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ACRONYMS AND ABBREVIATIONS

AASHTO American Association of State Highway and Transportation Officials
AMC Antecedent moisture condition
BMP Best Management Practice
CEC Cation Exchange Capacity
cfs Cubic Feet per Second
CLOMR Conditional Letter of Map Revision
CM Corrugated Metal
cms Cubic Meter per Second
CN Curve number
CREAMS Chemicals, Runoff and Erosion in Agricultural Management Systems
CWA Clean Water Act
DHS-FEMA  Department of Homeland Security — Federal Emergency Management Agency
DO Dissolved Oxygen
ECB Erosion Control Blanket
El Erosivity Index
EPSC Erosion Prevention and Sediment Control
EPSD Eroded Particle Size Distribution
ERU Equivalent Residential Unit
FHWA Federal Highway Administration
GIS Geographic Information System
HECP Hydraulic Erosion Control Product
HSG Hydrologic Soil Group
HW Headwater
IDEAL Integrated Design, Evaluation, and Assessment of Loadings
LCP Larger Common Plan
LDD Land Development Division
LEED Leadership in Energy and Environmental Design
LID Low Impact Development
MEP Maximum Extent Practicable
MS4 Municipal Separate Storm Sewer System
MTD Manufactured Treatment Device
MUSLE Modified Universal Soil Loss Equation
NRCS Natural Resource Conservation Service
NPDES National Pollutant Discharge Elimination System
PRF Peak Rate Factor
PVC Polyvinyl Chloride
RC Reinforced Concrete
RCP Reinforced Concrete Pipe
RECP Rolled Erosion Control Product
RUSLE Revised Universal Soil Loss Equation
SCDHEC South Carolina Department of Health and Environmental Control
SCDOT South Carolina Department of Transportation
SCPCA South Carolina Pollution Control Act
SCS Soil Conservation Service
SMSRA Stormwater Management and Sediment Reduction Act
SUDS Simplified Urban Drainage System
SWPPP Stormwater Pollution Prevention Plan
SWMP Stormwater Management Plan
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ACRONYMS AND ABBREVIATIONS (CONTINUED)

TMDL Total Maximum Daily Load
TRM Turf Reinforcement Mat
TPP Tree Protection Plan
TSS Total Suspended Solids
T™W Tailwater
USDA United States Department of Agriculture
USEPA United States Environmental Protection Agency
USGS United States Geological Survey
USLE Universal Soil Loss Equation
VFS Vegetated Filter Strip
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Chapter 1.  INTRODUCTION

1.1 Purpose of the Manual

The purpose of this Stormwater Management Design Manual is to provide engineers, developers, plan
reviewers, inspectors, contractors, property owners, and interested citizens involved in land development
within the unincorporated, non-South Carolina Department of Transportation (SCDOT) regulated areas
of Greenville County and within the municipalities that chose to participate with Greenville County as
co-permittees (Simpsonville, Mauldin, Travelers Rest and Fountain Inn) in its National Pollutant
Discharge Elimination System (NPDES) Municipal Separate Storm Sewer System (MS4) Permit, with
the following information:

% Stormwater management requirements;

% Summarization of the permit application process;

% Submittal requirements and the plan review process;

% Technical guidance to meet stormwater management design requirements; and,

% Guidelines for designing, implementing, and maintaining stormwater best management practices
(BMPs) used in Greenville County to improve water quality, and minimize stormwater runoff
impacts due to increased flow volumes and peak discharge rates from developed areas.

This Stormwater Management Design Manual has been prepared in fulfillment of the requirements of

the Greenville County Stormwater Management Ordinance as imposed by NPDES Permit No. SC230001

and the South Carolina Stormwater Management and Sediment Reduction Act. In no way is this Manual
intended to replace or revise any portion of the Ordinance and in any cases of conflict, the Ordinance
supersedes this Manual. This Manual was written to accomplish the following objectives:

% Reduce stormwater adverse impacts on water quality;

% Reduce stormwater adverse impacts on water quantity;

% Protect downstream areas from adverse stormwater quantity and quality impacts resulting from
development;

% Identification of what is required for stormwater plan submittal and plan reviews; and,

% Submittal of high quality stormwater design plans from the design community.
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1.2 Description and Use of the Manual

The Design Manual was developed under the assumption that the user possesses a basic understanding
in stormwater control design, construction, or land development depending on the user’s particular
area of expertise. Users of this Manual who are not justly qualified by education or experience in the
fields of stormwater control design, construction, or land development should consult with a qualified
professional in one or more of these areas prior to adhering to the requirements contained within the
Manual.

This Manual is not intended to be a systematic design methodology that addresses every land
development situation that may occur in Greenville County. The application of engineering principles
and judgment combined with the information contained within this Manual are required to successfully
complete the planning, design, and preparation of documents for stormwater management plan submittal.

This Manual is not intended to restrain or inhibit engineering creativity, freedom of design, or the need
for engineering judgment. When shown to be applicable, it is encouraged that new procedures,
techniques, and innovative stormwater BMPs be submitted with supporting documentation. The
documentation submitted by design professionals should show that these procedures are equal to, or
exceed the procedures and/or controls contained in this Design Manual.

1.3 Design Manual Organization

The Design Manual contains 12 chapters. A general Table of Contents is found at the beginning of the
Manual. This Design Manual is organized to present technical and engineering procedures along with
the criteria needed to comply with Greenville County’s Stormwater Management regulations and
standards. Each chapter of the Design Manual presents all the policies and procedures that must be met
for approval. In general, references are included in Appendix J. However, Chapters 5, 9, and 10 have
their own list of references at the end of those chapters.

1.4 Updates to the Design Manual

The current version of the Design Manual, published in January 2018, is a revision to the Manual
published in January 2013. The changes were targeted to specific requirements and specifications, and
the majority of the Manual was unchanged. This Design Manual is intended to be a dynamic document.
As design technology and criteria evolve, the Manual may and/or will require updates, modifications,
and improvements. As updates are made, they will be available for download from Greenville County’s
website. It will be each user’s responsibility to maintain a current edition of the Design Manual. The
website format will allow the user to easily obtain updated Design Manual information.

1.5 The Need for Stormwater Management

Urbanization has the potential to alter the natural drainage system and flow of water in the environment.
Typical patterns of urbanization change the physical chemical and biological conditions of natural
waterways. When land is developed the natural hydrology of the watershed is disrupted and may become
altered. Clearing removes vegetation that originally intercepted and slowed rainfall runoff. Grading
removes beneficial topsoil, compacts the subsoil and fills in natural depressions that originally provided
temporary storage. As a result of land development, infiltration is decreased and rainfall that once seeped
into the ground runs off the surface at an accelerated rate.
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Effects of Urbanization on Watershed Hydrology

Development and urbanization have the following impacts on receiving waterbodies:

% Changes to Stream Flow:
# Increased runoff volumes
+ Increased peak runoff discharges
¢ Greater runoff velocities
#+ Increased flooding frequency
¢ | ower dry weather flows (base flow)
% Changes to Stream Geometry:
#+ Stream channel enlargement and erosion
# Stream down cutting
¢ Changes in channel bed due to sedimentation
® Increase in floodplain elevation

% Degradation of Aquatic Habitat:
#* Degradation of habitat structure
+ Decline in stream biological functions

% Water Quality Impacts:
¢ Reduced oxygen in streams
¢ Microbial contamination
+ Hydrocarbons and toxic materials
¢ Sedimentation

% Property damage and safety concerns

% Unsightly aesthetic stream channel conditions

1.5.1. Innovative Design Approach

When designing for maximum water quantity, erosion prevention, sediment control, and water quality

benefits, the design professional should take the following considerations in mind:

% Stormwater quantity and quality are best controlled at the source of the problem by reducing the

potential maximum amount of runoff and pollutants; and

% Best site design techniques implement stormwater management by using simple, nonstructural

methods along with or in place of traditional stormwater management structures when applicable.

Innovative approaches to site design are more of a source control for stormwater runoff — the site design

practices limit the amount of runoff generated as well as use certain BMPs within the design.

1.5.2.  Best Site Design Practices and Site Planning Process

The first step in addressing stormwater management begins in the site planning and design stage of the
development project. By implementing Best Site Design Practices during the site planning process, the
amount of runoff and pollutants generated from a site can be reduced by minimizing the amount of
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impervious area and utilizing natural on-site treatments. The minimizing of adverse stormwater runoff
impacts using Best Site Design Practices and site planning should be a major consideration for a design
professional.

The reduction of runoff volumes and stormwater pollutants reduces the total number and size of
stormwater management controls that must be implemented under the guidelines set forth in this Design
Manual. Best Site Design Practices reduce the amount of total post-development impervious areas and
maintains natural characteristics of the pre-development site conditions. Therefore, the post-development
curve number and time of concentrations are maintained more closely to those of the pre-development
condition, thereby reducing the overall hydrologic and hydraulic impact of the development.
Implementing Best Site Design Practices can reduce the Stormwater Utility Fee by decreasing the total
impervious area of a development site.

Maintaining Site Resources and Natural Undisturbed Areas

Conservation of site resources and natural undisturbed areas helps to reduce the post development runoff
volume and provide areas for natural stormwater management. Some natural site resources that should
be maintained include, but are not limited to:

Natural drainage ways;

Vegetated buffer areas along natural waterways;
Floodplains;

Areas of undisturbed vegetation;

Low areas within the site terrain;

Natural forested infiltration areas; and,
Wetlands.

eeeeeee

Land Disturbance Limits

In steeply sloping areas with 15% or greater slopes, limit the amount of land disturbance to 5 acres
at one time; non-active areas must be stabilized prior to disturbing additional areas; and,

In areas with slopes less 15%, limit land disturbances to 17 acres or less at one time without applying
stabilization practices.

Lower Impact Site Layout Techniques

Lower impact site layout techniques involve identifying and analyzing the location and configuration of
structures on the site to be developed. Where applicable, the following options that create lower impacts
layouts should be used:

% Fit the design layout to follow the natural contours of the site to minimize clearing and grading and
preserve natural drainage ways;

% Limit the amount of clearing and grading by identifying the smallest possible area on the site that
would require land disturbance;

% Place development areas on the least sensitive areas of the site; and,

% Utilize nontraditional lot designs for residential areas to reduce the overall imperviousness of the site
by providing more undisturbed open space by minimizing clear-cutting.
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Reduction of Impervious Cover

The reduction of total impervious cover directly relates to a reduction in stormwater runoff volume and
the associated pollutants from a development site. The amount of impervious cover on a site can be
reduced by the following techniques where applicable:

L]

¢ @ ¢ ¢
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Refer to and use the “High Intensity Residential Street Configuration Guidance”;

Reduce building footprints by requiring some buildings to be multi-story;

Reduce parking lot areas and/or the use of porous paver surfaces for desired overflow parking;
Use clustering and provide more open space and green areas;

Increase the amount of vegetated parking lot “islands” that can also be utilized for stormwater
management practices such as bioretention areas;

Reduce the number of cul-de-sacs in residential areas and incorporate landscaped areas within them
to reduce the amount of impervious cover; and,

Use engineered soil mixtures to enhance infiltration from pervious covers.

Utilization of Natural Features for Stormwater Management

Traditional stormwater drainage design does not utilize the natural drainage patterns of the pre-developed
site. Structural stormwater drainage controls are traditionally designed to quickly remove stormwater
runoff from the site without utilizing any of the natural storage areas. These natural drainage areas should
be considered as potential stormwater drainage systems. These natural areas can be utilized in the
following ways where applicable:

L]

L]

Vegetated buffers and undisturbed areas on the site are useful to control sheet flow (hot concentrated
flows) by providing infiltration, runoff velocity reduction, and pollutant removal;

Various natural drainage ways should be maintained and not disturbed to provide a natural
stormwater drainage system to carry flows to their natural outlets. The use of these natural drainage
ways allows for more storage of stormwater runoff, lower peak flow rates, a reduction in erosive
runoff velocities, and the capture and treatment of pollutants;

Use of vegetated swales instead of curb and gutter applications where applicable. This application
allows for more storage of stormwater runoff, lower peak flow rates, a reduction in erosive runoff
velocities, and the capture and treatment of pollutants which does not occur with curb and gutter
systems;

Where ditched roadways are not practicable, curb and gutter systems may be combined with
vegetated swales at outfalls to provide added water quality benefits versus the traditional piped
outfall designs;

When applicable, direct rooftop runoff to pervious natural areas for water quality treatment and
infiltration instead of connecting rooftop drains to roadways and other structural stormwater
conveyance systems; and,

Include the use of cisterns and rain gardens for individual residential units.
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1.6 Stormwater Management Regulations and Policies

To address the adverse impacts of urbanization and land development, Federal, State and Local
regulations have been adopted to protect the quantity and quality of the runoff received by the natural
receiving waterbodies.

1.6.1 Federal and State Regulations

Clean Water Act

With the mandate of the Clean Water Act (CWA), the United States Environmental Protection Agency
(USEPA) stated that it is illegal to discharge pollutants to the “Waters of the United States” without a
NPDES Permit. The various types of NPDES stormwater permits are described in this section. The CWA
requires that a NPDES permit be obtained for every point source discharge of wastewater. The 1987
amendments to the CWA also required NPDES permits for industrial discharges, including stormwater
runoff associated with land disturbing activity (typically land development and construction) of five acres
or greater. The threshold five-acre area was challenged and the federal NPDES regulations were amended
in accordance with a court order for stormwater discharges in December 1999. These amendments lower
the acreage for when an NPDES permit is required for construction or land clearing to one acre while
allowing a case-by-case determination for sites less than one acre.

The 1987 CWA Amendments also require NPDES permitting for stormwater runoff from urbanized
areas. A MS4 NPDES permit is required based on population. MS4s are divided into three categories:
large (250,000 or greater); medium (less than 250,000 but equal to and greater than 100,000); and small
(greater than 50,000). The implementation schedule for these MS4 permits has been repeatedly delayed,
but large and medium permits are now in the process of being implemented.

For both the land disturbing and MS4 nonpoint source permits, preventing the pollution at the source
using BMPs is the preferred and most practical method. Additional BMPs can be used as needed to
address capture, control and treatment of pollutants after they have been generated or released from a
source area. Authority to administer the NPDES permit program was delegated to the South Carolina
Department of Health and Environmental Control (SCDHEC) in accordance with the CWA by the
USEPA.

South Carolina Pollution Control Act

The South Carolina Pollution Control Act (SCPCA) was originally enacted in 1950 and last amended in
1970 during the initial stages of the environmental movement. It was written very broadly and because
of that is applicable to essentially any activity.

An important provision of the statute is Section 48-1-90, which states that it is “unlawful for any person,
directly or indirectly, to throw, drain, run, allow to seep or otherwise discharge into the environment
...[any] wastes, except as in compliance with a permit” issued by SCDHEC.

South Carolina Stormwater Management and Sediment Reduction Act

The South Carolina Stormwater Management and Sediment Reduction Act of 1991 (SMSRA), S.C. Code
Ann. 88 48-14-10 et seq., was enacted to address the increase in stormwater runoff rate and quantity, the
decrease of rainwater infiltration, and the increase in erosion associated with the extensive urban
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development that has been occurring throughout the state. Greenville County has the right to implement
the requirements of this Act and its associated regulations.

NPDES Permit for Stormwater Discharges Associated with Industrial Activity

All stormwater runoff from “industrial activities” is considered an illegal discharge without an NPDES
Stormwater Permit (SCR100000). These permits require certain industries to develop and implement a
Stormwater Pollution Prevention Plan (SWPPP), which must include appropriate BMPs to minimize
pollution to the receiving waterbodies. There are two general types of industrial activity permits:
“construction related” and “other”. A NPDES stormwater permit for stormwater discharges from
construction sites is required for all construction sites that disturb one or more acres of land. The
requirements for obtaining and complying with this type of permit are covered in this Design Manual.

NPDES Municipal Separate Storm Sewer System Water (MS4) Permit

Greenville County is required to obtain a NPDES MS4 Permit from the SCDHEC for stormwater
discharges. The permit requires the County to develop and implement a Stormwater Management
Program (SWMP) to control the discharge of pollutants from its MS4 to the maximum extent practicable
(MEP).

Greenville County has been granted the authority by the State of South Carolina and the South Carolina
General Assembly for the following responsibilities:

% Comply with all Federal and State regulatory requirements imposed by the NPDES Permit in
accordance with the CWA to manage stormwater discharges from the Greenville County MS4;

% Conduct all activities necessary to carry out the stormwater management programs and other
requirements included in the Greenville County NPDES Permit, the SWMP and the Stormwater
Management Ordinance, and pursue the necessary means and resources required to properly fulfill
this responsibility;

% Enter contractual agreement with other governmental entities or private persons or entities to provide
or procure services to conduct and carry out stormwater management activities;

% Maintain the stormwater system consistent with provisions of the Greenville County NPDES Permit,
the SWMP and the Stormwater Management Ordinance, and pursue the necessary means and
resources required to properly fulfill this responsibility;

% Direct and oversee the continuous implementation of the Greenville County SWMP and the
Stormwater Management Ordinance and to direct and ensure compliance with the Greenville County
NPDES permit;

% Direct, review, and recommend for approval by County Council, the Stormwater Management
Program Operating Budget; and,

% Direct, review, and recommend for approval by County Council, the necessary changes to the
existing Stormwater Management Funding.

1.6.2 Local Ordinances

There are three Greenville County Ordinances that affect stormwater management within Greenville
County. These are:

% The 2015 Stormwater Management Ordinance No. 4698
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% 2008 Tree Ordinance No. 4173
% The 2014 Flood Damage Prevention Ordinance No. 4631

A description of each ordinance is provided below.

Stormwater Management Ordinance of Greenville County, South Carolina

The purpose of this ordinance is to protect, maintain, and enhance the environment of Greenville County
and the short- and long-term public health, safety, and general welfare of the citizens of Greenville
County by establishing requirements and procedures to control the adverse effects of increased
stormwater runoff associated with both future development and existing developed land. It is further the
purpose of this ordinance to comply with the Federal and corresponding State stormwater discharge
(NPDES) regulations.

The ordinance gives Greenville County the legal authority at a minimum to:

% Control the contribution of pollutants to receiving waters by stormwater discharges associated with
residential, commercial, industrial, and related facility activity;

% Prohibit illicit discharges to receiving waters;

% Control discharge to receiving waters of spills, dumping or disposal of materials other than
stormwater;

% Control through intergovernmental agreements, contribution of pollutants from one MS4 to another;
% Require compliance conditions in ordinances, permits, contracts or orders; and,

% Carry out all inspections, surveillance and monitoring procedures necessary to determine compliance
and noncompliance with permit conditions including the prohibition of illicit discharges to the
Greenville County MS4 and receiving waters.

The Director of Greenville County’s Stormwater Management Program shall coordinate the County’s
activities with other Federal, State, and Local agencies that manage and perform functions relating to the
protection of receiving water bodies.

Greenville County may open agreements with other governmental and private entities to carry out the
purposes of the Stormwater Management Ordinance. These agreements may include but are not limited
to:

Enforcement;

Resolution of disputes;

Cooperative monitoring;

Cooperative management of stormwater systems; and

Cooperative implementation of stormwater management programs.

eeceee

Nothing in the Stormwater Management Ordinance limits or appeals any Ordinance of local governments
or the powers granted to these local governments by the South Carolina Constitution or South Carolina
statues, including the power to require additional or more stringent stormwater management requirements
within their jurisdictional boundaries.
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Greenville Tree Ordinance # 4173

A Tree Ordinance is effective in Greenville County. This ordinance applies to all new development which
disturbs one acre or more. The purpose of this ordinance is to mitigate the adverse effects of the loss of
trees in Greenville County as a result of residential, commercial, institutional and industrial development
practices. It is intended to protect and require re-establishment of the tree cover in Greenville County to
reduce pollution of air, water and noise in the community. In general, the Tree Ordinance has the
following requirements:

% Tree Protection Plans (TPP) may be required:
Stream buffers are established by the Tree Ordinance:
Tree population densities are required:

Project development types are considered in the requirements; and

¢ ¢ ¢ ¢

Compliance required for development activities.

While the Land Development Department (LDD) does not review for compliance with this ordinance,
compliance is required prior to issuance of a grading and stormwater approvals or permits.

Greenville County Flood Control Ordinance #4631

The purpose of this ordinance is to promote the public health, safety and general welfare and to minimize
public and private losses due to flood conditions in specific areas by provisions designed to:

% Restrict or prohibit uses that are dangerous to health, safety and property due to water or erosion in
flood heights or velocities;

% Require that uses vulnerable to floods, including facilities that serve such uses be protected against
flood damage at the time of initial construction;

% Control the alteration of natural floodplains, stream channels and natural protective barriers that are
involved in the accommodation of flood waters;

% Control filling, grading, dredging and other development that may increase erosion or flood damage;
and,

% Prevent or regulate the construction of flood barriers that will unnaturally divert flood waters or that
may increase flood hazards to other lands.

The objectives of this ordinance are to:
% Protect human life and health;
% Minimize expenditure of public money for costly flood projects;

% Minimize the need for rescue and relief efforts associated with flooding and generally undertaken
at the expense of the public;

% Minimize prolonged business interruptions;
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% Minimize damage to public facilities and utilities such as water and gas mains, electric, telephone
and sewer lines and streets and bridges located in floodplains;

% Help maintain a stable tax base by providing the sound use and development of flood prone areas
in such a manner as to minimize future flood height areas; and,

% Ensure that potential homebuyers are notified that property is in a flood area.

A copy of the Greenville County Flood Control Ordinance can be found on the Greenville County
website.

Co-Permittee Ordinances

Greenville County’s NPDES MS4 permit co-permittees also have municipal ordinances that affect
stormwater management within their jurisdictions. These are:

% Town of Simpsonville Code of Ordinances, Chapter 18, Environment, Article 111 Water; and, Chapter
22, Floods;

% Town of Mauldin Code of Ordinances, Chapter 32, Soil Erosion and Sedimentation Control; and,
Chapter 40, Utilities, Article 111, Stormwater Management;

% Town of Travelers Rest Municipal Codes, Title 5 Planning and Development, Chapter 5-20,
Stormwater Management and Water Quality Controls, Chapter 5-24, Stormwater Management and
Sediment Reduction, and Chapter 5-28, Floods;

% Town of Fountain Inn Code of Ordinances, Chapter 21 Floods; and, Land Development Regulations,
Article 11, Drainage System Design Standards.
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Chapter 2. STORMWATER MANAGEMENT REQUIREMENTS AND
STANDARDS

2.1 Overview

This chapter presents a set of minimum requirements and standards for stormwater management for
development within Greenville County, South Carolina. The purpose of the minimum requirements and
standards is to reduce the impact of stormwater runoff on receiving waterbodies downstream from land
development. The goal of this chapter is to address both water quantity and water quality requirements
and standards associated with stormwater runoff from land development.

2.2 Minimum Requirements for Development

Applicability

Stormwater management minimum requirements and standards apply to all land development within
unincorporated, non-SCDOT regulated areas of Greenville County and within the municipalities that
chose to participate with Greenville County as co-permittees (Simpsonville, Mauldin, Travelers Rest and
Fountain Inn) in its NPDES MS4 stormwater permit, that consists of one or more of the following:

% All development and redevelopment that involves the disturbance of one acre of land or greater (or
10,000 square feet or greater for stormwater quality requirements);

% Any commercial or industrial development that falls under the NPDES Industrial Stormwater
Permit;

% Development or redevelopment that creates a peak flow increase of greater than one cubic foot per
second (cfs) for the critical storm (defined in the paragraph below);

% Development or redevelopment that requires a storm drain pipe conveyance system (one or more
pipes) or alterations to existing storm drain systems; and,

% Development or redevelopment that causes downstream impacts requiring preparation by an
engineer or design professional.

The critical storm is defined for most of Greenville County as the 25-year, 24-hour storm. However,
within the Gilder Creek watershed, the critical storm is the 50-year storm and within the City of Mauldin,
the critical storm is the 100-year storm. The critical storm should be discussed with the County during
the pre-design meeting for the specific site in question.

As a general requirement for submittal purposes, all land development activities that fall under these
provisions shall require the following:

% Land Disturbance Permit Application: Stormwater Management/ Sediment Control Plan (Non-
Simplified Stormwater Application) plus the first three pages of the SCDHEC Notice of Intent (NOI)
Application upon project submittal;

% Final Site Development Plan including Erosion Prevention and Sediment Control (EPSC) Plan; and
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% Technical Report.

All development projects 10,000 square feet or greater but less than 1 acre must comply with the
Alternative TSS Standard for water quality. This must be demonstrated through submittal of a brief
Technical Report along with necessary supporting information (maps, narratives, and supporting design
calculations/model), SWPPP, and the first three pages of the SCDHEC NOI. The requirements of the
Alternative TSS Standard are described in Section 9.1.4.

For land disturbing activities involving more than 5,000 square feet but less than 10,000 square feet of
actual land disturbance which are not part of a common plan of development or sale, the person
responsible for the land disturbing activity may consult with LDD for further direction and any necessary
applications. This plan does not require approval by the Director and does not require preparation or
certification by the designers.

Commercial and industrial sites which disturb more than 5,000 square feet but less than 10,000 square
feet of area and are otherwise not part of a larger common development plan may be eligible to submit a
Simplified Stormwater Application.

Land Disturbance Permit Application: Stormwater Management/ Sediment Control Plan

The Land Disturbance Permit: Stormwater Management/ Sediment Control Plan Form, hereinafter called
the Stormwater Management Permit Application Form or the Non-Simplified Stormwater Application
Form (available from County at pre-design meeting) shall be completed and contain certification by the
person responsible for the land disturbing activity that the land disturbing activity will be accomplished
pursuant to the approved plan and that responsible personnel will be assigned to the project. The person
responsible for the land disturbing activity shall provide certification to the Director to conduct on-site
inspections when needed. Land Development also requires the first three pages of the SCDHEC NOI
application in addition to the Non-Simplified Stormwater Application upon project submittal.

Final Site Development Plans
The Final Site Development Plan shall consist of maps, narratives, and supporting design calculations
for the proposed stormwater system and should include the following sections when applicable:

% Pre-development hydrologic analysis and calculations that determines the existing stormwater runoff
volumes, peak flow rates and flow velocities;

% Post-development hydrologic analysis and calculations that determines the stormwater runoff
volumes, peak flow rates and flow velocities;

<

Water quality control calculations for meeting the appropriate requirements listed in Chapter 9;

<

Stormwater management control facility location, design, and supporting calculations; and,

% Downstream analysis calculations showing the effect of post-development design flows on
downstream stormwater conveyance systems and channels. This refers to the 10% rule application
as given in the Ordinance. However, a simple time of concentration comparison is insufficient for
this analysis. A routing study is required showing flows and water surface elevations at each point
downstream.

Erosion Prevention and Sediment Control Plans

The following items are required to be included as part of the EPSC Plans:
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Location of all erosion and sediment control structures;

Provisions to preserve topsoil and limit the amount of total disturbed area;

Details of site grading;

Design details and computation for all erosion and sediment control structures;

List of the trapping efficiency for each sediment control structure;

Calculation of required sediment storage volumes;

Explanation of any computer models or software used with highlights of the output data; and,
Description of required clean-out frequencies and maintenance schedules.

eeeeeeee

Technical Report

The technical report contains all the engineering details of the proposed development project in an
understandable, legible document. Failure of an applicant to provide all the information required in this
section may result in the denial of receiving a Stormwater Management Permit from the Greenville
County Stormwater Management Director. The items listed as the technical report submission
requirements shall be used as a checklist to verify that all required items are properly submitted.

Engineer Minimum Plan

Projects that are small in the scope of work but with design criteria that exceeds the applicant capability
to prepare for permit submittal and require the service of a professional designer will submit an “engineer
minimum plan”. A design professional would be required if the project scope does not result in more
than one cubic feet per second increase in peak runoff rates but involves one or more of the following
conditions:

% Development of a lot where quantity is in place as part of a larger common plan but post-construction
water quality may or not be in place and a construction erosion control plan is needed.

% Redevelopment of the site requires post construction water quality upgrades and a construction
erosion control plan.

% Minor modification or reconstruction of an existing stormwater quantity or quality feature or
structure, but only if revised drainage calculations for quantity are not required. If the project requires
a new analysis, this project would require a permit.

% A small project draining to water bodies that are on the current 303(d) list or where a TMDL has
been developed or have the potential for impact requiring a BMP and site stabilization plan as a
means of correcting a site found in violation of grading without a permit.

% The small project may cause downstream impacts that could place the safety of the public at risk,
property damage may occur, or negative impacts to the water bodies may occur.

% The small project requires a storm drain pipe conveyance system (one or more pipes) or alternations
to an existing storm drain system.

The application and permit process for an engineer minimum plan are the same as the non-simplified
permit with exception to the design criteria and the fees. The minimum design criteria will be established
on a case by case basis during the Pre-Design Meeting with the Land Development Division
representative. The fees will be the same as a simplified permit.
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Engineer minimum plans will require project oversight by the design professional. Depending on the
scope of work, CEPSCI inspections and certification by the engineer of record may be required. Based
on the disturbed area and whether the project is a part of a larger common development, engineer
minimums may be forwarded to SCDHEC for general permit coverage.

2.21 Exemptions

The following development activities within the unincorporated, non-SCDOT regulated areas of
Greenville County and within the cities of Travelers Rest, Mauldin, Simpsonville, and Fountain Inn
that that have chosen to participate as a co-permittee with Greenville County in its NPDES MS4
stormwater permit shall be exempt from the minimum regulations and standards:

s
s
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Development that does not disturb more than 5,000 square feet.

Development that does not create a peak flow increase of greater than one cfs for the critical design
storm and that is less than 10,000 square feet.

Land disturbing activities on agricultural land for production of plants and animals useful to man,
including but not limited to forages and sod crops, grains and feed crops, tobacco, cotton, and
peanuts; diary animals and dairy products; poultry and poultry products ; livestock, including beef
cattle, sheep, swine, horses, ponies, mules, or goats, including the breeding and grazing of these
animals, bees; fur animals and aquaculture, except that the construction of an agricultural structure
resulting in the disturbance of one acre or more are not exempt. The construction of agricultural
structures of one or more acres, such as broiler houses, machine sheds, repair shops and other major
buildings which require the issuance of a building permit shall require the submittal and approval of
a Stormwater Management Plan.

Certain land disturbing activities undertaken by persons who are exempt from the provisions of the
Stormwater Management and Sediment Reduction Act as set forth in Section 48-14-40 of the 1976
Code of Laws of South Carolina as amended.

Land disturbance activities undertaken on forest land for the production and harvesting of timber and
timber products as qualified by the South Carolina Forestry Commission as true to tree farming
practices for stewardship.

Land disturbing activities that are conducted under another State or Federal environmental
permitting, licensing, or certification program where the State or Federal environmental permit,
license, or certification is conditioned on compliance with the minimum standards and criteria
developed under this Design Manual.

Any land disturbing activities undertaken by any entity that provides gas, electrification, or
communication services, subject to the jurisdiction of the South Carolina Public Service
Commission.

Emergency repairs of a temporary nature made on public or private property that are necessary for
the preservation of life, health, or property and are made under circumstances where it would be
impracticable to obtain a Stormwater Management Permit.
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2.2.2 Waivers and Variances

The Greenville County Stormwater Management Director may grant waivers and variances from the
stormwater management requirements set forth in this Design Manual and other ordinances, standards, and
regulations regarding stormwater. The applicant must provide a written request for a waiver or variance in
the Stormwater Management Permit application package. The Greenville County Stormwater Plan Review
Agency has the authority to reject a written request for a waiver if the waiver is deemed unacceptable or is
associated with a project located in sensitive areas of Greenville County where waivers have been deemed
to be unacceptable.

The Greenville County Stormwater Plan Review Agency shall conduct its review of a waiver or variance
submitted by the applicant within ten working days of the submittal. Failure of the Review Agency to act
on the waiver by the end of ten working days will result in the automatic approval of the waiver.

Waiver from Permanent Water Quality Control

A project may be eligible for a waiver of stormwater management requirements for water quality control if
the applicant can justly verify the following and the applicant requests a variance as given in Section 8-122
of the Stormwater Management Ordinance.

% The proposed land development activity will return the disturbed areas to the pre-development land use
and runoff conditions;

% The proposed land development will create land use conditions that have the potential to discharge less
pollutants than the pre-development land use conditions; and,

% The pre-development land use conditions are unchanged at the end of the project.

This waiver does not exclude water quality, erosion prevention, sediment control and water quantity
controls from being implemented during the active construction phases of a particular project.

Waiver from Permanent Water Quantity Control

A project may be eligible for a waiver of stormwater management requirements for water quantity control
if the applicant can justly verify the following and the applicant requests a variance as given in Section 8-
122 of the Stormwater Management Ordinance. A map showing points where detention waivers can be
considered is provided in Figure 2-1.

% The proposed project will not create any significant adverse effects on the receiving natural waterway
or road crossings downstream of the property. These adverse impacts may include but are not limited
to the following:

#* Increased flow velocity that would enhance channel erosion;

#* Increased peak flow rates that are higher than the capacity of downstream bridges and culverts;
and,

+ Increased flow depth that would flood outbuildings, air conditioning units, crawl spaces, or finished
floor elevations.
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% The installation of stormwater management facilities would have insignificant effects on reducing
downstream peak flow rates and flood peaks.

% Stormwater management facilities are not needed to protect downstream developments and the
downstream drainage system has sufficient capacity to receive the increases in runoff from the
development.

% The imposition of peak flow rate control for stormwater management would create, aggravate, or
accelerate downstream flooding.

This waiver does not exclude water quality, erosion prevention, sediment control and water quantity
controls from being implemented during the active construction phases of a particular project.

Variances

The Greenville County Stormwater Plan Review Agency may grant or approve a written variance from any
of the requirements of the regulations set forth in this Design Manual. These variances apply where there
are exceptional circumstances applicable to sites such that strict adherence to the regulations could result
in unnecessary hardship and not fulfill the intent of the regulations.

A written request for variance shall be provided to the Greenville County Stormwater Plan Review Agency
and shall specifically state the variances sought and all data that supports the variance. The Greenville
County Stormwater Plan Review Agency shall not grant a variance unless and/or until the applicant
provides sufficient specific site data and justification for the variance.

2.3 Special Pollution Abatement Permits

Special pollution abatement may be required when: 1) development or re-development occurs within a
watershed that is listed as impaired by SCDHEC or has an established TMDL, 5R, or equivalent
implemented for a pollutant(s) of concern, or 2) an existing development is within a watershed that
becomes listed as impaired by SCDHEC or subject to a TMDL, 5R, or equivalent. The purpose of special
pollution abatement is to ensure that effective best management practices are used and maintained to
control water quality for these waterbodies. The specific applications and requirements will be set by the
Director. Any development that occurs without required measures or any existing development that
continues to operate after being issued notices of violation shall be in violation of this section of the code.

Development in other areas known to have particular adverse water quality pollutant impacts may also
be required to comply with this section at the discretion of the Director. Areas that qualify will have been
identified by sampling or monitoring results and will be considered priority areas for water quality
treatment. Outstanding resource waters may also qualify for compliance under this section for protection
of their classification.

Greenville County, South Carolina
January 2018 Stormwater Management Design Manual 2-6



Chapter 3.  PLAN SuBMITTAL

3.1 Stormwater Management Planning

3.141 Purpose

The purpose of Stormwater Management Planning is to ensure that stormwater management is
considered and fully integrated at the early planning stages of the site-development process. This
involves a more comprehensive approach to site planning and a thorough understanding of the physical
characteristics and resources associated with the project site. Site designers are encouraged to develop
comprehensive Stormwater Management Plans for proposed development. This planning includes
addressing each of the following categories separately:

Stormwater quantity controls;

Erosion and sediment control;
Stormwater quality controls;
Stormwater conveyance controls; and,
Pollution abatement controls.

eeeee

The result of this planning is a comprehensive report that contains technical information and analysis
to submit to the Greenville County Land Development Division to determine if the proposed
development meets the Greenville County stormwater regulations and the standards contained in this
Design Manual.

3.1.2 Preferred Stormwater Management Facilities

Stormwater management facilities may include structural and non- structural practices. Natural swales
and other natural runoff conduits shall be retained where practicable.

Where additional stormwater management facilities are required to satisfy the minimum control
requirements, the following measures are examples of what may be used in their order of preference:

1. Low impact development (LID) practices, such as minimizing the area of streets, parking lots and
rooftops; bio-retention swales and basins; porous pavement; or other innovative measures to reduce
runoff volume and protect water quality.

2. Facilities designed to encourage overland flow, slow velocities of flow, and flow through buffer
Zones;

Regional stormwater detention structures (dry basins);
Regional stormwater retention structures (wet basins);
On-site stormwater detention structures (dry basins);

On-site stormwater retention structures (wet basins); and

N o g M~ w

Infiltration practices, where permeable soils are present.
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3.1.3 Fee-in-Lieu of Stormwater Management Facilities
3.1.31 Introduction

Greenville County’s Stormwater Ordinance provides a mechanism to allow for the payment of a fee-in-
lieu of providing stormwater detention on a development site. This fee may be allowed in certain areas
of the county or for certain sites in lieu of a detention structure. This fee is also set to encourage the use
of low impact development (LID) practices to reduce runoff and improve water quality.

3.1.3.2 Application

If the impervious area of a proposed development site is one acre or less it may qualify for a detention
waiver and acceptance based on a fee-in-lieu of stormwater detention requirements and fee schedule.
Development sites with impervious areas greater than one acre may be eligible for a waiver from site
specific stormwater detention requirements based on contributing a fee-in-lieu of stormwater detention
requirements and a fee based on the cost to design, build, maintain, landscape, etc., where the land cost
is not part of the fee equation.

Greenville County has specified watersheds where a fee-in-lieu of stormwater detention requirements
is preferred. On sites with impervious areas of one acre and less, this is the preferred method. To
encourage this application, developers are subject to a fee waiver if appropriate LID practices are used
to reduce runoff volumes and control peaks. Certain practices are required such as enhanced infiltration
with use of permeable pavements, bio-swales and bio-retention cells, rain gardens, stormwater
harvesting and reuse, green roofs, etc. to most likely meet the criteria.

Sites with larger impervious areas must be able to prove no downstream impact and be in a location
where the county intends to construct stormwater conveyance upgrades or regional controls.

3.1.3.3 Criteria

The following criteria must be considered and determined to be favorable for applying the fee-in-lieu
of stormwater detention:

1. Modeling shows that the installation of site specific detention controls results in unfavorable
increases in downstream peak discharges, flooding depths, erosion (channel degradation), and
water quality impacts;

2. Runoff from the area is controlled via a regional, county maintained system of conveyance, storage
and water quality enhancements;

3. Development of a site with one acre or less impervious area, or with a flow increase more than 1
cfs for the critical storm (The fee-in-lieu of detention is determined by a cost of $1.00 per square
foot per impervious area up to 43,560 square feet. This fee can be waived with the use of LID
practices that reduce runoff rates and volumes. The fee-in-lieu for sites with developed impervious
areas of 43,561 square feet and greater is based on the construction, design, and maintenance of the
structure that would otherwise be required for the site. The fee-in-lieu does not include the cost of
the land.).
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4. The MS4 conveyance system and the natural system provides adequate capacity such that in full
build out conditions in the watershed it can be demonstrated that there are no adverse effects due
to flooding or water quality or other detrimental effect to all upstream, adjacent and downstream
properties.

5. The development adds a minimum of 5,000 square feet of impervious area. This does not apply to
individual residential home construction that is separately built. It may apply to a residential
subdivision that is part of a larger common plan of development. In the case of a subdivision the
impervious area includes the roads, sidewalks, and individual homes.

6. The proposed development is located in a watershed where a model and master plan exists to
evaluate the impact of fee in lieu of stormwater detention and water quality impacts. Currently these
areas are Horsepen creek (i.e., Gilder), Brushy Creek, Rocky Creek, and Reedy River watersheds.
Others will be included as plans are completed.

3.1.4 Steps for Successful Stormwater Management Plans

The design of successful stormwater management plans involves adhering to the following requirements
where applicable:

Pre-design meeting.

Review of site development requirements.

Detailed site analysis.

Creation of a Stormwater Concept Plan (for innovative techniques).
Creation of a Preliminary Site Development Plan.

Completion of Final Site Development Plan.

¢eeeee

Pre-Design Meeting

One of the most important actions that happens at the beginning of the land-development process is a
pre-design meeting between the Greenville County Land Development Division, developer/owner and
design professional. This meeting allows all the entities involved in the land development process to
understand the stormwater management requirements and identify the areas on the site that will require
the most attention to meet the requirements of the regulations. Major incentives for the pre-submittal
site meeting are establishing a partnership between all the entities involved through the entire
development process, and increasing the chances of faster Greenville County Stormwater Management
Permit approval through an early understanding of the permitting and plan requirements. It shall be left
to the discretion of the Greenville County Land Development Division and the Director if this meeting
shall or shall not be required for a specific project.

Review of Site Development Requirements

The Stormwater Management Plan design professional should be familiar with the Greenville County
Stormwater Management Permit requirements that are given in this Design Manual. Most of this
guidance can be obtained at the pre-design meeting.

The plan design professional must also be familiar with other local requirements and ordinances such
as, but not limited to the following:

% Zoning ordinances.
% Subdivision regulations.
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Road, SCDOT and utility requirements.

Land development regulations.

Floodplain management ordinances.

Other Local, State, and Federal regulatory requirements and ordinances.

¢eee

Detailed Site Analysis

To better understand the existing topography, hydrology and hydraulics of the proposed development,
the design professional should personally make a field site visit. During this visit, the design
professional should collect as much information as necessary to create an accurate existing condition
map of the proposed site. If the design professional has a good understanding of the existing site
conditions, it should be easier to implement a stormwater management plan that will effectively protect
downstream water quantity and quality impacts. An actual site visit also gives the design professional
an initial vision of how the potential stormwater management system can fit with the natural
surroundings.

Items to be recorded during the site visit shall include, but are not to be limited to the following:

Topography of the site especially very steep sloped areas.

Natural drainage patterns, swales, and detention areas.

Natural perennial flowing streams and intermittent streams.

Existing floodplain locations and elevations.

Soil types and evidence of eroded and/or non-eroded soils.

Existing vegetation including the corresponding density of each type of vegetation:
* Trees
#+ Grasslands
#* Various ground covers

¢eeeee

Existing development including roads, buildings, utility easements, parking areas, and ponds.
Existing stormwater facilities including ditches, storm sewer systems, and detention ponds.
Adjacent property characteristics and stormwater outfall points.

Wetlands.

Critical habitat areas.

Boundaries of existing wooded areas.

Existing buffer areas along natural drainage ways and channels.

¢eeeeee

Creation of a Stormwater Concept Plan for Innovative Practices

The Stormwater Concept Plan involves the overall layout of the site including the stormwater
management system layout. This Concept Plan is an optional step which gives the design professional
the opportunity to propose several potential site layout possibilities to the developer/owner and the
Greenville County Land Development Division. A concept plan may be needed if the design
professional is proposing innovative design approaches not currently outlined in the design manual or
if deviations from the design manual are proposed. Deviations will require a written request for
exemptions or waivers. Innovative methods and technologies are encouraged and shall be accepted
providing there is sufficient documentation to prove the effectiveness and reliability of the proposed
approach.

This step is not required as part of the ordinance. However, it is encouraged for designs that are
innovative and require some discussion and thought and may propose different challenges from a
permitting perspective. This concept plan should focus on the proposed layout and BMPs for during
and post construction applications that are unique and require a nonstandard approach. When LDD has
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agreed to the concept presented then the applicant can proceed to develop a preliminary set of plans that
incorporates the concepts agreed upon.

Upon concurrence of the Concept Plan, the applicant shall create and submit a Final Site Development
Plan. However, concurrence in the concept stage will not prevent the Director from rejecting the Site
Development Plan during the formal review process if it is determined that the plan does not comply
with federal, state, or local laws and regulations including Greenville County ordinances. A Concept
Plan may be submitted for review after the pre-design meeting if all the documentation required on the
concept plan check list is included in the submittal.

The following steps should be followed when developing the Stormwater Concept Plan:

% Based on the review of the existing site conditions, utilize the appropriate best site design
approaches. This will minimize the size and number of water quantity and water quality controls
needed to comply with the Greenville County Stormwater Management Permit requirements.

% Perform preliminary selections and potential locations of all water quantity and water quality
controls including stormwater conveyance systems and erosion and sediment control structures.
Suggested uses for temporary EPSC BMPs are summarized in Appendix D and permanent
stormwater quality BMPs are summarized in Appendix F.

It is very important that a Stormwater Concept Plan is integrated into the overall site design process and
not procrastinated to be the last topic covered before submittal of the permit package. The application
of a Concept Plan should expedite the final design process and review process to obtain a Greenville
County Stormwater Management Permit.

To achieve maximum benefits, the Stormwater Concept Plan should include at a minimum the following
elements when applicable:

% Site address and description of the site (owner and tax map number).
% Vicinity map of the project location.
% Existing conditions and proposed development plan having at least the following items:

#+ Existing and proposed contours.

# Perennial and intermittent streams.

# \Watershed delineation maps.

# Existing vegetation boundaries and proposed clearing limits.

#+ L ocation of all existing natural features such as wetlands, ponds, lakes, floodplains, and
stream buffers. If wetlands are delineated, they must be delineated by a qualified professional.

#+ Location of existing and proposed roads, buildings, parking areas and other impervious

surfaces.

# Existing and proposed utility easements.

# Preliminary selection and location of all stormwater management control facilities including
erosion and sediment control structures.

#+ Location of existing and proposed conveyance systems such as grass channels, swales, and
storm sewer systems.

#+ Preliminary location and dimensions of all culvert and bridge crossings.
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Preliminary Site Development Plan

The Preliminary Site Development Plan shall consist of maps, narratives, and supporting design
calculations for the proposed stormwater system and should include the following sections when
applicable:

% Pre-development hydrologic analysis and calculations that determines the existing stormwater
runoff volumes, peak flow rates and flow velocities.

% Post-development hydrologic analysis and calculations that determines the stormwater runoff
volumes, peak flow rates and flow velocities.

% A 360-degree map showing:

#+ Data to support the hydrology model

# Drainage areas delineated, curve numbers (CNSs), slopes, contours, flow path segments (this
includes individual lots)

#+ Photography

+ Network diagram for the hydrology model

% Stormwater management control facility design:

# Narrative describing the stormwater management control facilities selected.

Location of all stormwater management control facilities.

# Supporting calculations that justify that the facilities meets the Greenville County
Stormwater Management Permit requirements. Includes hydrographs, stage storage
volumes, and stage discharge values for water quantity and water quality control facilities
and design calculations and elevations for all stormwater conveyance systems.

#+ A permanent maintenance plan for each permanent stormwater management facility.

\

% Erosion and sediment control plan:
# Narrative describing the erosion and sediment control facilities selected.
# Location of all erosion and sediment control facilities.
#+ Resulting design calculations and trapping efficiencies for all sediment control facilities.

% Downstream analysis calculations showing the effect of post-development design flows on
downstream stormwater conveyance systems and channels.

Minimum Preliminary Site Development Plan Requirements
All Preliminary Site Development Plans shall include as a minimum the following:

% A vicinity map indicating a north arrow, scale, boundary lines of the site and other information
necessary to locate the development site.

% The existing and proposed topography of the development site.

% Physical improvements on the site, including present development and proposed development.
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Location, dimensions, elevations, and characteristics of all stormwater management facilities. As a
minimum, easements shall have the following characteristics.

# Provide adequate access to all portions of the drainage system and structures.

#+ Provide sufficient land area for maintenance equipment and personnel to adequately and
efficiently maintain the drainage system and all stormwater facilities.

# Restriction on easements shall include prohibiting all fences and structures which would
interfere with access to the easement areas and/or the maintenance function of the drainage
system.

All areas within the site which will be included in the land disturbing activities shall be identified
and the total disturbed area calculated.

The location of temporary and permanent vegetative and structural storm- water management
control measures.

An anticipated starting and completion date of the various stages of land disturbing activities and
the expected date the final stabilization will be completed.

A determination that the development is in compliance with the County Flood Control Ordinance.

At the discretion of the Director, for all portions of the drainage system which are expected to carry
over 50 cubic feet per second (cfs) for the 100-year storm, the 100-year plus one-foot flood elevation
analysis shall be required if one of the following criteria apply:

# The estimated runoff would create a hazard for adjacent property or residents
# The flood limits would be of such magnitude that adjacent residents should be informed of
these limits.

For all portions of the drainage system which are expected to carry 150 cfs or more for the 100-year
storm, the 100-year plus one-foot flood elevation analysis shall be done and flood limits shall be
shown on the drainage plans. Such data shall be submitted in digital form, as well as in print, in a
format specified by the Director.

Plans must meet all other applicable plan requirements in effect at the time of submittal.

A Tree saving and planting plan consistent with the requirements in the Greenville County Tree
Ordinance and the Landscape Plan requirements of this Design Manual.

To prevent water quality degradation and to improve the water quality aspects of the drainage
system, the plan shall include best management practices to control the water quality of the runoff
during the land disturbing activities and during the life of the development. The plan shall include
all engineering calculations needed to design the system and associated structures including pre-
and post-development velocities, peak rates of discharge, inflow and outflow hydrographs of
stormwater runoff at all existing and proposed points of discharge from the site.

Description of site conditions around points of all surface water discharge including vegetation and
method of flow conveyance from the land disturbing activity.

Construction and design details for structural controls.
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% The expected timing of flood peaks through the downstream drainage system shall be assessed when
planning the use of detention facilities.

% All stormwater management facilities and all major portions of the conveyance system through the
proposed development (i.e., channels, culverts) shall be analyzed, using the 100-year design storm,
for design conditions and operating conditions which can reasonably be expected during the life of
the facility. The results of the analysis shall be included in the hydrologic-hydraulic study.

% If the site development plan and/or design report indicates that there may be a drainage or flooding
problem at the exit to the proposed development or at any point downstream as determined by the
Director, the Director may require:

# water surface profiles plotted for the conditions of pre- and post- development for the 2-
year through 100-year design storm;

#+ water surface profiles plotted for the conditions of pre- and post- development for the 100-
year design storm;

# clevations of all structures potentially damaged by the 2-year through 100-year flows.

% All plans submitted for approval shall comply with the applicable requirements in Divisions 3, 5,
6, and 7 of the Greenville County Stormwater Management Ordinance.

% All plans submitted for approval shall contain certification by the person responsible for the land
disturbing activity that the land disturbing activity will be accomplished pursuant to the approved
plan and that responsible personnel will be assigned to the project.

% The site development plan shall contain certification by the applicant that all land clearing,
construction, development and drainage will be done according to the site development plan or
previously approved revisions. Any and all site development permits may be revoked at any time if
the construction of stormwater management facilities is not in strict accordance with approved
plans.

% All plans shall contain certification by the person responsible for the land disturbing activity of the
right of the Director to conduct on-site inspections.

% The plan shall not be considered approved without the inclusion of an approval stamp with a
signature and date on the plans by the Land Development Division. The stamp of approval on the
plans is solely an acknowledgement of satisfactory compliance with the requirements of these
regulations. The approval stamp does not constitute a representation or warranty to the applicant or
any other person concerning the safety, appropriateness or effectiveness of any provision, or
omission from the site development plan.

Completion of Final Site Development Plan

The Final Site Development Plan shall include, and add further detail to the Preliminary Stormwater
Management Plan if needed. This plan shall reflect any changes or modifications requested or required
by the Land Development Division. The Final Site Development Plan shall include all the revised
elements from the Preliminary Site Development Plan and shall contain all of the Technical Report
Submission Requirements. The completed Final Site Development Plan shall be submitted to the
Greenville County Land Development Division for final review and approval prior to initiating any
construction activities on the proposed development site.
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3.2 Submittal Requirements for Sites with Less Than 10,000
Square Feet of Disturbed Area

The person or entity responsible for any land disturbing activity, including commercial and industrial
sites, that disturbs more than 5,000 square feet but less than 10,000 square feet of land, and is not part
of a larger common plan development, shall submit a Simplified Stormwater Management Control Plan.
This plan does not require approval by the Public Works Department or the Land Development
Division, and does not require preparation or certification by a professional designer.

For all land disturbing activities that will result in more than one cubic foot per second increase in peak
runoff rate for the critical storm?, require a storm drain pipe conveyance system (one or more pipes) or
alterations to existing storm drain systems, or cause downstream impact requiring preparation by an
engineer or design professional, the requirements for sites with one or more acres of land disturbed (see
Section 3.3) including all requirements of a Site Development Plan (see Section 3.1.4) shall apply.

Simplified Stormwater Management Control Plan
The Simplified Stormwater Management Control Plan shall contain the following items:
1. Narrative description of the stormwater management facilities to be used.
2. General description of topographic and soil conditions at the development site.

3. General description of the adjacent property and description of existing structures, buildings, and
other fixed improvements located on surrounding properties.

4. A sketch to accompany the narrative containing the following when applicable:

# Site location drawing of the proposed project showing project location in relation to
roadways, jurisdictional boundaries, streams, rivers and the boundary lines of the site to be
developed.

# All areas within the site that will be included in the land disturbing activities shall be
identified and the total disturbed area shall be calculated.

# Topographic map of the site.

#+ Anticipated starting and completion dates of the various stages of the land disturbing
activities and the expected date of final stabilization shall be noted.

#+ Location of temporary and permanent vegetative and structural sediment control and
stormwater management control measures.

5. Simplified Stormwater Management Control Plans shall contain certification by the persons
responsible for the land disturbing activities that the activities will be accomplished pursuant to the
plan.

6. Simplified Stormwater Management Control Plans shall contain certification by the person
responsible for the land disturbing activities of the right of the Director to conduct on-site
inspections.

L The critical storm is defined in Section 2.2 of this Manual.
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3.3 Submittal Requirements for Sites with Greater Than 10,000
Square Feet Disturbed Area

The person or entity responsible for any land disturbing activity that disturbs 10,000 square feet or more
or will result in more than one cubic foot per second increase in peak runoff rate for the critical storm,
requires a storm drain pipe conveyance system (one or more pipes) or alterations to existing storm drain
systems, or causes downstream impact requiring preparation by an engineer or design professional, will
be subject to all of the requirements of a Site Development Plan (see Section 3.1.4). Professionally
certified site development plans, erosion and sediment control plans, specifications, and supporting
calculations and computations shall be submitted and stamped/sealed by professionally licensed
engineers, landscape architects or Tier B land surveyors.

The Greenville County Stormwater Management Permit Application (Non-Simplified Stormwater
Application) can be processed efficiently if all necessary information is included with the permit
application. This section of the Design Manual explains the information required in order to obtain the
desired permit. With proper planning and coordination, the permit processing time requirements can be
kept to a minimum. The items discussed in this section of the Design Manual should be used as a
checklist prior to the submittal of the permit application. The initial submittal package shall contain:

% A completed Greenville County Stormwater Management Permit Application (Non-Simplified
Stormwater Application) Form,

Completed first two pages of the SCDHEC NOI Application Form;
One copy of the Final Site Development Plan including the Sediment Control Plan.

One copy of the Technical Report and supporting calculations, and

¢ ¢ ¢ ¢

A completed checklist based on the Technical Report requirements.

3.3.1 Applications

All necessary application forms and checklists to use in the Non-Simplified Stormwater Application
submittal package can be obtained from Greenville County. The Non-Simplified Stormwater
Application must be completed accurately and submitted by the applicant to the Greenville County Land
Development Division digitally.

The general submission requirements include the following:

% All required application forms completed neatly, legibly and accurately and signed by the owner or
authorized agent.

% All required checklists completed neatly, legibly and accurately.

% The final Stormwater Management and Sediment Control Plans completed neatly, legibly and
accurately.

% The Technical Report providing a summarization of existing and proposed site conditions and the
supporting calculations for all stormwater management design procedures (See Section 3.3.8).
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3.3.2 Permits

Unless specifically exempted, a Stormwater Management Permit as required by this Design Manual,
shall be obtained prior to the commencement of any development, redevelopment, building, excavating,
grading, re-grading, paving, landfilling, berming or diking of any property located within Greenville
County.

Other applicable permits such as Federal, State or other local agency may be required for specific project
sites. It is the applicant’s responsibility to recognize the need to obtain all necessary permits before
submitting for a Stormwater Management Permit.

3.33 Stormwater Management Design Standards

It is an overall goal of this Design Manual to address stormwater management to provide effective water
guantity and water quality solutions due to the impact of runoff from land development. The following
set of criteria shall be followed in the absence of designated specific watershed master plan criteria.

Hydrologic Computations

All hydrologic computations shall be completed using acceptable volume based hydrograph methods.
The design storm duration for these computations shall be the 24-hour storm event with an SCS Type
Il distribution or the appropriate new NRCS distribution (based on NOAA Atlas-14 data) with a 0.1-
hour duration time increment. Typical hydrologic input includes but is not limited to the following:

Storm frequency and duration

Rainfall depth or intensity

United States Geological Survey (USGS) soil classification and hydrologic soil group
Land use

Time of concentration

Abstractions

eeeeee

Water Quantity Control

Water quantity control is an integral component of overall stormwater management. The following
design criteria are established for water quantity control unless a waiver is granted on a case-by-case
basis.

% May be controlled with above ground wet or dry detention basins, underground detention facilities,
or infiltration facilities.

% Post-development peak discharge rates shall not exceed pre-development peak discharge rates for
the 2-, 10-, and 25-year frequency 24-hour duration storm events, plus the critical storm for areas
where the critical storm is not the 25-year frequency.

% Post-development discharge velocities for the critical storm shall be reduced to provide non-erosive
flow velocities from structures, channels or other control measures, or be equal to the pre-
development storm event flow velocities for the critical storm, whichever is greater.

% Emergency spillways shall be designed to safely pass the post-development 100-year 24-hour storm
event without overtopping any dam structures.
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% Downstream analysis shall be required for the 2-, 10-, 25-, and 100-year frequency 24-hour duration
storm events for all development sites unless a waiver or variance is granted from this analysis.
When water quantity controls are implemented, an off-site analysis waiver may not be required,
provided that all required design criteria of the Design Manual are met.

% A downstream peak flow analysis shall include the assumptions, results and supporting calculations
to show safe passage of post-development design flows downstream. The analysis of downstream
conditions in the report shall address each and every point or area along the project site’s boundaries
at which runoff will exit the property. The analysis shall focus on the portion of the drainage channel
or watercourse immediately downstream from the project. This area shall extend downstream from
the project to a point in the drainage basin where the total area of the development comprises ten
percent (10%) of the total basin area. In calculating runoff volumes and discharge rates,
consideration may need to be given to any planned future upstream land use changes. The analysis
shall be performed in accordance with the requirements of this Design Manual

% Watersheds that have well documented water quantity problems may have more stringent or
modified design criteria determined from master plan studies by Greenville County.

% All stormwater systems shall be designed to have no increase in velocity, peak flow, water surface
elevation in relationship to upstream, adjacent, and downstream property in the 100-year storm,
unless an adequate permanent drainage easement is obtained.

Water Quality Control

All development and redevelopment projects and portions of redevelopment projects disturbing 10,000
square feet or more or that will result in more than one cubic foot per second increase in peak runoff
rate for the critical storm shall meet the requirements of this section even if there is not a change in land
use.

Water quality control is an integral component of overall stormwater management. All stormwater
runoff generated from a site shall be adequately treated before discharge. It will be presumed that a
stormwater management system complies with this requirement if the following minimum design
criteria are met unless a waiver is granted on a case-by-case basis:

1. The water quality requirement listed in Table 9-1 (and subsequent clarifications and additions)
appropriate for the project size and location.

2. The Director has discretion to require more stringent controls for water quality where the Director
determines the minimum standards of this section are not adequate. Areas where more stringent
controls may apply include outstanding resource waters, trout waters, wetlands, steep slopes,
TMDLs or other sensitive areas.

3. Appropriate structural stormwater controls or non-structural practices are selected, designed,
constructed or preserved, and maintained according to the specific criteria in this Manual.

General Stormwater Management Permit Submittal ltems

The following items are required to be included in the submittal package for a Stormwater Management
Permit.

% Watershed delineation maps.

% Location of all stormwater management structures.
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% Pre- and post-development peak flow volumes, peak flow rates, peak flow velocities and inflow
and outflow hydrographs of stormwater runoff at all existing and proposed points of discharge from
the site for the 2-, 10-, 25-, and 100-year 24-hour storm events (and/or other storm events as dictated
for special locations or situations during the predesign meeting).

% Site conditions around points of all surface discharge including vegetation and method of
conveyance from the land disturbing activity.

% Design details and computation for all stormwater management controls, including the following:

# Drainage area calculations.

Weighted curve number or runoff coefficient calculations.
Time of concentration calculations.

Pipe size capacity and velocity calculations.

Open channel capacity and velocity calculations.

* 4 49

3.34 Erosion and Sediment Control Design Standards

It is an overall goal of this Design Manual to address erosion and sediment control to provide effective
water quality solutions due to the impact of runoff from land development. The following set of criteria
shall be followed in the design of erosion and sediment control solutions.

Design Removal Efficiency Goal

All sediment control structures shall be designed and installed to accommodate the anticipated sediment
loading from all land disturbing activities and meet a minimum design removal efficiency of 80% total
suspended solids (TSS) or 0.5 mg/L settleable solids effluent standard, whichever is less, for disturbed
conditions for the 10-year, 24-hour storm event.

Design Requirements

A sediment detention basin is required when ten or more acres of disturbed land area drain to a single
outlet point. Such basins shall be designed to have a minimum design removal efficiency of 80% TSS
or 0.5 ml/L settleable solids effluent standard using a 10-year, 24-hour design storm, whichever is less,
and control the 10-year, 24-hour storm event to pre-development conditions and successfully pass the
100-year 24-hour storm event. The person responsible for the activity shall submit a full Non-Simplified
Stormwater Application which shall be prepared or certified by a registered engineer, landscape
architect, or Tier B land surveyor.

Land disturbing activities that create between one and ten acres of land area that do not drain to a single
outlet point may incorporate other practices other than a sediment basin to achieve the equivalent
removal efficiency of 80 percent TSS or 0.5 ml/L settleable solids effluent standard, whichever is less,
using a 10-year, 24-hour design storm.

Land disturbing activities that create less than one acre of disturbed area are not required to receive
approval for a Stormwater Management Permit from the Land Development Division unless the project
meets one of the additional criteria listed in Section 2.2.

Sediment storage volumes shall be calculated for all sediment controls to determine the required clean-
out frequencies and maintenance schedules. The Universal Soil Loss Equation (USLE) or other
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acceptable methods that determine sediment yield may be used to predict the required sediment storage
volumes for specific sediment control structures.

Additional design requirements for erosion and sediment control practices are as follows:

L
L

L]

Development shall be fitted to the topography and soils so as to create the least erosion potential;
Natural vegetation shall be retained and protected wherever possible;

Natural vegetation and non-structural methods shall be employed to the extent possible, for
streambank stabilization and erosion control in place of structural methods wherever possible;

Only the smallest practical area shall be exposed and then only for the shortest practical period of
time;

Erosion control practices such as interceptor ditches, berms, terraces, contour ripping, soil erosion
checks, and sediment basins shall be installed to minimize soil and water losses;

Temporary vegetation or mulching shall be used to protect areas exposed during the time of
development;

During and after development, stormwater management practices shall be utilized to effectively
accommodate increased runoff caused by changes in soil and surface conditions, and to avoid
siltation of receiving streams;

Permanent vegetation and structures shall be installed in the development as soon as the weather
permits;

The design of outlet channels for the discharge of storm runoff shall be based on the runoff from
predicted storm frequency and shall include the vegetative or structural measures required to
protect the channel from scour and erosion;

Waterway stabilization structures such as drop structures, grade stabilization structures, and
channel liners shall be utilized to dissipate the energy of flowing water by holding the waterway
slopes and velocities within non-erosive limits;

Sediment basins and traps:

1) Sediment shall be removed mechanically when the sediment basin behind the temporary barrier
or the dam becomes filled, to an elevation shown on the plan or when the design capacity has
been reduced by 50%. The structure may be removed once stability is reached in the
development area;

2) A sediment basin or sediment trap may be required to be enclosed, in the discretion of the
Director, when necessary to ensure public safety;

Cut and fill slopes and other exposed areas shall be planted or otherwise protected from erosion
before the release of the permit obligations. The responsibility shall remain with the permittee or
owner until the planting is well established;

Fill may not be deposited beyond the mean high-water line unless the fill is used for marsh
creation or shore restoration and does not extend beyond the mean low-water line or the fill is
placed behind a structural shoreline erosion control device;

Greenville County, South Carolina

January 2018 Stormwater Management Design Manual 3-14



%

%

<

Calculations for design of all BMPs for sediment control must be included as part of the permit
application. Locations and timing of installation of sediment control BMPs must be shown on the
Sediment and Erosion Control Plan and included as part of the SWPPP;

Description of measures to prevent the discharge of solid materials, including building materials,
to waters of the State and the United States, except as authorized by a permit issued under section
404 of the Clean Water Act;

Description of measures to minimize, to the extent practicable, off-site tracking of sediments onto
paved surfaces and the generation of dust;

Description of construction and waste materials expected to be stored on-site, updated as
appropriate, and controls, including storage practices, to minimize the exposure of the materials
to stormwater;

Description of spill prevention and response practices;

All sediment laden diversion channels and ditches shall be designed such that applicable shear
stress and velocities are non-erosive. The design storm event that should be used is the 10-year,
24-hour event; and,

The surface of stripped or disturbed areas shall be permanently or temporarily stabilized within
14 days after final grade is reached or when left idle for more than 14 days. Temporary erosion
and sediment control measures shall be maintained continuously until permanent soil erosion
control measures have reached final stabilization.

General Erosion and Sediment Control Plan Submittal ltems

The following items shall be included in the submittal package for a Stormwater Management Permit:

eeeeceeee

3.3.5

Location of all erosion and sediment control structures.

Provisions to preserve topsoil and limit the amount of total disturbed area.

Details of site grading.

Design details and computation for all erosion and sediment control structures.

List of the trapping efficiency of each sediment control structure.

Calculation of required sediment storage volumes.

Explanation of any computer models or software used with highlights of the output data.
Description of required clean-out frequencies and maintenance schedules.

Single- and Multi-Family Development Requirements

A stormwater management plan must be submitted for single-and multi-family developments to obtain
a Stormwater Management Permit. In addition to the requirements of the submittal package highlighted
in this Section of the Design Manual, the following is a list of the minimum requirements for the
submittal package for single- and multi-family developments where applicable:

L
L
&
%

Legal description of all properties located on the plans including tax map numbers.
The exact legal street names and addresses for the properties.

The dimensions and border of the lot parcels.

The name address of the owners of the parcels.
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The minimum finished floor elevations in flood areas.

Maintenance responsibilities shall be defined in a maintenance agreement with the County for
permanent water quality and quantity features such as ponds, easement, and buffers.

Digital files compatible with the County’s geographic information system (GIS) must be submitted.

¢ e

Calculations and narratives must be submitted documenting compliance with total maximum daily
load (TMDL) requirements as appropriate.

In developing plans for residential subdivisions, individual lots shall be required to obtain and comply
with a general permit and the residential subdivision development, as a whole, shall be considered a
single land disturbing activity requiring a permit. Hydrologic parameters that reflect the ultimate
subdivision development shall be used in all engineering calculations.

If individual lots or sections of a subdivision are being developed by different property owners, all land
disturbing activities related to the subdivision shall be covered by the approved drainage plan for the
entire subdivision. Individual lot owners or developers shall sign a certificate of compliance that all
activities on that lot will be carried out in accordance with the approved drainage plan for the residential
subdivision.

When the subdivision development reaches the condition where it is fifty (50) percent built the
following actions must be taken.

% Where a detention pond is installed as-built certification and drawings are due to the Director
% The detention pond shall be cleaned and stabilized

% Homeowners association documents must be filed with the Director defining the responsible party
for maintaining the detention pond and any water quality devices or features installed in the
subdivision.

% When the subdivision development is developed to a point between fifty and eighty percent built;
individual lot controls as well as other erosion and sediment control BMPs in addition to the
sediment/detention pond shall provide the sediment control to meet 80 percent trapping efficiency
rather than only the detention pond. Once the subdivision is eighty percent or greater built and the
disturbed areas are stabilized according to the requirements of SCR100000 and 72-300 (SC Code
of Regulations) then the permittee may file a request for a Notice of Termination of the permit
coverage for the subdivision.

3.3.6 100-Year Floodplain

The goal of this section of the Design Manual is to provide an overview of the requirements and
procedures for proposed land development occurring in the 100-year floodplain. Development is
defined as any manmade change to improved or unimproved real estate including, but not limited to,
buildings or other structures, mining, dredging, filling, grading, paving, excavation or drilling
operations. Ordinance No. 4631 is administered by the County Building Official or his/her designee
(County Floodplain Administrator) and provides a comprehensive set of requirements for developing
in the floodplain. This section is not intended to replace or supersede the requirements of that ordinance.

Floodplain Policy

The provisions in this section apply to all development in areas of special flood hazard identified by the
Department of Homeland Security - Federal Emergency Management Agency (DHS-FEMA) in its
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Flood Insurance Rate Maps, dated August 18, 2014 and any revisions thereto, and areas that have base
flood elevations determined due to ordinances enforced by the Greenville County.

It is the purpose of the Flood Control Ordinance # 4631 and this section to promote the public health,
safety and general welfare and to minimize public and private losses due to flood conditions in specific
areas by provisions designed to:

1. Restrict or prohibit uses that are dangerous to health, safety and property due to water or erosion
caused by flood depths or velocities.

2. Require that uses vulnerable to flood damages, including facilities which serve such uses, be
protected against flood damage at the time of initial construction;

3. Control the alteration of natural floodplains, stream channels and natural protective barriers,
which are involved in the accommodation of floodwaters.

4. Control filling, grading, dredging and other development which may increase erosion or flood
damage; and,

5. Prevent or regulate the construction of flood barriers which will unnaturally divert floodwaters or
which may increase flood hazards to other lands.

Floodplain Standards

The following is a general summary of the provisions contained within the “Flood Control, Drainage,
Stormwater Management — Floods and Flood Control” Ordinance. This section is not intended to be
comprehensive and complete but rather an overview of the general provisions. Ordinance No. 4631
should be reviewed to determine the specific requirements related to development in the floodplain.

% A permit must be obtained from Greenville County for all development in the floodplain. (Section
8-32)

% Development within the limits of a floodplain is not allowed where alternative locations exist. The
applicant must demonstrate that new structures cannot be located out of the floodplain. (Section 8-
32)

% No encroachment, including fill, shall be permitted within the floodplain without supporting
documentation from a SC Registered Engineer demonstrating that the encroachment will not
adversely impact the floodplain. If an adverse impact is anticipated, then the applicant must submit
an application for a Conditional Letter of Map Revision (CLOMR) to the County and DHS-FEMA.
Within thirty (30) calendar days of completion of construction activities, the applicant shall apply
for a Letter of Map Revision (LOMR). (Section 8-38.6)

% If an adverse effect is determined, engineering justification by the use of hydraulic computer models
and compensatory storage at hydraulically equivalent sites for the proposed development shall be
required. (Section 8-38.6)

% There is a minimum 4-feet freeboard requirement on all new construction and substantial
improvements. (Section 8-33)
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All new construction or substantial improvements on fill shall be constructed on properly designed
and compacted fill (ASTM D-698, as amended) that extends beyond the building walls before
dropping below the base flood elevation and has appropriate protection from erosion and scour. The
design of the fill or the fill standard must be approved by a registered engineer. (Section 8-38)

All new and replacement water supply and sanitary sewer systems must be designed to minimize
or eliminate infiltration into the system. (Section 8-32.5)

All roadways within or adjacent to a floodplain shall be constructed so that the centerline elevation
of the finished road surface is no less than two (2) feet above the base flood elevation. (Section 8-
35)

Floodplain Study General Criteria

All floodplain studies shall follow the guidelines and procedures as set forth by DHS-FEMA and the
County. The following general criteria and requirements have been established to help clarify the
procedures related to performing a floodplain study in Greenville County.

L
L

The project must be consistent with applicable State and Federal regulations.
A professional engineer registered in the State of South Carolina shall prepare all studies.

The following hydraulic computer models for floodplain development in Greenville County are
recommended, but is not limited to:

+ HEC-RAS

¢ SWMM

The floodplain analysis shall include the 10-, 50-, 100-, and 500-year, 24-hour storm events.

Hydrologic analyses should utilize the current land use conditions based on the most updated data
within the desired watershed. DHS-FEMA only allows for consideration of existing conditions in
the watershed. The County can require particular models to be based on built out conditions for its
own purposes, but DHS-FEMA will not accept these future conditions in the FEMA submittal.

Limits of the 100-year floodplain for the pre-development and post-development conditions shall
be shown on the site plan.

Backwater conditions, local obstructions, bridges, culverts, and stormwater conveyance systems
shall be considered.

Digital data shall have the following characteristics:
# Horizontal Datum: NAD83 (1994)
# Coordinate System: SPC Lambert Zone 3900
#* Vertical datum: NAD88
# Units: International Feet

There are areas of special flood hazard within the County where no base flood data has been
provided or where no floodway has been established. In these instances, special provisions apply
to development and the required supporting documentation. (Section 8-39)
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% Calculated flood boundaries shall be submitted in a digital format that is compatible with
Greenville County’s GIS.

Floodplain Study Submittal Criteria
Each permit application must include:

% Applicants Name

% Address where the work will be done
% Correct tax map 1.D. number

% Subdivision name if applicable

A type of development must be chosen. If the work being done falls into “other”, please elaborate in
the comments section.

Under “Flood Zone” all properties that have floodplains must check either “No. A or A Zone”. The No.
A zones are floodplain areas that have had a detailed study performed and a base flood elevation is
known. The base flood elevation in A Zones have been approximated.

Under “Location in relation to Floodway/Floodplain”, all properties that have floodplains must chose
“inside adopted floodplain™. In the comments section, if the work to be done includes a structure, make
a note as to whether the structure is located within the floodplain.

The application must be signed and stamped by a South Carolina Registered Engineer or Surveyor and
the applicant must sign the application.

Hydrologic and hydraulic analyses must be contained in a report describing the study methodology, a
listing of all assumptions (e.g., rationale for Manning’s ‘n’ values, reasons for revising hydrology,
source of topographic information and land use), bridge and cross section data, and a brief description
of the project.

All projects being submitted to FEMA must have a completed FEMA MT-1 or MT-2 form as
appropriate. These forms can be obtained from the following.

FEMA website: www.fema.gov

FEMA Region IV

3003 Chamblee Tucker Road
Atlanta, Georgia 30341
(770.220.5400)

The South Carolina Department of Natural Resources
Flood Mitigation Program

1000 Assembly Street

Columbia, South Carolina 29201

(803.734.4307)
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3.3.7 Stormwater Facility Ownership and Maintenance

Ownership

All permanent stormwater management facilities shall be privately owned and maintained unless
Greenville County accepts the facility for County ownership and maintenance. The owner of all private
facilities shall grant the County a perpetual, non-exclusive easement that makes the facility accessible
for public inspection and emergency repair.

On-Going Inspection and Maintenance

A permanent maintenance plan for each permanent stormwater management facility shall be included
in the Final Site Development Plan. Requirements for on-going inspection and maintenance of
permanent stormwater management facilities are as follows:

% Stormwater management facilities and practices, included in a site development plan, which are
subject to an inspection and maintenance agreement, must undergo ongoing inspections to
document maintenance and repair needs and ensure that maintenance is completed in compliance
with the SWPPP, any agreements and the County’s Stormwater Management Ordinance. For
developments, which establish a POA or HOA, provisions for long term maintenance, as outlined
in SWPPP, must be defined in a maintenance agreement. The provisions of this agreement must
also identify a source of funding to support future required maintenance and upkeep activities, and
a responsible party. The maintenance agreement shall be recorded in the Greenville County Register
of Deed’s Office and shall constitute a covenant running with the land to all heirs, successors, and
assigns. The Director must be notified of changes in status and personnel or contract information
for record keeping and inventory purposes in accordance with its MS4 permit requirements.

% Subdivision site runoff storage areas, and stormwater facilities not located in dedicated rights-of-
way or easement, shall be granted or dedicated to and accepted by a public entity, or shall be
conveyed by plat as undivided equal interests to each lot in the subdivision or to dedicated entities
approved by the Director. Included in the dedication shall be a plan for continued management,
operation, and maintenance of the stormwater facility, including designation of the person or
persons responsible for long-term operational management and dedicated funding sources. If title
to the land underlying site runoff storage areas and stormwater facilities is conveyed by agreement
to each of the lots in the subdivision, then:

% A covenant on the face of the plat shall be provided; and

# Subdivision property owners shall establish a property owner’s association to provide for the
maintenance of site runoff storage areas and stormwater facilities. The association shall be
duly incorporated and the property owners’ association agreement shall be recorded for all the
lots in that subdivision; and

* The proposed property owners’ association by-laws and declaration shall provide for a long
term maintenance agreement.

% A stormwater management facility or practice shall be inspected on a periodic basis by the
responsible person in accordance with the approved inspection and maintenance agreement. In the
event that the stormwater management facility has not been maintained and/or becomes a danger to
public safety or public health, the County shall notify the person responsible for carrying out the
maintenance plan by registered or certified mail to the person specified in the inspection and
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3.3.8

maintenance agreement. The notice shall specify the measures needed to comply with the agreement
and the plan and shall specify the time within which such measures shall be completed.

Inspection programs by the County may be established on any reasonable basis, including but not
limited to: routine inspections; random inspections; inspections based upon complaints or other
notice of possible violations; and joint inspections with other agencies inspecting under
environmental or safety laws. Inspections may include, but are not limited to: reviewing
maintenance and repair records; sampling discharges, surface water, groundwater, and material or
water in stormwater management facilities; and evaluating the condition of stormwater
management facilities and practices.

Parties responsible for the operation and maintenance of a stormwater management facility shall
provide records of all maintenance and repairs to the County.

Technical Report Submission Requirements

Failure of an applicant to provide all of the information detailed in this section may result in the denial
of receiving a Stormwater Management Permit from the Greenville County Stormwater Management
Director. The items listed as the technical report submission requirements shall be used as a checklist
to verify that all required items are properly submitted.

The general submission requirements for all projects requiring a Stormwater Management Permit
approval shall include the following information when applicable:

1.

2.

Standard completed application form.
Evidence of acquisition of all applicable local, state, and federal permits.

Anticipated starting and completion dates of the various stages of land disturbing activities and the
expected date of final stabilization.

A vicinity map indicating north arrow, scale, boundary lines of the site, and other useful information
to successfully locate the property where than land development is to take place. It shall include at
least one major roadway intersection for reference.

A plan with an appropriate written and graphical scale (not less than 1-inch = 50-ft.) accompanied
by a design technical report indicating at least:

a) The location of the property where the land development is to take place shown on a Greenville
County GIS map or a United States Geological Survey (USGS) 7.5-minute topographic map.
b) The location of the soils shown on a Greenville County GIS map or United States Department
of Agriculture (USDA) soils map, with the major USDA soil types and Hydrologic Soil
Groups identified.
c) Existing and proposed contour lines. Limits of disturbed area should be shown for each lot.
d) Existing and proposed physical structures on site including buildings, roads, easements, and
parking areas.
e) Proposed grading and land disturbance information including:
1) Surface area of entire project in acres.
2) Surface area of planned land disturbance project area in acres.
3) Limits of grading and land disturbance.
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f) Drainage area maps including:
1) Existing off site- and on-site drainage areas including flow paths.
2) Proposed off site- and on-site drainage areas including flow paths.
g) Stormwater management facilities water quantity and water quality (temporary and
permanent) including:
1) Location
2) Dimensions
3) Elevations
4) Maintenance Plan
5) Calculations:
% Pre- and post-development flow rates,
% Pre- and post-development velocities,
% Hydrographs,
% Stage storage volume information,
% Stage discharge information.
h) Erosion and sediment control plans including:
1) Location
2) Dimensions
3) Elevations
4) Calculations:
% hydrographs,
% stage storage volume information,
% stage discharge information
% trapping efficiencies

6. Compliance with County Flood Control Ordinance and FEMA flood maps and Floodplain study
material where applicable.

7. Right-of-ways and easements.

a) Location of easements
b) Designation of easements that require inspection and maintenance

8. Landscape plan.

a) Tree saving and planting plan consistent with the requirements of the Greenville County Tree
Ordinance

b) Vegetation to be used for streambank stabilization, erosion control, sediment control,
aesthetics, and water quality

c) Special requirements to preserve the natural aspects of the drainage system

9. Description of conditions around points of all surface water discharge.
10. Construction details for all stormwater management controls.
11. Downstream impact analysis.

12. Federal and State wetland maps, where appropriate. If wetlands delineation is performed for the
project, it must be performed by a qualified professional.

13. Appropriate fees for the project.

14. The Plan Review Agency shall require the following:
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a) All plans and design reports are to be sealed by a qualified design professional.
b) All plans are to be designed in accordance with all ordinances, programs, regulations,
standards and criteria.

15. The Land Development Division may require additional information as deemed necessary for
complete project review.

3.4 Digital Submittal Requirements

All submittals to Land Development Division should be delivered digitally through the current procedure
posted on the Land Development Division’s website.

3.5 Plan Submittal, Review and Approval Process
3.5.1 Plan Submittal

When the Greenville County Land Development Division receives the initial submittal package it shall
be reviewed by a certified plan reviewer for compliance. After the plans have been reviewed to
determine compliance with the regulations set forth by this Design Manual the plan reviewer will
contact the applicant/design professional and request any necessary changes or notify the
applicant/design professional that the plans are in compliance. A copy of all correspondence shall be
sent to the owner.

3.5.2 Plan Review Period

Upon receipt of a completed application for a Stormwater Management Permit and submittal of the
Final Site Development Plans, the Greenville County Land Development Division shall accomplish its
review and have either the approval or review comments transmitted to the applicant within twenty (20)
working days.

The Greenville County Land Development Division shall conduct its review of a waiver or variance
submitted by the applicant within ten working days of the submittal. Failure of the Review Agency to
act on the waiver by the end of ten (10) working days will result in the automatic approval of the waiver.

3.5.3 Incomplete Stormwater Management Permit Applications

Engineering design plans, permit applications, specifications, and submittal packages submitted to the
Land Development Division that do not meet the minimum requirements of Chapter 3 of the Design
Manual shall be handled in the following manner:

% If the original Stormwater Management Permit application submittal package has all of the major
components in accordance with Chapter 3 but is missing some information, a written notice will be
sent to the applicant with a copy to the owner.

% The written notice from the Land Development Division shall state the following:
# The specific information that must be re-submitted to the Land Development Division in order
for the permit application to be considered complete for review and processing.
#* The Stormwater Management Permit application has been removed from the review process.
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¢ Re-submittal of the application with all of the required modifications shall return the application
to the review process.

+ The Land Development Division shall hold the incomplete plan for a period of 60 working days
from the date of the written notice.

¢ If an adequate response is not received within 60 working days, the submittal shall be rejected,
and the entire submittal process must be initiated again.

% If the original Stormwater Management Permit application submittal does not contain the major
required components, it shall be returned to the applicant for re-submittal without review.

3.54 Plan Approval and Final Submittal

When the plans have been determined to be in compliance, LDD will electronically stamp the approved
plans and PDFs will be made available to the engineer. One stamped paper copy must be available on
site at all times.

Approved plans remain valid for two (2) calendar years or five (5) calendar years, at the discretion of
the applicant, from the date of approval. Extensions or renewals of the approved plans shall be granted
by the Director upon written request by the person responsible for the land disturbing activity.

The Final Stormwater Drainage Plan shall not be considered approved without an approval stamp with
a signature and date on the plans by the Land Development Division (LDD). The stamp of approval on
the plans is solely an acknowledgement of satisfactory compliance with the requirements of the
Stormwater Management Ordinance. The approval stamp does not constitute a warranty to the applicant
or any other person concerning safety, appropriateness or effectiveness of any provision, or omission
from the Drainage Plan.

Approvals of land disturbing activities that were approved prior to the effective date of this Design
Manual shall remain in effect for the original term of the approval. For land disturbing activities which
were not initiated during the original term of approval, the person responsible for the land disturbing
activity shall re-submit the Site Development Plan including the Sediment Control Plan to the
appropriate Land Development Division for review and approval subject to the requirements of this
Design Manual.

Notification of Work

A Stop Work Order shall be issued on all projects proceeding without the required pre construction
meeting and issuance of a grading permit.

3.6 Construction Requirements

3.6.1 Deviations from Approved Plans

Substantial deviations from the approved site development plans and specifications shall not be made
on-site without written approval from the Land Development Division. Realistically and practically,
there are always minor variations to the proposed plan during land development activities. These minor
variations will be allowable without the need for approval from the Land Development Division, though
sound engineering judgment should be exercised in assessing the impacts of these minor changes.
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Examples of substantial deviations that would require written approval from the Land Development
Division include, but are not limited to the following:

% Pipe size changes.
% Pipe grade changes that will affect the hydraulic capacity of the stormwater facilities.

% The movement of stormwater facility that would put them outside of specific easements and right-
of-ways.

% Changes in grade on the site which would affect the direction of stormwater flows, flow velocities,
flow volumes, or other hydrologic impacts that would cause the existing plans to fail in protecting
water quantity and water quality impacts.

3.6.2 Phase Sequence Verification

Phase sequence verification is required to be completed throughout the project. Prior to commencing
construction on future phases of sediment and erosion control, the engineer must follow the current Phase
Sequence Verification process. See the Land Development Division website for current form and criteria.

Constructors should also arrange for a County site inspector to be present for the installation of underground
detention structures, manufactured treatment devices, pond liners, or other buried structures to be used for
water quality treatment. Alternatively, if the Land Development Division grants prior approval,
photographs of the installation(s) that clearly show the location on site of each structure may also be
acceptable in lieu of an inspector. Additionally, the location of each should be clearly marked on as-built
plans.

3.6.3 As-Built Requirements

The permittee shall submit an as-built plan certified by a registered professional upon the completion
of the construction of the stormwater management control structures submitted in the Final Stormwater
Management Site Plan. The registered professional shall certify the following:

% The facilities have been constructed as shown on the As-Built plans.

% The facilities meet the approved site plan and specifications and achieve the function they were
designed to perform as stated in the Pond Certification Letter. An example of a Pond Certification
Letter may be obtained on the Land Development Division website.

Acceptable as-built plans shall be submitted prior to the following:
% The use or occupancy of any commercial or industrial site.

% Final acceptance of any road into the Official County road inventory.

% Release of any bond held by Greenville County.

The Director may perform a final inspection upon completion of the installation of stormwater
management structures to determine if the work is completed and constructed in accordance with the
Final Stormwater Management Site Plan.
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3.7 Performance Security

A monetary performance guarantee for every new development is required. This guarantee will provide
assurance that all exposed soil surfaces will be stabilized and any other areas of stormwater management
and sediment control deficiency addressed, in the event a development discontinues or proper control
measures are not installed and/or maintained.

Prior to the issuance of any building and/or land disturbance permit for a development or phase of
development, every applicant must pay Greenville County a non-refundable Resource Remediation Fee.
The non-refundable Resource Remediation Fee is set at $100.00 per disturbed acre. These Fees will be
held in a separate, use restricted, interest bearing account known collectively as the Resource
Remediation Fund (the “RRF”’). Monies deposited into the RRF may be used by the County to remediate
sites that have been abandoned, sites left in an unstable condition, or sites with stormwater management
or sediment control deficiencies, as determined by the Director.

By submitting an application for land disturbing activity, each applicant gives the County express
authority to enter upon the subject property during and after development activities for the purpose of
performing inspections and/or needed remediation, as determined by the Director.

For all new development and all redevelopment of sites, an applicant must provide to the County a
notarized certification that the applicant has no known direct or indirect contractual, business,
financial, or familial relationship ("Relationship™) to a RRF site where fund money is outstanding or
Person Responsible for Land Disturbing Activity at such site. Based on this statement, the County has
the right to request, and the applicant must supply, additional specific information concerning any
such affiliations.

For sites at which monies from the RRF are spent, an applicant with a Relationship to any Person
Responsible for the Land Disturbing Activity on such RRF site(s) or a Relationship with a person who
in the past has significantly failed to comply with any provision of this ordinance or previously issued
permit, will not be allowed to further participate in this program and no further review of a permit for
land disturbing activity will be conducted by the County or permit issued, until such time that all RRF
monies are repaid to the County in full by the applicant or other such related person. This is in addition
to any other penalty or injunctive relief authorized under this ordinance.

Staff will review funding on an annual basis and recommend any needed changes.

RRF fund monies can be used to complete proposed site improvements including but not limited to
the following:

% Storm drain pipe, culverts, manholes, and box inlet installation.

% Site filling and grading, including the construction of open drainage swales and detention
facilities.

% Establishment of erosion and sediment control.

¢

Re-grading of the site to minimize the erosive effects of stormwater runoff.

% Temporary or permanent seeding and stabilization of disturbed areas to minimize the erosive
effects of stormwater runoff.
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% Maintenance and cleaning of sediment control structures.

3.8 Application Fees

Permits authorized by the provisions of this Design Manual shall be effective only upon the payment of
the appropriate fees. The current fees required can be found on the Greenville County Webpage.

Any land development project disturbing one or more acres or must obtain either NPDES general permit
coverage or an NPDES permit. There is an additional NPDES fee for these projects. There are no
exemptions from this fee, therefore local, State and Federal entities must submit the NPDES fee as part
of their Stormwater Management Permit submittal package.

3.9 Stormwater Service Coordination

A Stormwater Service fee may be assessed on all land properties within the unincorporated, non-
SCDOT regulated areas of Greenville County and within any Municipality that chooses to participate
as a co permittee with Greenville County in its NPDES permit. The financing of the Stormwater Service
is based on the principle that each user of the stormwater system pays to the extent to which the user
contributes to the need for the stormwater system, and the charges reflect a substantial relationship to
the cost of the service. The main objective of the Greenville County Stormwater Utility is to reduce the
amount of pollutants that are discharged to the natural waterbodies of the County. Therefore, the County
offers credit on the Stormwater Service Fee to those who implement approved structural and
nonstructural stormwater quality BMPs on site.

3.10  Stormwater Service Fee Credit Policy

3.10.1  Purpose

Greenville County (County) has established a policy and procedure for providing credits (i.e.
reductions) against the Stormwater Service Fee for Classification 2 properties (developed nonresidential
properties) in an effort to provide equity and consistency in the application of the Stormwater Service
Fee to individual properties. It is the County’s intent to encourage sound technical design practices and
the use of applicable BMPs to reduce the impact of development on the drainage system and reduce
water quality impairment on the environment through a simple but effective crediting system. Credits
will be granted for water quantity and/or water quality impact reductions.

3102  Applicability

Any Classification 2 property on which an approved, on-site post-construction stormwater control
facility or an approved water quality facility or BMP was installed may be eligible for a reduction of
the Stormwater Service Fee billed to that specific parcel. The County will evaluate each case
individually in determining the appropriate level of credit. Credit for facilities or BMPs, will remain in
effect as long as:

1. The post-construction stormwater control facility or BMP is contained within a recorded sanitary
sewer easement, drainage easement, or equivalent restrictions to future changes in use. See
Appendix | for exceptions.
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2. The owner has obtained applicable permits and the facility or BMP has been constructed in
compliance with approved plans.

3. The property owner and/or applicant remain(s) responsible for all cost of operation and maintenance
of the facility or BMP.

4. The facility or BMP is maintained in compliance with County standards.

5. The County is permitted access to the facility or BMP for purposes of inspecting the facility’s or
BMPs compliance with design, maintenance and operating standards.

6. There are no significant changes in land use or impervious surface within the watershed that is
serviced by the facility or BMP. If significant land use changes occur, the owner and/or applicant
may be required to re-evaluate the performance of the facility or BMP in order to continue receiving
a reduction in their Stormwater Service Fee.

3.10.3  Credit Schedule

A total maximum of up to a 25% credit against the Stormwater Service Fee may be granted. The
following criteria shall apply:

The credit will be applied by reducing the number of billable equivalent residential units (ERUS).
The property can qualify for both water quantity and water quality credits.

The maximum allowable water quantity credit percentage = 25%.

The maximum allowable water quality credit percentage = 25%.

The adjusted ERU includes the credit for both water quantity and water quality.

The minimum adjusted ERU is one.

o gk~ v E

3.10.4 Inspections

The County may perform periodic evaluations of facilities or BMPs. These evaluations will ensure that
the facilities and BMPs are being maintained and functioning as intended. If a facility or BMP fails an
evaluation a notice of violation will be sent to the property owner stating that improvements and/or
corrections need to be made. If adequate improvements and/or corrections to the facility or BMP in
question are not completed or addressed within the time frame specified in the notice of violation the
credit shall be rescinded. In order to reinstate the credit the owner must reapply using the procedures
required by the County. The owner will not be eligible for reinstatement of credits for a period of one
year.

3.10.5 Facility and BMP Maintenance

The post construction stormwater control facilities and BMPs shall be constructed in compliance with
approved plans, functioning as intended, and properly maintained prior to the submittal of a Credit
Application. The property owner’s engineer shall inspect the facility or BMP using forms provided by
the County. Most nuisance and maintenance deficiencies can be corrected within a short period of time.
A longer period of time for corrections may be granted if any structural and/or construction related
deficiencies are found during inspection. All facility or BMP deficiencies shall be corrected or
addressed prior to the approval of any credit to be applied against the Stormwater Service Fee. An
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annual report and certification of proper operation and maintenance is required to maintain the credit
annually.

3.10.6  Maintenance Agreement

Applicants may request a credit for post construction stormwater control facilities or BMPs located on
upstream and/or downstream properties. To be eligible for a credit, the facility or BMP must be designed
to mitigate the impacts of stormwater runoff from the property in question. Both the applicant and the
facility or BMP owner must agree on the contents of the Credit Application and ensure that the facility
or BMP is maintained in accordance with County guidelines. Requests for credits for stormwater
facilities or BMPs located on adjacent upstream and/or downstream properties must include a
maintenance agreement between the applicant and the facility or BMP owner.

3.10.7 BMP Not Located in a Dedicated Easement

An applicant may request a credit for a post construction stormwater control facility or BMP not located
in a recorded sanitary sewer easement, drainage easement, or equivalent restriction to future changes in
use. Although the County prefers that post construction stormwater control facilities or BMPs be located
in a recorded sanitary sewer easement, drainage easement, or equivalent restrictions to future changes
in use, credit may be allowed in situations where the applicant enters into an agreement with the County
to maintain the facility or BMP as designed in lieu of establishing a recorded sanitary sewer easement,
drainage easement, or equivalent restrictions to future changes in use. Acceptance of this alternative
will be determined at the discretion of the County. The applicant should contact the County for the
viability of using this option prior to requesting the Credit Application.

3.10.8  Stormwater Service Fee Credit Percentage Calculation Procedure

All credits must be rounded to the nearest whole number.

Water Quantity Credit

The maximum allowable water quantity credit percentage = 25%

1. Tree Preservation Credit — up to a 10% credit will be available for property owners that go above
the requirements of the Greenville County Tree Ordinance.

Credit will be considered for the preservation of natural undisturbed areas within a parcel of at
least 1 contiguous acre that are preserved and maintained as a natural and undisturbed area.
Natural undisturbed land areas must meet the standards necessary to qualify for a conservation use
as outlined in the South Carolina guidelines on Nature Conservancy and recorded as such in the
restrictive covenants. The fee credit allowance for such areas will be 1 percent for each acre of
contiguous area up to a maximum of 10 percent.

A credit will also be considered for parcels for which stormwater runoff from impervious surfaces
is effectively treated by a stream buffer. Stream buffers must meet the minimum current standards
stipulated by the Stormwater Design Manual. The fee credit allowance for such areas will be 1
percent for each acre of impervious surface that drains to the stream buffer up to a maximum of 10
percent.
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2. Upgrade of Existing Detention or Retention Facilities Credit — up to a 15% credit will be
available for property owners who re-construct existing detention or retention facilities that
comply with the current stormwater regulations. To be eligible for this credit, the property owner
shall submit a certification from a licensed engineer verifying that the facility meets the
requirements of current County stormwater regulations for both water quantity and water quality.

3. Over Detention/Retention Credit — up to a 25% credit will be available for property owners that
construct detention or retention facilities designed to detain/retain stormwater runoff from the
property in excess of the values required under the current stormwater regulations. To be eligible
for this credit, the property owner shall submit a certification from a licensed engineer verifying
that the facility detains/retains stormwater runoff from the property in excess of the values
required in the current County stormwater regulations

The Over Detention/Retention credit shall be determined using the following formula:

Ci0o + Csp + Cos5 + Cyo + C, = Over Detention/Retention Credit (Not to exceed
25%)

With maximum credit per storm event to total 25% as follows:

Maximum credit for control of 100-year runoff = 1%
Maximum credit for control of 50-year runoff = 2%
Maximum credit for control of 25-year runoff = 11%
Maximum credit for control of 10-year runoff= 6%

Maximum credit for control of 2-year runoff= 5%
Where:
Credit {(QpOSt 100 - Q Weontrol 5100)} x 0.01 x 100
10 (QpOSt 100)
Credit {(Qp%t s0 - Q wicontrol 350)} X002 x 100
50 )
(Qpost ;)
Credit {(QpOSt 25 - Q wicontrol 525)} x 0.11 x 100
8 (Qpost ,5 )
Credit ., =[ (Qpost,,, - Q wicontrol s,,) —1} X 0.06 x 100
(Qpost ,, - Q predevelop ed,, )
Credit , { (Qpost, - Q wicontrol s, ) —1} x 0.05 x 100
(Qpost , - Q predevelop ed,)

Q pre-developed = the peak discharge without development (cfs)
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Q post = the post-developed peak discharge without controls (cfs).

Q wicontrols = the post-development peak discharge from the developed site
with stormwater controls (i.e. detention/retention facility) in
place (cfs).

To be eligible for the over detention/retention credit, the ratio must be greater than one (1.0). Over
detention/ retention credit percentage calculations shall reflect a pre-development land use without
development and/or prior to any land disturbing activities (i.e., clearing, grading, existing
development, addition of impervious surfaces, etc.).

4. Discharge Elimination — up to 25% will be available for property owners that do not discharge
runoff to the county stormwater management system. These areas treat, store, dispose, transpire,
evaporate, infiltrate or otherwise manage all rainfall events up to and including the 100 year
reoccurrence event with no discharge or releases of water or pollutants to the county stormwater
management system. To be eligible for this credit, the property owner shall submit a certification
from a licensed engineer verifying that the facility retains stormwater runoff from the property.

Water Quality Credit

The maximum allowable water quality credit percentage = 25%

1. New Development, New BMP Facilities — Up to a 10% credit will be available for property owners
that install water quality facilities and best management practices (BMPs) on their properties. All
stormwater quality BMP structural controls must be designed in accordance with the Greenville
County Stormwater Manual. All other water quality protection structural control systems will be
considered on a case-by-case basis. Innovative solutions addressing stormwater quality issues are
encouraged by Greenville County.

The water quality facilities and BMPs shall be designed to effectively reduce pollutants associated
with post-construction stormwater runoff. To be eligible for this credit, the property owner shall
submit a certification from a licensed engineer verifying that the flow from the percentage of the
property indicated is routed through the water quality facility or BMP.

A Water Quality Factor is also provided in Appendix I. This Water Quality Factor shall be used
along with the percent impervious drainage area of the property draining to the BMP to determine
the Water Quality Credit for new water quality BMPs as follows:

% New Stormwater Quality Control BMP Credit = Percentage of the impervious area of the
property that is routed through the BMP X Water Quality Factor % (from Appendix I) X
10%

Before the approval of structural stormwater quality facilities or BMPs that are not included in the
County Design Manual or BMP Manual, the County may require valid documentation from full-
scale testing by an independent third party to verify that the pollutants of concern will be properly
controlled.

2. Retrofitting Existing Facilities — The current design and development standards of the County
have established the standards that all new developments must meet. The new standards were
developed and adopted to control and minimize the negative impacts of development on flooding

Greenville County, South Carolina
January 2018 Stormwater Management Design Manual 3-31



and water quality and to put measures into place that protect watershed resources. These new
standards were not retro-active. A number of properties were designed and built prior to the new
standards. In many cases, properties built to the previous standards can be altered or retro-fitted to
meet the new standards. The following conditions and stipulations apply:

a) Developments that intend to retro-fit their stormwater facilities and properties to the new
standards must file the credit application and obtain a development permit from the County
prior to making any changes.

b) Only one credit application per parcel, the credit applies to the property served by the retro-fit
and meeting the news standards. Calculations are to be provided to support the requested
credit amount.

c) A site map prepared and sealed by a licensed SC professional engineer or a licensed SC
surveyor showing property boundaries, easements, topography, drainage features, natural
conservation areas (and acreage), floodplain/floodway locations (and acreage), stream buffers
(with width and length), overland flow and recharge areas (with acreage), and structures is to
be submitted with the service fee credit application.

d) A stormwater design analysis and a hydrologic/hydraulic report with calculations in
accordance with the design manual prepared and sealed by a SC licensed PE is to be
submitted with the service fee credit application.

e) Itisthe responsibility of the property owner to provide all necessary documentation and
certification that the property has been brought up to the current County standards. This will
include as-built plans that are signed and sealed by a license SC professional engineer.

f) The service free credit is for a term of up to 5 years beginning the billing period following
acceptance of the application and as-built plans. An annual report and certification of proper
operation and maintenance is required.

g) Failure to properly maintain stormwater management facilities or property features that are the
basis for the credit will nullify the credit and may disqualify the property from further service
fee consideration.

A stormwater fee credit of 25% for each applicable minimum standard, up to the maximum
allowable, will be considered for property owners that retro-fit or otherwise modify and maintain
their property to meet current minimum stands. Additional credits for qualifying properties may
also be available in conjunction with any other credit defined by the policy up to the maximum
allowable.

3. Offsite Stormwater Quality Control Credit — A Stormwater fee credit, up to 25% of the fee, may
be granted if the property owner demonstrates to the satisfaction of the County (with supporting
data and calculations) that the stormwater treatment facility provided on the property is adequate
(designed in accordance with the Stormwater Desigh Manual) to treat offsite runoff from one or
more developed properties (for which no stormwater controls exist at the time of the application
for credit), in addition to the onsite runoff. No credit will be granted for non-point source pollution
control for offsite undeveloped properties, since the provisions for this control have to be made
onsite on the respective properties. To be eligible for offsite runoff quality control treatment
credit, the offsite drainage area must be contiguous with the onsite drainage area. The credit will
be allowed only if there is no contractual BMP maintenance agreement between the owners of the
upstream offsite development and the credit applicant. A notarized signature statement to this fact
must be submitted with the credit application from a Licensed SC Professional Engineer.

At such time that the offsite runoff is treated prior to draining onsite through BMP structure, or a
maintenance agreement is executed between the appropriate parties, the offsite runoff quality
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control treatment credit may be re-evaluated for reduction or cancellation accordingly, based on
the following formula:

% Offsite Stormwater Quality Control Credit = Offsite Drainage Area / Onsite Drainage Area
X Water Quality Factor % (from Appendix 1) X 25%

Total Credit Percentage and Adjusted ERU Calculations

After the water quantity credit percentage and the water quality credit percentage are determined, the
adjusted Stormwater Service Fee will be calculated as follows:

1. Total Base Credit Percentage = 100% - ((Water Quantity Credit Percentage + Water Quality
Credit Percentage) --> not to exceed 25%)

2. Adjusted Stormwater Service Fee = Total Credit Base Percentage x Number of ERUs for the
Property multiplied by the Stormwater Service Rate for the property

3. The minimum adjusted ERU is one.

3.10.9  Approved Best Management Practices

A listing of the County-approved water quality facilities and BMPs for water quality credits are included
in Appendix G of this Design Manual. These specifications include the design and maintenance
requirements that must be followed, as well as the performance specifications that must be met in order to
receive water quality credits for these water quality facilities and BMPs.

The County may consider other water quality facilities and BMPs for credits based on information
submitted by the property owner. The credit values given by the County for these other water quality
BMPs will be at the County’s discretion.

3.10.10 Disqualifying Provisions

The effectiveness of the various credits may be significantly diminished by certain conditions or
practices. These conditions or practice include but are not limited to the following:

Development and construction in the floodplain
Development and construction on slopes, particularly in excess of 15 percent
Siting on porous or erodible soils

Excessive soil removal and excavation

Severe topography modifications

Channelization

Development in sensitive areas

Clear cutting

9. Excessive grading

10. Windborne dust and soils

11. Transfer of pollutions by vehicles and equipment

cLONoGarwNE

The County reserves the right to deny or reduce the amount of credit on the basis of any of the above
considerations or others that may diminish or mitigate the effectiveness of various stormwater
management measures and that have an unfavorable impact on water quality or the county’s associated
cost of stormwater management services. The County may disqualify egregious conditions that result in
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construction site stop work orders or citations related to excessive windborne dust and soils, transfer of
pollution by vehicles and equipment, erosion control and illicit discharge violations.
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Chapter4.  EASEMENTS
4.1. Purpose

All public storm sewer, storm water conveyance drainage systems and open channels must be constructed
on public right-of-ways, easements, publicly owned or Greenville County owned properties. No approval
will be given for the construction or improvement of any public storm sewer, storm water conveyance
systems or open channels without provision of suitable permanent easement or right-of-way. Restriction
on easements shall include prohibiting all fences and structures that would interfere with access to the
easement areas and/or the maintenance function of the drainage system.

Any increase of runoff volume from or across the easement shall be calculated and reported to Greenville
County. Greenville County, adjacent property owners and any affected utilities shall be in agreement
with any increase in runoff volume from a storm water easement before the easement will be granted.

All storm water systems shall be designed to have no increase in velocity, peak flow, water surface
elevation in relationship to upstream, adjacent, and downstream property in the 100-year storm, unless
an adequate permanent drainage easement is obtained.

4.2. Existing Easements

Each existing easement to be used shall be shown on the plans included in the Storm Water Management
Permit submittal package. The information on the plans shall include the Deed Book and page number
of the recorded instrument. All restrictive clauses as to the use of the easement shall be noted on the plan
adjacent to the specific easement. The restrictions may include but are not limited to:

% Utility (gas, electric, telephone, and water) purposes only,
% Drainage purposes only; and,
% Sanitary sewer purposes only.

Construction of storm water conveyance drainage systems will not be permitted in existing exclusive
gas, electric, water, telephone, or sanitary easements unless a drainage easement is acquired overlapping
the existing easement with approval from Greenville County and the affected utility.

4.3.  Temporary Construction Easements

Temporary construction easements may be required to be adjacent to storm water conveyance drainage
easements when necessary for development operations. Temporary construction easements may be
required for structure removal, access roads, stockpiling, and other common land development activities.
Sufficient area shall be provided for movement of equipment and materials to accomplish the intended
activity within the temporary construction easement.

Temporary construction easements should not be acquired on adjacent private property when the
proposed permanent easement is not located on the adjacent property.
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4.4, Easement Widths

The total easement width, permanent plus any temporary requirements should be sufficient to allow the
contractor to have flexibility in the method of construction. However, easements shall not have excessive
widths requiring needless clearing and cutting of wooded or vegetated areas. The Ordinance requires , as
a minimum, that easements have the following characteristics:

1. Provide adequate access to all portions of the drainage system and structures;

2. Provide sufficient land area for maintenance equipment and personnel to adequately and efficiently
maintain the drainage system and all storm water facilities;

3. Restriction on easements shall include prohibiting all fences and structures which would interfere
with access to the easement areas and/or the maintenance function of the drainage system.

Table 4-1 lists suggested minimum widths of drainage easements and temporary easements using trench
construction for pipes. Open channel easement requirements are enumerated in the paragraph below. In
no case shall these suggested easement width guidelines be a substitute for sound engineering judgment.

Table 4-1. Minimum Pipe Easement Widths

Minimum Easement Width (feet)

Pipe Size (inches) Permanent Temporary
15-30 15 15 on each side
36 - 54 25 on each side

— 30 on each side —

Open channels are defined as either Minor or Major. Minor channels are channels whose flow could be
conveyed by a circular pipe up to 54” in diameter. For minor channels, the easement width is the same as
the easement width for the equivalent pipe size from Table 4-1 above (the easement must contain the width
of the stream from top of bank to top of bank). Major channels carry more flow than a 54” circular pipe can
convey. For major ditches or channels, the easement width shall be equal to the top width of the ditch plus
12.5 feet on each side (total easement width may vary).

4.5. Easement Plat Criteria
451 General

Final plats, summary plats and easement plats shall be used for property having an easement or other
type of applicable acquisition of land. All plats shall have the title block in the lower right hand corner
of the plat describing the type of easement. A land surveyor certification and seal shall be located in the
lower left hand corner of the plat. No other format shall be submitted or accepted. Many times easements
are not granted to Greenville County but are simply a reciprocal agreement between property owners to
convey their drainages or to convey drainages of others across their property.

Permanent easements shall be hatched on all plans for clarity, while temporary easements shall have no
hatching or shading added to identify them.
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452 Plat Information

All easement plats shall include the following information:

e e

e e e e e e

North arrow.
Location map and north arrow with sufficient data to locate the parcel.
Written and graphic scale.

Subject easement labeled and hatched on plat, and subject temporary easement labeled and not
hatched on the plat.

Parcel property line distances and line bearings.
Dimensions to nearest one-hundredth of a foot from easement to property lines.

Easement angles and dimensions to the nearest one-hundredth of a foot.
Easement size and description.
Existing easements and right-of-ways.

Engineer or land surveyor firm name and address.

Parcel number shall be shown in the title block and inside the property boundary.

Property owner’s name, property address and mailing address shall be shown in the title block.
Adjacent property owner’s name, deed book number, and page number.

Land surveyor’s stamp, certification, signature, and date.

Reference tax block and lot number.

Area of easement to be acquired in square feet or acres.

Description of all monuments.

Adjoining road names and right-of-way width.

Statement if bearings and distances as shown on the plat have been adjusted for closure.

Statement that the unadjusted error of closure meets or exceeds the minimum standards.
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Chapter 5. HYDROLOGY

5.1 Introduction

The definition of hydrology is the scientific study of water and its properties, distribution, and effects on
the earth’s surface, in the soil and the atmosphere. Hydrology deals with estimating peak flow rates,
volumes, and time distributions of stormwater runoff. Basic hydrology is fundamental in the design of
stormwater management control facilities. This chapter addresses the movement of water over the land
resulting directly from precipitation in the form of stormwater runoff.

Urbanization and land development changes a watershed’s response to precipitation. The most common
effects are reduced infiltration and decreased travel time, which have the potential to significantly
increase peak discharges and runoff volumes. Total runoff volume is determined by the amount of
precipitation and the receiving watershed’s infiltration characteristics related to soil type, antecedent
moisture conditions, cover type, impervious surfaces, and surface detention and/or retention.

The travel time, or time of concentration, of the watershed is directly related to the slope, flow path
length, depth of flow, and roughness of the flow surfaces due to the type of ground cover. Peak discharge
rates are based on the relationship of these parameters and on the total drainage area of the watershed,
the location of the development, the effect of any flood controls or other manmade storage, and the time
distribution of rainfall during a given storm event.

The primary purpose of this chapter is to define the minimum computational standards and methods
required to comply with the regulatory requirements of the Greenville County Stormwater Management
Permit. Any type of computer software program that utilizes the methods describe in this chapter shall
be deemed as being an acceptable procedure.

5.2 Computational Standard Methods

This section describes the recommended procedures for calculating the runoff generated from a project
site. Correct utilization of these procedures should result in the best available estimation of existing and
projected runoff. Their use will also provide the consistency of results necessary when applied to project
sites throughout Greenville County.

It is assumed that practicing design professionals involved with preparing drainage plans have adequate
knowledge of the recommended procedures. Therefore, there is no attempt in this Design Manual to
provide systematic calculation methodologies.

All hydrologic computational methods shall be accomplished using a volume hydrograph method
acceptable by Greenville County. The storm duration for computational purposes for these methods shall
be the 24-hour rainfall event, using the Soil Conservation Service (SCS) Type Il rainfall distribution or
new NRCS distribution (based on NOAA Atlas-14 data) with a 0.1 hour burst duration time increment.

In general the following guidelines should be followed when selecting hydrologic computation standards:

% If the contributing drainage area is 20 acres or less and if no storage design or runoff volume is
required, the Rational Method or the SCS Method of runoff calculation shall be acceptable.
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% If the contributing drainage area is greater than 20 acres, or if storage or runoff volume design is
required, only the SCS Method or other County accepted runoff volume based calculation procedure
shall be acceptable.

% Drainage channels may be designed by the Rational Method if the drainage area of the channel is 20
acres or less and no storage design is required, otherwise, the channel shall be designed using SCS
runoff calculation methodology.

5.2.1 Rational Method

The Rational Method formula is utilized to determine peak flow rates in urban areas and small watersheds
for the following situations:

% The total drainage area is 20 acres or less.

% No storage or volume design is required.

% Sizing individual gutters, storm drain inlets, storm drain pipes, culverts, and small ditches that do not
have a total contributing drainage area greater than 20 acres.

The Rational Method shall not be used to do the following:

% Detailed storage design.

% Any application where detailed routing procedures are required.

% Calculating peak flows downstream of bridges, culverts, or storm sewers that may act as temporary
storage and require routing calculations.

The Rational Method is recommended for small, highly impervious drainage areas such as parking lots
and roadways draining into inlets and gutters as well as small rural watersheds. The Rational Method
calculates peak discharge only (as opposed to developing a runoff hydrograph for an area). It makes a
basic assumption that the design storm has a constant rainfall intensity for a time period equaling the
project area time of concentration (T¢).

5.2.1.1. Rational Method Equation

The most common form of the Rational Method equation estimates the peak runoff at any location in a
watershed or sub-basin as a function of drainage area, runoff coefficient, and mean rainfall intensity for
a duration equal to the time of concentration, and is expressed as:

Q, =CIA

Where Qp is the peak runoff rate in ft¥sec, C is a dimensionless runoff coefficient, I is the rainfall
intensity in inches/hr, and A is the contributing area in acres.
The assumptions of the Rational Formula are as follows:

% Considers the entire drainage area as one unit.

% The peak flow occurs when the entire watershed is contributing to the runoff.

% The rainfall intensity is uniform over a duration of time equal to or greater than the time of
concentration, T..
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% The frequency of the peak flow is equal to the frequency of the rainfall intensity. For example, the
10-year rainfall intensity I, is assumed to produce the 10-year flood event.

5.21.2. Runoff Coefficient, C

The runoff coefficient, C, is taken to be a function of ground cover only and is considered independent
of the intensity of rainfall. The coefficient C is a volumetric coefficient that relates peak discharge to
the theoretical peak discharge equal to 100 percent runoff. Therefore, C is a function of infiltration and
other hydrologic abstractions. Typical accepted values for C for 5- to 10-year frequency storm events
are given in Tables 5-1 and 5-2 for urban and rural areas, respectively.

If the watershed contains varying amounts of different ground cover, an appropriate weighted C-Factor
must be calculated based upon the percentages of the areas with different C-Factors. The general
calculation to determine the weighted C value is:

CA +CA,+..+C A,

Weighted C =
A

Total
Table 5-1. Recommended Rational Method Runoff Coefficient (C) Values* for Urban Areas

Description of Area Runoff Coefficient

Business
Downtown areas
Neighborhood area
Residential
Single-family areas
Multi-units, detached
Multi-units, attached
Suburban residential
Apartment dwelling areas

Industrial
Light areas
Heavy Areas

Parks, cemeteries, golf courses
Playgrounds
Lawns

Sandy soil, flat, < 2%
Sandy soil, average, 2-7%
Sandy soil, steep, > 7%

Clay sail, flat, < 2%
Clay soil, average, 2-7%
Clay soil, steep, > 7%

Railroad yard areas 0.40
Streets
Asphalt and concrete 0.95
Brick 0.85
Drives, walks, roofs 0.95
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Description of Area Runoff Coefficient

Unimproved areas

Graded with no plant cover
Sandy soil, flat, < 2%
Sandy soil, average, 2-7%

Clay sail, flat, < 2%
Clay soil, average, 2-7%
* These recommended C values are applicable for 5- to 10-year frequency storms. Less

frequent, higher intensity storms require the use of higher coefficients because
infiltration and other losses have a proportionally smaller effect on the runoff.

Table 5-2. Recommended Rational Method Runoff Coefficient (C) Values* for Rural Areas

Runoff Coefficient
Description of Area For Hydrologic Soil Groups

HSGA HSGB HSGC HSGD

Woodland
Flat, 0-5% slope
Rolling, 5-10% slope
Hilly 10-30% slope

Pasture

Flat, 0-5% slope
Rolling, 5-10% slope
Hilly 10-30% slope

Cultivated Bare Soil
Flat, 0-5% slope
Rolling, 5-10% slope
Hilly 10-30% slope

* These recommended C values are applicable for 5- to 10-year frequency storms. Less
frequent, higher intensity storms require the use of higher coefficients because
infiltration and other losses have a proportionally smaller effect on the runoff.

5.2.1.3. Rainfall Intensity, |

The rainfall intensity factor, |, is presented in Appendix A.

5.21.4. Time of Concentration

The time of concentration (T¢) shall be determined by calculating the time for a particle of water to travel
from the hydraulically most remote point of the project area to the point of interest. The time of
concentration shall be calculated using the SCS TR-55 method procedure that is discussed in Section
5.2.3.
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The storm duration for computational purposes for this method shall be equal to the time of concentration
(T¢) of the contributing drainage area, with a minimum time of concentration equal to 0.1 hours (Six
minutes).

5.21.5.  Infrequent Storms
The Ration Method runoff coefficients given in Tables 5-1 and 5-2 are applicable for 5- to 10-year
frequency storm events. Less frequent, higher intensity storms require the use of higher coefficients
because infiltration and other losses have a proportionally smaller effect on the runoff. The adjustment
of the rational method for use with major storms can be made by multiplying the runoff coefficient by a
frequency factor, Cs.

For infrequent storm events, the rational equation is then expressed as:

Q=C,CIA

Where Cs is a frequency factor based on recurrence interval given in Table 5-3.

Table 5-3. Runoff Coefficient Frequency Factors

Recurrence Interval (years Frequency Factor Cs

1.1

1.2
1.25

* The product of Cttimes C shall not exceed 1.0.

5.2.2 Natural Resource Conservation Service (NRCS) Curve Number (CN) Method

The Natural Resource Conservation Service (NRCS) Curve Number (CN) Method, also known as the
Soil Conservation Service (SCS) CN Method requires the following basic data that is similar to the
Rational Method:

% Total drainage area of watershed or sub-basin.
% Runoff factor defined by a Curve Number (CN)
% Time of concentration (T).

% Rainfall data.

The SCS CN Method is more sophisticated than the Rational Method in that it also considers the
following:

% Time of distribution of the rainfall.
% Initial rainfall losses due to interception and depression storage.
% Infiltration rates.
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The SCS CN Method begins with a rainfall amount uniformly imposed on the watershed over a specified
time distribution. Mass rainfall is converted to mass runoff by using a runoff CN that is based on soil
type, plant cover, amount of impervious areas, interception, and surface storage. Runoff is then
transformed into a hydrograph by using unit hydrograph theory and routing procedures that depend on
runoff travel time through segments of the watershed.

The SCS Method shall be used to determine stormwater runoff peak flow rates, runoff volumes, and the
generation of hydrographs for the routing of storm flows in urban areas and project sites where:

The total drainage area is greater than 20 acres, the SCS CN Method must be used.
The total drainage area is less than 20 acres, the SCS CN Method may be used.
Runoff volume is required.

Routing is required.

The design of storage facilities and outlet structure is required.

eeeee

When these project conditions exist, the design professional shall use the SCS Method in model form
(any computer software program that utilizes TR-20, TR-55 or similar NRCS (or SCS) based runoff
computations) or complete the calculations by hand using the various equations and charts listed in this
section of the Design Manual.

5.2.21.  Calculating Runoff Volume

The total runoff volume for a designated watershed or sub-basin for a particular storm event can be
calculated using the SCS CN Method by using the following equation:

_ -1y
CP-1)es

Where Q is the total runoff volume for the specified storm event in inches, P is the rainfall volume for
the specified storm event in inches, k. is a dimensionless coefficient approximated by 0.2, 1, is initial
abstraction, and S is the maximum retention after runoff begins defined by the following equation.

szks[@_loj
CN

Where k; is the retention depth units conversion factor (1.0 for S in inches, and 25.4 for S in mm), and
CN is the SCS CN for the designated watershed.

5.2.2.2. Initial Abstractions

Initial abstractions (l.) are all losses in the watershed before runoff begins. These abstractions include
water retained in surface depressions, water intercepted by vegetation, evaporation and infiltration. I, is
highly variable but generally is correlated with soil and cover parameters. Through the study of many
small agricultural watersheds, I, is approximated by the following empirical equation:

I, =k,S

a a
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5.2.2.3. Curve Number

The major factors that determine the SCS CN are cover type, treatment, hydrologic condition, hydrologic
soil group (HSG) of the watershed soils, and antecedent moisture condition (AMC). Another factor of
consideration is whether impervious areas are directly connected to the system or if the system is
unconnected and flows from impervious areas spread over pervious areas before reaching the outfall
point. The curve number is similar to the Rational Method C Factor in that it is based on the surface
condition of the project site. Values of CN based on land use description can be found in 5-5 for the four
Hydrologic Soil Groups (HSGS).

5.2.2.2.1.  Hydrologic Soil Groups

Infiltration rates of soils vary widely and are affected by subsurface permeability as well as surface intake
rates. Soils can be classified into the following four HSGs base on their minimum infiltration rate:

% HSG A- Soils with a low runoff potential due to high infiltration rates, primarily deep well-drained
sands.

% HSGB- Soils with a moderate runoff potential due to moderate infiltration rates, primarily
moderately deep to deep with coarse to moderately fine textures.

% HSG C- Soils having a moderately high runoff potential due to low infiltration rates, primarily
moderately fine to fine textures.

% HSG D- Soils having a high runoff potential due to very low infiltration rates, predominantly clay
soils or soils with high water tables.

5.2.2.2.2.  Urban Impervious Area Modifications

Several factors, such as the percentage of impervious area and the means of conveying runoff from
impervious areas to the drainage system, should be considered when computing the CN for urban areas.

% Connected Impervious Areas: An impervious area is considered connected if runoff from it flows
directly into the storm drainage system. It is also considered connected if runoff from the area occurs
as concentrated shallow flow that runs over a pervious area and then into a drainage system.

If all of the impervious area is directly connected to the drainage system, but the impervious area
percentages or the pervious land use assumptions in Table 5-4 are not applicable, use Figure 5-1 to
compute a composite CN.

For example, Table 5-4 gives a CN of 70 for a %2-acre lot with HSG B soils, with an assumed impervious
area of 25 percent. If the lot actually has 20 percent impervious area and a pervious area CN of 61, the
composite CN obtained from Figure 5-1 is 68. The decrease in the CN from 70 to 68 reflects the
decrease in the percent impervious area.

% Unconnected Impervious Areas: Runoff from these areas is spread over a pervious area as sheet flow.
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¢ Use Figure 5-1 (Composite CN) if the total unconnected impervious area is less than 30 percent.

The composite CN can be computed by entering the right half of Figure 5-1 with the percentage of total
impervious area and the ratio of total unconnected impervious are to total impervious area. Then move
left to the appropriate pervious CN and read down to find the composite CN.

For example, a ¥2-acre lot with 25 percent total impervious area (75 percent of that is unconnected) and
a pervious CN of 61, the composite CN from Figure 5-1 is 66.

# Use Figure 5-1 (Connected Impervious Area) if the total unconnected impervious area is equal to
or greater than 30 percent, because the absorptive capacity of the reaming pervious area will not
significantly affect runoff.

5.2.2.2.3. Antecedent Moisture Conditions

The index of runoff potential before a storm event is termed the Antecedent Moisture Condition (AMC).
The AMC is an attempt to account for the variation in CN at a particular site for various storm conditions.
The CNs listed in Table 5-4 are for average AMC I, which are used primarily for design applications.
The three AMC classifications are:

% AMC - Little rain or drought conditions preceding rainfall event. The curve numbers for AMC
| can be calculated using the following equation:

4.2-CN ey
10-0.058 -CN , ¢,

CNAMCI =

% AMC II- Standard CNs developed from rainfall and runoff data.

% AMC IlI- Considerable rainfall prior to rain event in question. The curve numbers for AMC III
can be calculated using the following equation:

23- CNAMCII
10 —0.13-CN ,,cs

CN

AMCIII =

Table 5-4. Recommended Runoff Curve Number Values

Source: Soil Conservation Service (1986) Hydrologic Soil Group
Land Use Description: l: CI

Cultivated Land

Without conservation treatment 72 81 88 91

With conservation treatment 62 71 78 81
Pasture or Range Land

Poor condition: < 50% ground cover 68 79 86 89

Good condition: > 75% ground cover 39 61 74 80
Meadow of Continuous Grass Protected from Grazing 30 58 71 8
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Wood or Forest Land

Poor: forest litter, small trees, and brush are regularly cleared 45 66 77 83

Fair: grazed with some forest litter covering the soil 36 60 73 79

Good: no grazing, litter and brush adequately cover the soil 30 55 70 77
Open Spaces (lawns, parks, golf courses, and cemeteries)

Poor: grass cover > 50% 68 79 86 89

Fair: grass cover from 50% to 75% 49 69 79 84

Good: grass cover > 75% 39 61 74 80
Impervious Areas

Paved parking lots, roofs, and driveways 98 98 98 98

Streets and Roads

Paved curb and storm sewers excluding right-of-way 98 98 98 98

Paved open ditches including right-of-way 83 89 92 93

Gravel including right-of-way 76 85 89 91

Dirt including right-of-way 72 82 87 89
Urban Districts

Commercial and business (85% average impervious area) 89 92 94 95

Industrial (72% average impervious area) 81 88 91 93

Residential Districts by Lot Size

1/8 acre or less, townhomes  (65% average impervious area 7 85 90 92

( )
s acre (38% average impervious area) 61 75 83 87
1/3 acre (30% average impervious area) 57 72 81 86
Y2 acre (25% average impervious area) 54 70 80 85
1 acre (20% average impervious area) 51 68 79 84
2 acres (12% average impervious area) 46 65 77 82
Developing Urban Areas, Newly Graded Areas with no Vegetation 77 86 91 94

*  The average percent impervious areas shown were used to develop the composite CNs for the described land use.
The impervious areas are assumed to be directly connected to the drainage system, with the impervious areas
having a CN of 98 and the pervious areas being equivalent to open space in good hydrologic condition. If the
impervious area is not connected, the SCS method has an adjustment to reduce the effect.

5.2.3 Time of Concentration

5.2.3.1. Definition

The time of concentration (T¢) is defined as being the time it takes runoff to travel from the hydraulically
most distant or remote point of a watershed or sub-basin to the point of interest within the watershed or
sub-basin. Therefore, the time of concentration is the time for water to travel through the watershed,
which is not always the maximum distance of flow through the watershed to the outlet point. The time
of concentration is computed by summing all the travel times for consecutive components of the
watershed’s drainage conveyance system. The time of concentration influences the shape and peak of the
runoff hydrograph. Urbanization and land development usually decreases the T, thereby increasing the
peak discharge.

5.2.3.2. Minimum Time of Concentration

The minimum time of concentration (T.) used for the SCS CN Method and TR 55 application is 0.1 hours
(six minutes).
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5.2.3.3.  Factors Affecting the Time of Concentration

One of the most significant effects of urbanization and land development on flow velocity is the reduction
of the natural flow retardance produced by vegetation. Land development typically modifies undeveloped
areas originally having shallow overland flow through vegetation. These modifications include adding
roads, curb and gutters, and storm sewers that transport runoff downstream more rapidly than the existing
pre-development conditions. Therefore, the T, for the entire watershed is generally decreased due to the
effects of urbanization and land development.

5.2.3.4.  Calculating the Time of Concentration

Water will travel through a sub-basin
in one, or a combination of the following forms:

% Overland Sheet Flow
% Shallow Concentrated Flow
% Open Channel Flow

The type of flow that occurs at a particular point in the watershed is a function of land cover, flow
depth, and the conveyance system present.

The total time of concentration is the sum of the various consecutive overland sheet, shallow
concentrated, and open channel flow segments. The actual time of concentration shall be the longest
travel time when all possible flow paths are considered.

T, = Tt,i +Tt,i+l +...+Tt,n

Where T¢ is the time of concentration, and T is the travel time over segment i.

5.2.3.21  Overland Sheet Flow

Overland sheet flow is flow over plane surfaces. It usually occurs in the headwater area of stream
watersheds, and in wooded and vegetated areas. When examining sheet flow, Manning’s Roughness
Coefficient for Sheet Flow is the major resistant factor that includes:

Effects of raindrop impact,

Drag over the plane surface,

Obstacles such as litter, crop ridges, and rocks,

Erosion,

Sediment transport, and

Very shallow sheet flow depths not much greater than 0.1-feet.

eeeeee

Manning’s kinematic solution to compute the travel time for sheet flow is defined by the following
equation:

0.8
T 0.007-(nL)

t 0.5 0.4
PSS
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Where “n” is Manning’s Roughness Coefficient from Table 5-5, L is the flow length in feet (maximum
100 feet unless specific considerations are made), P> is the 2-yr, 24-hr rainfall depth in inches, and S is
the slope of the hydraulic grade line (land slope) in ft/ft.

This simplified form of Manning’s kinematic solution is based on the following assumptions:

The flow is shallow steady uniform flow,

Constant intensity if rainfall excess (runoff),

Maximum flow length of 100-feet,

Rainfall duration of 24-hours; and,

Minor effect of infiltration on the travel time for sheet flow.

eeeee

Table 5-5. Manning’s Roughness Coefficient for Sheet Flow

Smooth Surfaces (concrete, asphalt, gravel, bare soil)
Fallow (no residue)
Cultivated Soils Residue cover < 20%
Residue cover > 20%
Grass Short grass prairie
Dense grasses
Bermuda Grass

Range (natural)

Woods Light underbrush
Medium underbrush
Dense underbrush

5.2.3.2.2  Shallow Concentrated Flow

After a maximum of 300-feet of flow, sheet flow becomes shallow concentrated flow. The average
velocity for this flow can be determined from Figure 5-2, in which the average velocity is a function of
watercourse slope and type of channel. Flow may not always be directly down the watershed slope if
tillage or contours run across the slope.

After the average velocity of the flow is determined from Figure 5-2, the following equation can be
used to estimate the travel time for the shallow concentrated flow segment.

T, = L
3600 -V

Where V is the average velocity (ft/sec) from Figure 5-2.

5.2.3.2.3 Open Channel Flow

Open channel flow occurs when shallow concentrated flows reach visible channels that have obtainable
dimensions, depths and sizes. These channels may include, but are not limited to:
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Diversion,

Swales,

Paved gultters,

Road side ditches,

Intermittent streams,

Perennial blue line streams that appear on USGS quadrangle sheets, and
Storm sewer pipes

eeeeeee

The average flow velocity in the open channels is calculated by using Manning’s equation:

1486
n

V R 2/351/2

Where R is the hydraulic radius (ft) calculated as the cross-sectional area (A) over the wetted perimeter
(P) of the channel. The wetted perimeter is the length of the perimeter of the cross section that is in
contact with water.

Once the average flow velocity is calculated, the travel time for the open channel flow segment is then
calculated in the same manner as the shallow concentrated flow.

5.3 Rainfall

One of the most important steps in hydrologic analysis of a watershed or sub-basin is estimating the
amount of rainfall that will fall on the particular site for a given time period. The amount of rainfall can
be defined by the following characteristics.

% Duration (hours): The length of time over which storm events occur.
% Depth (inches): The total amount of rainfall occurring during the storm duration.
% Intensity (inches per hour): The average rainfall rate.

The frequency of a rainfall event is the recurrence interval of storms having the same duration and
volume. The frequency can be defined either in terms of exceedance probability or return period.

Exceedance probability- The probability that a storm event having the specified duration and volume
will be exceeded in one given period, typically one year.

Return period- The average length of time between storm events that have the same duration and volume.

Therefore, if a storm event with a specified duration and volume has a 10 percent chance of occurring in
any one year, then it has an exceedance probability of 0.1 and a return period of 10-years.

5.31 Rainfall Intensity

The rainfall intensity factor, I, is shown in Appendix A.
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5.3.2 Rainfall Depth

The corresponding 24-hour rainfall depths (inches) for the 1, 2, 5, 10, 25, 50, and 100-year frequency
storm events is provided in Appendix A.

5.4 Graphical Peak Discharge Method
5.4.1 Equation

This section presents the graphical peak discharge method for computing peak discharge rates using the
SCS methodology. The graphical method was developed from the hydrograph analysis using TR-20,
Computer Program for Project Formulation Hydrology (SCS 1983). This same methodology is available
in current computer software programs, therefore TR-20 is not required to calculate the peak discharge.
The peak discharge equation used is:

d, =04,AQF

Where gp, is the peak discharge in cfs, gy is the unit peak discharge in CSM/in given in Figure 5-3,
A is the drainage area in square miles, and E is the pond swamp adjustment factor given in Table 5-6.

The input requirements for the graphical method are as follows:

Time of concentration (T hours)

Drainage area (square miles)

Appropriate rainfall distribution (Type Il for Greenville County)
Storm frequency 24-hour rainfall (inches)

Drainage area applicable curve numbers

eeeee

If pond and swamp areas are spread throughout the watershed and not considered in the time of
concentration (T¢) computations, an adjustment for the pond and swamp factor must be included.

5.4.2 Calculating the Peak Discharge
The following items must be obtained to calculate peak discharges using the SCS methodology:

% P: For a selected rainfall frequency, the 24-hour rainfall (P in inches) should be read from
Appendix A

% Q: Thetotal runoff (Q in inches) for the watershed or sub-basin shall be calculated using the steps
found in Section 5.2.2.1.

% CN: The curve number (CN) for the watershed or sub-basin shall be calculated using the steps found
in Section 5.2.2.2.

% 1. Theinitial abstractions (l,) shall be calculated using the steps found in Section 5.2.2.2.

% 1/P: The initial abstraction to rainfall ratio (1./P) shall be computed.
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%

Tc:  Time of concentration (T¢) shall be calculated using the steps found in Section 5.2.3.

If the 1./P ratio computed is outside the range of Eigure 5-3, then the limiting value shall be used. If the
/P ratio falls between the limiting values of Figure 5-3, linear interpolation shall be used.

The peak discharge per square mile per inch of runoff g, (unit peak discharge csm/in) is obtained from
Figure 5-3 by identifying the point where the 1./P ratio and the T, (hours) intersect.

If applicable, the pond and swamp adjustment factor shall be obtained from Table 5-6.

Table 5-6. Pond and Swamp Adjustment Factor

Watershed Percentage of Pond and Swamp Adjustment Factor F,

The peak discharge may then be calculated using the equation in Section 5.4.1.

5.4.3 Limitations and Assumptions of the Graphical Method

The graphical method has the following assumptions and limitations:

L]

9.5

The graphical method calculates peak discharge rate (cfs) only. If a hydrograph is needed, the tabular
hydrograph method may be used or any approved hydrograph-based computer model may be used.

The watershed or sub-basin is assumed to be hydrologically homogeneous.
The weighted CN calculated for the watershed or sub-basin should be greater than 40.

The watershed or sub-basin is assumed to have only one main stream or, if more than one, the
branches must have similar times of concentration.

The graphical method cannot perform reservoir routing calculations.
The time of concentration used shall range from 0.1 to 10 hours.

Accuracy of the peak discharge calculated will be reduced if values are used outside the range given
in Eigure 5-3. The limiting I./P values shall be used in these circumstances.

Unit Hydrograph Method

In addition to estimating runoff volumes and peak discharge rates, the SCS methodology can be used to
estimate the entire hydrograph for a watershed or sub-basin. SCS has developed a tabular hydrograph
procedure that can be used to generate hydrographs for small drainage areas less than 2,000 acres. The
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tabular hydrograph procedure uses the unit discharge hydrographs that have been generated for a series
of time of concentrations. A unit hydrograph represents the time of flow resulting from one inch of direct
runoff occurring over the watershed in a specified period of time. In addition, SCS has developed
hydrograph procedures to be used to generate composite flood hydrographs. When hydrographs need to
be generated from separate sub-basin areas and then routed and combined at a point downstream, the
design professional is referred to the procedures by the SCS in the 1986 version of TR-55 or other current
computer software that utilize the techniques used in TR-55.

The development of a runoff hydrograph from a watershed is a tedious, laborious process not normally
performed by hand because of the simplicity of current computer model applications. For that reason,
only an overview of the process is outlined in this Design Manual to assist the design professional in
reviewing and understanding the input and output from typical computer hydrograph generation
programs and models.

5.5.1 Basin Lag Time

Characteristics of the dimensionless hydrograph vary with size, shape, and slope of the tributary drainage
area. The most significant characteristics affecting the dimensionless hydrograph shape are the basin lag
and the peak discharge for a given rainfall. Basin lag in this application is defined as being the time from
the center of mass of rainfall excess to hydrograph peak. The following equation is used to determine

basin lag time:
T, =0.6-T,

Where Ty is the basin lag time in hours (T, also specified in hours).

5.5.2 Hydrograph Time to Peak

The time to peak is calculated from the basin lag time by:

T, =(D/2)+T,

Where T, is the time to peak in hours, D is the duration of excess unit rainfall calculated as 0.4T, where
T is given in hours.

5.5.3 Peak Rate Factors

The unit hydrograph equations used in the SCS method for generating hydrographs includes a constant
to account for the general land slope in the drainage basin. The constant is commonly referred to as the
peak rate factor, and can be adjusted to match the characteristics of the basin. A default value of 484 for
the peak rate factor represents rolling hills and a medium level of relief. SCS indicates that for
mountainous terrain the peak rate factor can reach values as high as 600, and as low as 300 for flat and/or
coastal areas.

For general calculations, the SCS unit hydrograph method can be used without modifications assuming
a peak rate factor of 484.

The SCS method can be modified with a peak rate factor of 300 when watersheds are flat and have
significant storage in the overbanks. These watersheds generally have the following characteristics:
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% Mild slopes less than 2 percent.

% Significant surface storage throughout the watershed in the form of standing water during storm
events or inefficient drainage systems.

Unit hydrograph time and discharge ratios are shown in Table 5-7 for peak discharge factors of 484 and
300. The SCS unit hydrograph method develops incremental hydrographs for small durations of the total
design storm. These incremental hydrographs are then combined into a composite hydrograph for the
drainage area.

For ease of spreadsheet development and calculations, the dimensionless unit hydrograph time and
discharge ratios can be approximated by the following equation (Haan 1970):

Where g/qp is the discharge ratio, t/Tp is the Time ratio, and K is a dimensionless parameter based on
watershed characteristics and hydrograph shape.

K has the following approximate values:

% K =3.77 for the dimensionless SCS unit hydrograph.
% K =3.79 for a watershed having a peak rate factor of 484.

% K =1.50 for a watershed having a peak rate factor of 300.

5.54 Peak Discharge and Unit Hydrograph Development

The peak discharge qpis calculated from the following equation:

PRF-A
qp :T—

p

Where PRF is the Peak Rate Factor (typ. 484 or 300), A is the drainage area in Square Miles, and T, is
the Time to Peak in hours.

To develop the actual unit hydrograph from the dimensionless unit hydrograph involves the following
steps:

Estimating rainfall from the 24-hour storm event,

Estimating total rainfall excess by incorporating initial abstraction and curve numbers,
Estimating the unit hydrograph time parameter ratios,

Estimating the unit hydrograph peak flow rate (qp),

eeee
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% Multiplying each time ratio value (t/T¢) by the actual time to peak (Ts), and
% Multiplying each discharge ratio (g/qy) by the peak flow rate (qp).

Table 5-7 Dimensionless Unit Hydrographs

484 300
0.0 0.000 0.000 0.000 0.000
0.1 0.005 0.000 0.122 0.006
0.2 0.046 0.004 0.296 0.019
0.3 0.148 0.015 0.469 0.041
0.4 0.301 0.038 0.622 0.070
0.5 0.481 0.075 0.748 0.105
0.6 0.657 0.125 0.847 0.144
0.7 0.807 0.186 0.918 0.186
0.8 0.916 0.255 0.966 0.231
0.9 0.980 0.330 0.992 0.277
1.0 1.000 0.406 1.000 0.324
1.1 0.982 0.481 0.993 0.370
1.2 0.935 0.552 0.974 0.415
1.3 0.867 0.618 0.945 0.459
1.4 0.786 0.677 0.909 0.501
1.5 0.699 0.730 0.868 0.541
1.6 0.611 0.777 0.823 0.579
1.7 0.526 0.817 0.775 0.615
1.8 0.447 0.851 0.727 0.649
1.9 0.376 0.879 0.678 0.680
2.0 0.312 0.903 0.631 0.710
2.1 0.257 0.923 0.584 0.737
2.2 0.210 0.939 0.539 0.762
2.3 0.170 0.951 0.496 0.785
24 0.137 0.962 0.455 0.806
2.5 0.109 0.970 0.416 0.825
2.6 0.087 0.977 0.380 0.843
2.7 0.069 0.982 0.346 0.859
2.8 0.054 0.986 0.314 0.873
2.9 0.042 0.989 0.285 0.886
3.0 0.033 0.992 0.258 0.898
3.1 0.025 0.994 0.233 0.909
3.2 0.020 0.995 0.211 0.919
3.3 0.015 0.996 0.190 0.928
3.4 0.012 0.997 0.171 0.936
3.5 0.009 0.998 0.153 0.943
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3.6 0.007 0.998 0.138 0.949
3.7 0.005 0.999 0.124 0.955
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Chapter 6. HYDRAULICS
6.1. Open Channel Flow

When dealing with the hydraulics of open channel flow, there are three basic relationships:
1. Continuity Equation

2. Energy Equation
3. Momentum Equation

6.1.1 Continuity Equation

The continuity equation may be written as:

Inflow — Outflow = Change in Storage
Where inflow represents the volume of flow into the system during a time interval and the outflow
represents the volume of flow out of the system during the same time interval. The change in storage
represents the change in volume of water stored in the system.

The continuity equation may also be expressed by:

Inflow Rate —Outflow Rate = Rate of Change in Storage

The flow rate, Q, is generally expressed in cubic feet per second (cfs), and may be written as:

Q=VA

Where:
V = Average flow velocity over a cross section (ft/sec); and,
A = Area of cross section (ft?).

It should be noted that (V) in the flow equation is the average velocity of the flow perpendicular to the
cross section. The actual pattern of flow velocity is complex, and the velocity varies greatly from the
bottom of the channel to the top of the water surface. However, the velocity along the boundary of the
channel bottom is considerably lower than average flow velocity for a particular cross section.

6.1.2 Energy Equation

In basic fluid mechanics, the energy equation is written in the form of Bernoulli’s Equation:

2 2
V. v
L+y1+zl+&:i+y2+zz+&+hL

29 y 29 /4
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Where:

Average flow velocity (ft/sec),
Gravitational constant,

Depth of flow,

Elevation of channel bottom,

Unit weight of water, and

Energy loss between the sections of interest.

S NK<KQ <

L

The energy equation represents an energy balance between two points along a channel. Since the equation
is an energy equation, the terms represent energy per unit width of flowing fluid. Since the units are a
length, the terms are commonly known as “head”. Therefore,

V229 = Velocity head
y+z = Elevation head
oly = Pressure head.

The sum of the velocity head, elevation head, and pressure head represents the total energy, also known
as the energy grade line (EGL). The energy grade must be sloping downward in the direction of the flow
unless external energy (pump) is added to the system.

The sum of the elevation head and pressure head is known as the hydraulic grade line (HGL).

The difference between open channel flow and pipe flow, is that the free water surface of open channel
flow is exposed to the atmosphere and the pressure head is zero. Therefore, for open channel flow the
pressure head is ignored and the HGL represents the water surface.

6.1.2.1.  Critical Depth

Critical depth (yc) occurs when the Froude Number (F) is equal to 1.

F=—" where d :TA

Jod,

The hydraulic depth dh is defined as being the flow area (A) divided by the flow top width (t).

Since the Froude number is independent on slope, critical depth (yc) depends only on discharge for a
given channel. Channel roughness, velocity, discharge, and slope are interrelated. For a given discharge
and roughness, the velocity can be increased and the depth of flow decreased by increasing the channel
slope. When the channel slope is such that the flow depth resulting from uniform flow equals critical
depth, the slope is called the critical slope. For subcritical flow, the slope is less than critical slope, and
for supercritical flow, the channel slope is greater than critical slope. Critical depth, slope, and velocity
for a given channel section change with discharge.

When designing channels for controlling and conveying runoff, it is desirable to design the channel for
subcritical flow.
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6.1.3 Momentum Equation

The momentum principle in open channel flow is defined by the basic relationship of mechanics:

2 F=A(my,)

This relationship states that the sum of forces in the s-direction equals the change in momentum in that
direction. The depth corresponding to the minimum force plus momentum (M) is the critical depth (yc).

6.1.4 Uniform Flow

Open channel flow is classified with respect to changes in flow properties with time and location along
a channel. If the flow characteristics are not changing with time, the flow is steady flow. If the flow
properties are the same at every location along the channel, the flow is uniform. Flow with properties
that change with channel location is classified as being non-uniform flow.

In natural flow conditions, the flow is usually non-steady and non-uniform. However, for channel design,
steady, uniform flow is assumed based on a peak or maximum discharge.

6.1.5 Manning’s Equation

Manning’s equation is used to calculate average flow velocities for open channels where the factor
related to channel roughness increases as the roughness increases.

1.49 _2/3 ~1/2
v-18pg

Where:

Average flow velocity (ft/sec)

Manning roughness coefficient

Hydraulic radius (feet), Calculated to be A/P where:

flow cross sectional area (feet2)

wetted perimeter (feet) (Iength of boundary between water and channel)
Channel slope (ft/ft)

WU ZL

Manning’s Roughness Coefficient (n) is influenced by many factors including:

Physical roughness of the channel surface,
The irregularity of the channel cross section,
Channel alignment and bends,

Vegetation,

Silting and scouring, and

Obstructions within the channel.

eeeeee

Manning’s n is very important and critical in open channel flow computations. Variations in this
variable can significantly affect discharge, depth, and velocity calculations. Sound engineering
judgment must be exercised when selecting appropriate Manning’s n values. Typical values for
Manning’s Roughness Coefficient (n) are located in Table 6-1.
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Table 6-1 Uniform Flow Values for Manning’s Roughness Coefficients

Plastic (PVC and ABS)
Cast iron, coated

Cast iron, uncoated

Clay or concrete drain tile
Concrete

Corrugated metal

Steel, riveted and spiral
Brick

Vitrified sewer pipe
Wrought iron, black
Wrought iron, galvanized

Excavated or Dredged Ditches and Channels

Earth Straight and Uniform
Clean recently completed
Clean after weathering
Gravel, uniform section, clean

Earth Winding and Sluggish
No vegetation
Grass, some weeds
Dense weeds, plants in deep channels
Earth bottom and rubble sides
Stony bottom and weed sides
Cobble bottom and clean sides

Dragline Excavated or Dredged
No vegetation
Light brush on banks

Rock Cuts
Smooth and uniform
Jagged and irregular

Channels Not Maintained, Vegetation and Brush Uncut

Dense vegetation in channel as high as flow depth
Clean bottom, vegetation and brush on sides

Clean bottom, brush and vegetation up to high stage
Clean bottom, dense brush and vegetation on overbanks
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Natural Streams on Plain

Clean straight, full stage, no rifts or pools

Stones, vegetation, straight, full stage

Clean, winding, some pools and shoals

Vegetation, stones, winding, some pools and shoals

Sluggish reaches, vegetation, deep pools

Much vegetation, deep pools, or floodways with timber and underbrush

Natural Mountain Streams with no Vegetation in Channel, Trees and
Brush Along Banks are only Submerged at High Stages

Bottom consists of gravel cobbles and few boulders
Bottom consists of cobbles with large boulders

Floodplains

Pasture, no Brush
Short grass
High grass

Cultivated Areas
No crop
Mature row crop
Mature field crop

Scattered brush, heavy weeds
Light brush and trees in winter
Light brush and trees in summer
Medium to dense brush in winter
Medium to dense brush in summer

Dense willows, summer, straight

Cleared land, tree stumps, no sprouts

Cleared land, tree stumps, with heavy sprouts
Heavy stand of timber, floodstage below branches
Heavy stand of timber, floodstage above branches
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Lined Channels

Asphaltic concrete machine placed
Asphaltic exposed, prefabricated
Concrete

Concrete Rubble

Shotcrete

Grouted Riprap

Stone Masonry

Jute Net

Straw with net

Curled wood mat
Synthetic geotextile mat

Gravel Riprap
1-inch D50
2-inch D50

Rock Riprap
6-inch D50
12-inch D50

Sources: Design Hydrology and Sedimentology for Small Catchments, Hann et. al., 1995 and HEC-15

6.1.6 Trapezoidal Channels

The hydraulic radius (R) is defined as:

R=2
P

Where:
A
P

Cross sectional flow area (ft?)
Wetted perimeter (ft)

The wetted perimeter is defined as being the length of the boundary between water and the channel sides
and bottom at any cross section. The wetted perimeter is the distance around the flow cross section
starting at one edge of the channel and traveling along the sides and bottom to the other channel edge.

The cross sectional area (A) for a trapezoidal channel can be determined from:

A=hd + Zd?

Where:

Cross sectional flow area (ft?)
Bottom width of channel (ft)
Flow depth of channel (ft)
Channel side slopes (ZH:1V)

N2 o>
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The hydraulic radius (R) for a trapezoidal channel can be calculated from:

bd + Zd*

b+2d+/Z%+1

The expression for the hydraulic radius for wide, shallow channels can be simplified for calculations.
Consider a trapezoidal channel that is wide and shallow. The trapezoid can then be approximated by a
rectangle.

R —

A bd
P b+ 2d

If b is much larger than d (b >> d), then the 2d in the denominator can be ignored leaving:

A _bd

P b

6.1.7 Circular Channels (Pipes)
The maximum flow capacity of a circular pipe occurs at a depth equal to 0.938D.

The hydraulic radius of a pipe is defined by the flow depth and an angle (v) that is measured in radians.

6.1.7.1.  Flow Depth 0 <y <D/2

For the flow depth (y) in a pipe and pipe diameter (D) where: 0 <y < D/2

ey

Py
2
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Flow Depth y = D/2
For the flow depth (y) in the pipe and pipe diameter (D) where: y = D/2

O0=r

Flow Depth D/2<y <D
For the flow depth (y) in the pipe and pipe diameter (D) where: D/2 <y <D

=27 + 2tan™

6.1.8 Normal Depth Calculation

Normal depth calculations can be found by using the following methods:

% Trial and Error
% Graphical Procedures
% Computer Models

Trial and Error

A trial and error procedure for solving Manning’s equation can be used to calculate the normal depth of
flow in a uniform channel when the channel shape, slope, roughness and design discharge known.

The flow rate, Q, is generally expressed in cubic feet per second (cfs), and may be written as

Q=VA

Where:
V
A

Average flow velocity over a cross section (ft/sec), calculated using Manning’s equation
Area of cross section (ft?)

Using Manning’s Equation, the continuity equation can be solved as:

1.49 2/3 ~1/2
Q= o AR S

Rearrangement of the continuity equation results in the following ratio:
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23 NQ
A R _149 81/2

To calculate the normal depth of flow (dn) by the trial and error process, trial values of depth (dn) are
selected to calculate a corresponding flow area (A), wetted perimeter (P), and hydraulic radius (R). For
each trial depth selected, a corresponding AR2/3 value is calculated. Trial values of the depth are selected
until the AR2/3 value equals the known ratio calculated by using the known roughness, design discharge,
and channel slope.

Graphical Procedure

Graphical methods for simplifying the trial and error procedure have been created for trapezoidal
channels to calculate the normal depth of flow. This method utilizes a known ratio based on the channel
side slopes, channel bottom width, channel slope, Manning’s roughness coefficient n, and design
discharge.

The design ratio is expressed as:

Qn

d, ratio= —b Tgi?

Peak flow rate (ft*/sec)

n = Manning roughness coefficient
b, = Channel bottom width (ft)
S = Channel slope (ft/ft)

Once the normal depth ratio is calculated, and the side slopes (ZH:1V) are determined, Figure 6-1 may
be used to determine the normal depth of flow.

% Locate the value for the normal depth ratio on the x-axis of Figure 6-1, and extend this value up to
the appropriate side slope curve.

% From this intersection point, extend back to the y-axis to obtain the dy/b ratio.

% Once the dn/b, ratio has been obtained, multiply the dn/b, ratio value by the channel bottom width
(bo) to calculate the normal depth of flow in the channel.

6.1.8.1.  Graphical Procedure Example
Given: A channel is to be designed with the following parameters:

50 cfs
0.045

Peak flow rate Q
Manning’s n
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5ft
3H:1V
0.01 ft/ft

Channel bottom width
Channel side slopes
Channel bed slope

Find: The normal depth (d,) of flow in the channel.

Solution:
1. Calculate the normal depth ratio (dn ratio).

d, ratio =—(580) (0.045)
" 59%(0.01)*?
dn ratio =0.31

2. Locate the value for the normal depth ratio on the x-axis of Figure 6-1, and extend this value up
to the appropriate side slope curve.

% Locate 0.31 on the x-axis and extend this value up to the side slope curve Z=3.
3. From this intersection point read back to y-axis to obtain the dn/bo ratio.

% The ratio intersection reads to be 0.31
4. Multiply the dn/bo ratio by the bottom width (bo) to obtain the normal depth.

% 031*50ft=1.55ft

% The normal depth (d») of the channel is calculated to be 1.55-feet.

6.1.8.2.  Computer Models

There are various computer models available that are capable of calculating the flow depth in a given
channel reach. Many of these models are capable of handling a full network of channels, or just the
computations for a single channel reach. These models are also capable of calculating water surface
elevations for subcritical, supercritical, and mixed flow regimes. The effects of various obstructions such
as bridges, culverts, weirs, and structures in the overbank areas may also be considered in the
calculations. The actual models used for these calculations shall be at the discretion of the design
professional with approval from the Greenville County Stormwater Management Director.

6.2. Outlet Hydraulics

Outlet structures provide the critical function of regulating flow volumes and peak flow rates from
stormwater management control structures. Flow control devices can operate as either open channel flow,
in which the flow has a free water surface, or pipe flow in which the flow is in a closed conduit. In either
situation, an increase in head on a structure increases the discharge flow rate through the structure.

There are numerous different types of outlet structures designed for specific types of flow control:
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% Water quality and channel protection flows are typically controlled with smaller, more protected
outlet structures such as:
+ Perforated plates or risers,
Reverse slope under-surface pipes,
Orifices located within screened pipes or risers,
V-notch weirs, and
Hooded orifices where the hood invert is located beneath the permanent pool elevation to
protect the outlet structure from floatable debris

* 4+ 9

% Larger storm event flows are typically controlled by:
¢ Risers with different sized and shaped openings,
® Flow over the top of risers and/or drop inlet structures,
¢ Flow over broad crested weirs or emergency spillways through embankments.

The basic stage discharge relationship for basin outlet structures is controlled by weir, orifice or pipe
flow.

6.2.1 Weir Flow

6.2.1.1. Broad Crested Weirs

A weir in the form of a relatively long raised channel control crest section is a broad crested weir. The
flow control section can have various shapes including circular, rectangular, and triangular. The general
equation for a broad-crested weir is:

Q-CLH:

Where:
Q = Discharge (cfs),
C = Weir coefficient (weir shape dependent, typically between 3.0 and 3.2 for risers),
L = Weir length (feet), the total length over which flow crosses the weir (circumference of a pipe
for circular drop inlets), and
H = Water head (feet).

6.2.1.2.  V-Notch Weirs

A weir in the form of a V or a pie shaped cut in a vertical wall is classified as a V-notch weir.

Q-25tan(@/2)H

Where:

Discharge (cfs),
Angle of v-notch (degrees),
Water head on apex of notch (feet).

Q
0
H
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6.2.2 Orifice Flow

An orifice is an opening of a designed size or shape. A typical orifice is circular or rectangular in shape.
The flow through an orifice is dependent of the height of water above the opening and the size and the
edge treatment of the orifice.

Q=Cal(2gH)

N |-

Where:

Q = Discharge (cfs)

C’ = Orifice coefficient
C’ = 0.60 for sharp-edged orifices, where the material is thinner than the orifice diameter
C’ = 0.80 where the material is thicker than the orifice diameter
C’ =0.92 where orifice edges are rounded.

A = Cross sectional area of the orifice (ft?)

g = 322 ft/sec?

H = Head on the orifice (feet)

6.2.3 Pipe Flow

The outlet hydraulics for pipe flow can be expressed by the following equation based on Bernoulli’s
Equation and continuity principles:

o alegH)’

1
(1+K. 4K+ K. L)
Where:
Q = Discharge (cfs),
A = Cross sectional area of the pipe (ft?),
g = 322 ft/sec?,
H’> = Head (feet) defined as the distance from the water surface in the basin to a point 0.6 D
above the invert of the outlet barrel.

D = Outlet barrel diameter in feet,
Ke = Pipe entrance loss (typical value of K. =1.0),
Kb = Pipe bend loss if there is a bend (typical value of K, = 0.5),
K¢ = Head loss coefficient due to friction
K. = 5087*n?/D*?

N = Manning’s roughness coefficient of the barrel, and
D = barrel diameter in inches,
L = Total length of the pipe (feet).

6.2.4 Outlet Control Combinations

Any given spillway can have a variety of stage discharge relationships depending on the head. When the
water level is just above a riser crest (a very low head on the riser), the riser crest acts like a weir, and
flow is weir controlled. As the water level in the basin increases, water begins flowing in from all sides
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including directly above the inlet, and the inlet begins to act like an orifice. As the head continues to
increase, the outlet eventually begins to flow full, and pipe flow dictates. To determine which of the three
flow mechanisms is controlling at a particular water level in a stormwater management control structure,
all three equations should be utilized at each level. The minimum flow for a given stage indicates the
actual discharge from the stormwater management control structure and the flow mechanism that is
controlling at that water level. Figure 6-2 shows drop inlet control scenarios.

6.3.  Hydraulics of Culverts

Culverts are conduits that are commonly used to pass drainage water through embankments.

% The 25-year 24-hour storm event shall be used in the design of all cross-drain culverts conveying
offsite stormwater runoff around or through the site with a drainage easement.

% The 10-year, 24-hour storm event shall be used in the design of all interior culverts. Additionally, for
all interior culverts, the designer must demonstrate how runoff will be conveyed to the stormwater
feature without impacting existing or proposed structures.

% The 100-year 24-hour storm event shall be used to check all systems for overtopping, flooding and
surcharge.

6.3.1 Culvert Classes

Chow (1959) divided culvert flow into six different categories. Chow indicated that the entrance of an
ordinary culvert will not be submerged if the outlet is not submerged unless the head water is greater
than some critical value H*. The value of H* may vary from 1.2 to 1.5 time the culvert height as a result
of entrance geometry barrel characteristics and approach conditions.

6.3.1.1.  Type 1-Outlet Submerged.

The pipe will flow full and the discharge can be calculated from the pipe flow equation in Section
6.2.3.

6.3.1.2.  Type 2-Outlet Not Submerged, H > H* Pipe flowing full.

This condition corresponds to a hydraulically long condition. The tailwater depth should be less than the
height of the culvert. Discharge can again be calculated by using the pipe flow equation in Section 6.2.3.

6.3.1.3.  Type 3-Outlet Not Submerged, H > H*, Pipe not flowing full.

This condition corresponds to the hydraulically short condition. The tailwater depth should be less than
the height of the culvert. Discharge is inlet controlled and can be determined form plots and nomographs.

6.3.1.4.  Types 4-6 Outlet Not Submerged, H < H*.

Under these conditions the pipe flows as an open channel. The discharge for a given head depends on the
culvert slope entrance geometry culvert roughness and culvert size. A flow profile through the culvert
must be developed to accurately predict the discharge. The exact shape of the profile will depend on the
depth of the flow at the outlet. The factors that influence energy and hydraulic grade lines are used to
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determine the type of control for the discharge. The flows through the culvert are full flow partially full
flow and free surface flow.

6.3.2 Inlet Control

Inlet control occurs when the section that controls flow is located at or near the entrance of the culvert.
Discharge is dependent only on the geometry of the inlet and the headwater depth for any particular
culvert size and shape. The inlet will continue to control as long as water flowing through the culvert
does not impede flow. If inlet control dictates downstream hydraulic factors such as slope culvert length
and culvert roughness do not influence the flow capacity. If a culvert is operating under inlet control it
will not flow full throughout the entire length of the culvert.

AT — ,

e — ~

Inlet Submerged T

6.3.3 Outlet Control

Outlet Control takes place when the control originates at or near the culvert outlet point. Outlet control
discharge is dependent on all of the hydraulic factors upstream of the outlet and the tailwater depth.
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6.3.4 Critical == [ ] Depth in
Culverts Full Flow T

Free Surface Flow LR
When the sum of kinetic energy plus the potential energy for a specified discharge is at a minimum the
maximum discharge through the culvert occurs with any specified total energy head. For a given flow
rate critical flow occurs. During critical flow the depth of flow and slope associated with critical flow
define the critical depth and critical slope. If a culvert has an unsubmerged outlet the maximum capacity
of the culvert is established when critical flow occurs.

6.3.5 Culvert Selection and Design

Culvert selection techniques can range from solving empirical formulas, to using nomographs and charts,
to comprehensive mathematical analysis for specific hydraulic conditions. The many hydraulic factors
involved make precise evaluation time consuming and difficult without the help of computer programs
and models. The actual models used for these calculations shall be at the discretion of the design
professional with approval from the Greenville County Stormwater Plan Review Agency. Applicable
computer models include, but are not limited to:

% HYS8

% SEDCAD4

% Pond Pack

% HEC-RAS

% Culvert Master

The simple empirical and nomograph methods do not account for all of the factors that impact flow
through culverts, but they can be easily used to estimate flow capacities for the conditions they represent.

6.3.6 Culvert Nomograph Procedure

The basic procedure for culvert design using nomographs based on a given flow rate involves selecting
a trial culvert size and shape, determining if the culvert flow is classified as being inlet control or outlet
control, and then finding the headwater (HW) required for controlling the condition. If the calculated
headwater is unacceptable, another trial culvert size or shape may be selected and the process is repeated.
The maximum headwater depth under inlet and outlet conditions shall be calculated for each trial culvert
size and shape, and the larger of the two represent the controlling condition.
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The nomographs referenced in this Design Manual are from the Federal Highway Administration
(FHWA) Hydraulic Design Series Number 5 (HDS 5). Similar nomographs from other sources may be
used if they are used in a similar manner as the techniques described for the FHWA nomographs.

6.3.6.1 Design Inputs

Culvert nomograph design procedure inputs include:

Design discharge for design storm Q (cfs)

Length of culvert L (ft)

Slope of culvert S (ft/ft)

Allowable headwater depth (HW.a) (= vertical distance from the culvert inlet invert to the
maximum water elevation permissible on the upstream side of the culvert)

o Flow velocities or tailwater depth (TW)

e Culvert Shape:
% Circular
% Box, Rectangular
% Elliptical
% Pipe/Arch
% Arch

e Culvert Material:
% Corrugated Metal (CM)
% Reinforced concrete (RC)

e Culvert entrance type

) Headwall
Wingwalls
Projecting from fill
Square edge
Groove end
Chamfered Edge
Beveled Edge
Skewed

eeeeeeee

e Select a trial culvert size:

% Suggest trial size to be a culvert with a diameter (circular) or height (rectangular) equal to
1/2 HWa

6.3.6.2 Inlet Control

Given: Flow (Q), diameter (D) or culvert shape dimensions, entrance type, culvert material, and trial size,
select the appropriate control nomograph from Appendix B.

On the appropriate nomograph, connect D or the culvert shape dimensions and Q with a straight line and
continue that line to the first HW/D scale, indicated as (1).
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Find HW/D scale that represents entrance.

% If required, extend the point of intersect at scale (1) to scales (2) and (3) with a horizontal line (do not
follow the slope of the line connecting D and Q).

Multiply HW/D value read from the nomograph by D to find HW_aic.
If HWcac < HW allowable, the trial culvert size is OK.

If HW.aic > HW allowable, select another trial size and repeat the process.

6.3.6.3 Outlet Control

Given: Flow (Q), culvert diameter or depth (D) or culvert shape dimensions, entrance type, estimated
tailwater depth (TW) above outlet invert, and trial culvert size, select control nomograph.

Select entrance coefficient K. from Table 6-2.

Connect K. point on length scale to trial culvert size or shape using a straight line.
% Mark the point where the line crosses the “turning line.”

Form a straight line with point on the “turning line” and Q.

Project line to the head scale and read H from the nomograph.

If TW < top of culvert outlet (D),
h - d.+D
0
2
Where d. = critical depth read from nomographs in Appendix B, and D = depth of culvert

% h,=TW,or
% Use the greatest h, value calculated.

If TW ( top of culvert outlet,
% h=TW
Find HW using,
HW =H +h,-S L
% His read from applicable nomograph
% h,dependent on TW

% S, = culvert slope (ft/ft)
% L =culvert length (ft)
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6.3.6.4 Compare Inlet and Outlet Control Headwaters
1. Compare the two headwaters determined for inlet control and outlet control.
2. The higher headwater of the two controls is the flow control existing under the design conditions
for the trial culvert size and shape.
6.3.6.5 Outflow Velocity
1. If outlet control exists with tailwater, and the pipe is flowing full,
% Outflow velocity = Q/A
2. If outlet control exists and the pipe is not flowing full

% Flow area (A) is based on average flow depth (davg)
% Average flow depth (davg) calculated by

d.+D
avg = 2

dc = critical depth (ft) read from nomographs in Appendix B
D = culvert diameter or depth (ft)

d

3. If inlet controls exists,

% Outflow velocity is approximated assuming open channel flow.
% Velocity calculated using Manning’s open channel flow equation.

Table 6-2 Culvert Entrance Loss Coefficients H. = Ke [V2/2g]

Type of Structure and Design of Entrance Coefficient K.

Pipe, Concrete

Projecting from fill, socket end (groove-end)

Projecting from fill, sq. cut end

Headwall or headwall and wingwalls
Socket end of pipe (groove end)
Square-edge
Rounded (radius = D/12)

Mitered to conform to fill slope
*End-Section conforming to fill slope
Beveled edges, 33.7°or 45°bevels
Side or slope tapered inlet

Pipe, or Pipe-Arch. Corrugated Metal

Projecting from fill (no headwall)
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Type of Structure and Design of Entrance Coefficient Ke

Headwall or headwall and wingwalls square-edge
Mitered to conform to fill slope, paved or unpaved slope
*End-Section conforming to fill slope

Beveled edges, 33.7°0r 45° bevels

Side or slope tapered inlet

Box, Reinforced Concrete

Headwall parallel to embankment (no wingwalls)
Square-edged on 3 edges

Rounded on 3 edges to radius of D/12 or B/12
or beveled edges on 3 sides

Wingwalls at 30°to 75°to barrel
Square-edged at crown
Crown edge rounded to radius of D/12 or beveled top edge

Wingwall at 10°to 25° to barrel
Square-edged at crown

Wingwalls parallel (extension of sides)
Square-edged at crown
Side or slope tapered inlet

Note: “End Sections conforming to fill slope,” made of either metal or concrete, are the sections
commonly available from manufacturers. From limited hydraulic tests they are equivalent in
operation to a headwall in both inlet and outlet control. Some end sections, incorporating a closed
taper in their design have a superior hydraulic performance. These latter sections can be designed
using the information given for the beveled inlet.

6.3.7 Culvert Nomograph Example Problem

Given: Design flow (Q) = 200 cfs
Culvert length (L) = 180ft
Culvert Slope (So) = 0.02 ft/ft
Allowable head (HWal) = 10ft
Tailwater depth (TW) =4t
Culvert material = RCP
Entrance type = Projecting

Find: Diameter for a circular culvert.
Solution:
Trial Size:

D = HW, /2 = 10/2 = 5ft
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Inlet Control
1. Select control nomograph for circular concrete pipes with projecting entrance.

2. On the nomograph, connect D = 5-ft. (60-inches) and Q = 200 with a straight line and continue the
line to the first HW/D scale, indicated as (1).

3. Find HW/D scale that represents a projecting entrance.

#* Extend the point of intersect at scale (1) to scale (3) with a horizontal line.
+ HW/D =137

4. Multiply HW/D value read from the nomograph by D to find HW a,
¢ HW/D *D =1.37 *5 = 6.85-feet.
5. HWo.ac < HW allowable, therefore the trial culvert size is OK.
6.85 ft < 10 ft
Outlet Control

Given: Flow (Q) = 200, culvert diameter (D) = 5 ft, groove end projecting, and tailwater depth (TW) =
4 select outlet control nomograph for circular concrete pipes with projecting entrance.

Entrance coefficient from Table 6-2 for projecting from fill, socket end (groove-end) gives:
Ke=0.2.

Connect K¢ = 0.2 length scale L =180-feet, to trial culvert size D = 60-inches using a straight line and
mark the point where the line crosses the “turning line.”

Form a straight line with point on the “turning line” and Q.
Project line to the head scale and read H = 2.80.

TW (4 ft) < top of culvert outlet (5 ft)

* h, = 4 ft, or

_d.+D
° 2

h

Where critical depth read from Appendix B is d. = 4.10 ft

D = depth of culvert = 5-feet
ho = (4.1 + 5) /2 = 4.55-feet

#+ Use the greatest ho value calculated
ho = 4.55 ft

If TW ( top of culvert outlet, ho = TW

Find HW using
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HW =H +h, —S,L

H = 2.80 ft read from graph
ho = 4.55 ft

So = 0.02 (ft/ft)

L = 180-feet.

* 4+ 9

HW = 2.8+4.55 — 0.02(180) = 3.75-feet
Compare Inlet Control and Outlet Control Headwaters

Compare the two headwaters determined for inlet control and outlet control.
Inlet Control HW = 6.85-feet.
Outlet Control HW = 3.75-feet.

The higher headwater of the two controls is the flow control existing under the design conditions for the
trial culvert size.

Therefore, Inlet Control prevails and the maximum headwater located upstream of the culvert shall =
6.85-feet.

6.4.  Stage Discharge Equations for Rock Structures

Rock structures are commonly used as the outlet control structure of smaller sediment basins and
sediment traps and in rock ditch checks. The flow through these structures is controlled by the following

factors (see Figure 6-3):

Static head drop as flow moves through the rock fill (dh),

Upstream water depth (h1),

Downstream water depth (hy),

Flow length through the rock fill (dl) ,

Average stone diameter of the rock fill (d),

Porosity of the rock fill (§) (0.46 for graded rock fills constructed by dumping), and

Reynolds Number (Re¢) and friction factor (fae), Which are dictated by flow length through the rock
fill, rock size, and porosity of the rock fill.

eeeecee

In the original equations proposed by Herrera (1989), porosity was included as a parameter. However,
Herrera and Felton (1991) deleted porosity from the equations because it was found to have a constant
value of approximately 0.46 in all of their laboratory tests. The Herrera and Felton equations require a
trial and error computation process that requires six steps for each stage.

6.4.1 Calculating the Stage-Discharge Relationship for Rock Fill Structures

The Herrera and Felton equations incorporate detailed computations requiring computers and
spreadsheets that are capable of trial and error programming. However, when quick estimates are needed,
graphical procedures are helpful. A graphical procedure for predicting the average gradient through rock
fills (dh /dl) can be used to develop head loss as a power function of flow, which eliminates any trial and
error procedures. The governing equation is:
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dh b
dl
dh = Static head drop of water in meters (difference between upstream and downstream water
surface elevations)
dl = Average flow path length through the rock in meters,
a = Dimensionless coefficient based on flow path length shown in Figure 6-3,
b = Dimensionless exponent based on average rock diameter (m) shown in [EIqure 6-3; and,
q = Flow per unit width of rock fill in cubic meters per second per meter (cms/m).

**All units must be converted to metric to use the graphical method.

The equation can be rearranged so there is only one unknown, q (csm/m).
1
dh (b

a(dl)

6.4.2 Flow Through a Rock Fill Dam Example

Given: Arock fill dam is to be used as the principle spillway for a sediment trap. The average width of
the dam is 10-feet (3 meters). The dam is 5-feet high with rock side slopes of 1:1. The flow
length at the top of the dam is 3.3-feet, while the flow length at the bottom of the dam is 9.9-
feet. The average stone diameter is 6-inches.

Find: Stage discharge relationship for the rock dam. Assume that the downstream depth is negligible

so dh = upstream stage (Eiqure 6-3).

Solution:

Determine the number of desired stage elevations for computations.

% For this example calculations will be made every 1-foot.

Set up a table for each stage. (as shown below)

% Convert all units to metric before reading values from the graphs in Fiqure 6-4.

Calculate the discharge rate at each stage.

% Atastage =1 foot
dh 0.31 meters
dl 3.0 meters
stone diameter of 6-inches = 0.15 meters

a = 180 (from[Eigure6-4)
b = 0.6657 (from Figure 6-4)
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1 1.0
q= dh e} 031 0% 40137 cms/m
a (dI) 1.80*(3.0)

% Convert cms/m to cms by multiplying by the average flow width at the stage
(0.0137 cms/m) * (3 m) = 0.041 cms

% Convert cms to cfs
(0.041 cms) * (35.315 cfs/cms) = 1.447 cfs

dh
Stage (Il Length
(m)

6.4.3 Flow Through a Rock Ditch Check Example

Given: A Rock Ditch Check with the following characteristics:

Dimension Standard Units Metric Conversion

Bottom Width 3-feet 0.91 meters

Side Slopes 31 31

Depth 2-feet 0.61 meters

Top Width 15-feet 4.57 meters

Top Flow Length 3-feet 0.91 meters

Bottom Flow Length 7-feet 2.13 meters

Rock Fill Diameter 6-inches 0.15 meters

Find: Stage discharge relationship for Rock Ditch Check.
Solution:
1. To properly apply the rock fill flow equation all values must be converted to metric units.

2. Determine the number of desired stage elevations for computations.
% For this example calculations will be made every 0.5-feet.

Based on the rock size and the flow lengths, an appropriate value for the exponent b must be selected from
Table 6-3.

¢ Linear interpolation can be used to find b when the rock diameter = 0.15 m.
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b = 0.6651 + [(.15 - .10) / (.20-.10)] * (0.6662 — 0.6651)
b =0.6657

Based on a rock size of 0.15 meters and the flow lengths at different stages, the appropriate values for the
coefficient a can be selected from Table 6-3 by using linear interpolation.

Stage (m) Flow Length (m) Coefficient a

Table 6-3. Values for Rock Check Flow Coefficient and Exponent
Coefficient a
Stone Diameter(m) Exponent b dl=1m dl =2m dl=3m

0.6371

Source: Design Hydrology and Sedimentology for Small Catchments, Hann et. al., 1995

1. Determine the total flows for each staging using the values determined above. The total flow is
computed by multiplying the unit flow by the flow width.

1 1.0

b 0.6657

q= ﬂ = & noT =0.0778 cms/m
a (dl) 3.67*(0.91)

At the stage of 2-feet (0.61 meters) the flow is calculated to be:
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#+ Convert cms/m to cms by multiplying by the average flow width at the stage

Total Flow
cfs
0.0

(0.0778cms/m) * (4.57 m) = 0.355 cms
¢ Convert cms to cfs
(0.355 cms) * (35.315 cfs/cms) = 12.5 cfs

6.5 Storm Drainage Design Requirements

This section provides the design requirements for various stormwater drainage system components
including:

% Design storms,

% Design velocities; and,
% Design pipe sizes.

6.5.1 Storm Drainage Systems

Storm drainage systems shall include all storm drainage structures and pipes that do not convey runoff
under public roadways. These systems are commonly referred to as lateral closed systems.

6.5.1.1 Design Storm Requirements
These storm drainage systems shall be designed based upon the following criteria:

% 10- to 25- year 24-hour design storm event capacity for pipe design.

% 10- to 25- year 24-hour design storm event capacity for inlet structure design.

% 25- year 24-hour design storm event capacity for drainage channels.

% 50-year 24-hour design storm event capacity for sump inlets, unless overflow facilities are designed.

% 100-year 24-hour storm event shall be used to check all drainage designs for local flooding, and
possible flood hazards to adjacent structures and/or property.

% The rational method and SCS method for peak runoff flow rates are acceptable under the conditions

outlined in Sections 5.2.1 and 5.2.2.
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6.5.1.2 Manning’s Equation to Determine Flow Capacity
When a storm drainage system has less than 20 connections, Manning’s Equation shall be acceptable for

sizing the capacity of drain pipes for non-submerged conditions where the free water surface elevation
is below the crown of the pipes.

6.5.1.3 Hydraulic Grade Line
6.5.1.3.1  Requirements

All head losses in a storm drainage system shall be considered when computing the hydraulic grade line
to determine water surface elevations under design conditions.

Any system that contains 20 or more pipe connections shall have the hydraulic grade line computed,
along with all head losses through the entire system.

If the outlet is submerged in a backwater condition, a more sophisticated design methodology than
Manning’s Equation shall be required. Individual head losses in the pipe systems shall be calculated.
These head losses are added to a known downstream water surface elevation to give a design water
surface elevation for a given flow at a desired upstream location. Various accepted computer models are
available for analysis of storm drain systems under backwater and/or pipe flow surcharge conditions.

6.5.1.3.2 Head Loss

Total head losses in a pipe system shall be determined as follows:

H.-=H: +Hw +H, *H,

Where:

Hr = Total head loss (ft.)

Hs = Friction head loss (ft.)
Hwmn = Manhole head loss (ft.)
Hy = Velocity head loss (ft.)
H, = Junction head loss (ft.)

Frictional losses may be computed from Manning’s Equation expressed as:

(nv )
H. =L 7
2.221 R3

Where:

Hs = Friction head loss (ft.)

L = Length of pipe section (ft.)

n = Manning roughness coefficient
V = Average flow velocity (ft/sec)

R = Hydraulic radius (ft.), Calculated to be A/P where:
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A = flow cross sectional area (ft.%)
P = wetted perimeter (ft.) (length of boundary between water and channel)

The remaining components of the total head loss (Ht) may be computed using standard equations, charts,
tables or may be estimated by using graphical procedures.

6.5.1.4 Pipe Size
The minimum pipe size to be used in storm drainage systems is 15-inches in diameter
6.5.1.5 Flow Velocity and Pipe Slope

% The minimum design velocity for pipe flow shall be 2.0-feet/sec at the design flow or 2.5-feet/sec at full
flow, whichever requires the greater slope.

% The maximum design velocity shall be 20-feet/sec.
% The minimum slope of storm drain systems shall be 0.5 percent.

% Storm drainage systems shall be designed to convey stormwater runoff by gravity flow unless otherwise
approved.

For very flat flow lines, flow velocities shall increase progressively throughout the system. Upper reaches of
the pipe system may have flatter slopes than the lower end of the system. Progressively increasing slopes
keep solids moving toward the outlet and inhibit the settling of particles.

The minimum required slope shall be calculated by a modified form of Manning’s Equation.

(v )°

4
3

S -

Where:

2.208 R

Minimum slope of the hydraulic grade line (ft/ft)
Manning’s roughness coefficient

Average flow velocity (ft/sec)

= Hydraulic radius (ft.), Calculated to be A/P where:
= flow cross sectional area (ft.%)

= wetted perimeter (ft.) (length of boundary between water and channel)

>0 < S W!m

6.5.1.6 Fill Requirements

The minimum fill cover on all pipes shall be 1 foot. The maximum cover shall be based on the design
loads which are calculated from pipe shape, pipe size, pipe material and location.
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6.5.1

g Catch Basin and Inlet Design

The design methodology utilized to compute the capacity of storm drain inlets and grates shall apply the
weir, orifice and pipe flow characteristics as outlined in Section 6.2. The following design requirements
shall be followed:

L
L

Inlets shall be designed to convey the 10-year, 24-hour storm event.

The maximum depth in which the water may pond above or around an inlet must not threaten
surrounding permanent structures or public facilities including vehicular or pedestrian traffic.

Inlets placed in sump conditions shall have emergency overflow points designed.

Inlets placed in roadway gutter lines must be spaced to prevent flow from entering public road
intersections.

¢ Maximum spread of 6-feet in the travel lane.

¢ Valley gutter shall have a maximum allowable spread of 7-feet.

#+ Standard 2-feet 6-inch curb and gutter is allowed a total maximum spread of 8-feet from the
face of the curb.

In depth design procedures for inlet design may be referenced in the American Association of State
Highway and Transportation Officials (AASHTO) Model Drainage Manual, 1991.

6.5.2 Roadway Culvert Design

Roadway culvert design shall include all cross drainage facilities that transport stormwater runoff under
roadways. These systems shall be designed based upon SCDOT requirements where applicable. For non-
SCDOT roads, the following criteria shall be followed:

L]

%

L]

6.6

All cross-drain culverts shall be designed to pass the 25—year 24-hour design storm event without
overtopping the road.

All interior culverts shall be designed to pass the 10—year 24-hour design storm event without
overtopping the road.

Additional hydraulic capacity shall be required as necessary to prevent backwater effects that may
adversely impact upstream property or structures.

Refer to Section 6.3 for further details on culvert design.

Open Channel Design

6.6.1 General Requirements

Open channels shall include all permanent storm drainage channels including swales and diversions.
These storm drainage systems shall be designed based upon the following criteria:

%

Channels shall be designed to carry the 25-year 24-hour design storm event.
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% Major channels may be designed for greater storm frequencies if directed by Greenville County.

% The minimum channel slope shall be 0.5 percent, unless supporting calculations show that there will
be no pools or standing water areas formed in the channels at smaller slopes.

% Except for roadside ditches, the side slopes of grassed lined channels without Erosion Control
Blankets or Turf Reinforcement Matting shall be no steeper than 3H to 1V.

% Manning’s Equation (as described in Section 6.1.5) may be used to design open channels and swales
where backwater effects created from obstructions and/or tailwater is not present.

% Channels may be designed with multiple stage levels with a low flow section to carry the 2-year
storm event and a high flow section to carry storms of larger frequencies.

% Maximum flow velocities shall be determined based on the channel bottom material and bank slope
material. Table 6-5 contains an expanded list of permissible velocities for various different types of
channel vegetation and slopes.

6.6.2 Vegetated Channel Design
6.6.2.1 Background

The allowable velocities and tractive forces for non-vegetated (erodible) channels are relatively small
and the design requires wide, shallow channels to carry the design flow rates. VVegetation protects the
channel material from the erosive action of design flows and binds the channel material together.
Vegetated channels can be used to carry stormwater runoff but are generally not recommended to carry
sustained base flows because most vegetation cannot survive continual submergence or saturation of the
root zone.

The design of vegetated channels is more complex than a basic earth lined, or structurally lined channel.
The additional design consideration for vegetated channels involves a variation in roughness (Manning’s
n) with the height and type of vegetation. Generally, a tall grass provides much resistance when flow in
the channel is shallow. As the flow depth increases, the resistance of some vegetation may decrease. In
many cases, the vegetation will lay over in the direction of the flow when the flow reaches a sufficient
depth. When vegetation lies over, the resistance produced by the vegetation is considerably less than it
is during shallow flow conditions.

The design of vegetated channels shall be performed for the following two design conditions:

Stability/Permissible Velocity: This design process involves evaluating how the channel will respond
under low vegetation retardance conditions. This condition is defined when vegetation is cut low or
lies down, producing a lower Manning’s n value, lower flow depths, and higher flow velocities. The
limiting factor for stability design is the permissible velocity of the flow in the vegetated channel.

Capacity: This design process involves evaluating how the channel will respond under high vegetation
retardance conditions. This condition is defined when vegetation is not maintained or is very long
and rigid, producing a higher Manning’s n value, higher flow depths, and lower flow velocities. The
limiting factor for capacity design is the cross sectional area of the vegetated channel.
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The design of vegetated channels may be done using the techniques discussed in this section, or by using
computer software that is capable of designing for stability and capacity.

6.6.2.2 Vegetation Retardance Classes

Vegetation used for channel design has been divided into five retardance classes designated as being A,
B, C, D, and E. Tables 6-6 and 6-7 lists each vegetation retardance class with corresponding species and
stand heights. If a particular vegetation type is not listed in Table 6-4, similar vegetation shall be used in
determining the retardance class. If the vegetation will be mowed part of the time and long at others, both
conditions and retardance classes must be considered.

6.6.2.3 Manning'’s n Relation to Vegetation

Manning’s n value can be related to the product of the flow velocity and the hydraulic radius of the
channel, vR. Different types of vegetation have different Manning’s n to VR relationships. These
relationships are shown in[Eigure 6-5. This relationship can be expressed using the following equation:

n =exp [10.01319 In(VRY —0.09543 In(VR)+0.2971)4.16]

Where:

n = Manning’s roughness coefficient.

| = Coefficient based on Retardance Class as shown in Table 6-4.
VR = Calculated value of VR.

v = velocity (ft./sec)

R = hydraulic radius (ft.)

Table 6-4. Retardance Class Coefficient |

Retardance Class Coefficient |

Source: Design Hydrology and Sedimentology for Small Catchments, Hann et. al., 1995
6.6.2.4 Stability/Permissible Velocity Design
The following design parameters are required when designing a vegetated channel based on stability:
% Calculate the required discharge (Q) for the design storm using the procedures in Section 5.2.
% Determine the channel bottom slope (S).
% Select channel cross section dimensions including bottom width, depth, side slopes, and top width.

% Select the type of vegetation to be placed in the channel.
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% Determine the retardance class of the vegetation.

#* When designing based on stability, the lowest applicable retardance class should be used.
¢ Retardance class D is recommended for maintained permanent vegetation.
® Retardance class E is recommended for temporary vegetation.

% Determine the permissible velocity (Vp) based on soil type, vegetation and slope from Table 6-5.

Once the design parameters have been determined, design the vegetated channel by using the following
steps.

1) Assume a trial depth (dy).
2) Knowing the channel dimensions, calculate the corresponding trial hydraulic radius (Rtrial) for this
assumed depth using:

2
R - bd, + Zd,

trial

b+2d/Z%+1

Where:

Riwia = Hydraulic radius (ft.)
b = Known bottom width of channel (ft.)
Z = Known side slopes of channel

d¢ = Trial depth of flow in channel (ft.)

3) Divide the known design flow rate (Q) by the vegetated channel cross sectional area to obtain a
velocity (V).

4) Multiply the velocity (V), calculated in Step 3, by the trial hydraulic radius (Rtrial) calculated in Step
2 to obtain a value for vR.

5) Using the calculated VR value in Step 4, and the known Retardance Class of the vegetation, read the
corresponding Manning’s n value from or calculated from Equation 6.6.2.3.

6) Using Manning’s Equation, calculate the flow velocity in the vegetated channel by using the trial
hydraulic radius (Rtrial) calculated in Step 2, the known channel slope, and the Manning’s n value
calculated in Step 5.

z 1
V calc = trial3 S 2

1.49 R ;
n
Where:
Ve = Calculated velocity (ft/sec),
Riia = Trial hydraulic radius (ft.) from Step 2,

n = Manning’s n determined from Step 4, and
S = Slope of channel (ft/ft).

7) Compare the velocity values calculated in Step 3 and Step 6. If the values do not match within + 0.1,
return to Step 1 and repeat the process. When the values do match, the matching value must be less
than the permissible velocity (Vp) to be acceptable. If the matching velocity value is greater than the

Greenville County, South Carolina
January 2018 Stormwater Management Design Manual 6-31


https://greenvillecounty.org/LandDevelopment/pdf/designmanual/Figure6-5Jan2018.pdf

permissible velocity (Vp), then the channel bottom width and/or side slopes must be adjusted
accordingly.

If the final trial depth is greater than the allowable depth of the channel, the channel dimension must be
altered so the vegetated channel has enough capacity to handle the peak flow rate (Q).

6.6.2.5 Capacity Design

Once the design for stability has been completed, the channel must be checked to see if it has enough
capacity to handle flows when the vegetation moves into a different Retardance Class. The following
steps shall be executed:

1. Assume atrial depth (d;) that is greater than the final flow depth calculated from the Stability Design
in Section 6.6.2.4.

2. Knowing the channel dimensions, calculate the corresponding trial hydraulic radius (Rtrial) for this
assumed depth using:

R~ bd, +Zd,’

trial

"™ b+2d,VZ?+1

Where:
Ruia = Hydraulic radius (ft.)
b = Known bottom width of channel (ft.)
Z = Known side slopes of channel

di = Trial depth of flow in channel (ft.)

3. Divide the known design flow rate (Q) by the vegetated channel cross sectional area to obtain a
velocity (v).

4. Multiply the velocity (v), calculated in Step 3, by the trial hydraulic radius (Rtrial) calculated in Step
2 to obtain a value for vR.

5. Select the desired Retardance Class for the vegetation from Tables 6-6 and 6-7. It is recommended
that the minimum Retardance Class utilized for capacity design be Retardance class C.

6. Using the calculated vR value in Step 4, and the known Retardance Class of the vegetation, read the
corresponding Manning’s n value from[FIqure 6-5|or calculate it using Equation 6.6.2.3.

7. Using Manning’s Equation, calculate the flow velocity in the vegetated channel by using the trial
hydraulic radius (Rtrial) calculated in Step 2, the known channel slope, and the Manning’s n value
from Step 6.

8. Compare the velocity values calculated in Step 3 and Step 7. If the values do not match, return to
Step 1 and repeat the process. If the trial depth is determined to be greater than the depth of the
channel, the channel dimension must be altered so the vegetated channel has enough capacity to
handle the peak flow rate (Q).
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Table 6-5. Maximum Permissible Velocities for Vegetated Channels

Bermuda Grass 7 6 5 4
Bahia

Buffalo Grass

Blue Gamma

Centipede Grass 6 5 4 3
Tall Fescue

Kentucky Bluegrass

Red Canary Grass

Grass-legume Mixture 4 NR 3 NR
Lespedeza Sericea

Weeping Lovegrass

Kudzu

Alfalfa : NR NR : NR NR
Small Grains

Temporary Vegetation

*  Allow velocities over 5 ft/sec only where good cover and maintenance will be provided.
If poor vegetation exists due to shade, climate, soils or other factors, the permissible
velocity shall be reduced by 50 percent

NR = Not Recommended

Sources: Elementary Soil and Water Engineering, Shwab et. al.
Design Hydrology and Sedimentology for Small Catchments, Hann et. al., 1995
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Table 6-6. Vegetated Retardance Classes based on Vegetation

Retardance Class

Bermuda Grass
Native grass mixtures
Tall fescues
Lespedeza Sericea
Grass-legume Mixture
Red Canary Grass
Alfalfa

Weeping Lovegrass
Kudzu

Blue Gamma

Bahia

Crabgrass

Bermuda Grass
Common Lespedeza
Grass-legume Mixture
Centipede Grass
Kentucky Bluegrass

Red Fescue
Bermuda Grass
Common Lespedeza
Buffalo Grass
Grass-legume Mixture
Lespedeza Sericea

Excellent stand, tall (average 36-inches)
Excellent stand, tall (average 30-inches)
Excellent stand, tall (average 36-inches)

Good stand, tall (average 12-inches)

Good stand, uncut

Good stand, uncut (average 18-inches)

Good stand, not woody, tall (average 19-inches)
Good stand, uncut (average 20-inches)

Good stand, mowed (average 12- to 15-inches)
Good stand, uncut (average 11-inches)

Good stand, uncut (average 13-inches)

Dense growth, uncut

Good stand, uncut (average 13-inches

Good stand, uncut (6- to 8-inches)

Fair stand, uncut (10- to 48-inches)
Good stand, mowed (average 6-inches)
Good stand, uncut (average 11-inches)
Good stand, uncut (6- to 8-inches)
Very dense cover (average 6-inches)
Good stand, headed (6- to 12-inches

Good stand, uncut (3- to 6-inches)
Good stand, cut to 2.5-inches
Excellent stand, uncut (average 4.5-inches)
Good stand, headed (12- to 18-inches)
Good stand uncut (4- to 5-inches)

good stand, mowed (2-inches

Bermuda Grass Good stand, cut to 1.5-inches
Bermuda Grass Burned Stubble

Table 6-7. Vegetated Retardance Classes based on Stand and Vegetation Height

Height of Vegetation (inches Retardance Class

| RefardanceClass |
A
B
C
D
E
B
C
D
D
E

Source: Soil Conservation Service Engineering Field Manual, 1979
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Chapter 7. STORMWATER DETENTION DESIGN AND
DOWNSTREAM ANALYSIS

This chapter provides policies and technical procedures for analyzing stormwater facilities required for
land disturbance activities in Greenville County. The design methods and criteria outlined in this chapter
shall be used in the design and evaluation of detention systems utilized for stormwater quantity control.

71. Hydrologic and Hydraulic Design Criteria

All designs of detention systems utilized for stormwater quantity control shall be submitted with a
design summary report when applying for a Stormwater Management Permit. The following design
criteria shall be implemented for water quantity control unless a waiver is granted on a case-by-case
basis.

% Post-development discharge rates from the entire development area shall not exceed pre-
development discharge rates for the 2-, 10- and 25-year frequency 24-hour duration storm events.
Additional restrictions may apply depending on the location of the project. The 50-year storm must
be used in the Gilder Creek watershed and the 100-year storm must be used in the City of Mauldin.
These and any other additional restrictions will be addressed during the Pre-design Meeting.

¢ Multi-stage control structures may be required to meet peak flow control requirements.

#* The same hydrologic procedures shall be used in determining both the pre-development and
post-development peak flow rates.

% The maximum pond depth in the largest storm that must meet peak flow control requirements
(typically the 25-year storm, but may be higher in certain areas like the Gilder Creek watershed
[50-year] or the City of Mauldin [100-year]) must not rise higher than 0.5 feet below the
emergency spillway crest.

% Emergency spillways shall be designed to safely pass the post-development 100-year 24-hour
storm event with at least one foot of freeboard below the top of the dam. Any detention pond that
will not include an emergency spillway must be approved by Greenville County.

% Post-development discharge velocities in receiving channels shall be non-erosive flow velocities or
shall be equal to or less than the pre-development 10-year, 24-hour storm event flow velocities.

<

All dry detention basin volumes shall be drained from the structures within 72 hours.

¢

Watersheds that have well documented water quantity problems may have more stringent or
modified design criteria as determined from master plan studies by Greenville County including
but are not limited to:

#+ Post-development discharge rates from the entire development area not exceeding pre-
development discharge rates for storm frequencies greater than the 25-year frequency 24-hour
duration storm event (for example, the 50-year storm in Gilder Creek and the 100-year storm in
the City of Mauldin).

#+ Post-development discharge volumes from the entire development area not exceeding pre-
development discharge volumes.

# Reduction of peak flow rates from pre-development to post-development.

#+ Reduction of total volume released from pre-development to post-development.
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¢ Downstream channel, culvert or property improvements.

% A project may be eligible for a waiver from the stormwater management requirements for water
quantity control if the applicant can justly verify that:

¢ The proposed project will not create any significant adverse effects on the receiving natural
waterway downstream of the property.

¢ The imposition of peak flow rate control for stormwater management would create, aggravate,
or accelerate downstream flooding.

Accepted Detention Structural Controls

Detention structural controls are used for providing water quantity control and are typically used
downstream of other minor structural controls. These structures are designed to provide channel
protection, overbank flood protection, and any adverse downstream impacts that are related to the
increase in peak flow rates and flow volumes from development. Detention structural stormwater controls
can be classified into several categories as shown in Table 7-1.

Table 7-1. Detention Structural Controls

General Structural Control

Dry detention basins and dry extended detention basins are
surface storage facilities intended to provide temporary
storage of stormwater runoff and releasing it at a designed
flow rate to reduce downstream water quantity impacts.
These structures are designed to completely drain to a dry
condition within 72 hours.

Dry Detention/Dry Extended Basins

Wet Stormwater Detention Basins Wet detention basins are constructed stormwater basins that
% Wet Pond have a permanent pool or micropool of water. Runoff from
% Wet Extended Detention Pond each rain event is detained above the permanent pool and
% Micropool Extended Detention Pond released at a designed flow rate to reduce downstream water

% Multiple Pond System guantity impacts.

Multi-purpose detention areas are used for one or more
specific activities such as parking areas and rooftops. These
areas are used to provide temporary storage of runoff. Some
of the multi-purpose area such as infiltration trenches or bio-
retention areas may also be used for water quality purposes.

Multi-purpose Detention Areas

Underground detention is used as an alternative to surface
dry-detention basins. They are used in areas that are space-
limited where there is not enough adequate land to provide
the required detention volume. The underground storage
utilizes tanks, vaults, and buried pipes to supply the required
storage volume.

Underground Detention

1.2. Design Procedures

This section provides the general design procedures for the design of stormwater quantity structures. The
following items shall be required for the design of these structures, and routing flows through them.
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Compute the inflow hydrograph for the structure.

Compute a stage-storage relationship for the proposed structure. A stage storage-curve defines the
relationship between the depth of water and storage volume within the detention facility.
Compute stage-discharge relationship of the outlet control structures.

¢ & ¢ ¢

Perform routing calculations for the 2-, 10-, 25- and 100-year 24-hour storm events (or other storm
events if required). These may be done by hand, or may be done by using a storage routing computer
model.

% Evaluate the control structure outlet flow velocity and provide velocity control or channel
stabilization if needed.

Routing of hydrographs is critical to the proper design of stormwater quantity control structures. Storage
design procedures have been formulated without using routing, but the use of these methods in designing
stormwater quantity structures has not produced acceptable results for the Southeastern United States.

Hand calculations are available for routing hydrographs through detention structures, however they are
time consuming and inefficient when multiple designs are required to be evaluated. For this chapter, it is
assumed that the design professional will be using one of the many computer software packages available
to perform storage routing calculations. Input parameters typically required for computer software
packages include:

% Hydrological parameters of the development site
* Area
# Curve Numbers
+ Time of concentration

% Hydraulic parameters of detention structures
#+ Stage-storage relationship
¢ Stage-discharge relationship

7.21 Stage-Storage Calculations
A stage storage curve defines the relationship between the depth of water and storage volume within the
detention facility. The stage storage relationship is calculated by utilizing known surface area values at
known elevations within the basin. The areas used for this calculation are obtained by either field survey

data or using known geometric relationships within the basin. Two of the most common methods of
calculating stage storage relationships are the double end area method, and the pyramid frustum method.

7.21.1 Double End Area Method

The double end area method is expressed as:

V.. - [“%Aﬂd

Where:
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Vi, = Storage volume (ft%) between elevation 1 and 2.
A; = Surface area (ft?), at elevation 1.

A, = Surface area (ft?), at elevation 2.

D  =Change in elevation between stations 1 and 2.

7.21.2 Pyramid Frustum Method

The pyramid frustum method is expressed as:

v ¢ {(AIXAZ)"%AAZ}

3 3
Where:
V12 = Volume of frustum of a pyramid (ft%) between elevation 1 and 2.
d = Change in elevation between stations 1 and 2.
A; = Surface area (ft?), at elevation 1.
A = Surface area (ft?), at elevation 2.

7.2.2 Stage-Discharge Calculations

A stage discharge curve defines the relationship between the depth of water within a storage structure
and the outflow from the structure. This relationship shall be determined by utilizing the flow equation
from Section 6.2.

7.23 Detention Structure Design Parameters

The construction of detention structures usually requires excavation or the placement of earthen
embankments to obtain a required storage volume. This section discusses the design criteria of detention
structures to ensure the long term function of the structure while minimizing the maintenance
responsibilities.

7.2.31 General Design Criteria

1. Basins on Slopes: When basins are created by cutting and filling a slope, care should be taken that
the seasonal groundwater table on the slope above the basin is not exposed, thus creating a seasonal
spring. Controlling the groundwater flow or spring flow into a basin may be accomplished by the
proper installation of a subsurface interceptor drainage system. To prevent destabilization from
groundwater seepage, riprap may be needed.

2. Inlet and Outlet Locations: The inlets and outlet should be as far apart as possible, with a minimum
of a 2:1 ratio of length to width between inlet and outlet. Runoff should have to travel the longest
distance possible thorough the basin before being discharged. The shallow and narrow end of the
basin should be located near the inlet and the deeper and wider end near the outlet.

3. Inlet Design: The inlet must be designed with riprap or other energy dissipater, such as a baffle below
the inflow structure to reduce erosive forces and pretreatment to remove sediment. Sediment
forebays will be required on all ponds for post construction water quality and shall be designed with
a minimum length to width ratio of 2:1.
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4. Relationship to Groundwater: The basin bottom should be located above the seasonal high
groundwater table to avoid standing water in the basin.

5. Scour: Prevention of scour at the inlet is necessary to reduce maintenance problems and prevent
damage to basin floor vegetation. The velocities of flow through the inlet sediment control structure
and basin should not exceed 2.5 feet per second. Energy dissipation should be provided at the inlet
and outlet to prevent scour and reduce the velocity of stormwater.

6. Access:

% Maintenance access shall be planted with grass and at least 10 feet wide with a maximum slope of
15% and a maximum cross slope of 3%. Sufficient land areas for equipment access for the basin
maintenance should be provided. This access shall extend to the fore bay, micropool and outlet
structure. It should never cross the emergency spillway, unless the spillway has been designed for
that purpose and to the extent feasible, be designed to allow for vehicle turnaround. An easement
may be required.

% Provide a flat maintenance shelf/berm with a minimum width of 10-foot around the perimeter of
the basin. The pond berm must provide load bearing capability for industrial maintenance mowers.

7. Outlet Protection: Outflow from the basin must be directed to a stable channel.

8. Minimum Buffer/ Setback: Minimum buffer/setback for the detention structure shall be 25 feet from
the basin easement to any dwelling

9. Safety Fence: A safety fence or vegetative barrier is required where a detention structures interior
side slopes are steeper than 3H:1V or when the impoundment is a wall greater than 24 inches in
height. If the wall is adjacent to a walkway or street a railing may be required instead of a fence.

7.2.3.2 Surface Detention Basin Criteria

1. Basin Side Slopes: Vegetated embankments shall be less than 15-feet in height and shall have side
slopes no steeper than 3H:1V. Embankments protected with Erosion Control Blankets or Turf
Reinforcement Matting shall be no steeper than 2H:1V. In this case, at a minimum, one interior side
slope must be 3H:1V to provide easier access into the basin. Geotechnical slope stability analysis is
required for slopes greater than 10-feet in height and embankments that have steeper slope than those
indicated above

2. Basin Shape: Provide a long and narrow basin shape, with a minimum length to width ration of 2:1,
3:1 is best. Length to width ratio can be increased by designing an irregularly shaped basin or by
using baffles to create a longer path of flow. The allowable dead storage space of a basin is limited
to a maximum of 20%, but should be 0% if baffles are used effectively.

3. Dry Detention Bottom Slopes: The bottom of detention structures shall be graded towards the outlet
structure to prevent standing water conditions and be stabilized to prevent scour. A low flow or pilot
channel constructed across the facility bottom from the inlet to the outlet is required to prevent
standing water conditions when the pond bottom may be subject to non-storm flow from
groundwater, footing drainage, storm sewer acting as under drain and sump discharge. A minimum
2 percent bottom slope is recommended for both cross slope and longitudinal slope.

4. Under Drains: If the 2% grade cannot be obtained an acceptable alternative is to install an under drain.
The under drain shall be constructed in the following manner:
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6.

7.

8.

% The under drain shall be one of the last items to be installed to eliminate any sediment build-up
that would cause the under drain to not function properly.

% A non-woven geotextile fabric shall be laid in the excavated trench first.

% The perforated drainpipe shall be covered with washed stone.

% Both stone and drain shall then be wrapped with the non-woven geotextile and backfilled with
sandy porous material.

% The site inspector must be present during the installation of the underdrain; otherwise, evidence
of proper installation may be acceptable with prior permission.

Permanent Pool Detention: The maximum depth of permanent storage facilitates shall be determined
by site conditions, design constraints, and environmental needs. The facility should provide a
permanent pool of water with a depth sufficient to discourage weed growth without creating undue
potential for anaerobic bottom conditions. A depth of 4 to 8 feet is reasonable unless fishery
requirements dictate otherwise. Aerating may be required for permanent pools to prevent anaerobic
conditions. Wildlife experts shall be contacted where aquatic habitat is required.

Emergency Spillways: Emergency spillways shall be designed to convey the routed runoff of the 100-
year 24-hour design storm while maintaining at least one foot of freeboard between the high water
elevation and the top of the embankment crest. Overflow must discharge to a stable channel or
established wetland area.

% Location: Emergency spillways must be located on undisturbed, non-fill soil wherever possible.
If the spillway must be located on fill soils, then it must be horizontally offset at least 20 feet
from the principal outlet and be designed with some type of lining (i.e.: riprap, reinforced turf,
or non-flexible lining).

% Exit channel grade: The maximum grade of the spillway’s exit channel may not exceed 20%
unless a non-flexible lining is used to control erosion with the channel. All linings must be
evaluated for stability at the channel grade chosen (Flexible linings include vegetation,
reinforced turf, riprap and modular blocks).

Safe Dams Act: A dam is defined as being an artificial barrier that impounds water to a depth of 15-
feet or greater and has a maximum storage volume of 10-acre-feet or greater; therefore, impoundment
depths greater than 15-feet are subject to the requirements of the Safe Dams Act unless the facility is
excavated. Several exemptions are allowed from the Safe Dams Act and any questions concerning
specific design application should be addressed by SCDHEC.

Principal Spillways:

% Trash Racks: All basin outlets must have a trash rack to control clogging by debris and to provide
safety to the public. The surface area of each rack must be at least four times the outlet opening
it is protecting. The spaces between rack bars must be no more than six inches or one-half the
dimension of the smallest outlet opening behind it, whichever is less. Trash racks should be
inclined to be self-cleaning.

% Seepage Control: All pipes that extend though an embankment should have anti-seep collars or
filter diaphragms to control the migration of soil materials and, so prevent potential embankment
failure from “piping” within the backfill soil along the conduit. All smooth outlet pipes greater
than eight inches and all corrugated outlet pipes great than 12 inch must have seepage controls
to prevent the migration of soil along the outside of the pipe.

% Anti-floatation: All outlets employing a riser structure must be designed to prevent the riser
floating.
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7.2.3.3 Subsurface Detention Basin Criteria

Emergency Spillways: Overflow must discharge to a stable channel.

Pretreatment: All subsurface systems must include pretreatment for the removal of sediments prior
to entering the detention structure.

Observation Wells: Subsurface detention systems must have an observation port for monitoring
sediment and debris levels and determining when rehabilitation is necessary. This should be installed
to the bottom of the system.

Access Port: Access to the subsurface system must be provided to allow for the removal of
accumulated sediment and debris.

The site inspector must be present during the installation of the subsurface detention structure;
otherwise, evidence of proper installation may be acceptable with prior permission.

7234 Landscaping Criteria

In order to ensure that the ponds’ engineering function is protected the following criteria for a landscaping
plan near stormwater ponds has been established:

1.

2.

3.

10.

11.
12.

13.

14.

Do not place landscaping within 10 feet of inlet or outlet pipes or other manmade structures such as
spillways.

Do not place trees on berms that impound water, only shrubs that have fibrous roots may be planted
on berms.

Do not plant trees on steep slopes or berms in order to prevent damage from blow downs that can
lead to failure of the dam/berm.

Side slopes and berms should be built no steeper than 3H:1V so that standard riding mowers can be
used to maintain them.

Ensure that there is enough space between plantings and structures to allow room for an industrial
mower to maneuver (a minimum of six foot is needed for the mower).

Use drought tolerant species or assure watering from the HOA if non-drought tolerant perennials,
trees, shrubs or vines are a part of the design.

Plant in clumps or “landscaping islands” rather than rows. Clustering allows for mowing around
clusters but not necessarily within them.

Avoid planting perennials where committed care is not guaranteed. Perennials may look like meadow
weeds and be accidentally mowed if not cared for.

Provide ongoing maintenance to keep weeds at bay until any ground cover or cluster planting become
well established.

Avoid planting berms with thick, shrubby ground cover which could mask rodent activity that could
weaken the berm, piping of water along living or dead roots that lead to dam failure.

Plant on cut slopes which pose little threat in blow down or piping conditions.

Use good soil by amending native soil with at least 2" of compost tilled into the subgrade to a depth
of at least six inches to ensure the plants succeed.

Trees or shrubs with a mature height over 4 feet tall may not be planted on the embankment or
allowed to grow within 15 feet of the toe of the embankment and 24 feet from the principal spillway
structure of wet ponds.

On wet ponds side slopes along the shoreline of the pond should be three to one (3H:1V) or flatter
to facilitate maintenance and to reduce public risk of slipping and falling into the water.
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15. A shallow water bench, which is home to most of the aquatic plant life, should be established around
the perimeter of the permanent pool to promote the growth of emergent vegetation along the shoreline
and deter individuals from wading.

7.3. Simplified Detention
7.31 Purpose

The purpose of the Simplified Urban Drainage System (SUDS) model is to emulate a more complex
model, such as HEC-1, for use on smaller watershed such as those in Greenville County. It will also
reduce most of the trial and error work done by designers and yield more uniform designs.

A simplified design procedure, as used in this context, is a design procedure for small catchments where
hydrologic computational procedures can be greatly simplified using regionalized constants. The
computations should be based on selected simple parameters such as watershed area and percent
impervious. The design that results will be right sized in some cases and conservative in all others.

Simplified detention design procedures are desirable for a number of reasons. First computations are
simple, making for a reduced design time. Second, there will be more uniformity in design which should
make the review process simpler, less time consuming and more consistent across reviewers. Third, very
little data is required for more simplified design procedures. Finally, designs are right sized in some cases
and conservative in most cases. Thus, if a developer is willing to use a conservative design, he or she can
trade engineering design cost for construction cost. In all cases, the option of using a more complex
model such as HEC-1 for design should be available.

The main difference with the SUDS model is that a triangular hydrograph is being assumed. This is
something that was not previously allowed in the IDEAL model.

7.3.2 Benefits of Simplified Detention

The Simplified Detention Design Aid design procedure is defined as a design procedure for small
catchments where hydrologic computational procedures can be greatly simplified using regionalized
constants. The computations are based on selected simple parameters such as watershed area and percent
impervious. The resulting detention designs are correctly sized in some cases and conservative in all
others. The SUDS model is available on the Greenville County Website along with documentation.

Simplified detention design procedures are desirable for a number of reasons:

1. They result in reduced design time,

2. Designs will be more uniform in general which makes the review process simpler, less time
consuming, and more consistent across reviewers,

3. Very little data is required for some simplified design procedures, and

4. Designs are right sized in some cases and conservative in most cases.
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14. Downstream Analysis

Downstream analysis shall be required for all development sites unless a waiver or variance is granted
from this analysis. When water quantity controls are implemented, an off-site analysis waiver may not
be required, provided that all required design criteria of the Design Manual are met.

In some cases the design professional may verify that stormwater quantity controls may adversely impact
downstream conditions. Therefore, downstream analysis shall be performed prior to sizing stormwater
quantity control structures to determine the extent of the controls to be implemented. Downstream
analysis may show that more stringent controls need to be implemented to effectively prevent any adverse
downstream impacts.

A downstream peak flow analysis which includes the assumptions, results and supporting calculations to
show safe passage of post-development design flows downstream. The analysis of downstream
conditions in the report shall address each and every point or area along the project site’s boundaries at
which runoff will exit the property. The analysis shall focus on the portion of the drainage channel or
watercourse immediately downstream from the project. This area shall extend downstream from the
project to a point in the drainage basin where the total area of the development comprises ten percent
(10%) of the total basin area. In calculating runoff volumes and discharge rates, consideration may need
to be given to any planned future upstream land use changes.

7.41 Downstream Analysis Limits
Hydrologic and hydraulic engineering analysis shall be implemented to determine the downstream
effects from any development activity. This analysis shall extend downstream to a specific point of
concern. The point of concern may be identified by the Director in certain situations. The following are
typical points of concern:

% The point where the development represents less than 10 percent of the total drainage of the
watershed to that point. This is the minimum set by the ordinance.

The first downstream road crossing
Downstream residential lots.

Location of known existing flooding, drainage, or erosion problems.

¢ ¢ ¢ ¢

Any point as directed by Greenville County.
The primary areas of analysis shall be done for:

The development area,

All drainage exit points from the property,

The receiving channel at the exit points, and

Each component of the downstream system including:

eeee

Channels
Pipes
Culverts
Bridges

* 4+ 4
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# Overbank areas
# Overbank structures

7.4.2 Downstream Analysis Design Storm Events

All downstream analysis studies shall be done using the 2, 10, 25, and 100-year 24-hour storm events.

7.4.3 Downstream Analysis Criteria

The downstream analysis shall determine whether the design storm events of interest cause or increase
flooding, drainage, or erosion impacts to downstream properties or road crossings. The analysis criteria
shall include but is not limited to:

% Existing land use curve numbers shall be used for developed areas upstream. Where areas upstream
are known to be developed the Director may require these areas to be considered developed in a
future land use condition.

% The weighted curve number for the proposed development site shall be used for all undeveloped
upstream areas.

% Existing land use for downstream areas of interest may be used, but future land use, when applicable,
is recommended for conservative results.

% Routing of flows using an accepted hydrologic and hydraulic method from Chapters 5, and 6.

% Hydraulic step-backwater calculations (Corps of Engineer’s HEC-2 or HEC-RAS models or
equivalent) shall be performed to determine flood elevations of any downstream impacted areas.
% The effects of any upstream and proposed stormwater quantity or quality structures.

7.4.4 Improvement Options

If the downstream analysis determines that the development of a particular site does contribute to
flooding, drainage, or erosion problems, then at least one the following improvements shall be
implemented:

% On-site Water Quantity Control
% Off-site Water Quantity Control
% Improvements to the Downstream Stormwater Conveyance System

7441 On-Site Water Quantity Control

The design professional may select to implement on site water quantity control structures designed
according to the criteria in Section 7.1. These structures may consist of nonstructural controls such as
swales, natural drainage ways, wetlands, and low areas within the site terrain. These structures may also
consist of structural approaches such as engineered detention facilities.
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744.2 Off-Site Water Quantity Control

The design professional may use an off-site publicly or privately owned facility to prevent adverse
downstream impacts. The use of off-site facilities must meet the following requirements:

% The facility to be used must be functional,

% The owner/entity has agreed to accept runoff from the proposed development site,
% The owner has an implemented maintenance agreement for the facility,

% The facility is sized to effectively handle increased flow rates and flow volumes, and

% There are no significant adverse impacts between the outlet from the proposed development site and
the inlet to the off-site facility.

7443 Improvements to the Downstream Stormwater Conveyance System
The design professional may perform and provide supporting calculations that indicate that the best
solution is to upgrade the downstream system. This option may be implemented under the following
requirements,

% The downstream property owner of the facilities to be improved has granted temporary construction
easements,

% The downstream improvements are economically feasible, and

% The improvement will not cause any other significant problems downstream.
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Chapter 8.  EROSION AND SEDIMENT CONTROL

8.1. Introduction

Natural erosion has been occurring since the earth was formed. This process, which generally occurs at
a relatively slow rate, has shaped and molded the earth’s surface in the form we recognize today. Man-
made erosion, on the other hand, occurs at a quicker rate.

Man-made erosion caused by inappropriate management of stormwater runoff from development sites
contributes greatly to urban land breakdown and water pollution. It is estimated that erosion on
unprotected construction sites may average up to 30 tons per acre per year. Construction-generated
stormwater runoff often contains sediment, toxic chemicals, oil and grease, pesticides (herbicides,
insecticides, or rodenticides), trace metals, and other contaminants which serve as a significant source
of water pollution and threatens public health, fish and other wildlife. Nutrients from fertilizers
containing nitrogen, phosphorous, and potassium are carried by eroded sediment. These nutrients fuel
weed and algae growth, and make outdoor water areas unattractive for swimming and other recreational
activities. The resulting water and environmental damage caused by construction-related erosion is
often extensive, long-term, costly and time consuming to correct.

Erosion

In Greenville County, water is the primary cause of most of the erosion experienced. Water has an
affinity for sediment; therefore, most streams transport a bedload of sediment. This sediment is
deposited, detached and transported over and over again. Studies have found that the bedload can harbor
fecal matter and reproduction occurs in the bedload. Once a storm event occurs the fecal is released into
the water column as the bedload is re-suspended.

Through proper management, the impacts from land disturbance activities can be reduced. Construction
site disturbances are typically for development to improve the quality of life and to produce income. It
is imperative that these disturbances are controlled and their impacts to water quality of Waters of the
State are minimized. Therefore, the implementations of erosion prevention techniques are very critical
to meeting this objective.

Erosion on most disturbed sites occurs in the following forms:

% Sheet
% Rill and interrill
% Gully

There are two concepts that must work together to begin the erosion process. The first is detachment.
As raindrops fall and strike the ground, energy is released in the collision. This energy is transferred to
the soil particles and they are moved. When the water flows over the surface it will transport these soil
particles to a point downstream. This is the second part of the process known as transport. The flowing
water also has energy that will dislodge soil particles. It is important to note that clear water has a greater
affinity for sediment than does sediment-laden flow. Also remember that runoff and resulting transport
does not occur until rainfall intensities exceed infiltration rates of the soil media.

Sheet erosion is a result of overland flow from disturbed areas. As this flow concentrates, interrills and
rills begin to form. Once the flow concentrates into a single point, a gully may begin to form. Usually,
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sheet erosion is found on flatter slopes with rills and interrills forming as the slope increases. Then often
times gully erosion is formed on the steeper sections of the slope.

There are two primary means to prevent erosion from occurring on sites that are disturbed. The most
desirable alternative but, not always possible, is source protection. This protection encompasses a wide
range of techniques most of which are management issues. The other approach is to provide flow
control. This is a structural engineering solution. Often times it translates to diverting flow away from
disturbed areas. From an application standpoint a combination of these two solutions can be very
effective in reducing erosion.

Sedimentation

Since it is impossible to prevent all soil erosion, it is necessary to develop sediment control techniques.
Soil erosion is a result of detachment and transport of the soil particles. Sediment does not accumulate
until deposition occurs. Deposition occurs because velocities decrease and soil particles in the flow are
heavy enough to settle. Once runoff starts, the quantity and size of the material transported increases
with the velocity of the flow. Eventually the runoff will reach a point where the velocity will decrease
and the transport capacity will also decrease. Any factor that reduces velocity in a flow segment
increases deposition.

In general, larger sized particles and aggregates will settle at higher flow velocities while smaller sized
particles will require a much lower flow velocity to settle out. Therefore, the particle size distributions
of the soil have an enormous effect on the trapping efficiency of a sediment control structure. Typically
civil engineers develop particle size distributions by using a dispersing agent. When considering the
erosion and sedimentation phenomena the eroded particle size distribution (EPSD) should be used. The
eroded particle size distribution has a direct effect on the required settling velocities. This in turn has a
direct effect on the required detention area and detention time. Eroded sediment will be deposited
starting first with the larger particles and aggregates, while smaller particles will be carried further
downstream until their required settling velocity is reached. Therefore, the eroded particle size
distribution and aggregate composition of a particular soil has a major impact on the soil erosion-
deposition process.

The eroded particle size distribution of a particular soil is not the same as the primary particle size
distributions. The primary particle sizes are based on the soil in a dry condition and represent the
percentages of sand, silt and clay in the soil. Since sediment from eroded soils includes both primary
soil particles and aggregates, eroded particle size distributions cannot be accurately inferred from
primary particle distributions, but can be estimated from the primary distributions.

Extensive research has been done on primary particle size distributions of soils. Primary particle
distributions can be used in empirical equations to determine the eroded particle size distributions of
the soil. Equations used in the CREAMS (Chemicals, Runoff and Erosion in Agricultural Management
Systems) model are one set of equations designed to convert primary particle sizes into eroded particle
sizes. The eroded particle size distributions listed in Appendix A were determined using the CREAMS
based equations and primary particle sizes from Greenville County soils surveys. If site specific data is
available, it should be used.

The critical shear stress or critical tractive force determines a soil’s resistance to the shearing forces of
concentrated flows. When the shearing forces of the water flow exceed the critical tractive force of the
soil, erosion takes place. For non-cohesive soils, Shields diagram is commonly used to determine the
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critical tractive force for individual soil particles. For cohesive soils, the critical tractive force has been
related to the following:

Soil shear strength,

Soil salinity,

Moisture content,

Percent clay,

Mean particle size,
Dispersion ratio,

Vane shear strength ,
Percent organic matter,
Cation Exchange Capacity (CEC),
Calcium-Sodium ratio, and
Plasticity index.

¢eeeeeeeeee

Soil erosion by water is measured by the soil lost from a given area, usually described on a per unit area
basis. Sediment yield is the amount of sediment that passes a certain point in a watershed. The ratio
between soil loss and the sediment yield is the delivery ratio. Most often we consider two delivery
ratios. Delivery ratio one is the amount of sediment delivered from the overland flow, delivery ratio two
is the amount of sediment delivered to the sub-watershed outlet by concentrated flow.

Typical erosion prediction models like the USLE (universal soil loss equation) and RUSLE (revised
universal soil loss equation) do not include delivery ratios or channel erosion. Both of the models
determine soil loss over an extended period of time such as months and years in units of weight measure.
Another useful model is MUSLE (modified universal soil loss equation) which estimates sediment yield
for single storm events. This approach does account for delivery ratio one but does not include delivery
ratio two or channel erosion. Acceptable computerized versions of these models include but are not
limited to SEDIMOTII (University of Kentucky) and SEDCAD4 (Civil Software Design, Ames, lowa).
Greenville County has developed SEDIMOTIV and it is available to users in Greenville County.

These models are used to determine the amount of sediment that will enter an erosion control structure.
The design sediment storage volume is directly related to the amount of soil lost from the site during
the design life of the structure. The use of these models also helps in determining the cleaning schedule
of the sediment control structure. The models will be able to predict the amount of sediment entering
the structure over a given period of time. When this amount equals the design sediment storage, the
structure must be cleaned free of the stored sediment.

Sediment control structures are designed to keep eroded soils from having adverse off-site impacts that
includes adjacent properties and Waters of the State. There are three major types of sediment control
structures:

% Detention structures that provide enough surface area and storage volume to slow the flow of the
sediment-laden runoff and allow the desired particle sizes to settle out so a desired trapping
efficiency is met.

% Structures that filter out eroded sediment particles, and

% Structures that add chemical agents that promote particle flocculation and settling.

Most all of the BMPs employed today function primarily by Stokes Law of quiescent settling. Filtering
is not an efficient control because of the particle size variations and the filter media clogging and
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becoming ineffective. Chemical treatment is the least desirable due to the impacts to the impacted water
pH variations.

8.2. Purpose

This chapter of the Design Manual provides the user with the tools to meet the requirements of the
Greenville County Stormwater Management Ordinance. Some of the information contained in this
chapter can be downloaded from the Greenville County Webpage.

This chapter also establishes requirements to be used when preparing plans for minimizing soil erosion
and sedimentation during and after construction of any land development, improvement or retrofit
project. Guidelines on how to select and design EPSC BMPs for specific construction activities have
been developed in accordance with several references from across the country. Suggested uses for EPSC
BMPs are summarized in Appendix D. An EPSC BMP selection flowchart is also provided in Appendix
D.

8.3.  Erosion Prevention and Sediment Control Requirements

The Greenville Stormwater Ordinance requires that an EPSC plan be developed and approved, prior to
initiating construction on land disturbing activities that are at least 5,000 square feet or require a building
permit or as directed by a General Permit.

The Ordinance also establishes standards for the design of EPSC plans to minimize the adverse impact
and off-site degradation that may result from construction site runoff.

8.3.1 EPSC Development Standards

EPSC plans shall be developed to achieve an 80 percent design removal efficiency of total suspended
solids (TSS) goal. Simply applied, when a site is completely denuded of vegetation, the structural and
nonstructural EPSC measures are designed to trap 80 percent of the TSS that are generated by the site.
The design storm event associated with this level of control is the 10-year, 24-hour SCS Type 11 or
newer appropriate NRCS distribution (based on NOAA Atlas-14 data) storm event.

SCS procedures should be used to determine runoff amounts. It is important to note that when a BMP
is designed for the 10-year, 24-hour storm event, the BMP will have a greater trapping efficiency for
more frequent events such as the 2-year 24-hour storm event.

Projects with a life span greater than 1 year should be more concerned with maximizing the
multipurpose basin’s ability to provide peak attenuation to the 2, 10 and 25-year storm events. Sites that
are located in environmentally sensitive watersheds, are upstream of high safety risks, and/or are
upstream of known flood prone properties, will need to maximize the basin’s ability to control peak rate
runoff during construction.

If the site land disturbance exceeds 10 acres and plans indicate a multi-purpose basin will be utilized,
the following options are available:

% Phase the land disturbance by limiting the disturbance to no more than 10 acres at a time prior to
disturbing other areas on site. This option will require the areas of disturbance to be shown on the
erosion control plan and phased on the construction sequence.
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Provide a treatment train upstream from the multipurpose basin with a series of BMPs (sediment
traps, sediment basins) that can be utilized to help with sediment control and peak rate attenuation.
Sediment traps may not collect runoff from more than 5 acres (more than 5 acres of drainage area
requires a sediment basin). If a designer chooses this option, peak rate attenuation calculations for
each sediment trap or sediment basin will be required. However, 80% trapping efficiency is still
required with a detailed construction sequence of the installation and removal of the sediment
trap/basin. A maintenance statement for each BMP will be required as well.

Each EPSC Plan must delineate the following elements:

L
L

%

%

All Sensitive Features (including steep slopes 30%)

Sources of sediment that may potentially leave the site

The location and depth of all structural and nonstructural BMPs necessary to achieve the 80 percent
design removal efficiency goal to protect receiving water bodies, off-site areas and all Sensitive

Features

Installation and maintenance of required BMPs

The sequencing of construction activities to be utilized on the project

The following nonstructural site management practices shall be utilized on the plans where applicable:

&
&
&

%

Minimize site disturbance to preserve and maintain existing vegetative cover.
Limit the number of temporary access points to the site for land disturbing activities.

Phase and sequence construction activities to minimize the extent and duration of disturbed soil
exposure.

Locate temporary and permanent soil disposal areas, haul roads and construction staging areas to
minimize erosion, sediment transport and disturbance to existing vegetation.

Detailed EPSC plans shall comply with the following specific standards and review criteria:

&

%

Sediment Tracking Control. Stabilized construction entrances shall be located and utilized at all
points of ingress/egress on a construction site. The transfer of soil, mud and dust onto public rights-
of-ways shall be prevented.

Crossings of waterways during construction should be minimized and must be approved by the
Greenville County Stormwater Land Development Division. Encroachment into stream buffers,
riparian areas and wetlands should be avoided when possible.

Topsoil shall be stockpiled and preserved from erosion or dispersal both during and after site
grading operations when applicable.
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% Temporary Stabilization Measures. Where construction or land disturbance activity will or has
temporarily ceased on any portion of a site, temporary site stabilization measures shall be required
as soon as practicable, but no later than 14 calendar days after the activity has ceased.

% Final Stabilization. Final Stabilization of the site shall be required within 14 calendar days of
construction completion.

% Temporary Structural Controls installed during construction shall be designed to accomplish
maximum stabilization and control of erosion and sedimentation, and shall be installed, maintained,
and removed according to the specifications set forth in the Design Manual, Standard Specifications
and Standard Drawings. All temporary structural controls shall be designed to control the peak
runoff resulting from the storm event identified in the Design Manual, Standard Specifications and
Standard Drawings.

% All Permanent Structural Controls, including drainage facilities such as channels, storm sewer
inlets, and detention basins, shall be designed according to the standards set forth in the Design
Manual, Standard Specifications and Standard Drawings.

8.3.2 Alternative Erosion Prevention and Sediment BMPs

To encourage the development and testing of innovative alternative EPSC BMPs, alternative
management practices that are not included in the Design Manual, Standard Specifications and Standard
Drawings may be allowed upon review and approval. To use an alternative BMP, the design
professional shall submit substantial evidence that the proposed measure will perform at least equivalent
to currently approved BMPs contained in the Design Manual, Standard Specifications and Standard
Drawings. Evidence may include, but is not limited to:

% Supporting hydraulic and trapping efficiency calculations.
% Peer-review by a panel of licensed professional engineers.
% Research results as reported in professional journals.

% Manufacturer literature.

To justify the efficiency of innovated EPSC BMPs, the owner may be required to monitor the trapping
efficiency of the structure. If satisfactory results showing that trapping efficiencies of greater than 80
percent are obtained, the innovative BMP may be used and no other monitoring studies shall be required.
If monitoring shows that a certain BMP is not sufficient or if Greenville County finds that a BMP fails
or is inadequate to contain sediment, other upstream and downstream BMPs shall be implemented to
reach the required efficiency.

8.3.3 Basic Design Procedures

Control of sedimentation from construction sites may be accomplished through the utilization of a
variety of erosion and sediment control BMPs. The complexity of the erosion and sediment control plan
will vary depending on the individual site conditions. The goal of implementing the erosion control plan
is to limit the quantity of sediment being eroded from, and leaving a construction site. This may be
partially accomplished through the implementation of sediment control BMPs. However, these
sediment trapping controls typically only remove a small portion of the clay particles eroded from the
site. The best protection is provided by a combination of practices including temporary and permanent
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stabilization, flow diversions, and streambank protection, all which minimize the amount of soil that is
eroded from the site.

All land development shall be planned in such a way to control and limit erosion and sediment discharge
from construction sites using, but not limited to, the BMPs listed in this chapter. The goal of these
erosion and sediment control BMPs shall be to:

Minimize the extent and duration of disturbed soil exposure.

Protect off-site and downstream locations, drainage systems and natural waterways from the
impacts of erosion and sedimentation.

Limit the exit velocities of the flow leaving the site to non-erosive or pre-development conditions.
Design and implement an ongoing inspection and maintenance plan.

¢¢ ¢

8.4. Erosion Prevention Measures

Erosion prevention measures shall be used during and after construction site preparation in order to
safely convey clean water to storm drains or adequate watercourses. One or more measures and BMPs
should be utilized as appropriate during the project's construction phase. Such measures may include
phasing and construction sequencing.

In addition to site-specific erosion control measures, the grading plan should include the following
general measures as a minimum:

% The finished cut and fill slopes to be vegetated should not be steeper than 3H:1V. The finished
grades of cut and fill slopes to be vegetated with vines and/or groundcovers should not be steeper
than 1H:1V.

% Cuts or fills should not be so close to property lines as to endanger adjoining property without
adequately protecting such properties against erosion, sedimentation, slippage, settlement,
subsidence, or other damages.

% Subsurface drainage should be provided in areas having a high water table to intercept seepage that
would affect slope stability, bearing strength or create undesirable wetness.

% No fill shall be placed where it can slide or wash onto another property.

% Fill shall not be placed adjacent to channel banks where it can create bank failure, reduce the
capacity of the stream, or result in downstream sediment deposition.

% All borrow and disposal areas should be included as part of the grading plan.
% Adequate channels and floodways should be provided to safely convey increased runoff from the
developed area to an adequate outlet without causing significant channel degradation, or increased

off-site flooding.

Greenville County technical specification and details for Erosion Prevention Measures are located in
Appendix E and include:

% EC-01 Surface Roughening
% EC-02 Bench Terracing
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EC-03 Seeding (Temporary and Permanent Stabilization, Sod, Mulch)
EC-04 Rolled Erosion Control Products (RECPs)

EC-05 Hydraulic Erosion Control Products (HECPs)

EC-06 Riprap or Aggregate

EC-07 Outlet Protection

EC-08 Dust Control

EC-09 Transition Mats

EC-10 Slope Interruption Devices

EC-11 Compost

EC-12 Biological Growth Stimulant

eeeceeeecee

8.4.1 RECP Design

Designing RECPs Example
Given: Peak flow rate carried by channel: 80 cfs
Bottom width of design channel B: 4-feet
Manning’s n of matting: 0.025
Side slopes of design channel: 2:1
Channel bed slope (ft/ft): 0.01

Find: Temporary Erosion Control Blanket (ECB) that will meet the maximum shear stress
requirements with no establishment of vegetation.

Solution: The normal depth of flow in the channel (d, ) shall be calculated.
# Manning’s Equation can be utilized to determine the normal flow depth, or

# The graphical procedure outlined in Section 6.1.8 may be used.

Solve for AR??

AR?® = (Q*n*) = (80*0.025) = 0.50
b 512 485 ( 1) 12

For Side Slopes 2:1,[Figure 6-1. Reads: di/B, = 0.43

Solve for dn = (0.43 * Bo) = (0.43 % 4) = 1.72-feet.

The maximum shear stress is then calculated.

Solve for t =y dy S = (62.4* 1.72 * .01)

1.1 (#/ft?)
Select an appropriate ECB or TRM for the design conditions.

Select an Erosion Control Blanket that can handle a maximum shear stress of 1.1 pounds/ square foot
from the list of ECBs and TRMs.
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8.4.2 Design of Rip Rap Channel Linings

Design of erosion protection within the channel should be accomplished using the FHWA Tangent Flow
Method presented below. This method is applicable to both straight and curved channel sections where
flows are tangent to channel bank. The Tangent Flow Method determines a stable rock size for straight
and curved channel sections using known shape flow depth and channel slope dimensions. A stone size
is chosen for the maximum depth of flow. If the sides of the channel are steeper than 3H:1V the stone
size must be modified. The final design size will be stable on both the sides and bottom of the channel.

8.4.2.1 Straight Channel Sections:

1.

Enter the graph of [Eigure 8- with the maximum flow depth (feet) and channel slope (ft/ft). Where
the two lines intersect, choose the dso stone size. (Select dso for diagonal line above the point of
intersection)

If the channel side slopes are steeper than 3H:1V, continue with Step 3; if not, the procedure is
complete.

Enter the graph in with the side slope and the base width to maximum depth ratio (B/d).
Where the two lines intersect, move horizontally left to read K1.

Determine from the graph in the angle of repose for the d50 stone size and the channel
side slope. (Use an angle of 420 for d50 >10-inches. Do not use riprap on slopes steeper than the
angle of repose for the stone size.)

Enter graph in with the side slope of the channel and the angle of repose for the d50
stone size. Where the two lines intersect, move vertically down to read K2.

Compute d50 x K1/K2 = d50 to determine the correct size stone for the bottom and side slopes of
straight sections of channel.

8.4.2.2 Curved Channel Sections:

1.

2.
3.
Bs
Bo
Z
D

4.

Enter the graph of Figure 8-1 with the maximum flow depth (feet) and channel slope (ft/ft). Where
the two lines intersect, choose the dso stone size. (Select dso for diagonal line above the point of
intersection.)

Determine the radius of the curved section (RO) in feet.

Calculate the top width of the riprap at the design water surface (BS) in feet.
Bo + 2(Z*D)

Bottom width of channel (feet)

Channel sides slopes defined as ZH:1V
Depth of riprap (feet)

Calculate the Ratio Bs/ Ro
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5. Knowing the value of the BS/RO ratio from step 4, use the graph in and read the
corresponding value of K3.

6. Compute (d50 x K3) = d50 to determine the correct size stone for the bottom and side slopes of
curved channel sections.

8.4.2.3 Straight Channel Section Design Example

Given: A trapezoidal channel has a depth (D) of 3-feet, a bottom width (B,) of 8-feet, side slopes
(2) 2:1, and a 2 percent slope.

Find: A stable riprap size for the bottom and side slopes of the channel.

Solution:

1. From Fiqure 8-1, for a 3-foot-deep channel over a 2 percent grade,
Read dso = 0.75-feet or 9-inches.

2. Since the side slopes are steeper than 3:1, continue with step 3

**|f side slopes were less than 3:1, the process would be complete.

3. From Figure 8-2, BO/d = 8/3 =2.67, Side slopes Z = 2,
Read K1 = 0.82.

4. From Eigure 8-3, for d50 = 9-inches,
Read Angle of Repose = 41

5. From [E1qure 8-4 side slopes Z = 2, and Angle of Repose =41,
Read K, =0.73.

6. Stable Riprap = dso X (K1/K2) = 0.75 x (0.82/0.73) = 0.84-feet or 10-inches

8.4.2.4 Curved Channel Section Design Example
Given: The preceding straight channel example has a curved section with a radius of 50-feet.
Find: A stable riprap size for the bottom and side slopes of the curved channel section.

Solution:
1. Ro = 50-feet.

2. Calculate Channel Top Width of Water Surface
Bs = Bo + 2(Z*D) = 8 + 2(2*3) = 20-feet.

3. Calculate the Ratio Bs/ Ro
= 20/50 =0.40
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4. From[Eigure 8-5, for Bs/ Ro = 0.40
Read K3 = 1.1

5. dso X K3 =(0.84-ft. x 1.1) = 0.92-feet or 11-inches.

8.4.3 Outlet Protection Design Example

Given: An 18-inch pipe discharges 24 cfs at design capacity onto a grassy
slope (no defined channel)

Find: The required length, width and median stone size (dso) for riprap lined protection.

Solution:

1. Since the pipe discharges onto a grassy slope with no defined channel, a Minimum Tailwater
Condition is assumed. Figures for design of outlet protection for Minimum and Maximum

Tailwater Conditions are provided in [Figure 8-6/and Eigure 8-7
2. From the intersection of a discharge of 24 cfs and a pipe diameter (d) of 18-inches,

Gives a protection length (L) of 20-feet.

3. From|Figure 8-§, the intersection of a discharge of 24 cfs and a pipe diameter (d) of 18-inches.
Gives a median stone size (dso) of 0.8-ft.

4. The upstream protection width equals 3 times the pipe diameter (3Do)
= 3 x 1.5-feet = 4.5-feet

5. The downstream protection width equals the apron length + the pipe diameter;

= 20-feet + 1.5-feet = 21.5-feet

8.5.  Temporary Sediment Control Measures

Greenville County emphasizes erosion prevention in EPSC plans. However there are always instances
where erosion cannot be prevented. For these situations temporary sediment controls and BMPs must
be implemented to control the migration of eroded sediment off site. The following sediment control
measures are applicable as temporary practices for use during construction. One or more of the measures
and BMPs should be utilized as appropriate during the project's construction phase. A discussion of the
planned measures will be required during the Preliminary Plan Review phase for sites containing
sensitive features.

Greenville County technical specifications and details for temporary sediment control measures are
located Appendix E and include:

% SC-01 Surface Outlet and Baffle Sediment Basin / Multipurpose Basins
% SC-02 Temporary Sediment Trap
% SC-03 Silt Fence
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SC-04 Rock Ditch Check

SC-05 Sediment Tube Ditch Check
SC-06 Stabilized Construction Entrances
SC-07 Storm Drain Inlet Protection
SC-08 Rock Sediment Dikes

SC-09 Construction Dewatering

SC-10 Floating Skimmer

SC-11 Porous Baffles

SC-12 Perimeter Control for Small Sites
SC-13 Polymer/ Flocculant / Coagulant for Sediment Control
SC-14 Concrete Washout
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8.5.1 Sediment Storage Volumes and Maintenance Schedules

Calculating the appropriate sediment storage volume is very important un sediment basin and sediment
trap design. This volume is the storage occupied by the sediment deposited over the given design period.
Design periods may be the life of the basin, or the time between scheduled clean outs. Using computed
sediment yields from the Universal Soil Loss Equation (USLE), along with the sediment bulk density,
the sediment storage volume can be calculated by

V- Lo
S W*43,560

Where Vs is the sediment storage volume (acre-feet), Yp is the sediment deposited over the design
period (pounds), and W is the weight density (bulk density) of the deposited sediment (lbs./ft?). W can
be found from soil survey data (usually given in grams/cm?®) or by the equation

W=W.P +W_ P +WP,

Where W., Wn, and Ws are unit weights of clay, silt, and sand in (Ibs./ft?) taken from Table 8-1, and
Pc, Pm, and Ps are the primary soil matrix percent clay, silt, and sand as listed in soil survey (used as a
decimal).

Table 8-1. Unit Weight Values of Basin Sediment

e
Type of Basin Operation #Ift3 #Ift3 #ft3

Sediment always submerged (Wet Pond
Basin normally empty (Dry Pond
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8.5.1.1 R Factors and El Values

When designing for sediment storage volume, the sediment deposited over the design period Yp, must
be calculated. This value can be obtained by converting the sediment yield calculated by the Universal
Soil Loss Equation (USLE) into pounds of sediment.

One of the variables used in the USLE is the R factor. R is the factor in the USLE that accounts for the
damaging effects of rainfall. The R factor indicates the erosivity of the rainfall, not the average annual
precipitation in a locality. The R factor is defined as the number of erosion index (EI) values in a normal
year’s rain. The El index value of a given storm is equal to the kinetic energy of the storm (hundreds of
foot-tons per acre) multiplied by its maximum 30-minute intensity (inches/hour). The EI values of
individual storms may be summed to get an El value for a month, six months, or for any period of time.
When El values are summed and averaged over a period of years, they become R factors.

The distribution of El values become important when soil losses need to be calculated for a period of
time less than one year, such as a construction season. The distribution of the EI values over a known
period of time is used to calculate an R factor for that time period. Table 8-2 of this chapter shows the
distribution of EI values for Greenville County as a percentage of the R factor for Greenville County.
This design procedure shall require a minimum EI value of 50 for any construction period.

Table 8-2. Average Example Distribution of Rainfall Erosion Index (El Curves) for Greenville County

Percent of El Value

January 1
January 15
February 1
February 15
March 1
March 15
April 1
April 15
May 1
May 15
June 1
June 15
July 1
July 15
August 1
August 15
September 1
September 15
October 1
October 15
November 1
November 15
December 1
December 15
January 1
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The minimum EI value for any construction period shall be 50. The annual R factor value for Greenville
County is 300.

8.5.1.2 Factors and El Value Example Problem

L
L

The annual R factor value for Greenville County is 300.

If construction of a particular site is scheduled to take place for 5 months from January 1 to June
1, the EI Curve value would be,

25.0-0.0=25.0
The corresponding R factor for this time period is calculated to be
0.25 * 300 = 75.0.

If construction of a particular site is scheduled to take place for 5 months from March 1 to August
1, the EI Curve value would be,

56.0-7.0=49.0
The corresponding R factor for this time period is calculated to be

0.49 * 300 = 147.0

8.5.1.3 Calculating Sediment Storage Volumes

The following steps are used to determine the storage volume for a sediment trapping structure. All
Universal Soil Loss Equation input values are found in Appendix A of this Design Manual.

1. Determine the sediment yield from the site using the Universal Soil Loss Equation
A=ReKelLSeCP

Where :

A = Auverage soil loss per unit area (tons/acre/specified design period),

R = Rainfall erosive index (100-ft-tons/acre x in/hr)

(El Value for given design period * average annual R Value)

K = Soil erodibility factor (tons/acre per unit R),

LS =  Length-slope steepness factor (length is the slope distance from the point of origin of
overland flow to the point of concentrated flow or until deposition occurs
(dimensionless), and

CP = Control practice factor (dimensionless).

2. Determine the weight density (W) of the specific soil.

% Use the equation from Section 8.5.1, or

% Soil bore test and/or the Greenville County Soil Survey provide a soil bulk density usually given

in grams/cm?®

% Convert (grams/cmd) to (Ibs/ ft%) by multiplying by 62.43

Greenville County, South Carolina
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w = (bulk density in grams/cm?) x (62.43) = lbs/ft®
3. Convert sediment yield from (tons/acre) to acre-feet of sediment storage.

Determine the total disturbed area DA (acres)
Determine the sediment yield in tons,

¢

Calculated by Multiplying A from step 1. * DA from step 3. (tons/acre * Acres = tons)

% Convert tons to pounds to get YD
(Yo = (tons) * (2000 Ibs/ ton) = pounds)

Yo
Vs W *43,560
4. The design professional can now determine what level the required sediment storage corresponds
to, and require a clean out marking stake to be installed at this elevation. The contractor shall be
required to clean out the basin or trap when this level is reached. Or the designer can simply state
that based on the calculations, the basin or trap will be required to be cleaned out on a time period
basis such as weeks, months or years.

= acre— feet

8.5.1.4 Sediment Storage Volume Example

Given: A 60-acre construction site is to be cleared to a bare soil condition and developed. The
contributing runoff slope length is 400-feet with a 2.5 percent slope. The primary soil is Cecil Sandy
Loam. A sediment basin is to be designed to be the primary sediment control structure on the site.
Determine the required sediment storage volume if construction is to take place between March 1 and
September 1

1. Determine the sediment yield form the site using the Universal Soil Loss Equation

A=R eK elLS eCP

R = from Table 8-2, El for September 1 = 77.0, and EI for March 1 =7.0
(77.0 - 7.0) = 70% of 300 = 210

K = 0.28 for Cecil sandy loam soil

LS  =0.365 for 400 ft slope length with 2.5%

CP  =1.0for a bare soil condition

A =(210) x (0.28) x (0.365) x (1.0) = 21.5 tons/acre

2. Determine the weight density (W) of the Cecil sandy loam soil.

% Soil boring tests give an average soil bulk density of 1.40 grams/cm3 for Cecil sandy loam soil
% Convert 1.40 (grams/cm3) to (# / ft3) by multiplying by 62.43

W = (1.40) x (62.43) = 87.4 #/ft3
3. Convert sediment yield from (tons/acre) to acre-feet of sediment storage.

% Determine the total disturbed area (acres)
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% Determine the sediment yield in tons

21.5 (tons/acre) * 60 (acres) = 1290 tons

fs Convert tons to pounds to get Yp
Yo = (1290 tons) * (2000 # / ton) = 2,580,000 pounds

VS_L — 2,580,000 = 0.68 acre— feet

W ™*43560 87.4.x 43,560

8.6.  Runoff Control and Conveyance Measures

The following flow control measures are applicable as temporary and/or permanent practices for use
during construction. Greenville County technical specification and details for Runoff Control
Measures are located Appendix E and include:

% RC-01 Pipe Slope Drains
% RC-02 Subsurface Drains
% RC-03 Runoff Conveyance Measures
% RC-04 Stream Crossings

8.6.1 Runoff Control and Conveyance Measures Design Example Problems

See Figure 8-8| [Figure 8-9 and Figure 8-10 for Subsurface Drain Capacity for the given

Manning’s n value

Given: An interceptor subsurface drain is to be installed on a 1.0% grade, 700-feet in length, using
corrugated plastic pipe.

Find: The required size of the drain pipe.
Solution:
% The required capacity of the drain pipe is 1.50 cfs per 1000-feet.

% The design capacity for this situation can be calculated by:

Capacity :% x1.50 cfs= 1.05 cfs

% The Manning’s n value for corrugated plastic pipe is 0.015.

% From|Figure 8-9, with the hydraulic gradient of 0.01 and a flow capacity of 1.05 cfs, read a pipe
size of 8-inches.
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Given: A relief drain system is designed to have a gridiron pattern of 8 laterals, 500-feet long, on a
0.50 percent grade spaced 50-feet on center, connected to a main pipe 400-feet in length on
0.50 percent grade. Smooth PVC pipe shall be used.

Find: The required size of the drain pipe.

Solution:

Lateral Design:

% The drainage area (DA) for each lateral is 25-feet on either side of the pipe multiplied by the
length:

25ft+25ft) x 500ft.

ft?
43560 /o

DA = ( = 0.57 acres

% From Section 8.6.6.2, relief drains in a uniform pattern shall remove 1-inch of water in 24-hours
(0.042 cfs/acre):

0.042 cfs x 0.57 acres = 0.02 cfs

% The Manning’s n value for PVC pipe is 0.013.

% From[Figure 8-8, with the hydraulic gradient of 0.005 and a flow capacity of 0.02 cfs, read a
pipe size of 4-inches for each lateral.

Main Pipe Design:

% The drainage area (DA) of the main pipe will only drain 25-feet opposite the laterals:

(25ft) x 400ft.

ft?
43560 /.

DA = = 0.23 acres

% The drainage area from the 8 laterals (DAL ) is calculated to be:
DAL =8 x 0.57 acres = 4.56 acres

% The total drainage area (TDA) to the main is:

TDA =0.23acres + 4.56 acres = 4.79 acres

% Relief drains in a uniform pattern shall remove 1-inch of water in 24-hours (0.042 cfs/acre):

0.042 cfs x 4.79 acres = 0.20 cfs

% The Manning’s n value for PVC pipe is 0.013.
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% From[Figure 8-8, with the hydraulic gradient of 0.005 and a flow capacity of 0.2 cfs, read a pipe
size of 5-inches for the main.

“
8.7.  Engineering Design Aids and Design Guidelines for Sediment
Controls

This section presents design aids that were developed for use in designing four types of sediment control
structures; sediment basins, sediment traps, silt fences, and rock ditch checks for Greenville County
South Carolina. Each of these design aids will be briefly described and then examples will be used to
demonstrate their use in realistic problems. First however a common feature of each design aid settling
velocity will be discussed.

8.71 Characteristic Settling Velocity and Eroded Particle Size

A common feature of each of the design aids is that a characteristic settling velocity for the eroded soil
must be obtained. For Greenville County conditions, this velocity corresponds to an eroded size such
that 15 percent of the sediment has particles smaller than the size specified. The procedure for
empirically estimating eroded size distributions is best described by Hayes et. al (1996). The
characteristic settling velocity corresponds to an eroded particle diameter that is referred to as Dis. This
diameter represents the point on the eroded particle size distribution curve where 15 percent of the
particles (by weight) are equal to or smaller than this size. Estimated eroded size distributions for
Greenville County soils using an adaptation of the method described by Foster et al. (1985) were
developed. The procedure uses the primary particle size information reported by the USDA Soil
Conservation Service (SCS) as part of county soil surveys. This procedure may be used with USDA
Soil Survey Data or site specific soil boring data. Other procedures are given by Haan et. al. (1994) for
physically based estimating procedures. If Dss is less than 0.01 mm, then settling velocity based upon a
simplified form of Stokes Law is:

Vs = 2.81d°

Where Vs is settling velocity in ft/sec and d is diameter in mm. If Dis is greater than or equal to 0.01
mm, then settling velocity should be found using:

log10Vs = -0.34246 (log1od)? + 0.98912 (logiod) - 0.33801

Where Vs, is settling velocity in ft/sec and d is particle diameter in mm (Wilson et al., 1982). The

characteristic settling velocity can be obtained using and the eroded particle size (Das) for
soils found in Greenville County is provided in Appendix C.

It is important to remember that the eroded size distribution is the most critical parameter in sizing
sediment controls. The eroded size distributions vary greatly from primary particle size distributions
that are often determined as a result of soil strength investigations for construction purposes. Primary
particle sizes will yield erroneous results and should not be used. The user should note that Dss is often
smaller for coarse textured (more sandy soils) because of the reduced clay content and the lack of
aggregation.
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Table 8-3. Soil Classification by Texture

Greenville County Soil Classification by General Texture

Soil Type Sandy Loam Silt Loam Clay Loam

8.7.2 Sediment Basin Design Aids

The Sediment Basin Design Aids are designed for soils classed as either coarse (sandy loam), medium
(silt loam), or fine (clay loam). The design ratio should be less than or equal to the curve value at any
given trapping efficiency. The sediment basin Design Aids have been developed for the following two
separate conditions:

% Basins not located in low lying areas and/or not having a high water table, and

% Basin located in low lying areas and/or having a high water table.

8.7.21 Sediment Basin Design Aid Ratio

po

Basin Ratio =

A V 15
Where:
Opo = Peak outflow rate from the basin for the 10-year, 24-hour storm event (cfs),
A = Surface area of the pond at riser crest (acres),
Vis = Characteristic settling velocity (fps) of the characteristic D1s eroded particle (mm).

Constraints for use of Sediment Basin Design Aids:

% Watershed area less than or equal to 30 acres

% Overland slope less than or equal to 20 percent

% Outlet diameter less than or equal to 6-feet

Basin Ratios above the design curves are not recommended for any application of the design aids. If

the basin ratio gue/ AV 15 intersects the curve at a point having a trapping efficiency less than the
desired value, the design is inadequate and must be revised.

A basin not located in a low lying area and not having a high water table, has a basin ratio equal to
2.20 ES5 at 80 percent trapping efficiency as shown in|Fiqure 8-12.

A basin that_is located in a low lying area or in an area that has a high water table, has a basin ratio
equal to 4.70 E3 at 80 percent trapping efficiency as shown in Figure 8-13.
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8.7.2.2 Sediment Basin Example Problems
A sediment basin is to be constructed on a 14-acre (0.0219 mi?) disturbed site.
Peak discharge is to be limited to that of the current land use, established grass.
A pond site is available with an area at the riser crest of 0.75 ac. Soil in the area is an Edisto.

a) Estimate the basin’s trapping efficiency for a 10-year, 24-hour storm if time of concentration is
approximately 20 minutes.

b) If the desired trapping efficiency is 80 percent and the eroded diameter D15 equals 0.01mm,
what is the required peak discharge for basin areas of 0.33, 0.50, 0.67, 0.75 and 1.0 acres

Solution:

Part (a)

1. Estimate the peak runoff allowed. The SCS curve number is found for a hydrologic soil group C
with established grass as 74. Using a 10-year, 24-hour design storm of 6.0-inches, with this curve
number yields a runoff volume of 3.2-inches using the SCS curve number method.

2. Using the SCS graphical method to estimate peak flow, the I./P ratio computes to approximately
0.12. Combining this and an estimated time of concentration equal to 0.33 hrs yields a qu = 650

csm/in for a Type Il storm distribution.

3. The peak discharge allowed is calculated by multiplying qu times the runoff volume times the
disturbed area in mi? and is approximately 46 cfs.

4. Dss for an Edisto sub-soil 0.0128. Using this diameter, V15 can be estimated as 3.7E-4 ft/sec.
5. The sediment basin ratio can now be calculated by calculating

Qpo/ (AV15) = 46 /[(0.75)(3.7E-4)] = 1.70 ES

6. Going to the Sediment Basin Design Aid (Elgure 8-12) with this sediment basin ratio, read across
to the curve and then turn down to the x-axis. The trapping efficiency is estimated to be 81%.

7. If the desired trapping efficiency was not obtained, the process would need to be repeated with a
larger basin or decreased discharge until the desired trapping efficiency was found.

Part (b)

1. Determine the Sediment Basin Ratio. From the Sediment Basin Design Aid (Eiqure 8-17), the
ratio for a design trapping efficiency of 80 percent is 2.20 E5 ft?/acre.

2. Determine the ratio of gpo/A required. Substituting the results from step 1 into equation 3,
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Basin Ratio = 2.2x10° = qpo/A/V1s

3. With D15 equal 0.01 mm, the corresponding V15 is 2.8E-4 ft/sec. Hence,

2.2x10% V15 = qpo/A = (2.2x10%)(2.8x104) = 62 cfs /acre of pond.

4. Determine ggoand A values. The following results can be tabulated for the acreage shown:

Qpo = 62 cfs/acre * (0.33 ac.) = 20.5 cfs.

Continuing this calculation for basin areas of 0.67 and 1.0 acres, we have:

Pond Area
acres

Each of these combinations will give the desired 80 percent trapping efficiency for the specified eroded
size. The depth will depend on the expected volume of sediment to be deposited during the life of the

structure.

8.7.3 Rock Ditch Check Design Aids

Design aids for rock ditch checks were developed similarly to those for ponds. Again, the D5 eroded

particle size is used for the calculation of the characteristic settling velocity. The ratio for ditch checks

is defined by:

The Rock Ditch Design Aids have been designed for the following soil classifications:

% Coarse (sandy loam),
% Medium (silt loam), and
% Fine (clay loam).

The design ratio should be less than or equal to the curve value at any given trapping efficiency.

8.7.31 Rock Ditch Check Design Aid Ratio
(1-b)

. . 5q
Ditch Check Ratlo = AV

Where:
S = Channel slope (%),
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Unit width flow through the check for the 10-year, 24-hour storm event (cfs/ft),
Characteristic settling velocity (fps), of the characteristic D1s eroded particle (mm).

q
Vis

Coefficients a and Exponent b can be interpolated from tables

Constraints for the use of Rock Ditch Check Design Aids:

% Watershed area is less than or equal to 5 acres

% Overland flow length is less than or equal to 500-feet

% Overland slope is less than or equal to 15 percent

% Maximum depth of the ditch is less than or equal to 6-feet

Ditch Check Ratios above the design curves are not recommended for any application of the design
aids. If the ditch check ratio intersects the curve at a point having a trapping efficiency less than the
desired value, the design is inadequate and must be revised.

A ditch check located on coarse soils has a ditch check ratio equal to 1.10 E3 at 80 percent trapping

efficiency as shown in[Eiqure 8-14,

A ditch check located on medium soils has a ditch check ratio equal to 5.80 E3 at 80 percent trapping

efficiency as shown in[Eigure 8-15.

A ditch check located on fine soils has a ditch check ratio equal to 1.20 E4 at 80 percent trapping
efficiency as shown in[Figure 8-16.

8.7.3.2 Rock Ditch Check Example Problem
Given: A rock ditch with a channel slope of 1.0 percent is to be installed on an area having Cecil
sandy loam soils. The eroded size distribution is for a medium texture soil since it is a sandy
loam.

The runoff coefficient “C” for the rational method is estimated as 0.4 with an intensity of 6.75 in/hr
for the design storm.

Drainage area to the ditch check is 4.4 ac.
Average rock diameter of the ditch check is 0.10 m (4 in.).

Average width (perpendicular to flow) is 6.7 ft and ditch check length is one meter (refer to Section
6.4 for procedures to calculate flow through a ditch check).

Find:
The trapping efficiency for the rock ditch check.
Solution:

A Cecil Dss topsoil is 0.0066 mm, and the settling velocity is found to be V15 = 1.2 E-4 fps.
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Peak flow can be estimated from the given information by substituting into the rational formula so that

qp=CiA=04(6.75)(4.4)=11.9cfs
1. The flow rate should be converted to flow per unit width by dividing the peak flow by the check
width to obtain the design g as

q=11.9 cfs/6.7 ft = 1.78 cfs/ft
2. Appropriate values of the coefficients a and b can be interpolated from Table 8-4.

% Rock diameter of 0.10 m
% Flow length of 1.0 m

a=4.13
b = 0.6651.

Substitute all values and calculate the ditch check ratio
Sq() Ja V5 = (1.0)(1.78(1-06651) )/(4.13)(1.2E-4) = 2448

3. Enter the Rock Ditch Check Design Aids for medium texture soil on the y-axis with
Ditch Check Ratio = 2.5E3, go to line and turn to the x-axis to read trapping efficiency.

Trapping efficiency equals 86%.
Note: The ditch check must also be checked for overtopping since this is a common occurrence and

results in total failure of the check. If the check overtops, the trapping efficiency is assumed to be zero.
See Section 6.4 entitled Stage Discharge Equations for Rock Structures.

Table 8-4. Stone Flow Coefficient a and Exponent b

. Coefficient a ||| Coefficient a ||| Coefficient a
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Dso = rock ditch check average stone diameter in meters.

dl = average flow length through the rock ditch check in meters.

Source: Haan et. al. (1994) pg. 151.

8.74 Silt Fence Design Aids

This design aid for applies to silt fences placed in areas down slope from disturbed areas where it serves
to retard flow and cause settling. Two conditions must be met for satisfactory design.

% Trapping efficiency must meet the desired level of control.
% Overtopping of the fence must not occur.

8.741 Silt Fence Design Aid Ratio

The silt fence design aid is a single line grouping all soil textures together. A similar procedure was
used for development of the ratio as used for the ponds and rock checks. For the silt fence, the ratio is:

9

Silt Fence Ratio=——
V15 Parea

Where:

Opo = Peak outflow through the fence for the 10-year, 24-hour storm event (cfs),

V5 = Characteristic settling velocity (fps), of the characteristic D15 eroded particle (mm),
Parea = Potential ponding area up slope of the fence (ft?).

The ponding area can be estimated by using the height of the fence available for flow through and
extending a horizontal line from the fence to an intersection with the ground surface upslope of the
fence. The unit available area is calculated by multiplying the fence height by the ground slope. Multiply
this unit area by the available fence length for ponding to obtain the potential ponding area.

Using the calculated ponding area, calculate the ratio and enter the value to to determine
the efficiency. Once an acceptable trapping efficiency is determined, a calculation for overtopping must
be performed. The overtopping calculation must be performed using the slurry flow rate through the
fence. This rate must be checked against the incoming flow to determine if enough storage exist behind
the fence to prevent overtopping.

Constraints for the use of Silt Fence Design Aids:

% Watershed area is less than or equal to 5 acres

% Overland flow length is less than or equal to 500-feet

% Overland slope is less than or equal to 6 percent

% Slurry flow rate through the fence is less than or equal to 10 gpm / ft
% Maximum height of the silt fence is less than or equal to 3-feet

Silt Fence Ratios above the design curves are not recommended for any application of the design aids.

If the silt fence ratio intersects the curve at a point having a trapping efficiency less than the desired
value, the design is inadequate and must be revised.

Assilt fence ratio equal to 0.23 has an 80 percent trapping efficiency as shown in [Eigure 8-17.
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8.74.2 Silt Fence Example Problem

A wire-backed silt fence is to be built from 2.5 ft wide, silt fence fabric at the toe of a 2.0 percent slope
draining a linear construction site.

Topography will cause runoff to drain through 400-feet of total fabric length.

Peak flow from the 1.0-acre upslope area is estimated at 2.5 cfs using the rational equation with “C”
equal to 0.25 and intensity equal to 10.0 iph.

Freeboard allowance and installation will reduce the usable height of the fence from 2.5- to 1.5-feet that
is usable above ground.

Slurry flow rate for the filter fabric is 10 gpm/ft? of fabric according to manufacturer specifications or
other source.

Find:

A. The trapping efficiency if the soil is Lakeland Sand with an eroded size distribution having a Dis
equal to 0.0463 mm.

B. The trapping efficiency if the soil is Cecil with an eroded size distribution having a D15 equal to
0.0066 mm.

Solution:
A:

1. The settling velocity of the D5 particle (0.0463 mm) can be estimated as Visequal to 5.1 E-3 ft/sec.
2. The ponded area can be estimated using the geometry at the installation site. With a fence length of
400 ft, maximum depth equal to 1.5 ft based on the usable width of the fabric, and slope upstream
of the fence equal to 2.0 percent, there will be ponded area of 75 ft%/linear ft of fabric for a total
ponded area of
Parea = (75 ft?/ft) (400 ft) = 30,000 ft?

Based on this ponding calculation, a tie back of 75-feet is required to provide an adequate
ponding area.

3. The filter fence ratio is calculated as

Silt Fence Ratio = qpo /(V15 Parea) = 2.5/[(5.1E-3)(30,000)] = 0.017

4. Reading the trapping efficiency from the Silt Fence Design Aid (Eigure 8-17) with the ratio equal
to 0.017, the trapping efficiency is approximately 94 percent.

% The fence must be checked for its ability to pass the design flow without overtopping.

5. Convert the peak flow from cfs to gpm so that
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o = (2.5 ft3/sec)(7.48 gal/ft3)(60 sec/min) = 1122 gpm

6. Required length of fabric to carry this flow can be found by dividing the peak flow rate by the
effective height (1.5-ft) and the slurry flow rate of 10 gpm/ft2 of fabric. Hence, the length of fence
required to carry the peak flow without overtopping is

L =(1122)/ (1.5) (10) = 75 ft
7. Since 75 ft is less than the 400 ft available, the fence as designed should not overtop if it is properly

maintained. Note: This analysis does not account for concentration of flows or strength of the posts,
wire mesh, or fabric.

|0

1. A Cecil D;s topsoil is 0.0066 mm, and the settling velocity is found to be V15 = 1.2 E-4 fps.

2. The filter fence ratio is calculated as:
Silt Fence Ratio = gpo /(V15 Parea) = 2.5/[(1.2E-4)(30,000)] = 0.70

3. Reading the trapping efficiency from the Silt Fence Design Aid (Eigure 8-17) with the ratio equal
to 0.70, the trapping efficiency is approximately 70%.

8.7.5 Sediment Trap Design Aids

Sediment traps, for the purposes of this document, are small excavated ponds with rock fill outlets.
Their outlet hydraulics are different from a drop inlet structure, thus the Design Aid is slightly different
with the area defined as being the area at the bottom of the outlet structure. Trapping efficiencies for

sediment traps are plotted in as a function of the sediment trap ratio:

8.7.51 Sediment Trap Design Aid Ratio

The sediment trap design aid is a single line grouping all soil textures together. A similar procedure was
used for the development of the ratio as used for basins. For the sediment trap, the ratio is:

Sediment Trap Ratio = %

A V 15
Where
Opo = peak outflow for the 10-year, 24-hour storm event (cfs),
A = surface area at the elevation equal to the bottom of the rock fill outlet (acres),
Vis = characteristic settling velocity (fps), of the characteristic D15 eroded particle (mm).

Constraints for the use of Sediment Trap Design Aids are:

% Watershed area less than or equal to 5 acres
% Overland slope less than or equal to 20 percent
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% Rock fill diameter greater than 0.2-feet and less than 0.6-feet
% Rock fill height less than 5-feet

% Top width of rock fill between 2- and 4-feet

% Maximum Side slopes 1:1 to 1.5:1.

Sediment Trap Ratios above the design curves are not recommended for any application of the design
aids. If the sediment trap ratio intersects the curve at a point having a trapping efficiency less than the
desired value, the design is inadequate and must be revised.

A sediment trap ratio equal to 9.0 E4 has an 80 percent trapping efficiency

Storm flows shall be routed through the sediment trap to calculate the required depth and storage volume
of the trap.

A sediment storage volume shall be calculated and provided below the bottom of the rock fill outlet
structure.

8.75.2 Sediment Trap Example Problem

Given:

A sediment trap designed for a 10-year, 24-hour storm is to be constructed on a development site as a
temporary sediment control measure for a 3-acre drainage area that is totally disturbed.

The outlet is to be a rock fill constructed of rock with a mean diameter of 0.5-feet. The soil is a Cecil
sandy loam, the slope of the watershed is 5 percent, and the time of concentration is 6 minutes.

a) If the desired trapping efficiency is 80 percent, what is the required peak discharge for trap areas of
0.10, 0.25, and 0.50 acres.

Solution:

1. Determine the Sediment Trap Ratio. From the Sediment Trap Design Aid (Figure 8-18), the ratio
for a design trapping efficiency of 80 percent is 9.0E4 ft?/acre.

2. Determine the ratio of gqpo/A required from the Sediment Trap Ratio,
Sediment Trap Ratio = 9.0x10* = qpo/A*V15

3. The D15 for a Cecil soil is 0.0066 mm, and the corresponding V15 for a Cecil sandy loam soil is
1.2E-4 ft/sec. Hence,

9.0x10* Vis = gpo/A = (9.0x10*)(1.2x10™) = 11 cfs /acre of pond.

4. Determine gpo/A values. The following results can be tabulated for the acreage shown:

Sediment Trap Bottom Area qpo Through Rock Fill
acres cfs

0.10 1.1
0.25 2.8
0.50 5.5
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Each of these combinations will give the desired 80 percent trapping efficiency. The rock fill outlet
structure must be designed to convey a peak flow of that shown in column two of the table above. See
Section 6.4 for design details. If the check rock fill overtops, the trapping efficiency is assumed to be
zero.

Storm flows shall be routed through the sediment trap to calculate the required depth and storage volume
of the trap.

A sediment storage volume shall be provided below the bottom of the rock fill outlet structure.
8.8. Report Development

Specific requirements for the erosion and sediment control section of the Stormwater Management
Permit Application shall include, but is not limited to the following items:

The plans shall contain a description and location of the predominant soil types on the site.
The plans shall show the location and delineation of vegetative covers that are not to be disturbed.

The plans shall contain the location and dimensions of all stormwater drainage and natural drainage
systems on, and adjacent to the development site.

The plans shall contain both existing and planned site topography.

The plans shall contain the location and dimensions of all land disturbing activities.

e e eeee

If applicable, the plans shall contain the potential location for soil stock-piles and the related
stabilization structures or techniques for these stock piles.

¢

The plans shall include details, dimensions and descriptions of all temporary and permanent erosion
and sediment control measures.

% Notes contained in the erosion and sediment control plan shall state that all erosion and sediment
controls be inspected at least once every seven calendar days, or after any storm event the produces
greater than %2-inches of rainfall during any 24-hour period.

% Notes contained in the erosion and sediment control plan shall state that when construction or land
disturbance activities have temporarily ceased on any portion of a site, temporary site stabilization
measures shall be required as soon as practicable, but no later than 14 calendar days after the activity
has ceased.

% Notes contained in the erosion and sediment control plan shall state that final stabilization of the
site shall be required within 14 calendar days of the completion of construction.

% Specifications for a sequence of construction operations shall be contained on all plans describing
the relationship between the implementation and maintenance of sediment controls including
permanent and temporary stabilization and the various phases of earth disturbance and construction.
The specifications for the sequence of construction shall contain, at a minimum, the following:

#+ Clearing and grubbing for those areas necessary for installation of perimeter controls
Installation of sediment basins and traps

Construction of perimeter controls

Remaining clearing and grubbing

Road grading

Grading for the remainder of the site

Utility installation and whether storm drains will be used or blocked until the completion of
construction

* 4 4 4+
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¢ Final grading, landscaping, or stabilization
+ Removal of sediment control structures.

% Design computation for all erosion and sediment control structures.

#+ List of the trapping efficiency of each sediment control structure.

¢ Calculation of required sediment storage volumes.

¢ Explanation of any computer models or software used with highlights of the output data.
# Description of required clean-out frequencies and maintenance schedules.
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Chapter 9.
9.1 Water Quality Regulations

Water quality control is intended to reduce the impacts of development on the quality of the receiving water
bodies after construction is complete. Because Greenville County’s Phase | MS4 permit requires the County
to support a post-construction permitting program, the County’s requirements supersede statewide post-
construction water quality requirements. The water quality requirement is determined by the location and
nature of the development or redevelopment project for which a permit is sought. The County reserves the
right to determine that a development must meet separate or additional requirements, so it is advised that a
designer discuss water quality requirements early in the design process. Table 9-1 summarizes requirements
for each type of development.

WATER QUALITY

Table 9-1: Water Quality Regulations by Location, Downstream Impairments, and Size

Development/
Redevelopment
Location

Development/ Redevelopment

Characteristics? Water Quality Requirement

Any Development in Greenville County disturbing < 10,000 sf
AND
Generating no more than 1 cfs increase in peak discharge for the critical
storm3

10,000 squarege';et ~0.99 acres Ensure annual Total Suspended Solids (TSS)

load is

other sites meeting criteria for Alternative TSS Standard (as described in < 600 pounds per acre

Section 9.1.4)

1-25acres
OR
= 25 acres and NOT discharging to
impaired waterbody (TMDL or 303d)

Trap 85% of annual TSS load

Not within the Reedy River
watershed

2 25 acres
AND
Discharging to impaired waterbody

1-25 acres
OR
= 25 acres and NOT discharging to
Within the Reedy River impaired waterbody
watershed
2 25 acres
AND

Discharging to impaired waterbody

Trap 85% of annual TSS load
AND
Anti-degradation Rules for Pollutant of
Concern (POC)

Trap 85% of annual TSS load
AND
No Increase in Annual Loading for Total
Phosphorus (TP)

Trap 85% of annual TSS load
AND
Anti-degradation Rules for TP and POC

2 Size refers to disturbed area. If a development project is part of a larger common plan (LCP) of development, the
total area disturbed by the larger common plan should be used for determining water quality requirements.

3 The Critical Storm is defined in Section 2.2. For most areas of Greenville County, the critical storm is the 25-year,
24-hour storm. Sites less than 10,000 sf disturbed area, but causing more than 1 cfs increase in peak discharge from
the site (or any individual outlet) during the critical storm should follow requirements for sites 10,000 sf — 0.99 ac.
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The table above is subject to the following exceptions and clarifications:

1.

2.

The IDEAL model is the required tool for demonstrating compliance with all standards and is
provided by the County at little or no cost to the designer.

Compliance with water quality standards must be demonstrated for each outfall individually. An
outfall is considered any point where concentrated flow leaves the property or enters waters of the
State.

The Director has discretion to require more stringent controls for water quality where the Director
determines the minimum standards are not adequate. Projects one acre or greater discharging to
waters the Director determines are sensitive will be required to follow Anti-degradation Rules.
Sensitive waters include outstanding resource waters, trout waters, wetlands, or other sensitive
areas.

All redevelopment projects and portions of redevelopment projects disturbing more than one acre,
or that will result in more than one cubic foot per second (cfs) increase in peak runoff rate during
the critical storm (as a site or at any individual outfall) shall meet the requirements of this section
even if there is not a change in land use.

Exceptions for construction of single-family homes (and/or associated features) will be decided by
the Director on a case-by-case basis, depending on potential water quality impacts.

The ensuing sections provide more details and specifics on those types of development or redevelopment
projects and their water quality requirements. Sections on pollutant loading, treatment, and best
management practices (BMPs) are also included in this chapter.

In addition to meeting one of the above requirements, appropriate structural stormwater controls or non-
structural practices must be selected, designed, constructed or preserved, and maintained according to the
specific criteria in this manual.

9.1.1 Trap 85% of Annual TSS Load

This standard is applicable to all projects in Greenville County disturbing one acre or greater and not
meeting the conditions for application of the Alternative TSS Standard. In some cases, the designer will
need to demonstrate compliance with the 85% TSS Trapping standard in addition to other requirements
for pollutants of concern (e.g., within the Reedy River watershed, designers must demonstrate no increase
in annual loading for TP and the 85% TSS trapping standard).

The 85% TSS trapping standard requires the designer to show (using the IDEAL model) that 85% of the

sediment generated onsite annually, by weight, will be trapped in BMPs onsite. Even manufactured
treatment devices (MTDs) or other proprietary devices must be modeled in the software — supplying

manufacturer-published literature or tests showing 85% trapping is not acceptable. In an effort to aid the

design community as well as to provide the County quantifiable assurances for meeting MS4 permit

goals, the County has developed and made available the IDEAL computer program at low or no cost to

the designer.

9.1.2 No Increase in Annual Loading

This standard applies to sites subject to antidegradation rules and sites greater than 1 acre in the Reedy
River watershed. The IDEAL model is the required tool for demonstrating compliance. To demonstrate
compliance, the designer must show that the annual load of the pollutant of concern discharging from the
site in the post-construction condition is equal to or less than the load of that pollutant before construction.
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9.1.3 Antidegradation Rules for Impaired Waters

The State’s Anti-degradation Rules are specifically formulated to ensure that no new activities will further
degrade waterbodies that are not presently meeting water quality standards. Greenville County shall
ensure compliance with the Antidegradation Rules through though the Stormwater Permitting, Section
401 Water Quality Certificate, Critical Area Planning, and State Navigable Water Permitting program.
Greenville County shall implement the Anti-degradation Rules when issuing NPDES permits for point
source and nonpoint source loadings into impaired and sensitive waters. The activities of primary concern
are land development projects that are immediately adjacent to and discharge stormwater runoff into
impaired waters. These projects may also require Special Pollution Abatement as discussed below in
Section 9.1.3.3. Antidegradation Rules for Impaired Waters are required for the following projects:

1. Projects 25 acres or greater within a watershed that drains to an impaired waterbody.

2. Projects one acre or greater but less than 25 acres within a watershed that drains to an impaired
waterbody if required by the Director.

3. Projects one acre or greater discharging to a waterbody not currently listed as impaired, but that is
known to have particular adverse water quality pollutant impacts (including Outstanding Resource
Waters), at the discretion of the Director.

9.1.3.1 Definition of Impaired Waterbodies

An “impaired waterbody” is any waterbody that has been listed as impaired by SCDHEC on the most
recently published 303(d) list or that has an established TMDL or equivalent. Every two years SCDHEC is
required by Section 303(d) of the Clean Water Act to identify waterbodies that are not meeting water quality
standards. The impaired waters list includes each waterbody by name, monitoring station number,
hydrologic unit, and basin. The impairment and cause should also be identified for each waterbody.

A TMDL document is created by SCDHEC for waterbodies on the 303(d) list for the purposes of reducing
the loading of the pollutant of concern. The Total Maximum Daily Load (TMDL) is the total amount of
pollutant a waterbody can receive from all sources and still meet the required water quality standard. For
some waterbodies SCDHEC and Greenville County will develop a TMDL or equivalent that includes
recommended limits or loads for both point sources and nonpoint sources. For some waterbodies, the
identified load reduction may apply only to nonpoint sources or point sources.

Waters that are not listed as impaired, but that still require Special Pollution Abatement have been identified
by sampling and/or monitoring results and have been identified by the County as priority areas for water
guality treatment. Outstanding resource waters may also qualify for compliance with this requirement for
protection of their classification.

9.1.3.2 Requirements

Design professionals shall determine whether runoff from the proposed land disturbance contains pollutants
that are contributing to impairment of the receiving waterbody. These pollutant discharges will vary from
site to site. If stormwater runoff from the proposed land development will contribute pollutants that cause
water quality impairment, the design professional must demonstrate that measures and controls
implemented will prevent further impairment.

The techniques and controls discussed in Chapter 9 shall be utilized to provide the removal of any harmful
pollutants. There is not a specific methodology that must be followed in determining the BMPs selected
and utilized to follow the Anti-degradation Rules. However, the calculations and descriptions must show
that the water quality BMPs to be installed will ensure that runoff from the site will not cause or contribute
to further degradation of the impaired waterbody. This condition will be assumed to be met if the new
development or redevelopment does not increase the annual loading of the pollutant of concern over the
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predevelopment conditions. If the impairment is listed as “BIO” (biological impairment) and/or a metal,
TSS shall be considered the qualifying pollutant of concern.

With the IDEAL model, designers can calculate the annual loading for the pollutant of concern for the pre-
developed condition as a baseline and the developed condition (with no increase) for impaired waters
discharge compliance.

In most cases, the effectiveness of the designed water quality BMPs will not require water quality sampling.
However, for certain situations, it may be required for the applicant or landowner to collect monitoring data
to confirm the effectiveness of the BMPs.

9.1.4 Alternative TSS Standard

For project sites subject to the conditions listed below, as an alternative to trapping 85% of the annual
TSS load, the designer will show, using IDEAL, that the annual post-development load will be no more
than 600 pounds/acre/year. The required conditions that must be met to use this alternative are:

1. The designer demonstrates that by the nature of the development, it is impractical to reduce the size
of the facility and parking area;

2. The designer shows that there is no space for low impact development (LID) stormwater treatment
practices other than proprietary devices;

3. All pervious areas are designed to produce the least amount of runoff practicable.

IDEAL must be utilized to demonstrate the annual loading leaving the site.

9.1.5 Special Pollution Abatement

Special pollution abatement may be required when: 1) development or re-development occurs within a
watershed that is listed as impaired by SCDHEC or has an established TMDL, 5R, or equivalent
implemented for a pollutant(s) of concern, or 2) an existing development is within a watershed that becomes
listed as impaired by SCDHEC or subject to a TMDL, 5R, or equivalent. The purpose of special pollution
abatement is to ensure that effective best management practices are used and maintained to control water
quality for these waterbodies. The specific applications and requirements will be set by the Director. Any
development that occurs without required measures or any existing development that continues to operate
after being issued notices of violation shall be in violation of this section of the code.

Development in other areas known to have particular adverse water quality pollutant impacts may also be
required to comply with this section at the discretion of the Director. Areas that qualify will have been
identified by sampling or monitoring results and will be considered priority areas for water quality
treatment. Outstanding resource waters may also qualify for compliance under this section for protection
of their classification.

9.1.5.1 Application Procedure

All special pollution abatement requirements shall be included in the final site development plans or as
outlined in a remediation plan prepared as a result of a notice of violation. The site plan shall show all
development and redevelopment or remediation efforts including discharge points draining to “Waters of
the United States” or “Waters of the State”, locations of stormwater treatment facilities, and BMPs.

The purpose of a Special Pollution Abatement Permit is to ensure that effective BMPs are used to control
water quality for impaired and sensitive waterbodies such that the waterbodies are not degraded any further
because of the development or redevelopment. Information for BMPs shall include the following:
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For each proprietary stormwater BMP- manufacturer, model, flow rates of runoff draining to the
BMP for the 1-year and 10-year, 24-hour storms, and the verified treatment and bypass flows.

For each non-proprietary stormwater BMP- type, unique identifying name (e.g., South Dry Pond),
and surface area at the highest stage.

Inspection and maintenance program and schedule for each BMP.

Certification by the engineer of record that the stormwater treatment BMP will address the
pollutant(s) of concern and meets any requirements of the TMDL or equivalent, if applicable.
Certification by the Responsible Party that the BMP will be maintained and inspected according to
the inspection and maintenance program detailed in the permit request. Certified reports shall be
submitted to the Director by the Responsible Party of the facility or as the Director requires as given
in the permit conditions. Sampling and monitoring may be required to verify the performance of
the facility and compliance with the Special Pollution Abatement requirements.

¢ ¢e¢ ¢ ¢

9.1.5.2 Approval of Structural Treatment Devices

If approval of structural stormwater treatment devices is given to address the pollutant of concern, the
Director may require valid documentation from full-scale testing by an independent third party to verify
that the pollutants of concern will be properly controlled.

9.1.6 New Standard Development Process

The above standards were created for the purpose of protecting the environment and allowing for
responsible growth in business and population in Greenville County. Standards exist not to penalize
development, but to allow it to fulfill its purpose without reducing or degrading natural resources for future
development. Greenville County strives to make the process of receiving a development permit as simple
and quick as possible.

Creating water quality standards is an iterative process that began with the state-wide standards as the
baseline. During the County’s first Phase I MS4 permit cycle, the County instituted a new standard for
greater protection of water quality. As a part of that standard, IDEAL was introduced to aid designers in
achieving the required level of water quality performance with precision and flexibility. The use of IDEAL
eliminates the need for simplistic and outdated methods or excessively conservative design aids and
provides the County with measurable and quantifiable proof in meeting our permit requirements.

Due to collaborative efforts with other upstate stakeholders and SCDHEC/USEPA to reduce the discharge
of nutrients, the County has developed specific design requirements for the Reedy River watershed. Since
Total Phosphorus (TP) is the limiting nutrient for harmful algae blooms in Piedmont-area lakes (Ceballos
and Rasmussen, 2007), it was determined that the standards would be based on TP. In general, treating
stormwater runoff for the removal of TP will also have a positive impact on total nitrogen (TN). By basing
the requirements on TP, the County expects to achieve treatment of both nutrients without adding the extra
burden of demonstrating compliance with a TN standard.

9.2 Tools for Compliance with Water Quality Regulations

With any method used for demonstrating compliance, proper documentation of calculations should be
supplied, including drawings and details sufficient to confirm the model parameters match the drawings.

9.2.1 Greenville County IDEAL Model

The IDEAL (Integrated Design, Evaluation, and Assessment of Loadings) model for calculating pollutant
removal efficiency of BMPs and treatment systems is meant to assist designers and regulators in meeting

requirements for any of the potential development or redevelopment scenarios listed in Table 9-1. IDEAL
is the County’s required method of demonstrating compliance with all water quality requirements.
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9.2.1.1 Model Background

The IDEAL model provides Greenville County-specific design methods that give reasonable assurance that
stormwater discharges meet desired performance measures without the lengthy design process typically
associated with a performance standard. The use of area-specific design methods also provides a means of
achieving control without the steep learning curve associated with simulation techniques. The IDEAL
model may be used as a tool to show compliance with the 85% TSS Trapping Standard, the Anti-
degradation requirements for impaired waters, and the Alternative TSS Standard. It is also suitable for use
with nearly any other standard, so changes to standards will not require designers to learn entirely new
methods of demonstrating compliance in the future.

The IDEAL Model, a model for post-construction water quality, ties water quality modeling together with
physical, chemical, and biological relationships to provide a realistic simulation of processes that are taking
place in the real world. Its calculations and results have been validated in actual field installations. The
IDEAL model was built around two major processes — pollutant generation from land surfaces and pollutant
trapping in BMPs — that are simulated for an annual probability distribution of storms (equivalent to an
average year of rainfall in terms of precipitation depths, frequency, and seasonality). Pollutant generation
is modeled using Greenville County-specific conditions (soils and climate) adjusted by the designer for the
individual site using inputs such as time of concentration, length of flow path, slope of flow path, and land
use.

9.2.1.2 Using IDEAL to Demonstrate Compliance with Water Quality Requirements

The IDEAL model assists in streamlining the stormwater permitting application process for new
development and redevelopment projects. The IDEAL model is neither rules nor regulations promulgated
by the County, but is a tool to design BMPs that meet the applicable water quality requirements. Because
the IDEAL model is only a tool for demonstrating compliance, alternative approaches, methodologies and
solutions are allowed; however, it is incumbent on one proposing an alternative to adequately demonstrate
both the effectiveness and equivalency of that alternative. Likewise, other tools may require additional
review time. IDEAL is available through the Greenville County website, but requires a hardware key be
mailed, so designers should plan design schedules accordingly.

9.3 Water Quality Background and Loading

The selection and design guidelines set forth in this chapter of the Design Manual for water quality controls
are provided to aid the design professional in planning and designing appropriate water quality BMPs
relative to target pollutants, function, ease of maintenance, aesthetics, and safety. The design professional
is responsible for designing water quality BMPs to function properly for each specific site. It is important
to understand the types of pollutants that are present in urban runoff as well as their potential impacts on
receiving water bodies. It is equally important to locate the source(s) of these pollutants so source controls
can be applied to prevent these pollutants from entering receiving water bodies. Table 9-2 lists typical urban
stormwater runoff pollutants and their sources.

Table 9-2: Pollutants and Sources in the Urban Landscape

Pollutant Source Pollutant of Concern

Sediment and attached soil nutrients, organic matter, and other
adsorbed pollutants in the ground and in stream banks and beds

Nitrogen, hydrocarbons emitted from automobiles, dust, metals, and
other chemicals released from industrial and commercial activities

Atmospheric Deposition
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. Plant debris, animal excrement containing nutrients, fecal coliform, and
Plants and Animals ) .
E. coli bacteria

Septic Tanks Fecal coliform and E. coli bacteria, nutrients

. Sanitary sewage, industrial wastewater, commercial discharge, and
Non-Stormwater Connections . L
construction activities

Accidental Spills Pollutants of concern depend on the nature of the spill
Animal Waste Management Fecal coliform and E. coli bacteria, nutrients

Pesticide Applications Eroollputants of concern depend on the pesticide being used and the type of
Land Disturbance Agriculture sgﬁlftgi?; and attached soil nutrients, organic matter, and other adsorbed

Fertilizer Applications Nitrogen and phosphorus

9.3.1 Characterization of Urban Stormwater Runoff Quality

9.3.1.1 Suspended Solids

The most prevalent form of stormwater pollution is the presence of suspended matter that is either eroded
by stormwater or washed off paved surfaces by stormwater. Suspended sediment can cause harmful impacts
to aquatic life through increased turbidity, which can be harmful to both fish and other forms of aquatic
life. The increased turbidity also detracts from the aesthetics of natural waters. In addition, the clogging of
fish gills has been attributed to the presence of suspended solids. Contaminants bind to particle surfaces
and reside for long periods in the sediment. Sediments are extremely important to ecosystems and serve as
a habitat for the benthic community as well as contribute to bioaccumulation and trophic transfer (Burton,
2003). Sedimentation and other forms of physical separation are often an effective means of removing
suspended solids from stormwater. Channel stabilization, flow duration, volume management, and/or
combinations of these are often necessary in urbanized areas to mitigate bed/bank erosion and should be
considered as a part of the strategy for controlling sediment impacts to receiving waters (Leisenring, Clary,
Lawler, & Hobson, 2011).

Sediment is derived from a variety of sources, including erosion from disturbed areas, washoff of sediment
deposited on impervious areas, and detachment of sediment due to the increased stream power that comes
from increased flow rates and flow durations with urbanization. A significant number of models are
available to predict total suspended solids (TSS) contributions from “clean” sediment, but few of the models
have parameters specific to urbanized areas. Most of the models were developed to deal with agricultural
soils, and their application to urban areas is limited. Sediment is a key constituent of water quality due to
the physical impact that it can have on aquatic life and aesthetics, but also because sediment in urban runoff
is often associated with other pollutants (Leisenring et al., 2011).
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9.3.1.2 Nutrients

Nutrient enrichment is one of the top causes of water resource impairment and can cause algae and other
aquatic vegetation to develop rapidly, causing both water ecosystem and human health concerns. Nutrients
in excess, such as nitrogen and phosphorus, can contribute to the eutrophication of water bodies resulting
in associated liabilities such as decreased oxygen supply, alteration of aquatic life, and decreased
recreational value (USEPA, July 2000). Excess nutrients can also impair municipal drinking water supplies.
Due to excessive phosphorus loading, a reservoir may suffer from algae blooms, low dissolved oxygen, and
poor taste (Erikson et al., 2013).

Nutrients are typically derived from agricultural runoff as well as runoff from chemicals applied to lawns
in urbanized areas, runoff from industrial sites, municipal wastewaters (of more concern for combined
sewer overflows), or dry deposition onto impervious surfaces that is later washed into stormwater. Model
studies indicate that the increase in nutrient loading due to increased imperviousness can be dramatic.
Nutrients can be removed from stormwater prior to discharge through biological uptake such as by plantings
in stormwater quality control ponds.

Most models of nutrient loadings that have an extensive data base included have been based on agricultural
and forest operations. These have applicability to washoff from fertilized lawns and forested areas, but not
to the impervious areas. Models of nutrient loading in urban runoff are typically based on washoff type
calculations or user-defined loadings and concentrations, all of which require user-defined constants and
model calibration to monitoring data. Estimating the water quality loading for nutrients is difficult to
accomplish without local data.

9.3.1.3 Oxygen Demanding Matter and Bacteria

Sufficient levels of dissolved oxygen (DO) in the water column are necessary to maintain aquatic life,
growth, and reproductive activity, as well as to maintain aerobic conditions. The introduction of stormwater
containing oxygen-demanding organic matter can impair the receiving water quality by reducing the DO
levels such that it is unable to sustain certain forms of aquatic life and can further cause the water to become
foul. Bacteria typically enter the stormwater drainage system from the washoff of animal feces and organic
matter from the catchment surface. Occasionally, bacteria may enter the drainage system through residential
sanitary lateral connections and industrial or commercial drains, although such practices are typically
illegal. Further, bacteria can grow within and outside of stormwater systems between storm events,
increasing loading even without additional external loading. Pathogenic bacteria and viruses in stormwater
discharges pose human health threats. The removal of pathogenic bacteria is achieved primarily through
the process of biological decay and physical-chemical disinfection where practiced. Bacteria concentrations
may be reduced by designing BMPs that maximize exposure to sunlight, provide habitat enabling predation
by other microbes, provide surfaces for sorption, provide filtration, and/or allow sedimentation (Clary,
Leisenring, & Jeray, 2010).

9.3.2 Pollutant Loading

Estimating the pollutant load for a particular development site is commonly calculated based on the general
land use category of the site. Primary land use contributors are roads, residential areas, commercial areas,
industrial areas, and undeveloped areas.

The control of urban runoff can be classified in two categories:

% Runoff quantity control, and
% Runoff quality control.

Quantity control techniques are well established and are based on the physical laws of conservation and
momentum. Such measures seek to attenuate peak runoff flow rates and to reduce hydrograph volumes to
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mitigate flooding and the potential for erosion downstream. Increasing imperviousness leads to hydrographs
with shorter durations and greater peak flows, larger flood flows, and smaller base flows (Erikson et al.,
2013).

A much more difficult task is the water quality control of urban runoff. This problem is confounded by the
intermittent nature of rainfall, the variability of rainfall characteristics, such as volume and intensity, and
the variability of constituent concentrations. Tables 9-3 through 9-5 show the various concentrations of
constituents in the IDEAL model based on landuse, presented as event mean concentrations (EMCs). For
pervious watershed areas, the TSS load is calculated based on the soil, flow length, slope, soil erodibility,
a cover & practice factor, and a tendency to rill, instead of a land use-based EMC.

Table 9-3: EMCs for TSS for Impervious Areas

EMC- TSS (mglL

Low and medium density residential
High density residential and office

Table 9-4: EMCs for Nitrogen and Phosphorus

Land Use EMC- Nitrogen EMC- Phosphorus
mg/L mg/L

Commercial 2.01 0.24
1.97 0.15
.

Table 9-5: EMCs for Bacteria

CFU/100mL MPN/100mL
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9.4 Water Quality Pollutant Removal Mechanics

The removal of pollutants from urban runoff by BMP facilities such as stormwater management ponds and
filter strips can occur in a number of ways, which include:

Sedimentation,

Decay and biological uptake,
Filtration,

Adsorption,
Nitrification/Denitrification
Plant uptake, and

Microbial degradation.

¢eeeeee

Pollutant removal in stormwater management ponds and detention facilities occurs primarily through the
sedimentation of suspended solids. Pollutant removal by decay or biological uptake may also occur under
long detention times and favorable environmental conditions.

9.4.1 Sedimentation

9.4.1.1 Quiescent Settling

Quiescent settling is associated with sedimentation in an ideal dry or wet pond. For urban runoff control
systems, it is very difficult, if not impossible, to achieve completely quiescent conditions within a storage
reservoir, due primarily to the intermittent and random nature of rainfall which results in fluctuations in
storage level and variable inflow/outflow rates. For surface detention facilities, wind action and
temperature-induced density currents may further affect the quiescent removal of suspended particles. As
a result of these limitations, the permanent pools of stormwater management ponds are considered to
approximate quiescent conditions only during the inter-event period.

Properly designed storage facilities, such as ponds with long, circuitous flow paths, enhance the
sedimentation of suspended solids from the water column; however, it is difficult to ensure a completely
mixed and uniformly dispersed concentration of pollutants in the influent runoff. In this regard, deep
forebays in stormwater management ponds may be used to reduce the potential for preferential flow paths
and dead zones which are induced primarily by the momentum of the influent runoff. In reality, particles
that settle out of suspension during one runoff event may be resuspended by a subsequent runoff event,
especially for storage facilities which are able to drain completely between runoff events, such as extended
detention dry ponds. This resuspension violates the assumption that particles that strike the bottom (or
sludge zone) are removed permanently. Again, properly designed facilities with proper inlet protection and
proper maintenance should minimize such effects.

9.4.1.2 Dynamic Settling

Storage facilities for urban runoff control, which drain within and between storm events, operate in an
unsteady mode with varying inflow and outflow rates, and therefore their removal efficiencies cannot be
modeled assuming quiescent settling conditions. Since there is fluid turbulence in such storage facilities,
the removal of total suspended solids (TSS) is assumed to occur by dynamic settling.

The pond settling performance factor or turbulence factor, n, is meant to reflect the degree of turbulence
and short-circuiting in the flow through the pond (or basin), which is, in turn, affected by the pond geometry
(e.g., length-to-width ratio, area-to-depth ratio, inlet and outlet configuration).
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Most urban BMPs rely heavily on gravitational settling as a primary pollutant removal pathway. There are
limits to the amount of pollutant removal that can be achieved in this pathway. Most removal occurs in the
first six to twelve hours.

9.4.2 Decay and Biological Uptake

Some dissolved pollutants and pathogenic bacteria in urban runoff may be removed from the water column
by decay or die-off. Other dissolved pollutants may be removed through biological uptake (e.g., nutrients
such as organic nitrogen and orthophosphate ion), by means of vegetation in stormwater management ponds
and wetlands. The removal efficiencies of these pollutants are often approximated using first-order kinetics.

9.4.3 Filtration

Many particulate pollutants can be physically strained out as they pass through a filter bed of sand, soil, or
organic matter, and are trapped on the surface or among the pores of the filter media. The effect of filtration
can be very strong. The filtration pathway is not effective in removing soluble pollutants and the smallest
particles upon which pollutants are often attached. In addition, the importance of the filtration pathway is a
function of the media used in the filter. In relatively tight media, such as soil or sand, filtration is very
important, whereas, in more porous media such as compost or peat, the filtration effect is comparatively
weak.

Overall, filtration performance depends on many factors including the desired treatment rate, use with other
controls, the source water quality, and the physical characteristics of the media. Filtration is an effective
treatment option to be implemented in a treatment train. For example, filtration of stormwater before
infiltration may minimize groundwater contamination potential. Infiltration has varying risks, depending
on the pollutants present, land use, source area, soil characteristics, depth to groundwater, and treatment
before infiltration. Filtration is one option for treatment that can be used to reduce risks of infiltration
(Woelkers, Pitt, & Shirley, 2006).

9.4.4 Adsorption

The ability of a filtering system to remove soluble nutrients, metals, and organic pollutants is often due to
the adsorption pathway, in which ions and other molecules attach to binding sites on filter media particles.
In general, the adsorption potential of a filtering system increases when the filtering media has a high
content of organic matter or clay, a high cation exchange capacity (CEC), and a neutral to alkaline pH.

Each of the media used for filtering systems exhibit sharply different adsorption potentials. Pure sand, for
example, initially has little or no organic matter, clay, or cation exchange capacity, and therefore, little
potential for adsorption. Over time, most sand filters develop a thin layer of organic matter and fine particles
at the surface as a result of sediment deposition, thereby increasing the adsorption potential. Organic filter
media such as soil, peat and compost, on the other hand, have a much greater potential for adsorption, if
the pH of the media is in the optimum range.

9.4.5 Nitrification and Denitrification

Nitrification is an important nitrogen removal pathway as organic matter is gradually decomposed.
Microbes break down organic nitrogen into ammonia, which is then transformed into soluble nitrate-
nitrogen. The nitrification process generally requires an aerobic (oxygen-rich) environment which is
characteristic of many filtering systems. As a result, nitrification occurs rapidly in many filtering systems,
resulting in the export of low concentrations of ammonia.

Denitrification is the final step in the nitrogen cycle. It is the conversion of soluble nitrate into nitrogen gas
that is returned to the atmosphere. To proceed, the denitrification process requires a moist, anaerobic
environment, an abundant supply of both organic carbon and nitrate, and the presence of denitrifying
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bacteria. These conditions are not always met in most filtering systems. Consequently, most filtering
systems actually export more soluble nitrate than they receive. In recent years, designers have attempted to
create suitable conditions for denitrification within filtering systems, and have demonstrated a capability to
remove nitrate.

9.4.6 Plant Uptake

Several filtering systems incorporate plants, such as algae, emergent wetlands or grass to improve removal
rates. Examples included vegetated open channels (grass), sand or organic filters (that have a grass cover
crop), bioretention (grasses, shrubs, small trees), filter strips (grass), and gravel wetland filters (algae,
wetland plants). Plants can increase pollutant removal in several ways. During periods of storm flow, for
example, grass and emergent wetland plants provide resistance to flow, thereby reducing runoff velocities.
Slower runoff velocities translate into more time for other pollutant pathways to work (such as settling,
filtering, infiltration and adsorption). In addition, the roots of grass and emergent plants help bind up the
filter media, preventing loss of sediments and attached pollutants via erosion.

The growing plants also create a continual supply of thatch, or detritus, which provide the organic matter
needed for greater adsorption. During periods of growth, the plants take up nutrients and metals from the
filter bed and incorporate it into their biomass. If plant biomass is harvested or mowed, pollutants are
removed. Taken together, however, the use of plants in a filtering system is usually of secondary importance
as a pollutant removal pathway in comparison to the other five pathways.

9.5 Water Quality Controls and Techniques

Structural water quality control features are recommended for use with a wide variety of land uses and
development types. These controls have demonstrated the ability to effectively treat runoff to reduce the
amount of pollutants discharged to the downstream system. Additionally, design techniques exist that can
reduce the loading produced by the development, reducing the amount of pollutants that must be trapped
on site. Design specifications are provided by Greenville County for the following water quality controls
and techniques:

WQ-01 Dry Detention Basins

WQ-02 Wet Detention Basins

WQ-03 Stormwater Wetlands

WQ-04 Gravel Wetlands

WQ-05 Bioretention Cells

WQ-06 Sand Filters

WQ-07 Infiltration Trenches

WQ-08 Enhanced Dry Swales

WQ-09 Infiltration Basins

WQ-10 Manufactured Treatment Devices (MTDs)
WQ-11 Permanent Water Quality Stream Buffers
WQ-12 Vegetated Filter Strips

WQ-13 Level Spreader

WQ-14 Rain Garden (new BMP)

WQ-15 Regenerative Stormwater Conveyance (new BMP)
WQ-16 Pervious Pavement (formerly LID-01)
WQ-17 Full Dispersion (formerly LID-02)
WQ-18 Rainwater Harvesting (formerly LID-03)

¢ee¢eeeeceeeeeeeeeeee
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WQ-19 Vegetated Swale (formerly LID-04)

WQ-20 Stormwater Alley (formerly LID-05)

WQ-21 Split Track and Shared Driveways (formerly LID-06)
WQ-22 Disconnected Impervious Area and Green Spaces (formerly LID-07)
WQ-23 Mountainous & Steep Slope Sites (formerly M-LID-01)
WQ-24 Green Roofs (formerly U-LID-01)

WQ-25 Planter Box (formerly U-LID-02)

WQ-26 Stormwater Courtyards (formerly U-LID-03)

WQ-27 Parking Lot Application (formerly U-LID-04)

WQ-28 Flow Splitter (formerly U-LID-05)

WQ-29 Tree Planting within Swale (formerly U-LID-06)

¢ee¢eeceeceeeee

Some of the Specifications above, such as level spreaders (WQ-13), flow dispersion (WQ-17), innovative
driveways (WQ-21), and disconnected impervious areas (WQ-22), do not explicitly reduce pollutant loads
by treating runoff from other areas. Level spreaders distribute concentrated flow over the width of a BMP
without providing any further water quality treatment; instead, this practice facilitates the use of vegetated
filter strips and potentially other BMPs. Flow dispersion is a technique whereby runoff from a relatively
small amount of impervious area may be disbursed over a larger amount of pervious, undisturbed area.
Innovative driveways are simply methods of reducing the impervious cover by using wheel tracks - these
practices are incorporated into the site’s curve number and impervious area calculations. Disconnected
impervious area describes the practice of directing rooftop and parking lot runoff to pervious areas instead
of directly into a piped stormwater system. Permanent stream buffers (WQ-11) are not required, but may
be used in conjunction with the requirements of the Tree Ordinance to treat stormwater runoff.

Greenville County technical specifications and details for these Post Construction Water Quality BMPs are
located Appendix G. Table 9-6 gives descriptions for each BMP.

Table 9-6: BMP Descriptions

BMP Specification Name

A dry detention pond does not maintain a permanent pool and
WQ-01 Dry Detention Basin is intended to manage both the quantity and quality of

stormwater runoff before discharging off-site.

A wet stormwater pond has a permanent pool or micropool of
WQ-02 Wet Detention Basin water. Runoff from each rain event is detained and treated in

the pool, and released at a designed rate.

A stormwater wetland is designed to mimic a natural wetland
WQ-03 Stormwater Wetland with a shallow permanent pool and wetland plantings. Runoff is

treated in the pool before release.

Gravel wetlands are similar to stormwater wetlands with filter
WQ-04 Gravel Wetland media incorporated. These BMPs treat stormwater through

detention and filtering.

A bioretention cell is a shallow stormwater basin or landscaped
area that utilizes engineered soils and vegetation to capture
and treat stormwater runoff. Runoff may be returned to the
conveyance system or partially exfiltrated into the soil.

WQ-05 Bioretention
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BP Specifcatin Nams

A sand filter is a multi-chamber structure designed to treat

stormwater runoff through filtration, using a sand bed as its
primary filter media. Filtered runoff may be returned to the

conveyance system or partially exfiltrated into the soil.

WQ-06 Sand Filter

An infiltration trench is an excavated trench filled with stone
aggregate used to capture and allow infiltration of stormwater
runoff into the surrounding soils from the bottom and sides of
the trench.

WQ-07 Infiltration Trench

An enhanced bio-swale is a vegetated open channel that is
explicitly designed and constructed to capture and treat
stormwater runoff within dry or wet cells formed by check dams
or other structures.

WQ-08 Enhanced Dry Swale

An infiltration basin is a shallow, impounded area designed to
temporarily store and infiltrate stormwater runoff. The size and
shape can vary and designs can use one large basin or
multiple smaller basins throughout a site.

WQ-09 Infiltration Basin

An MTD uses the movement of stormwater runoff through a
specially designed structure to remove target pollutants. They
are typically used on smaller commercial sites and urban

WQ-10 Manufactured Treatment Device (MTD) [f| hotspots. There are numerous commercial vendors of these
structures, but there is limited data on the performance of these
structures. These structures may require monitoring to verify
specific pollutant removal efficiencies.

Stream buffers are required by the Tree Ordinance, but if the
requirements of this BMP Specification are used, a portion of
the buffer area may be used for water quality treatment. A level
spreader and grassed VFS must be outside of the required
buffer.

A VFS is grassed area preceded by a level spreader. Incoming
flow is spread throughout the width of the grassed area and
allowed to sheet flow over the grassed area, infiltrating and
filtering through the vegetation.

Level spreaders do not provide any water quality treatment, but
WQ-13 Level Spreader spread concentrated flow out to utilize VFSs and stream

buffers.

Rain gardens are small versions of bioretention cells without
WQ-14 Rain Garden outlet structures. They treat small amounts of runoff through

detention and filtration.

Regenerative stormwater conveyances, also known as step
pool storm conveyances, blend characteristics of stream

WQ-15 Regenerative Stormwater Conveyance ||| restoration and bioretention. This BMPs is a series of pool and
riffles that slow runoff velocity and promote filtering and
infiltration.

WQ-11 Permanent Water Quality Stream
Buffer

WQ-12 Vegetated Filter Strip
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BP Specifcatin Nams

Pervious pavement captures stormwater through voids in the
pavement surface and attenuates water in an underlying
aggregate reservoir. The reservoir typically allows some water
to infiltrate into the soil subgrade. This BMP includes
permeable pavers, pervious concrete, pervious asphalt, porous
pavement, reinforced grid systems, and other names.

Full dispersion describes the conditions under which runoff
WQ-17 Full Dispersion from an impervious area may be considered to be treated
sufficiently by surrounding undisturbed area.

Rain Barrels, Cisterns, and Dry Wells are rainwater harvesting
BMPs that are generally used to retain a predetermined volume
of rooftop runoff. Dry wells may also function as modified catch
basins to catch direct surface runoff.

WQ-16 Pervious Pavement

WQ-18 Rainwater Harvesting

Vegetative Swales are designed and installed as an alternative
to hard piping stormwater conveyance systems. Vegetative

WQ-19 Vegetated Swale Swales improve water quality by providing partial pollutant
removal as runoff is filtered by the vegetation and by the
opportunity to infiltrate into the underlying soil layer.

A Stormwater Alley or service alley is designed as a private,
one-way street with connections to larger public streets on both
WQ-20 Stormwater Alley ends of an urban residential development. Stormwater alleys

are only applicable for highly developed urban areas that have
blocked street layouts

WQ-21 Split Track and Shared Driveways Innovatlvg design of driveways can reduce the amount of runoff
and pollution produced.

Disconnecting impervious areas slows the velocity of runoff and
increases overall time of concentration. Green spaces reduce
the amount of runoff and pollution produced.

WQ-22 Disconnected Impervious Area and
Green Space

This BMP is a collection of practices, including the use of
seepage cisterns, for development on sites with steep slopes.

A Green Roof or Rooftop Garden is a vegetative layer grown on
WQ-24 Green Roof a building rooftop. Both intensive and extensive varieties may
be used.

Planter boxes are similar to bioretention cells in functionality,
WQ-25 Planter Box but may be placed in tight urban settings next to buildings or
adjacent to roadways.

Stormwater Courtyards are vegetated stormwater treatment
areas that detain stormwater runoff and allow the runoff to filter
through a soil media bed. Stormwater Courtyards have a
shallow depression that contains aesthetically pleasing, water
tolerant plantings and can be designed to include an underdrain
system.

] . — The parking lot application is a detail showing a method of
WQ-27 Parking Lot Application capturing the parking lot runoff and diverting to a BMP.
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| BWP SpecificationName __ [|  Descripon |

A flow splltter box may be used to divert runoff with erosive
WQ-28 Flow Splltter velocities around a BMP to prevent destruction of the BMP.

WQ-29 Tree Plantmg within Swale PIantmg trees in swales must be done according to this detail.

9.5.1 Infiltration BMP Requirements and Soil Testing

9.5.1.1 Infiltration BMP Design

Infiltration BMPs shall be designed for the prevention of clogging by fine materials and for ease of cleaning
with conventional cleaning equipment. This may include, but not necessarily be limited to, wrapping the
underdrain or other underground structure (perforated pipes/chambers/trenches) with an appropriate fabric
and providing sufficient clean outs for the system.

Infiltration systems shall have an overflow to a positive drainage system with a control device, if necessary,
between the subsurface system and the positive drainage system. The overflow pipe shall be sized for the
allowable discharge.

9.5.1.2 Soil Testing for Infiltration BMPs
Soil testing for infiltration rates shall be performed by a licensed geotechnical engineer. The initial test
elevation location shall be at the same contour elevation as the bottom/invert of the infiltration BMP.

Infiltration BMPs shall be designed on the basis of actual test data. Tests shall be consistent as to soil
conditions, proposed BMP elevations, locations, and water table depths for the proposed infiltration BMP
system. The following tests are typically allowable to determine infiltration rate for soils, though some
BMP specifications only allow a subset of these (other test methods must be approved by the County):

% Laboratory Permeameter Test for saturated hydraulic conductivity on undisturbed soil samples
(ASTM D 5084).

% Double Ring Infiltrometer Test to estimate the initial vertical unsaturated permeability data of the
upper soil layer (ASTM D 3385).

% Constant Head Test in soils with permeability that allow keeping the test hole filled with water
during the field test (AASHTO T 215).

% Falling Head Test in areas with excellent soil percolation where keeping the test hole filled with
water is not feasible during the test.

The Engineer is responsible for obtaining documentation of test results and providing them to the County.

9.5.1.3 Filter Media Testing for Infiltration BMPs

When Infiltration BMPs utilize a filter media, the filter media will be tested for appropriate infiltration rate
before it is installed. Once installed, the BMP will be tested again to ensure installed infiltration rate is
acceptable. Soil testing for infiltration rates shall be performed by a licensed geotechnical engineer.

The installed filter media test elevation location shall be at the surface of the BMP. Acceptable test methods
for filter media are the same as those for soil as listed in Section 9.5.1.2. The Engineer is responsible for
obtaining documentation of test results and providing them to the County.
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9.5.2 Relative Pollutant Removal Capability

Several generalizations can be made about the overall performance of stormwater treatment systems. In
general, they exhibit a high capability to remove suspended sediments and a moderate ability to remove
total phosphorus, nitrogen (although low or negative with respect to soluble nutrient forms), and bacteria.

Table 9-7 provides a general comparison of expected pollutant removal rates relative to each other. Actual
removal rates for a particular design may differ from than those shown in Table 9-7, and depend greatly on
loading rate, BMP specifications, and BMP size. For example, a dry pond can achieve extremely high
removal rates for all pollutants if the underlying soil infiltrates quickly and has a large surface area. As
another example, there are manufactured treatment devices specifically designed to capture certain
pollutants like bacteria, even though most are not.

Table 9-7: Relative Pollutant Removal Capability for BMPs

Bacteria
Medium
High

WQ-03 Stormwater Wetland Medium
WQ-04 Gravel Wetland Medium
WQ-05 Bioretention High
WQ-06 Sand Filter High Medium Medium
WQ-07 Infiltration Trench High High High
WQ-08 Enhanced Dry Swale Low Low Low
High
Low Low

Green Space

WQ-23 Mountainous & Steep Slope Sites
WQ-24 Green Roof

Low

—
(723
w

Medium
Medium Medium
Medium

High

Medium
High
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Relative Pollutant Removal Capabilit

TSS Bacteria
WQ-25 Planter Box High High

WQ-26 Stormwater Courtyard
WQ-27 Parking Lot Application

WQ-28 Flow Splitter
WQ-29 Tree Planting within Swale

9.6 Additional Water Quality Controls

These additional water quality controls are not constructed BMPs, but are practices that can reduce the
loading of pollutants reaching receiving waters. These should be implemented whenever possible, and can
even help meet water quality requirements when utilized properly.

9.6.1 Disconnected Rooftop Drainage to Pervious Area

Disconnected rooftop drainage can reduce the runoff flow rates from developed areas. The disconnection
involves directing stormwater runoff from rooftops towards pervious areas where it is allowed to filter
through vegetation and other landscaped material and infiltrate into the soil. This practice is applicable and
most beneficial in low-density residential or commercial developments having less than 50 percent
impervious area. Disconnection is not applicable to large buildings where the volume of runoff from the
rooftops will cause erosion or degradation to receiving vegetated areas.

The disconnection of rooftop drainage has the following benefits:

% Increases the time of concentration by disconnecting runoff from any structural stormwater drainage
systems.

% Provides water quality benefits by allowing runoff to infiltrate into the soil. Downspouts from
rooftops should discharge to gently sloping, well-vegetated areas, vegetated filter strips, or bio-
retention areas. Erosion control devices such as splash blocks or level spreaders may be required at
the downspout discharge point to transition the flow from concentrated flow to sheet flow.

9.6.2 Cluster Development to Conserve Natural Areas

Cluster development practices concentrate development away from environmentally sensitive areas such
as streams, wetlands, and mature wooded areas. The clustering of development in one area reduces the
amount of roadways, sidewalks, and drives required when compared to development sprawled over the
entire land area.

Clustering and conservation of natural area practices shall be installed at least to some extent on all
development sites, not only to reduce the impacts to natural resources by minimizing disturbance and
impervious areas, but also to maintain some of the natural beauty of the site.

Reducing the amount of disturbed area and impervious area reduces the amount of runoff volume treated
for water quantity and water quality control. Concentrating development away from environmentally
sensitive areas will also reduce the amount of time and expenses to get federal and state permits for
impacting jurisdictional waters.
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Development should be concentrated on the flattest part of the development parcel away from
environmentally sensitive areas such as steep slopes, streams, and wetlands. This will not only reduce the
impacts to these areas, but may reduce the amount of earth moving necessary for the development.

9.6.3 Innovative Technologies

Innovative technologies are encouraged and shall be accepted providing there is sufficient documentation
as to the effectiveness and reliability of the proposed structure. To justify the efficiency of innovative water
guality control structures, the owner may be required to monitor the pollutant removal efficiency of the
structure. If satisfactory results are obtained, the innovative water quality structure may be used and no
other monitoring studies shall be required. If the control is not sufficient, other onsite and/or downstream
controls shall be designed to trap the required pollutants.
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Chapter 10. DESIGNING FOR WATER QUALITY

This chapter is provided to bring together many elements of effective site design for water quality that until
recently have often been viewed as separate subjects. To meet the water quality requirements stipulated in
Chapter 9 of this Design Manual, the site designer will be prudent to approach water quality as an integral
part of the design process from the initiation of the project. In the previous version of this Design Manual
(effective January 2013), this chapter was devoted to explaining new concepts in the field of low impact
development (LID). Today, those developments are now far more common and are understood to fit more
naturally into the overall site design process. This chapter assumes that LID concepts will be a necessary
part of meeting the County’s post-construction water quality requirements. While many of the concepts
discussed in this chapter are also applicable to the construction phase, the focus of this section is on post-
construction.

LID, most commonly associated with the use of Green Infrastructure (Gl), and also known as
Environmental Site Design (ESD) or simply Better Site Design, is a concept that was developed to
mitigate the effects of urban development on the health of the environment. Green initiatives use holistic
planning to reduce the “footprint” of a site’s impervious areas (buildings, parking lots, etc.), pollutant
load, energy consumption, and overall environmental impact.

There are many names, organizations, and regulations promoting environmental sustainability and
conservation, whether through initiatives like the Smart Growth initiative, which encourages mixed land
use to promote urban renewal and conservation, ratings systems like Leadership in Energy and
Environmental Design (LEED) promoting energy efficiency and sustainability, or concepts like Low-
Impact Development, which uses better site design techniques to maintain the natural hydrology of a site
from its pre- to post-developed state. These initiatives create healthier work and living environments,
increase the health of our rivers, lakes, and streams, conserve natural resources, help reduce CO,
emissions, and make our community more sustainable.

10.1 Incorporating LID throughout the Design Process

Because Low Impact Development techniques are most effective when incorporated as a part of the
overall site design, they must be considered at every stage of design. The design process differs from
project to project, but the vast majority of projects include several common stages. At each milestone,
beginning with project initiation, LID design concepts should be implemented. The following three major
project phases will be used to describe how LID concepts should be used throughout the design process.

1. Preliminary engineering: LID processes should be in mind from the project’s conception. A
commitment to water quality design is best made at the beginning when incorporating Gl features
will be least constrained by other design decisions.

2. Site layout and stormwater quantity design: the greatest opportunities to incorporate LID
measures come when deciding the site layout. Codes, design guides, and site requirements dictate
much of the site’s layout, so making room for smaller, distributed water quality controls at this
point is critical. One of the major benefits of Gl is that it can reduce the necessary size of the
traditional piping and detention structures required for water quantity control, so the quantity
calculations should be done concurrently with the quality calculations in an iterative process
continuing through the final design.

3. Final design: details should be tailored to the specific applications, including instructions to
contractors and owners to ensure that the facilities will function as intended after construction.

10.2 Preliminary Engineering

A site incorporating LID principles generally produces a much smaller peak discharge rate and a lower
volume of runoff than a site using traditional stormwater management methods. In a traditional design, the
increased rate and volume of runoff is concentrated by pipes and detained in a single large structure at the
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outfall of the project. In an LID approach, stormwater runoff is managed near the source (‘“source-
controlled”) in a number of small, landscape-like features. These features encourage infiltration, lengthen
the time of concentration, and retain flow to create a hydrologic landscape that approximates the pre-
development conditions as nearly as possible. These source treatment structures should ideally connect to
natural drainage ways or drainage structures that mimic natural drainage ways.

Now is the time to thoroughly review all water quantity and quality requirements of the project. Table 9-1
should be consulted before beginning any of the design, as it will dictate the baseline level of water quality
treatment required. Downstream water quality monitoring stations should be checked and any impairments,
TMDLs, or other special water quality considerations should be identified from the beginning to ensure that
the correct water quality requirements will be met. Waiting until the end of the design process to establish
water quality criteria could result in a significant amount of re-work or more costly solutions.

This is also the best time to decide with the site owner on the level of sustainability that should be
incorporated into the overall design. Assuming the County’s requirements are the minimum level of water
guality treatment, it is good practice to decide on other environmental and sustainability goals for the
project. In order to achieve compliance with County requirements and to meet other goals, the following
examples of LID site planning considerations should be incorporated at this stage in the process:

1. Map existing site with drainage areas, soils, and land covers.

2. ldentify off-site drainage and potential methods of diverting it around the site. Alternatively, if
the off-site drainage area is developed, it may be possible that treating this runoff will meet water
guality requirements more efficiently than a more traditional approach, based on possible BMP
locations to treat this runoff and the pollutant loading of the off-site area versus the proposed site
area.

3. Identify areas of the site that could be left undisturbed. These areas do not have to be considered
in water quality calculations if they are not disturbed, reducing the level of treatment required.

4. ldentify areas of the site most suitable for BMPs (more permeable soils and locations along pre-
existing, natural drainage ways.)

5. Assite layout options are considered (more detail in the next section), identify opportunities to
reduce the overall impervious area, reduce the amount of impervious area directly connected to
the stormwater system, place impervious areas on less permeable soils, and seek other ways to
reduce the volume, peak flow, and pollutant concentrations in the stormwater runoff.

During the analysis described above and transitioning into the next phase of the design process, the
following techniques should be utilized:

Maintain natural drainage patterns

Direct runoff to depressed areas for infiltration

Preserve existing trees

Reduce impervious areas

Locate BMPs in soils with the highest permeability

Disconnect impervious areas from one another

Limit clearing and grading as much as possible

Locate impervious areas on less permeable soils

Maintain the existing natural terrain and avoid construction of or in steep slope areas (>15%)
Use “site fingerprinting” techniques to preserve tree canopy and natural vegetative buffers (see
Section 10.3.2 below)

Re-vegetate cleared and graded areas

Avoid concentrating flow into pipes or channels
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10.3 Site Layout and Stormwater Quantity Design

Utilizing LID techniques can greatly reduce the size of detention practices necessary for flood control. Any
Gl practices planned during the site layout and grading phase should be incorporated into hydrology and
hydraulics (H&H) modeling. This is also the stage for building and running a water quality model to ensure
all water quality requirements are met. The following practices are options that are helpful for both water
quality and flood control:

Swales, check dams, and diversion structures
Cisterns

Rooftop and parking lot storage

Terraces designed for and used as detention
Infiltration trenches

While LID concepts are simple, they are also “open-ended;” there are no specific methodologies, sizing
methods, or specifications that a designer can follow to arrive at a final design that is considered LID.
However, an understanding of some tools to help achieve the underlying concepts can be invaluable.
Several of these tools, concepts, and practices are presented in the sections below. This is by no means an
exhaustive list, but is intended to be used to help gain an understanding of some potential ways of reducing
the environmental impact of development.

10.3.1 Reduce Limits of Clearing and Grading

The limits of clearing and grading refer to the area of the site that is disturbed during the construction phase,
including area that is to be re-vegetated or even restored to a preferable environmental condition, but is
disturbed during construction. To reduce the change in land cover and minimize hydrologic impact to the
existing site, the development area should be located where impact on the runoff rate is lowest (e.g., on
barren C and D type soils, which produce more runoff naturally than forested A and B type soils). At a
minimum, placing the development area outside of stream and lake buffer areas or increasing these buffer
areas will lead to a reduction in land cover changes. Some waterbody buffers are required, but increasing
them can reduce the overall pollutant load that is required to be trapped.

10.3.2 Site Fingerprinting

Site fingerprinting refers to a number of minimal disturbance techniques which can be used to further reduce
the limits of clearing and grading. Site fingerprinting identifies the smallest possible site area that must be
disturbed and clearly delineates this on the site. This is important because even areas of a site not used for
construction can be adversely impacted by construction equipment or materials compacting the soil,
compromising vegetation, and leaving behind other pollutants like oil and grease. Techniques that can be
used to minimize disturbance and preserve pre-development land cover include the following:

e Minimizing the size of construction easements, materials storage areas, and stockpiles within the
development envelope as much as possible while still allowing enough room to build the
structures and move equipment. Significant compaction can be caused by construction traffic and
is the leading cause of death or decline of mature trees in developed areas (Hinman, 2005).

o Careful siting of lots and home layout, clearing and grading to avoid steep slopes, avoiding the
removal of existing trees and excessive grading.

o If steep slopes cannot be avoided, use of mitigation practices such as bioretention cells or
infiltration trenches should be implemented to attenuate the flow.
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e Roof rainwater harvesting is particularly helpful to achieving LID goals in high density projects
located on soils with low infiltration capacity.

e Minimize imperviousness by reducing paved surfaces on private areas. Examples are shared
driveways, permeable pavements, or driveways with just wheel strips.

o Design homes on crawl spaces or basements that conform to natural grades without creating a
flattened pad for slab construction. This also saves on clearing and grading costs.

o Flag the smallest site disturbance area possible to minimize soil compaction on site. Install
construction fencing and tree protection where necessary to protect root structures along the
limits of encroachment during the construction phase.

e Re-vegetate cleared and graded areas to provide an effective way to decrease post-development
runoff. When minimal disturbance techniques are impossible or impractical, re-vegetation can be
used to connect bioretention facilities to natural drainage ways, increase soil permeability, and
mitigate land cover changes caused by development.

10.3.3 Preserve Permeable Soils and Vegetated Areas

The preservation of existing soils should be promoted in all unpaved areas throughout the site. Areas with
well drained soils are generally good sites for bioretention cells and other BMPs and help sustain
groundwater recharge and stream base flows.

Preservation of woodland areas can help reduce impacts on existing land cover. Woodland areas promote
infiltration, distribute flow, reduce velocities, provide wildlife habitat, and help maintain streambank and
bed stability. Saving existing trees on a development site is a cost-effective and quality-enhancing practice.
Expansion of vegetated areas adds to the benefits of preservation by further reducing runoff volume. Trees
and other native species should be kept in groups large enough to maintain soil moisture, sunlight, wind
and other growth characteristics. Retaining mature trees of a single species is seldom successful (Hinman,
2005). For best results, flag tree preservation area at least 3-ft outside of the existing edge of canopy.

10.3.4 Alternative Roadway Designs

Roadways, sidewalks, driveways, and parking areas are the greatest contributors to increasing runoff and
the size of the required detention/ retention structure. Impervious areas and the associated land clearing
increase both the amount and rate of runoff over pre-development conditions. LID designs minimize the
effective imperviousness of roadways and parking areas by using minimal grading and clearing techniques,
minimizing impervious areas, and using open drainage sections. The following features can be incorporated
into a roadway design to minimize land cover impacts while still meeting all of the County’s Street Design
Standards, found in Article 5 of the Land Disturbance Regulations (LDR). The Land Disturbance
Regulations should also be consulted for restrictions on plant type, height, and location in stormwater
structures located in ROWs.

e Narrow road sections: Small sections reduce impervious area and clearing and grading impacts.
Reducing pavement widths from 26' to 20" reduces pavement area by 30%. A 40'-radius cul-de-
sac with an interior bioretention area 15" in radius decreases impervious area by 707 ft> compared
to a standard 40' cul-de-sac, while still allowing adequate room for emergency vehicles to turn
around. Traffic calming techniques can also be used to minimize pavements while maintaining
safety (refer to Article 8 of the LDR). Porous pavers may also be used where appropriate. Using
gueuing streets or porous pavers in peak overflow areas can reduce the size of parking lots.

e Open Drainage Sections: Grassed swales and infiltration trenches can be used in place of curb
and gutter where allowed to distribute and attenuate the flow as well as enhance water quality and
result in reduction of drainage pipes and associated infrastructure. With enough space, open
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drainage sections can also incorporate bioretention to further enhance pollutant removal and flow
attenuation.

e Road Layouts: Local and collector streets with curves and alignment changes allow the roadway
to fit into existing topography, minimizing earthwork and hydrologic impacts. Curvilinear road
layouts must meet current AASHTO and County LDR design requirements. Looped road layouts
provide open areas in the center for bioretention as well as a visual break for houses facing the
street. Minimizing frontage widths and providing green streets or open space pathways between
homes for walking and biking will also reduce impervious areas.

10.3.5 Design of Roadways on Steep Slopes

LID designs generally avoid construction on steep slopes. However, in mountainous or hilly areas, this
situation cannot be avoided, especially in the case of roadway drainage. Roads on steep slopes most often
consist of a series of switchbacks cut into the hillside. These roadways typically have no crown and drain
towards the hillside into a ditch or open conveyance. In curves or other areas a pipe or culvert will convey
runoff from the ditch under the road and down the hillside. In order to provide adequate stormwater
treatment and lower the impact for these roadways, a number of practices have been developed or adapted
from existing practice.

One such practice is the addition of a filtration area beneath the open ditch with an under-drain to provide
treatment of some of the runoff (by filtration). Designed in a similar manner to a traditional infiltration
trench, a steep slope trench must account for much faster velocities due to the increased slope (up to 15%).
This may require the bottom of the trench to be rip-rap, concrete or another material with high erosion
resistance. In order to provide filtration with the use of concrete or rip-rap channel liners, the under-drain
may have standpipes capped with grates every few hundred feet or as needed. Periodic outlet pipes should
be installed to pass underneath the roadway to an outlet sufficiently protected from erosion. The object of
the rock media is not to infiltrate water into the hillside soils, as this can reduce the stability of the slope
and increase the risk of landslides; instead, it is to provide filtration and detention while conveying the
runoff to an appropriate outlet point.

On the down slope side of the roadway, practices such as relief drains can be used to capture and convey
water to an appropriate outlet. These drains also intercept groundwater seepage in the slope increasing slope
stability, as shown in the example Figure 10-1 below.
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Figure 10-1: Relief Drain Example from Washington Dept. of Ecology
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Other down slope practices are staggered crescent benches, which are staggered pockets to hold plantings,
and chimney drains, which are vertical drains through the hill which have an outlet at the toe of the slope.
A number of geosynthetics are also available. If retaining walls are present, weep gardens may also be
appropriate.

10.3.6 Retention Storage

After following careful site planning guidelines and implementing practices to minimize changes in runoff
volume, there will most likely still be a need for additional retention storage to emulate the predevelopment
runoff conditions. When possible, smaller practices located closer to the sources of runoff than a traditional
single-BMP approach are preferred. These practices are often incorporated as landscaped features, and can
help provide more area for infiltration. Incorporating these distributed practices will not only help a site
more closely mimic predevelopment conditions, it will reduce the size of any major retention structures for
water quality and peak flow control.

10.3.7 Considerations for Residential Sites

Residential lots must be laid out to distribute retention storage volume as much as possible throughout the
site. It is important to allocate enough area to provide for needed stormwater retention storage. In rare cases,
adequate storage may be provided on each lot, but most often retention storage will be located in common
areas. Due to maintenance concerns with individual homeowner-owned BMP structures, locating structural
BMPs in common areas dispersed throughout the site is recommended. However, guidelines for locating
certain types of on-lot retention storage areas on residential LID sites include the following:

e Locate swales and bioretention BMPs (rain gardens) where they can provide a green space
connection to existing wooded or natural areas.

Conflicts with underground utilities must be avoided.

Infiltration or enhanced swales may be used in public rights-of-way.

Keep all stormwater BMPs outside sensitive areas and undisturbed buffers.

Ensure that the contributing drainage area to the site is stabilized prior to bringing any post-
construction BMPs online.

10.3.8 Considerations for Commercial and Industrial Sites

For commercial or industrial sites, retention storage planning is focused on two areas: (1) perimeter buffer
areas and (2) green areas located within parking lots. On-site retention storage can be provided as interior
bioretention, located within required landscape islands, or as cistern facilities. If the available green space
in the parking area is insufficient, bioretention within the landscaped buffer area located on the perimeter
of the site can be used. Existing minimum green space requirements, plus the size of perimeter buffers and
parking requirements, will dictate the feasibility of providing all required storage within surface swales,
terraces, or bioretention facilities.

10.4 Final Design

As engineering plans are finalized, the designers should consider how to maximize the impact of the green
infrastructure that will be constructed. This can be done using the following practices:

e Provide clear details, material specifications, and instructions to contractors to ensure that
practices are constructed precisely as designed. Use the County’s specifications and details when
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available, and ensure that any special instructions are made clear. It is important that the
instructions be readable and include graphics where necessary. For many green infrastructure
components, proper installation is just as important as proper design.

o Signs are required for stream buffers and conserved areas (Specification WQ-11), but it is good
practice to include signs wherever they may be helpful. Promoting an understanding of water
quality practices by home or business owners, landscaping contractors, and the general public can
increase the effectiveness and extend the life of treatment practices. Instructions to stay out of
practices, instructions to contractors or homeowners for landscape care and maintenance
requirements, and even a description of the practice’s benefits can all be used to encourage
stewardship of the practice.

e A permanent maintenance plan is required by the County, and the maintenance schedule and
activities are listed in each BMP’s specification. It is vital that the owner is aware of this plan and
has the proper tools and knowledge to keep the BMPs effective through proper maintenance. The
designer should provide an inspection schedule with specific inspection items, a maintenance
schedule including mowing, weeding, or other plant care instructions, and plans to make the
owner aware of the components of the BMP that may not be visible from the surface.

Incorporating the above suggestions and attempting to reduce the amount of impervious cover, maximize
the effectiveness of the site layout for water quality, and provide adequate resources for proper construction
and maintenance of the site’s water quality practices are essential for reducing the impact of any
development. Designers are encouraged to consult with County staff about the water quality requirements
early in the process, to utilize new and innovative technology and findings where appropriate, and to design
new development and redevelopment projects to mimic, as closely as possible, the site’s native hydrologic
characteristics.
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Chapter 11. STREAM PROTECTION AND RESTORATION

11.1.  Structural Streambank Stabilization

Streambank stabilization is used to prevent streambank erosion from high velocities and quantities of
stormwater runoff. Typical methods include the following:

% Riprap - Large angular stones placed along the streambank or lake.
% Gabion - Rock filled wire cages that are used to create a new streambank.

% Reinforced Concrete - Concrete bulkheads and retaining walls that replace natural streambanks and
create a non-erosive surface.

% Grid Pavers — Pre-Cast or poured-in-place concrete units that are placed along streambanks to
stabilize the streambank and create open spaces where vegetation can be established.

% Cribb Walls- Logs with vegetation used to create new streambanks.

11.11  Applications

Structural streambank stabilization is used where vegetative stabilization practices are not practical and
where the streambanks are subject to heavy erosion from increased flows or disturbance during
construction. Stabilization should occur before any land development in the watershed area.
Stabilization can also be retrofitted when erosion of a streambank occurs. All applicable Federal Army
Corps of Engineers and SCDHEC Regulations, including Section 404 of the Clean Water Act that
regulates the placement of fill-in wetlands, must be met while working in the stream.

An important design feature of structural streambank stabilization methods is the foundation of the
structure; the potential for the stream to erode the sides and bottom of the channel should be considered
to make sure the stabilization measures will be supported properly. Structures can be designed to protect
and improve natural wildlife habitats; for example grid pavers can be designed to keep vegetation.
Permanent structures should be designed to handle expected flood conditions. A well-designed layer of
stone can be used in many ways and in many locations to control erosion and sedimentation. Riprap
protects soil from erosion and is often used on steep slopes built with fill materials that are subject to
harsh weather or seepage. Riprap can also be used for flow channel liners, inlet and outlet protection at
culverts, streambank protection, and protection of shorelines subject to wave action. It is used where
water is turbulent and fast flowing and where soil may erode under the design flow conditions. It is used
to expose the water to air as well as to reduce water energy. Riprap and gabion (wire mesh cages filled
with rock) are usually placed over a filter blanket (i.e., a gravel layer or filter cloth). Riprap is either a
uniform size or graded (different sizes) and is usually applied in an even layer throughout the stream.
Reinforced concrete structures may require positive drainage behind the bulkhead or retaining wall to
prevent erosion around the structure. Gabion and grid pavers should be installed according to
manufacturers' recommendations.

Streambank stabilization structures should be inspected regularly and after each large storm event.
Structures should be maintained as installed. Structural damage should be repaired as soon as possible
to prevent further damage or erosion to the streambank.
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11.1.2  Design Criteria

Since each reach of channel requiring protection is unique, measures for streambank protection should
be installed according to a unique plan and adapted to the specific site. Design should be developed
according to the following principles:

% Bottom scour should be controlled, by either natural or structural means, before any permanent type
of bank protection can be considered feasible.

% Specific attention should be given to maintaining and improving habitat for fish and wildlife.

% Structural measures must be effective for the design flow and be capable of withstanding greater
flow without serious damage.

Refer to Section 8.4.2 for the design of riprap lined channels.

11.1.3 Maintenance

% Inspections should be made regularly and after each large storm event. Repairs should be made as
quickly as possible after the problem occurs.

% All temporary and permanent erosion and sediment control practices should be maintained and
repaired as needed to assure continued performance of their intended function. All maintenance and
repair should be conducted in accordance with an approved manual.

11.2.  Bioengineering Streambank Stabilization

Bioengineering systems are installed to establish vegetation on bank slopes, provide soil protection,
control erosion and reinforce the outer layers of the bank slope. In general terms, eroded streambank
slopes are reshaped to a workable shape and live cuttings of woody native plants are installed into the
slope during the dormant season. The cuttings develop root systems and flourish to provide a dense
vegetation growth. All applicable federal U.S. Army Corps of Engineers and SCDHEC Regulations,
including Section 404 of the Clean Water Act that regulates the placement of fill in wetlands, must be
met while working in the stream.

11.21  Applications

Vegetative streambank stabilization is used on sections of streambanks subject to erosion from excess
runoff. This practice is generally applicable where bank flow velocities do not exceed 6 ft/sec and soils
are erosion resistant. When velocities are above 6 ft/sec, geotextiles, or structural measures are generally
required.

Structural streambank measures are expensive to build and to maintain. Without constant upkeep,
natural agents expose them to progressive deterioration. The materials used often prevent the
reestablishment of native plants and animals. Very often these structural measures destroy the aesthetics
of the stream.
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In contrast, the utilization of living plants instead of or in conjunction with structures has many
advantages. Vegetated measures provide a habitat for fish and wildlife and are aesthetically pleasing.
The degree of protection, which may be low to start with, increases as the plants grow and spread.
Repair and maintenance is unnecessary where self-maintaining streambank plants are established. In
addition, planting vegetation is less damaging to the environment than installing structures, therefore
vegetation should always be considered first.

11.2.2  Plant Zones

At the edge of all natural watercourses, plant communities exist in a characteristic succession of
vegetative zones. The following zones are a guide for locating plant groups for successful establishment;

% Aquatic plant zone,
% Reed bank zone,
% Shrub zone, and

% Tree zone.

A typical annual curve of the water levels correlated with these typical vegetated zones is shown in
Figure 11-1.

11.2.21  Aquatic Plant Zone

The aquatic plant zone is normally submerged and is inhabited by plants such as pond weeds and water
lilies. The roots of these plants help to bind the soil, and they further protect the channel from erosion
because the water flow tends to flatten them against the banks and the bed of the stream.

11.2.2.2 Bank Zone

The lower part of the reed bank zone is generally submerged for about half the time and is inhabited by
rushes, reeds, grasses, cattails, and other water plants which bind the soil with their roots rhizomes and
shoots and slow the water’s flow rate by friction.

11.2.2.3  Shrub Zone

The shrub zone is flooded only when flow exceeds the average high water level. The shrub zone is
inhabited by trees and shrubs with high regenerative capacities such as willow, alder, dogwood, and
viburnum. These plants hold the soil with their root systems and slow water speed by friction. Shrub
zone Vvegetation is recommended for the impact bank of stream meander where maximum scouring
occurs.

11.2.24 Tree Zone

The tree zone is flooded only during periods of very high water.
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11.2.3  Two-Stage Channels
Two-staged channels are constructed water courses consisting of a smaller channel within a larger
channel. A two-staged channel is designed to meet conveyance requirements while minimizing
environmental impacts and taking advantage of naturally stable geometry. Two-staged channels shall
be used where:
% Channel relocation is unavoidable and a new stream channel must be constructed.

% The conveyance efficiency of an existing channel must be increased to alleviate flooding.

% The depth of an existing channel must be increased to accommodate increasing flow rates and
volumes from upstream development.

% Stream restoration would benefit a previously modified or heavily impacted channel.

Typical specifications for two-staged channels are shown in [Figure 11-2. Two-staged channels are
designed to have a low-flow channel section and an overflow channel section.

11.2.31  Low-Flow Channel
Low flow-channels shall be designed using the following criteria:
% The capacity shall be able to carry 50 percent (1/2) of the 2-year 24-hour storm event.

% Stream stability, water quality, and habitat enhancement features shall be added in the design such
as meanders, eddy rocks, pools, and riffles.

% The base of the channel shall consist of natural soil, sand, and rocks.

11.2.3.2  Overflow Channel
Flood channels shall be designed using the following criteria:
% The capacity of the overflow channel shall be designed to carry the 10-year, 24-hour storm event.

% The minimum bottom width of the overflow channel shall be at least three times the top width of
the low-flow channel.

% Proper vegetation shall be incorporated into the overflow channel to benefit water quality, bank
stability, and wildlife.

11.2.4  Bioengineering Streambank Stabilization Design Criteria

Bioengineering streambank stabilization applications usually employ plant materials in the form of live
woody cuttings or poles of readily sprouting species, which are inserted deep into the bank or anchored
in various other ways. This serves the dual purposes of resisting washout of plants during the early
establishment period, while providing some immediate erosion protection due to the physical resistance
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of the stems. Plant materials alone are sufficient on some streams or some bank zones, but as erosive
forces increase, they can be combined with other materials such as rocks, logs or brush, and geotextile
matting. The evaluation of the erosion potential of streambanks should be made considering;

Frequency of bank-full flow based on anticipated watershed development;
Channel slope and flow velocity, by design reaches;
Soil conditions;

Present and anticipated channel Manning’s “n” values;

e e e

Channel bend and bank conditions; and
% Identification of stable area and troubled spots.

Preliminary site investigations and engineering analysis must be completed to determine the mode of
bank failure and the feasibility of using vegetation as a component of streambank stabilization work. In
addition to the technical analysis of flows and soils, preliminary investigations must include
consideration of access, maintenance, urgency, and availability of materials.

Cuttings, pole/post plantings, and live stakes taken from local species that sprout readily (e.g., willows)
are more resistant to erosion and can be used lower on the bank. In addition, cuttings and pole plantings
can provide moderation of velocities when planted in high densities. Often, they can be planted deep
enough to maintain contact with adequate soil moisture levels and eliminate the need for irrigation. The
reliable sprouting properties, rapid growth, and availability of cuttings of willows and other pioneer
species makes them appropriate for streambank stabilization. There are different planting methods to
consider when designing bioengineering systems.

11.2.4.1  Pole/Post Plantings

Pole /posts typically are typically 3- to 5-inches in diameter and 5- to 7-feet long, but may be 12-feet
long or more if required for a particular situation. Large dormant posts offer the most initial bank
structure stability. They are useful on steep overhanging banks that are expected to continue to erode.
Posts should be large enough to remain in place without breaking or being buried if some additional
erosion takes place. On potentially dry streambanks where water availability may be a problem, longer
posts can be planted deep enough to intercept water.

Large posts offer resistance and dissipate high flow energies within the stream. The resistance of large
posts may not be desirable where high conveyance efficiencies are required.

Heavy equipment may be required to install very large posts. A backhoe fitted with a ramrod is an
effective tool for creating the holes required for planting the posts. Post ranging from 5- to 7-feet in
length may be driven into streambanks using a hand-held fence-post driver.

11.2.4.2 Live Stakes

Live stakes are typically 1- to 3-inches in diameter and 1.5- to 3-feet long. Live stakes are adequate for
stable streambanks that may experience minor erosion, but will not solely rely on the live stakes for
stability and erosion protection.
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Live staking involves the installation of single plant cuttings large and long enough to be pushed into
the ground in the form of stakes. A sledgehammer is typically sufficient for driving live stakings into
streambanks. In some instances, pilot will be required to initiate the driving of the stakes.

11.24.3  Seedlings

Seedlings shall not be planted on actively eroding streambanks and do not offer any initial bank stability.
Seedlings are typically planted with shovels and is labor intensive but easily accomplished by a crew of
several workers.

11.2.4.4  Planting Combinations

Several techniques are available that employ large numbers of cuttings arranged in layers or bundles
that can be secured to streambanks and be partially buried. Depending on the arrangement of these
systems, they can provide direct protection from erosive flows, prevent erosion from upslope water
sources, promote trapping of sediments, and quickly develop dense roots and sprouts.

&

&

Joint planting makes use of live stakes installed between previously placed natural rocks within the
channel and along the bank slopes.

Brush mattresses and woven mats are typically used on the face of a bank and consist of cuttings
laid side by side and interwoven or pinned down with jute cord or wire held in place by stakes.

Brush layers are cuttings laid on terraces dug into the bank, then buried so that the branches extend
from the bank.

Live fascines, revetments, wattles and root wads are bundles of cuttings tied together, placed in
shallow trenches arranged horizontally on the bank face, partially buried, and staked in place. The
dormant plantings may be installed alone or with dead woody cuttings to provide protection for the
live plants.

These structures decrease erosion and promote silt and sand to be deposited along the bank and
within the structure. The deposited materials form a good environment for new cuttings and a good
seedbed for natural species to grow. These structure provide excellent fish and wildlife cover.

Reed Rolls consist of burlap rolls filled with soil, root material and rooted shoots that are partially
buried and staked to establish herbaceous species in appropriate habitats.

Natural fibers are used in “fiber bio-logs” which are sold specifically for streambank applications.
These are cylindrical fiber bundles that can be staked to a bank with cuttings or rooted plants
inserted through or into the material.

Geotextiles can be used for erosion control in combination with seeding, or with plants placed
through slits in the fabric. The typical streambank use for these materials is in the construction of
vegetated geogrids where the fill soils between layers of cuttings are encased in fabric, allowing the
bank to be constructed of successive “lifts” of soil.

The addition of vegetation to structural applications is also effective. This involves the placement
of stakes and poles between riprap and stones of existing stabilization. Timber cribwalls may also
be constructed with cuttings or rooted plants extending through the timbers from the backfill soils.
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In most cases, streambank stabilization projects use combinations of the techniques described above in
an integrated approach. Toe protection often requires the use of riprap, but the amounts can be reduced
if vegetative practices are used along the bank. Likewise, stone blankets on the bank face can be replaced
with geotextiles and geogrids supplemented with plantings and cuttings. Most upper bank areas can
usually be stabilized with vegetation alone although anchoring systems may be required. Refer to
[Figure T1-3 and Eigure 11-4 for typical soil bioengineering streambank stabilization methods.

11.2.4.5 Maintenance

Vegetated streambanks are always vulnerable to new damage, and repairs may be needed periodically.
Check banks after every high water event and fix gaps in the vegetative cover with geotextiles or new
plants mulched. Fresh cuttings from other plants on the bank may be used, or they can be taken from
mother-stock plantings. Apply a complete fertilizer annually until the desired density of vegetation is
reached. Protect new plantings from grazing livestock or wildlife where this is a problem.
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