities of Concord Township, Kirtland, Kirtland Hills, Wickliffe, and Willoughby
Hills. Although Concord Township is not considered part of the watershed,
imperviousness measurements are considered representative of certain Chagrin River
watershed communities, due to similar zoning densities and development patterns. For
this study, each measured single family parcel was assigned to one of the land use
categories defined in Section 3.2.

Lake County - Non-Residential Areas

Measurements of existing impervious cover were obtained from the Lake County GIS
Department. The imperviousness of 3,392 non-residential parcels in the LCSMD service
areas was measured from recent orthophotographs for purposes of billing a storm water
service fee. For the purposes of this CRWP study, only samples from the appropriate land
use types that represented Non-Residential (High) and Non-Residential (Medium) were
used. Additionally, only measurements greater than 5 percent imperviousness were used
in the statistical analysis, due to the assumption that parcels with measured
imperviousness less than 5 percent were not fully developed. As a result, the number of
samples used in this study was 376 for Non-Residential (Retail) and 1,770 for Non-
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Residential (Other, which included zoned industrial, non-retail commercial, and exempt
properties).

Aurora, Kirtland Hills, and Russell Township - Residential Areas

For this project, impervious cover was measured for seven typical subdivision
developments in the Chagrin River watershed by interpreting impervious surfaces from
digital aerial orthophotographs. These samples were taken in order to test the residential
statistics derived from the larger data sets of Lake County and Bainbridge Township.
Specific subdivisions were selected based on information gathered during the community
interviews and are intended to represent the range of residential land use categories
defined for this study.

The subdivisions were located within Aurora, Kirtland Hills, and Russell Township as
shown in Figure 3-1. Four of the seven subdivisions represented low-density residential
zoning (>2-acre) including Andrew Jackson Estates in Aurora, Sanctuary in Kirtland Hills,
Regency Woods in Kirtland, and Rindlewood in Russell Township. The Centerville
Woods subdivision in Aurora represented the 1- to 2-acre residential zoning category, the
Highland Farms subdivision in Aurora represented the 2- to 1-acre residential zoning
category, and Chatham Estates in Aurora represented the high-density residential zoning
category (< Y2-acre).

Figure 3-1
Sampled Residential Subdivisions within the Chagrin River Watershed

Andrew Jacks

Urora |:|

[
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Figure 3-2 shows an example of the impervious cover measurements for a low-density
residential subdivision in Kirtland Hills Village. Vacant lots were removed from the
analysis. The following impervious surfaces were interpreted from the aerial photographs
and delineated:

* Roofs/buildings (indicated in blue in Figure 3-2).

* Roadways (indicated in yellow in Figure 3-2).

= Sidewalks and driveways (indicated in green in Figure 3-2).

* Patios and pools (indicated in red in Figure 3-2).

Figure 3-2
Typical Low-Density Residential Subdivision in Kirtland Hills Village
(Highlighting Impervious Cover)

3.6 Impervious Cover Statistics

A statistical analysis was performed on the impervious cover measurements described in
Section 3.5. Table 3-3 shows a summary of these statistics, grouped by land use category.
For each data set, the sample size (i.e., the number of parcels for which impervious cover
measurements were taken) is shown along with the minimum value, maximum value,
mean, median, and standard deviation. The Lake County and Bainbridge Township
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Table 3-3 Section 3
Chagrin River Watershed Partners - Impervious Area Study Impervious Cover Analysis
Summary of Impervious Cover Measurement Statistics

Land Use Number of [ EENIEESS
Cateqor Data Set Samples Standard | Composite | Additional | Compostie Mean
gory P Minimum? | Maximum? | Mean® | Deviation?| Mean® | Road Area* | (with Roads)®
i I i I 0, 0, 0, 0,
Residential Lake County and Bainbridge Twp. 304 <1% 95% 31% 15% 28% 10% 38%
(<1/2 acre)  |Aurora (Chatham Estates) 147 n/a n/a 22% n/a
i I i I 0, 0, 0, 0,
Residential Lake Cou.nty and Bainbridge Twp. 229 5% 40% 14% 5% 15% 7% 2204
(1/2 - 1acre) |Aurora (Highland Farms) 126 nla n/a 16% n/a
i i i I 0, 0, 0, 0,
Residential Lake County anq Bainbridge Twp. 160 2% 29% 9% 4% 9% 3% 12%
(1-2acres) |Aurora (Centerville Woods) 19 n/a nla 8% nla
i i i i . <19 0 0 0
Residential Lake Cou.nty and I;alnbrldge Twp , 91 1% 35% 6% 4% 6% 3% 9%
(>2 acres) Aurora, Kirtland Hills, Russell Twp. 160 n/a n/a 6% n/a
NO”"(?:iZ'g)em'a' Lake County 376 5% 100% 60% 27%|  60% 10% 70%
Non-Residential
. Lake County 1770 5% 100% 49% 29% 49% 10% 59%
(Medium)
Notes:

1. All imperviousness values are rounded to the nearest percent.

2. Residential statistics include the combined samples from Lake County and Bainbridge (top record) and the measurements for the subdivisions shown in Figure 3-1
(bottom record). Non-residential imperviousness data were only available for Lake County samples. Roadway areas are not included in these statistics.

3. The composite mean for residential land uses is the average mean value of all records, weighted by sample size.

4. The additional roadway area was estimated based on measurements for the subdivisions shown in Figure 3-1.

5. The composite mean (with roads) is the sum of the two previous columns and was used as the average imperviousness value for subsequent analyses.

6. The subdivisions used in the Residential (>2 acres) category include Andrew Jackson Estates (Aurora), Sanctuary (Kirtland Hills), Regency Woods (Kirtland),
Rindlewood and Hillbrook (Russell Township).

P
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residential impervious cover measurement data sets were combined by residential land
use category to increase the sample size and give a better representation of Chagrin River
communities.

For each residential land use category, the top record shows the statistics for the Lake
County and Bainbridge Township data set and the bottom record shows the statistics for
the impervious cover measurements that were sampled in Aurora, Kirtland Hills, and
Russell Township. To be consistent with Lake County and Bainbridge statistics, roadway
areas were not included in the comparison.

In addition, impervious area measurements in the sampled areas were computed for the
entire subdivision grouped by types of impervious area illustrated by Figure 3-2. The
additional effort to define impervious area on a parcel-by-parcel basis, as was done for the
Lake County and Bainbridge Township data sets, was not needed to meet the goals of this
study. As a result, only the average imperviousness value for each subdivision was
determined. The average compares very well, within 2 percent, for three of the four
residential land use categories, and approximately 10 percent lower than (but within the
standard deviation of) the corresponding statistics for the Lake County and Bainbridge
Township data sets for the high-density residential category. This is acceptable for the
purposes of this study, since the impervious cover analysis was intended to determine
impervious factors for land use categories as a whole, not imperviousness by parcel.

A composite mean imperviousness value for residential land use categories (without
roads) was determined by taking the average mean value of the Lake County/Bainbridge
and sampled data sets, weighted by the number of samples in each residential category.

The imperviousness with roadway rights-of-way was factored into the analysis, based on
measurements from the sampled subdivisions. Roadway area was found to be a
significant percentage of the total impervious cover in high density areas, but much less in
residential areas of 1 acre or greater density. For high-density residential parcels, the
roadway area accounted for 10 percent of the impervious cover. Roadways accounted for
7 percent of the impervious cover for the residential ( %2- to 1-acre) category, and 3 percent
for the other low-density residential categories. Roadway areas were excluded from the
non-residential samples in Lake County and were assumed to account for 10 percent of
the impervious cover under buildout conditions, and future land use conditions, similar
to high-density residential, for the purposes of this study.

The final column in Table 3-3 adds the roadway area to the composite mean
imperviousness (without roads). The resulting value represents the mean imperviousness
value (with roads) for each land use category of Chagrin River watershed communities
under future land use conditions, and was used for the imperviousness impact analysis
described in Section 5.

The representative imperviousness values used in this study are summarized in Table 3-
4. Given the inherent variability in impervious cover measurements, three categories of
imperviousness values were evaluated for the purposes of this study. The average value
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shown in Table 3-4 corresponds to the composite mean value (with roads) from Table 3-3.
The low value was taken as the average value minus one standard deviation (from the
appropriate entry in Table 3-3). The high value corresponds to the average value plus one

standard deviation.

Impervious cover samples were not available for non-developable open space, therefore
an imperviousness value was assigned between 0 and 5 percent based on watershed
knowledge and experience in other areas.

Table 3-4

Typical Imperviousness Values in the Chagrin River Watershed

Estimated Percentage of Imperviousness
Lt Use Gaitzyeny Watershed at BU"dE-JOUt Low pA\/erage High
Residential (<1/2 acre) 4% 23% 38% 53%
Residential (1/2 - 1 acre) 17% 17% 22% 27%
Residential (1 - 2 acres) 12% 8% 12% 17%
Residential (>2 acres) 43% 5% 9% 13%
Non-Residential (High) 2% 43% 70% 97%
Non-Residential (Medium) 9% 30% 59% 88%
Non-Developable 13% 0% 2.5% 5%
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Section 4
Land Development Analysis

4.1 Introduction

This section describes the methodology for identifying currently undeveloped land within
Chagrin River watershed communities that could be considered potentially developable
in the future. Coupled with the imperviousness values described in Section 3 and the
zoning data developed in Section 2, this analysis establishes the land development
scenarios to be used in the imperviousness impact evaluation in Section 5.

4.2 Land Development Status

In order to establish the future development scenarios, the current state of land
development was quantified. The development status of a given parcel of land can range
from vacant/totally undeveloped to built-out/fully developed within its current zoning.
For the purposes of this study, three status levels have been defined:

* Developed: This includes all parcels of land that are considered fully developed
within their underlying zoning category. Future development of these parcels is
not anticipated, with the exception of designated re-development areas (i.e.,
retrofit) identified for non-residential zones as described in Section 5.

* Developable: This includes all parcels of land that are considered potentially
developable within their underlying zoning category. The build-out land use
scenario assumes that all developable land will ultimately be developed at its
current zoning,.

* Non-Developable: This includes areas that are zoned as open space as well as
those areas that have been designated as “protected” lands, as described in Section
2.2.4. Non-developable areas effectively represent the developed state since they
can be considered fully developed within their current open space zoning.

The indicators used to identify developed versus developable land are described in detail
below.

Residential Areas

In residential areas, developable parcels were identified by an existing lot size much
larger than allowed under current zoning. The breakpoints for each residential land use
category were defined as follows:

* Residential (<2 acre): Existing parcels larger than 1.0 acre were considered
developable.

» Residential (*2-1 acre): Existing parcels larger than 1.5 acres were considered
developable.

4-1
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* Residential (1-2 acres): Existing parcels larger than 2.5 acres were considered
developable.

* Residential (>2 acres): Existing parcels larger than 2.5 acres in 2-acre zones, or
larger than 3.5 acres in 3-acre zones, or larger than 5.5 acres in 5-acre zones were
considered developable.

Non-Residential Areas

For non-residential areas, developable parcels were identified by a low ratio of building
area to parcel size. The breakpoint was determined using the combined parcel data from
Lake and Geauga counties. Data were combined to increase the sample size and give a
better representation of Chagrin River communities. The building area to parcel size ratio
was determined for a total of 5,628 parcels (zoned non-residential and non-agricultural),
including 5,129 parcels in Lake County and 499 in Geauga County. The median ratio of
building area to parcel size was 0.16 for the combined set of 5,628 parcels.

The ratio of building area to parcel size is related to imperviousness, however it does not
include any non-building impervious cover. Non-building impervious cover (e.g., parking
lots) can be significant in commercial and industrial areas. As a result, the breakpoint ratio
of building area to parcel size ratio was set at 0.15. For the purposes of this study, parcels
in non-residential areas with a building area to parcel size ratio less than 0.15 were
considered developable. After the initial estimate of non-residential developable areas
was made for each community, the values were independently checked. In areas without
building area shapefiles, approximate areas were determined with the aid of aerial
photography by making a visual estimation of the 0.15 breakpoint ratio.

4.3 Analysis Results

Table 4-1 presents the land development analysis results. The table expands upon Table
3-2 by distinguishing developed and developable components of the residential and non-
residential land use categories within study area communities. Analysis results are also
summarized for each community according to the development status, as presented in
Table 4-2. The community area shown in both tables reflects the total area of zoned
parcels within the entire community, with the exception of Eastlake, Mentor, Wickliffe,
and Willoughby which only include the area of parcels within the Chagrin River
watershed.

These results indicate that 53 percent of the study area (i.e., the total area within the
evaluated communities that are totally or partially within the Chagrin River watershed) is
developable, indicating that the land use decisions yet to be made within these
communities will significantly affect watershed imperviousness. Over one third (34
percent) of the study area is developed, and the remainder (13 percent) is considered non-
developable.
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Table 4-1
Chagrin River Watershed Partners - Impervious Area Study
Current Land Use Zoning Summary

Section 4
Land Development Analysis

Community Land Use Zoning Percentages
Residential Non-Residential Non-Developable Total
Area <1/2 acre 1/2 - 1 acre 1-2acres >2 acres High Medium Zoned Protected
Name (ac) |Developable] Developed |Developable] Developed |Developable] Developed |Developablel Developed |Developablel Developed [Developable| Developed | Open Space | Open Space*

Auburn Township 19,202 0.0% 0.0% 0.3% 0.8% 28.7% 5.4% 29.5% 9.0% 1.3% 0.7% 2.7% 0.6% 0.0% 21.0%| 100.0%
City of Aurora 15,439 6.6% 4.8% 22.0% 7.2% 14.5% 4.9% 15.8% 2.3% 0.8% 0.7% 5.7% 2.9% 0.0% 11.8%| 100.0%
Bainbridge Township 16,533 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 49.3% 37.1% 0.8% 0.4% 3.2% 0.7% 0.2% 8.2%| 100.0%
City of Beachwood 3,364 3.8% 0.2% 22.8% 42.0% 0.0% 0.0% 0.0% 0.0% 5.1% 2.3% 15.7% 6.6% 0.0% 1.4%]| 100.0%
Village of Bentleyville 1,675 0.0% 0.0% 0.0% 0.0% 39.8% 20.8% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 39.4%]| 100.0%
Chagrin Falls Township 330 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 37.2% 41.5% 0.0% 0.0% 0.0% 0.0% 0.0% 21.3%| 100.0%
Village of Chagrin Falls 1,349 8.4% 18.1% 20.8% 23.4% 1.0% 0.6% 0.0% 0.0% 0.6% 1.3% 9.0% 1.1% 1.0% 14.6%| 100.0%
City of Chardon 2,951 0.3% 2.7% 7.1% 5.0% 7.2% 3.8% 15.0% 13.9% 2.4% 2.2% 11.1% 9.1% 19.1% 1.0%] 100.0%
Chardon Township 14,640 0.0% 0.0% 0.0% 0.0% 35.5% 9.6% 21.2% 12.2% 0.0% 0.9% 0.0% 0.0% 0.0% 20.5%]| 100.0%
Chester Township 15,033 0.0% 0.0% 0.0% 0.0% 8.3% 16.2% 38.6% 31.4% 0.0% 1.5% 0.0% 0.9% 0.0% 3.0%| 100.0%
City of Eastlake’ 1,548 6.7% 19.5% 9.9% 10.9% 0.0% 0.0% 8.9% 1.4% 8.1% 1.2% 16.5% 5.0% 0.1% 11.9%]| 100.0%
Gates Mills Village 5,822 0.0% 0.4% 0.0% 0.0% 0.4% 1.4% 36.0% 43.7% 0.1% 0.0% 0.0% 0.0% 0.0% 17.9%| 100.0%
City of Highland Heights 3,284 0.0% 0.0% 31.4% 46.3% 0.0% 0.0% 0.0% 0.0% 0.6% 1.0% 16.9% 3.8% 0.0% 0.0%]| 100.0%
Hunting Valley Village 5,108 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 55.0% 21.0% 0.0% 0.0% 0.0% 0.0% 0.0% 23.9%| 100.0%
City of Kirtland 10,693 0.6% 0.8% 13.9% 10.3% 20.6% 7.9% 13.0% 2.4% 0.8% 0.2% 3.1% 1.7% 0.0% 24.6%| 100.0%
Kirtland Hills Village 3,620 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 51.6% 28.1% 0.2% 0.0% 0.0% 0.0% 0.0% 20.1%| 100.0%
City of Lyndhurst 2,810 2.9% 0.3% 25.4% 60.7% 0.0% 0.0% 0.0% 0.0% 1.0% 1.5% 0.7% 0.3% 7.3% 0.0%]| 100.0%
City of Mayfield Heights 2,699 11.5% 47.4% 5.5% 7.2% 0.0% 0.0% 0.0% 0.0% 2.8% 6.1% 11.6% 1.2% 5.9% 0.9%]| 100.0%
Mayfield Village 2,514 26.6% 27.8% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.5% 0.4% 12.2% 4.4% 0.0% 28.0%| 100.0%
City of Mentor* 4,998 2.3% 0.3% 2.8% 23.5% 6.6% 9.6% 0.2% 0.4% 4.7% 5.7% 14.4% 11.9% 14.8% 2.8%]| 100.0%
Moreland Hills Village 4,641 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 32.4% 56.4% 0.2% 0.0% 0.0% 0.0% 0.0% 10.8%| 100.0%
Munson Township 16,576 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 8.4% 29.6% 0.8% 0.0% 37.6% 5.5% 5.3% 12.6%| 100.0%
Newbury Township 18,280 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 65.8% 17.4% 1.8% 0.4% 3.3% 0.4% 0.0% 10.8%| 100.0%
Orange Village 2,432 1.5% 6.1% 11.1% 2.6% 34.3% 42.2% 0.0% 0.0% 1.0% 0.5% 0.0% 0.2% 0.0% 0.6%| 100.0%
City of Pepper Pike 4,567 0.5% 0.3% 28.6% 50.8% 0.0% 0.0% 0.0% 0.0% 0.3% 0.2% 18.0% 0.6% 0.0% 0.6%| 100.0%
Russell Township 12,327 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 47.0% 39.3% 0.2% 0.0% 0.1% 0.0% 0.0% 13.4%]| 100.0%
City of Solon 13,088 2.0% 4.7% 34.1% 26.0% 0.0% 0.0% 6.4% 2.7% 1.4% 0.5% 11.3% 6.4% 0.0% 4.3%| 100.0%
South Russell Village 2,486 11.4% 7.2% 19.7% 36.4% 6.9% 5.0% 4.8% 4.9% 0.9% 0.1% 0.8% 0.6% 0.0% 1.4%]| 100.0%
Waite Hill Village 2,734 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 58.9% 25.5% 0.0% 0.0% 0.0% 0.0% 0.0% 15.6%]| 100.0%
City of Wickliffe® 541 0.0% 9.4% 6.7% 40.5% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 30.8% 2.6% 0.0% 10.1%| 100.0%
City of Willoughby* 3,974 9.0% 18.2% 3.3% 5.0% 0.0% 0.0% 23.9% 7.1% 5.1% 1.4% 14.0% 8.2% 0.4% 4.6%]| 100.0%
City of Willoughby Hills 6,944 0.3% 0.0% 51.1% 30.3% 0.0% 0.0% 0.0% 0.0% 0.8% 0.4% 2.5% 0.0% 0.0% 14.7%| 100.0%
Woodmere Village 211 0.0% 0.0% 14.2% 85.8% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%| 100.0%

Total/Avg. Study Area  347.5 2% 2% 8% 8% 8% 4% 26% 17% 1% 1% 7% 2% 1% 12% 100.0%

sqg.mi.

Notes:
1. For Eastlake, Mentor, Wickliffe and Willoughby, only the areas within the Chagrin River watershed are given, not the total community area.
2. Developed represents the proportion of parcel area in which residential lot sizes or non-residential building area:parcel size ratio indicate the parcels have been developed within their underlying zoning category.
3. Developable represents the proportion of parcel area in which residential lot sizes exceed their underlying zoning or non-residential building area:parcel size ratio is lower than the watershed average.
4. Zoning of parcels within protected open space areas is not used to define the land use category of each community. Land use is defined by CRWP in the file "protected1_04.shp" (dated 6/8/2004, LU1 attribute table).

Protected LU1 codes include Conservation, Park, Vacant, and Miscellaneous (note: LU1 codes Institutional, Recreational, and Transp/Utility were not considered to be protected).
PN
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Table 4-2

Section 4

Land Development Analysis

Chagrin River Watershed Partners - Impervious Area Study
Current Land Use Zoning Summary (by Development Status)

Community Land Use Zoning Percentages
Name Area (ac) Developable® Developed? Non-Developable* Total

Auburn Township 19,202 62.6% 16.4% 21.0% 100.0%
City of Aurora 15,439 65.4% 22.8% 11.8% 100.0%
Bainbridge Township 16,533 53.4% 38.3% 8.4% 100.0%
City of Beachwood 3,364 47.4% 51.2% 1.4% 100.0%
Village of Bentleyville 1,675 39.8% 20.8% 39.4% 100.0%
Chagrin Falls Township 330 37.2% 41.5% 21.3% 100.0%
Village of Chagrin Falls 1,349 39.8% 44.5% 15.6% 100.0%
City of Chardon 2,951 43.1% 36.8% 20.1% 100.0%
Chardon Township 14,640 56.7% 22.7% 20.5% 100.0%
Chester Township 15,033 47.0% 50.0% 3.0% 100.0%
City of Eastlake® 1,548 50.0% 38.1% 12.0% 100.0%
Gates Mills Village 5,822 36.5% 45.6% 17.9% 100.0%
City of Highland Heights 3,284 48.9% 51.1% 0.0% 100.0%
Hunting Valley Village 5,108 55.0% 21.0% 23.9% 100.0%
City of Kirtland 10,693 52.1% 23.3% 24.6% 100.0%
Kirtland Hills Village 3,620 51.8% 28.1% 20.1% 100.0%
City of Lyndhurst 2,810 30.0% 62.8% 7.3% 100.0%
City of Mayfield Heights 2,699 31.4% 61.8% 6.8% 100.0%
Mayfield Village 2,514 39.4% 32.7% 28.0% 100.0%
City of Mentor* 4,998 31.0% 51.4% 17.6% 100.0%
Moreland Hills Village 4,641 32.7% 56.5% 10.8% 100.0%
Munson Township 16,576 46.8% 35.2% 18.0% 100.0%
Newbury Township 18,280 70.9% 18.3% 10.8% 100.0%
Orange Village 2,432 47.7% 51.7% 0.6% 100.0%
City of Pepper Pike 4,567 47.5% 51.9% 0.6% 100.0%
Russell Township 12,327 47.3% 39.3% 13.4% 100.0%
City of Solon 13,088 55.2% 40.5% 4.3% 100.0%
South Russell Village 2,486 44.4% 54.2% 1.4% 100.0%
Waite Hill Village 2,734 58.9% 25.5% 15.6% 100.0%
City of Wickliffe* 541 37.5% 52.4% 10.1% 100.0%
City of Willoughby* 3,974 55.2% 39.8% 5.0% 100.0%
City of Willoughby Hills 6,944 54.6% 30.7% 14.7% 100.0%
Woodmere Village 211 14.2% 85.8% 0.0% 100.0%

Total/Avg. Study Area 3475 53% 34% 13% 100.0%

sg.mi.

Notes:

1. For Eastlake, Mentor, Wickliffe and Willoughby, only the areas within the Chagrin River watershed are given, not the

total community area.

2. Developed represents the proportion in which residential lot sizes or non-residential building area:parcel size ratio
indicate the parcels have been developed within their underlying zoning category.

3. Developable represents the proportion in which residential lot sizes exceed their underlying zoning or non-residential
building area:parcel size ratio is lower than the watershed average.

4. Zoning of parcels within protected open space areas is not used to define the land use category of each community.
Land use is defined by CRWP in the file "protected1_04.shp" (dated 6/8/2004, LU1 attribute table). Protected LU1

codes include Conservation, Park, Vacant, and Miscellaneous (note: LU1 codes Institutional, Recreational, and

Transp/Utility were not considered to be protected).

P
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Section 5
Imperviousness Impact Analysis

5.1 Introduction

This section presents the imperviousness impact analysis, which quantifies changes to the
watershed hydrology, affecting both storm water quantity and quality, due to projected
development within Chagrin River communities. The analysis also quantifies the
effectiveness of various development practices that control imperviousness as well as
manage the resulting impacts of increased impervious cover.

5.2 Development Practices

There are a variety of development practices and measures that can be used to limit or
control water quantity and quality impacts. The effectiveness of these can be measured in
a variety of ways, including the impact on flooding, streambank erosion, water quality,
and stream stability.

CRWP will use the findings of this imperviousness impact analysis to help communities
identify the specific practices that are appropriate and acceptable to individual
communities within the Chagrin River watershed. Decisions should be based on the
following criteria:

* Documented effectiveness at controlling impervious cover or reducing the impact
of increased imperviousness.

* Long-term reliability achieving the stated reductions.

* Maintainability.

= Other factors affecting the presumed effectiveness of each practice.

For guidance on these issues, the reader is referred to such on-line resources available as
http:/ /www.cabmphandbooks.com/. This California Stormwater Quality Association
website offers a variety of searchable fact sheets focused on the selection and
implementation of water quantity control and quality treatment practices, particularly
those related to new development.

5.2.1 Development Practice Types

Development practices and measures that are appropriate for Chagrin River watershed
communities have been grouped into three categories for the purposes of this study. The
development practice types are summarized in Table 5-1 and described in detail below:

*=  Water resources preservation or protection measures.
= Practices that minimize the amount of impervious cover.

* Practices that minimize the impacts of impervious cover.

AN 5-1
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Chagrin River Watershed Partners - Impervious Area Study

Table 5-1

Section 5

Summary of Development Practice Types

Development Practice

Type

Examples

Stormwater Management Function

Water Resources
Preservation/Protection
Measures

Setbacks

Riparian setbacks; Wetland
setbacks

Protect and maintain natural stream stability, water quality,
and erosion characteristics

Open Space Preservation

Conservation easements;
"Greenspace" corridors

Preserve existing detention and conveyance capacity of
channels, wetlands, and floodplain

Practices that Minimize the
Amount of Impervious Cover

Zoning Restrictions

Impervious cover limits

Reduce runoff volume and peak runoff rate by limiting
impervious cover (through regulatory enforcement)

Alternative Site Development

Pervious paving materials;
Reduced street widths/parking

Reduce runoff volume and peak runoff rate by limiting
impervious cover (through development design )

Practices that Minimize the
Impact of Impervious Cover

Extended Detention

Dry detention; Water quality
pond; Green roofs

Detention with enhancements to improve water quality
treatment or infiltration capacity

Extended Conveyance

Swale; Filter strip; Bioretention
channel

Conveyance with enhancements to improve water quality
treatment or infiltration capacity

Infiltration

Infiltration/exfiltration trench;
Amended soils; Sand filter

Reduce runoff volume by promoting infiltration into the soil

P
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Water Resources Preservation/Protection Measures

By not allowing development in designated areas, these measures are intended to
maintain the flood control, erosion control and water quality functions of riparian areas
and wetlands following development. These measures can also minimize long-term
increases in storm water problems and help to protect existing structures and
infrastructure in adjacent areas.

Two types of development practices have been defined:

* Setbacks. Riparian setbacks require a minimum distance between buildings or
other structures and watercourses. The CRWP riparian setback model extends to
the 100-year floodplain and adjacent wetlands. Wetland setbacks require a
minimum distance between buildings or other structures and the nearest
designated wetland. The CRWP wetland setback model includes both Category 2
and 3 wetlands. Setbacks help to protect and maintain natural stream stability,
water quality, and erosion control functions. The key drawbacks are the loss of
land to developers, adoption and implementation by communities, and the labor
involved in delineating the setbacks.

*  Open Space Preservation. This involves the preservation of large tracts of open
space (e.g., through conservation easements or Fee Simple acquisition) often for
the purpose of establishing a continuous “greenspace” corridor. The intent is to
preserve existing flooding, erosion, and water quality functions of streams,
wetlands, and floodplains. The key drawbacks are the financial issues related to
property acquisition and individual property owner concerns.

Practices That Minimize the Amount of Impervious Cover

These practices are intended to limit the amount of runoff from a site by reducing the
amount of impervious cover. By minimizing the amount of runoff, use of these practices
can minimize the size and cost of structural BMPs.

Two types of development practices have been defined:

*  Ordinance Restrictions. These are zoning policies and regulations that limit the
amount of impervious cover. An example is the 10-percent impervious cover limit
enforced by Bainbridge Township. Such restrictions are effective in reducing both
the runoff volume and peak runoff rate, compared to unrestricted development.
The key drawbacks are the cost and administration issues of regulatory
enforcement.

= Alternative Site Development. This includes site designs that reduce the area of
impervious surfaces and/or increase the use of pervious materials. Examples
include:

0 Reduced roadway widths.

0 Reduced cul-de-sac sizes and alternative configurations.

Section5_CRWP_ImperviousAreaStudy_final.doc
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0 Reduced parking space sizes and space requirements, incorporating
shared parking, and use of pervious paving materials.

0 Reduced driveway sizes, incorporating shared driveways, and use of
pervious paving materials.

0 Reduced sidewalk sizes, limit to one side of street only, and use of
pervious materials.

These measures both reduce the runoff volume and peak runoff rate due to the
decrease in imperviousness compared to uncontrolled development. These
practices can easily be tied into aesthetically pleasing amenity features (e.g.,
traffic-calming measures, low impact development, bike paths and trails). Where a
reduction in impervious cover is not feasible, hydraulically disconnecting
impervious areas (e.g., relocating sidewalks, or adding curb cuts) often can
achieve the same benefit as reducing the impervious cover. The key drawbacks
are that these practices might not comply with safety requirements or other
municipal codes (e.g., parking, traffic flow, handicap access). This is particularly a
concern in high-density developments, precisely where such practices would have
the biggest impact. Maintenance costs for pervious materials can also be an
important issue.

Practices That Minimize the Impact of Impervious Cover

These practices represent structural storm water BMPs that provide both water quantity
and quality treatment of runoff generated by impervious areas. Three types of BMPs have
been defined for this study:

Extended Detention. For the purposes of this study, extended detention practices
capture a water quality volume (defined by Ohio EPA as the runoff from 0.75
inches of precipitation) and discharge it slowly to improve water quality
treatment (through increased residence times), infiltration capacity (through
percolation into the soil), and stream stability and erosion control (through
decreased discharge rate and velocity). Examples include dry detention facilities,
bioretention cells, water quality ponds, and vegetative rooftop storage. The key
drawbacks are increased inspection and maintenance requirements over
traditional storm water BMPs, since extended detention practices are designed to
trap sediment, debris, and particulates. Depending on the size and location of
detention facilities, the cost related to acquisition of property and the
regulatory/liability issues related to dam safety is similar to those associated with
traditional detention facilities for flood control. Traditional detention facilities
include ponds and reservoirs that store runoff volume and are typically designed
to provide flood control by reducing peak flows downstream during large, rare
events. Extended detention facilities are typically integrated with traditional
detention facilities to achieve combined flooding, stream erosion, and water
quality control.
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* Extended Conveyance. For the purposes of this study, extended conveyance
practices use wide, low gradient, vegetated areas to slow runoff during a water
quality event, providing traditional conveyance facilities with enhancements to
improve water quality treatment (through sediment settling and increased
filtering by vegetation), infiltration capacity (through percolation into the soil),
and stream stability and erosion control (through decreased discharge rate and
velocity). Examples include vegetated swales and filter strips. The key drawbacks
are increased inspection and maintenance requirements over closed-conduit and
hardened open channel conveyances, as well as limited effectiveness in high-
density developments due to space limitations. Traditional conveyance structures
include pipes, culverts, and bridges that convey peak runoff rates and are
typically designed to drain large, rare storm events and protect structures,
property, and roadways from flooding. Extended conveyance structures may be
integrated into larger open channels designed to drain large flood events, or may
be bypassed by a traditional conveyance structure during events larger than the
water quality design storm.

* Infiltration. These include facilities that reduce runoff peaks and volume by
promoting infiltration into the soil, either using the natural infiltration capacity of
the existing soil or constructed trenches with imported, well-drained materials.
Examples include infiltration/exfiltration trenches, basins, and amended soils.
The key drawbacks are very high inspection and maintenance costs. The presence
of clay soils and high groundwater levels can also significantly reduce the rate of
infiltration resulting in areas of standing water and saturated soils that pose
maintenance and vector-breeding problems.

5.2.2 Development Practices Evaluated in this Study

The scenarios that were evaluated for the imperviousness impact analysis are listed in
Table 5-2. Only practices that minimized the amount of impervious cover or those that
minimized the effects of imperviousness were evaluated.

Although the preservation and protection measures were not explicitly evaluated, they do
provide maintenance of existing storm water management functions and water quality
treatment. These should be considered at the onset of site design. As an example, the role
of riparian setbacks in extended conveyance practices and the role of wetlands and
wetland setbacks in extended detention practices are described in Section 5.4.3.

5.3 Hydrologic and Hydraulic Methods

For this study, the imperviousness impact of each development practice on watershed
hydrology and hydraulics was evaluated using the rational method to estimate peak
runoff rates and volumes on a unit area basis. For the purposes of this study, a coarse
evaluation of the hydrologic and hydraulic impacts throughout the Chagrin River
watershed, the rational method offers a simple spreadsheet tool that is easy to use and
apply as well as educate others on basic hydrologic and hydraulic concepts. Computer
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Table 5-2

Chagrin River Watershed Partners - Impervious Area Study

Development Practices Evaluated

Section 5

Scenario Development Practice Type Description
1. Existing Conditions None n/a Existing conditions (current development
status)
2 Build-out Conditions None n/a Build-out conditions, uncontrolled development

according to current zoning

3. Upzoning

Minimize Impervious Cover

Zoning Restrictions

Build-out development with upzoning from low-
density to high-density residential

4. Impervious Cover Reduction

Minimize Impervious Cover

Alternative Site Development

Build-out development with impervious cover
reduction

5. Extended Detention

Minimize Impervious Cover Impact

Extended Detention

Build-out development with extended detention

6. Extended Conveyance

Minimize Impervious Cover Impact

Vegetated Swales and Filter
Strips

Build-out development with extended
conveyance

P
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models that more accurately simulate hydrologic and hydraulic routing (e.g., HEC-HMS
and HEC-RAS for steady state simulations, SWMM for dynamic simulations) are
appropriate for a more detailed evaluation on a community or sub-watershed basis.

According to the rational method, the peak runoff rate is:

Qp = GiA ©)
where:

Qp = Peak runoff rate in cubic feet per second (cfs),

C = Coefficient of runoff, a dimensionless decimal value that represents the
percentage of rainfall that becomes runoff,

i = Rainfall intensity in inches per hour (in/hr) for a given storm frequency and a
duration equal to the time of concentration of the tributary area, and

A = Tributary area in acres (ac).

To apply the rational method, a linear relationship between the runoff coefficient and
imperviousness was defined according to the equation:

C=0.2+ (0.6 x Imperviousness) (2)

For example, 0 percent imperviousness represents a runoff coefficient of 0.2 and 100
percent imperviousness represents a runoff coefficient of 0.8.

The runoff quantities estimated in this study are related to the Ohio EPA’s water quality
volume (WQv) where erosion and water quality issues are of concern. Rainfall intensities
for a local water quality event were derived from ODOT rainfall intensity-duration-
frequency curves for Ohio rainfall Zone A, which includes northeast Ohio. These can be
found in the ODOT drainage design manual at www.dot.state.oh.us/se/hy/1d2.htm.

Figure 5-1 shows the derived intensity-duration curve for the water quality event, WQv,
in relation to the other design storm events. The 1-hour intensity for this event is 0.55
in/hr, which is nearly half the intensity of a 2-year event.

The runoff generated from land surfaces is conveyed as shallow, sheet flow to the storm
inlets along overland flow paths. The time it takes for runoff to travel along an overland
flow path has been approximated by the equation (referenced in article 1101.2.2 of the
ODOT drainage design manual):

to = (1.8(1.1-C) x L0-5) + S0.333 0)
where:

to = Overland flow time in minutes (min), which can be used to estimate the time

5-7

Section5_CRWP_ImperviousAreaStudy_final.doc



Section 5
Imperviousness Impact Analysis

10.00 4

Intensity (infhr)
/

~
N .

b

TR

10.0 1000 . . 10000
Duration {min)

—m— W0y ——2-year — 10-year —+— 25-year —4— 100-year

Figure 5-1: Rainfall Intensity-Duration-Frequency Curves for
Northeast Ohio

of concentration for a small catchment area (to determine rainfall intensity for use

with equation 1),
C = Coefficient of runoff, same as above,
L = Overland flow path length in feet (ft), and
S = Overland flow path slope in percent (%).
The volume of runoff can be determined by an equation similar to equation 1:
Qv =CPA
where:
Qv = Runoff volume in acre-feet (ac-ft),
C = Coefficient of runoff, same as above,
P = Rainfall depth in feet (ft) for a given storm frequency and duration, and

A = Tributary area in acres (ac).
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The rainfall depth for the water quality event used in this study is 0.75 inches over a
duration of 24 hours, in accordance with the requirements of the Ohio EPA general storm
water permit for construction site discharges.

5.4 Analysis Results

The analysis of imperviousness impacts was performed on the development scenarios
listed in Table 5-2. Scenarios were grouped by the development practice categories and
presented in the following sections:

=  Section 5.4.1 describes the baseline conditions (without storm water facilities) to
which the other scenarios were compared. This includes the Existing Conditions
and Build-Out Conditions scenarios.

= Section 5.4.2 describes the build-out scenarios that control the amount of
impervious cover, which includes the Upzoning and Impervious Cover Reduction
scenarios.

* Section 5.4.3 describes build-out scenarios including storm water BMPs that
minimize the impact of impervious cover, which includes the Extended Detention
and Extended Conveyance scenarios.

5.4.1 Baseline Conditions

To determine runoff rates and volumes under baseline conditions, a set of hydrologic
parameters was developed for a representative 1-acre unit area for each land use category.
A range of runoff rates and volumes was then calculated for each land use category,
corresponding to the imperviousness values that were developed in Section 3.

Existing Conditions Scenario

Table 5-3 shows the hydrology parameters for existing development conditions. The
imperviousness values were taken directly from Table 3-4. Overland flow path
parameters were developed for each land use category based on an example 1-acre lot. A
typical 1-acre residential lot like the example shown in Figure 5-2 was assigned an
estimated overland flow path length of 100 feet.

The overland flow path length was adjusted for other land use categories depending on
the development density (i.e., a shorter length for more dense development, longer for
less dense development). An undeveloped parcel was assigned the longest flow path
length of 220 feet. An overland flow path slope of 1 percent was assigned for all land use
categories, which is representative of typical lot grading.

The runoff coefficient shown in Table 5-3 was calculated based on the imperviousness
value according to equation 2 in Section 5.3. The time of concentration was determined
using equation 3 in Section 5.3. The rainfall intensity was determined from the water

5-9
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Table 5-3
Chagrin River Watershed Partners - Impervious Area Study
Representative Rainfall and Runoff Parameters - Existing Conditions

Section 5
Imperviousness Impact Analysis

Flow Path? Runoff Time of Rainfall® Runoff®
Land Use Category Imperviousness® Length Slope Coefficient® | Concentration* |  Intensity Depth Rate Volume
(ft.) (ft./ft.) C (min.) (in./hr.) (in.) (cfs/ac) (ac-ft/ac)

Low Imperviousness Value

Residential (<1/2 acre) 23% 50 0.010 0.34 10 1.65 0.75 0.56 0.021
Residential (1/2 - 1 acre) 17% 100 0.010 0.30 14 1.37 0.75 0.42 0.019
Residential (1 - 2 acres) 8% 150 0.010 0.25 19 1.18 0.75 0.29 0.015
Residential (>2 acres) 5% 200 0.010 0.23 22 1.07 0.75 0.25 0.014
Non-Residential (High) 43% 100 0.010 0.46 12 1.52 0.75 0.70 0.029
Non-Residential (Medium) 30% 150 0.010 0.38 16 1.29 0.75 0.49 0.024
Non-Developable 0% 220 0.010 0.20 24 1.02 0.75 0.20 0.013
Average Imperviousness Value

Residential (<1/2 acre) 38% 50 0.010 0.43 9 1.74 0.75 0.74 0.027
Residential (1/2 - 1 acre) 22% 100 0.010 0.33 14 1.39 0.75 0.46 0.021
Residential (1 - 2 acres) 12% 150 0.010 0.27 18 1.20 0.75 0.33 0.017
Residential (>2 acres) 9% 200 0.010 0.25 22 1.09 0.75 0.28 0.016
Non-Residential (High) 70% 100 0.010 0.62 9 1.73 0.75 1.07 0.039
Non-Residential (Medium) 59% 150 0.010 0.55 12 1.49 0.75 0.83 0.035
Non-Developable 2.5% 220 0.010 0.22 24 1.03 0.75 0.22 0.013
High Imperviousness Value

Residential (<1/2 acre) 53% 50 0.010 0.52 7 1.84 0.75 0.95 0.032
Residential (1/2 - 1 acre) 27% 100 0.010 0.36 13 1.42 0.75 0.51 0.022
Residential (1 - 2 acres) 17% 150 0.010 0.30 18 1.22 0.75 0.37 0.019
Residential (>2 acres) 13% 200 0.010 0.28 21 1.11 0.75 0.31 0.017
Non-Residential (High) 97% 100 0.010 0.78 6 2.02 0.75 1.58 0.049
Non-Residential (Medium) 88% 150 0.010 0.73 8 1.77 0.75 1.29 0.046
Non-Developable 5% 220 0.010 0.23 23 1.04 0.75 0.24 0.014

P

Notes

1. Imperviousness values were taken from the corresponding entry in Table 3-4 (e.g., the average imperviousness values use the averages shown in Table 3-4).
2. Representative overland flow path parameters for a typical 1-acre unit area.
3. Runoff coefficient for water quality event using equation, C = 0.2 + (0.6 x Imperviousness).
4. Time of concentration using the ODOT overland flow equation.
5. Rainfall intensity for the local water quality event, derived from ODOT rainfall intensity curves for Ohio rainfall Zone A.
6. Runoff calculated using rational method. Runoff rate is the peak discharge resulting from the water quality event. Runoff volume is the total volume resulting

from the post-construction water quality volume defined by Ohio EPA in their general stormwater permit for construction site discharges (3/4-in. over 24 hrs).

1/4/2005 Tables_CRWP_ImperviousAreaStudy_final.xls T 5-3

5-10



AN

Section 5
Imperviousness Impact Analysis

quality storm event curve shown in Figure 5-1. Finally, the resulting runoff rates and
volumes were determined using the rational method equations 1 and 4 in Section 5.3.
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Figure 5-2: Example 1-acre Residential Lot

Table 5-4 shows the existing conditions results for imperviousness, peak runoff rate and
runoff volume for each Chagrin River watershed community. The area-weighted
imperviousness was determined by multiplying the appropriate imperviousness value in
Table 5-3 with the land use category percent-coverage in Table 4-1. For existing
conditions, developable land was assigned the same imperviousness and unit runoff
values as non-developable open space. Similarly, the area-weighted unit runoff values
were determined by taking the cross product of the appropriate column in Table 5-3 with
the corresponding row in Table 4-1. Table 5-4 also indicates a direct correlation of runoff
rates to imperviousness, with an approximately linearly proportional relationship as
suggested by the equations in Section 5.3.

Table 5-4 indicates an average imperviousness of 8.1 percent for Chagrin River watershed
communities under existing development conditions. This value is characteristic of an un-
urbanized watershed, based on numerous watershed studies throughout the US. The
average imperviousness is less than 5 percent for the highly underdeveloped communities
(e.g., communities with a large majority of developable land as indicated in Table 4-2,
including Auburn Twp., Bentleyville, Chardon Twp., Hunting Valley Village, Kirtland
Hills Village, Newbury Twp., and Waite Hill Village). Many of these communities have
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Table 5-4 Section 5
Chagrin River Watershed Partners - Impervious Area Study Imperviousness Impact Analysis
Imperviousness Impact - Existing Conditions

Community Imperviousness® Ohio EPA Water Quality Event
Area (%) Peak Runoff Rate (cfs/ac)3 Runoff Volume (ac-ft/ac)*
Name (ac) Low Average High Low Average High Low Average High

Auburn Township 19,202 1.5% 4.6% 7.6% 0.22 0.24 0.27 0.013 0.014 0.015
City of Aurora 15,439 4.0% 8.3% 12.7% 0.25 0.29 0.34 0.014 0.016 0.017
Bainbridge Township 16,533 2.3% 5.6% 9.0% 0.22 0.25 0.28 0.013 0.015 0.016
City of Beachwood 3,364 10.3% 16.1% 21.9% 0.32 0.38 0.46 0.016 0.019 0.021
Village of Bentleyville 1,675 1.6% 4.5% 7.4% 0.22 0.24 0.27 0.013 0.014 0.015
Chagrin Falls Township 330 2.1% 5.2% 8.3% 0.22 0.24 0.27 0.013 0.014 0.016
Village of Chagrin Falls 1,349 9.2% 15.1% 21.0% 0.33 0.39 0.46 0.016 0.018 0.020
City of Chardon 2,951 6.1% 12.4% 18.6% 0.27 0.33 0.41 0.015 0.017 0.019
Chardon Township 14,640 1.8% 4.8% 7.9% 0.22 0.25 0.27 0.013 0.014 0.015
Chester Township 15,033 3.8% 7.6% 11.5% 0.24 0.27 0.31 0.014 0.015 0.017
City of Eastlake’ 1,548 8.5% 15.3% 22.2% 0.32 0.39 0.48 0.016 0.018 0.021
Gates Mills Village 5,822 2.4% 5.7% 8.9% 0.23 0.25 0.27 0.013 0.015 0.016
City of Highland Heights 3,284 9.6% 14.3% 19.1% 0.32 0.36 0.42 0.016 0.018 0.020
Hunting Valley Village 5,108 1.1% 3.9% 6.7% 0.21 0.23 0.25 0.013 0.014 0.015
City of Kirtland 10,693 3.3% 6.8% 10.3% 0.24 0.27 0.31 0.014 0.015 0.016
Kirtland Hills Village 3,620 1.4% 4.3% 7.3% 0.22 0.24 0.26 0.013 0.014 0.015
City of Lyndhurst 2,810 11.4% 15.6% 19.9% 0.34 0.38 0.43 0.017 0.018 0.020
City of Mayfield Heights 2,699 15.1% 25.5% 35.9% 0.42 0.55 0.69 0.018 0.022 0.026
Mayfield Village 2,514 7.9% 15.2% 22.5% 0.32 0.40 0.49 0.015 0.018 0.021
City of Mentor® 4,998 10.9% 18.8% 26.6% 0.33 0.41 0.52 0.017 0.020 0.022
Moreland Hills Village 4,641 2.9% 6.2% 9.6% 0.23 0.25 0.28 0.014 0.015 0.016
Munson Township 16,576 3.2% 7.6% 12.0% 0.23 0.27 0.32 0.014 0.015 0.017
Newbury Township 18,280 1.2% 4.2% 7.2% 0.22 0.24 0.26 0.013 0.014 0.015
Orange Village 2,432 5.5% 9.8% 14.0% 0.27 0.31 0.35 0.015 0.016 0.018
City of Pepper Pike 4,567 9.2% 13.0% 16.8% 0.32 0.35 0.39 0.016 0.017 0.019
Russell Township 12,327 2.0% 5.1% 8.2% 0.22 0.24 0.27 0.013 0.014 0.016
City of Solon 13,088 7.9% 13.4% 19.0% 0.30 0.35 0.42 0.015 0.018 0.020
South Russell Village 2,486 8.9% 13.4% 17.9% 0.32 0.36 0.41 0.016 0.018 0.019
Waite Hill Village 2,734 1.3% 4.2% 7.0% 0.22 0.24 0.26 0.013 0.014 0.015
City of Wickliffe® 541 10.0% 15.2% 20.4% 0.33 0.38 0.44 0.016 0.018 0.020
City of WiIIoughby1 3,974 8.4% 16.0% 23.5% 0.31 0.39 0.49 0.016 0.018 0.021
City of Willoughby Hills 6,944 5.5% 8.7% 12.0% 0.27 0.30 0.33 0.015 0.016 0.017
Woodmere Village 211 15.0% 19.3% 23.6% 0.39 0.43 0.47 0.018 0.020 0.021

Total/Avg. Study Area  347.5 4.1% 8.1% 12.2% 0.25 0.29 0.33 0.014 0.016 0.017

sg.mi.

Notes:

1. For Eastlake, Mentor, Wickliffe and Willoughby, only the areas within the Chagrin River watershed are given, not the total community area.
2. Area-weighted community imperviousness (see Tables 4-1 and 5-3).

3. Area-weighted unit peak runoff rate calculated using the rational method for the local water quality event (see unit rates in Table 5-3).

4. Area-weighted unit runoff volume calculated using the rational method for the local water quality event (see unit volumes in Table 5-3).

P

1/4/2005 Tables_ CRWP_ImperviousAreaStudy_final.xls T 5-4 5-12



AN

Section 5
Imperviousness Impact Analysis

large estates and open tracts which could be subdivided. The average imperviousness
exceeds 25 percent for the highly developed community of Mayfield Heights.

Studies have identified a correlation between imperviousness and stream quality. The
following excerpt is taken from the Watershed Vulnerability Analysis report (page 4,
Center for Watershed Protection, 2002):

The research generally indicates that certain zones of stream quality exist, most notably at
about 10% impervious cover, where the most sensitive stream elements are lost from the
system. A second threshold appears to exist at around 25 to 30% impervious cover, where
most indicators of stream quality consistently shift to a poor condition (e.g., diminished
aquatic diversity, water quality, and habitat scores).

The communities that exceed the first threshold of stream vulnerability (i.e., greater than
10% impervious cover) include:

= City of Beachwood

* Village of Chagrin Falls

* City of Chardon

= (City of Eastlake

= City of Highland Heights

* City of Lyndhurst

* Mayfield Village

= City of Mentor

= City of Pepper Pike

= (City of Solon

= South Russell Village

=  City of Wickliffe

= City of Willoughby

*  Woodmere Village
The City of Mayfield Heights exceeds the second threshold of stream vulnerability (i.e.,

greater than 25% impervious cover).

The CRWP Headwater Stream study also showed that high quality headwater stream
biology is only found in watersheds with less than 6 percent impervious cover
(EnviroScience Inc., 2003; Primary Headwater Habitat Stream Inventory and Land Use
Analysis - Upper Main Branch of the Chagrin River, Stow, OH). The communities that are
less than this 6% impervious cover threshold include:

*  Auburn Township

5-13
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= Bainbridge Township

= Village of Bentleyville

* Chagrin Falls Township

*  Chardon Township

* Gates Mills Village

* Hunting Valley Village

* Kirtland Hills Village

* Newbury Township

* Russell Township

=  Waite Hill Village
The remaining communities lie between the high quality headwater stream biology and
vulnerable stream thresholds (i.e., between 6 and 10% impervious cover) and include:

= (City of Aurora

*  Chester Township

» City of Kirtland

* Moreland Hills Village

*  Munson Township

* Orange Village

= City of Willoughby Hills

The second scenario evaluated for baseline conditions represents the build-out of
developable land according to the underlying zoning. To represent build-out conditions,
the developable land identified in Table 4-1 was assigned the appropriate imperviousness
and unit runoff values in Table 5-3 for the corresponding underlying land use category.
Table 5-5 shows the results under build-out conditions. The table is formatted the same as
Table 5-4, except there are additional columns that compare results to the existing
condition results in Table 5-4. The change in imperviousness and the percent difference in
runoff rates are shown to the right of each value in Table 5-5.

Table 5-5 indicates an average imperviousness of 17.5 percent for Chagrin River watershed
communities under build-out conditions. This is a 9.4 percent increase compared to
existing conditions, greatly exceeding the first stream sensitivity threshold identified in
the Watershed Vulnerability Analysis report referenced earlier. This imperviousness
value is characteristic of urbanized watersheds and is similar to the existing
imperviousness of Mentor and Willoughby. The average runoff rate increases by 36
percent and the average runoff volume increases by 23 percent compared to existing
conditions.
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Table 5-5

Imperviousness Impact - Build-Out of Developable Land to Underlying Zoning

Section 5

Imperviousness Impact Analysis

Community Imperviousness (%)° Water Quality Event Runoff Rate (cfs/ac)* Water Quality Event Runoff Volume (ac-ft/ac)®
Area Low Average High Low Average High Low Average High

Name (ac) | Value | Change| Value [ Change| Value | Change| Value | Diff. | Value | Diff. | Value | Diff. | Value | Diff. | Value | Diff. | Value | Diff.

Auburn Township 19,202 6.7%| 5.2%| 11.8%| 7.2%| 16.9%| 9.3%| 0.27] 24%| 0.32] 31%| 0.37| 38%| 0.015| 15%| 0.017| 19%| 0.019( 23%
City of Aurora 15,439 13.4%| 9.3%| 21.2%| 12.9%| 29.1%| 16.4%| 0.36] 43%| 0.45] 52%| 0.55| 61%| 0.018] 25%| 0.020| 31%| 0.023[ 36%
Bainbridge Township 16,533 6.1%| 3.8%| 11.2%| 5.6%| 16.4%| 7.4%| 0.26] 15%| 0.30] 22%| 0.36] 28%| 0.015| 11%| 0.017| 14%| 0.019( 18%
City of Beachwood 3,364| 22.0%| 11.7%| 34.2%| 18.1%| 46.4%| 24.5%| 0.46] 40%| 0.60] 55%| 0.78] 71%| 0.021| 27%| 0.025| 37%| 0.030( 44%
Village of Bentleyville 1,675 4.8%| 3.2%| 8.4%| 3.9%| 12.0%| 4.6%| 0.26[ 16%| 0.29 17%| 0.32] 19%| 0.014 9%| 0.016f 10%| 0.017( 11%
Chagrin Falls Township 330 4.0% 1.9%| 7.7% 2.4%]| 11.3% 3.0% 0.24 7% 0.27 8% 0.29 10%]| 0.014 5%| 0.015 6%| 0.017 7%
Village of Chagrin Falls 1,349 17.8%| 8.6%| 27.7%| 12.7%| 37.7%| 16.8%| 0.43| 32%| 0.55[ 40%| 0.68] 48%| 0.019] 20%| 0.023] 26%| 0.027| 31%
City of Chardon 2,951 13.1%| 7.0%| 23.5%| 11.1%| 33.8%| 15.2%| 0.34] 27%| 0.46] 37%| 0.60] 46%| 0.017| 18%| 0.021| 24%| 0.025[ 29%
Chardon Township 14,640| 5.6%| 3.9%| 9.7%| 4.8%| 13.7%| 58%| 0.26] 18%| 0.30] 20%| 0.33] 22%| 0.015| 11%| 0.016] 13%| 0.018] 14%
Chester Township 15,033] 6.4% 2.6%]| 11.0% 3.3%]| 15.6% 4.1% 0.27 10% 0.31 11% 0.35 12%]| 0.015 7%| 0.017 8%| 0.018 9%
City of Eastlake’ 1,548| 20.5%]| 12.0%| 35.0%| 19.6%| 49.4%| 27.2%| 0.45] 42%| 0.62[ 59%| 0.84] 76%]| 0.020] 29%]| 0.026] 40%| 0.031| 49%
Gates Mills Village 5,822| 4.3% 1.9%| 8.1%| 2.5%| 11.9%| 3.0%| 0.24 7%| 0.27 8%| 0.30[ 10%| 0.014 5%| 0.016 6%| 0.017 7%
City of Highland Heights 3,284| 20.3%| 10.7%| 30.4%| 16.1%| 40.5%| 21.4%| 0.44] 37%| 0.55| 50%| 0.69] 65%| 0.020] 25%| 0.024| 34%| 0.028[ 41%
Hunting Valley Village 5108| 3.9%| 2.8%| 7.5%| 3.6%| 11.1%| 4.4%| 0.24] 11%| 0.26] 13%| 0.29] 15%| 0.014 8%| 0.015[ 10%| 0.017( 11%
City of Kirtland 10,693| 9.4%| 6.1%| 14.9%| 8.1%| 20.4%| 10.1%| 0.31] 28%| 0.36] 34%| 0.43] 39%| 0.016] 17%| 0.018] 20%| 0.020( 23%
Kirtland Hills Village 3,620 4.1%| 2.7%| 7.9%| 3.5%| 11.6%| 4.4%| 0.24] 11%| 0.27] 13%| 0.30] 15%| 0.014 8%| 0.015 9%| 0.017 11%
City of Lyndhurst 2,810 17.1% 5.7%]| 22.7% 7.1%| 28.3% 8.4% 0.41 21% 0.47 23% 0.54 26%]| 0.019 13%]| 0.021 14%]| 0.023 16%
City of Mayfield Heights 2,699| 23.3%| 8.2%| 39.1%| 13.6%| 54.9%| 19.0%| 0.52] 24%| 0.71] 31%| 0.95| 37%| 0.021] 17%| 0.027| 23%| 0.033[ 27%
Mayfield Village 2,514 17.8%| 10.0%| 31.9%| 16.7%| 46.0%| 23.5%| 0.45] 41%| 0.61] 55%| 0.82] 66%| 0.019] 24%| 0.024| 34%| 0.030[ 42%
City of Mentor® 4,998( 18.7%| 7.8%| 32.0%| 13.3%]| 45.4%| 18.8%| 0.41] 26%| 0.56] 37%| 0.77] 47%| 0.020f 18%| 0.025[ 25%| 0.030] 31%
Moreland Hills Village 4,641 4.6% 1.8%| 8.5%| 2.3%| 12.4%| 2.8%| 0.24 7%| 0.27 8%| 0.30 9%| 0.014 5%| 0.016 6%| 0.017 7%
Munson Township 16,576] 15.0%| 11.9%| 29.9%| 22.3%| 44.7%| 32.7%| 0.35] 49%| 0.51] 87%| 0.73] 129%| 0.018] 33%| 0.024| 54%| 0.029( 72%
Newbury Township 18,280| 6.3%| 5.1%| 11.6%| 7.4%| 16.9%| 9.7%| 0.26] 22%| 0.31] 30%| 0.37| 40%| 0.015| 15%| 0.017| 20%| 0.019 24%
Orange Village 2,432| 10.9% 5.4%]| 16.4% 6.7%]| 22.0% 7.9% 0.34 23% 0.39 25% 0.45 27%| 0.017 14%]| 0.019 15%]| 0.021 17%
City of Pepper Pike 4,567( 19.8%| 10.6%| 29.2%| 16.2%| 38.6%| 21.7%| 0.43| 36%| 0.53]| 52%| 0.66] 71%| 0.020{ 25%| 0.023[ 35%| 0.027| 43%
Russell Township 12,327 45%| 2.5%| 8.3%| 3.3%| 12.2%| 4.0%| 0.24] 10%| 0.27] 12%| 0.30] 13%| 0.014 7%| 0.016 8%| 0.017[ 10%
City of Solon 13,088| 18.6%| 10.7%| 28.6%| 15.1%| 38.6%| 19.6%| 0.42] 41%| 0.53] 50%| 0.67| 59%| 0.019] 26%| 0.023| 32%| 0.027 37%
South Russell Village 2,486| 16.3%| 7.5%| 23.3%| 9.9%| 30.3%| 12.4%| 0.41] 31%| 0.49] 36%| 0.57| 41%| 0.019] 18%| 0.021| 21%| 0.024[ 24%
Waite Hill Village 2,734 43%| 3.0%| 8.0%| 3.9%| 11.8%| 4.7%| 0.24] 12%| 0.27] 14%| 0.30] 16%| 0.014 9%| 0.016/ 10%| 0.017( 12%
City of Wickliffe? 541( 20.2%| 10.3%| 33.9%| 18.7%| 47.5%| 27.1%| 0.43| 31%| 059 53%| 0.79[ 77%[ 0.020{ 24%| 0.025[ 39%| 0.030| 50%
City of Willoughby? 3,974| 18.6%| 10.2%| 32.7%| 16.7%| 46.8%| 23.3%| 0.43] 36%| 0.59] 50%| 0.80] 62%| 0.019] 24%| 0.025| 34%| 0.030( 41%
City of Willoughby Hills 6,944| 15.5%| 10.0%| 20.7%| 12.0%| 25.9%| 14.0%| 0.39] 44%| 0.44] 49%| 0.50] 54%| 0.018] 26%| 0.020| 29%| 0.022[ 31%
Woodmere Village 211| 17.4%| 2.5%| 22.0%| 2.8%| 26.7%| 3.1%| 0.42 8%| 0.46 8%| 0.51 8%| 0.019 5%| 0.021 5%| 0.022 5%
Total/Avg. Study Area 3475 104%  6.3% 17.5% 9.4% 24.6% 124% 032 26.8% 0.39 36.0% 0.48 459% 0.016 16.9% 0.019 22.7% 0.022 27.4%

sg.mi.

Notes:

1. Scenario represents build-out of developable land to underlying zoning. Change in imperviousness and difference compared to existing conditions in Table 5-4.
2. For Eastlake, Mentor, Wickliffe and Willoughby, only the areas within the Chagrin River watershed are given, not the total community area.
3. Area-weighted community imperviousness (see Tables 4-2 and 5-3).
4. Area-weighted unit peak runoff rate calculated using the rational method for the local water quality event (see unit rates in Table 5-3).

5. Area-weighted unit runoff volume calculated using the rational method for the local water quality event (see unit volumes in Table 5-3).
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Results presented in Table 5-5 represent uncontrolled build-out conditions (i.e., build-out
under existing zoning without storm water management facilities). These results are used
as the baseline to which all subsequent development practices are compared and
evaluated.

5.4.2 Practices that Minimize Impervious Cover

The first scenario evaluated for this type of development practice presents an example of
the impact of upzoning, which represents the rezoning of low-density residential parcels
to a higher density.

The result of rezoning all developable low-density residential (>2-acre lots) parcels to a
medium-density residential (%2- to 1-acre lots) category under build-out conditions is
shown in Table 5-6. Results are compared to the baseline build-out conditions as
presented in Table 5-5.

Table 5-6 indicates an average imperviousness of 20.9 percent for Chagrin River watershed
communities under the upzoning scenario (i.e., where all developable low-density
residential (>2-acre lots) are rezoned to medium-density residential (Y2- to 1-acre lots)
under build-out conditions). This is a 3.4 percent increase compared to build-out
conditions, and is similar to the existing imperviousness of Woodmere Village. As a
community example, Table 4-1 shows that 62.6 percent of Auburn Township is
developable and nearly half of the developable area is currently zoned low-density
residential (>2-acre lots). If this area were rezoned to medium-density residential (Y2- to 1-
acre lots) and all other build-out took place according to the underlying zoning, then the
average imperviousness would increase by 3.8 percent to 15.6 percent, which is the same
existing imperviousness of Lyndhurst and Eastlake. The overall average runoff rate
increases by 13 percent and the average runoff volume increased by 7 percent compared
to build-out conditions.

The second scenario evaluated for development practices that minimize impervious cover
presents an example of alternative site development. The scenario characterizes
development practices that achieve a 5-percent reduction in impervious cover across all
developable land use categories, and can represent a combination of the example practices
listed in Table 5-1 (e.g., reduced street widths and parking space requirements).

The resulting hydrology parameters under this scenario are shown in Table 5-7. The
imperviousness values listed represent an impervious cover reduction of 5 percent
compared to the existing imperviousness values shown in Table 3-4. No other parameter
assumptions have changed for this scenario and the same calculations described for Table
5-3 in Section 5.4.1 are used to develop the unit runoff rates and volumes for each land use
category.
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Table 5-6

Imperviousness Impact - Upzoning Low-Density Residential Areas to Medium Density

Section 5

Imperviousness Impact Analysis

Community Imperviousness (% P Water Quality Event Runoff Rate (cfs/ac)4 Water Quality Event Runoff Volume (ac-ft/ac)5
Area Low Average High Low Average High Low Average High

Name (ac) | Value | Change| Value | Change| Value | Change| Value | Diff. | Value | Diff. | Value | Diff. | Value | Diff. | Value | Diff. | Value | Diff.

Auburn Township 19,202 10.3%| 3.6%| 15.6%| 3.8%| 20.9%| 4.0%| 0.32] 18%| 0.37 17%| 0.43] 16%| 0.016 9%| 0.018 8%| 0.020 8%
City of Aurora 15,439| 15.3% 2.0%| 23.3% 2.1%| 31.2% 2.2% 0.39 7% 0.48 7% 0.58 6%]| 0.018 4%| 0.021 4%| 0.024 3%
Bainbridge Township 16,533 12.2%| 6.1%| 17.6%| 6.4%| 23.1%| 6.7%| 0.34] 32%| 0.40] 30%| 0.46] 28%| 0.017] 15%| 0.019] 14%| 0.021] 14%
City of Beachwood 3,364 22.0% 0.0%| 34.2% 0.0%| 46.4% 0.0% 0.46 0% 0.60 0% 0.78 0%| 0.021 0%| 0.025 0%| 0.030 0%
Village of Bentleyville 1,675 4.8%| 0.0%| 8.4%| 0.0%| 12.0%| 0.0%| 0.26 0%| 0.29 0%| 0.32 0%| 0.014 0%| 0.016 0%| 0.017 0%
Chagrin Falls Township 330 8.6% 4.6%| 12.5% 4.8%| 16.4% 5.1% 0.30 26% 0.33 26% 0.37 26%]| 0.016 12%]| 0.017 12%]| 0.019 11%
Village of Chagrin Falls 1,349| 17.8%| 0.0%| 27.7%| 0.0%| 37.7%| 0.0%| 0.43 0%| 0.55 0%| 0.68 0%| 0.019 0%| 0.023 0%| 0.027 0%
City of Chardon 2,951| 15.0% 1.9%| 25.4% 2.0%| 35.8% 2.0% 0.37 7% 0.48 6% 0.63 5%]| 0.018 4%| 0.022 3%| 0.026 3%
Chardon Township 14,640| 8.3%| 2.6%| 12.4%| 2.8%| 16.6%| 2.9%| 0.30] 14%| 0.34] 13%| 0.37] 13%| 0.016 7%| 0.017 6%| 0.019 6%
Chester Township 15,033| 11.2% 4.8%| 16.0% 5.0%| 20.8% 5.3% 0.33 25% 0.38 23% 0.43 22%| 0.017 12%]| 0.019 11%]| 0.020 11%
City of Eastlake® 1,548| 21.6% 1.1%| 36.1% 1.2%| 50.6% 1.2% 0.47 3% 0.64 3% 0.86 2%| 0.021 2%| 0.026 2%| 0.031 1%
Gates Mills Village 5,822| 8.8%| 4.5%| 12.8%| 4.7%| 16.8%| 4.9%| 0.30] 25%| 0.34] 25%| 0.37] 24%| 0.016] 12%| 0.017] 11%| 0.019] 11%
City of Highland Heights 3,284 20.3% 0.0%)| 30.4% 0.0%]| 40.5% 0.0% 0.44 0% 0.55 0% 0.69 0%| 0.020 0%| 0.024 0%| 0.028 0%
Hunting Valley Village 5,108| 10.7%| 6.8%| 14.6%| 7.1%| 18.6%| 7.5%| 0.33] 39%| 0.37] 39%| 0.40|] 38%| 0.016] 18%| 0.018] 18%| 0.019] 17%
City of Kirtland 10,693| 11.0% 1.6%| 16.6% 1.7%| 22.1% 1.8% 0.33 7% 0.39 7% 0.45 6%]| 0.017 4%| 0.019 4%| 0.021 3%
Kirtland Hills Village 3,620| 10.5%| 6.4%| 14.6%| 6.7%| 18.6%| 7.0%| 0.33] 36%| 0.36] 36%| 0.40|] 35%| 0.016] 17%| 0.018] 16%| 0.019] 16%
City of Lyndhurst 2,810| 17.1% 0.0%| 22.7% 0.0%)| 28.3% 0.0% 0.41 0% 0.47 0% 0.54 0%| 0.019 0%| 0.021 0%| 0.023 0%
City of Mayfield Heights 2,699| 23.3%| 0.0%| 39.1%| 0.0%| 54.9%| 0.0%| 0.52 0%| 0.71 0%| 0.95 0%| 0.021 0%| 0.027 0%| 0.033 0%
Mayfield Village 2,514 17.8% 0.0%| 31.9% 0.0%]| 46.0% 0.0% 0.45 0% 0.61 0% 0.82 0%| 0.019 0%| 0.024 0%| 0.030 0%
City of Mentor’ 4,998( 18.8% 0.0%| 32.1% 0.0%| 45.4% 0.0% 0.41 0% 0.56 0% 0.77 0%| 0.020 0%| 0.025 0%| 0.030 0%
Moreland Hills Village 4,641 8.6%| 4.0%| 12.7%| 4.2%| 16.8%| 4.4%| 0.30] 22%| 0.33] 22%| 0.37| 21%| 0.016] 11%| 0.017| 10%| 0.019| 10%
Munson Township 16,576 16.1% 1.0%| 31.0% 1.1%| 45.9% 1.1% 0.36 4% 0.53 3% 0.75 2%]| 0.019 2%]| 0.024 2%]| 0.030 1%
Newbury Township 18,280| 14.4%| 8.1%| 20.1%| 8.6%| 25.8%| 9.0%| 0.37] 43%| 0.43] 39%| 0.50] 36%| 0.018] 21%| 0.020] 19%| 0.022] 18%
Orange Village 2,432| 10.9% 0.0%| 16.4% 0.0%| 22.0% 0.0% 0.34 0% 0.39 0% 0.45 0%| 0.017 0%| 0.019 0%| 0.021 0%
City of Pepper Pike 4,567| 19.8%| 0.0%| 29.2%| 0.0%| 38.6%| 0.0%| 0.43 0%| 0.53 0%| 0.66 0%| 0.020 0%| 0.023 0%| 0.027 0%
Russell Township 12,327| 10.3% 5.8%| 14.5% 6.1%)| 18.6% 6.4% 0.32 33% 0.36 32% 0.40 31%| 0.016 15%]| 0.018 15%]| 0.019 14%
City of Solon 13,088| 19.4%| 0.8%| 29.4%| 0.8%| 39.4%| 0.9%| 0.43 3%| 0.54 2%| 0.68 2%| 0.020 2%| 0.024 1%| 0.027 1%
South Russell Village 2,486| 16.9% 0.6%)| 23.9% 0.6%]| 31.0% 0.7% 0.42 2% 0.50 2% 0.58 2%]| 0.019 1%]| 0.021 1%]| 0.024 1%
Waite Hill Village 2,734] 11.6%| 7.3%| 15.7%| 7.7%| 19.8%| 8.0%| 0.34] 41%| 0.38] 41%| 0.42] 40%| 0.017] 19%| 0.018] 19%| 0.020| 18%
City of Wickliffe? 541| 20.2%| 0.0%| 33.9%| 0.0%| 47.5%| 0.0%| 0.43 0%| 0.59 0%| 0.79 0%]| 0.020 0%]| 0.025 0%]| 0.030 0%
City of Willoughby? 3,974| 21.5%| 3.0%| 35.8%| 3.1%| 50.0%| 3.3%| 0.47] 10%| 0.63 8%| 0.85 6%| 0.021 6%| 0.026 5%| 0.031 4%
City of Willoughby Hills 6,944 15.5% 0.0%| 20.7% 0.0%]| 25.9% 0.0% 0.39 0% 0.44 0% 0.50 0%| 0.018 0%| 0.020 0%| 0.022 0%
Woodmere Village 211| 17.4%| 0.0%| 22.0%| 0.0%| 26.7%| 0.0%| 0.42 0%| 0.46 0%| 0.51 0%| 0.019 0%| 0.021 0%| 0.022 0%
Total/Avg. Study Area 347.5 13.7% 3.2% 20.9% 3.4% 28.2% 3.6% 0.36 14.0% 0.44 12.5% 053 11.1% 0.018 7.4% 0.020 6.7% 0.023 6.2%

sq.mi.

Notes:

1. Scenario represents build-out of developable land including upzoning of developable residential (>2 acre) parcels to residential (1/2 -1 acre). Difference compared to
build-out conditions in Table 5-5.
2. For Eastlake, Mentor, Wickliffe and Willoughby, only the areas within the Chagrin River watershed are given, not the total community area.
3. Area-weighted community imperviousness (see Tables 4-1 and 5-3).
4. Area-weighted unit peak runoff rate calculated using the rational method for the local water quality event (see unit rates in Table 5-3).
5. Area-weighted unit runoff volume calculated using the rational method for the local water quality event (see unit volumes in Table 5-3).
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Table 5-7
Chagrin River Watershed Partners - Impervious Area Study
Representative Rainfall and Runoff Parameters - Impervious Cover Reduction (5 %)

Section 5
Imperviousness Impact Analysis

Flow Path? Runoff Time of Rainfall® Runoff®
Land Use Category Imperviousness® Length Slope Coefficient® | Concentration* |  Intensity Depth Rate Volume
(ft.) (ft./ft.) C (min.) (in./hr.) (in.) (cfs/ac) (ac-ft/ac)

Low Imperviousness Value

Residential (<1/2 acre) 18% 50 0.010 0.31 10 1.62 0.75 0.50 0.019
Residential (1/2 - 1 acre) 12% 100 0.010 0.27 15 1.34 0.75 0.37 0.017
Residential (1 - 2 acres) 3% 150 0.010 0.22 19 1.16 0.75 0.25 0.014
Residential (>2 acres) 0% 200 0.010 0.20 23 1.05 0.75 0.21 0.013
Non-Residential (High) 38% 100 0.010 0.43 12 1.49 0.75 0.64 0.027
Non-Residential (Medium) 25% 150 0.010 0.35 17 1.27 0.75 0.44 0.022
Non-Developable 0% 220 0.010 0.20 24 1.02 0.75 0.20 0.013
Average Imperviousness Value

Residential (<1/2 acre) 33% 50 0.010 0.40 9 1.71 0.75 0.68 0.025
Residential (1/2 - 1 acre) 17% 100 0.010 0.30 14 1.37 0.75 0.41 0.019
Residential (1 - 2 acres) 7% 150 0.010 0.24 19 1.18 0.75 0.29 0.015
Residential (>2 acres) 4% 200 0.010 0.22 22 1.07 0.75 0.24 0.014
Non-Residential (High) 65% 100 0.010 0.59 9 1.69 0.75 1.00 0.037
Non-Residential (Medium) 54% 150 0.010 0.52 13 1.45 0.75 0.76 0.033
Non-Developable 2.5% 220 0.010 0.22 24 1.03 0.75 0.22 0.013
High Imperviousness Value

Residential (<1/2 acre) 48% 50 0.010 0.49 8 1.80 0.75 0.88 0.031
Residential (1/2 - 1 acre) 22% 100 0.010 0.33 14 1.39 0.75 0.46 0.021
Residential (1 - 2 acres) 12% 150 0.010 0.27 18 1.20 0.75 0.32 0.017
Residential (>2 acres) 8% 200 0.010 0.25 22 1.09 0.75 0.27 0.016
Non-Residential (High) 92% 100 0.010 0.75 6 1.96 0.75 1.47 0.047
Non-Residential (Medium) 83% 150 0.010 0.70 9 1.71 0.75 1.20 0.044
Non-Developable 5% 220 0.010 0.23 23 1.04 0.75 0.24 0.014

P

Notes

1. These values represent an impervious cover reduction of 5% for developable land uses compared to the existing condition values shown in Table 3-4.

2. Representative overland flow path parameters for a 1-acre unit area.
3. Runoff coefficient for water quality event using equation, C = 0.2 + (0.6 x Imperviousness).
4. Time of concentration using ODOT overland flow equation.
5. Rainfall intensity for the local water quality event, derived from ODOT rainfall intensity curves for Ohio rainfall Zone A.
6. Runoff calculated using rational method. Runoff rate is the peak discharge resulting from the water quality event. Runoff volume is the total volume resulting

from the post-construction water quality volume defined by Ohio EPA in their general stormwater permit for construction site discharges (3/4-in. over 24 hrs).
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Section 5
Imperviousness Impact Analysis

The imperviousness values in Table 5-7 were applied to all developable areas within
Chagrin River watershed communities. Existing imperviousness values were used in non-
developable areas. Additionally, this scenario also applied the reduced imperviousness
values to a portion of the developed non-residential areas, representing a retrofit scenario.
For this study, a 20 percent retrofit development factor was used, based on best judgment.
Therefore, the 5-percent reduction in impervious cover was applied to 20 percent of the
developed non-residential areas. For example, in Auburn Township, the imperviousness
values and runoff rates shown in Table 5-7 were applied to the entire portion of
developable areas (0, 0.3, 28.7, and 29.5 percent for the residential land uses, as shown in
Table 4-1) and to 20 percent of the developed non-residential areas (1.3 and 2.7 percent for
the high- and medium-density non-residential land uses, as shown in Table 4-1).

The resulting impacts on imperviousness and runoff are shown in Table 5-8. Results are
compared to the baseline build-out conditions as presented in Table 5-5.

Table 5-8 indicates an average imperviousness of 14.9 percent for Chagrin River watershed
communities under the impervious cover reduction scenario (i.e., where impervious cover
is reduced by 5 percent for all residential areas and in designated non-residential re-
development areas under build-out conditions). This development practice demonstrates
a beneficial impact, reducing the average imperviousness by 2.7 percent compared to
uncontrolled build-out conditions (i.e., build-out under existing zoning using current
development standards). Similarly, the average runoff rate and runoff volume decrease by
6 percent and 5 percent, respectively, compared to uncontrolled build-out conditions.

5.4.2 Practices that Minimize Impervious Cover Impacts

The first scenario evaluated for this type of development practice presents an example of
extended detention that achieves the requirement of treating the post-construction water
quality volume defined by Ohio EPA in their general storm water permit for construction
site discharges.

The resulting hydrology parameters under this scenario are shown in Table 5-9. These
parameters were applied to the developable areas. By limiting the release of the runoff
volume from the water quality storm event over a period of 24 hours, the peak unit runoff
rate is greatly reduced compared to uncontrolled detention. The imperviousness and
runoff volume are not affected and are the same as the existing condition parameters
presented in Table 5-3.

The resulting impacts on imperviousness and runoff are shown in Table 5-10. Results are
compared to the baseline build-out conditions as presented in Table 5-5.

Table 5-10 indicates an average imperviousness of 17.5 percent. As mentioned earlier, this
development practice is not intended to reduce impervious cover and therefore does not
change the average imperviousness compared to uncontrolled build-out conditions (i.e.,
build-out under existing zoning using current development standards). Similarly, the
average runoff volume is unchanged compared to uncontrolled build-out conditions.
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Table 5-8 Section 5
Chagrin River Watershed Partners - Impervious Area Study Imperviousness Impact Analysis
Imperviousness Impact - Impervious Cover Reduction (5 %)

Community Imperviousness (% P Water Quality Event Runoff Rate (cfs/ac)4 Water Quality Event Runoff Volume (ac-ft/ac)5
Area Low Average High Low Average High Low Average High
Name (ac) | Value | Change| Value | Change| Value | Change| Value | Diff. | Value | Diff. | Value | Diff. | Value | Diff. | Value | Diff. | Value | Diff.

Auburn Township 19,202| 3.6%| -3.1%| 8.6%| -3.1%| 13.7%| -3.1%| 0.25 -9%| 0.29 -8%| 0.35 -8%| 0.014 -8%| 0.016 -7%| 0.018 -6%
City of Aurora 15,439| 10.1%| -3.3%| 17.9%| -3.3%| 25.8%| -3.3% 0.33 -8% 0.42 -7% 0.51 -6%| 0.016 -7%| 0.019 -6%)| 0.022 -5%
Bainbridge Township 16,533| 3.4%| -2.7%| 8.5%| -2.7%| 13.7%| -2.7%| 0.24 -8%| 0.28 -7%| 0.33 -7%| 0.014 -7%| 0.016 -6%| 0.018 -5%
City of Beachwood 3,364| 19.5%| -2.5%| 31.7%| -2.5%| 43.9%| -2.5% 0.43 -5% 0.57 -5% 0.74 -5%| 0.020 -4%| 0.024 -4%| 0.029 -3%
Village of Bentleyville 1,675 2.8%| -2.0%| 6.4%| -2.0%| 10.0%| -2.0%| 0.24 -6%| 0.27 -6%| 0.30 -5%| 0.014 -5%| 0.015 -5%| 0.016 -4%
Chagrin Falls Township 330 2.1%| -1.9%| 5.8%| -1.9%| 9.5%| -1.9% 0.22 -6% 0.25 -5% 0.28 -5%| 0.013 -5%| 0.015 -5%| 0.016 -4%
Village of Chagrin Falls 1,349| 15.7%| -2.0%| 25.7%| -2.0%| 35.7%| -2.0%| 0.41 -5%| 0.52 -4%| 0.66 -4%| 0.018 -4%| 0.022 -3%| 0.026 -3%
City of Chardon 2,951| 10.8%| -2.3%| 21.2%| -2.3%| 31.5%| -2.3% 0.32 -6% 0.43 -5% 0.57 -5%)| 0.017 -5%| 0.020 -4%| 0.024 -3%
Chardon Township 14,640| 2.8%| -2.8%| 6.8%| -2.8%| 10.8%| -2.8%| 0.24 -8%| 0.27 -8%| 0.31 -7%| 0.014 -7%| 0.015 -7%| 0.017 -6%
Chester Township 15,033 4.0%| -2.4%| 8.6%| -2.4%| 13.2%| -2.4% 0.25 -7% 0.29 -6% 0.33 -6%| 0.014 -6%| 0.016 -5%| 0.017 -5%
City of Eastlake® 1,548| 17.9%| -2.6%| 32.4%| -2.6%| 46.9%| -2.6% 0.43 -6% 0.59 -5% 0.80 -5%| 0.019 -5%]| 0.025 -4%]| 0.030 -3%
Gates Mills Village 5,822] 2.5%| -1.8%| 6.3%| -1.8%| 10.1%| -1.8%| 0.23 -6%| 0.26 -5%| 0.29 -5%| 0.013 -5%| 0.015 -4%| 0.016 -4%
City of Highland Heights 3,284 17.8%| -2.5%| 27.9%| -2.5%| 38.0%| -2.5% 0.41 -6% 0.52 -5% 0.66 -5%| 0.019 -5%)| 0.023 -4%| 0.027 -3%
Hunting Valley Village 5,108 1.1%| -2.8%| 4.7%| -2.8%| 8.4%| -2.8%| 0.22 -8%| 0.24 -8%| 0.27 -7%| 0.013 -7%| 0.014 -7%| 0.016 -6%
City of Kirtland 10,693 6.8%| -2.6%| 12.3%| -2.6%| 17.7%| -2.6% 0.29 -7% 0.34 -7% 0.40 -6%| 0.015 -6%| 0.017 -5%| 0.019 -5%
Kirtland Hills Village 3,620 1.5%| -2.6%| 5.3%| -2.6%| 9.0%| -2.6%| 0.22 -8%| 0.25 -7%| 0.28 -7%| 0.013 -7%| 0.014 -6%| 0.016 -6%
City of Lyndhurst 2,810| 15.6%| -1.5%| 21.2%| -1.5%| 26.8%| -1.5% 0.40 -4% 0.46 -3% 0.52 -3%| 0.018 -3%| 0.020 -3%| 0.023 -2%
City of Mayfield Heights 2,699| 21.7%| -1.6%| 37.5%| -1.6%| 53.3%| -1.6%| 0.50 -3%| 0.69 -3%| 0.92 -3%| 0.021 -3%| 0.027 -2%| 0.032 -2%
Mayfield Village 2,514 15.8%| -2.0%| 29.9%| -2.0%| 43.9%| -2.0% 0.43 -5% 0.59 -4% 0.78 -4%| 0.018 -4%| 0.024 -3%| 0.029 -3%
City of Mentor’ 4,998 17.0%| -1.7%| 30.3%| -1.7%]| 43.6%| -1.7% 0.39 -4% 0.54 -4% 0.74 -4%]| 0.019 -3%| 0.024 -3%| 0.029 -2%
Moreland Hills Village 4,641 3.0%| -1.6%| 6.9%| -1.6%| 10.8%| -1.6%| 0.23 -5%| 0.26 -5%| 0.29 -4%| 0.014 -4%| 0.015 -4%| 0.017 -4%
Munson Township 16,576| 12.6%)| -2.4%)| 27.5%| -2.4%| 42.3%| -2.4% 0.32 -6% 0.48 -6% 0.69 -5%| 0.017 -5%)| 0.023 -4%| 0.028 -3%
Newbury Township 18,280| 2.7%| -3.6%| 8.0%| -3.6%| 13.3%| -3.6%| 0.23] -10%| 0.28 -9%| 0.34 -8%| 0.014 -9%| 0.016 -8%| 0.017 -7%
Orange Village 2,432 8.5%| -2.4%| 14.0%| -2.4%| 19.6%| -2.4% 0.31 -6% 0.37 -6% 0.43 -5%| 0.016 -5%| 0.018 -5%| 0.020 -4%
City of Pepper Pike 4,567 17.4%| -2.4%| 26.8%| -2.4%| 36.2%| -2.4%| 0.41 -5%| 0.51 -5%| 0.63 -5%| 0.019 -4%| 0.023 -4%| 0.026 -3%
Russell Township 12,327 2.1%| -2.4%| 6.0%| -2.4%| 9.8%| -2.4% 0.23 -7% 0.25 -7% 0.28 -6%| 0.013 -6%| 0.015 -6%| 0.016 -5%
City of Solon 13,088| 15.7%| -2.8%| 25.7%| -2.8%| 35.7%| -2.8%| 0.39 -6%| 0.50 -6%| 0.63 -5%| 0.018 -5%| 0.022 -5%| 0.026 -4%
South Russell Village 2,486 14.1%| -2.2%| 21.1%| -2.2%| 28.1%| -2.2% 0.39 -5% 0.47 -5% 0.55 -4%| 0.018 -4%| 0.020 -4%| 0.023 -4%
Waite Hill Village 2,734 1.3%| -2.9%| 5.1%| -2.9%| 8.8%| -2.9%| 0.22 -9%| 0.25 -8%| 0.27 -8%| 0.013 -8%| 0.014 -7%| 0.016 -7%
City of Wickliffe? 541| 18.3%| -1.9%| 32.0%| -1.9%| 45.6%| -1.9%| 0.41 -4%|  0.56 -4%| 0.75 -4%)| 0.019 -4%)| 0.024 -3%| 0.030 -2%
City of Willoughby? 3,974 15.7%| -2.9%| 29.8%| -2.9%| 43.9%| -2.9%| 0.40 -6%| 0.56 -5%| 0.76 -5%)| 0.018 -6%)| 0.024 -4%)| 0.029 -4%
City of Willoughby Hills 6,944 12.8%| -2.7%| 18.0%| -2.7%| 23.2%| -2.7% 0.36 -7% 0.42 -6% 0.47 -6%| 0.017 -6%| 0.019 -5%| 0.021 -5%
Woodmere Village 211| 16.7%| -0.7%| 21.3%| -0.7%| 25.9%| -0.7%| 0.41 -2%| 0.46 -2%| 0.50 -1%| 0.019 -1%| 0.020 -1%| 0.022 -1%

Total/Avg. Study Area 3475 7.8% -2.7% 14.9% -2.7% 21.9% -2.7% 0.30 -7.0% 0.37 -6.2% 0.45 -57% 0.015 -6.1% 0.018 -52% 0.021 -4.6%

sq.mi.

Notes:

1. Scenario represents build-out of developable land with an impervious cover reduction of 5% compared to existing conditions. The 5% reduction has also been applied to
20 percent of the developed non-residential areas, representing a retrofit scenario. Difference compared to build-out conditions in Table 5-3.

2. For Eastlake, Mentor, Wickliffe and Willoughby, only the areas within the Chagrin River watershed are given, not the total community area.

3. Area-weighted community imperviousness (see Tables 4-1 and 5-5).

4. Area-weighted unit peak runoff rate calculated using the rational method for the local water quality event (see unit rates in Table 5-5).

5. Area-weighted unit runoff volume calculated using the rational method for the local water quality event (see unit volumes in Table 5-5).

AN
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Table 5-9
Chagrin River Watershed Partners - Impervious Area Study
Representative Rainfall and Runoff Parameters - Extended Detention

Section 5

Imperviousness Impact Analysis

Flow Path? Runoff Time of Rainfall® Runoff®
Land Use Category Imperviousness Length Slope | Coefficient® | Concentration® | Intensity Depth Rate Volume
(ft.) (ft./ft.) C (min.) (in./hr.) (in.) (cfs/ac) (ac-ft/ac)

Low Imperviousness Value

Residential (<1/2 acre) 23% 50 0.010 0.34 10 1.65 0.75 0.01 0.021
Residential (1/2 - 1 acre) 17% 100 0.010 0.30 14 1.37 0.75 0.01 0.019
Residential (1 - 2 acres) 8% 150 0.010 0.25 19 1.18 0.75 0.01 0.015
Residential (>2 acres) 5% 200 0.010 0.23 22 1.07 0.75 0.01 0.014
Non-Residential (High) 43% 100 0.010 0.46 12 1.52 0.75 0.01 0.029
Non-Residential (Medium) 30% 150 0.010 0.38 16 1.29 0.75 0.01 0.024
Non-Developable 0% 220 0.010 0.20 24 1.02 0.75 0.01 0.013
Average Imperviousness Value

Residential (<1/2 acre) 38% 50 0.010 0.43 9 1.74 0.75 0.01 0.027
Residential (1/2 - 1 acre) 22% 100 0.010 0.33 14 1.39 0.75 0.01 0.021
Residential (1 - 2 acres) 12% 150 0.010 0.27 18 1.20 0.75 0.01 0.017
Residential (>2 acres) 9% 200 0.010 0.25 22 1.09 0.75 0.01 0.016
Non-Residential (High) 70% 100 0.010 0.62 9 1.73 0.75 0.02 0.039
Non-Residential (Medium) 59% 150 0.010 0.55 12 1.49 0.75 0.02 0.035
Non-Developable 2.5% 220 0.010 0.22 24 1.03 0.75 0.01 0.013
High Imperviousness Value

Residential (<1/2 acre) 53% 50 0.010 0.52 7 1.84 0.75 0.02 0.032
Residential (1/2 - 1 acre) 27% 100 0.010 0.36 13 1.42 0.75 0.01 0.022
Residential (1 - 2 acres) 17% 150 0.010 0.30 18 1.22 0.75 0.01 0.019
Residential (>2 acres) 13% 200 0.010 0.28 21 1.11 0.75 0.01 0.017
Non-Residential (High) 97% 100 0.010 0.78 6 2.02 0.75 0.02 0.049
Non-Residential (Medium) 88% 150 0.010 0.73 8 1.77 0.75 0.02 0.046
Non-Developable 5% 220 0.010 0.23 23 1.04 0.75 0.01 0.014

Notes

1. Scenario represents treatment to Ohio EPA water quality treatment standards by limiting the release of on-site runoff volume over 24 hours compared to
build-out conditions for developable areas. No change to non-developable areas.

o O WN

. Representative overland flow path parameters for a 1-acre unit area.

. Runoff coefficient for water quality event using equation, C = 0.2 + (0.6 X Imperviousness).
. Time of concentration using ODOT overland flow equation.
. Rainfall intensity for the local water quality event, derived from ODOT rainfall intensity curves for Ohio rainfall Zone A.
. Runoff calculated using rational method. Runoff rate is the peak discharge resulting from the water quality event. Runoff volume is the total volume resulting

from the post-construction water quality volume defined by Ohio EPA in their general stormwater permit for construction site discharges (3/4-in. over 24 hrs).
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Chagrin River Watershed Partners - Impervious Area Study

Table 5-10

Imperviousness Impact - Extended Detention

Section 5

Imperviousness Impact Analysis

Community Imperviousness (% P Water Quality Event Runoff Rate (cfs/ac)4 Water Quality Event Runoff Volume (ac-ft/ac)5
Area Low Average High Low Average High Low Average High
Name (ac) | Value | Change| Value | Change| Value | Change| Value | Diff. | Value | Diff. | Value | Diff. | Value | Diff. | Value | Diff. | Value | Diff.

Auburn Township 19,202| 6.7%| 0.0%| 11.8%| 0.0%| 16.9%| 0.0%| 0.10] -65%| 0.11] -66%| 0.12] -67%| 0.015 0%| 0.017 0%| 0.019 0%
City of Aurora 15,439| 13.4% 0.0%| 21.2% 0.0%| 29.1% 0.0% 0.12| -66% 0.15] -67% 0.18| -67%| 0.018 0%| 0.020 0%| 0.023 0%
Bainbridge Township 16,533| 6.1%| 0.0%| 11.2%| 0.0%| 16.4%| 0.0%| 0.12| -54%| 0.13] -56%| 0.15| -57%| 0.015 0%| 0.017 0%| 0.019 0%
City of Beachwood 3,364 22.0% 0.0%| 34.2% 0.0%| 46.4% 0.0% 0.22| -51% 0.27| -55% 0.33] -58%| 0.021 0%| 0.025 0%| 0.030 0%
Village of Bentleyville 1,675 4.8%| 0.0%| 8.4%| 0.0%| 12.0%| 0.0%| 0.14| -44%| 0.16] -44%| 0.17| -45%| 0.014 0%| 0.016 0%| 0.017 0%
Chagrin Falls Township 330 4.0% 0.0%| 7.7% 0.0%| 11.3% 0.0% 0.15] -37% 0.17| -38% 0.18| -38%| 0.014 0%| 0.015 0%| 0.017 0%
Village of Chagrin Falls 1,349] 17.8%| 0.0%| 27.7%| 0.0%| 37.7%| 0.0%| 0.25| -43%| 0.30| -45%| 0.36] -47%| 0.019 0%| 0.023 0%| 0.027 0%
City of Chardon 2,951 13.1% 0.0%| 23.5% 0.0%)| 33.8% 0.0% 0.14| -60% 0.18| -60% 0.24| -60%| 0.017 0%| 0.021 0%| 0.025 0%
Chardon Township 14,640| 5.6%| 0.0%| 9.7%| 0.0%| 13.7%| 0.0%| 0.11] -58%| 0.12] -58%| 0.14| -58%| 0.015 0%| 0.016 0%| 0.018 0%
Chester Township 15,033 6.4% 0.0%| 11.0% 0.0%]| 15.6% 0.0% 0.15| -45% 0.17| -44% 0.20| -44%| 0.015 0%| 0.017 0%| 0.018 0%
City of Eastlake® 1,548| 20.5% 0.0%)| 35.0% 0.0%| 49.4% 0.0% 0.21] -53% 0.28| -56% 0.35| -58%]| 0.020 0%| 0.026 0%| 0.031 0%
Gates Mills Village 5,822| 4.3%| 0.0%| 8.1%| 0.0%| 11.9%| 0.0%| 0.15] -36%| 0.17] -37%| 0.19] -37%| 0.014 0%| 0.016 0%| 0.017 0%
City of Highland Heights 3,284 20.3% 0.0%)| 30.4% 0.0%]| 40.5% 0.0% 0.22| -50% 0.25| -54% 0.30] -57%| 0.020 0%| 0.024 0%| 0.028 0%
Hunting Valley Village 5,108 3.9%| 0.0%| 7.5%| 0.0%| 11.1%| 0.0%| 0.10] -56%| 0.12] -56%| 0.13] -56%| 0.014 0%| 0.015 0%| 0.017 0%
City of Kirtland 10,693 9.4% 0.0%| 14.9% 0.0%| 20.4% 0.0% 0.14| -55% 0.16] -56% 0.18| -57%| 0.016 0%| 0.018 0%| 0.020 0%
Kirtland Hills Village 3,620 4.1%| 0.0%| 7.9%| 0.0%| 11.6%| 0.0%| 0.11] -52%| 0.13] -53%| 0.14] -53%| 0.014 0%| 0.015 0%| 0.017 0%
City of Lyndhurst 2,810| 17.1% 0.0%| 22.7% 0.0%)| 28.3% 0.0% 0.27| -35% 0.30] -36% 0.34| -37%| 0.019 0%| 0.021 0%| 0.023 0%
City of Mayfield Heights 2,699| 23.3%| 0.0%| 39.1%| 0.0%| 54.9%| 0.0%| 0.34] -35%| 0.45| -36%| 0.59] -38%| 0.021 0%| 0.027 0%| 0.033 0%
Mayfield Village 2,514 17.8% 0.0%| 31.9% 0.0%]| 46.0% 0.0% 0.24| -47% 0.31] -50% 0.39] -52%| 0.019 0%| 0.024 0%| 0.030 0%
City of Mentor’ 4,998 18.7% 0.0%| 32.0% 0.0%| 45.4% 0.0% 0.22| -47% 0.28| -50% 0.37] -52%| 0.020 0%| 0.025 0%]| 0.030 0%
Moreland Hills Village 4,641 4.6%| 0.0%| 8.5%| 0.0%| 12.4%| 0.0%| 0.16] -33%| 0.18] -33%| 0.20| -33%| 0.014 0%| 0.016 0%| 0.017 0%
Munson Township 16,576 15.0% 0.0%| 29.9% 0.0%| 44.7% 0.0% 0.13|] -64% 0.16] -70% 0.19| -74%| 0.018 0%| 0.024 0%| 0.029 0%
Newbury Township 18,280| 6.3%| 0.0%| 11.6%| 0.0%| 16.9%| 0.0%| 0.07| -71%| 0.09] -73%| 0.10| -74%| 0.015 0%| 0.017 0%| 0.019 0%
Orange Village 2,432| 10.9% 0.0%| 16.4% 0.0%| 22.0% 0.0% 0.18| -47% 0.21| -47% 0.24| -46%| 0.017 0%| 0.019 0%| 0.021 0%
City of Pepper Pike 4,567| 19.8%| 0.0%| 29.2%| 0.0%| 38.6%| 0.0%| 0.22| -48%| 0.25| -53%| 0.28] -58%| 0.020 0%| 0.023 0%| 0.027 0%
Russell Township 12,327 4.5% 0.0%| 8.3% 0.0%| 12.2% 0.0% 0.13| -47% 0.14| -48% 0.16| -48%| 0.014 0%| 0.016 0%| 0.017 0%
City of Solon 13,088| 18.6%| 0.0%| 28.6%| 0.0%| 38.6%| 0.0%| 0.18] -56%| 0.23] -57%| 0.28] -58%| 0.019 0%| 0.023 0%| 0.027 0%
South Russell Village 2,486| 16.3% 0.0%| 23.3% 0.0%]| 30.3% 0.0% 0.23| -45% 0.26| -46% 0.30| -47%| 0.019 0%| 0.021 0%| 0.024 0%
Waite Hill Village 2,734 4.3%| 0.0%| 8.0%| 0.0%| 11.8%| 0.0%| 0.10] -59%| 0.11] -59%| 0.12] -59%| 0.014 0%| 0.016 0%| 0.017 0%
City of Wickliffe? 541| 20.2%| 0.0%| 33.9%| 0.0%| 47.5%| 0.0%| 0.26] -41%| 0.30] -48%| 0.35| -55%| 0.020 0%]| 0.025 0%]| 0.030 0%
City of Willoughby? 3,974 18.6%| 0.0%| 32.7%| 0.0%| 46.8%| 0.0%| 0.19] -54%| 0.26] -56%| 0.34] -57%| 0.019 0%]| 0.025 0%]| 0.030 0%
City of Willoughby Hills 6,944 15.5% 0.0%| 20.7% 0.0%]| 25.9% 0.0% 0.16] -58% 0.18] -59% 0.20| -60%| 0.018 0%| 0.020 0%| 0.022 0%
Woodmere Village 211| 17.4%| 0.0%| 22.0%| 0.0%| 26.7%| 0.0%| 0.36] -14%| 0.40| -14%| 0.44| -14%| 0.019 0%| 0.021 0%| 0.022 0%

Total/Avg. Study Area  347.5 10.4% 0.0% 17.5% 0.0% 24.6% 0.0% 0.14 -55.3% 0.17 -57.0% 0.20 -58.7% 0.016 0.0% 0.019 0.0% 0.022 0.0%

sq.mi.

Notes:

1. Scenario represents build-out of developable land with storage according to Ohio EPA water quality treatment standards. It has also been applied to 20-percent of the

developed non-residential areas, representing a retrofit scenario. Difference compared to build-out conditions in Table 5-3.
2. For Eastlake, Mentor, Wickliffe and Willoughby, only the areas within the Chagrin River watershed are given, not the total community area.
3. Area-weighted community imperviousness (see Tables 4-1 and 5-7).
4. Area-weighted unit peak runoff rate calculated using the rational method for the local water quality event (see unit rates in Table 5-7).
5. Area-weighted unit runoff volume calculated using the rational method for the local water quality event (see unit volumes in Table 5-7).
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The benefit of extended detention is shown in the greatly reduced average peak runoff
rate as shown in Table 5-10 compared to the uncontrolled build-out conditions presented
in Table 5-5. The average runoff rate decreases by 57 percent for Chagrin River watershed
communities under the extended detention scenario (i.e., by meeting the Ohio EPA water
quality storage requirement for all residential areas and in designated non-residential re-
development areas under build-out conditions).

The second scenario evaluated for development practices that minimize impervious cover
impacts presents an example of extended conveyance facilities such as swales and filter
strips.

Hydrology parameters for the runoff rate under this scenario are shown in Table 5-11.
Extended conveyance facilities were represented by increasing the flow path length and
decreasing the flow path slope. It was felt that doubling the flow path length and halving
the slope were within practical limits and representative of typical grading practices that
must be steep enough to support lot drainage yet not too flat so as to be inundated for
excessive periods. The resulting runoff rate is shown in the final column.

Hydrology parameters for the runoff volume under this scenario are shown in Table 5-12.
The imperviousness, runoff coefficient, and rainfall depths are calculated in the same
manner as previous rainfall and runoff parameter tables, however the resulting runoff
volume is separated into impervious and pervious components. It is the impervious
portion of runoff that is “treated” (i.e., removed by infiltration) by extended conveyance
facilities. The treatment rate corresponds to typical clayey soils (Hydrologic Soil Group
D), which are commonly found throughout the Chagrin River watershed. This treatment
rate was applied over the surface area covered by an extended conveyance facility, which
is typically 5 percent of the total lot area. The treatment time represents the time taken to
infiltrate the entire impervious portion of runoff volume, if all the impervious runoff
could be detained in the facility.

Since extended conveyance systems have a typical residence or “flow through” time of 2
hours, the ratio of 2 hours over the calculated full treatment time is applied to the
impervious runoff volume to determine the actual runoff volume infiltrated by the
facility. This is represented by the treatment volume in the second to last column. Finally,
the overall unit runoff volume for this scenario is given in the last column, which is the
total runoff volume minus the treatment volume.

The resulting impacts on imperviousness and runoff are shown in Table 5-13 (previous
page). Results are compared to the baseline build-out conditions as presented in Table 5-5
and indicate an average imperviousness of 17.5 percent. As mentioned earlier, this
development practice is not intended to reduce impervious cover and therefore does not
change the average imperviousness compared to uncontrolled build-out conditions (i.e.,
build-out under existing zoning using current development standards).

Table 5-13 also indicates an average runoff rate decrease of 16 percent and an average
runoff volumne decrease of 6 percent for Chagrin River watershed communities under the
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extended conveyance scenario (i.e., for conveyance facilities in all developable residential
areas and designated non-residential re-development areas under build-out conditions).

Although riparian setbacks were not explicitly evaluated as a development practice in this
study, they can enhance the effectiveness of extended conveyance practices. This analysis
considered poorly-drained soils as a limiting factor on the infiltration of runoff. Riparian
setbacks are often located in floodplain areas where soils are better drained, resulting in
extended conveyance facilities with higher infiltration capacity, and therefore greater
runoff volume reduction. Similarly, wetland setbacks and wetlands will also act as
detention facilities.

5.4.3 Summary

The imperviousness impact analysis of the various development practices that were
evaluated in this study is summarized in Table 5-14. The average runoff rates and
volumes are compared to the baseline conditions (i.e., build-out conditions are compared
to existing conditions, and the development practice scenarios are compared to
uncontrolled build-out conditions).

Table 5-14: Imperviousness Impact Analysis Summary

Average Average Average
Scenario Imperviousness Runoff Rate Runoff Volume
Value (Difference) (Difference)

1. Existing Conditions 8.1% -36% -23%
2. Build-out Conditions 17.5% 0% 0%

3. Upzoning 20.9% +13% +7%
4. Impervious Cover Reduction 14.9% -6% -5%
5. Extended Detention 17.5% -57% 0%

6. Extended Conveyance 17.5% -16% -6%
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