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1.0 Introduction
1.1 Purpose of the Manual

Jasper County’s Stormwater Management Design Manual (Manual) is a comprehensive tool for
the application of stormwater management controls and stormwater Best Management
Practices (BMP's) aimed at improving the water quality of stormwater. It contains the minimum
requirements for the planning, design, construction, operation, and maintenance of drainage
facilities within the County and is subject to the requirements of the Stormwater Management
Article of the County’s Land Development Regulations (LDR). Jasper County’s current LDR can
be found on the Jasper County website at www.jaspercountysc.org. Definitions, formulas,
criteria, procedures, and data presented herein have been developed to support the LDR. If a
conflict arises between the technical data and the LDR, the LDR shall govern.

The concepts and design elements described in this Manual, along with the requirements of the
LDR, are infended to protect, maintain, and enhance the public health, safety, and general
welfare by establishing requirements and procedures to confrol the adverse effects of increased
stformwater runoff associated with future development, re-development, and existing
developed land.

The intent of the County’s Stormwater Management Program, including the pertinent articles of
the LDR and this Manual, is to:

1. Ensure a balance between sustainable economic development and environmental
protection.

2. Ensure a functional drainage system that reduces local flooding thereby minimizing
damage to public and private property

Reduce the effects of development on land and stream channel erosion.
Attain and maintain water quality standards.

Enhance the local environment associated with the drainage system.
Reduce pollutant loading to the maximum extent practical.

Maintain pre-development runoff characteristics to the maximum extent practical.

® N o 0o~ o®

Encourage prudent site planning, preservation of natural drainage ways and buffers, on-
site stormwater retention and infiliration, effective and efficient storrmwater magement,
and the use of structural and non-structural stormwater best management practices
(BMPs).

9. Provide a mechanism for the review, approval, and inspection of the approach to be
used for the management and control of stormwater for development or
redevelopment.

10. This Ordinance is not in conflict with any development agreement to which the County is
a party and does not prevent the development set forth in any development
agreement.

11. This Ordinance is essential fo the public health, safety and welfare and shall apply to any
development that is subject to a development agreement.
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1.2 Organization of the Manual

To enhance its utility and ease of use, this manual has been divided into six sections. Each
section provides informatfion that supports the implementation of an integrated, green
infrastructure-based and low-impact approach to stormwater management and site design
that can be used to protect valuable natural resources from the negative impacts of land
development and nonpoint source pollution. The six sections presented in this document
include:

Section 1.0: Section 1.0 provides an infroduction to this manual. It describes the purpose of the
document and summarizes all of the information presented within.

Section 2.0: Section 2.0 presents Jasper County's design and submittal requirements for
stormwater management.

Section 3.0: Section 3.0 provides information on general design criteria and guidelines that can
be used to calculate stormwater runoff conditions and design the various components of a
stormwater management system.

Section 4.0: Section 4.0 provides detailed information about the green infrastructure practices
(e.g., better site planning and design techniques, low impact development practices) that can
be used to meet the stormwater management planning and design criteria. Each green
infrastructure practice is described and information about its proper applicafion, design,
installation and maintenance is included.

Section 5.0: Sectfion 5.0 provides detailed information about the ftraditional stormwater
management practices, such as wet ponds, wetlands and swales, that can be used to meet the
stormwater management planning and design criteria. Each stormwater management practice
is described and information about its proper application, design, installation and maintenance
is included.

Section 6.0: Section 6.0 provides a general approach that can be applied to conducting the
necessary calculations and analysis to demonstrate compliance with the County’s stormwater
volume control and water quality tfreatment requirements.

1.3 Disclaimer

This manual is established to provide the County, its duly appointed representatives, property
owners, developers, engineers, surveyors, and builders a better understanding of acceptable
engineering methods and practices to meet the intent of the County’'s stormwater
management requirements. Design of stormwater management for development requires the
expertise and judgment of a licensed professional engineer. The County accepts no
responsibility for any loss, damage or injury as a result of the use of this manual.

The application of the County's stormwater management requirements and the provisions
expressed in this manual are the minimum stormwater management requirements and shall not
be deemed a limitation or repeal of any other powers granted by statute. In addition, if site
characteristics indicate that complying with the minimum stormwater management
requirements will not provide adequate design or protection for local property or residents, the
owner and operator of these facilities may be required to exceed the minimum stormwater
management practices, confrol fechniques design and engineering methods and such other
programs and conftrols as necessary.
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1.4 Updates to the Manual

This manual is subject to periodic updates. As design technology and criteria evolve or change
or it becomes evident that additional measures are needed to ensure the public’'s general
welfare, this manual will be updated as needed. Users of this manual are encouraged to
provide comments on the content of this manual at any fime. The current version of this manual
can be found on the Jasper County website at www.jaspercountysc.org.
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2.0 Stormwater Management Standards and Permit Requirements
2.1 Design Requirements

This manual and the design criteria presented within represent engineering practices that may
be ufilized in the preparation of stormwater management plans. The criteria are infended to
establish requirements, minimum standards, and methods for the sound planning, design, and
review process of a stormwater management system. Alternative methods of design may be
submitted to the County for its consideration if it can be demonstrated that the design meets
the intent of the County’s Land Development Regulations.

The design criteria shall be revised and updated as necessary to reflect advances in drainage
engineering and stormwater management. The County and its duly appointed representatives
will utilize the manual in the planning of new facilities and in their review of proposed work done
by developers, private parties, and other governmental agencies.

2.1.1 Minimum Design Criteria

Each chapter contained in this manual illustrates and describes in detail the design criteria
established for a parficular element of a post-construction stormwater system. The design
professional is referred to these chapters for further direction of the design criteria and its
application.

The design and management of construction site runoff control measures for all developments
subject to the County’s stormwater management regulations shall be in accordance with
SCDHEC NPDES General Permit for Stormwater Discharges from Large and Small Construction
Activities, the SCDHEC Erosion and Sediment Reduction and Stormwater Management
regulations and its most current version of standards, where applicable.

2.1.2 Scope of Stormwater Management Plan

For each development subject to the County's stormwater management regulatfions, a
stormwater management plan shall be prepared and submitted to the County for approval.
The stormwater management plan shall include a set of construction drawings and a drainage
report with  documentation that comprises all of the information and specifications for the
drainage systems, structures, BMP's, concepts, and techniques for the management and
freatment of stormwater runoff.

2.1.3 Minimum Runoff Control Requirements
2.1.3.1 General
The following outlines the general requirements for management of stormwater runoff:
a) Use site planning, design, construction, and maintenance strategies to maintain, to the
maximum extent practicable, the pre-development hydrology of the property with

regard to the temperature, rate, volume, and duration of flow.

b) All development shall disconnect impervious surfaces with vegetative surfaces to the
maximum extent practicable.
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c)

d)

Limits the stormwater runoff interaction with potential pollutant sources that may
become waterborne and create non-point source pollution.

Stormwater runoff shall be controlled in a manner that:

i. Promotes positive drainage from structures resulting from development.

i. Causes no adverse impact to downstream and upstream properties.

ii. Includes the use of vegetated conveyances, such as swales and existing natural
channels to promote infiliration.

iv. Promotes low runoff velocities and maintains sheet flow condition to prevent erosion
and promote infiltration.

The County’s stormwater management regulations are the following requirements:

2.1.3.2
a)
b)

c)

2.1.33

b)

Stormwater Design Requirements

Control the post-development peak runoff discharge rate for the 2-, 10-, and 25-year, 24-
hour design storm events to pre-development discharge rates.

The 100-year, 24-hour storm event shall be accommodated through the development
without causing damage to on-site and offsite structures.

Engineered stormwater collection, conveyance, and storage systems shall be designed
using criteria established in this manual.

Water Quality Requirements

Stormwater Runoff Volume - The design of stormwater management facilities shall be
based upon soil conditions. Information documenting the permeability of soils as well as
the groundwater table elevations shall be provided as part of the design of stormwater
management systems.

i. The development shall maintain the pre-development hydrology of the site for the
85t percentile storm event.

i. A stormwater management system is presumed to comply with this criteria if:

e It includes practices that provide for the interception, evapotranspiration,
infiliration or capture and reuse of stormwater runoff, that have been selected,
designed, constructed and maintained in accordance with the Stormwater
Design Manual, sound engineering practice, and other information as approved
by the DSR; and

e |t is designed to provide the amount of stormwater runoff reduction specified in
the latest edition of this manual.

Stormwater Runoff Quality - Post-construction stormwater runoff shall be adequately
treated before it is discharged from a development site.

i. A stormwater management system is assumed to meet the stormwater runoff quality
criteria by satisfying the stormwater runoff volume criteria above.

i. If any of the required stormwater runoff volume as defined above and in this manual
cannot be reduced on the site (due to impractical site characteristics or constraints
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and provided a waiver is granted), it shall be intercepted and treated in one or more
stormwater management practices. These practices shall provide at least an 80
percent reduction in total suspended solids loads, 30 percent reduction of total
nitrogen load, and 60 percent reduction in bacteria load.

ii. A stormwater management system is presumed to comply with this criteria if:

o It infercept and freat stormwater runoff in stormwater management practices
that have been selected, designed, constructed and maintained in accordance
with this manual;

e Provide documentation to show that total suspended solids, nitfrogen and
bacteria removal were considered during the selection of the stormwater
management practices that will be used to intercept and treat stormwater runoff
on the development site; and

e |tis designed to provide the amount of stormwater load reduction specified in the
latest edition of this manual.

2.2 Submittal Requirements
2.2.1 Stormwater Plan Requirements

Stormwater management plans are an essential component of the County's development
application and review process. Stormwater management plans are to be submitted to the
County at the time of the development application. Plans shall include:

(a) Narrative- A narrative shall be included with the stormwater management plan
submitted for review. This narrative shall detail, in addition fo the items stated above, the
general intent of the development highlighted on the proposed development plans. If the
development is to be phased, a detailed description of the proposed phases should be
included. The narrative should also describe the proposed stormwater management system
detailing the measures included in the system such as detention, infiltration, or filtration
conftrols and the function of each. Description of site conditions around points of all surface
water discharge including vegetation and method of flow conveyance from the land
disturbing activity shall be included in the narrative.

(b) Design Calculations- Drainage areas conftributing to each inlet, pipe, culvert, ditch, swale
or BMP shall be delineated and tabulated. Existing stormwater conveyance systems shall be
shown on the drawings with details and capacities of each system included with the
calculations. All engineering calculations needed fo design the system and associated
structures shall be submitted, including pre- and post-development flow velocities, peak
rates of discharge, and inflow and outflow hydrographs of stormwater runoff at all existing
and proposed points of discharge from the site.

In determining downstream effects from stormwater management structures and the
development, hydrologic-hydraulic engineering studies may be extended downstream to a
point as determined by the DSR. All stormwater management facilities and all major portions
of the conveyance system through the proposed development (i.e., channels and culverts)
will be analyzed, using the design and 100-year storms, for design conditions and operating
condifions that can reasonably be expected during the life of the facility. The expected
timing of flood peaks through the downstream drainage system should be assessed when
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planning the use of detention facilities. The results of the analysis shall be included in the
hydrologic-hydraulic portion of the design study.

(c) Other-

i. Description of the existing and proposed topography of the development site.

i. Anticipated starting and completfion dates of the various stages of land disturbing
activities and the expected date the final stabilization will be completed.

ii. Certification by the person responsible for the land disturbing activity that the activity
will be accomplished according to the approved stormwater management plan
and those responsible personnel will be assigned to the project.

iv. Geotechnical data and/or information as required for the design of the stormwater
management system.

v. Inspection and maintenance plan.

(d) Construction Plans

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

i. Site map of physical improvements on the site including both existing and proposed
development.

ii. Location, dimensions, elevations, and characteristics of all stormwater management
facilities.

iv. ldentification of all areas within the site included in the land disturbing activities and
documentation of the total disturbed area calculations.

v. The location of temporary and permanent vegetative and structural stormwater
management control measures.

vi. Location of temporary and permanent vegetative and structural stormwater
management control measures for each respective stage of construction.

vii. Designation of all easements (rights-of-way) needed for inspection and maintenance
of the drainage systems and stormwater management facilities.

viii. BMPs to control the water quality of the runoff during the land disturbing activities
and during the life of the development.

ix. Construction and design details for structural stormwater controls.

x. Outfall location of proposed stormwater system to existing downstream stormwater
system, wetland, or waterbody.

When revised plans are submitted to the County, it is the responsibility of the applicant to
clearly identify all changes made to the plans. Identification of changes can include
providing a list showing the revisions with the re-submittal, “clouding” of changes on plan, or
other similar measures.

2.3 Inspection and Maintenance Plan

The effectiveness of each of the BMPs and stormwater management facilities described in the
proceeding sections depends upon appropriate application of design and regular
maintenance. Many of the health and safety concerns that may arise when the BMPs or
stormwater management facilities are installed can be addressed by a scheduled maintenance
plan. Therefore, the stormwater management plan must contain an inspection and
maintenance plan component, including a schedule, for each BMP and facility incorporated
into the stormwater system. The inspection and maintenance plan must address both inspection
and procedures and shall be in compliance with the LDR. The inspection and maintenance plan
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will become the basis for the inspection and maintenance agreement that must be executed
between the applicant and the County.

2.4 Approvals

The stormwater management plan will not be considered approved without the inclusion of the
DSR’s approval stamp, signafture, and date. 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 stormwater management plan.
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3.0 General Design Criteria and Guidelines
3.1 Hydrology and Runoff Determination

By definition, hydrology is the scientific study of water and its properties, distribution, and effects
on the earth's surface, soil, and atmosphere. Hydrologic analyses include estimation of peak
runoff rates, volumes, and fime distribution of stormwater runoff flows and are fundamental in
the design of stormwater management facilities. This chapter addresses the movement of water
over land resulting directly from precipitation in the form of stormwater runoff.

Land development changes how a watershed responds to precipitation. The most common
effects are reduced infilfration and decreased travel time. Increased impervious surfaces and
runoff velocities increase peak flow discharge volumes and rates. Total runoff volume is
determined by the total drainage area of the receiving watershed, its infiliration characteristics,
and the amount of precipitation.

3.1.1 General Design Criteria
The following guidelines should be followed when selecting hydrologic computation standards:

* The design storm duration shall be the 24-hour rainfall event, using the National Resource
Conservation Service (NRCS), formerly known as Soil Conservation Service (SCS), Type Il
rainfall distribution with a maximum é6-minute tfime increment.

e If the contributing drainage area is 20 acres or less, the design requires a single culvert or
channel, and if no storage design or runoff volume is required, the Rational Method or
the NRCS (SCS) Method of runoff calculation shall be acceptable.

e If the contributing drainage area is greater than 20 acres, or if storage or runoff volume
design is required, only the NRCS (SCS) Method of runoff calculation shall be
acceptable.

3.1.2 Drainage Area Characteristics

Drainage area (also referred to as watershed or drainage basin) is an area receiving
precipitation, which generates runoff flow that drains into a single point of discharge. The use of
conftour maps is recommended for drainage area delineation. Identifying the area from which
the runoff will be evaluated is one of the basic requirements for design of stormwater
management facilities.

Watershed runoff discharge is determined by the following characteristics:

e Size

¢ Shape
* Slope
e Soils

¢ Land-Use

e Ponding/Storage

¢ Soil Moisture

e Groundwater Level
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3.1.2.1 Size

Size of the watershed dictates how much of the precipitation will fall on the area contributing to
the flow at the point of interest.

3.1.2.2 Shape

Shape of the basin influences the timing of the peak flow hydrograph (i.e.; how fast water is
being transported from the edge of the watershed to the point of interest). Long, narrow or shorf,
wide basins usually have larger runoff peak rates than basins which are approximately equal in
length and width.

3.1.2.3 Slopes

Slope of a basin significantly impacts the runoff rate. Runoff from a drainage area with steep
slopes will travel along its flow path faster and have larger peak runoff rates than an area with
shallow, rolling topography.

3.1.2.4 Soils

Soil properties influence the relationship between rainfall and runoff with their various rates of
infiltration. Based on the infiltration rates, the NRCS (SCS) has divided the soils into four hydrologic
soil groups (HSG) A, B, C, and D. The soils in hydrologic group A have the most (0.30 — 0.45 in/hr)
infilfration capacity while soils in the hydrologic group D have the least (less than 0.05 in/hr).

Group A Soils having a low runoff potential due to high infiltration rates. These soils consist
primarily of deep, well-drained sands and gravels.
Group B Soils having a moderately low runoff potential due to moderate infiliration rates.

These soils consist primarily of moderately deep to deep and moderately well to
well drained soils with moderately fine to moderately coarse textures.

Group C Soils having a moderately high runoff potential due to slow infiltration rates. These
consist primarily of either soils in which a layer exists near the surface that impedes
the downward movement of water or soils with moderately fine to fine texture.

Group D Soils having a high runoff potential due to very slow infilfration rates. These soils
consist primarily of clays with high swelling potential, soils with permanently high
water tables, soils with a clay layer at or near the surface, and shallow soils over
nearly impervious underlying material.

Soil Survey maps can be obtained from the local NRCS (SCS) office or downloaded on-line from
the South Carolina Department of Natural Resources (SCDNR) at http://www.dnr.sc.gov/gis.html.
Note: A/D and B/D indicate the drained/un-drained situation.

Consideration should be given to the effects of urbanization on the natural hydrologic soil group.
If heavy equipment can be expected fo compact the soil during construction or if grading will
mix the surface and subsurface soils, appropriate changes should be made in the hydrologic soil
group selection. Also runoff curve numbers (CN) vary with the antecedent soil moisture
conditions (AMC). Average antecedent moisture conditions (AMC II) are recommended for all
hydrologic analysis.
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3.1.2.5 Land Cover

Land Cover represents the surface characteristic of the drainage area and consists of a
combination of pervious and impervious surfaces.

Two widely used methods characterizing the land surface are Ratfional Method's "C" value and
NRCS (SCS) method's curve number (CN). The surface identifying number of the drainage area
may be calculated as a composite number from the sub-areas of the uniform land cover.

3.1.2.6 Ponding/Storage

If part (up to 5%) of the drainage area is available for the runoff retention/detention, this should
be included in the peak runoff analysis. The Ratfional Method is not an appropriate hydrologic
methodology for drainage areas with these considerations.

3.1.2.7 Soil Moisture
Antecedent moisture conditfion is the index of runoff potential before a storm event.
3.1.2.8 Groundwater Level

The groundwater level should be analyzed to understand the infiltration capabilities of the soils
and aid in the selection of BMP and/or LID that best suites the site.

3.1.3 Precipitation Data

Rainfall is the primary form of precipitation in Jasper County. The period in which rainfall begins,
intensifies, peaks, and subsides during one storm is categorized as a storm event. Individual storm
events are generally defined, or separated, by a minimum 6-hour time interval without
precipitation. Variants of an event may be complicated by tropical storm "bands". The storm
magnifude is estimated from fthe storm event volume, durafion, and intensity. Stafistical
calculations are used to establish the probability of a specific storm event. The following items
characterize a storm event.

Depth/Volume/Duration
Intensity

Spatial Distribution
Recurrence Interval

3.1.3.1 Depth/Volume/Duration

The depth of precipitation over an area generates a certain volume. This volume can be
derived from the rainfall intensity that falls during the storm duration (or time period) over the
area. Rainfall depths are typically provided based on a return period or the period a certain
magnitude will occur in any given year. Table 2-2 presents the 24-hour storm events within the
County for return periods of 2-, 5-, 10-, 25-, 50-, and 100-year.
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TABLE 3-1
RAINFALL DEPTH (Inches) FOR JASPER COUNTY, SOUTH CAROLINA
Return Period [years]
2 5 10 25 50 100

4.2 5.4 6.4 7.8 9.0 10.2
Source: South Carolina DHEC Storm Water Management BMP Handbook, Appendix F, July 2005.

3.1.3.2 Intensity
Intensity represents the rate at which rainfall occurs. The average intensity for a period is the total

rainfall event depth divided by the time over which the rainfall occurred. The rainfall intensity
values may be also computed using the following equation:

i=a/(b+t)" (3-1)

Where:

i = rainfall intensity, in inches per hour
’rc = time of concentration, in minutes

a, b, and c are coefficients

The coefficients for the 2-, 5-, 10-, 25-, 50-, and 100-year rainfalls and the intensity values for a
fime of concentration of 5, 10, and 15 minutes for Jasper County are listed in Table 2-3.

TABLE 3-2
RAINFALL INTENSITY COEFFICIENTS FOR JASPER COUNTY, SOUTH CAROLINA
Frequency a b c
(years)
2 252.6 33.7 1.02
5 263.4 32.0 1.01
10 271.2 30.9 1.01
25 282.3 29.2 0.99
50 290.4 28.0 0.99
100 297.5 26.9 0.98
Source: South Carolina Department of Transportation, September 1997 (Hilton Head values presented here.)

3.1.3.3 Spatial Distribution

Spatial distribution relates to whether the rainfall depth (volume or intensity) at various locations
in a drainage basin are equal for the same event. In practice, spatial variations for a relatively
small drainage area can be neglected.

Jasper County, South Carolina
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3.1.3.4 Recurrence Interval

The probability that a rainfall event of a certain magnitude will occur in any given year is
expressed in ferms of recurrence interval (also called return period or event frequency). The
recurrence interval is the average length of time expected to elapse between rainfall events of
equal or greater magnitude. The recurrence interval is expressed in years, but is actually based
on a storm event's exceedance probability. For example, the 100-year storm, also known as one
percent annual chance storm, is the storm that has one percent chance of being equal or
exceeded in any given year. The relationship between recurrence interval and exceedance
probability is given by

T=1/P (3-2)
Where:

T =return period, in years
P = exceedance probability

Storms of different magnitude with different recurrence intervals will be set as design criteria for
individual parts of stormwater management facilities. For example, a culvert under a freeway will
be designed to safely carry flow from a 100-year storm event, but a culvert under residential flow
is only required to carry flow from a 25-year storm event.

3.1.3.5 Form of Rainfall Data

Rainfall data for probable precipitation depths are based upon historical records. Calculation of
resulting peak runoff flow or flow volume is a primary objective of data collection and analysis.
Several forms of data useful for peak runoff flow calculation or computer simulation are shown
below.

¢ Intensity-Duration-Frequency (IDF) Curves illustrate the average rainfall intensities
corresponding to various durafions and storm recurrence intervals, such as 100-, 50-, 25-,
10-, 2-year storms.

* NRCS (SCS) Peak Discharge Method produces a peak discharge and requires the 24-
hour total rainfall depths for the selected recurrence interval.

* NRCS (SCS) Unit Hydrograph can be used with any rainfall distribution, however, the 24-
hour total rainfall depths and 24-hour rainfall temporal distribution (Type lll) will be used in
this manual.

3.1.4 Runoff Determination

The fravel 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.
The time of concentration is used in Ratfional as well as NRCS (SCS) Methods for the peak flow
determination.

3.1.4.1 Time of Concentration (T )

The TR-55 method (Natural Resource Conservation Service (NRCS), Urban Hydrology for Small
Watersheds, Technical Release No. 55, June 198¢) is used to compute T_by summing all the

fravel fimes of consecutive flow segments of the drainage conveyance system along the path
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extending from the hydraulically most distant point of the drainage area to the point of interest
within this area.

T =T+, +T + 4T (3-3)

Where:

T, = time of fravel through one segment, in hours
N = number of segments

Water moves through the drainage area as sheet flow, shallow concentrated flow, open
channel, or a combination of these.

a) Sheet Flow

Sheet flow is the flow of water over a plane surface usually taking place in the headwater of
the basin. The sheet flow occurs over a distance of up to 300 feet before it forms rills or paths.
A maximum of 100 feet shall be used for the design of stormwater systems.

0.5 0.4

T,=[0.007 (nL) "*/ (P,) % (5) ™) (3-4)

Where:
Tf= tfravel time, in hours

n = Manning's roughness coefficient for shallow depths of about 0.1 foot
L = flow length, in feet
P2= 2-year 24-hour rainfall, in inches

s = land slope, in feet per foot
b) Shallow Concentrated Flow
Average velocities for estimating tfravel time for shallow concentrated flow can be

computed from the following equations. These equations can also be used for slopes less
than 0.005 ft/ft.

V =16.1345(5) %% for unpaved surface (3-5)

V =20.3282(S) ®° for paved surface (3-6)
Where:

\ = average velocity, in feet per second

S = slope of hydraulic grade line (watercourse slope), in feet per foot

These two equations are based on the solution of Manning’s Equation with different assumptions

for "n" (Manning's roughness coefficient) and "r' (hydraulic radius, in feet). For unpaved areas "n

is 0.05 and 'r"is 0.4 feet; for paved areas, "n"is 0.025 and 'r"is 0.2 feet.

After determining average velocity, travel time for the shallow concentrated flow segment can
be estimated by dividing the flow length by the velocity.
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c) Open Channel Flow

Open channels are assumed fto begin where surveyed cross section information has been
obtained, where channels are visible on aerial photographs, or where blue lines (indicating
stfreams) appear on United States Geological Survey (USGS) quadrangle sheets. Manning's
Equation for water surface profile information can be used to estimate average flow
velocity. Average flow velocity is usually determined for bankfull elevation. Manning's
Equation for this is:

1/2

V=149/n([R) s (3-7)
Where:

\Y average velocity, in feet per second

n = Manning's roughness coefficient

S = slope of the hydraulic grade line, in feet per foot

R = hydraulic radius, in feet and is defined by the equation

R =alp, (3-8)
Where:

a = cross sectional flow areaq, in square feet

P = wetted perimeter, in feet

W

After average velocity is computed using above equation, TT for the channel segment can be

estimated by dividing the flow length by the velocity. Velocity in channels should be calculated
from Manning’s Equation. Cross sections from all channels that have been field checked should
be used in the calculations. This is particularly frue of areas below dams or other flow conftrol
structures.

3.1.4.2 Flow Determination 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. All hydrologic computational methods shall be
accomplished using a method acceptable by Jasper County.

The following guidelines should be followed when selecting hydrologic computation standards:

* The design storm duration shall be the 24-hour rainfall event, using the NRCS (SCS) Type Il
rainfall distribution with a maximum é-minute fime increment.

¢ |f the contributing drainage area is 20 acres or less, the design requires a single culvert or
channel, and if no storage design or runoff volume is required, the Rational Method or
the NRCS (SCS) Method of runoff calculation shall be acceptable.

¢ |f the contributing drainage area is greater than 20 acres, or if storage or runoff volume
design is required, only the NRCS (SCS) Method of runoff calculation shall be
acceptable.
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3.1.4.3 Rational Method
a) General

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

e Total drainage area of 20 acres or less.
¢ No storage or volume design required.
¢ Designinvolves only the sizing of a single culvert or channel.

The Rational Method allowed only for small, highly impervious drainage areas such as
parking lots and roadways draining info inlets and gutters with individual outfall pipes. 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 constant
rainfall intensity for a time period equaling the drainage area fime of concenfration (TC), the

time required for water to flow from the most remote point of the basin to the point of
interest.

Q=CiA (3-9)
Where:

Q = maximum rate of runoff, in cubic feet per second
C =runoff coefficient representing a ratio of runoff to rainfall
i = average rainfall intensity for a duration equal to the TC, in inches per hour

A = drainage area conftributing to the design location, in acres
b) Less Frequent Storms

The runoff coefficients for the Rational Method are generally applicable for storms equal to
or frequent than the 10-year frequency (such as 2-, 5-, and 10-year storms). Less frequent,
higher intensity storms, such as 25-, 50-, and 100-year storms require the use of higher
coefficients because infiltration and other losses have a proportionally smaller effect on the
runoff. Adjustment of the Rational Method for use with major storms can be made by
multiplying the runoff coefficient by a frequency factor, Cf.

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

Q=CCiA (3-10)
Where:

Q = maximum rate of runoff, in cubic feet per second

C = runoff coefficient based on 5- to 10-year storms

C = frequency factor based on recurrence interval (dimensionless)

= average rainfall intensity, in inches per hour

A = drainage area conftributing to the design location, in acres
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c) Runoff Coefficient

The runoff coefficient "C" is the variable of the Rational Method least susceptible to precise
determination and requires judgment and understanding on the part of the design
professional. While engineering judgment will always be required in the selection of runoff
coefficients, recommended runoff coefficients for the Rational Method representing the
infegrated effects of many drainage basin parameters may be obtained from various
references including Urban Drainage Design Manual, Hydraulic Engineering Circular No. 22
(HEC-22), available on-line at http://www.fhwa.dot.gov/engineering/hydraulics/.

d) Composite Coefficients

It is offen desirable to develop a composite runoff coefficient based on the percentage of
different types of surfaces in the drainage areas. Composites can be made with values for
homogeneous land uses by using percentages of different land uses. In addition, more
detailed composites can be made with coefficients for different surface types such as roofs,
asphalt and concrete streets, drives and walks. The composite procedure can be applied to
an entire drainage area or to typical sample block as a guide to the selection of reasonable
values of the coefficient for an entire area.

Composite runoff coefficients can be determined using the following equation:

2(Csub-Area)(Asub—Area) (3_] 1 )

Composite C =
A Total Area

It should be remembered that the Rational Method assumes that all land uses within @
drainage area are uniformly distributed throughout the area. If it is important to locate a
specific land use within the drainage area then another hydrologic method should be used
where hydrographs can be generated and routed through the drainage system.

e) Rainfall Intensity

Rainfall intensity is the average rainfall rate (typically reported in inches per hour) for duration
equal fo the fime of concentration for a selected return period. Once a return period has
been selected for design and a time of concentration calculated, the rainfall intensity can
be determined from Rainfall-Intensity-Duration data, refer to Equation 3-1 and Table 3-2.

3.1.4.4 NRCS Curve Number Method

a) General

The NRCS (formerly SCS) hydrologic method requires basic data similar to the Rational
Method: drainage area, a runoff factor, time of concentration, and rainfall. Details of the
methodology can be found in the NRCS (SCS) TR-55 and the NRCS Engineering Field Manual
for Conservation Practices.

The NRCS (SCS) curve number 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, impervious areas, interception, and
surface storage.
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Runoff is then transformed into a hydrograph by using unit hydrograph theory and routing
procedures that depend on runoff travel fime through segments of the watershed. The NRCS
(SCS) Method is 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.
The following are requirements of its use:

¢ NRCS (SCS) CN Method is required for total drainage areas greater than 20 acres.
* NRCS (SCS) CN Method may be used for total drainage areas less than 20 acres.
*  Runoff volume.

e Routing.

e Design of storage facilities and outlet structure.

The NRCS (SCS) method includes the following basic steps:

e Determination of CN representing different land uses within the drainage area.
e Calculation of TC fo the study point.

¢ Selection of design storm event.

e Use of the Type Il rainfall distribution to determine the total and excess rainfall
quantity.

e Use of the unit hydrograph approach including development of triangular and
composite hydrographs for the drainage area.

The NRCS (SCS) method applicable to the County is based on a storm event, which has a
Type lll time distribution. To use this distribution, the user has to obtain the 24-hour rainfall
volume. A relationship between accumulated rainfall and accumulated runoff was derived
by NRCS (SCS) from experimental plots for numerous soils and vegetative cover conditions.
The following NRCS (SCS) runoff equation is used to estimate direct runoff from a 24-hour
storm event. The equation is:

Q=(P-0.25) %/ (P +0.8S) (3-12)
Where:

Q = total runoff volume for the specified storm event, in inches

P = rainfall volume for the specified storm event, in inches from Table 3-1.

S = potential maximum retention after runoff begins, in inches and is
defined by the following equation:

S ={(1000/CN)-10 (3-13)
Where:
CN = NRCS (SCS) curve number

Initial Abstractions (I_) are all losses in the watershed before runoff begins. These abstractions

include water retained in surface depressions, water intercepted by vegetation, evaporation
and infilfration. | is highly variable but is generally correlated with soil and cover parameters.

Through the study of many small agricultural watersheds, I is approximated by the following
empirical equation:
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|, =02 (3-14)

CNs represents the combined hydrologic effect of the soil type, land use, hydrologic soil
group (HSG), and antecedent moisture condition. It may be necessary to create a
composite CN by weighting distinct land use-HSG combinations and summing them for the
total drainage area. The CN indicates the runoff potential of soil which is not frozen. Higher
CN reflects a higher runoff potential. Typical CN values are included in TR-55, available on-
line atf http://www.cpesc.org/reference/tr55.pdf.

CN is similar to the Rational Method's "C" coefficient in that it is based on the surface
condifion of the drainage area. 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 NRCS
(SCS) TR-55 presents a method for analyzing unconnected impervious areas.

b) Urban 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 in computing
CNs for urban areas.

It is possible that CN values from urban areas could be reduced through the use of structural
stormwater BMPs and strategic placement of vegetated areas to disconnect impervious
surfaces for infiltfration of runoff.

An impervious area is considered connected if runoff from it flows directly info 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 runoff from unconnected impervious areas is spread over a pervious area as sheet flow,
then all or part of the impervious area is not directly connected to the drainage system. Use
NRCS TR-55 Chapter 2 for reference in determining a modified CN for the disconnected
impervious areas.

c) Hydrograph Generation

In addition to estimatfing the peak discharge, the NRCS (SCS) method can be used to
estimate the entire hydrograph from a drainage area. The NRCS (SCS) has developed a
Tabular Hydrograph procedure that can be used to generate the hydrograph for small
drainage areas (less than 2,000 acres). The Tabular Hydrograph procedure uses unit
discharge hydrographs that have been generated for a series of time of concentrations. In
addition, NRCS (SCS) has developed hydrograph procedures to be used fo generate
composite flood hydrographs.

For the development of a hydrograph from a homogeneous developed drainage area or
from drainage area which is not homogeneous where hydrographs need to be generated
from sub-areas and then routed and combined at a point downstream, the engineer is
referred to the procedures outlined by the NRCS (SCS) in TR-55 available on-line at:
http://www.cpesc.org/reference/ir55.pdf.
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3.2 Storm Sewer Collection System

Effective drainage of roadway pavements is essential to the maintenance of roadway service
level and to fraffic safety. Water on the pavement can interrupt traffic, reduce skid resistance,
increase potential for hydroplaning, limit visibility due to splash and spray, and cause difficulty in
steering a vehicle when the front wheels encounter puddles.

Pavement drainage requires consideration of surface drainage, gutter flow, inlet capacity, and
storm sewer capacity. The design of these elements is dependent on storm frequency and the
allowable inundation of stormwater on the pavement surface. This chapter presents guidance
for the design of these elements. Most of the information presented in this chapter was originally
published in HEC-12, Drainage of Highway Pavements, available on-line at
http://www.fhwa.dot.gov/engineering/hydraulics/pubs/hec/hec12.pdf; and AASHTO's Model
Drainage Manual (American Association of State Highways Transportation Officials, available for
purchase on-line at https://bookstore.transportation.org/ltem_details.aspx2id=131.

3.2.1 General Design Criteria

Design criteria for the collection and conveyance of runoff on public roadways are typically
based on roadway classification and reasonable frequency of traffic interference. Depending
on the roadway classification, certain lanes can incur more inundation of standing water on
each side of aninlet (spread) and still pass traffic safely with minor interference.

3.2.1.1 Inlets

e Spread Limits

i. The maximum allowable spread in the roadway shall be based on the 25-year design
storm and shall be limited to no more than six (6) feet of spread in the roadway
gutter. Catch basins shall be located along the roadway at sufficient intervals to
intercept flows before they exceed the maximum spread limif. In no instance shall
inlet spacing exceed three hundred (300) feet.

i. The formulas for gutter flow shall be used to defermine the spread in the roadway.

ii. Afsag locations, the roadway shall have a minimum of 0.5% longitudinal slope within
fifty (50) feet of the level point in the sag. For large flows, flanking inlets may be
required on either side of the low point to prevent exceeding the spread limit.

o Capfture Efficiency

i. Forthe 25-year design storm, the capture efficiency for inlets on grade shall be no less
than 90%, and the capture efficiency for inlets at sump locations shall be 100%.

i. Af sump locations, the capacity of the catch basin shall be determined using the
weir equation unless precast boxes with special inlets are used, which may be
designed with the orifice equation. The minimum curb transition/apron length on
either side of the basin shall be six (6) feet for catch basins open on three (3) sides.

iii. Catch basins shall not be allowed in the radius section at intersections, except where
flows are very small, road grades are very flat, or the entire intersection is in a sag.

iv. Within a piped drainage system, an adequate number of manholes or inlets shall be
constructed to provide for cleaning and maintenance of the stormwater system. In
no instance shall spacing exceed three hundred (300) feet between structures.

¢ Weir Opening Height

i. For catch basins, the minimum allowable weir opening height shall be four (4) inches

and the maximum allowable weir opening height shall be eight (8) inches.
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3.2.1.2 Storm Sewers

a) The Manning equation shall be used for pipe design, assuming pipe flowing full.

b) The orifice equation shall be used to check the required headwater depths at all caftch
basins, junction boxes or pipe inlets along the system to predict and prevent surcharge
condifions.

c) Alternatively, a computer model using the Standard Step method or other approved
energy-based method may be used to compute the hydraulic profile.

d) For complex systems, computation of the hydraulic profile is required.

e) No pipe less than 15" in diameter will be allowed, except for subsurface drainage
systems.

f)  Maximum tail water conditions and associated tfidal influences shall be considered when
designing a stormwater system.

g) Minimum maintenance easement widths shall be as specified in Jasper County’s Land
Development Regulations.

If the storm sewer system is part of a roadway to be accepted by the South Carolina
Department of Transportation (SCDOT), the system design is governed by SCDOT design criteria.

3.2.2 Collection System

The roadway collection system is comprised of roadway sections including gutters, and inlets.
Gutters collect runoff from the roadway and direct it to the inlets for capture. The inlets collect
part of the gutter flow for tfransport to a subsurface conveyance system. The inlet design and
location limit the amount of inundation on a roadway. This inundation is commonly referred to as
spread. The control of spread is an important consideration for the minimization of interference
to traffic and the safe passage of emergency-response vehicles.

3.2.2.1 Gutter Capacity and Types

There are various types of gutter sections available for use in roadway drainage design foday.
The gutter geometry may be determined by the need for additional carrying capacity or the
requirement for safe passage of pedestrian traffic. The gutter may have a straight transverse
slope (uniform), a composite transverse slope, or transverse slope composed of two straight lines
(V-shape). When the allowable spread for the roadway has been determined, the gutter
capacity (and part of the roadway that may also be used to convey runoff) can be computed
using a modified version of Manning's Equation. The equation is modified because the hydraulic
radius term does not adequately describe the spread flow cross section, especially when the
top width of flow is significantly larger than the depth.

a) Standard Gutter Sections

A straight fransverse slope section has uniform cross slope for the roadway and gutter. These
guftter sections, or standard gutter, as they are commonly known, usually resemble a friangle
with the curb forming the vertical leg. For standard gutters, the modified version of the
Manning's Equation may be used to calculate gutter flow properties.

b) Composite Gutter Sections

To increase the capacity of a gutter, the gutter cross slope may be steepened with respect
to the cross slope of the roadway. These gutters are termed composite gutters. For
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composite gutters, the capacity is determined for the depressed section and the area
above the depressed section separately.

c) Valley Gutter Sections

Gutters with fransverse slopes composed of two straight lines (V-shape) are commonly
referred to as valley gutters. The valley gutters may also be composed of a smooth parabolic
cross section. The smooth parabolic gutters are commonly referred to as roll back or
mountable types. The capacity for all valley type gutters is approximated by the same
methodology. For valley gutters an adjusted cross slope of the gutter section is calculated
and then a modified version of the Manning’s Equation may be used to calculate gutter
flow properties.

Gutter calculations can be determined easily using available software packages. The
Federal Highway Administration's HY-22 and Visual Urban HY-22 (for Windows) are free of
charge, downloadable software packages that perform this and other calculations
presented in this chapter.

3.2.2.2 Inlet Capacity and Types

Gutter inlets can be divided into the following three major classes, each with many variations: (1)
curb-opening inlets, (2) grate inlets, and, (3) combination inlets. The placement of two inlets side
by side is referred to as a double inlet and is acceptable.

Brief descriptions of the approved inlet types follow:

e Curb-Opening inlets. These inlets are vertical openings in the curb covered by a top slab.

e Gratfe inlets. These inlefs consist of an opening in the gutter covered by one or more
grates.

e Combination inlets. These units consist of both a curb-opening and a grate inlet acting as
a single unit.

Other inlets deemed practical and technically sound to meeting the criteria of this chapter may
be submitted prior fo design commencement for approval by the DSR on a case by case basis.
Additional design consideration may be required where safe passage for bicycle and
pedestrian traffic is an important factor. The designer should consult SCDOT for guidance.

Curb Opening Inlet

Factors affecting gutter flow also affect inlet
interception capacity. Interception capacity
of a curb-opening is largely dependent on
flow depth at the curb and curb-opening
length. Curb-opening inlet interception
capacity and efficiency are increased by
the use of a gutter depression at the curb-
opening or a depressed gutter to increase
the proportion of the total flow adjacent to |
the curb. The amount of the depression has |5
more effect on the capacity than the [
arrangement of the depressed area with
respect to the inlet.

Figure 3-1
Source: Roanoke. VI
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The interception capacity of a grate inlet depends on the amount of runoff flowing over the
grate, the size and configuration of the grate, and the velocity of flow in the gutter. The
efficiency of a grate is dependent on the same factors and total flow in the gutter.

Grate Inlet

The intercepftion capacity of a combination
inlet consisting of a grate and a curb-opening
does not differ materially from that of a grate.
Interception capacity and efficiency are
dependent on the same factors which affect
grate capacity and efficiency. However, as
the depth of water in the gutter increases, the
curb-opening becomes a major factor in the
interception capacity. Curb-opening inlet
interception capacity and efficiency are
increased by the use of a gutter depression at
the curb-opening or a depressed gutter fo
increase the proportion of the total flow
adjacent to the curb. The amount of the
depression has more effect on the capacity
than the arrangement of the depressed area Figure 3-2

with respect fo the inlet. Source: East Jordan Iron Works

A combination inlet, consisting of a curb-opening inlet placed upstream of a grate, has a
capacity equal to that of the curb-opening length upstream of the grate plus that of the grate,
taking into account the reduced spread and depth of flow over the grate because of the
interception by the curb-opening. This inlet configuration has the added advantage of
intercepting debris that might otherwise clog the grate and deflect water away from the inlet.

Combination Inlet

A combination inlet consisting of a slotted
inlet upstream of a grate might appear to
have advantages when 100-percent
interception is necessary. However, grates
intercept little more than frontal flow and
would usually need to be more than 3 feet
wide to contribute significantly to the
interception capacity of the combination
inlet. A more practical solutfion would be to
use a slotted inlet of sufficient length fo
intercept total flow.

Most investigators have pointed out that
the capacity of an inlet is greatly
increased by allowing a small percentage
of the flow to bypass the inlet. For a given
gutter discharge, the catch of each additional increment of width declines rapidly.

Figure 3-3
Source: East Jordan Iron Works
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3.2.2.3 Inlet Clogging

All types of inlets are subject to clogging. Aftempts to simulate clogging tendencies in the
laboratory have not been successful, except to demonstrate the importance of parallel bar
spacing in debris handling efficiency. Grates with wider spacing of longitudinal bars pass debris
more efficiently. Problems with clogging are largely local since the amount of debris varies
significantly from one neighborhood to another. Some neighborhoods may contend with only a
small amount of debris while others experience extensive clogging of drainage inlets. Clogging
shall be considered in the design of all grate and combination inlets in sag conditions.

The width of the grate should be adjusted to account for clogging. Common practice has been
to apply a 25 percent reduction to the width of the inlet. Therefore, a 2-foot by 3-foot grate
whose unclogged effective perimeter is 7 feet (2 feet +3 feet +2 feet) would be reduced to 6
feet (1.5 feet + 3 feet +1.5 feet) under clogged conditions. Notfice only the width (2-feet) is
reduced by 25 percent. In sags on arterials and multi-lane connectors where ponding may
cause violation of spread depth requirements, it is advised to design flanking inlets on either side
located 0.2 feet above the invert elevation of the sag inlet to promote drainage.

a) Curb Opening Inlets

Curb-opening inlets may be located for roadway drainage where the expected flow depth
at the curb is sufficient for the inlet to perform efficiently. Curb-openings are relatively free of
clogging tendencies and offer little interference to traffic operation.

Curb-opening is commonly constructed with a depression beginning W feet away from the
curb, where W is the width of the curb inlet, and dropping 1-inch per foot below the plane of
the pavement. Transitions at the two ends extend W feet from the end of the opening.

b) Grate Opening Inlefts

Grate inletfs intercept all of the gutter flow passing over the grate (frontal flow) if the grate is
sufficiently long and the gutter flow velocity is low. Only a portion of the frontal flow is
intercepted if the velocity is high or the grate is short and splash-over occurs. Part of the flow
along the side of the grate will also be intercepted, dependent on the cross slope of the
pavement, the length of the grate, and flow velocity.

c) Combination Opening Inlets

The interception capacity of combination inlets where the curb opening and the grate are
placed side-by-side does not increase appreciably over the capacity of a grate alone. The
combination inlet capacity is computed by neglecting the capacity of the curb opening in
this situation. A curb opening at combination inlets is sometimes placed upstream of the
grate. The curb opening of such design intercepts debris which might otherwise clog the
gratfe. This type of combination inlet where the curb opening (or slofted drain) is upstream of
the grate has an inferception capacity equal to the sum of the interception capacities of
two inlets except that the frontal flow, and thus the interception capacity of the grate, is
reduced by interception by the curb opening.

Combination inlets consisting of a grate and a curb opening are favorable in sags where
clogging of grates can create ponding that is hazardous to traffic. The interception capacity
of the combination inlet is essentially equal to that of a grate alone in weir flow. In orifice
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flow, the capacity is equal to the capacity of the grate plus the capacity of the curb
opening.

3.2.3 Conveyance System

It is the purpose of this section to consider the significance of the storm sewer's hydraulic
elements and appurtenances to a storm drainage system. Hydraulically, storm drainage systems
consist of conduits (opened or closed) which convey unsteady and non-uniform free flowing
stormwater. Steady flow conditions may or may not be uniform.

All storm sewer systems shall be designed by the application of Manning's Equation when flowing
in open channel conditions. The hydraulic grade line shall be checked to determine if the open
channel flow assumption is valid. In the preparation of hydraulic designs, a thorough
investigation shall be made of all existing structures and their performance on the waterway of
interest.

The design of a storm drainage system shall be governed by the following seven conditions:

a) The system must accommodate the surface runoff resulting from the selected design
storm with no damage to physical facilities and minimum interruption of normal fraffic.

b) Runoff resulting from major storms must be anticipated and discharged free from
impedance without damage to physical facilities (such as conveyance past finished
floor elevations of buildings and under roadways without washing out embankments and
subgrades).

c) The storm drainage system must have a maximum reliability of operation with respect to
being structurally sound to its environment where it is placed and performing
hydraulically to its intended function for the entire life of design.

d) The construction costs of the system must be reasonable with relationship to the
importance of the facilities it protects.

e) The storm drainage system must require minimum maintenance (cleaning and clearing
obstructions) and must be accessible for maintenance operations.

f) The storm drainage system must be adaptable to future expansion with minimum
additional cost and designed to accommodate build-out conditions in the upstream
reaches of the drainage area.

g) Site design, swales and natural flow features should be utilized to reduce the need for
extensive storm sewer systems whenever possible.

3.2.3.1 Storm Sewer Pipe System

All lines will be laid in accordance with the "Permanent Pipe Culverts” section in the SCDOT
Specifications SC-M-714, latest edition. Strict compliance to backfiling and compaction
restrictions and regulations are required.

a) Storm drain pipe shall conform to the following standards:

i. Reinforced Concrete Pipe (RCP) - shall be Class lll or better, as specified in the SCDOT
Specifications.

i. High Density Polyethylene Pipe (HDPE)-shall be smooth bore HDPE pipe which
complies with the SCDOT Qualified Product Listing 30.

b) Design Loading: As a minimum, all pipe materials shall be capable of supporting H-20
loading under minimum cover. All HDPE pipe shall also be of sufficient thickness to meet
the design load requirements for the proposed cover height. Greater design loadings
shall apply to industrial, commercial, or special situations as appropriate.
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c)

g

Minimum Cover: Two (2) feet minimum cover shall be required for all pipe materials in the

right of way, measured from the outside top of the pipe to the finished subgrade at the

lowest point. Minimum cover requirements may be reduced at the discretion of the DSR
only if extenuating circumstances exist. In these cases, Class V RCP will be required.

Grade: The design engineer should make all efforts not to design pipe over a 10% slope,

especially in the road right of way. In cases where steep slopes are inevitable, the design

engineer should use concrete anchors or other factory recommended anchor systemes.

These details will be required on the construction plans.

Minimum Size: No pipe less than 15" in diameter will be allowed.

Installation: All storm drain lines shall be installed in accordance with SCDOT

Specifications. A vibratory roller, trackhoe-mounted sheepsfoot roller, or other

mechanical tamping device must be used for compacting all utility frenches in the right-

of-way. In the case, due to cover restrictions, dual pipes (double barrel) must be used,

headwalls will be required. No more than two (2) pipes will be allowed at a crossing if a

larger pipe or structure cannot be installed due to cover restrictions. The design engineer

should make every effort to provide alternatives to dual piped systems.

Catch basins shall conform to the following standards:

i. Catch basins and aprons shall be constructed in accordance with SCDOT Standards.

i. Construction materials for catch basins shall be as specified in SCDOT Specifications.

ii. All catch basins deeper than four (4) feet must be constructed with steps.

iv. The minimum drop from the edge of the roadway to the throat of the basin shall be
six (6) inches for the standard two (2) feet offset from the road. Greater offsets shall
require greater drops to achieve the desired 25% cross-slope for the apron.

v. All catch basins must have manhole lids.

The pipe design life is a key consideration in selection of pipe material. Pipe design life

shall be a minimum 50 years as certified by the manufacturer. The engineer must meet all

manufacturers' requirements on which the design life is based. For example, bedding
requirements are critical to meeting the pipe design life.

In selecting a roughness coefficient, "n", consideration shall be given to the average
conditions during the useful life of the structure. An increased "n" value shall be used
primarily in analyzing old conduits where alignment is poor and joints have become
rough. If, for example, concrete pipe is being designed for a location and there is reason
to believe that the roughness would increase due to erosion or corrosion of the interior
surface, slight displacement of joints, or entrance of foreign material, a roughness
coefficient should be selected which, in the judgment of the designer, will represent the
average condifion.

3.2.3.2 Underdrains

The following construction requirements shall apply to pipe underdrains:

a)
b)
c)

d)
e)

Underdrains shall be constructed in accordance with the manufacturer’s
recommendations.

Underdrains shall be installed within 2 1/2' of the back of the curb and shall be properly
connected to a permanent drainage structure such as a catch basin, or daylighted to a
suitable location off the right-of-way.

All underdrains shall have a minimum of two (2) feet of cover.

Underdrains shall be installed prior to the base course.

Underdrains are required on both sides of the street where mucking out and backfilling
have been done, or where the water table is within two (2) feet of the road centerline
elevation.
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f)  Underdrains must be inspected and approved by the DSR during installation.
g) Additional underdrains may be required as determined by the DSR.

3.2.3.3 Manhole Location

Manholes shall be located at pipe junctions; changes in alignment, size, and slope; and ends of
curved sections. Manholes shall be located at intervals not to exceed 300 feet for pipe 30 inches
in diameter or smaller.

Manholes for pipe larger than 30 inches in diameter, along straight alignments, shall be located
at points where design requirements indicate entrance into the conduit is desirable. In no case
shall the distance between openings or enfrances to the storm sewer system be greater than
1,000 feet.

3.2.3.4 Alignment

In general, storm sewer alignment between manholes shall be straight. Long radius curves may
be allowed to conform to street alignment. Short radius curves may be used on larger pipes in
order to reduce head losses af junctions. Curves may be produced by angling the joints or by
fabricating beveled ends. Angled joints shall be kept at a minimum to maintain a fight joint. Pipe
deflection shall not exceed manufacturers' recommendations, unless precast or cast-in-place
bends are specifically designed for deflection. All curved alignments must be approved by the
County prior to installation.

3.2.3.5 Minimum Grades

Storm sewers should operate with flow velocities sufficient to prevent excessive deposition of
solid material, which would result in clogging. The controlling velocity occurs near the boftom of
the conduit and is considerably less than the mean velocity. Storm sewers shall be designed to
have a minimum mean velocity flowing full of 2.0 feet per second, the lower limit of scouring
velocity. Outlets of pipes on minimum grade should be designed fo avoid sedimentation at the
outfall. Maximum velocities in conduits are important mainly because of the possibilities of
excessive erosion on the storm sewer inverts. Energy dissipaters shall be required at outfalls when
pipe flow velocities exceed channel scour velocities.

3.2.3.6 Flow in Storm Sewers
All storm sewers shall be designed by the application of the continuity Equation and Manning'’s
Equation, either through the appropriate charts and nomographs or by direct solufions of the

equations as follows:

Q= AV (3-15)

Q=22 ARV, 2 (3-1¢)
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Where:

= pipe flow, in cubic feet per second
cross-sectional area of pipe, in square feet
velocity of flow, in feet per second
Manning’s roughness coefficient of pipe
hydraulic radius = A/P, in feet

wetted perimeter, in feet

friction slope of pipe, in feet per foot

TAS <>
1

w
1l

f

There are several general rules to be observed when designing storm sewer sections. These rules
are as follows:

e Select pipe size and slope so that the velocity of flow will increase progressively, or atf
least not appreciably decrease, at inlets, bends, or other changes in geometry or
configuration.

o Design system so that the contents of a larger pipe do not discharge into a smaller one,
even though the capacity of the smaller pipe may be greater due to steeper slope.

e Maftch the inside top surface of the soffits rather than the flow lines of the pipes at points
where pipe size changes from a smaller to a larger pipe

e Check conduits during the design with reference to critical slope. If the slope of the
energy line is greater than critical slopes, the unit will likely be operating under entrance
control instead of the originally assumed normal flow. Conduit slope should be kept
below critical slope if at all possible. This also removes the possibility of a hydraulic jump
within the line.

3.2.3.7 Energy Gradient and Profile of Storm Sewers

When using Bernouilli's Equation in the hydraulic design of storm sewers, all energy losses must be
accounted for. These losses are commonly referred to as head losses, and are classified as
either friction losses or minor losses. Friction losses are due to forces between the fluid and the
boundary material, while minor losses are a result of the geometry of sewer appurtenances such
as manholes, bends, and either expanding or contracting fransitions. Minor losses can constitute
a significant portion of the total head loss.

When storm sewer systems are designed as flowing full, the designer shall establish the head
losses caused by flow resistance in the conduit, changes of momentum, and interference at
junctions and structures. This information is then used to establish the design water surface
elevation at each structure.

It is not necessary fo compute the energy grade line of a conduit section if all three of the
following conditions are satisfied:

¢ The slope(s) and the pipe size(s) are chosen so that the slope is equal to or greater than
the friction slope.

o The inside top surfaces (soffit) of successive pipes are lined up at size changes.

o The water surface at the point of discharge will not rise above the top of the outlet.

In such cases, the pipe should not operate under pressure and the slope of the water surface
under capacity discharge will approximately parallel the slope of the pipe invert, assuming the
minor losses are reasonable.
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In the absence of these conditions or when it is desired to check the system against a larger
flood than that used in sizing the pipes, the hydraulic and energy grade lines shall be computed
and plotted. The friction head loss shall be determined by direct application of Manning'’s
Equation. Minor losses due to turbulence at structures shall be determined. If there is a possibility
that the storm sewer system will be extended at some future date, present and future operation
of the system must be considered.

The final hydraulic design of a system should be based on the procedures set forth in this Manual
and accepted engineering practices. The conduits are treated as either open channel flow or
pipe flowing full flow, as the case may be. For open channel flow, the energy grade line is used
as a base for calculation, while the hydraulic grade line is used for pipe flowing full flow.

3.2.4 Outlet Protection

The function of outlet protection is to dissipate the energy of concentrated stormwater flows
thereby reducing erosion or scouring at stormwater outlets and paved channel sections. In
addition, outlet protection lowers the potential for downstream erosion. This type of protection
can be achieved through a variety of techniques, including permanent turf reinforcement mats,
stone orrip rap, concrete aprons, paved sections, or other structural measures.

3.2.4.1 Design Criteria for Outlets

The outlet design for pipes and channel sections applies to the immediate outlet area or reach
below the pipe or channel and does not apply to continuous lining and protection of channels
or streams. Notably, pipe or channel outlets at the top of cut slopes or on slopes steeper than 10
percent should not be protected using just outlet protection. This causes re-concentration of the
flow when the flow eaves the protection area resulting large velocities.

Rip-rap shall be installed around the top and sides of all outfall pipes. On steep slopes, the last
joint of pipe on a plain end outlet shall be a full eight (8) fooft joint. A precast headwall or an
approved reinforced concrete headwall is required for all pipe outfalls 36 inches and over.
Where a drainage outfall is an appreciable distance above the bottom of a stream or ditch info
which it empties, a junction box with a rip-rapped stub will be required.

Energy dissipation measures shall be installed at all pipe outlets to prevent downstream channel
erosion. Rip-rap aprons shall be designed in accordance with OCRM and SCDOT guidelines or
other approved method.

Precast manhole sections may be adapted for use as energy dissipaters at outfalls. The energy
dissipater shall be designed so as not to adversely affect the hydraulic capacity of the system.

Grouted rip-rap may be used in high velocity conditions or where safeguarding of the material is
needed.

a) Flow Velocity

The flow velocity at the outlet when flowing at design capacity shall not exceed the
permissible velocity of the receiving unprotected grass-lined channel.
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b) Tailwater Depth

The depth of tailwater immediately below the pipe outlet must be determined for the design
capacity of the pipe. Manning’s Equation may be used to determine tailwater depth. If the
tailwater depth is less than half the outlet pipe diameter, it should be classified as a minimum
tailwater condition. If the tailwater depth is greater than half the outlet pipe diameter, it
should be classified as a maximum tailwater condition.

c) Protection Length

The required protection length, Lo, according to the tailwater condition, should be
determined from the appropriate graphs.

d) Protection Width

When the pipe discharges directly into a well-defined channel, the protection should extend
across the channel bottom and up the channel banks to an elevation one foot above the
maximum failwater depth or to the top of the bank, whichever is less.

If the outlet discharges onto a flat area with no defined channel, the width of the protection
should be determined as follows:

i. The upstream end of the protection, adjacent to the outlet, should have a width
three times the diameter of the outlet pipe (3D).

ii. For a minimum tailwater condition, the downstream end of the protection should
have a width equal to the pipe diameter plus the length of the required apron.

iii. For a maximum tailwater condition, the downstream end of the protection should
have a width equal to the pipe diameter plus 0.4 tfimes the length of the required
apron.

e) Bottom Grade

The protection shall be constructed with no slope along its length (0O percent grade) where
applicable. The downstream invert elevation of the protection should be equal to the
elevation of the invert of the receiving channel. There shall be no overfalling at the end of
the protection.

f) Side Slopes

If the outlet discharges into a well-defined channel, the receiving side slopes of the channel
should not be steeper than 3:1 (H:V).

g) Alignment
The protection should be located so there are no bend in the horizontal alignment.
3.3 Culverts and Bridges
The function of a culvert or bridge is to safely pass the peak flow generated by the design storm

under a roadway, rairoad, or other feature. The culvert or bridge design shall not cause
excessive backwater or velocities. The design of a culvert must take into account the different
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engineering and technical aspects of the culvert site and adjacent areas which may be
impacted by the design.

3.3.1 Design Criteria
The following design criteria apply for bridge and culvert design crossings.
3.3.1.1 General Design Requirements

a) Roadway culverts refer to structures installed under the roadway which convey flows
from existing creeks, live streams, or drainage channels that originate upstream of the site
and carry offsite flows through the site.

b) The design of all roadway culverts shall comply with SCDOT and Federal Emergency
Management Agency (FEMA) guidelines.

c) The 100-year average return frequency storm shall be used for the design of all roadway
culverts.

d) The permanent impoundment of water on the upstream side of the culvert (i.e., dams) is
not permitted.

3.3.1.2 Discharge Velocities

Inlet and outlet flow velocities shall not impact channel stability. Scour analyses shall be
performed for critical culvert and bridge structures, as identified by the DSR, municipality, state
or, federal jurisdictions to determine necessary channel and structure protection. At a minimum,
all inlet and outlet locations and other locations impacted by flow velocities near structures shall
include design of channel protection where erosive flow velocities occur.

Culverts shall be designed to have a minimum mean velocity flowing full of 2.0 feet per second,
the lower limit of scouring velocity.

3.3.1.3 Culvert Material Types

Material for culverts under roadways or under driveways within right-of-way shall consist of
reinforced concrete pipe (RCP). RCP shall be Class Ill or better, as specified by SCDOT
specifications.

Material for culverts for installations in grassed areas, in areas that do not have ftraffic bearing
loads, or that do not have surcharge loads from embankment may consist of high density
polyethylene (HDPE) pipe with smooth interior liner. HDPE pipe connections shall be watertight in
areas where either elevated seasonal high ground water may be evident or where hydraulic
surcharge of the system will occur. HDPE pipe shall comply with SCDOT specifications.

3.3.1.4 Geometry

The culvert shall be of adequate length to join or match required headwalls, sloping of
embankments, and wall freatments, and any other inlet/outlet protection improvements. The
longitudinal slope shall conform to existing naturalized channel slope. The culvert invert shall not
impeded flows along the bottom of the open channel. Culvert skew shall not exceed
approximately 30 degrees. The minimum pipe diameter (round or arch) shall be 15 inches; the
minimum box dimension shall be 3 by 6 feet. Bridge passages shall be designed not fo
substantially impact flow characteristics.
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3.3.1.5 Culvert End Treatments

Culvert headwalls shall be used at pipe inlets larger than 36 inches in diameter or rise. Design of
inlets should not impact embankment stability or erosion. A combination of headwall and
wingwalls may be allowed where limiting the length of embankment side slopes, property
impacts, or other conditions necessitate their use. Exposure of end freatment configurations
should not have adverse effect upon adjacent activities or uses. Barriers, buffers, or other means
of access restriction shall be designed as necessary.

Hardened concrete inlet aprons may be utilized to provide inlet channel protection. The apron
shall extend a minimum length of one pipe diameter along the flow channel and conform to the
channel bottom. If the exit velocity is high and/or receiving channel conditions are prone to
erosion and destabilization of the channel, the outfall energy dissipaters for culverts or channel
armor shall be required. Materials may include properly sized stone riprap on geotextile, stiling
basins, hardened control devices, or natural structures, design in accordance with FHWA HEC
No. 14, Hydraulic Design of Energy Dissipaters for Culverts and Channels, 1983 or as otherwise
approved by DSR.

3.3.1.6 Hydraulic Considerations

If the project location is in the area of a mapped 100-year frequency base flood elevation
shown on the FEMA Flood Insurance Rate Map (FIRM), the design must follow the National Flood
Insurance Program guidelines.

a) Headwater Limitations

Headwater (HW) is the depth of water above the culvert invert at the upstream (entrance)
end of the culvert. The allowable headwater elevation is determined from an evaluation of
land use upstream, roadway or embankment elevation, and acceptable elevation for flood
passage. Culverts with a rise of 42 inches or smaller shall not be subjected to an HW of
greater than 1.6 fimes the rise of the culvert for up to a 25-year storm event. Culverts with a
rise of 48 inches and larger shall not be subjected to an HW of greater than 0.8 times the rise
of the culvert for a 25-year storm event and not greater than 1.25 times the rise of the culvert
for a 50-year storm event. Resulting HW of culverts shall not increase, adversely impact, or
result in a surface water elevation increase that is unacceptable or greater than 1 foot at
areas upstream of the culvert. Design shall demonstrate that flow passes safely around the
culvert and that headwater or tailwater elevations from the culvert do not endanger
property or overtop the roadway for all events including a 100-year storm event.

b) Tailwater Considerations

Tailwater is the depth of water above the culvert invert at the downstream (outfall) of the
culvert. The tailwater depth for a range of discharges must be determined by way of
hydraulic evaluation. There may be a need for calculating backwater curves to establish
the tailwater conditions. The following site conditions must be considered.

o If the culvert outlet is operating with a free outfall, the critical depth and equivalent
hydraulic grade line should be determined.

e If the culvert discharges to an open channel, the stage-discharge curve for the receiving
channel must be determined.

e If the culvert discharges to a lake, pond, or other major water body, the expected high
water elevation of the particular water body may establish the culvert tailwater. For tidal
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culverts discharging intfo an ocean, the mean high and mean low tide elevations must
be considered with the mean high tide elevation occurring at the time of peak flow for
the stormwater system.

e If an upstream culvert outlet is located near a downstream culvert inlet, the headwater
elevation of the downstream culvert may establish the design tailwater depth for the
upstream culvert.

c) Storage

If area upstream of the culvert will be utilized as storage during the design storm, the
following must be considered:

e The total area of inundation by design storm, and
e The freeboard and bankfull elevation design criteria for open channels shall be
considered.

3.3.1.7 Culvert Weep Holes

Weep holes are installed to relieve hydrostatic pressure resulting in uplift forces on the culvert
stfructure and shall be included as necessary. The weep holes should be used in conjunction
with filfer materials in order to intercept the flow and prevent the formation of piping channels.
The filters should be designed as under-drain filter structures to prevent clogging.

3.3.1.8 Environmental Considerations

Selected culvert design and location should cause the least impact on the stream, wetlands,
and wildlife habitat. This selection analysis shall consider the entire impacted site, including any
inlet and outlet channels where the stormwater design substantially impacts the existing
hydraulic capacity or surface water elevation.

3.3.1.9 Regulated Floodway Requirements

The culvert/bridge design must be in compliance with National Flood Insurance Program. It is
necessary to consider the 100-year frequency flood at the local identified special flood hazard
areas. The design professional should review floodway regulations applicable for the project
and impacted area.

3.3.2 Culvert Flow

Culverts shall be selected based on hydraulic performance, site conditions and economy. It is
necessary to know the design culvert flow regime to properly access its impact. Culvert
selection shall include analysis of both inlet and outlet conftrol.

The culvert flow confrols for a straight, uniformly shaped culvert are divided into two basic
classes depending on the control section: inlet control and outlet control. For each type of
control, different factors and equations are used to compute the hydraulic capacity of the
culvert. Inlet control is restricted due to the opening efficiency and opening size. Conversely,
outlet control is restricted by friction and by tailwater effects. Both the inlet flow capacity and
the outlet flow capacity must be calculated to compare the values and select which condition
is most restrictive.

Jasper County, South Carolina 3-25 October 3, 2011



Stormwater Management Design Manual Section 3

3.3.2.1 Inlet Control

For a culvert operating under inlet control, the culvert barrel is capable of conveying a greater
discharge than the inlet will accept. The flow control section is just inside the culvert barrel at its
enfrance. The flow profile passes through critical depth at this location and flow in the barrel is
supercritical. Conditions downstream of the enfrance have no effect on culvert capacity. The
barrel flows partially full over its length and the flow approached normal depth at the outlet end.

Under inlet confrol, only the headwater and the inlet configuration affect the hydraulic
performance. The headwater elevation at the culvert entrance supplies the energy necessary
to force flow through a culvert.

The maximum discharge through a culvert flowing partially full occurs when flow is at critical
depth for a given energy head. To assure that flow passes through critical depth near the inlet,
the culvert must be laid on a slope equal to or greater than critical slope for the design
discharge. Placing culverts which are to flow partially full on slopes greater than critical slope will
increase the outlet velocities but will not increase the discharge capacity. The section near the
inlet at which critical flow occurs limits the discharge.

3.3.2.2 Outlet Control

All the factors affecting the hydraulic performance of a culvert in inlet control also influence
culverts in outlet control. In addition, the barrel characteristics (roughness, area, shape, length,
and slope) and the tailwater elevation affect culvert performance in outlet control.

The barrel roughness is a function of the culvert material and is represented by Manning's “n"
coefficient. The barrel length is the total length extending from the entrance to the exit of the
culvert. The barrel slope is the actual slope of the culvert and is often equivalent to the slope of
the stream. The tailwater elevation is based upon the downstream water surface elevation
measured from the outlet invert. Backwater calculations or normal depth approximations, when
appropriate, are two methods used to determine the tailwater elevation.

Most culverts flow with free outlet but, depending on topography or downstream constraint, a
tailwater elevation sufficient to submerge the outlet may form at some instances. For an outlet
to be submerged, the depth at the outlet must be equal to or greater than the diameter of the
culvert. The capacity of a culvert flowing full with a submerged outlet is governed by the
following equation when the approach velocity is considered zero. Outlet velocity is based on
full-pipe flow at the outlet.

3.3.2.3 Ciritical Depth

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

3.3.3 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

Jasper County, South Carolina 3-26 October 3, 2011



Stormwater Management Design Manual Section 3

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 DSR. Applicable
computer models for culvert design include, but are not limited to the following:

HY8

Hydraflow Storm Sewers
XPSWMM

HEC-RAS

Culvert Master

ICPR

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.

3.4 Open Channel

Open channel is frequently an integral component of an urban drainage system design. The
drainage system may include the following types of channels or combination:

¢ Natural Channel

¢ Constructed Channel
e Ditch

¢ Swale

These types of channel are ruled by common open channel design procedure. A stable open
channel brings several advantageous features to the design:

¢ Relatively low construction cost,

e Potential flood control (instream storage attenuating downstream peak),
e Potential groundwater recharge,

e Improved water quality,

* A habitat for native vegetation and wildlife,

e Areaqs forrecreation, and

¢ An aesthetically pleasing environment adding social benefits.

The implementation of an open channel info the design requires careful planning and
accounting for potential right-of-way constraints, utility conflicts, maintenance cost, and safety
issues.

This section provides the necessary criteria and methodology for selection and design of open
channels.

3.4.1 General Design Criteria

3.4.1.1 Design Storm Frequency

Open channels shall be designed to convey the 10-year event below its freeboard height and
the 25-year event below its bankfull elevation. The 100-year design storm shall be routed
through the channel system to determine that the finished floor of residential dwellings, public,
commercial, and industrial buildings will be 2 feet above the 100-year flood water surface
elevation.
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3.4.1.2 Geometry

The channel geometry design depends on site conditions and conveyance needs. The channel
cross section may be frapezoidal, parabolic, V-shaped, or combination of those geometric
shapes. Most desirable and commonly used is tfrapezoidal channel cross section.

a) Channel side slopes shall be stable throughout the enfire length. The channel side slopes
shall be a maximum 2:1 (H:V).

b) Channels with boftom widths greater than 10 feet shall be designed with a minimum
bottom cross-slope of 12:1 (H:V).

c) If relocation of a stream channel is unavoidable, the geometry, meander pattern,
roughness, and slope should conform to the existing conditions, as practicable. Some
means of energy dissipation may be necessary when existing conditions cannot be
duplicated.

3.4.1.3 Freeboard

Freeboard is exira height of channel lining above the design storm depth where overflow is
expected to occur and potentially cause damage. This additional range of inundation creates
a safety factor should unexpected obstructions or additional runoff create a rise in the design
water surface elevation.

a) For channels three feet or less in depth, one half of foot of freeboard shall be provided.

b) For channels deeper than three feet and up to five feet in depth, one foot of freeboard
shall be provided.

c) For channels deeper than five feet in depth, freeboard that is at least equal to 20
percent of the total channel depth shall be provided.

3.4.1.4 Velocity Limitations

The final design of an open channel should be consistent with the velocity limitations for the
selected channel lining to satisfy the condition of non-erosive velocity in the channel.

3.4.1.5 Channel Lining

Channel linings include vegetative and engineered materials, further divided info flexible
materials (grass, riprap, articulated concrete, and gabions), and rigid materials (paving blocks
and concrete). The channel lining design criteria require that two primary conditions are
satisfied:

a) The channel system with the lining in place must have capacity for the peak flow
expected from the design storm, and
b) The channel lining must be resistant to erosion for the design velocity.

3.4.1.6 Maintenance Corridors and Easements
a) For minor ditches with open channel flow, the required easement width shall be

determined from the equivalent pipe size required to carry the flow and the easement
width (listed below) corresponding to that calculated pipe size.
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Pipe Size Required Easement Width
15inches — 48 inches 20 feet
Over 48 inches 30 feet

b) For major ditches or channels, the easement width shall be centered on the ditch or
channel and be equal to the maximum top width of the ditch plus twenty (20) feet.

c) The following statement shall be included on the construction plans and Final Plat:
“There is a ten (10) foot drainage and utility easement along either side of all side and
rear lot lines except where otherwise noted.”

3.4.2 Channel Discharge

Designing a stable channel under dynamic channel conditions requires an understanding of
sediment transport, stream channel response, and erosive forces which are at work. Unlined
channels must be designed to minimize excessive scour while lined channels must be designed
fo prevent deposition of sediments. Details of methodology specific to protection from erosive
forces can be found in the Federal Highway Administration, Hydraulic Design of Energy
Dissipators for Culverts and Channels, Hydraulic Engineering Circular No. 14 (HEC-14), 1983.

All variables used in fluid mechanics and hydraulics fall info one of three classes: those
describing the boundary geometry, those describing the flow, and those describing the fluid.
Various combinations of these variables define parameters that describe the state of flow in
open channels.

3.4.2.1 Manning's "n" Values

The Manning's "n" value is an important variable describing material roughness in open channel
flow computations. Changes in this variable can significantly affect flow discharge, depth, and
velocity estimates. Since Manning's "n" values depend on many physical characteristics of
channel surface, care and good engineering judgment must be exercised in the selection
process. The composite "n" value should be calculated where the lining material, and
subsequently the Manning's "n" value, changes within a cross section.

For natural channels, Manning's "n" values should be estimated using the procedures presented
in the publication Guide for Selecting Manning's Roughness Coefficients for Natural Channels

and Flood Plains, (FHWA-TS-84-204, 1984).

3.4.3 Channel Design

The drainage channel design has to provide adequate capacity for flow resulting from the
design storm. The hydraulic characteristics of open channels shall be determined by using

Manning's and confinuity equations. Manning's Equation is commonly expressed as:

2/3 1/2

V=149/nR S (3-17)
Where:

V = average flow velocity, in feet per second
n = Manning roughness coefficient
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S = channel slope, in feet per foot
R = hydraulic radius, in feet, calculated as

R=A/P (3-18)
Where:

A = flow cross sectional areq, in square feet
P = wetted perimeter, in feet (length of boundary between water and channel)

For prismatic channels, in the absence of backwater conditions, the slope of the energy grade
line, water surface and channel bottom are equal.

The continuity equation is commonly expressed as:
Q=VA (3-19)
Where:

Q = average flow through a cross section, in cubic feet per second
V = average flow velocity over a cross section, in feet per second
A = area of cross section, in square feet

The continuity and Manning's Equations together may be solved for channel flow:

2/3 _1/2

Q=1.49/n AR™S (3-20)

Area, wetted perimeter, hydraulic radius, and channel top width for standard channel cross-
sections can be calculated from geometric dimensions. Irregular channel cross sections (i.e.,
those with a narrow deep main channel and a wide, shallow overbank flow area) must be
subdivided into segments so that the flow can be computed separately for the main channel
and overbank portions. This same process of subdivision may be used when different parts of the
channel cross section have different roughness coefficients as previously mentioned. When
computing the hydraulic radius of the subsections, the water depth common to the two
adjacent subsections is not counted as wetted perimeter.

3.4.3.1 Permissible Velocity

Permissible nonerosive velocity of a channel is dependent upon stability of lining materials and
channel vegetation. In stable channels, the flow velocities generated by the design storm event
shall not exceed the permissible velocity of the channel liner.

To satisfy this condition it is necessary to calculate the velocity in the design channel for the
design storm event and compare it with the permissible velocity for the selected channel lining.

A temporary lining may be required to stabilize the channel until the vegetation is established. If
a channel requires temporary lining, the designer should analyze shear stress in the channel to
select an appropriate liner that provides protection and promotes vegetation establishment.
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The channel outfall has to be evaluated for stability and the receiving channel for carrying
capacity. If discharge velocities exceed allowable velocities for the receiving stream, an outlet
protection design will be required.

3.4.3.2 Tractive Force

The design of riprap lined channels and temporary linings are based on shear stress/tractive
force analysis. This method assumes that the design flow is uniform and does not vary with time.
Since actual flow conditions change through the length of the channel, it is necessary to
subdivide the channel into design reaches with uniform flow and work within the tractive force
method limitations.

a) Shear Stress

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 flow exceed the critical
fractive force of the soil, erosion takes place.

The slope, flow depth (normal depth, dn) calculated for the design flow, and other channel
design characteristics are important variables in shear stress calculation.

b) Permissible Shear Stress

Permissible shear stress is the force required to initiate movement of the lining material and is
not related to the erodibility of the underlying soil. However, if the lining is eroded or broken,
the bed material will be exposed to the erosive force of the flow.

Permissible shear stress for the lining materials can be determined from appropriate
resources. If a calculated shear stress is less than the permissible sheer stress, the proposed
riprap or temporary lining is considered acceptable. If the lining is unacceptable, lining with
a higher permissible shear stress is necessary. In some cases it may be necessary to alter
channel dimensions to reduce the shear stress to the level below the permissible value.

c) Normal Depth

Normal depth is unique for each channel with a particular slope and discharge and can be
calculated using Manning's Equation. This generally requires a frial-and-error solution. The
tfrial-and-error method for normal depth calculation is described in the section below. It is
recommended that normal depth should be calculated for the following conditions:

e Bare matting with no vegetation,
*  Maftting with maintained vegetation, and
* Matting with un-maintained vegetation.

d) lterative Method for Normal Depth Calculation
The use of Manning's procedure includes iterative calculations to calculate the normal

depth of flow in a uniform channel when the channel shape, slope, roughness and design
discharge are known.
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Using Manning's equation and the confinuity equation, and solving for flow, the following
ratio is desired:

AR =naQ/ (14957 (3-21)

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 ARQ/3 value is calculated.

Trial values of the depth are selected until the ARQ/3 value equals the known ratio calculated
by using the known roughness, design discharge, and channel slope.

e) Computing Shear Stress around a Channel Bend

Computing shear stress around a channel bend requires special considerations because the
change in flow direction imposes higher shear stress on the channel bottom and banks. The
length of channel requiring protection downstream from a bend is a function of the
roughness of the lining material and the hydraulic radius.

The design channels usually exhibit high stress around bends and therefore these areas
should be carefully evaluated. The channel may be protected by change in cross sectional
area that would decrease the shear stress, or upgrade the protective channel lining so it
withholds the shear forces.

3.5 Storage Facilities

Urban stormwater storage facilities are often referred to as either detention or retention facilities.
Detention facilities are those permanent stormwater management structures whose primary
purpose is to temporarily store stormwater and release the stored stormwater at controlled rates.
Therefore, detention facilities are designed to reduce the peak discharge and only detain runoff
for some short period of time. These facilities are designed to completely drain or drain back to a
normal pool elevation after the design storm has passed. Retention facilities are those
permanent structures that permanently store a given volume of stormwater. These facilities
typically store an additional volume of stormwater for release by infiltration and/or evaporation.
They do not pass stormwater purposely but reduce it completely through other means. The term
storage facilities will be used in this chapter to include detention and retention facilities.

Storage facilities can range from small facilities in parking lots or other onsite facilities to large
lakes and reservoirs. This chapter provides general design criteria for promoting onsite storage
where possible.

It should be noted that the location of storage facilities is very important as it relates to the
effectiveness of these facilities to control downstream flooding. Small individual storage facilities
generally have only minimal regional flood control benefits, as the localized benefits quickly
diminish as the flood wave moves away from the facility and travels downstream. Multiple
storage facilities located in the same drainage basin will affect the timing of the runoff through
the conveyance system which could decrease or increase flood peaks in different downstream
locations. Therefore careful consideration to downstream effect should be exercised in large or
complex watersheds.
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3.5.1 General Design Criteria

The R.72-300 South Carolina Standards for Stormwater Management and Sediment Reduction
provides performance criteria for design and operation of storage facilities. The criteria have
been compiled and outlined below based on their function in confrolling stormwater.

3.5.1.1 Storage

a) Storage volume shall be adequate to attenuate the post-development peak discharge
rates to predevelopment discharge rates for the 2-, 10- and 25-year storms.

b) Development projects shall use a calculated natural ground cover and vegetated
surface condition for the determination of predevelopment discharge rates from the site.

c) The stored detention volume shall be released within 24 to 48 hours and normal pool
elevations returned, unless otherwise specified.

3.5.1.2 Release Rate

a) Confrol structure release rates shall be less than or equal to predevelopment peak runoff
rates for the 2-, 10- and 25-year storms, with emergency overflow adequately designed
for the 100-year discharge.

b) Design calculations must demonstrate that the facility will limit runoff from the 2-, 10- and
25-year post-development discharge rates to predevelopment peak discharge rates.

c) Outlet structures that draw water from or near the normal pool surface of the storage
facility shall be used

d) Discharge velocities shall be non-erosive for the design storm.

3.5.2 Desigh Recommendations

The sizing of a storage facility depends on the amount of storage, its location within the system,
and its operational characteristics. An analysis of storage facilities should consist of comparing
the design flow at a location downstream of the proposed storage site both with and without
storage. Flow in excess of the design storm flow is expected to pass through or around the
storage facility safely (i.e., 100-year flood). Additional design recommendations for storage
facilities should include:

Storage volume

Grading and depth requirements
Safety considerations and landscaping
Outlet works

Location

The same hydrologic procedure shall be used to determine pre- and post-development
hydrology.

3.5.2.1 Storage
Routing calculations must be used to demonstrate that the storage volume is adequate. If

sedimentation during construction causes loss of detention volume, design dimensions shall be
restored before completion of the project.
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3.5.2.2 Grading and Depth

This section presents a discussion of the general grading and depth criteria for storage facilities
followed by criteria related to dry detention basins and wet detention ponds.

The construction of storage facilities usually requires excavation or placement of earthen
embankments to obtain sufficient storage volume. Vegetated embankments shall be less than
20 feet in height and shall have side slopes no steeper than 3:1 (H:V). Riprap protected
embankments shall be no steeper than 1:2 (H:V). Geotechnical slope stability analysis is required
for embankments greater than 10 feet in height and is mandatory for embankment slopes
steeper than those given above. Procedures for performing slope stability evaluations can be
found in most soil engineering textbooks.

Final side slopes for storage facilities shall be a maximum of 2:1 (H:V) and shall extend three feet
below the permanent pool water level. Side slopes shall be stabilized with grass or other natural
vegetation. During construction, if side slopes do not meet the above requirements then the
permanent pool shall be surrounded with a fence of a minimum height of 6 feet unftil such time
as the final side slope is established.

Impoundment depths greater than 25 feet or storage volume greater than 10 acre-feet are
subject to the requirements of the South Carolina Safe Dams Act (SDA) unless the facility is
excavated for the depth. Other considerations when setting depths include flood elevation
requirements, public safety, land availability, land value, present and future land use, water
table fluctuations, soil characteristics, maintenance requirements, vegetation maintenance
and/or control, and required freeboard. The feature's pleasing aesthetical characteristics are
also important in urbanized areas.

3.5.2.3 Outlet Works

Outlet works selected for storage facilities typically include a principal outlet works and an
emergency spillway. These structures are sized to accomplish the design functions of the storage
facility. Outlet works can include risers, drop inlets, pipes, various weirs, orifices, and
combinations. The clogging factor of these structures has to be considered in the outlet works
structure design.

The outlet works are designed to convey the design storm. The emergency spillway shall safely
convey the 100-year flood determined by using a fully developed land use conditions, and with
the outlet located above the pond's 25-year water surface elevation.

For large storage facilities under the jurisdiction of the SDA, Dams and Reservoirs Safety Act
Regulations (DRSAR) guidelines must be followed for selecting a design flood magnitude. The
sizing of the emergency outlet should be always consistent with the potential threat fo
downstream life and property damage in a case of embankment failure. The hydrologic routing
calculations are the only means accepted by County for sizing the outlet works.

Where the discharge structure consists of a single pipe outlet, the pipe shall have a minimum
inside diameter of 15 inches since maintenance of outlets smaller than 15 inches is likely to be a
problem. If design release rates call for outlets smaller than 15 inches, release structures such as
perforated risers or flow control orifices shall be incorporated.
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a) Principal Outlet Works

Discharge for various headwater depths can be controlled by crests (weir control), riser,
barrel opening, low orifice control, or barrel pipe (outlet control). Each of these flow confrols
shall be evaluated when determining the rating curve of the principal outlet. The following
weir, orifice, and pipe flow equations can be used to evaluate a single opening outlet
structure. Outlet works design shall consider weir flow, and pipe flow where appropriate.

b) Emergency Spillways

All detention basins shall include a stabilized emergency spillway designed to convey the
100-year storm event. The County may require the design professional to evaluate a more
stringent design requirement including a breach analysis if there is a potential for loss of life or
significant downstream property damage. The elevation of the 100-year storm event also
shall be reviewed to ensure that area structures are not impacted. Certain embankments
may be classified as dams and are required to meet applicable rules.

The emergency spillway shall be constructed using undisturbed native (in-situ) soils. The
geologic and topographic features of a site determine the design featfures of the spillway,
such as position, profile, and length. The cross section dimensions are governed by required
hydraulic capacity and are determined by reservoir routing of the design storm. Emergency
spillways for detention ponds are often designed as stabilized open channels with linings
selected to resist erosion.

Discharge from the emergency spillway shall be directed to the receiving channel without
causing erosion along the downstream toe of the dam. An emergency spillway proposed for
the protection of an earthen embankment shall be in undisturbed soil, if possible, to avoid
flow-imposed stress against a constructed fill. The side slopes of the excavated earth
channel shall be no steeper than 3:1 (H:V) and shall be stabilized in accordance with
procedures for open channels. Where the site limitations prevent a full channel cut, a wing
dike shall be provided to direct spillway flows away from the downstream toe of the dam.
Ready access to the emergency spillway system is required.

The configuration of the entrance channel from the reservoir to the control section of the
emergency spillway shall provide a smooth transition to avoid turbulent flow over the spillway
crest. The outlet of the emergency spillway shall transition to the channel without causing
erosion. The slope of the exit channel usually follows the configuration of the abutment. In
cases of highly erodible soils, it may be necessary to use structural or vegetative protective
lining. As an alternative, increased detention storage reduces the frequency and/or duration
of emergency spillway operation and therefore reduces potential erosion problem:s.

3.5.2.4 Location

In addition to controlling the peak discharge from the outlet works, storage facilities will change
the timing of the entire hydrograph. If several storage facilities are located within a particular
basin, it is important fo determine what effects a particular facility may have on combined
hydrographs in downstream locations. The DSR may request an analysis of the potential for
adverse impacts downstream. At the request of the County, channel routing calculations should
be performed proceeding downstream to a confluence point where the drainage area being
analyzed represents ten percent of the total drainage area. For example, if the proposed
development occupies a drainage area of seven acres then the analysis must be performed far
enough downstream that the resulting conftributing drainage of analysis is equal to or greater
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than seventy (70) acres (seven acres being ten percent of seventy acres). Af this point, the
effect of the hydrograph routed through the proposed storage facility on the downstream
hydrograph should be assessed to ensure defrimental effects on downstream hydrographs are
not present.

3.5.2.5 Dams and Reservoirs Safety Act Regulations

Under the SDA, a regulated dam is an artificial barrier that does or may impound water and that
is 25 feet or greater in height or has a maximum storage volume of 50 acre-feet or more. A
number of exemptions are allowed from the SDA and any questions concerning a specific
design or application should be addressed to the South Carolina Department of Health and
Environmental Control (SCDHEC).

According to SDA, all dams and reservoirs subject to regulation shall be classified according to
their size and hazard potential. Classifications shall be made in accordance with the Section 72-
2. of DRSAR and are subject to final approval by the SCDHEC. It may be necessary to reclassify
dams overtime in accordance with changes in DRSAR regulations.

Size classification may be determined by either storage or height, whichever gives the larger size
capacity. The hazards potential classification pertains to potential loss of human life or property
damage in the event of failure or improper operation of the dam or appurtenant works.

3.6 Onsite Detention

Potential advantages and disadvantages of onsite detention structures should be considered by
the design professional in the early stages of development. Discharge rates and outflow
velocities are regulated to conform to the capacities and physical characteristics of
downstream drainage systems. Energy dissipation and flow attenuation resulting from onsite
storage can reduce soil erosion and pollutant loading. By confrolling release flows, the impacts
of pollutant loading of stored runoff on receiving water quality can be minimized.

The onsite detention structures listed in this section shall be designed for the temporary storage
of stormwater. The design professional should ensure that all detained stormwater is emptied in
the specified durafion to avoid creating hazardous and unsightly conditions, or more
importantly, fo prevent jeopardizing the future function of the structure itself. Onsite detention
systems shall also be designed to provide positive overflow and drainage relief in the event that
blockage of primary release locations occurs.

3.6.1 Hydraulic Design Methods

3.6.1.1 Hydrograph Procedure for Storage Analysis

The unit hydrograph procedure develops a hydrograph which provides a more reliable solution
for detention storage effects by providing the design professional greater flexibility for the
representation of actual conditions to be modeled. This procedure can be used for any size
drainage area. For detention basin design, 24-hour design storm duration should be used.

3.6.1.2 Modified Puls Routing Procedure

A flood routing procedure may be used to determine the required volume of the detention

basin. Several flood routing procedures are available in published texts. One commonly used
method is the Modified Puls Routing Procedure. The data needed for this routing procedure are:
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a) Inflow hydrograph

b) Physical dimensions of the storage basin

c) Maximum outflow allowed

d) Hydraulic characteristics of the outlet structure or spillway

To perform the Modified Puls procedure, the inflow hydrograph, depth-storage relationship, and
depth-outflow relationship must be determined and further combined in a routing routine. The
results of the routing are the ordinate of the outflow hydrograph, the depth of storage, and the
volume of storage at each point in time of the flood duration.

The routing period, or time interval, At, should be small enough so that there is a good definition
of the hydrograph and the change in the hydrograph during the period At is approximately
linear. This may be accomplished by sefting At = 5 or 10 minutes, depending on size of
watershed and hydrograph time to peak.

Several assumptions are made in this procedure and include the following:

a) The entire inflow hydrograph is known

b) The storage volume is known at the beginning of the routing

c) The oufflow rate is known at the beginning of the routing

d) The outlet structures are such that the outflow is uncontrolled and the outflow rate is
dependent only on the structure’s hydraulic characteristics.

3.6.2 Debris and Sedimentation

The performance and reliability of detention facilities can be reduced by natural and man-
made debris. Naturally occurring sedimentation can, over a period of fime, reduce the storage
capacity of a detention basin and thereby reduce the degree of flood protection provided.
The obstruction of low flow conduits by debris can reduce outlet capacity and cause the
premature filling of the detention basin with stormwater, again reducing the flood protection
provided by the structure. Consequently, adequate care must be exercised in design to
provide for protection of the outlet work from debris and for the control and removal of
sedimentation in the basin.

3.6.2.1 Trash Racks

All outlet works and low flow conduits shall be provided with a trash rack for debris control. The
frash rack shall provide a maximum bar spacing not to exceed two-thirds of the outlet opening
or diameter. The total area of the frash rack shall allow for passage of the design flow with 50
percent of the frash rack blocked. Calculations for head losses through a trash rack shall be
included in the hydraulic evaluation of the outlet. The trash rack should have an area equal to
10 tfimes the area of the outlet to maintain low velocities through the trash rack.

3.6.2.2 Sedimentation

Sediment removal within a detention facility may be facilitated by the use of a sediment trap at
the inlet, which concentrates the majority of the incoming sediment bed load to a small portion
of the facility. Sediment fraps should be provided in conjunction with all detention facilities. The
following list provides guidelines for the design of efficient sediment traps:
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a)
b)

c)

d)

Sedimentation volume should be provided at an elevation below the invert of the inflow
channel.

The length/width ratio of the sediment trap should be a minimum of 2:1, with the length
measured along a line between the inlet and outlet.

The basin shape should be configured to prevent flow short-circuiting from the inlet to the
outlet. This can be accomplished by placing the inlet at the opposite end or installing
flow baffles. This is to allow the finer sediments the maximum residence time to settle out.
Provisions for total drainage and accumulated sediment removal of the sediment frap
shall be provided. Maintenance access should also be provided and designed to
accommodate dump trucks and other equipment necessary for removal of
accumulated sediment.
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4.0 Green Infrastructure Practices
4.1 Overview

Green infrastructure practices are natural resource protection and stormwater management
practices and techniques that can be used to help prevent increases in post-construction
stormwater runoff rates, volumes and pollutant loads on development sites. The term green
infrastructure practices has been succinctly defined as the combination of three
complementary, but distinct, groups of natural resource protection and stormwater
management practices and techniques:

e Better Site Planning Techniques: Techniques that are used to protect natural resources
from the direct impacts of the land development process.

e Better Site Design Techniques: Techniques that are used to minimize land disturbance and
the creation of new impervious and disturbed pervious cover.

e Low Impact Development Practices: Small-scale stormwater management practices that
are used to disconnect impervious and disturbed pervious surfaces from the storm drain
system and reduce post-construction stormwater runoff rates, volumes and pollutant
loads.

Together, these green infrastructure practices can be used to not only help protect natural
resources from the direct impacts of the land development process, but also help maintain
pre-development site hydrology and reduce post-construction stormwater runoff rates, volumes
and pollutant loads.

This section provides additional information about using these green infrastructure practices to
help satisfy Jasper County’s stormwater management requirements. Together with stormwater
management practices, which can be used fo manage post-construction stormwater runoff
raftes, volumes and pollutant loads, green infrastructure practices can be used to help control
and minimize the negative impacts of land development and nonpoint source pollution.

4.2 Recommended Green Infrastructure Practices
The green infrastructure practices recommended for use in Jasper County include:
4.2.1 Better Site Planning Techniques

e Protect Primary Conservation Areas
e Protect Secondary Conservation Areas

4.2.2 Better Site Design Techniques

Reduce Clearing and Grading Limits
Reduce Roadway Lengths and Widths
Use Fewer or Alternative Cul-de-Sacs
Reduce Parking Lot Footprints

Create Landscaping Areas in Parking Lots
Reduce Driveway Lengths and Widths
Reduce Sidewalk Lengths and Widths
Reduce Building Footprints

Reduce Setbacks and Frontages
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4.2.3 Low Impact Development Practices

The low impact development practices recommended for use in Jasper County have been
divided into three groups: (1) alternatives to disturbed pervious surfaces; (2) alternatives to
impervious surfaces; and (3) receiving low impact development practices. Each of these groups
is briefly described below:

4.2.3.1 Alternatives to Disturbed Pervious Surfaces

These low impact development practices can be used to help restore disturbed pervious surfaces
to their pre-development conditions, which decreases post-construction stormwater runoff rates,
volumes and pollutant loads. They can be used alone or in combination with one another to
restore soils and native vegetative coverin areas that have been or will be disturbed by clearing,
grading and other land disturbing activities. The alternatives to disturbed pervious surfaces
recommended for use in Jasper County include:

a) Soil Restoration
b) Site Reforestation/Revegetation

4.2.3.2 Alternatives to Impervious Surfaces

These low impact development practices can be used to reduce the amount of effective
impervious cover found on a development site. They can be used in place of traditional
impervious surfaces, such as rooftops, parking lots and driveways, to reduce the post-construction
stormwater runoff rates, volumes and pollutant loads that these surfaces create. The alternatives
to impervious surfaces recommended for use in Jasper County include:

a) Green Roofs
b) Permeable Pavement

4.2.3.3 Receiving Low Impact Development Practices

These low impact development practices can be used to receive and reduce the
post-construction stormwater runoff generated on a development site. They are designed to slow
and temporarily store stormwater runoff, subjecting it to the runoff reducing hydrologic processes
of interception, evapotranspiration, infiltration and capture and reuse, before directing it into the
stormwater conveyance system. The low impact development practices that can be used to
receive post-construction stormwater runoff on a development site include:

a) Undisturbed Pervious Areas
b) Vegetated Filter Strips

c) Grass Channels

d) Simple Downspout Disconnection
e) Rain Gardens

f)  Stormwater Planters

g) Dry Wells

h) Rainwater Harvesting

i) Bioretention Areas

i) Infiltration Practices

k) Dry Swales
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The remainder of this Section provides additional information about all of these green
infrastructure practices, including information about their proper application and design and
information about how they can be used to help satisfy Jasper County's stormwater
management requirements.

4.3 Other Green Infrastructure Practices
4.3.1 New and Innovative Green Infrastructure Practices

The use of new and innovative green infrastructure practices is encouraged in Jasper County,
provided that their applicability and functionality has been sufficiently documented. At its
discretion, the DSR may allow for the use of a green infrastructure practice that is not discussed in
this manual.

4.4 Green Infrastructure Practice Selection

In general, the following information should be considered when deciding what green
infrastructure practices to use on a development site:

e Ability to Help Satisfy the Stormwater Management Criteria
o Overall Feasibility
o Site Applicability

In addition, site planning and design teams should consider how the following site characteristics
and constraints, which are commonly encountered in Jasper County, will influence the use of
green infrastructure practices on a development site:

Poorly drained soils, such as hydrologic soil group C and D soils
Well drained soils, such as hydrologic soil group A and B soils
Flat terrain

Shallow water table

Tidally-influenced drainage

Each green infrastructure practice can be evaluated for its ability to help satisfy the
post-construction stormwater management criteria that apply to a development site. Additional
information about each of the green infrastructure practices is included in the matrix (Table 4.1,
pages 4-52 1o 4-56) as described below.

o Stormwater Runoff Reduction: This column indicates the stormwater management credit
that can be applied foward the stormwater runoff reduction criteria if the green
infrastructure practice is used on the development site.

e Water Quality Protection: This column indicates the stormwater management credit that
can be applied toward the water quality protection criteria if the green infrastructure
practice is used on the development site.

The overall feasibility of applying each of the green infrastructure practices on a development
sitfe should be evaluated. Addifional information about each of the evaluation categories
included in the evaluation matrix (Table 4.2, pages 4-57 and 4-59) is described below.

¢ Drainage Area: This column describes how large of a contributing drainage area each
green infrastructure practice can realistically handle. It indicates the maximum size of the
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contributing drainage area that each green infrastructure practice should be designed
to receive stormwater runoff from.

e Area Required: This column indicates how much space the green infrastructure practice
typically consumes on a development site.

e Slope: This column describes the influence that site slope can have on the performance of
the green infrastructure practice. It indicates the maximum or minimum slope on which
the green infrastructure practice can be installed.

¢ Minimum Head: This column provides an estimatfe of the minimum amount of elevation
difference needed within the green infrastructure practice, from the inflow to the outflow,
to allow for gravity operation.

e Minimum Depth to Water Table: This column indicates the minimum distance that should
be provided between the bottom of the green infrastructure practice and the top of the
water table.

e Soils: This column describes the influence that the underlying soils (i.e., hydrologic soil
groups) can have on the performance of the green infrastructure practice.

The applicability of each of the green infrastructure practices on a particular development site
should be evaluated. Additional information about each of the applicability categories included
in the applicability matrix (Table 4.3, pages 4-60 and 4-61) is described below.

e Rural Use: This column indicates whether or not the green infrastructure practice is suitable
for use in rural areas and on low-density development sites.

e Suburban Use: This column indicates whether or not the green infrastructure practice is
suitable for use in suburban areas and on medium-density development sites.

e Urban Use: This column identifies the green infrastructure practices that are suitable for use
in urban and ultra-urban areas where space is at a premium.

e Construction Cost: This column assesses the relative construction cost of each of the
green infrastructure practices.

¢ Maintenance: This column assesses the relative maintenance burden associated with
each green infrastructure practice. It is important to note that nearly all green
infrastructure practices require some kind of routine inspection and maintenance.

4.5 Better Site Planning Techniques

This section contains information about the better site planning fechniques that are
recommended for use in Jasper County.

4.5.1 Protect Primary Conservation Areas
4.5.1.1 Description

Primary conservation areas, which include, but are not limited to, perennial and intermittent
stfreams, freshwater wetlands, tidal creeks, coastal marshlands, maritime forests, marsh
hammocks, aquatic buffers and shellfish harvesting areas, should be considered for protection,
from the direct impacts of the land development process.

4.5.1.2 Discussion

Protecting primary conservation areas such as perennial and intermittent streams, freshwater
wetlands, fidal creeks, coastal marshlands, maritime forests, marsh hammocks, aquatic buffers
and shellfish harvesting areas, helps preserve important habitats for Jasper County’s high priority
plant and animal species and helps maintain pre-development site hydrology by reducing
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post-construction stormwater runoff rates, volumes and pollutant loads. It also helps prevent soil
erosion and provides areas that can be used to receive stormwater runoff generated elsewhere
on the development site.

The potential primary conservation areas found on a development site should be identified and
mapped during the initial phases of a project. The identification and subsequent preservation
and/or restoration of these natural resources helps reduce the negative impacts of the land
development process by design.

It is recommended that the following primary conservation areas, which provide habitat for high
priority plant and animal species, be protected from the direct impacts of the land development
process:

a) Aguatic Resources
i. Rivers
i. Perennial and Intermittent Streams
iii. Freshwater Wetlands
iv. Tidal Rivers and Streams
v. Tidal Creeks
vi. Coastal Marshlands
vii. Tidal Flats
viii. Scrub-Shrub Wetlands
ix. Near Coastal Waters
X. Beaches

b) Terrestrial Resources
i. Dunes
ii. Maritime Forests
ii. Marsh Hammocks
iv. Evergreen Hammocks
v. Canebrakes
vi. Bottomland Hardwood Forests
vii. Beech-Magnolia Forests
viii. Pine Flatwoods
ix. Longleaf Pine-Wiregrass Savannas
x. Longleaf Pine-Scrub Oak Woodlands

c) Other Resources
i. Aquatic Buffers
i. Shellfishing Areas
ii. Other High Priority Habitat Areas
iv. Wildlife Corridors
v. Contiguous and Connected Open Space/Habitat

Primary conservation areas that will be protected from the direct impacts of the land
development process should be clearly identified on all development plans. They should be
protected during construction, preferably with temporary construction fencing, and should be
protected in perpetuity through a legally enforceable conservation instrument (e.g.,
conservation easement, deed restriction). Once established, primary conservation areas should
be maintained in an undisturbed, natural state over time.
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4.5.1.3 Stormwater Management Credits

Although protecting primary conservation areas can be thought of as a self-crediting stormwater
management technique (i.e., protecting them implicitly reduces post-construction stormwater
runoff rates, volumes and pollutant loads), it is important not to overlook the valuable stormwater
management and other environmental benefits that this befter site planning fechnique provides.
Therefore, it has been assigned quantifiable stormwater management credits as follows:

a) Stormwater Runoff Reduction: Subtract any primary conservation areas from the total site
area when calculating the runoff reduction volume that applies to a development site.

b) Water Quality Protection: Subtract any primary conservation areas from the total site area
when calculating the runoff reduction volume that applies to a development site.

In order to be eligible for these credits, primary conservation areas must satisfy the criteria
outlined below.

4.5.1.4 Planning and Design Criteria

Primary conservation areas must meet all of the following criteria to be eligible for the stormwater
management credits described above:

a) Primary conservation areas should have a contiguous area of 10,000 square feet or more.

b) Primary conservation areas should not be disturbed before, during or after construction
(except for temporary disturbances associated with incidental utility construction,
restoration activities or removal of invasive vegetation).

c) Primary conservation areas should be clearly identified on all development plans. Limits of
disturbance around all primary conservation areas should be clearly marked on all
development plans and should be delineated with temporary fencing prior to the start of
any land disturbing acfivities.

d) Primary conservation areas should be protected, in perpetuity, from the direct impacts of
the land development process by a legally enforceable conservation instrument (e.g.,
conservation easement, deed restriction).

4.5.2 Protect Secondary Conservation Areas
4.5.2.1 Description

Secondary conservation areas, which include, but are not limited to, natural drainage features,
trees and other existing vegetation and groundwater recharge areas, should be considered for
protection from the direct impacts of the land development process.

4.5.2.2 Discussion

Protecting secondary conservation areas, such as natural drainage features, tfrees and other
existing vegetation and groundwater recharge areas, helps maintain pre-development site
hydrology by reducing post-construction stormwater runoff rates, volumes and pollutant loads. It
also helps prevent soil erosion and provides areas that can be used to receive stormwater runoff
generated elsewhere on the development site.

The potential secondary conservation areas found on a development site should be identified
and mapped during the initial phase of a project. The identification and subsequent
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preservation and/or restoration of these natural resources helps reduce the negative impacts of
the land development process by design.

It is recommended that consideration be given to protecting the following secondary
conservation areas from the direct impacts of the land development process:

a) General Resources
i. Natural Drainage Features (e.g., Swales, Basins, Depressional Areas)
i. Erodible Soils
ii. Steep Slopes (i.e., Areas with Slopes Greater Than 15%)
iv. Trees and Other Existing Vegetation

b) Aquatic Resources
i. Groundwater Recharge Areas
i. Wellhead Protection Areas

c) Other Resources
i. Floodplains

Secondary conservation areas that will be protected from the direct impacts of the land
development process should be clearly identified on all development plans. They should be
protected during construction, preferably with temporary construction fencing, and should be
protected in perpetuity through a legally-enforceable conservation instrument (e.g.,
conservation easement, deed restriction). Once established, secondary conservation areas
should be maintained in an undisturbed, natural state over time.

4.5.2.3 Stormwater Management Credits

Although protecting secondary conservation areas can be thought of as a self-crediting
sformwater management tfechnique (i.e., protecting them impilicitly reduces post-construction
stormwater runoff rates, volumes and pollutant loads), it is important not fo overlook the valuable
stformwater management benefits that this better site planning technique provides. Thus, it has
been assigned quantifiable stormwater management credits:

a) Stormwater Runoff Reduction: Subtract any secondary conservation areas from the total
site area when calculating the runoff reduction volume that applies to a development
site.

b) Water Quality Protection: Subtract any secondary conservation areas from the total site
area when calculating the runoff reduction volume that applies to a development site.

In order to be eligible for these credits, sescondary conservation areas must satisfy the planning
and design criteria outlined below.

4.5.2.4 Planning and Design Criteria

Secondary conservation areas must meet all of the following criteria to be eligible for the
stformwater management credits described above:

a) Secondary conservation areas should have a configuous area of 10,000 square feet or
more.
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b) Secondary conservation areas should not be disturbed before, during or after
construction (except for temporary disturbances associated with incidental utility
construction, restoration activities or removal of invasive vegetation).

c) Secondary conservation areas should be clearly identified on all development plans.
Limits of disturbance around all primary conservation areas should be clearly marked on
all development plans and should be delineated with temporary fencing prior to the start
of land disturbing activities.

d) Secondary conservation areas should be protected, in perpetuity, from the direct
impacts of the land development process by a legally-enforceable conservation
instrument (e.g., conservation easement, deed restriction).

4.6 Better Site Design Techniques

This section contains information about the better site design techniques that are recommended
for use in Jasper County.

4.6.1 Reduce Clearing and Grading Limits
4.6.1.1 Description

Reduced clearing and grading limits should be used to help minimize the creatfion of new
disturbed pervious cover on development sites.

4.6.1.2 Discussion

After construction, cleared and graded areas are typically seeded with turf and turned into
lawns, parks and other managed open spaces. At one time, these disturbed pervious areas
where thought to provide significant stormwater management benefits. However, recent
research has shown that clearing, grading and other land disturbing activities can significantly
reduce the ability of disturbed pervious areas to reduce post-construction stormwater runoff
rates, volumes and pollutant loads on development sites. Unless efforts are made to restore them
to their pre-development conditions, these disturbed pervious areas provide few of the
environmental benefits (e.g., stormwater runoff reduction, wildlife habitat, urban heat island
mitigation) that comparable undisturbed pervious areas provide.

Therefore, the amount of clearing and grading that takes place on a development site should be
limited. Doing so will help preserve pre-development site hydrology and reduce post-construction
stormwater runoff rates, volumes and pollutant loads. Methods that can be used to reduce
clearing and grading limits on a development site include:

a) Protecting primary and secondary conservation areas.

b) Preserving smaller undisturbed natural areas, including stands of frees and other
vegetatfion.

c) Using construction equipment and techniques that will help reduce land disturbance.

d) Delineating, on all development plans, the smallest possible area that requires clearing
and grading on the development site; all delineated limits of disturbance should reflect
the needs of the construction equipment and ftechniques that will be used on the
development site.
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4.6.1.3 Stormwater Management Credits

Although reducing clearing and grading can be thought of as a self-crediting stormwater
management fechnique (i.e., it implicitly reduces post-construction stormwater runoff rates,
volumes and pollutant loads), it is important not to overlook the valuable stormwater
management benefits that this better site design fechnique provides. Therefore, it has been
assigned quanfifiable stormwater management credits:

a) Stormwater Runoff Reduction: Subtract 50% of any undisturbed pervious areas from the
total site area when calculating the runoff reduction volume that applies to a
development site.

b) Water Quality Protection: Subtract 50% of any undisturbed pervious areas from the total
site area when calculating the runoff reduction volume that applies to a development
site.

In order to be eligible for these credits, undisturbed pervious areas must saftisfy the planning and
design criteria outlined below.

4.6.1.4 Planning and Design Criteria

Undisturbed pervious areas must meet all of the following criteria to be eligible for the stormwater
management credits described above:

a) Undisturbed pervious areas should not be disturbed before, during or after construction
(except for temporary disturbances associated with incidental utility construction,
restoration activities or removal of invasive vegetation).

b) Undisturbed pervious areas should be clearly identified on all development plans. Limits of
disturbance around all undisturbed pervious areas should be clearly marked on all
development plans and should be delineated with temporary fencing prior to the start of
land disturbing actfivities.

4.6.2 Reduce Roadway Lengths and Widths
4.6.2.1 Description

Reduced roadway lengths and widths should be used to help reduce the creation of new
impervious cover on development sites.

4.6.2.2 Discussion

Reduced roadway lengths and widths can be used fo help minimize the creation of new
impervious cover and reduce post-construction stormwater runoff rates, volumes and pollutant
loads on development sites. Consequently, roadway lengths and widths on a development site
should be minimized where practical.

Since there is no single site design technique that is guaranteed to minimize street length on a
development site, alternative site layouts should be considered to see how much total roadway
pavement they require. Generally, compact site designs that make use of smaller lot sizes and
reduced setbacks and frontages help reduce overall street lengths on development sites. Site
designs that include a large number of small lots located off of a few main roadways, rather than
a small number of large lots located off of a complex network of local roads are encouraged.
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In addition to minimizing street length on development sites, street widths should be reduced to
the minimum needed to support travel, on-street parking and emergency, maintenance and
service vehicle access.

If roadway lengths and widths cannot be minimized on a development site, grass channels or
swales should be used to receive roadway runoff. In addition, the use of alternative paving
surfaces, such as pervious concrete and permeable pavers, for roadway construction should be
considered.

4.6.2.3 Stormwater Management Credits

Reducing roadway lengths and widths on a development site can be thought of as a self-
crediting stormwater management technique. Therefore, it has not been assigned any
additional stormwater management credits beyond the implicit credits outlined below:

a) Stormwater Runoff Reduction: Self-crediting, in that minimizing the creation of new
impervious cover results in lower volumetric runoff and, consequently, a lower runoff
reduction volume on a development site.

b) Water Quality Protection: Self-crediting, in that minimizing the creation of new impervious
cover results in lower volumetric runoff and, consequently, a lower runoff reduction
volume on a development site.

4.6.3 Use Fewer or Alternative Cul-de-Sacs
4.6.3.1 Description

Fewer or alternative cul-de-sacs should be used to help minimize the amount of new impervious
cover created on development sites. The dimensions of cul-de-sacs and alternative turnarounds
should be reduced to the minimum needed to accommodate emergency, maintenance and
service vehicles.

4.6.3.2 Discussion

A cul-de-sac is a type of turnaround commonly used on dead-end streets on residential,
commercial and industrial development sites. Many cul-de-sacs have radii of 40 feet or more,
which means that they are responsible for a significant amount of the impervious cover found on
a development site. Consequently, fewer or alternative cul-de-sacs are encouraged to help
minimize the creation of new impervious cover and reduce post-construction stormwater runoff
rates, volumes and pollutant loads.

Alternative cul-de-sac designs include cul-de-sacs with landscaping islands, cul-de-sacs with
reduced radii, hammerheads and loop roads. Landscaping islands located within cul-de-sacs
can be used to receive stormwater runoff generated elsewhere on the development site, and
make ideal locations for bioretention areas and other low impact development practices.

Providing sufficient turnaround area is an important factor fo consider during the design of cul-
de-sacs and dead-end streets. In particular, the types of vehicles, such as fire trucks, service
vehicles and school buses that will have to enter the cul-de-sac should be considered. Although
these vehicles are thought to have very large turning radii, some newer fire trucks have been
designed with relatively small turning radii, and many newer service vehicles have been designed
with fri-axles, which allow them to make tighter turns. Although school bus access is a concern,
many school bus drivers choose not to enter individual cul-de-sacs and instead choose to stay on
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the main roadways that pass through residential developments, which altogether alleviate any
concerns over school bus access.

4.6.3.3 Stormwater Management Credits

Using fewer or alternative cul-de-sacs on a development site can be thought of as a self-crediting
stformwater management technique. Therefore, it has not been assigned any additional
stormwater management credits beyond the implicit credits outlined below:

a) Stormwater Runoff Reduction: Self-crediting, in that minimizing the creation of new
impervious cover results in lower volumetric runoff and, consequently, a lower runoff
reduction volume on a development site.

b) Water Quality Protection: Self-crediting, in that minimizing the creation of new impervious
cover results in lower volumetric runoff and, consequently, a lower runoff reduction
volume on a development site.

4.6.4 Reduce Parking Lot Footprints
4.6.4.1 Description

Consider reducing the amount of new impervious cover created on development sites by
providing compact car spaces, minimizing stall dimensions, incorporating efficient parking lanes,
using structured parking facilities and using alternative paving surfaces (e.g., permeable
pavement) in parking lofts.

4.6.4.2 Discussion

Parking lots are typically responsible for a significant amount of the impervious cover found on
commercial and industrial development sites. Consequently, parking lot footprints should be
reduced to help minimize the creation of new impervious cover and reduce post-construction
stormwater runoff rates, volumes and pollutant loads.

Techniques that can be used to reduce parking lot footprints on development sites include:

Rethinking parking lot design

Minimizing parking stall dimensions

Providing compact car parking spaces

Using structured parking

Using shared parking

Using alternative paving surfaces (e.g., permeable pavement)

Each of these techniques is briefly described below.
a) Rethinking Parking Lot Design

Parking lots are often designed to provide far more parking spaces than are actually needed
on a daily basis. This problem is exacerbated by the common practice of designing parking
lots to provide enough parking spaces to accommodate the highest parking demand
experienced during the peak shopping season. By using average parking demand as a basis
for parking lot design, instead of peak parking demand, fewer parking spaces (which will still
accommodate the parking demand for almost the entire year) and less impervious cover will
be created on development sites.
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b) Minimizing Parking Stall Dimensions

Another technique that can be used to reduce parking lot footprints is to minimize the
dimensions of parking spaces. This can be accomplished by reducing both the length and
width of parking stalls by 6 fo 12 inches on a development site. Parking lot footfprints can be
even further reduced if compact car parking spaces are provided within parking lots.

c) Using Structured Parking

Structured parking decks are another technique that can be used to reduce parking lot
footprints on a development site. Although costly, parking decks can be used to replace
traditional surface parking lots, which frees up additional land for additional living, shopping
or office space.

d) Using Shared Parking

Shared parking is another fechnique that can be used to reduce parking lot footprints on a
development site. A shared parking arrangement might include usage of the same parking
lot by an office building that experiences peak parking demand during week days with a
church that experiences peak parking demands during weekends and evenings.

e) Using Alternative Paving Surfaces

If parking lot footprints cannot be minimized using any of the techniques described above,
the use of alternative paving surfaces, such as pervious concrete and permeable pavers, for
parking lot construction should be considered. Permeable pavements can be used to reduce
the amount of effective impervious cover found on a development site, since they allow
stormwater runoff to pass through the surface course (i.e., pavement surface) into an
underlying stone reservoir, where it is temporarily stored and allowed to infilirate info the
surrounding soils or conveyed back info the storm drain system using an underdrain system.
Although permeable pavement is generally more expensive to install than conventional
pavement (e.g., asphalt, concrete), it can provide measurable reductions in
post-construction stormwater runoff rates, volumes and pollutant loads, which can reduce
the need for larger and more costly stormwater management practices, such as wet ponds
and stormwater wetlands, on a development site.

4.6.4.3 Stormwater Management Credits

Reducing parking lot footprints on a development site can be thought of as a self-crediting
stformwater management technique. Therefore, it has not been assigned any additional
stformwater management credits beyond the implicit credits outlined below:

a) Stormwater Runoff Reduction : Self-crediting, in that minimizing the creation of new
impervious cover results in lower runoff volume and, consequently, a lower runoff
reduction volume on a development site.

b) Water Quality Protection: Self-crediting, in that minimizing the creation of new impervious
cover results in lower runoff volume and, consequently, a lower runoff reduction volume
on a development site.
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4.6.5 Create Landscaping Areas in Parking Lots
4.6.5.1 Description

Consider reducing the amount of new impervious cover created on development sites by
distributing landscaping areas, such as landscaping islands and buffer strips, throughout parking
lots. In many cases, these landscaping areas can be designed to function as low impact
development practices, such as vegetated filter strips and bioretention areas, that can be used
to receive stormwater runoff from other parts of the development site.

4.6.5.2 Discussion

Parking lots with numerous landscaping areas, such as islands and buffer strips are encouraged to
help reduce the amount of new impervious cover created on development sites. In many cases,
these landscaping areas can be designed to function as low impact development practices,
such as vegetated filter strips, bioretention areas and dry swales, that can be used to receive
stormwater runoff from other parts of the development site. Whenever practical, landscaping
islands and buffer strips should be planted with shade trees and shrubs.

During the site planning and design process, it is important fo keep in mind that a small number of
large landscaping areas will sustain healthier vegetation than a large number of very small ones.
One of the most effective ways to design landscaping areas that will support healthy plant
communities is to use landscaping areas that are at least 6 feet wide and are filled with relatively
porous soils that contain enough organic matter and nutrients to support plant growth.

4.6.5.3 Stormwater Management Credits

Creating landscaping areas in parking lots can be thought of as a self-crediting stormwater
management tfechnique. Consequently, it has not been assigned any addifional stormwater
management credits beyond the implicit credits outlined below:

a) Stormwater Runoff Reduction: Self-crediting, in that minimizing the creation of new
impervious cover results in lower runoff volume and, consequently, a lower runoff
reduction volume on a development site.

b) Water Quality Protection: Self-crediting, in that minimizing the creation of new impervious
cover results in lower runoff volume and, consequently, a lower runoff reduction volume
on a development site.

4.6.6 Reduce Driveway Lengths and Widths
4.6.6.1 Description

Reduced driveway lengths and widths should be used to help reduce the creatfion of new
impervious cover on development sites.

4.6.6.2 Discussion
Given that as much as 20% of the impervious cover found in a typical residential subdivision

consists of sidewalks and driveways, driveway lengths and widths should be minimized. Methods
that can be used to reduce driveway lengths and widths include:
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a) Evaluating alternative site layouts to see how much total driveway pavement they will
require

b) Reducing setbacks and frontages

c) Using shared driveways

d) Using narrower driveway widths

If driveway lengths and widths cannof be minimized using the methods described above,
alternative or permeable surfaces, such as crushed rock, crushed shells or permeable pavement
should be considered for driveway construction.

4.6.6.3 Stormwater Management Credits

Reducing driveway lengths and widths on a development site can be thought of as a self-
crediting stormwater management technique. Consequently, it has not been assigned any
additional stormwater management credits beyond the implicit credits outlined below:

a) Stormwater Runoff Reduction: Self-crediting, in that minimizing the creation of new
impervious cover results in lower runoff volume and, consequently, a lower runoff
reduction volume on a development site.

b) Water Quality Protection: Self-crediting, in that minimizing the creation of new impervious
cover results in lower runoff volume and, consequently, a lower runoff reduction volume
on a development site.

4.6.7 Reduce Sidewalk Lengths and Widths
4.6.7.1 Description

Reduced sidewalk lengths and widths should be used to help reduce the creatfion of new
impervious cover on development sites.

4.6.7.2 Discussion

Given that as much as 20% of the impervious cover found in a typical residential subdivision
consists of sidewalks and driveways, sidewalk lengths and widths should be minimized. Methods
that can be used to reduce sidewalk lengths and widths include:

a) Evaluating alternative site layouts to see how much total sidewalk pavement they will
require

b) Reducing setbacks and frontages

c) Locating sidewalks on only one side of the street

d) Using sidewalk widths of six feet in areas that will see high foot fraffic and sidewalk widths
of four feet in areas that will see less use

If sidewalk lengths and widths cannot be minimized using the methods described above,
alternative or permeable surfaces, such as crushed rock, crushed shells or permeable pavement
should be considered for sidewalk construction.

4.6.7.3 Stormwater Management Credits
Reducing sidewalks lengths and widths on a development site can be thought of as a self-

crediting stormwater management technique. Therefore, it has not been assigned any additional
stformwater management credits beyond the implicit credits outlined below:
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a) Stormwater Runoff Reduction: Self-crediting, in that minimizing the creation of new
impervious cover results in lower runoff volume and, consequently, a lower runoff
reduction volume on a development site.

b) Water Quality Protection: Self-crediting, in that minimizing the creation of new impervious
cover results in lower runoff volume and, consequently, a lower runoff reduction volume
on a development site.

4.6.8 Reduce Building Footprints
4.6.8.1 Description

Consider using taller building designs to reduce the amount of impervious cover created by
commercial buildings, multi-family residential buildings (e.g., apartment buildings) and other
structures on development sites.

4.6.8.2 Discussion

The amount of new impervious cover created on development sites can be reduced by
designing taller commercial and multi-family residential buildings (e.g., apartment buildings) that
have the same amount of livable space as shorter building designs consolidating multiple
buildings to create single structures that have smaller impervious footprints should be considered.

4.6.8.3 Stormwater Management Credits

Reducing building footprints on a development site can be thought of as a self-crediting
stormwater management technique. Therefore, it has not been assigned any additional
stformwater management credits beyond the implicit credits outlined below:

a) Stormwater Runoff Reduction: Self-crediting, in that minimizing the creation of new
impervious cover results in lower runoff volumes and, consequently, a lower runoff
reduction volume on a development site.

b) Water Quality Protection: Self-crediting, in that minimizing the creation of new impervious
cover results in lower runoff volumes and, consequently, a lower runoff reduction volume
on a development site.

4.6.9 Reduce Setbacks and Frontages
4.6.9.1 Description

Consider using smaller setbacks and narrower frontages in order to reduce roadway, driveway
and sidewalk lengths and help minimize the creation of new impervious cover on development
sites.

4.6.9.2 Discussion

Smaller building setbacks and narrower frontages can be used to reduce roadway, driveway
and entry sidewalk lengths and help minimize the creation of new impervious cover on
development sites. A smaller front yard setback of 20 feet (which is more than sufficient to allow
a car fo park in a driveway without encroaching into the public right-of-way) can be used 1o
reduce the required length of driveways and entry sidewalks by more than 30 percent on
development sites.
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Smaller side yard setbacks and narrower frontages can also help minimize the creation of new
impervious cover on development sites. Both of these techniques can be used help create more
compact site designs that require smaller amounts of roadway, driveway and sidewalk
pavement.

Smaller setbacks and narrower frontages also allow for flexible lot shapes and create
conservation developments, which provide for environmental benefits that are typically more
difficult to achieve on more conventional development projects. Conservation developments,
also known as open space developments or cluster developments, provide for better natural
resource protection on development sites and inherently limit increases in site imperviousness,
sometimes by as much as 40 to 60 percent.

4.6.9.3 Stormwater Management Credits

Reducing setbacks and frontages on a development site can be thought of as a self-crediting
sformwater management technique. Therefore, it has not been assigned any additional
stformwater management credits beyond the implicit credits outlined below:

e Stormwater Runoff Reduction: Self-crediting, in that minimizing the creation of new
impervious cover results in lower runoff volume and, consequently, a lower runoff
reduction volume on a development site.

o Stormwater Runoff Reduction: Self-crediting, in that minimizing the creation of new
impervious cover results in lower runoff volume and, consequently, a lower runoff
reduction volume on a development site.

4.7 Low Impact Development Practice Profiles

This section contains information about the low impact development practices that are
recommended for use in Jasper County.

4.7.1 Soil Restoration

4.7.1.1 Description

Soil restoration refers to the process of tiling and
adding compost and other amendments to soils to
restore them to their pre-development conditions,
which improves their ability to reduce
post-construction stormwater runoff rates, volumes
and pollutant loads. The soil restorafion process can
be used to improve the hydrologic conditions of

pervious areas that have been disturbed by clearing, - n
grading and other land disturbing activities. It can also 'Tlgure 4-1
be used to increase the reduction in stormwater runoff , Soll Restoration

. Source: lowa Stormwater Management Manual
rates, volumes and pollutant loads provided by other
low impact development practices.
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4.7.1.2 Discussion

Soil restoration is ideal for use on lawns and other pervious areas that have been disturbed by
clearing, grading and other land disturbing activities. Organic compost and other amendments
can be filled info soils in these areas to help create healthier, uncompacted soil matrices that
have enough organic matter to support a diverse community of native frees, shrubs and other
herbaceous plants.

Saoil restoration can also be used to increase the stormwater management benefits provided by
other low impact development practices, such as site reforestation/revegetation, vegetated
filter strips, grass channels and simple downspout disconnection, on sites that have soils with low
permeabilities (i.e., hydrologic soil group C or D soils). The soil restoration process can be used to
help increase soil porosity and improve soil infiltration rates on these sites, which improves the
ability of these and other low impact development practices to reduce post-construction
stormwater runoff rates, volumes and pollutant loads.

4.7.1.3 Stormwater Management Credits

This low impact development practice has been assigned quantifiable stormwater management
credits that can be used to help meet Jasper County’s stormwater management requirements:

a) Stormwater Runoff Reduction: Subtract 50% of any restored pervious areas from the total
site area and re-calculate the runoff reduction volume that applies to the development
site.

b) Water Quality Protection: Subtract 50% of any restored pervious areas from the total site
area and re-calculate the runoff reduction volume that applies to the development site.

In order to be eligible for these credits, restored pervious areas must satisfy the planning and
design criteria outlined below.

If any type of vegetation other than managed turf can be planted on a restored pervious areaq,
the combination of soil restoration with site reforestation/revegetation is encouraged to further
reduce post-construction stormwater runoff rates, volumes and pollutant loads. When soil
restoration is used to enhance the performance of other low impact development practices
(e.q., site reforestation/revegetation, vegetated filter strips, grass channels), it may be credited as
described in the appropriate low impact development practice.

4.7.1.4 Planning and Design Criteria

The soil restoration process used on a development site shall meet all of the following criteria to
be eligible for the stormwater management credits described above:

a) To avoid damaging existing root systems, soil restoration should not be performed in areas
that fall within the drip line of existing trees.

b) Compost should be incorporated into existing soils, using a rotofiller or similar equipment,
to a depth of 18 inches and at an application rate necessary to obtain a final average
organic matter content of 8%-12%. Required application rates should be determined.

c) Only well-aged composts that have been composted for a period of at least one year
should be used to amend existing soils. Composts should be stable and show no signs of
further decomposition.

d) Composts used to amend existing soils should meet the following specifications (most
compost suppliers will be able to provide this information):

Jasper County, South Carolina 4-17 October 3, 2011



Stormwater Management Design Manual Section 4

i. Organic Content Matter. Composts should contain 35%-65% organic matter.

ii. Moisture Content: Composts should have a moisture content of 40%-60%.

ii. Bulk Density: Composts should have an “as-is” bulk density of 40-50 pounds per cubic
foot (lb/cf). In composts that have a moisture content of 40%-60%, this equates to a
bulk density range of 450-800 pounds per cubic yard (lb/cy), by dry weight.

iv. Carbon to Nitrogen (C:N) Ratio: Composts should have a C:N Ratio of less than 25:1.

v. pH: Composts should have a pH of 6-8.

vi. Cation Exchange Capacity (CEC): Composts should have a CEC that exceeds 50
milliequivalents (meq) per 100 grams of dry weight.

vii. Foreign Material Content: Composts should contain less than 0.5% foreign materials
(e.qg.. glass, plastic), by weight.

viii. Pesticide Content: Composts should be pesticide free.

The use of biosolids and composted animal manure to amend existing soils is not allowed.

Composts used to amend existing soils shall be provided by a member of the U.S.

Composting Seal of Testing Assurance program.

Vegetation commonly planted on restored pervious areas includes turf, shrubs, trees and

other herbaceous vegetation. Although managed turf is most commonly used, the use of

frees, shrubs and/or other native vegetatfion to help establish mature native plant
communities (e.g., forests) in restored pervious areas is encourages.

Methods used to establish vegetative cover within a restored pervious area should

achieve at least 75 percent vegetative cover one year after installation.

To help prevent soil erosion and sediment loss, landscaping should be installed

immediately after the soil restoration process is complete. Temporary irrigation may be

needed to quickly establish vegetative cover on a restored pervious area.

4.7.1.5 Construction Considerations

To help ensure that the soil restoration process is successfully completed on a development site,
the following are recommended:

4.7.2

a) To help minimize compaction, heavy vehicular and fooft fraffic should be kept out of
all restored pervious areas during and after construction. This can typically be
accomplished by clearly delineating soil restoration areas on all development plans
and, if necessary, protecting them with temporary construction fencing.

b) Simple erosion and sediment control measures, such as temporary seeding and
erosion control mats, should be used on restored pervious areas that exceed 2,500
square feet in size. If the restored pervious areas will receive any stormwater runoff
from other portions of the development site, measures should be taken (e.g., silt
fence, temporary diversion berm) to prevent it from compromising the soil restoration
effort.

c) Test pits or a rod penetrometer can be used to verify that soil amendments have
reached a depth of 18 inches.

d) Construction contracts should contain a replacement warranty that covers at least
three growing seasons to help ensure adequate growth and survival of the vegetation
planted on a restored pervious area.

Site Reforestation/Revegetation

4.7.2.1 Description

Site reforestation/revegetation refers to the process of planting frees, shrubs and ofther native
vegetation in disturbed pervious areas o restore them to their pre-development conditions. The
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process can be used to help establish mature native plant communities in pervious areas that
have been disturbed by clearing, grading and other land disturbing activities, which improves
their ability fo reduce post-construction stormwater runoff rates, volumes and pollutant loads.

4.7.2.2 Discussion

Mature plant communities intercept rainfall, increase evaporation and franspiration rates, slow
and filter stormwater runoff and help improve soil porosity and infiltration rates, which leads to
reduced post-construction stormwater runoff rates, volumes and pollutant loads.

Areas that have been reforested or revegetated should be maintained in an undisturbed, natural
state over time. These areas should be designated as secondary conservation areas and
protected in perpetuity through a legally enforceable conservation instrument (e.g.,
conservation easement, deed restriction). If properly maintained over time, these areas can help
improve aesthetics on development sites, provide passive recreational opportunities and create
valuable habitat for high priority plant and animal species.

To help create contiguous, inferconnected green infrastructure corridors on development sites,
reforested or revegetated areas should be connected with one another and with other primary
and secondary conservation areas.

4.7.2.3 Stormwater Management Credits

This low impact development practice has been assigned quantifiable stormwater management
credits that can be used to help meet Jasper County’s stormwater management requirements.

a) Stormwater Runoff Reduction: Subtract 50% of any reforested/revegetated areas from the
total site area and re-calculate the runoff reduction volume that applies to the
development site.

b) Water Quality Protection: Subtract 50% of any reforested/revegetated areas from the
total site area and re-calculate the runoff reduction volume that applies to the
development site.

Reforested/revegetated areas can only be assumed to be in fair hydrologic condition (as used in
common curve number calculations) due to the fact that it will take many years for them to
mature and provide full stormwater management benefits.

If site reforestation/revegetation can be combined with soil restoration on a development site,
the following stormwater management credits can be used fo help satisfy Jasper County’s
stformwater management requirements:

c) Stormwater Runoff Reduction: Subtract 100% of any restored and reforested/ revegetated
areas from the total site area and re-calculate the runoff reduction volume that applies to
the development site.

d) Water Quality Protection: Subtract 100% of any restored and reforested/revegetated
areas from the total site area and re-calculate the runoff reduction volume that applies to
the development site.

In order to be eligible for these credits, reforested/revegetated areas must satisfy the planning
and design criteria outlined below.
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4.7.2.4 Planning and Design Criteria

The reforestation/revegetation process used on a development site must meet all of the following
criteria to be eligible for the stormwater management credits described above:

e)

f)

Reforested/revegetated areas should have a contiguous area of 10,000 square feet or
more.

Reforested/revegetated areas should not be disturbed after construction (except for
disturbances associated with landscaping or removal of invasive vegetation).
Reforested/revegetated areas should be protected, in perpetuity, from the direct
impacts of the land development process by a legally enforceable conservation
instrument (e.g., conservation easement, deed restriction).

A landscaping plan should be prepared for all reforested/revegetated areas. The
landscaping plan should be reviewed and approved by the Administrator prior to
construction.

Landscaping commonly used in site reforestation/revegetation efforts includes native
frees, shrubs and other herbaceous vegetation. Because the goal of the site
reforestation/revegetation process is to establish a mature native plant community (e.g.,
forest), managed turf cannot be used to landscape reforested/revegetated areas.
Methods used for site reforestation/revegetation should achieve at least 75 percent
vegetative cover one year after installation.

4.7.2.5 Construction Considerations

To help ensure that the site reforestation/revegetation process is successfully completed on a
development site, the following are recommended:

a)

b)

c)

Document the condition of the reforested/revegetated area before, during and after the
completion of the site reforestation/revegetation process.

To help prevent soil compaction, heavy vehicular and fooft traffic should be kept out of all
reforested/revegetated areas before, during and after construction. This can typically be
accomplished by clearly delineating reforested/revegetated areas on all development
plans and, if necessary, protecting them with temporary construction fencing.

Simple erosion and sediment control measures, such as temporary seeding and erosion
control mats, should be used on reforested/revegetated areas that exceed 2,500 square
feet in size. If the reforested/revegetated areas will receive any stormwater runoff from
other portions of the development site, measures should be taken (e.g., silt fence,
temporary diversion berm) to prevent it from compromising the reforestation/
revegetation effort.

Construction contracts should contain a replacement warranty that covers at least three
growing seasons fo help ensure adequate growth and survival of the vegetation planted
on the reforested/revegetated area.
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4.7.3 Green Roofs
4.7.3.1 Description

Green roofs represent an alternative to fraditional
impervious roof surfaces. They typically consist of
underlying waterproofing and drainage materials and
an overlying engineered growing media that is designed
to support plant growth. Stormwater runoff is captured
and temporarily stored in the engineered growing
media, where it is subjected to the hydrologic processes
of evaporation and ftranspiration before being
conveyed back info the storm drain system. This allows
green roofs to provide measurable reductions in
post-construction stormwater runoff rates, volumes and
pollutant loads on development sites.

4.7.3.2 Discussion
There are two different types of green roof systems: (?rz:r:;c;if

intensive green roof systems and extensive green roof Source: Florida Department of
systems. Intensive green roof systems (also known as Environmental Protection

rooftop gardens) have a thick layer of engineered

growing media (i.e., 12 to 24 inches) that supports a diverse plant community that may even
include trees. Extensive green roof systems typically have a much thinner layer of engineered
growing media (i.e., 2 to é inches) that supports a plant community that is comprised primarily of
drought tolerant vegetation (e.g., sedums, succulent plants).

Extensive green roof systems, which can cost up fo twice as much as traditional impervious roof
surfaces, are much lighter and are less expensive than intensive green roof systems. Therefore, it is
recommended fthat the use of extensive green roof systems be considered prior to the use of
intensive green roof systems in Jasper County.

Extensive green roof systems typically contain multiple layers of roofing materials, and are
designed to support plant growth while preventing stormwater runoff from ponding on the roof
surface. Green roof systems are designed to drain stormwater runoff vertically through the
engineered growing media and then horizontally through a drainage layer towards an outlet.
They are designed to require minimal long-term maintenance and, if the right plants are selected
to populate the green roof, should not need supplemental irrigation or fertilization after an initial
vegetation establishment period.

When designing a green roof, not only should stormwater storage capacity of the green roof be
considered, but also the structural capacity of the rooftop itself. To support a green roof, a
rooftop might be designed to support an additional 15 to 30 pounds per square foot (psf) of load.
Consequently, a structural engineer should be involved with the design of a green roof to ensure
that the rooftop itself has enough structural capacity sufficient to support the green roof system.

4.7.3.3 Stormwater Management Credits

This low impact development practice has been assigned quantifiable stormwater management
credits that can be used to meet Jasper County’s stormwater management requirements:
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a) Stormwater Runoff Reduction: Reduce the runoff reduction volume conveyed through a
green roof by 60%.

b) Water Quality Protection: Reduce the runoff reduction volume conveyed through a green
roof by 60%.

In order to be eligible for these credits, green roofs must satisfy the planning and design criteria
outlined below.

4.7.3.4 Planning and Design Criteria

Green roofs must meet all of the following criteria to be eligible for the stormwater management
credits described above:

a) All green roofs should be designed in accordance with the ASTM International Green Roof
Standards (ASTM, 2005a, ASTM, 2005b, ASTM, 2005¢c, ASTM, 2005d, ASTM, 2006).

b) Green roofs should only be used fo replace fraditional impervious roof surfaces. They
should not be used to receive any stormwater runoff generated elsewhere on the
development site.

c) Although green roofs may be installed on rooftops with slopes of up to 25%, it can be
difficult to install them on rooftops with slopes of greater than 10%. Supplemental
measures, such as battens, may be needed to ensure stability against sliding on rooftops
with slopes of greater than 10%.

d) Green roof systems should be designed to provide enough storage for the stormwater
runoff volume generated by the runoff reduction rainfall event.

e) During the design of a green roof system, site planning and design teams should consider
not only the storage capacity of the green roof, but also the structural capacity of the
rooftop itself. A structural engineer should be involved with the design of a green roof o
ensure that the rooftop itself has enough structural capacity to support the green roof
system.

f)  All green roof systems should include a waterproofing layer that will prevent stormwater
runoff from damaging the underlying rooftop.

g) The waterproofing layer should be protected from root penetration by an impermeable,
physical root barrier. Chemical root barriers or physical root barriers that have been
impregnated with pesticides, metals or other chemicals that may leach into
post-construction stormwater runoff should not be used.

h) A drainage layer should be placed between the root barrier and the engineered growing
media. The drainage layer should consist of synthetic or inorganic materials (e.g., gravel,
recycled polyethylene) that are capable of both retaining water and providing efficient
drainage when the layer becomes safurated. The required depth of the drainage layer
will be governed by the required storage capacity of the green roof system and by the
structural capacity of the rooftop itself.

i)  Anoutlet (e.g., scupper and downspout) should be provided to convey stormwater runoff
out of the drainage layer and off of the rooftop when the drainage layer becomes
saturated.

i) An appropriate engineered growing media, consisting of approximately 80% lightweight
inorganic materials, 15% organic matter (e.g., well-aged compost) and 5% sand, should
be installed above the drainage layer. The engineered growing media should have a
maximum wafter retention capacity of approximately 30%.

k) To prevent clogging within the drainage layer, the engineered growing media should be
separated from the drainage layer by a layer of permeabile filter fabric. The filter fabric
should be a non-woven geotextile with a permeability that is greater than or equal to the
hydraulic conductivity of the overlying engineered growing media.
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m)

a)

The engineered growing media should be between 4 and é inches deep, unless synthetic
moisture retention materials (e.g., drainage mat with moisture storage "“cups”) are placed
directly beneath the engineered growing media layer. When synthetic moisture retention
materials are used, a 2 inch deep engineered growing media layer may be used.
Consideration should be given to the stormwater runoff rates and volumes generated by
larger storm events (e.g., 25-year, 24-hour storm event) to help ensure that these larger
storm events are able to safely bypass the green roof system. An overflow system, such as
a traditional rooftop drainage system with inlets set slightly above the elevation of the
surface of the green roof, should be designed to convey the stormwater runoff generated
by these larger storm events safely off of the rooftop.
A landscaping plan should be prepared for all green roofs. The landscaping plan shall be
reviewed and approved by the DSR prior to construction.
When developing a landscaping plan, consultation with a botanist, landscape architect
or other qualified professional to identify folerant plants is recommended. Planting
recommendations for green roofs include:
i. Drought- and full sun-tolerant vegetation that requires minimal irrigation after
establishment.
i. Low maintenance vegetation that is self-sustaining and does not require mowing,
trimming or the use of fertilizers, pesticides or herbicides.
ii. Vegetation that is fire resistant and able to withstand heat, cold and high winds.
Since sedum and succulent plants possess many of the characteristics listed above, they
are recommended for use on green roof systems installed in Jasper County. Herbs, forbs,
grasses and other groundcovers may also be used, but these plants typically have higher
watering and maintenance requirements.
Methods used to establish vegetative cover on a green roof should achieve at least 75
percent vegetative cover one year after installation.

4.7.3.5 Construction Considerations

To help ensure that green roofs are properly installed on a development site, the following are
recommended:

a)

To help prevent compaction of the engineered growing media, heavy foot traffic should
be kept off of green roof surfaces during and after construction.

Construction contracts should contain a replacement warranty that covers at least three
growing seasons to help ensure adequate growth and survival of the vegetation planted

b)
on a green roof.
4.7.4 Permeable Pavements
4.7.4.1 Description

Permeable pavements represent an alternative
to traditional impervious paving surfaces. They
typically consist of an underlying drainage layer
and an overlying permeable surface layer. A
permeable pavement system allows stormwater
runoff to pass through the surface course (i.e.,
pavement surface) intfo an underlying stone
reservoir, where it is temporarily stored and
allowed to infilfrate into the surrounding soils or
conveyed back into the storm drain system

Figure 4-3
Permeable Pavement
Source: David Jirousek
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through an underdrain. This allows permeable pavement systems to provide measurable
reductions in post-construction stormwater runoff rates, volumes and pollutant loads.

4.7.4.2 Discussion

There are a variety of permeable pavement surfaces available in the commercial marketplace,
including pervious concrete, porous asphalt, permeable interlocking concrete pavers, concrete
grid pavers and plastic grid pavers. Each of these permeable pavement surfaces is briefly
described below:

a) Pervious Concrete: Pervious concrete (also known as porous concrete) is similar to
conventional concrete in structure and form, but consists of a special open-graded
surface course, typically 4 to 8 inches thick, that is bound together with portland cement.
This open-graded surface course has a void ratio of 15% to 25% (conventional concrete
pavement has a void ratio of between 3% and 5%), which gives it a high permeability that
is often many times more than that of the underlying native soils, and allows rainwater and
stormwater runoff to rapidly pass through it and into the underlying stone reservoir.
Although this particular type permeable pavement surface may not require an underlying
base layer to support traffic loads, site planning and design teams may wish to provide it
to increase the stormwater storage capacity provided by a pervious concrete system.

b) Porous Asphalt: Porous asphalt is similar fo pervious concrete, and consists of a special
open-graded surface course bound together by asphalt cement. The open-graded
surface course in a typical porous asphalt installation is 3 to 7 inches thick and has a void
rafio of between 15% and 20%. Porous asphalt is thought to have a limited ability o
maintain its structure and permeability during hot summer months and, consequently, is
currently not recommended for use in Jasper County.

c) Permeable Interlocking Concrete Pavers: Permeable interlocking concrete pavers (PICP)
are solid structural units (e.g., blocks, bricks) that are installed in a way that provides
regularly spaced openings through which stormwater runoff can rapidly pass through the
pavement surface and into the underlying stone reservoir. The regularly spaced openings,
which generally make up between 8% and 20% of the fotal pavement surface, are
typically filed with pea gravel (i.e., ASTM D 448 Size No. 8, 3/8" to 1/8"). Typical PICP
systems consist of the pavers, a 1.5 to 3 inch thick fine gravel bedding layer and an
underlying stone reservoir.

d) Concrete Grid Pavers: Concrete grid pavers (CGP) are precast concrete units that allow
rainfall and stormwater runoff to pass through large openings that are filled with gravel,
sand or topsoil and turf. CGP are typically 3.5 inches thick and have a void ratio of
between 20% and 50%, which means that the material used to fill the spaces between the
grids has a large influence on the overall permeability (i.e., void space) of a CGP system.
A typical CGP installation consists of the pavers, a 1 fo 1.5 inch sand or pea gravel
bedding layer and an underlying stone reservoir.

e) Plastic Grid Pavers: Plastic grid pavers (PGP) are similar to CGP. They consist of flexible,
interlocking plastic units that allow rainfall and stormwater runoff to pass through large
openings that are filled with gravel, sand or topsoil and furf. Since the empty plastic grids
have a void ratfio of between 90% and 98%, the material used to fill the spaces between
the grids has a large influence on the overall permeability (i.e., void space) a PGP system.

When designing a permeable pavement system, not only must the storage capacity of the
system be considered, but also the structural capacity of the underlying soils and the underlying
stone reservoir. The infiltiration rate and structural capacity of the native soils found on a
development site directly influence the size of the stone reservoir that is needed to provide
stfructural support for a permeable pavement system and measurable reductions in
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post-construction stormwater runoff rates, volumes and pollutant loads. Permeable pavement
systems should be designed to accommodate the stormwater runoff volume generated by the
runoff reduction rainfall event. If this cannot be accomplished, due to site characteristics or
constraints, permeable pavement systems should be used in combinafion with other runoff
reducing low impact development practices.

4.7.4.3 Stormwater Management Credits

This low impact development practice has been assigned quantifiable stormwater management
credits that can be used to help satisfy Jasper County’s stormwater management criteria:

a) Stormwater Runoff Reduction: Subtract 100% of the storage volume provided by a non-
underdrained permeable pavement system from the runoff reduction volume conveyed
through the system. Subtract 50% of the storage volume provided by an underdrained
permeable pavement system from the runoff reduction volume conveyed through the
system.

b) Water Quality Protection: Subtract 100% of the storage volume provided by a non-
underdrained permeable pavement system from the runoff reduction volume conveyed
through the system. Subtract 50% of the storage volume provided by an underdrained
permeable pavement system from the runoff reduction volume conveyed through the
system.

In order to be eligible for these credits, permeable pavement systems must satisfy the planning
and design criteria outlined below.

4.7.4.4 Planning and Design Criteria

Permeable pavement systems must meet all of the following criteria to be eligible for the
stformwater management credits described above:

a) Permeable pavement system should only be used to replace traditional impervious
paving surfaces. They should not be used to receive any stormwater runoff generated
elsewhere on the development site.

b) Although permeable pavement systems may be installed on development sites with
slopes of up to 6%, they should be designed with slopes that are as close to flat as possible
to help ensure that stormwater runoff is evenly distributed throughout the stone reservoir.

c) Permeable pavement system can be designed without an underdrain on development
sites that have underlying soils with an infiltration rate of 0.25 inches per hour (in/hr) or
greater, as determined by NRCS soil survey data and subsequent field testing. Field
infiliration tests shall be used to confirm infiltration rates and shall be approved by the DSR
prior to use.

d) Af least one infilfration test for every 5,000 square feet of permeable pavement that will
be sued on the development site shall be conducted. If the infiliration rate of the
underlying soils on the development site is not 0.25 inches per hour (in/hr) or greater, an
underdrain should be included in the permeable pavement system design.

e) Since clay lenses or any other restrictive layers located below the bottom of a permeable
pavement system will reduce soil infiltration rates, infilfration testing should be conducted
within any confining layers that are found within 4 feet of the bottom of a proposed
permeable pavement system.

f) Permeable pavement systems should be designed to provide enough storage for the
stormwater runoff volume generated by the runoff reduction rainfall event.
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e)

K)

qa)

Permeable pavement systems should be designed to completely drain within 48 hours of
the end of a rainfall event. Where site characteristics allow, it is preferable to design
permeable pavement systems to drain within 24 hours of the end of a rainfall event to
help prevent the formation of nuisance ponding conditions.

An appropriate permeable pavement surface should be selected for the infended
application. The permeable pavement surface should be able to support the maximum
projected traffic load.

Most permeable pavement surfaces need to be supported by an underlying stone
reservoir (also known as a gravel base or aggregate base). The depth of the stone
reservoir typically ranges between 1 and 4 feet, but should be determined by considering
both the required stormwater storage capacity and the maximum projected traffic load
that will be experienced by the permeable pavement system. On most development
sites, the maximum projected tfraffic load will determine the depth of the underlying stone
reservoir.

The stone reservoir should be filled with clean, washed stone. The stone used in the stone
reservoir should be 1.5 to 2.5 inches in diameter, with a void space of approximately 40%.
Unwashed aggregate contaminated with soil or other fines may not be used in the stone
reservoir.

If no underdrain is required, underlying native soils should be separated from the stone
reservoir by a thin, 2 to 4 inch layer of choker stone (i.e., ASTM D 448 size No. 8, 3/8" to 1/8"
or ASTM D 448 size No. 89, 3/8" to 1/16"). The choker stone should be placed between the
stone reservoir and the underlying native soils.

If an underdrain is required, it should be placed beneath the stone reservoir. The
underdrain should consist of a 4 to 6 inch perforated PVC (AASHTO M 252) pipe bedded in
an 8 inch layer of clean, washed stone. The pipe should have 3/8 inch perforations,
spaced 6 inches on center, and should have a minimum slope of 0.5%. The clean, washed
stone should be ASTM D448 size No. 57 stone (i.e., 1-1/2 1o 1/2 inches in size) and should be
separated from the stone reservoir by a thin, 2 to 4 inch layer of choker stone (i.e., ASTM D
448 size No. 8, 3/8" to 1/8" or ASTM D 448 size No. 89, 3/8" to 1/16").

The sides of the stone reservoir should be lined with a layer of appropriate permeabile filter
fabric. The filter fabric should be a non-woven geotfextile with a permeability that is
greater than or equal to the infilfration rate of the surrounding native sails.

The depth from the bottom of a permeable pavement system to the top of the water
table should be at least 2 feet to prevent nuisance ponding and ensure proper operation
of the permeable pavement system.

A concrete header curb at least 12" in width by 15" in depth shall be used to separate
permeable pavements and asphalt pavements to prevent washout of asphalt or
concrete roadway base course material.

To prevent damage to building foundations and contamination of groundwater aquifers
permeable pavement systems, should be located at least:

i. 10 feet from building foundations

i. 10 feet from property lines

ii. 100 feet from private water supply wells

iv. 1,200 feet from public water supply wells

v. 100 feet from sepftic systems

vi. 100 feet from surface waters

vii. 400 feet from public water supply surface waters

Consideration should be given to the stormwater runoff rates and volumes generated by
larger storm events (e.g., 25-year, 24-hour storm event) to help ensure that these larger
storm events are able to safely bypass the permeable pavement system. An overflow
system should be designed to convey the stormwater runoff generated by these larger
storm events safely off of the pavement surface. Methods that can be used to
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accommodate the stormwater runoff rates and volumes generated by these larger storm

events include:

i. Allowing excess stormwater runoff to be safely conveyed off of the permeable
pavement surface via sheet flow.

i. Using storm drain inlefs set slightly above the elevation of the permeable pavement
surface to collect excess stormwater runoff. This will create some ponding on the
surface of the permeable pavement system, but can be used to safely convey excess
stormwater runoff off of the permeable pavement surface.

ii. Placing a perforated pipe (e.g., underdrain) near the top of the stone reservoir to
provide addifional conveyance of stormwater runoff after the stone reservoir has
been filled.

iv. Placing an underground detention system beneath or adjacent to the permeable
pavement system.

4.7.4.5 Construction Considerations

To help ensure that permeable pavement systems are successfully installed on a development
site, the following are recommended:

a) To help prevent soil compaction, heavy vehicular and foot traffic should be kept out of
permeable pavement areas before, during and immediately after construction. This can
typically be accomplished by clearly delineating permeable pavement areas on dall
development plans and, if necessary, protecting them with temporary construction
fencing.

b) Excavation for permeable pavement systems should be limited to the width and depth
specified in the development plans. Excavated material should be placed away from the
excavation so as not to jeopardize the stability of the side walls.

c) The native soils along the bottom of the permeable pavement system should be scarified
or tilled to a depth of 3 o 4 inches prior to the placement of the choker stone, underdrain
and stone reservorr.

d) The sides of all excavations should be tfrimmed of all large rootfs that will hamper the
installation of the permeable filter fabric used fo line the sides of the stone reservoir.

4.7.5 Undisturbed Pervious Areas
4.7.5.1 Description

Undisturbed pervious areas, including primary and secondary conservation areas, can be used
to receive the post-construction stormwater runoff generated elsewhere on a development site.
If stormwater runoff can be evenly distributed over them as overland sheet flow, undisturbed
pervious areas can provide significant reductions in post-construction stormwater runoff rates,
volumes and pollutant loads on development sites. Therefore, they can be used to receive
stormwater runoff on a development site and help safisfy Jasper County's stormwater
management regulations.

4.7.5.2 Discussion

The natfive vegetation found in these undisturbed pervious areas increases evaporation and
franspiration rates, slows and filters stormwater runoff and helps improve soil porosity and soil
infiliration rates. If concentrated stormwater runoff is allowed to enter an undisturbed pervious
areq, it can cause soil erosion and can significantly reduce the stormwater management benefits
that the undisturbed pervious area provides. Therefore, stormwater runoff needs to be
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intercepted and distributed evenly, as overland sheet flow, across an undisturbed pervious area
that will be used to receive post-construction stormwater runoff. This can be accomplished by
limiting the length of the flow path within the contributing drainage area and by using a level
spreader af the upstream end of the undisturbed pervious area that will receive post-construction
stormwater runoff.

Since the undisturbed pervious areas that are used to receive stormwater runoff on a
development site are typically designed to be in-line stormwater management practices,
consideration should be given to the stormwater runoff rates and volumes generated by larger
storm events (e.g., 25-year, 24-hour storm event) to help ensure that they do not cause significant
damage within the undisturbed pervious areas.

4.7.5.3 Stormwater Management Credits

This low impact development practice has been assigned quantifiable stormwater management
credits that can be used to help meet Jasper County’s stormwater management requirements:

a) Stormwater Runoff Reduction: Reduce the runoff reduction volume conveyed through
an undisturbed pervious area located on A/B soils by 90%. Reduce the runoff reduction
volume conveyed through an undisturbed pervious area located on C/D soils by 60%.

b) Water Quality Protection: Reduce the runoff reduction volume conveyed through an
undisturbed pervious area located on A/B soils by 90%. Reduce the runoff reduction
volume conveyed through an undisturbed pervious area located on C/D soils by 60%.

In order to receive stormwater runoff and be eligible for these credits, undisturbed pervious areas
used to receive post-construction stormwater runoff must satisfy the planning and design criteria
outlined below.

4.7.5.4 Planning and Design Criteria

Undisturbed pervious areas used to receive stormwater runoff on a development site shall meet
all of the following criteria to be eligible for the stormwater management credits described
above:

a) The following primary and secondary conservation areas should not be used to receive
post-construction stormwater runoff on a development site:
i. Rivers
i. Perennial and Intermittent Streams
ii. Freshwater Wetlands
iv. Tidal Rivers and Streams
v. Tidal Creeks
vi. Coastal Marshlands
vii. Tidal Flats
viii. Scrub-Shrub Wetlands
ix. Near Coastal Waters
x. Beaches
xi. Shellfishing Areas
xii. Erodible Soils
xiii. Steep Slopes (i.e., Areas with Slopes Greater Than 15%)
b) Although the primary and secondary conservation areas listed above cannot be used to
receive post-construction stormwater runoff on a development site, other undisturbed
pervious areas, including aquatic buffers, floodplains, stands of trees and other existing
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vegetation, and areas preserved through the use of reduced clearing and grading, may
be used to help reduce post-construction stormwater runoff rates, volumes and pollutant
loads.

c) The length of the flow path within the contributing drainage area should be 150 feet or
less for pervious drainage areas and 75 feet or less for impervious drainage areas.

d) The average slope of the contributing drainage area should be 3% or less, unless terracing
or level spreaders are used at 20 foot intervals along the length of the flow path to slow
and redistribute stormwater runoff as overland sheet flow.

e) Stormwater runoff shall be conveyed into undisturbed pervious areas as overland sheet
flow. A level spreader should be used at the upstream end of the undisturbed pervious
area to ensure that stormwater runoff enters it as overland sheet flow.

f) A pea gravel diaphragm makes an effective level spreader at the upstream end of
undisturbed pervious areas used to receive stormwater runoff. A pea gravel diaphragm,
which is a small french filled with pea gravel (i.e., ASTM D 448 Size No. 8, 3/8" to 1/8"),
intercepts stormwater runoff and distributes it evenly, as overland sheet flow, across an
undisturbed pervious area. Other types of level spreaders that can be used to redistribute
stormwater runoff at the upstream end of undisturbed pervious areas include concrete
sills, curb stops and curbs with sawteeth cut into them.

g) The length of the flow path within the undisturbed pervious area used to receive
post-construction stormwater runoff should be 50 feet or more.

h) The average slope of the undisturbed pervious area used to receive post-construction
stormwater runoff should be 6% or less. Greater slopes would encourage the formation of
concentrated flow, which would cause soil erosion and significantly reduce the
stormwater management benefits that undisturbed pervious areas provide.

i) Consideration should be given to the stormwater runoff rates and volumes generated by
larger storm events (e.g., 25-year, 24-hour storm event) to help ensure that these larger
storm events do not cause significant damage to the undisturbed pervious areas. If
necessary, a bypass channel or overflow spillway may be used to manage the
stormwater runoff generated by these larger storm events.

i) Undisturbed pervious areas used to receive stormwater runoff should not be disturbed
before, during or affer construction (except for temporary disturbances associated with
incidental utility construction, restoration activities, or removal of invasive vegetation).

4.7.5.4 Construction Considerations

To help prevent soil compaction, heavy vehicular and foot traffic should be kept out of all
undisturbed pervious areas used to receive post-construction stormwater runoff before, during
and after construction. This can typically be accomplished by clearly delineating receiving
undisturbed pervious areas on all development plans and protecting them with temporary
fencing prior to the start of land disturbing activities.

4.7.6 Vegetated Filter Strips
4.7.6.1 Description

Vegetated filter strips (also known as filter strips, vegetated filters or grass filters) are uniformly
graded, densely vegetated areas of land designed to slow and filter stormwater runoff. They are
typically installed in areas that have been disturbed by clearing, grading and other land
disturbing activities and are typically vegetated with managed turf. If stormwater runoff can be
evenly distributed over them as overland sheet flow, they can provide significant reductions in
post-construction stormwater runoff rates, volumes and pollutant loads on development sites,
particularly when they are located on areas with permeable soils (i.e., hydrologic soil group A
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and B soils). Therefore, vegetated filter strips can be used to help satisfy Jasper County’s
stormwater management requirements.

4.7.6.2 Discussion

Vegetated filter strips can be attractively integrated into development sites as landscaping
features and are well suited to receive stormwater runoff from local streets and roadways,
highways, roof downspouts, small parking lots and disturbed pervious surfaces (e.g., lawns, parks,
community open spaces). They are particularly well suited for use in aquatic buffers, in the
landscaped areas commonly found between adjoining properties (e.g., setbacks) and
incompatible land uses (e.g., residential and commercial land uses) and around the perimeter of
parking lots. They can also be used to pretreat stormwater runoff before it enters other low impact
development practices, such as undisturbed pervious areas, bioretention areas and infiltration
practices, which increases the reductions in stormwater runoff rates, volumes and pollutant loads
that these other low impact development practices provide.

If concentrated stormwater runoff is allowed to enter a vegetated filter strip, it can cause soil
erosion and can significantly reduce the stormwater management benefits that the filter strip
provides. Consequently, stormwater runoff needs to be intercepted and distributed evenly, as
overland sheet flow, across a vegetated filter strip. This can be accomplished by limiting the
length of the flow path within the conftributing drainage area and by using a level spreader at the
upstream end of the vegetated filter strip that will receive post-construction stormwater runoff.

There are two different filter strip designs that can be used on a development site. The first is a
simple design, while the second is more advanced, and includes a permeable berm at the
downstream end of the filter strip. The permeable berm is used to temporarily store stormwater
runoff within the filter strip, which increases the residence time that it provides and reduces the
required width of the filter strip.

Since the vegetated filter strips that are used to receive stormwater runoff on a development site
are typically designed to be in-line stormwater management practices, consideration should be
given to the stormwater runoff rates and volumes generated by larger storm events (e.g., 25-year,
24-hour storm event) to help ensure that they do not cause significant damage to a vegetated
filter strip.

4.7.6.3 Stormwater Management Credits

This low impact development practice has been assigned quantifiable stormwater management
credits that can be used to help meet Jasper County’s stormwater management requirements:

a) Stormwater Runoff Reduction: Reduce the runoff reduction volume conveyed through a
vegetated filter strip located on A/B or amended soils by 60%. Reduce the runoff
reduction volume conveyed through a vegetated filer strip located on C/D soils by 30%.

b) Water Quality Protection: Reduce the runoff reduction volume conveyed through a
vegetated filter strip located on A/B or amended soils by 60%. Reduce the runoff
reduction volume conveyed through a vegetated filter strip located on C/D soils by 30%.

In order to receive stormwater runoff and b eligible for these credits, vegetated filter strips must
satisfy the planning and design criteria outlined below.
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4.7.6.4 Planning and Design Criteria

Vegetated filter strips used to receive stormwater runoff on a development site must meet all of
the following criteria to be eligible for the stormwater management credits described above:

a)

b)

c)

e)

f)

o)

The length of the flow path within the confributing drainage area should be 150 feet or
less for pervious drainage areas and 75 feet or less for impervious drainage areas.

The average slope of the confributing drainage area should be 3% or less, unless terracing
or level spreaders are used at 20 foot intervals along the length of the flow path to slow
and redistribute stormwater runoff as overland sheet flow.

In order to use vegetated filter strips as receiving low impact development practices,
stormwater runoff needs to be conveyed into them as overland sheet flow. A level
spreader should be used at the upstream end of the filter strip to ensure that stormwater
runoff enters it as overland sheet flow.

A pea gravel diaphragm makes an effective level spreader at the upstream end of
vegetated filter strips used fo receive post-construction stormwater runoff. A pea gravel
diaphragm, which is a small trench filled with pea gravel (i.e., ASTM D 448 Size No. 8, 3/8"
to 1/8"), intercepts stormwater runoff and distributes it evenly, as overland sheet flow,
across a filter strip.  Other types of level spreaders that can be used to redistribute
stormwater runoff at the upstream end of vegetated filter strips include concrete:sills, curb
stops and curbs with sawteeth cut into them.

The average slope of the vegetated filter strip should be between 0.5% and 6%. Greater
slopes would encourage the formation of shallow, concentrated flow within the filter strip,
while lesser slopes would encourage ponding.

The length of the flow path within a vegetated filter strip should be no less than 25 feet.
The length of the flow path within a vegetated filter strip designed with permeable berm
may be shorter, but should be no less than 15 feet long.

Permeable berms should be constructed using hydrologic soil group A and B sails (i.e.,
sands, gravels, sandy loams) that will support plant growth.

The maximum ponding depth behind a permeable berm should be 12 inches or less.
Appropriately sized outlets should be provided within permeable berms to ensure that
vegetated filter strips will drain within 24 hours following the end of a rainfall event.
Consideration should be given to the stormwater runoff rates and volumes generated by
larger storm events (e.g., 25-year, 24-hour storm event) to help ensure that these larger
storm events do not cause significant damage to vegetated filter strips. If necessary, a
bypass channel or overflow spillway may be used to manage the stormwater runoff
generated by these larger storm events.

A landscaping plan shall be prepared for all vegetated filter strips. The landscaping plan
shall be reviewed and approved by the DSR prior to construction.

Vegetation commonly planted on vegetated filter strips includes turf, shrubs, trees and
other herbaceous vegetation. Although managed turf is most commonly used, the use of
frees, shrubs and/or other natfive vegetation is encouraged fo help establish matfure
nafive plant communities within vegetated filter strips.

When developing a landscaping plan, grasses and other vegetation that will be able to
tolerate the stormwater runoff rates and volumes that will pass through the vegetated
filter strip should be chosen. Vegetation used in vegetated filter strips should also be able
to tolerate both wet and dry conditions.

Methods used to establish vegetative cover within a vegetated filter strip should achieve
at least 75 percent vegetative cover one year after installation.

To help prevent soil erosion and sediment loss, landscaping should be provided
immediately after the vegetated filter strip has been installed. Temporary irrigation may
be needed to quickly establish vegetative cover on a vegetated filter strip.
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4.7.6.5 Construction Considerations

To help ensure that vegetated filter strips are successfully installed on a development site, site
planning and design teams should consider the following recommendations:

a) Vegetated filter strips should be installed only after their contributing drainage areas have
been completely stabilized.

b) Simple erosion and sediment confrol measures, such as temporary seeding and erosion
control mats, should be used on vegetated filter strips. Appropriate measures should be
taken (e.g., silt fence, temporary diversion berm) to pretreat and/or divert
post-construction stormwater runoff around a vegetated filter strip until vegetative cover
has been established.

c) To help prevent soil compaction, heavy vehicular and foot traffic should be kept out of
vegetated filter strips during and after construction.

d) Construction contracts should contain a replacement warranty that covers at least three
growing seasons to help ensure
adequate growth and survival of the
vegetation planted within a
vegetated filter strip.

4.7.7 Grass Channels
4.7.7.1 Description
Where site characteristics permit, grass

channels, which are densely vegetated
stormwater conveyance features, can be

used to receive and convey Figure 4-4
post-construction stormwater runoff. They are Grass Channel
typically installed in areas that have been Source: USDA-Natural Resources

disturbed by clearing, grading and other land Conservation Service - liinois

disturbing activities, and are typically vegetated with managed turf. If properly designed, grass
channels can provide measurable reductions in post-construction stormwater runoff rates,
volumes and pollutant loads. Therefore, they can be used to help meet Jasper County’s
stormwater management regulations.

4.7.7.2 Discussion

Conventional storm drain systems are designed to quickly and efficiently convey stormwater
runoff away from buildings, roadways and other impervious surfaces and info rivers, streams and
other aquatic resources. When these conventional systems are used to receive and convey
stormwater runoff on development sites, opportunities to reduce post-construction stormwater
runoff rates, volumes and pollutant loads are lost. To take better advantage of these
opportunities, grass channels can be used in place of conventional storm drain systems (e.g.,
curb and gutter systems, storm sewers, concrete channels) to receive and convey stormwater
runoff.

Grass channels (also known as vegetfated open channels) are densely vegetated stormwater
conveyance features designed to slow and filter stormwater runoff. They differ from the old,
unvegetated roadside ditches of the past, which often suffered from erosion and standing water
and occasionally worked to undermine the roadway itself. If grass channels are properly
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designed (e.g., sufficient channel widths, relatively flat slopes, dense vegetative cover), they can
provide significant reductions in post-construction stormwater runoff rates, volumes and pollutant
loads, particularly when they are located on areas with permeabile soils (i.e., hydrologic soil group
A and B soils).

Grass channels can be integrated into development sites as landscaping features and are well
suited fo receive stormwater runoff from local streets and roadways, highways, small parking lots
and disturbed pervious surfaces (e.g., lawns, parks, community open spaces). They are typically
installed in areas that have been disturbed by clearing, grading and other land disturbing
activities and are particularly well suited for use in roadway rights-of-way. Grass channels are
typically less expensive to install than conventional storm drain systems and can be used to
pretreat stormwater runoff before it enters other low impact development practices, such as
undisturbed pervious areas, bioretention areas and infiltration practices, which increases the
reductions in stormwater runoff rates, volumes and pollutant loads that these other low impact
development practices provide.

Two of the primary concerns associated with grass channels are channel capacity and erosion
control. In order to address these two concerns, peak discharge rate generated by the runoff
reduction rainfall event should not flow through the grass channel at a velocity greater than 1.0
foot per second (ft/s). Grass channels should provide at least 10 minutes of residence time for the
peak discharge rate generated by the runoff reduction rainfall event. Check dams can be
placed across grass channels to help slow post-construction stormwater runoff and increase
residence times.

4.7.7.3 Stormwater Management Credits

This low impact development practice has been assigned quantifiable stormwater management
credits that can be used to help meet Jasper County’s stormwater management requirements:

a) Stormwater Runoff Reduction: Reduce the runoff reduction volume conveyed through a
grass channel located on A/B or amended soils by 25%. Reduce the runoff reduction
volume conveyed through a grass channel located on C/D soils by 12.5%.

b) Water Quality Protection: Reduce the runoff reduction volume conveyed through a grass
channel located on A/B or amended soils by 25%. Reduce the runoff reduction volume
conveyed through a grass channel located on C/D soils by 12.5%.

In order to receive stormwater runoff and be eligible for these credits, grass channels must satisfy
the planning and design criteria outlined below.

4.7.7.4 Planning and Design Criteria

Grass channels used to receive stormwater runoff on a development site must meet all of the
following criteria to be eligible for the stormwater management credits described above:

a) Grass channels should be used to receive stormwater runoff from relatively small drainage
areas of 5 acres or less.  The stormwater runoff rates and volumes from larger contributing
drainage areas typically become too large to be properly conveyed within a grass
channel.

b) Although grass channels may be installed on development sites with slopes of between
0.5% and 3%, it is recommended that they be designed with slopes of between 1% and 2%
to help ensure adequate drainage. Slopes greater than 3% would encourage erosion
within the grass channel, while slopes less than 0.5% would encourage ponding.
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c)

d)

e)

f)

g

Grass channels should be designed to accommodate the peak discharge rate
generated by the runoff reduction rainfall event.

To help prevent erosion within grass channels, the peak discharge rate generated by the
runoff reduction rainfall event should be designed to flow through a grass channel at a
velocity of 1.0 foot per second (ft/s) or less.

To provide adequate residence time for stormwater runoff, grass channels should be
designed to provide af least 10 minutes of residence fime for the peak discharge rate
generated by the runoff reduction rainfall event. Residence times may be increased by
adjusting channel dimensions, slopes and vegetative covers or by including check dams
in the channel design.

The bottom of a grass channel should be designed to be between 2 and 8 feet wide.
Channel bottoms greater than 8 feet wide encourage channel braiding, while channel
bottoms less than 2 feet wide encourage soil erosion. If a channel bottom needs to be
more than 8 feet wide to accommodate the peak discharge rate generated by the
runoff reduction rainfall event, the use of a compound channel cross-section (e.g. two
smaller channels separated by a permeable berm) a smaller pilot channel is
recommended.

Grass channels should be designed with trapezoidal or parabolic cross-sections, and
should be designed with side slopes of 3:1 (H:V) or flatter.

The depth from the bottom of a grass channel to the top of the water table should be at
least 2 feet to help prevent ponding and ensure proper operation of the grass channel.
On development sites with high water tables, wet swales should be used to intercept,
convey and treat post-construction stormwater runoff.

Consideration should be given to the stormwater runoff rates and volumes generated by
larger storm events (e.g., 25-year, 24-hour storm event) to help ensure that they do not
cause localized flooding or significant damage to grass channels. Grass channels should
be designed to able to safely convey the required design event.

A landscaping plan should be prepared for all grass channels. The landscaping plan shall
be reviewed and approved by the DSR.

Vegetation commonly planted in grass channels includes turf, shrubs, trees and other
herbaceous vegetation. Although managed turf is most commonly used, trees, shrubs
and/or ofher native vegetation are encouraged to help establish mature native plant
communities in and around grass channels.

When developing a landscaping plan, grasses and other vegetation should be chosen
that will be able to stabilize soils and tolerate the stormwater runoff rates and volumes that
will pass through the grass channel. Vegetation used in grass channels should also be able
to tolerate both wet and dry conditions.

Methods used to establish vegetative cover within a grass channel should achieve at
least 90 percent vegetative cover one year after installation.

To help prevent soil erosion and sediment loss, landscaping should be provided
immediately after the grass channel has been installed. Temporary irrigation may be
needed to quickly establish vegetative cover within a grass channel.

4.7.7.5 Construction Considerations

To help ensure that grass channels are successfully installed on a development site, the following
are recommended:

a)

b)

Grass channels should be installed only after their contributing drainage areas have been
completely stabilized.

Simple erosion and sediment control measures, such as temporary seeding and erosion
control mats, should be used on grass channels. Appropriate measures should be taken
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(e.g., silt fence, temporary diversion berm) to pretreat and/or divert post-construction
stormwater runoff around a grass channel until vegetative cover has been established.
c) To help prevent soil compaction, heavy vehicular and foot traffic should be kept out of
grass channels during and after construction.
d) Construction contracts should contain a replacement warranty that covers at least three
growing seasons fo help ensure adequate growth and survival of the vegetation planted
within a grass channel.

4.7.8 Simple Downspout Disconnection
4.7.8.1 Description

Where site characteristics permit, simple
downspout disconnections can be used to
spread  rooftop  runoff  from individual
downspouts across lawns and ofher pervious
areas, where it is slowed, filtered and allowed to
infilirate info the native soils. They are typically
used in areas that have been disturbed by
clearing, grading and other land disturbing
activities and are typically vegetated with
managed turf. If properly designed, simple
downspout  disconnections can  provide
measurable reductions in post-construction
stormwater runoff rates, volumes and pollutant
loads on development sites. Therefore, they can
be used to help meet Jasper County’s
stformwater management requirements.

Figure 4-5
Simple Downspout Disconnection
Source: Montgomery County Maryland Department
4.7.8.2 Discussion of Environmental Protection

In order to use simple downspout disconnections to receive post-construction stormwater runoff,
downspouts must be designed to discharge to a lawn or other pervious area. The pervious area
located below the simple downspout disconnection should slope away from buildings and other
impervious surfaces to prevent damage to building foundations and discourage rooftop runoff
from reconnecting with the storm drain system

The primary concern associated with a simple downspout disconnection is the length of the flow
path in the lawn or other pervious area located below the disconnection point. In order to
provide adequate residence time for stormwater runoff, the length of the flow path in the
pervious area located below a simple downspout disconnection should be equal to or greater
than the length of the flow path of the contributing drainage area. |If this cannot be
accomplished, due to site characteristics or constraints, other low impact development
practices, such as vegetated filter strips, rain gardens, dry wells, and rainwater harvesting should
be considered.

4.7.8.3 Stormwater Stormwater Management Credits

This low impact development practice has been assigned quantifiable stormwater management
credits that can be used to meet Jasper County’s stormwater management requirements:
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a)

Stormwater Runoff Reduction: Reduce the runoff reduction volume conveyed through a
simple downspout disconnection located on A/B or amended soils by 60%. Reduce the
runoff reduction volume conveyed through a simple downspout disconnection located
on C/D soils by 30%.

Water Quality Protection: Reduce the runoff reduction volume conveyed through a
simple downspout disconnection located on A/B or amended soils by 60%. Reduce the
runoff reduction volume conveyed through a simple downspout disconnection located
on C/D soils by 30%.

In order to receive stormwater runoff and be eligible for these credits, simple downspout
disconnections must satisfy the planning and design criteria outlined below.

4.7.8.4 Planning and Design Criteria

Simple downspout disconnections must meet all of the following criteria to be eligible for the
stformwater management credits described above:

a)

f)

9)

Simple downspout disconnections should be used to receive stormwater runoff from small
drainage areas of 2,500 square feet or less. The stormwater runoff rates and volumes
from larger confributing drainage areas typically become foo large to be properly
received by simple downspout disconnections.

The length of the flow path within the contributing drainage area should be 75 feet or less.
In contributing drainage areas with longer flow paths, stormwater runoff tends to become
shallow, concentrated flow, which can cause soil erosion and can significantly reduce
the stormwater management benefits that simple downspout disconnections can
provide. In these situations, grass channels or swales should be used to receive
post-construction stormwater runoff.

To provide adequate residence time for stormwater runoff, the length of the flow pathin
the pervious area located below a simple downspout disconnection should be at least 15
feet long and equal to or greater than the length of the flow path in its confributing
drainage area. |If this cannot be accomplished, due to site characteristics or constraints,
other low impact development practices, such as vegetated filter strips, rain gardens, dry
wells, and rainwater harvesting should be considered.

Although simple downspout disconnections may be used on development sites with
slopes of between 0.5% and 6%, it is recommended that they be designed with slopes of
between 1% and 5% to help ensure adequate drainage. Slopes greater than 6% would
encourage erosion within the pervious areas located below the simple downspout
disconnection, while slopes less than 0.5% would encourage ponding.

All simple downspout disconnections should be designed to convey stormwater runoff
away from buildings to prevent damage to building foundations. This typically involves
extending downspouts to a point that is at least 2 feet away from buildings that do not
have basements or to a point that is at least 6 feet away from buildings that do have
basements.

All simple downspout disconnections should be located at least 10 feet away from all
impervious surfaces of equal or lower elevation to discourage rooftop runoff from
reconnecting with the storm drain system.

Vegetation commonly planted in the pervious areas located below simple downspout
disconnections includes turf, shrubs, trees and other herbaceous vegetation. Although
managed turf is most commonly used, trees, shrubs and/or other native vegetation to
help establish mature natfive plant communities in the pervious areas located below
simple downspout disconnections are encouraged.
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h) Methods used to establish vegetative cover within the pervious area located below a
simple downspout disconnection should achieve at least 75 percent vegetative cover
one year after installation.

i) To help prevent soil erosion and sediment loss, landscaping should be provided
immediately after the simple downspout disconnection has been completed. Temporary
irigation may be needed to quickly establish vegetative cover within the pervious areas
located below simple downspout disconnections.

4.7.8.5 Construction Considerations

To help ensure that simple downspout disconnections are properly installed on a development
site, the following are recommended:

a) Simple erosion and sediment control measures, such as temporary seeding and
erosion confrol mats, should be used within the pervious areas located below simple
downspout disconnections.

b) To help prevent soil compaction, heavy vehicular and foot traffic should be kept out
of the pervious areas located below simple downspout disconnections during and
immediately after construction.

c) Construction contracts should contain a replacement warranty that covers at least
three growing seasons to help ensure adequate growth and survival of the vegetation
planted within the pervious area located below a simple downspout disconnection.

4.7.9 Rain Gardens

4.7.9.1 Description

Rain gardens are small, landscaped depressional
areas that are filed with amended native soils or
an engineered soil mix and are planted with trees,
shrubs and other herbaceous vegetation. They
are designed to capfure and temporarily store
stormwater runoff so that it may be subjected to
the hydrologic processes of evaporation,
tfranspiration and infiltration. This allows rain
gardens to provide measurable reductions in
post-construction  stormwater  runoff  rates,
volumes and pollutant loads on development
sites. Consequently, they can be used to help
meet Jasper County's stormwater management

requirements. Figure 4-6
Rain Garden
4.7.9.2 Discussion Source: David Jirousek

The primary concern associated with the design of a rain garden is its stforage capacity, which
directly influences its ability to reduce stormwater runoff rates, volumes and pollutant loads. Rain
gardens that can accommodate the stormwater runoff volume generated by the runoff
reduction rainfall event should be designed. If this cannot be accomplished, due fo site
characteristics or constraints, rain gardens can be used in combination with other runoff reducing
low impact development practices, such as dry wells and rainwater harvesting, o provide more
substantial reductions in stormwater runoff rates, volumes and pollutant loads.
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4.7.9.3 Stormwater Management Credits

This low impact development practice has been assigned quantifiable stormwater management
credits that can be used to help meet Jasper County’s stormwater management requirements:

a) Stormwater Runoff Reduction: Subftract 100% of the storage volume provided by a rain
garden from the runoff reduction volume conveyed through the rain garden.

b) Water Quality Protection: Subtract 100% of the storage volume provided by a rain
garden from the runoff reduction volume conveyed through the rain garden.

In order to receive stormwater runoff and be eligible for these credits, rain gardens must satisfy
the planning and design criteria outlined below.

4.7.9.4 Planning and Design Criteria

Rain gardens must meet all of the following criteria to be eligible for the stormwater management
credits described above:

a) Rain gardens should be used to receive stormwater runoff from small drainage areas of
2,500 square feet or less. The stormwater runoff rates and volumes from larger contributing
drainage areas typically become too large to be properly received by rain gardens.

b) The length of the flow path within the contributing drainage area should be 150 feet or
less for pervious drainage areas and 75 feet or less for impervious drainage areas. In
conftributing drainage areas with longer flow paths, stormwater runoff tends to becomes
shallow, concentrated flow, which can cause soil erosion and can significantly reduce
the stormwater management benefits that rain gardens can provide. In these situations,
bioretention areas should be used to receive post-construction stormwater runoff.

c) Although rain gardens may be installed on development sites with slopes of up to 6%, they
should be designed with slopes that are as close to flat as possible to help ensure that
stormwater runoff is evenly distributed over the planting bed.

d) Rain gardens should be designed to provide enough storage for the stormwater runoff
volume generated by the runoff reduction rainfall event.

e) Rain gardens should be designed to completely drain within 24 hours of the end of a
rainfall event. Where site characteristics allow, it is preferable to design rain gardens to
drain within 12 hours of the end of a rainfall event to help prevent the formation of
nuisance ponding conditions.

f)  Rain gardens may be designed with a maximum ponding depth of 12 inches, although a
ponding depth of é inches is recommended to help prevent the formation of nuisance
ponding conditions.

g) Unless a shallow water table is found on the development site, all rain garden planting
beds should be at least 24 inches deep. If a shallow water table is found on the
development site, the depth of the planting bed may be reduced to 18 inches.

h) The soils used within rain garden planting beds may consist of either amended native soils
or an engineered soil mix, but should meet the following specifications:

i. Texture: Sandy loam or loamy sand.

i. Sand Content: Soils should contain 85%-88% clean, washed sand.

ii. Topsoil Content: Soils should contain 8%-12% topsoail.

iv. Organic Matter Content: Soils should contain 3%-5% organic matter.

v. Infiltration Rate: Soils should have an infiltration rate of at least 0.25 inches per hour
(in/hr), although an infiliration rate of between 1 and 2 in/hr is preferred.

vi. Phosphorus Index (P-Index): Soils should have a P-Index of less than 30.
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o)

vii. Exchange Capacity (CEC): Soils should have a CEC that exceeds 10 milliequivalents
(meq) per 100 grams of dry weight.

viii. pH: Soils should have a pH of 6-8.

The organic maftter used within a rain garden planfing bed should be a well-aged

compost that meets the specifications outlined for Soil Restoration.

All rain gardens should be located at least 10 feet away from buildings to prevent

damage to building foundations.

All rain gardens should be located at least 10 feet away from all impervious surfaces of

equal or lower elevation to discourage rooftop runoff from “reconnecting” with the storm

drain system.

Rain gardens should be designed with side slopes of 3:1 (H:V) or flatter.

The depth from the bottom of a rain garden to the top of the water table should be at

least 2 feet to help prevent ponding and ensure proper operation of the rain garden. On

development sites with high water tables, small stormwater wetlands (i.e., pocket

wetlands) should be used to intercept and treat post-construction stormwater runoff.

If used to receive non rooftop runoff, rain gardens should be preceded by a pea gravel

diaphragm or equivalent level spreader device (e.g., concrete sills, curb stops, curbs with

sawteeth cut into them) to intercept stormwater runoff and distribute it evenly, as

overland sheet flow, into the rain garden.

Consideration should be given to the stormwater runoff rates and volumes generated by

larger storm events (e.g., 25-year, 24-hour storm event) to ensure that these larger storm

events are able to safely bypass the rain garden. An overflow system, such as a spillway

with an invert seft slightly above the elevation of maximum ponding depth within the rain

garden, should be designed to convey the stormwater runoff generated by these larger

storm events safely out of the rain garden.

A landscaping plan should be prepared for all rain gardens. The landscaping plan shall

be reviewed and approved by the DSR.

Vegetation commonly planted in rain gardens includes native frees, shrubs and other

herbaceous vegetation. When developing a landscaping plan, vegetation should be

chosen that will be able to stabilize soils and tolerate the stormwater runoff rates and

volumes that will pass through the rain garden. Vegetation used in rain gardens should

also be able to tolerate both wet and dry conditions. Refer to the South Carolina DHEC

Stormwater Management BMP Handbook http://www.scdhec.gov/environment/ocrm/

bmp_docs.htm Appendix D for vegetation recommendations.

A mulch layer, consisting of 2-4 inches of fine shredded hardwood mulch or shredded

hardwood chips, should be included on the surface of the rain garden.

Methods used to establish vegetative cover within a rain garden should achieve at least

75 percent vegetative cover one year after installation.

To help prevent soil erosion and sediment loss, landscaping should be provided

immediately after the rain garden has been installed. Temporary irrigafion may be

needed to quickly establish vegetative cover within a rain garden.

4.7.9.5 Construction Considerations

To help ensure that rain gardens are successfully installed on a development site, the following
are recommended:

a)

b)

If rain gardens will be used to receive non rooftop runoff, they should only be installed
after their contributing drainage areas have been completely stabilized.

Simple erosion and sediment control measures, such as temporary seeding and erosion
control mats, should be used within rain gardens. Appropriate measures should be taken
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(e.g., silt fence, temporary diversion berm) to pretreat and/or divert post-construction
stormwater runoff around a rain garden until vegetative cover has been established.

c) To help prevent soil compaction, heavy vehicular and foot traffic should be kept out of
rain gardens before, during and after construction. This can typically be accomplished by
clearly delineating rain gardens on all development plans and, if necessary, protecting
them with temporary construction fencing.

d) The native soils along the bottom of the rain garden should be scarified or tilled to a depth
of 3 o 4 inches prior to the placement of the amended native soils or engineered soil mix.

e) Construction contracts should contain a replacement warranty that covers at least three
growing seasons to help ensure adequate growth and survival of the vegetation planted
within a rain garden.

4.7.10 Stormwater Planters
4.7.10.1 Description

Stormwater planters are landscape planter boxes that are specially designed to receive
post-construction stormwater runoff. They consist of planter boxes that are equipped with
waterproof liners, filled with an engineered soil mix and planted with trees, shrubs and other
herbaceous vegetation. Stormwater planters are designed to capfure and temporarily store
stormwater runoff in the engineered soil mix, where it is subjected to the hydrologic processes of
evaporation and transpiration before being conveyed back into the storm drain system through
an underdrain. This allows them to provide measurable reductions in post-construction
stormwater runoff rates, volumes and pollutant loads on development sites.

4.7.10.2 Discussion

Stormwater planters are essentially small, underdrained bioretention areas that are designed to fit
within landscape planter boxes. The primary concern associated with the design of a
stormwater planter is its storage capacity, which directly influences its ability fo reduce
stformwater runoff rates, volumes and pollutant loads. Stormwater planters that can
accommodate the stormwater runoff volume generated by the runoff reduction rainfall event
should be designed. If this cannot be accomplished, due to site characteristics or constraints,
stormwater planters can be used in combination with other runoff reducing low impact
development practices, such dry wells and rainwater harvesting, to supplement the stormwater
management benefits provided by the planters.

4.7.10.3 Stormwater Management Credits

This low impact development practice has been assigned quantifiable stormwater management
credits that can be used to help satisfy Jasper County’s stormwater management requirements:

a) Stormwater Runoff Reduction: Subtract 50% of the storage volume provided by a
stormwater planter from the runoff reduction volume conveyed through the stormwater
planter.

b) Water Quality Protection: Subtract 50% of the storage volume provided by a stormwater
planter from the runoff reduction volume conveyed through the stormwater planter.

In order to receive stormwater runoff and be eligible for these credits, stormwater planters must
satisfy the planning and design criteria outlined below.
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4.7.10.4 Planning and Design Criteria

Stormwater planters must meet all of the following criteria to be eligible for the stormwater
management credits described above:

a)

c)

e)

f)

g

)
K)

Stormwater planters should be used to receive stormwater runoff from small drainage

areas of 2,500 square feet or less. The stormwater runoff rates and volumes from larger

contributing drainage areas typically become too large to be properly received by

stormwater planters.

The length of the flow path within the contributing drainage area should be 150 feet or

less for pervious drainage areas and 75 feet or less for impervious drainage areas. In

contributing drainage areas with longer flow paths, stormwater runoff tends to becomes

shallow, concentrated flow, which can cause soil erosion and can significantly reduce

the stormwater management benefits that stormwater planters can provide. In these

situations, bioretention areas should be used to receive post-construction stormwater

runoff.

Stormwater planters should be designed to provide enough storage for the stormwater

runoff volume generated by the runoff reduction rainfall event.

Stormwater planters should be designed fo completely drain within 24 hours of the end of

a rainfall event. Where site characteristics allow, it is preferable to design stormwater

planters to drain within 12 hours of the end of a rainfall event to help prevent the

formation of nuisance ponding conditions.

Stormwater planters may be designed with a maximum ponding depth of 12 inches,

although a ponding depth of é inches is recommended to help prevent the formation of

nuisance ponding conditions.

A minimum of 2 inches of freeboard should be provided between the elevation of the

maximum ponding depth and the top of the planter box.

Unless a shallow water table is found on the development site, all stormwater planter

planting beds should be at least 24 inches deep. If a shallow water table is found on the

development site, the depth of the planting bed may be reduced to 18 inches.

The soils used within stormwater planter planting beds should be an engineered soil mix

that meets the following specifications:

i. Texture:Sandy loam or loamy sand.

i. Sand Content: Soils should contain 85%-88% clean, washed sand.

ii. Topsoil Content: Soils should contain 8%-12% topsoil.

iv. Organic Matter Content: Soils should contain 3%-5% organic matter.

v. Infiltration Rate: Soils should have an infiliration rate of at least 0.25 inches per hour
(in/hr), although an infilfration rate of between 1 and 2 in/hr is preferred.

vi. Phosphorus Index (P-Index): Soils should have a P-Index of less than 30.

vii. Exchange Capacity (CEC): Soils should have a CEC that exceeds 10 milliequivalents
(meq) per 100 grams of dry weight.

viii. pH: Soils should have a pH of 6-8.

The organic matter used within a stormwater planter planting bed should be a well-aged

compost that meets the specifications outlined for Soil Restoration.

A minimum width, measured from inside wall to inside wall, of 18 inches is recommended

for all stormwater planters.

All stormwater planters should be equipped with a waterproof liner to prevent damage to

building foundations and other adjacent impervious surfaces.

Although stormwater planters may be used on development sites with slopes of up to 6%,

they should be designed with slopes that are as close to flat as possible to help ensure

that stormwater runoff is evenly distributed over the planting bed.

Jasper County, South Carolina 4-41 October 3, 2011



Stormwater Management Design Manual Section 4

m) Stormwater planters should be constructed of stone, concrete, brick or other durable

n)

material. Chemically treated wood that can leach toxic chemicals and contaminate
stormwater runoff should not be used to construct a stormwater planter.

Stormwater planters should be equipped with an underdrain consisting of a 4 inch
perforated PVC (AASHTO M 252) pipe bedded in a é inch layer of clean, washed stone.
The pipe should have 3/8 inch perforations, spaced 6 inches on center, and should have
a minimum slope of 0.5%. The clean, washed stone should be ASTM D448 size No. 57 stone
(i.e.. 1-1/2 1o 1/2 inches in size) and should be separated from the planting bed by a layer
of permeable filter fabric or a thin, 2 to 4 inch layer of choker stone (i.e., ASTM D 448 size
No. 8, 3/8" to 1/8" or ASTM D 448 size No. 89, 3/8" to 1/16"). If permeabile filter fabric is
used, the filter fabric should be a non-woven geotextile with a permeability that is greater
than or equal to the hydraulic conductivity of the overlying planting bed.

Unless a shallow water table is found on the development site, the distance from the
bottom of a stormwater planter to the top of the water table should be at least 2 feet. If a
shallow water table is found on the development site, the distance from the bottom of a
stormwater planter to the top of the water table may be reduced to 12 inches.

If used to receive non rooftop runoff, stormwater planters should be preceded by a pea
gravel diaphragm or equivalent level spreader device (e.g., concrete sills, curb stops,
curbs with sawteeth cut intfo them) to intercept stormwater runoff and distribute it evenly,
as overland sheet flow, across the stormwater planter.

Consideration should be given to the stormwater runoff rates and volumes generated by
larger storm events to help ensure that these larger storm events are able to safely bypass
the stormwater planter. An overflow system, such as an overdrain with an invert set slightly
above the elevation of maximum ponding depth, should be designed to convey the
stormwater runoff generated by these larger storm events safely out of the stormwater
planter.

A landscaping plan should be prepared for all stormwater planters. The landscaping plan
shall be reviewed and approved by the DSR.

Vegetation commonly planted in stormwater planters includes native trees, shrubs and
other herbaceous vegetation. When developing a landscaping plan, vegetation that will
be able to stabilize soils and tolerate the stormwater runoff rates and volumes that will
pass through the stormwater planter should be chosen.

A mulch layer, consisting of 2-4 inches of fine shredded hardwood mulch or shredded
hardwood chips, should be included on the surface of the stormwater planter.

Methods used to establish vegetative cover within a stormwater planter should achieve
at least 75 percent vegetative cover one year after installation.

To help prevent soil erosion and sediment loss, landscaping should be provided
immediately after the stormwater planter has been installed. Temporary irrigation may be
needed to quickly establish vegetative cover within a stormwater planter.

4.7.10.5 Construction Considerations

To help ensure that stormwater planters are successfully installed on a development site, the
following are recommended:

a)

b)

If stormwater planters will be used to receive non rooftop runoff, they should only be
installed after their contributing drainage areas have been completely stabilized.

Simple erosion and sediment control measures, such as temporary seeding and erosion
control mats, should be used within the stormwater planter. Appropriate measures should
be taken (e.g., temporary diversion) to divert post-construction stormwater runoff around
a stormwater planter until vegetative cover has been established.
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c) To help prevent soil compaction, heavy vehicular and foot traffic should be kept out of
stormwater planters during and after construction.

d) Construction contracts should contain a replacement warranty that covers at least three
growing seasons fo help ensure adequate growth and survival of the vegetation planted
within a stormwater planter.

4.7.11 Dry Wells
4.7.11.1 Description

Dry wells (also known as seepage pits and french drains) are low impact development practices
that are located below the surface of development sites. They consist of shallow excavations,
typically filled with stone, that are designed to intercept and temporarily store post-construction
stormwater runoff until it infiltfrates intfo the underlying and surrounding soils. If properly designed,
they can provide significant reductions in post-construction stormwater runoff rates, volumes and
pollutant loads on development sites. Therefore, dry wells can be used to help meet Jasper
County's stormwater management requirements.

4.7.11.2 Discussion

As infiltration-based low impact development practices, dry wells are limited to use in areas
where the soils are permeable enough and the water table is low enough to provide for the
infiliration of stormwater runoff. They should only be considered for use on development sites
where fine sediment (e.g., clay, silt) loads will be relatively low, as high sediment loads will cause
them to clog and fail. In addition, dry wells should be carefully sited to avoid the potential
contamination of water supply aquifers.

The primary concern associated with the design of a dry well is its storage capacity, which
directly influences its ability fo reduce stormwater runoff rates, volumes and pollutant loads. Dry
wells that can accommodate the stormwater runoff volume generated by the runoff reduction
rainfall event should be designed. If this cannot be accomplished, due to site characteristics or
constraints, dry wells can be used in combination with other runoff reducing low impact
development practices, such as rain gardens and rainwater harvesting, to supplement the
stormwater management benefits provided by the dry wells.

4.7.11.3 Stormwater Management Credits

This low impact development practice has been assigned quantifiable stormwater management
credits that can be used to help meet Jasper County’s stormwater management requirements:

a) Stormwater Runoff Reduction: Subtract 100% of the storage volume provided by a dry well
from the runoff reduction volume conveyed through the dry well.

b) Water Quality Protection: Subfract 100% of the storage volume provided by a dry well
from the runoff reduction volume conveyed through the dry well.

4.7.11.4 Planning and Design Criteria

Dry wells must meet all of the following criteria to be eligible for the stormwater management
credits described above:
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a)

b)

e)

f)

g

K)

Dry wells should be used to receive stormwater runoff from small drainage areas of 2,500
square feet or less. The stormwater runoff rates and volumes from larger contributing
drainage areas typically become too large to be properly received by a dry well.

The length of the flow path within the confributing drainage area should be 150 feet or
less for pervious drainage areas and 75 feet or less for impervious drainage areas. In
contributing drainage areas with longer flow paths, stormwater runoff tends fo becomes
shallow, concentrated flow, which can significantly reduce the stormwater management
benefits that dry wells can provide. In these situations, bioretention areas and infiltration
practices should be used to receive post-construction stormwater runoff.

Although dry wells may be installed on development sites with slopes of up to 6%, they
should be designed with slopes that are as close to flat as possible to help ensure that
stormwater runoff is evenly distributed throughout the stone reservoir.

Dry wells should be located in a lawn or other disturbed pervious area and should be
designed so that the top of the dry well is located as close to the surface as possible. Dry
wells should not be located beneath a driveway, parking lot or other impervious surface.
Dry wells should be used on development sites that have underlying soils with an infiltration
rate of 0.50 inches per hour (in/hr) or greater, as determined by NRCS soil survey data and
subsequent field testing. Field infiltration test protocol, shall be approved by the DSR prior
fo use.

At least one infiltration test for each dry well that will be used on the development site
shall be conducted.

Since clay lenses or any other restrictive layers located below the bottom of a dry well will
reduce soil infiltration rates, infiltration testing should be conducted within any confining
layers that are found within 4 feet of the bottom of a proposed dry well.

Dry wells should be designed to provide enough storage for the stormwater runoff volume
generated by the runoff reduction rainfall event.

Dry wells should be designed to completely drain with 24 hours of the end of a rainfall
event. Where site characteristics allow, it is preferable to design dry wells to drain within
12 hours of the end of a rainfall event to help prevent the formation of nuisance ponding
conditions.

Broader, shallower dry wells perform more effectively by distribufing stormwater runoff
over alarger surface area. However, a minimum depth of 18 inches is recommended for
all dry well designs to prevent them from consuming a large amount of surface area on
development sites. Whenever practical, the depth of dry wells should be kept to 36
inches or less.

Dry wells should be filled with clean, washed stone. The stone used in the dry well should
be 1.5 to 2.5 inches in diameter, with a void space of approximately 40%. Unwashed
aggregate contaminated with soil or other fines may not be used in the dry well.
Underlying native soils should be separated from the dry well stone by a thin, 2 to 4 inch
layer of choker stone (i.e., ASTM D 448 size No. 8, 3/8" to 1/8" or ASTM D 448 size No. 89,
3/8" to 1/16"). The choker stone should be placed between the dry well stone and the
underlying native soils.

The top and sides of the dry well should be lined with a layer of appropriate permeable
filter fabric. The filter fabric should be a non-woven geotextile with a permeability that is
greater than or equal to the infilfration rate of the surrounding native soils. The top layer
of the filter fabric should be located 6 inches from the top of the excavation, with the
remaining space filled with appropriate landscaping. This top layer serves as a sediment
barrier and, consequently, will need to be replaced over time. The top layer of filter
fabric shall be readily separated from the filter fabric used to line the sides of the dry well.
The depth from the bottom of a dry well to the top of the water table should be at least 2
feet to prevent nuisance ponding and ensure proper operation of the dry well.
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o)

s)

To prevent damage to building foundations and contamination of groundwater aquifers,
dry wells should be located at least:

i. 10 feet from building foundations

i. 10feet from property lines

ii. 100 feet from private water supply wells

iv. 1,200 feet from public water supply wells

v. 100 feet from sepftic systems

vi. 100 feet from surface waters

vii. 400 feet from public water supply surface waters
An observation well should be installed in every dry well. An observation well consists of a
4 to 6 inch perforated PVC (AASHTO M 252) pipe that extends to the bottom of the dry
well. The observation well can be used to observe the rate of drawdown within the dry
well following a storm event. It should be installed along the centerline of the dry well, flush
with the elevation of the surface of the dry well. A visible floating marker should be
provided within the observation well and the top of the well should be capped and
locked to prevent tampering and vandalism.
If used to receive rooftop runoff, dry wells should be preceded by a leaf screen installed in
the gutter or downspout. This will prevent leaves and other large debris from clogging the
dry well.
If used fo receive non rooftfop runoff, dry wells should be preceded by a pea gravel
diaphragm or equivalent level spreader device (e.g., concrete sills, curb stops, curbs with
sawteeth cut into them) and a vegetated filter strip.
Consideration should be given to the stormwater runoff rates and volumes generated by
larger storm events to help ensure that these larger storm events are able to safely bypass
the dry well. An overflow, such as a vegetated filter strip or grass channel, should be
designed to convey the stormwater runoff generated by these larger storm events safely
out of the dry well.
The landscaped area above the surface of a dry well may be covered with pea gravel
(i.e.., ASTM D 448 size No. 8, 3/8" to 1/8"). This pea gravel layer provides sediment removal
and additional pretreatment upstream of the dry well and can be easily removed and
replaced when it becomes clogged.
Alternatively, a dry well may be covered with an engineered soil mix, such as that
prescribed for Rain Gardens, and planted with managed furf or other herbaceous
vegetation. This may be an attractive option when dry wells are placed in disturbed
pervious areas (e.g., lawns, parks, community open spaces).

4.7.11.5 Construction Considerations

To help ensure that dry wells are successfully installed on a development site, the following are
recommended:

a)

b)

c)

If dry wells will be used to receive non rooftop runoff, the dry wells should only be installed
after receiving contributing drainage areas that have been completely stabilized. To help
prevent dry well failure, stormwater runoff may be diverted around the dry well unfil the
contributing drainage area has been stabilized.

To help prevent soil compaction, heavy vehicular and fooft traffic should be kept out of
dry wells before, during and immediately after construction. This can typically be
accomplished by clearly delineatfing dry wells on all development plans and, if necessary,
protecting them with temporary construction fencing.

Excavation for dry wells should be limited to the width and depth specified in the
development plans. Excavated material should be placed away from the excavation so
as not to jeopardize the stability of the side walls.
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d) The native soils along the bottom of the dry well should be scarified or tilled to a depth of 3
to 4 inches prior to the placement of the choker stone and dry well stone.

e) The sides of all excavations should be trimmed of all large roots that will hamper the
installation of the permeable filter fabric used to line the sides and top of the dry well.

4.7.12 Rainwater Harvesting
4.7.12.1 Description

Rainwater harvesting is the ancient stormwater management practice of intercepting, diverting
and storing rainfall for later use. In a typical rainwater harvesting system, rainfall is collected from
a gutter and downspout system, screened and washed, and conveyed into an above- or
below-ground storage tank or cistern. Once captured in the storage tank or cistern, it may be
used for non-potable indoor or outdoor uses. If properly designed, rainwater harvesting systems
can significantly reduce post-construction stormwater runoff rates, volumes and pollutant loads
on development sites. Rainwater harvesting also helps reduce the demand on public water
supplies, which, in furn, helps protect aquatic resources, such as groundwater aquifers, from
drawdown and seawater intrusion.

4.7.12.2 Discussion

There are two basic types of rainwater harvesting systems: (1) systems that are used to supply
water for non-potable outdoor uses, such as landscape irrigation, car and building washing and
fire fighting; and (2) systems that are used to supply water for non-potable indoor uses, such as
laundry and toilet flushing. Rainwater harvesting systems used to supply water for non-potable
indoor uses are more complex and require separate plumbing, pressure tanks, pumps and
backflow preventers.

Whether it is used to supply water for non-potable indoor or outdoor uses, a well-designed
rainwater harvesting system typically consists of five major components, including the collection
and conveyance system (e.g., gutter and downspout system), pretfreatment devices (e.g., leaf
screens, first flush diverters, roof washers), the storage tank or cistern, the overflow pipe (which
allows excess stormwater runoff to bypass the storage tank or cistern) and the distribution system
(which may or may not require a pump, depending on site characteristics). When designing a
rainwater harvesting system, each of these components, as well as the size of the contributing
drainage areaq, local rainfall patterns and the projected water demand, should be considered to
determine how large the cistern or storage tank must be to provide enough water for the desired
non-potable indoor or outdoor use.

4.7.12.3 Stormwater Management Credits

This low impact development practice has been assigned quantifiable stormwater management
credits that can be used to help meet Jasper County’s stormwater management requirements:

a) Stormwater Runoff Reduction: Subtract 75% of the storage volume provided by a
rainwater harvesting system from the runoff reduction volume captured by the system.

b) Water Quality Protection: Subtract 75% of the storage volume provided by a rainwater
harvesting system from the runoff reduction volume captured by the system.
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4.7.12.4 Planning and Design Criteria

Rainwater harvesting systems must meet all of the following criteria to be eligible for the
stformwater management credits described above:

a)

b)

e)

f)

e)

Rainwater harvesting systems may be installed on nearly any development site. However,
placing storage tanks or cisterns at higher elevations may reduce or eliminate pumping
requirements.
The quality of harvested rainwater will vary according to the material from which the
rooftop is constructed. Water harvested from certain types of rooftops, such as asphalt
shingle, tar and gravel and treated wood shingle roofs, should only be used for
non-potable outdoor uses, as these materials may leach toxic compounds into
stormwater runoff.
Rainwater harvesting systems should be designed to provide at least enough storage for
the stormwater runoff volume generated by the runoff reduction rainfall event. The
required size of a rainwater harvesting system is governed by several factors, including the
size of the confributing drainage area, local rainfall patterns and the projected demand
for the harvested rainwater. The projected water demand should be calculated and then
water balance calculations should be conducted, based on the size of the contributing
drainage area and local precipitation data, to size a rainwater harvesting system.
Since it provides storage for the harvested rainwater, the storage tank (also known as a
cistern) is the most important and typically the most expensive component of a rainwater
harvesting system. Storage tanks can be constructed from a variety of materials, including
wood, plastic, fiberglass or galvanized metal. An appropriate cistern for the infended
application should be chosen and should be ensured that it has been sealed with a water
safe, non-toxic substance.

Rain barrels (i.e., small storage tanks capable of storing less than 100 gallons of stormwater

runoff) rarely provide enough storage capacity to accommodate the

stormwater runoff volume generated by the target runoff reduction rainfall event.

Consequently, they should not be used as part of a rainwater harvesting system, except

on small drainage areas of 2,500 square feet or less in size.

All storage tanks should be opaque or otherwise protected from direct sunlight to inhibit

algae growth. They should also be screened to discourage mosquito breeding and

reproduction, but should be accessible for cleaning, inspection and maintenance.

Rooftop drainage systems (e.g., gutter and downspout systems) should be designed as

they would be for a building designed without a rainwater harvesting system. Drainage

system components leading to the cistern should have a minimum slope of 2% to ensure
that harvested rainwater is actually conveyed into the storage tank.

Pretreatment is needed fo remove debris, dust, leaves and other material that

accumulates on rooftops, as it may cause clogging within a rainwater harvesting system.

Pretreatment devices that may be used include leaf screens, roof washers and first-flush

diverters, each of which are described briefly below:

i. LeafScreens: Leaf screens are mesh screens installed either in the gutter or downspout
that are used to remove leaves and other large debris from rooftop runoff. Leaf
screens must be regularly cleaned to be effective. If not regularly maintained, they
can become clogged and prevent rainwater from flowing into the storage tank.

ii. First Flush Diverters: First flush diverters direct the initial pulse of stormwater runoff away
from the storage tank and info an adjacent pervious area. While leaf screens
effectively remove larger debris such as leaves and twigs from harvested rainwater,
first flush diverters can be used to remove smaller contaminants such as dust, pollen
and bird and rodent feces.
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ii. Roof Washers: Roof washers are placed just ahead of storage tanks and are used to
filter small debris from the harvested rainwater. Roof washers consist of a small tank,
usually between 25 and 50 gallons in size, with leaf strainers and filters with openings as
small as 30 microns. The filter functions to remove very small particulate matter from
harvested rainwater. All roof washers must be cleaned on a regular basis. Without
regular maintenance, they may not only become clogged and prevent rainwater
from entering the storage tank, but may become breeding grounds for bacteria and
other pathogens.

i) An overflow pipe should be provided to allow stormwater runoff to bypass the storage
tank or cistern when it reaches its storage capacity. The overflow pipe should have a
conveyance capacity that is equal to or greater than that of the inflow pipe and should
direct excess stormwater runoff to another low impact development practice, such as a
vegetated filter strip, grass channel or rain garden.

i) Al overflow pipes should be directed away from adjacent buildings to prevent damage
to building foundations.

k) Distribution systems may be gravity fed or may include a pump to provide the energy
necessary to convey harvested rainwater from the storage tank fo its final destination.
Rainwater harvesting systems used to provide water for non-potable outdoor uses
typically use gravity to feed watering hoses through a tap and spigot arrangement.

4.7.12.5 Construction Considerations

To help ensure that rainwater harvesting systems are successfully installed on a development site,
site planning and design teams should consider the following recommendations:

a) Rainwater harvesting systems may be installed on development and redevelopment sites
after building rooftops and rooftop drainage systems (e.g.. gutter and downspout
systems) have been constructed.

4.7.13 Bioretention Areas

4.7.13.1 Description

Bioretention areas (also known as bioretention filters and biofilters), which may also be classified
as a stormwater management practice, are shallow depressional areas that are filled with an
engineered soil mix and are planted with trees, shrubs and other herbaceous vegetation. They
are designed fo capture and temporarily store stormwater runoff in the engineered soil mix,
where it is subjected to the hydrologic processes of evaporation and transpiration, before being
conveyed back info the storm drain system through an underdrain or allowed to infilfrate into the
surrounding soils. This allows them fo provide measurable reductions in post-construction
stormwater runoff rates, volumes and pollutant loads on development sites.

4.7.13.2 Discussion

Bioretention areas are one of the most effective low impact development practices that can be
used in Jasper County to reduce post-construction stormwater runoff rates, volumes and
pollutant loads. Bioretention areas differ from rain gardens, in that they are designed fo receive
stormwater runoff from larger drainage areas and may be equipped with an underdrain.
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4.7.13.3 Stormwater Management Credits

This low impact development practice has been assigned quantifiable stormwater management
credits that can be used to help meet Jasper County’s stormwater management requirements:

a) Stormwater Runoff Reduction: Subtract 100% of the storage volume provided by a non-
underdrained bioretention area from the runoff reduction volume conveyed through the
bioretention area. Subtract 50% of the storage volume provided by an underdrained
bioretention area from the runoff reduction volume conveyed through the bioretention
areq.

b) Water Quality Protection: Subtract 100% of the storage volume provided by a non-
underdrained bioretention area from the runoff reduction volume conveyed through the
bioretention area. Subtract 50% of the storage volume provided by an underdrained
bioretention area from the runoff reduction volume conveyed through the bioretention
areq.

In order to receive stormwater runoff and be eligible for these credits, bioretention areas must
satisfy the planning and design criteria outlined below.

4.7.13.4 Planning and Design Criteria

Information regarding the planning and design of bioretention areas is provided in section
pertaining to stormwater management practices (Section 5.5.3.4, page 5-16).

4.7.13.5 Construction Considerations

Information regarding the construction considerations of bioretention areas is provided in the
section pertaining to stormwater management practices (Section 5.5.3.5, page 5-18).

4.7.14 Infiltration Practices
4.7.14.1 Description

Infiliration practices, which may also be classified as a stormwater management practice, are
shallow excavations, typically filled with stone or an engineered soil mix, that are designed to
intercept and temporarily store post-construction stormwater runoff until it infiltrates into the
underlying and surrounding soils. If properly designed, they can provide significant reductions in
post-construction stormwater runoff rates, volumes and pollutant loads on development sites.
Consequently, infilfration practices can be used to meet Jasper County's stormwater
management requirements.

4.7.14.2 Discussion

Although infiltration practices can provide significant reductions in post-construction stormwater
runoff rates, volumes and pollutant loads, they have historically experienced high rates of failure
due to clogging caused by poor design, poor construction and neglected maintenance. If
infiltration practices are to be used on a development site, great care should be taken to ensure
that they are adequately designed, carefully installed and properly maintained over time. They
should only be applied on development sites that have permeable soils (i.e., hydrologic soil
group A and B soils) and that have a water table and confining layers (e.g., bedrock, clay lenses)
that are located at least 2 feet below the bottom of the tfrench or basin. Additionally, infilfration
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practices should always be designed with adequate pretreatment (e.g,. vegetated filter strip,
sediment forebay) to prevent sediment from reaching them and causing them to clog and fail.

There are two maijor variations of infiliration practices, namely infiliration frenches and infiliration
basins. A brief description of each of these design variants is provided below:

a) Infiltration Trenches: Infiltration frenches are excavated frenches filed with stone.
Stormwater runoff is captured and temporarily stored in the stone reservoir, where it is
allowed to infilfrate into the surrounding and underlying native soils. Infilfration trenches
can be used to receive stormwater runoff from conftributing drainage areas of up to 2
acres in size and should only be used on development sites where sediment loads can be
kept relatively low.

b) Infiltration Basins: Infiltration basins are shallow, landscaped excavations filed with an
engineered soil mix. They are designed to capture and temporarily store stormwater
runoff in the engineered soil mix, where it is subjected to the hydrologic processes of
evaporation and transpiration, before being allowed to infilirate into the surrounding soils.
They are essentially non-underdrained bioretention areas, and should also only be used
on development sites where sediment loads can be kepft relatively low.

4.7.14.3 Stormwater Management Credits

This low impact development practice has been assigned quantifiable stormwater management
credits that can be used to help meet Jasper County’s stormwater management requirements:

a) Stormwater Runoff Reduction: Subtract 100% of the storage volume provided by an
infilfration practice from the runoff reduction volume conveyed through the infiltration
practice.

b) Water Quality Protection: Subtract 100% of the storage volume provided by an infiliration
practice from the runoff reduction volume conveyed through the infiliration practice.

In order to receive stormwater runoff and be eligible for these credits, infiliration practices must
satisfy the planning and design criteria outlined below.

4.7.14.4 Planning and Design Criteria

Information regarding the planning and design of infiltration practices is provided in the section
pertaining to stormwater management practices (Section 5.5.5.4, page 5-23).

4.7.14.5 Construction Considerations

Information regarding the construction considerations of infiliration practices is provided in the
section pertaining to stormwater management practices (Section 5.5.5.5, page 5-26).

4.7.15 Dry Swales
4.7.15.1 Description

Dry swales (also known as bioswales), which may also be classified as a stormwater management
practice, are vegetated open channels that are filled with an engineered soil mix and are
planted with trees, shrubs and other herbaceous vegetation. They are essentially linear
bioretention areas, in that they are designed to capture and temporarily store stormwater runoff
in the engineered soil mix, where it is subjected to the hydrologic processes of evaporation and
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transpiration, before being conveyed back into the storm drain system through an underdrain or
allowed to infiltrate into the surrounding soils.

4.7.15.2 Discussion

Dry swales, which may also be classified as a stormwater management practice, are vegetated
open channels that are filled with an engineered soil mix and are planted with frees, shrubs and
other herbaceous vegetation. They are essenfially linear bioretention areas, in that they are
designed to capture and temporarily store stormwater runoff in the engineered soil mix, where it is
subjected to the hydrologic processes of evaporation and transpiration, before being conveyed
back intfo the storm drain system through an underdrain or allowed to infiltrate into the
surrounding soils. This allows them to provide measurable reductions in post-construction
stormwater runoff rates, volumes and pollutant loads on development sites. Consequently, they
can be used to meet Jasper County’s stormwater management requirements.

4.7.15.3 Stormwater Management Credits

This low impact development practice has been assigned quantifiable stormwater management
credits that can meet Jasper County’s stormwater management requirements:

o Stormwater Runoff Reduction: Subtract 100% of the storage volume provided by a non-
underdrained dry swale from the runoff reduction volume conveyed through the dry
swale. Subtract 50% of the storage volume provided by an underdrained dry swale from
the runoff reduction volume conveyed through the dry swale.

o Water Quality Protection: Subtract 100% of the storage volume provided by a non-
underdrained dry swale from the runoff reduction volume conveyed through the dry
swale. Subtract 50% of the storage volume provided by an underdrained dry swale from
the runoff reduction volume conveyed through the dry swale.

In order to receive stormwater runoff and be eligible for these credits, dry swales must satisfy the
planning and design criteria outlined below.

4.7.15.4 Planning and Design Criteria

Information regarding the planning and design of dry swales is provided in the section pertaining
to stormwater management practices (Section 5.5.6.4, page 5-27).

Jasper County, South Carolina 4-51 October 3, 2011



Stormwater Management Design Manual

Section 4

Table 4.1: How Green Infrastructure Practices Can Be Used to Help Satisfy the Stormwater Management Criteria

Green Infrastructure Practice

Stormwater Runoff Reduction

Water Quality Protection

Manual Section

Page Number

Better Site Planning Techniques

Protect Primary Conservation Areas "Credit": "Credit": 4.5.1 4-6
Subtract any primary and secondary Subfract any primary and secondary
conservations areas from the total site |conservations areas from the total site
Protect Secondary Conservation Areas area when calculating the runoff area when calculating the runoff 4572 4-8
reduction volume. reduction volume.
Better Site Design Techniques
"Credit": "Credit":
. . o Subtract 50% of any undisturbed Subtract 50% of any undisturbed
Reduce Clearing and Grading Limits pervious areas from the total site area |pervious areas from the total site area 4.6.1 4-9
when calculating the runoff reduction |[when calculating the runoff reduction
volume. volume.
Reduce Roadway Lengths and Widths "Credit": "Credit": 4.62 4-10
Use Fewer or Alternative Cul-de-Sacs "Self-crediting," in that minimizing the "Self-crediting," in that minimizing the 463 411
- - creation of new impervious cover creation of new impervious cover
Reduce Parking Lot Footprints . . . . 4.6.4 4-12
- - - results in a lower volumetric runoff and, [results in a lower volumetric runoff and,
Create Landscaping Areas in Parking Lots |consequently, a lower runoff reduction |consequently, a lower runoff reduction 4.6.5 4-14
Reduce Driveway Lengths and Widths volume. volume. 4.6.6 4-15
Reduce Sidewalk Lengths and Widths 4.6.7 4-15
Reduce Building Fooftprints 4.6.8 4-16
Reduce Setbacks and Frontages 4.6.9 4-17
Low Impact Development Practices
Alternatives to Disturbed Pervious Surfaces
"Credit": "Credit":
Soil Restoration Subtract 50% of any rgsfored pervious |Subtract 50% of any re_srored pervious 47 418
areas from the total site area andre- |areas from the total site area and re-
calculate the runoff reduction volume. |calculate the runoff reduction volume.
"Credit": "Credit":
Subtract 50% of any Subtract 50% of any
Site Reforestation/Revegetation reforested/revegetated areas from the |reforested/revegetated areas from the 4.7.2 4-20
total site area and re-calculate the total site area and re-calculate the
runoff reduction volume. runoff reduction volume.

*Modified from the Coastal Stormwater Supplement to the Georgia Stormwater Management Manual.
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Table 4.1: How Green Infrastructure Practices Can Be Used to Help Satisfy the Stormwater Management Criteria

Section 4

Green Infrastructure Practice Stormwater Runoff Reduction Water Quality Protection Manual Section Page Number
"Credit": "Credit":
Soil Restoration with Site Subtract 100% of any restored and Subtract 100% of any restored and
Reforestation/Revegetation reforested/revegetated areas from the |reforested/revegetated areas from the 4.7.2 4-20
total site area and re-calculate the total site area and re-calculate the
runoff reduction volume. runoff reduction volume.
Alternatives to Impervious Surfaces
"Credit": "Credit":
Green Roofs Reduce the runoff reduction volume  |Reduce the runoff reduction volume 473 499
conveyed through a green roof by conveyed through a green roof by
60%. 60%.
"Credit": "Credit":
Subtract 100% of the storage volume Subtract 100% of the storage volume
Permeable Pavement provided by a non-underdrained provided by a non-underdrained 4.7.4 425
No Underdrain permeable pavement system from the |permeable pavement system from the
runoff reduction volume conveyed runoff reduction volume conveyed
through the system. through the system.
"Credit": "Credit":
Subtract 50% of the storage volume Subtract 50% of the storage volume
Permeable Pavement provided by a underdrained provided by a underdrained 4.7.4 425
Underdrain permeable pavement system from the |permeable pavement system from the
runoff reduction volume conveyed runoff reduction volume conveyed
through the system. through the system.
"Receiving" Low Impact Development Practices
"Credit": "Credit":
Undisturbed Pervious Arecs, Reduce the runoff reduction volume Reduce the runoff reduction volume
A/B Soils conveyed through an undisturbed conveyed through an undisturbed 4.7.5 4-29
pervious area located on A/B soils by  |pervious area located on A/B soils by
90% 920%
"Credit": "Credit":
Undisturbed Pervious Arecs, Reduce the runoff reduction volume Reduce the runoff reduction volume
C/D Soils conveyed through an undisturbed conveyed through an undisturbed 4.7.5 4-29
pervious area located on C/D soils by |pervious area located on C/D soils by
60%. 60%.

*Modified from the Coastal Stormwater Supplement to the Georgia Stormwater Management Manual.
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Table 4.1: How Green Infrastructure Practices Can Be Used to Help Satisfy the Stormwater Management Criteria

Section 4

Green Infrastructure Practice Stormwater Runoff Reduction Water Quality Protection Manual Section Page Number
"Credit": "Credit":
Vegetated Filter Strips, Reduce the runoff reduction volume Reduce the runoff reduction volume
A/B or Amended Soils conveyed through a vegetated filter ~ |conveyed through a vegetated filter 4.7.6 4-31
strip located on A/B or amended soils  |strip located on A/B or amended soils
by 60% by 60%
"Credit": "Credit":
Vegetated Filter Strips, Reduce the runoff reduction volume Reduce the runoff reduction volume 476 4-3]
C/D Sails conveyed through a vegetated filter  |conveyed through a vegetated filter o
strip located on C/D soils by 30% strip located on C/D soils by 30%
"Credit": "Credit":
Grass Channels, Reduce the runoff reduction volume Reduce the runoff reduction volume
A/B or Amended Soils conveyed through a grass channel conveyed through a grass channel 4.7.7 4-34
located on A/B or amended soils by located on A/B or amended soils by
25%. 25%.
"Credit™: "Credit"™:
Grass Channels, Reduce the runoff reduction volume Reduce the runoff reduction volume 477 434
C/D Soils conveyed through a grass channel conveyed through a grass channel o
located on C/D soils by 12.5%. located on C/D soils by 12.5%.
"Credit": "Credit":
Simple Downspout Disconnection, Reduce the runoff reduction volume Reduce the runoff reduction volume
A/B or Amended Soils conveyed through a simple downspout [conveyed through a simple downspout 4.7.8 4-37
disconnection located on A/B or disconnection located on A/B or
amended soils by 60%. amended soils by 60%.
"Credit": "Credit":
Simple Downspout Disconnection, Reduce the runoff reduction volume Reduce the runoff reduction volume
C/D Soils conveyed through a simple downspout [conveyed through a simple downspout 4.7.8 4-37
disconnection located on C/D soils by |disconnection located on C/D soils by
30%. 30%.
"Credit": "Credit":
Subtract 100% of the storage volume Subtract 100% of the storage volume
Rain Gardens provided by a rain garden from the provided by a rain garden from the 4.7.9 4-39
runoff reduction volume conveyed runoff reduction volume conveyed
through the rain garden. through the rain garden.

*Modified from the Coastal Stormwater Supplement to the Georgia Stormwater Management Manual.
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Table 4.1: How Green Infrastructure Practices Can Be Used to Help Satisfy the Stormwater Management Criteria

Section 4

Green Infrastructure Practice Stormwater Runoff Reduction Water Quality Protection Manual Section Page Number
"Credit": "Credit":
Subtract 50% of the storage volume Subtract 50% of the storage volume
Stormwater Planters provided by a stormwater planter from |provided by a stormwater planter from 4.7.10 4-42
the runoff reduction volume conveyed [the runoff reduction volume conveyed
through the stormwater planter. through the stormwater planter.
"Credit": "Credit":
Subtract 100% of the storage volume Subtract 100% of the storage volume
Dry Wells provided by a dry well from the runoff |provided by a dry well from the runoff 47.11 4-45
reduction volume conveyed through  |reduction volume conveyed through
the dry well. the dry well.
"Credit": "Credit":
Subtract 75% of the storage volume Subtract 75% of the storage volume
Rainwater Harvesting provided by a rainwater harvesting provided by a rainwater harvesting 4.7.12 4-48
system from the runoff reduction system from the runoff reduction
volume conveyed by the system. volume conveyed by the system.
"Credit™: "Credit":
Subtract 100% of the storage volume Subtract 100% of the storage volume
Bioretention Areas, provided by a non-underdrained provided by a non-underdrained 4713 4-50
No Underdrain bioretention area from the runoff bioretention area from the runoff
reduction volume conveyed through [reduction volume conveyed through
the bioretention area. the bioretention area.
"Credit": "Credit":
Subtract 50% of the storage volume Subtract 50% of the storage volume
Bioretention Areas, provided by a underdrained provided by a underdrained 4713 4-50
Underdrain bioretention area from the runoff bioretention area from the runoff
reduction volume conveyed through [reduction volume conveyed through
the bioretention area. the bioretention area.
"Credit": "Credit":
Subtract 100% of the storage volume Subtract 100% of the storage volume
Infilfration Practices provided by an infiltration practice provided by an infiltration practice 4.7.14 4-51
from the runoff reduction volume from the runoff reduction volume
conveyed through the infiltration conveyed through the infilfration
practice. practice.

*Modified from the Coastal Stormwater Supplement to the Georgia Stormwater Management Manual.
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Table 4.1: How Green Infrastructure Practices Can Be Used to Help Satisfy the Stormwater Management Criteria

Green Infrastructure Practice

Stormwater Runoff Reduction

Water Quality Protection

Manual Section

Section 4

Page Number

"Credit™

"Credit":

swale from the runoff reduction volume
conveyed through the dry swale.

swale from the runoff reduction volume
conveyed through the dry swale.

Dry Swales, Subtract 100% of the storage volume Subtract 100% of the storage volume

No Underdrain provided by a non-underdrained dry  |provided by a non-underdrained dry 4.7.15 4-52
swale from the runoff reduction volume|swale from the runoff reduction volume
conveyed through the dry swale. conveyed through the dry swale.
"Credit": "Credit":

Dry Swales, Subtract 100% of the storage volume Subtract 100% of the storage volume

Underdrain provided by an underdrained dry provided by an underdrained dry 4.7.15 4-52

*Modified from the Coastal Stormwater Supplement to the Georgia Stormwater Management Manual.
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Table 4.2: Factors to Consider When Evaluating the Overall Feasibility of Green Infrastructure Practices

Section 4

Green Infrastructure . . - Minimum Depth to : .
N Drainage Area Area Required Slope Minimum Head Water Table Soils Manual Section Page Number
Better Site Planning Techniques
10,000 SF minimum to
Protect Prlmary N/A recelve stormwater No restrictions N/A N/A No restrictions 45.1 4-6
Conservation Areas management
"credits"
10,000 SF minimum to
Protect S d i t t
rotec ef:on ay N/A receive stormwater Protect slopes >15% N/A N/A Protect erodible soils 45.2 4-8
Conservation Areas management
"credits”
Better Site Design Techniques
Reduce Clearing - - -
) L N/A No restrictions No restrictions N/A N/A No restrictions 4.6.1 4-9
and Grading Limits
Red Road - .
educe roa way N/A N/A No restrictions N/A N/A No restrictions 4.6.2 4-10
Lengths and Widths
Use Fewer or
Alternative Cul-de- N/A N/A No restrictions N/A N/A No restrictions 4.6.3 4-11
Sacs
Reduc'e Parking Lot N/A N/A No restrictions N/A N/A No restrictions 46.4 4-12
Footprints
Create Land i
rea ? an §cap|ng N/A N/A No restrictions N/A N/A No restrictions 4.6.5 4-14
Areas in Parking Lots
Reduce Driveway - .
) N/A N/A No restrictions N/A N/A No restrictions 4.6.6 4-15
Lengths and Widths
Red Sid Ik
educe St ewg N/A N/A No restrictions N/A N/A No restrictions 4.6.7 4-15
Lengths and Widths
Reduc'e Building N/A N/A No restrictions N/A N/A No restrictions 4.6.8 4-16
Footprints
Red Setback
ecuce setbacks N/A N/A No restrictions N/A N/A No restrictions 4.6.9 4-17
and Frontages
Low Impact Development Practices
Alternatives to Disturbed Pervious Surfaces
Restore hydrologic
Soil Restoration N/A No restrictions 10% maximum N/A 15FT soil group C/D or 4.7.1 4-18
disturbed soils

*Refer to Section 4-4 (page 4-X) for a description of the feasibility factors.

*Modified from the Coastal Stormwater Supplement to the Georgia Stormwater Management Manual
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Section 4

Table 4.2: Factors to Consider When Evaluating the Overall Feasibility of Green Infrastructure Practices

Green Infrastructure . . - Minimum Depth to : .
N Drainage Area Area Required Slope Minimum Head Water Table Soils Manual Section Page Number
10,000 SF minimum to
Site Reforestation / receive stormwater ) . -
. N/A 25% maximum N/A No restrictions No restrictions 4.7.2 4-20
Revegetation management
"credits"
Alternatives to Impervious Surfaces
25% maximum, Use appropriate
Green Roofs N/A No restrictions although 10% or less 6 to 12 inches N/A engineered growing 4.7.3 4-22
is recommended media
Should drain within
Permeable - ’
N/A No restrictions 6% maximum 2 to 4 feet 2 feet 48 hours of end of 474 4-25
Pavement )
rainfall event
"Receiving" Low Impact Development Practices
Maxi 3%
Length of flow path . aX|QO - o N
. L Length of flow path in contributing
) ) in contributing . . .
Undisturbed Pervious ; undisturbed pervious drainage area: - .
drainage area L ) N/A No restrictions No restrictions 4.7.5 4-29
Areas . area minimum 50 feet 0.5% to 6% in
maximum 75 to 150 .
long undisturbed
feetlong .
pervious area
Length of flow path ) Maximum 3% in
'g . 'p Length of flow path in I ’
. in contributing ) . contributing
Vegetated Filter . vegetated filter strip ) . .
Strins drainage area minimum 15 to 25 drainage area: N/A No restrictions No restrictions 4.7.6 4-31
P maximum 75 to 150 0.5% to 6% in
feetlong ] .
feet long vegetated filter strip
Bottom of grass
channel 2 togs feet 0.5% to 3%,
Grass Channels 5 acres ) ) although 1% to 2% is N/A 2 feet No restrictions 4.7.7 4-34
wide; side slopes of
recommended
3:1 or flatter
2,500 square feet; Length of flow path
Simple Downspout Ier:r?t:oiftrfilsmir?ath at;i?lsfsmu:?;lg?g 0.5% to 6%,
) P ) P ; g q although 1% to 5% is N/A No restrictions No restrictions 4.7.8 4-37
Disconnection drainage area greater than that of
. o . recommended
maximum 75 feet |contributing drainage
long area

*Refer to Section 4-4 (page 4-X) for a description of the feasibility factors.

*Modified from the Coastal Stormwater Supplement to the Georgia Stormwater Management Manual
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Table 4.2: Factors to Consider When Evaluating the Overall Feasibility of Green Infrastructure Practices

Section 4

Green Infrastructure

Minimum Depth to

drainage area

recommended

rainfall event

N Drainage Area Area Required Slope Minimum Head Water Table Soils Manual Section Page Number
2,500 square feet;
| th of fl th I
e?r? coitrig:\;irp:a 10-20% of contributin Should drain within
Rain Gardens . g . 9 6% maximum 30 to 36 inches 2 feet 24 hours of end of 4.7.9 4-39
drainage area drainage area )
) rainfall event
maximum 75 to 150
feetlong
2,500 square feet;
| th of fl th
er;r? coitrismir?a 5% of contributin Should drain within
Stormwater Planters ; 9 : g 6% maximum 30 to 36 inches 2 feet 24 hours of end of 4.7.10 4-42
drainage area drainage area )
) rainfall event
maximum 75 to 150
feet long
2,500 square feet;
| th of fl th I
e?r? coitrigmirp:a 5-10% of contributin Should drain within
Dry Wells ) 9 . 9 6% maximum 2 feet 2 feet 24 hours of end of 4.7.11 4-42
drainage area drainage area )
) rainfall event
maximum 75 to 150
feet long
Varies according to
Rainwater the dimensions of the
) No restrictions rain tank or cistern No restrictions N/A N/A N/A 4.7.12 4-48
Harvesting
used to store the
harvested rainwater
Should drain within
- 0, i 1l
Bioretention Areas 5 acres 5-10% (.)f contributing 6% maximum 42 to 48 inches 2 feet 48 hours of end of 4.7.13 4-50
drainage area )
rainfall event
5% of contributin Should drain within
Infiltration Practices 2to 5 acres ) g 6% maximum 42 to 48 inches 2 feet 48 hours of end of 4.7.14 4-51
drainage area )
rainfall event
0.5% to 4% Should drain within
5-10% of tributi o )
Dry Swales 5 acres o of confribufing although 1% to 2% is| 36 to 48 inches 2 feet 48 hours of end of 4.7.15 4-52

*Refer to Section 4-4 (page 4-X) for a description of the feasibility factors.

*Modified from the Coastal Stormwater Supplement to the Georgia Stormwater Management Manual
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Section 4

Table 4.3: Factors to Consider When Evaluating the Applicability of Green Infrastructure on a Development Site

Green Infrastructure

. Rural Use Suburban Use
Practice

Urban Use

Construction Cost

Maintenance

Manual Section

Page Number

Better Site Planning Techniques

Protect Primary
Conservation Areas

<
AN

Low

Low

4.5.1

46

Protect Secondary
Conservation Areas

<
AN

* | ¥

Low

Low

452

Better Site Design Techniques

Reduce Clearing and
Grading Limits

Low

Low

4.6.1

49

Reduce Roadway
Lengths and Widths

None

None

4.6.2

4-10

Use Fewer or
Alternative Cul-de-
Sacs

None

None

4.6.3

Reduce Parking Lot
Fooftprints

None

None

4.6.4

Create Landscaping
Areas in Parking Lofs

None

None

4.6.5

Reduce Driveway
Lengths and Widths

None

None

4.6.6

Reduce Sidewalk
Lengths and Widths

None

None

4.6.7

Reduce Building
Fooftprints

None

None

4.68

4-16

Reduce Setbacks and
Frontages

NEIEIRNE IE I ERNERNEN
NENAYAYAYAN IR AY A

¥l SIS H|STS] ¥ [ %] S

None

None

4.6.9

4-17

Noftes:

\/ = Suitable for use on development sites located in these areas

N/A = Not applicable.

* = Under certain situations, can be used on development sites located in these areas.

*Refer to Section 4-4 (page 4-X) for a description of the applicable factors.

*Modified from the Coastal Stormwater Supplement to the Georgia Stormwater Management Manual
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Section 4

Table 4.3: Factors to Consider When Evaluating the Applicability of Green Infrastructure on a Development Site

Greenp:'r;ftr:c:isct;ucture Rural Use Suburban Use Urban Use Construction Cost Maintenance Manual Section Page Number
Low Impact Development Practices
Alternatives to Disturbed Pervious Surfaces
Soil Restoration \/ \/ \/ Medium Low 4.7.1 4-18
;i;evsge:;e;;iﬁon / v v ¥ Medium Low 472 420
Alternatives to Impervious Surfaces
Green Roofs ¥ v v High Low 473 422
Permeable Pavement ¥ v v High High 474 425
"Receiving" Low Impact Development Practices
/Li::;s:wbed Pervious v v N/A Low Low 475 429
Vegetated Filter Strips v v ¥ Low Low 47.6 431
Grass Channels \/ \/ N/A Low Medium 4.7.7 4-34
g?cp;ir?eocvtg;pom v v ¥ Low Low 478 437
Rain Gardens v v * Low Medium 4.7.9 4-39
Stormwater Planters \/ \/ High Medium 4.7.10 4-42
Dry Wells v v v Medium Medium 4711 4-42
Rainwater Harvesting v v v Medium High 47.12 448
Bioretention Areas \/ \/ \/ Medium Medium 4.7.13 4-50
Infiltration Practices v v v Medium High 4714 451
Dry Swales v v 3 Medium Medium 47.15 452
Notes:

\/ = Suitable for use on development sites located in these areas

* = Under certain situations, can be used on development sites located in these areas.

N/A = Not applicable.

*Refer to Section 4-4 (page 4-X) for a description of the applicable factors.

*Modified from the Coastal Stormwater Supplement fo the Georgia Stormwater Management Manual
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5.0 Stormwater Management Practices

5.1 Overview

Stormwater management practices (also known as structural stormwater conftrols, structural
stormwater best management practices or structural stormwater BMPs) are engineered facilities
designed to infercept and manage post-construction stormwater runoff rates, volumes and
pollutant loads. Together with green infrastructure practices, which can be used to help prevent
increases in post-construction stormwater runoff rates, volumes and pollutant loads, stormwater
management practices can be used to help control and minimize the negative impacts of land
development and nonpoint source pollution. Stformwater management practices can be used
whenever green infrastructure practices cannot be used to completely satisfy Jasper County’s
stformwater management requirements.

This Section provides additional information about using stormwater management practices to
help meet Jasper County's stormwater management requirements.

5.2 Recommended Stormwater Management Practices

The stormwater management practices recommended for use in Jasper County have been
divided into two groups: (1) general application practices (also known as general application
controls); and (2) limited application practices (also known as limited application controls or
detention controls). Each of these groups is briefly described below.

5.2.1 General Application Practices

General application practices can be used to treat stormwater runoff and manage the
post-construction stormwater runoff rates and volumes generated by larger, less frequent rainfall
events. Several of these practices, namely bioretention areas, infiliration practices and dry
swales, can also be used to reduce post-construction stormwater runoff volumes and are also
classified as runoff reducing low impact development practices.

Since they can be used to both treat and manage post-construction stormwater runoff, it is
recommended that general application practices be used whenever green infrastructure
practices cannot be used to completely satisfy the stormwater runoff reduction and stormwater
quality protection requirements. The general application practices recommended for use in
Jasper County include:

5.2.1.1 Stormwater Ponds

Stormwater ponds are stormwater detentfion basins that have a permanent pool of water.
Post-construction stormwater runoff is conveyed into the pool, where it is both detained and
freated over an extended period of time. The types of stormwater ponds that are recommended
for use in Jasper County include:

Wet Ponds

Wet Extended Detention Ponds
Micropool Extended Detention Ponds
Multiple Pond Systems
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5.2.1.2 Stormwater Wetlands

Stormwater wetlands are constructed wetland systems built for stormwater management
purposes. Stormwater wetlands typically consist of a combination of open water, shallow marsh
and semi-wet areas, and can be used to both detain and treat post-construction stormwater
runoff. The types of stormwater wetlands that are recommended for use in Jasper County
include:

Shallow Wetlands

Extended Detention Shallow Wetlands
Pond/Wetland Systems

Pocket Wetlands

5.2.1.3 Bioretention Areas

Bioretention areas, which may also be classified as a low impact development practice, are
shallow depressional areas that use an engineered soil mix and vegetation fo intercept and treat
post-construction stormwater runoff. After passing through a bioretention area, stormwater runoff
may be returned to the stormwater conveyance system through an underdrain, or may be
allowed to fully or partially infiltrate into the surrounding soils.

5.2.1.4 Filiration Practices

Filtration practices are multi-chamber structures designed to treat post-construction stormwater
runoff using the physical processes of screening and filfration. Sand is typically used as the filter
media. After passing through a filtration practice, stormwater runoff is typically retfurned to the
conveyance system through an underdrain. The filiration practices that are recommended for
use in Jasper County include:

e Surface Sand Filter
e Perimeter Sand Filter

5.2.1.5 Infiltration Practices

Infiliration practices, which may also be classified as a runoff reducing low impact development
practice, are shallow excavations, typically filled with stone or an engineered soil mix, that are
designed to intercept and temporarily store post-construction stormwater runoff untfil it infilirates
info the surrounding soils. The infilfration practices that are recommended for use in Jasper
County include:

¢ Infilfration Trench
e Infilfration Basin

5.2.1.6 Swales
Swales are vegetated open channels that are designed to manage post-construction
stormwater runoff within wet or dry cells formed by check dams or other conftrol structures (e.g.,

culverts). The two types of swales that are recommended for use in Jasper County include:

e DrySwale
e Wet Swale
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Because of their ability to reduce annual stormwater runoff volumes and pollutant loads, dry
swales may also be classified as a low impact development practice.

5.2.2 limited Application Practices

There are two groups of limited application stormwater management practices that can be used
in Jasper County, each of which is briefly described below:

5.2.2.1 Water Quantity Management Practices

Water quantity management practices can only be used to manage the post-construction
stormwater runoff rates and volumes generated by larger, less frequent rainfall events. They
provide little, if any, stormwater runoff reduction or stormwater treatment. Consequently, it is
recommended that they be used only on a limited basis, and only when green infrastructure
practices and general application stormwater management practices cannot be used fo
completely satisfy Jasper County's water quality management requirements. The water
quantity management practices that may be used in Jasper County include:

Dry Detention Basins

Dry Extended Detention Basins
Multi-Purpose Detention Areas
Underground Detention Systems

5.2.2.2 Water Quality Management Practices

Water quality management practices can only be used fo freat post-construction stormwater
runoff. They typically have high or special maintenance requirements, provide little, if any,
stormwater runoff reduction, and cannot be used fo manage the post-construction stormwater
runoff rates and volumes generated by larger, less frequent rainfall events. Consequently, they
can only be on a limited basis, and only when green infrastructure practices and general
stormwater management application practices cannot be used to completely satisfy Jasper
County’s stormwater runoff reduction and stormwater quality protection requirements. The
water quality management practices that may be used in Jasper County include:

Organic Filters

Underground Filters
Submerged Gravel Wetlands
Gravity (Oil-Grit) Separators
Alum Treatment Systems
Proprietary Systems

53 Other Stormwater Management Practices

5.3.1 Not Recommended Stormwater Management Practices

Proprietary catch basin inserts and media filter systems are not allowed for new development
and redevelopment in Jasper County. These proprietary devices tend to clog very easily and
typically carry a very high long-term maintenance burden. Although they are not allowed for use
on new development and redevelopment sites, these proprietary devices may be used in refrofit
applications where surface space is at a premium.
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5.3.2 New and Innovative Stormwater Management Practices

The use of new and innovative stormwater management practices is encouraged in Jasper
County, provided that their ability to satisfy stormwater management design criteria has been
sufficiently documented. At its discrefion, the DSR may allow for the use of a stormwater
management practice that is not discussed in this manual. However, the DSR will not approve
practices not described in this manual without reliable information about performance, design,
and maintenance requirements.

54 Stormwater Management Practices Selection

In general, the following information should be considered when deciding what stormwater
management practices can be used on a development site:

e Ability to Help Satisfy the Stormwater Management Criteria
o Overall Feasibility
o Site Applicability

In addition, the following site characteristics and constraints, which are commonly encountered
in Jasper County should be considered and will influence the use of stormwater management
practices on a development site:

Poorly drained soils, such as hydrologic soil group C and D soils
Well drained soils, such as hydrologic soil group A and B soils
Flat terrain

Shallow water table

Tidally-influenced drainage

5.4.1 Evaluate Overadll Feasibility

The overall feasibility of each stormwater management practice should be assessed. Additional
information about the following feasibility categories is included in Table 5.2 (pages 5-42 to 5-44):

a) Drainage Area: This column describes how large of a confributing drainage area each
stormwater management practice can realistically handle. It indicates the maximum size
of the contributing drainage area that each stormwater management practice should
be designed to receive stormwater runoff from.

b) Area Required: This column indicates how much space the stormwater management
practice typically consumes on a development site.

c) Slope: This column describes the influence that site slope can have on the performance of
the stormwater management practice. It indicates the maximum or minimum slope on
which the stormwater management practice can be installed.

d) Minimum Head: This column provides an estimate of the minimum amount of elevation
difference needed within the stormwater management practice, from the inflow o the
outflow, to allow for gravity operation.

e) Minimum Depth to Water Table: This column indicates the minimum distance that should
be provided between the bottom of the stormwater management practice and the top
of the water table.

f)  Soils: This column describes the influence that the underlying soils (i.e.. hydrologic soil
groups) can have on the performance of the stormwater management practice.
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5.4.2 Evaluate Site Applicability

The applicability of the stormwater management practices on a particular development site
should be evaluated. Additional information about the following applicable categories is
included in Table 5.3 (page 5-47 to 5-48).

a) Rural Use: This column indicates whether or not the stormwater management practice is
suitable for use in rural areas and on low-density development sites.

b) Suburban Use: This column indicates whether or not the stormwater management
practice is suitable for use in suburban areas and on medium-density development sites.

c) Urban Use: This column identifies the stormwater management practices that are suitable
for use in urban and ultra-urban areas where space is at a premium.

d) Construction Cost:  This column assess the relative construction cost of each of the
stormwater management practices.

e) Maintenance: This column assesses the relative maintenance burden associated with
each stormwater management practice. It is important to note that all stormwater
management practices require some kind of routine inspection and maintenance.

55 General Application Stormwater Management Practices

This section contains information about the general application of stormwater management
practices that are recommended for use in Jasper County. Each stormwater management
practice is described, and the applicability and design is discussed, and information about how
they can be used to help satisfy Jasper County’s stormwater management requirements is
presented. The stormwater management practices profiled in this section include:

Stormwater Ponds
Stormwater Wetlands
Bioretention Areas
Filtfration Practices
Infiltration Practices
Swales

5.5.1 Stormwater Ponds

5.5.1.1 Description

Stormwater ponds (also known as retentfion ponds, wet ponds, or wet extended detention ponds)
are stormwater detention basins that are designed to have a permanent pool of water (i.e.,
dead storage) throughout the year. Post-construction stormwater runoff is conveyed into the
pool, where it is detained and tfreated over an extended period of time, primarily through
gravitational settling and biological uptake, until it is displaced by stormwater runoff from the next
rain event. The permanent pool also helps protect deposited sediments from resuspension.
Above the permanent pool, temporary storage (i.e., live storage) can be provided above the
permanent pool for stormwater quantity control. This allows stormwater ponds to both freat
stormwater runoff and manage the stormwater runoff rates and volumes generated by larger,
less frequent rainfall events on development sites.

5.5.1.2 Discussion

Stormwater ponds tfreat post-construction stormwater runoff through a combination of physical,
chemical and biological processes. The primary pollutant removal mechanism at work is
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gravitational settling, which works to remove particulate matter, organic matter, metals and
bacteria as stormwater runoff is conveyed through the permanent pool. Another primary
pollutant removal mechanism at work in stormwater ponds is biological uptake of nutrients by
algae and wetland vegetation. Volatilization and other chemical processes also work to break
down and eliminate a number of other stormwater pollutants (e.g., hydrocarbons) in stormwater
ponds.

Stormwater ponds are among the most common
stformwater management practices used in Jasper
County and the rest of the United States. They are
typically created by excavating a depressional area to
create "dead storage” below the water surface
elevation of the receiving storm drain system, stream or
other aquatic resource. A well-designed pond can be
aftractively integrated info a development site as a
landscaping feature and, if appropriately designed,
sited and landscaped, can provide some wildlife
habitat. However, caution should be used when siting a

=
— stormwater pond. Ponds should be designed fo not
Figure 5-1 negatively impact any primary conservation areas or
Stormwater Pond other natural resources. Other potential drawbacks

Source: North Carolina State

University-Biological & Agricultural Engineering associated with stormwater ponds should also be

considered, including their potential to become a
source of mosquitoes and harmful algal blooms.

There are several variations of stormwater ponds that can be used to manage post-construction
stormwater runoff on development sites, the most common of which include wet ponds, wet
extended defention ponds and micropool extended detention ponds. In addifion, multiple
stformwater ponds can be placed in series or parallel to increase storage capacity or address
specific site characteristics or constraints (e.g., flat terrain). A brief description of each of these
design variants is provided below:

a) Wet Ponds: Wet ponds are stormwater detention basins that are designed to have a
permanent pool that provides enough storage for the stormwater runoff volume
generated by the runoff reduction rainfall event. Stormwater runoff is conveyed into the
pool, where it is detained and treated over an extended period of fime, primarily through
gravitational settling and biological uptake, until it is displaced by stormwater runoff from
the next rain event. Additional temporary storage (i.e., live storage) can be provided
above the permanent pool for stormwater quantity control.

b) Wet Extended Detention (ED) Ponds: Wet extended detention ponds are wet ponds that
are designed to have a permanent pool that provides enough storage for approximately
50% of the stormwater runoff volume generated by the runoff reduction rainfall event. The
remainder of the stormwater runoff volume generated by the runoff reduction rainfall
event is managed in an extended detention zone provided immediately above the
permanent pool. During wet weather, stormwater runoff is detained in the extended
detention zone and released over a 24-hour period.

c) Micropool Extended Detention (ED) Ponds: Micropool extended detention ponds are a
variation of the standard wet extended detention pond that have only a small
permanent pool (i.e., micropool). The “micropool” provides enough storage for
approximately 10% of the stormwater runoff volume generated by the target runoff
reduction rainfall event. The remainder of the stormwater runoff volume generated by the
target runoff reduction rainfall event is managed in an extended detention zone
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provided immediately above the “micropool” and released over an extended 24-hour
period.

d) Multiple Pond Systems: Multiple pond systems consist of a series of two or more wet ponds,
wet extended detention ponds or micropool extended detention ponds. The additional
cells can increase the storage capacity provided on a development or redevelopment
site.

5.5.1.3 Stormwater Management Credits

Stormwater ponds have been assigned quantifiable stormwater management credits that can
be used to help meet Jasper County’s stormwater management requirements:

a) Stormwater Runoff Reduction: None. Although stormwater ponds provide moderate fo
high removal of many of the pollutants of concern ftypically contained in
post-construction stormwater runoff, recent research shows that they provide little, if any,
reduction of post-construction stormwater runoff volumes.  Although stand-alone
stormwater ponds cannot be used to help satisfy the stormwater runoff reduction criteria,
stformwater ponds may be used as “cisterns” in large-scale rainwater harvesting systems,
which help reduce post-construction stormwater runoff volumes on a development site.

b) Water Quality Protection: Assume that a stormwater pond provides an 80% reduction in
TSS loads, a 30% reduction in TN loads and a 70% reduction in bacterial loads.

In order to manage post-construction stormwater runoff and be eligible for these credits,
stormwater ponds must satisfy the planning and design criteria outlined below.

5.5.1.4 Planning and Design Criteria

a) General Design

i. Stormwater ponds should have a minimum contributing drainage area of 25 acres or
more for wet pond or wet ED pond to maintain a permanent pool. For a micropool ED
pond, the minimum drainage area is 10 acres. A smaller drainage area can be
considered when water availability can be confirmed (such as from a groundwater
source or areas with a high water table). Ensure that an appropriate anti-clogging
device is provided for the pond outlet.

i. A stormwater pond should be sited such that the topography allows for maximum
runoff storage at minimum excavation or construction costs. Pond siting should also
take intfo account the location and use of other site features such as buffers and
undisturbed natural areas and should attempt to aesthetically "fit" the facility into the
landscape.

ii. Stormwater ponds should not be located on steep (>15%) or unstable slopes.

iv. Stormwater ponds cannot be located within a stream or any other navigable waters
of the U.S., including wetlands, without obtaining a Section 404 permit under the
Clean Water Act, and possibly other applicable State and local permits.

v. Minimum setback requirements for stormwater pond facilities:

o From a property line - 10 feet
o From a private well - 100 feet
o From a septic system tank/leach field - 50 feet
vi. All utilities should be located outside of the pond/basin site.
vii. A well-designed stormwater pond consists of:
o Permanent pool of water,
o Overlying zone in which runoff control volumes are stored, and
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o Shallow littoral zone (aquatic bench) along the edge of the permanent pool that
acts as a biological filter.

viii. In addition, all stormwater pond designs need to include a sediment forebay at the
inflow fto the basin to allow heavier sediments to drop out of suspension before the
runoff enters the permanent pool.

ix. Additional pond design features include an emergency spillway, maintenance
access, safety bench, pond buffer, and appropriate native landscaping.

b) Physical Specifications / Geometry

In general, pond designs are unique for each site and application. However, there are a
number of geometric ratios and limiting depths for pond design that must be observed for
adequate pollutant removal, ease of maintenance, and improved safety.

i. Proper geometric design is essential to prevent hydraulic short-circuiting (unequal
distribution of inflow), which results in the failure of the pond to achieve adequate
levels of pollutant removal. The minimum length-to-width ratio for the permanent pool
shape is 1.5:1, and should ideally be greater than 3:1 to avoid short-circuiting. In
addition, ponds should be wedge-shaped when possible so that flow enters the pond
and gradually spreads out, improving the sedimentation process. Baffles, pond
shaping orislands can be added within the permanent pool to increase the flow path.

i. Maximum depth of the permanent pool should generally not exceed 8 feet to avoid
stratification and anoxic conditions. Minimum depth for the pond bottom should be 3
to 4 feet. Deeper depths near the outlet will yield cooler bottom water discharges that
may mitigate downstream thermal effects.

ii. Side slopes to the pond should not usually exceed 3: 1 (h:v) without safety precautions
or if mowing is anticipated and should terminate on a safety bench.

iv. The perimeter of all deep pool areas (4 feet or greater in depth) should be surrounded
by two benches: safety and aquatic. For larger ponds, a safety bench extends
approximately 15 feet outward from the normal water edge to the toe of the pond
side slope. The maximum slope of the safety bench should be 6%. An aquatic bench
extends inward from the normal pool edge (15 feet on average) and has a maximum
depth of 18 inches below the normal pool water surface elevation.

v. The contours and shape of the permanent pool should be irregular to provide a more
natural landscaping effect.

c) Pretreatment / Inlets

i. Each pond should have a sediment forebay or equivalent upstream pretreatment. A
sediment forebay is designed fo remove incoming sediment from the stormwater flow
prior to dispersal in a larger permanent pool. The forebay should consist of a separate
cell, formed by an acceptable barrier. A forebay is to be provided at each inlet,
unless the inlet provides less than 10% of the total design storm inflow to the pond.

i. A fixed vertical sediment depth marker shall be installed in the forebay to measure
sediment deposition over fime. The bottom of the forebay may be hardened (e.g.,
using concrete, paver blocks, efc.) fo make sediment removal easier.

ii. Inflow channels are to be stabilized with flared riprap aprons, or the equivalent. Inlet
pipes to the pond can be partially or totally submerged. Exit velocities from the
forebay must be nonerosive.

d) Outlet Structures
i. Flow conftrol from a stormwater pond is typically accomplished with the use of a
concrete or corrugated metal riser and barrel. The riser is a vertical pipe or inlet
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structure that is attached to the base of the pond with a watertight connection. The
outlet barrel is a horizontal pipe attached to the riser that conveys flow under the
embankment. The riser should be located within the embankment for maintenance
access, safety and aesthetics.

A number of outlets at varying depths in the riser provide flow control. The number of
orifices can vary and is usually a function of the pond design. Alternative hydraulic
control methods to an orifice can be used and include the use of a broad-crested
rectangular, v-notch, proportional weir, or an outlet pipe protected by a hood that
extends at least 12 inches below the normal pool.

Higher flows pass through openings or slots protected by frash racks further up on the
riser.

After entering the riser, flow is conveyed through the barrel and is discharged
downstream. Anti-seep collars may be installed on the outlet barrel to reduce the
potential for pipe failure.

Riprap, plunge pools or pads, or other energy dissipators are to be placed at the
outlet of the barrel to prevent scouring and erosion.

e) Emergency Spillway

An emergency spillway is to be included in the stormwater pond design to safely pass
the extireme flood flow. The spillway prevents pond water levels from overtopping the
embankment and causing structural damage. The emergency spillway must be
located so that downstream structures will not be impacted by spillway discharges.

A minimum of 1 foot of freeboard must be provided, measured from the top of the
water surface elevation for the 100-year flood event to the lowest point of the dam
embankment, not counting the emergency spillway.

f) Safety Features

Fencing of ponds is not generally desirable. A preferred method is to manage the
contours of the pond through the inclusion of a safety bench (see above) to eliminate
dropoffs and reduce the potential for accidental drowning. In addition, the safety
bench may be landscaped to deter access to the pool.

The principal spillway opening should not permit access by small children, and
endwalls above pipe outfalls greater than 48 inches in diameter should be fenced to
prevent access. Warning signs should be posted near the pond to prohibit swimming
and fishing in the facility.

g) Landscaping

Aquatic vegetation can play an important role in pollutant removal in a stormwater
pond. In addition, vegetation can enhance the appearance of the pond, stabilize
side slopes, serve as wildlife habitat, and can temporarily conceal unsightly frash and
debris. Therefore, wetland plants should be encouraged in a pond design, along the
aqguatic bench (fringe wetlands), the safety bench and side slopes (ED ponds), and
within shallow areas of the pool itself. The best elevations for establishing wetland
plants, either through fransplantation or volunteer colonization, are within 6 inches
(plus or minus) of the normal pool elevation.

Woody vegetation may not be planted on the embankment or allowed to grow
within 15 feet of the toe of the embankment and 25 feet from the principal spillway
structure.

A pond buffer should be provided that extends 25 feet outward from the maximum
water surface elevation of the pond. The pond buffer should be contiguous with other
buffer areas that are required by other regulations or that are part of the overall
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Vi.

Vii.

stormwater management concept plan. No structures should be located within the
buffer, and an additional setback to permanent structures may be provided.

Existing frees should be preserved in the buffer area during construction. It is desirable
to locate forest conservation areas adjacent to ponds. To discourage resident geese
populations, the buffer can be planted with trees, shrubs and native ground covers.
The soils of a pond buffer are often severely compacted during the construction
process to ensure stability. The density of these compacted soils is so great that it
effectively prevents root penetration and therefore may lead to premature mortality
or loss of vigor. Conseqguently, it is advisable to excavate large and deep holes
around the proposed planting sites and backfill these with uncompacted topsail.

A fountain or solar-powered aerator may be used for oxygenation of water in the
permanent pool.

Compatible multi-objective use of stormwater pond locations is strongly encouraged.

5.5.1.5 Construction Considerations

To help ensure that stormwater ponds are successfully installed on a development site, the
following are recommended:

a) Because stormwater ponds are typically installed early in the construction phase, they
may accumulate a significant amount of sediment during construction. Any
accumulated sediment should be removed from stormwater ponds near the end of the
construction phase.

b) To help prevent excessive sediment accumulation, stormwater runoff may be diverted
around the stormwater pond until the contributing drainage area has become stabilized.

c) Sediment markers should be installed in forebays and permanent pools to help determine
when sediment removal is needed.

5.5.2 Stormwater Wetlands

5.5.2.1 Description

Stormwater wetlands (also known as constructed
wetlands) are constructed wetland systems built
for stormwater management purposes. They
typically consist of a combination of open water,
shallow marsh and semi-wet areas that are
located just above the permanent water surface.
As stormwater runoff flows through a wetland, it is
freated, primarily through gravitational settling
and biological uptake. Temporary storage (i.e.,
live storage) can be provided above the
permanent water surface for stormwater quantity
confrol. This allows wetlands to both freat
stormwater runoff and manage the stormwater
— runoff rates and volumes generated by larger
Figure 5-2 rainfall events.
Stormwater Wetland
Source: F. X. Browne, Inc.
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5.5.2.2 Discussion

Stormwater wetlands treat post-construction stormwater runoff through a combination of
physical, chemical and biological processes. The primary pollutant removal mechanisms at work
in stormwater wetlands are biological uptake, physical screening and gravitational settling. Other
pollutant removal mechanisms at work in stormwater wetlands include volatilization and other
biological and chemical processes.

Stormwater wetlands are among the most effective stormwater management practices that can
be used Jasper County and the rest of the United States. They are typically created by
excavating a depressional area to create “dead storage” below the water surface elevation of
the receiving storm drain system, stream or other aquatic resource. A well-designed stormwater
wetland can be aftractively integrated into a development site as a landscaping feature and, if
appropriately designed, sited and landscaped, can provide valuable wildlife habitat.
Stormwater wetlands differ from natural wetland systems in that they are engineered facilities
designed specifically for the purpose of managing post-construction stormwater runoff. They
typically have less biodiversity than natural wetlands in terms of both plant and animal life but, like
natural wetlands, require contfinuous base flow or a high water table to maintain a permanent
water surface and support the growth of aquatic vegetation.

There are several variations of stormwater wetlands that can be used to manage
post-construction stormwater runoff on development sites, including shallow wetlands, shallow
extended detention wetlands and pocket wetlands. In addition, stormwater wetlands can be
used in combination with stormwater ponds to increase storage capacity or address specific site
characteristics or constraints (e.g., flat terrain). A brief description of each of these design variants
is provided below:

a) Shallow Wetlands: In a shallow wetland, most of the storage volume provided by the
wetland is contained in some relatively shallow high marsh and low marsh areas. The only
deep water areas found within a shallow wetland are the forebay, which is located at the
entrance to the wetland, and the micropool, which is located at the outlet. One
disadvantage to the shallow wetland design is that, since most of the storage volume is
provided in the relatively shallow high marsh and low marsh areas, a large amount of land
may be needed to provide enough storage for the stormwater runoff volume generated
by the runoff reduction rainfall event.

b) Shallow Extended Detentfion (ED) Wetlands: A shallow extended detention wetland is
essentially the same as a shallow wetland, except that approximately 50% of the
stormwater runoff volume generated by the runoff reduction rainfall event is managed in
an extended detention zone provided immediately above the permanent water surface.
During wet weather, stormwater runoff is detained in the extended detention zone and
released over a 24-hour period. Although this design variant requires less land than the
shallow wetland design variant, it can be difficult to establish vegetation within the
extended detention zone due to the fluctuating water surface elevations found within.

c) Pond/Wetland Systems: A pond/wetland system has two separate cells, one of whichis a
wet pond and the other of which is a shallow wetland. The wet pond cell is used to frap
sediment and reduce stormwater runoff velocities upstream of the shallow wetland cell.
Less land is typically required for pond/wetland systems than for shallow wetlands or
shallow extended detention wetlands.

d) Pocket Wetlands: Pocket wetlands can be used to intercept and manage stormwater
runoff from relatively small drainage areas of up to about 10 acres in size. In order o
ensure that they have a permanent water surface throughout the year, they are typically
designed to interact with the groundwater table.
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5.5.2.3

Stormwater Management Credits

Stormwater wetlands have been assigned quantifiable stormwater management credits that
can be used to meet Jasper County's stormwater management requirements:

a)

c)

Stormwater Runoff Reduction: None. Although stormwater wetlands provide moderate
to high removal of many of the pollutants of concern typically contained in
post-construction stormwater runoff, recent research shows that they provide little, if any,
reduction of post-construction stormwater runoff volumes.

Water Quality Protection: Assume that a stormwater wetland provides an 80% reduction
in TSS loads, a 30% reduction in TN loads and an 80% reduction in bacteria loads.

Planning and Design Criteria

Location and Siting

i. Stormwater wetlands should normally have a minimum confributing drainage area of
25 acres or more. For a pocket wetland, the minimum drainage area is 5 acres.

i. A contfinuous base flow or high water table is required to support wetland vegetation.

ii. Weftland siting should also take info account the location and use of other site
features such as natural depressions, buffers, and undisturbed natural areas, and
should attempt to aesthetically “fit” the facility into the landscape.

iv. Stormwater wetlands cannot be located within navigable waters of the U.S., including
wetlands, without obtaining a Section 404 permit under the Clean Water Act, and
other state and local permits.

v. |If possible, a wetland should be designed as an off-line system to bypass higher flows
rather than passing them through the wetland system.

vi. Minimum setback requirements for stormwater facilities (when not specified by local
ordinance or criterial):

o From a property line — 10 feet

o From a private well — 100 feet

o From a septic system tank / leach field - 50 feet
vii. All utilities should be located outside of the wetland site.

General Design

i. A well-designed stormwater wetland consists of:

o Shallow marsh areas of varying depths with wetland vegetation,
o Permanent micropool, and
o Overlying zone in which runoff control volumes are stored.

i. In addition, all wetland designs must include a sediment forebay at the inflow to the
facility to allow heavier sediments to drop out of suspension before the runoff enters
the wetland marsh.

iii. Additional pond design features include an emergency spillway, maintenance
access, safety bench, wetland buffer, and appropriate wetland vegetation and
nafive landscaping.

Physical Specifications / Geometry

i. The stormwater wetland should be designed with the recommended proportion of
depth zones. Each of the four wetland design variants has depth zone allocations
which are given as a percentage of the stormwater wetland surface area. The four
basic depth zones are:
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Vi.

o Deepwater Zone: From 1.5 to 6 feet deep. Includes the outlet micropool and
deepwater channels through the wetland facility. This zone supports little
emergent wetland vegetation, but my support submerged or floating
vegetatfion.

o Low Marsh Zone: From 6 to 18 inches below the normal permanent pool or
water surface elevation. This zone is suitable for the growth of several
emergent wetland plant species.

o High Marsh Zone: From 6 inches below the pool to the normal pool elevation.
This zone will support a greater density and diversity of wetland species than
the low marsh zone. The high marsh zone should have a higher surface area
to volume ratio than the low marsh zone.

o Semi-wet Zone: Those areas above the permanent pool that are inundated
during larger storm events. This zone supports a number of species that can
survive flooding.

A minimum dry weather flow path of 2:1 (length and width) is required from inflow to
outlet across the stormwater wetland and should ideally be greater than 3:1. This
path may be achieved by constructing internal dikes or berms, using marsh plantings,
and by using multiple cells. Finger dikes are commonly used in surface flow systems
to create serpentine configurations and prevent short-circuiting. Microtopography
(contours along the bottom of a wetland or marsh that provide a variety of conditions
for different species needs and increases the surface area to volume ratio) is
encouraged to enhance wetland diversity.

A 4- to 6-foot deep micropool must be included in the design at the outlet to prevent
the outlet from clogging and resuspension of sediments, and to mitigate thermal
effects.

Maximum depth of any permanent pool areas should generally not exceed 6 feet.
The perimeter of all deep pool areas (4 feet or greater in depth) should be surrounded
by safety and aquatic benches similar fo those for stormwater ponds.

The contours of the wetland should be iregular to provide a more natural
landscaping effect.

d) Pretreatment / Inlets

Sediment regulation is critical to sustain stormwater wetlands. A wetland facility
should have a sediment forebay or equivalent upstream pretreatment. A sediment
forebay is designed to remove incoming sediment from the stormwater flow prior to
dispersal into the wetland. The forebay should consist of a separate cell, formed by
an acceptable barrier. A forebay is fo be provided at each inlet, unless the inlet
provides less than 10% of the total design storm inflow to the wetland facility.

A fixed vertical sediment depth marker shall be installed in the forebay to measure
sediment deposition over time. The bottom of the forebay may be hardened (e.g.,
using concrete, paver blocks, efc.) fo make sediment removal easier.

Inflow channels are to be stabilized with flared riprap aprons, or the equivalent. Inlet
pipes to the pond can be partially or totally submerged. Exit velocities from the
forebay must be nonerosive.

e) Outlet Structures

Flow control from a stormwater wetland is typically accomplished with the use of a
concrete or corrugated metal riser and barrel. The riser is a vertical pipe or inlet
structure that is attached to the base of the micropool with a watertight connection.
The outlet barrel is a horizontal pipe attached to the riser that conveys flow under the
embankment. The riser should be located within the embankment for maintenance
access, safety and aesthetics.
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f)

A number of outlets at varying depths in the riser provide flow control. The number of
orifices can vary and is usually a function of the pond design.

For shallow and pocket wetlands, the riser configuration is typically comprised of a
channel protection outlet (usually an orifice) and overbank flood protection outlet
(often a slot or weir). The channel protection orifice is sized to release the channel
protection storage volume over a 24-hour period. Since the water quality volume is
fully contained in the permanent pool, no orifice sizing is necessary for this volume. As
runoff from a water quality event enters the wet pond, it simply displaces that same
volume through the channel protection orifice. Thus an off-line shallow or pocket
wetland providing only water quality freatment can use a simple overflow weir as the
outlet structure.

Alternative hydraulic control methods to an orifice can be used and include the use
of a broad-crested rectangular, V-notch, proportional weir, or an outlet pipe
protected by a hood that extends at least 12 inches below the normal pool.

Higher flows pass through openings or slots protected by frash racks further up on the
riser.

After entering the riser, flow is conveyed through the barrel and is discharged
downstream. Anfi-seep collars may be installed on the outlet barrel to reduce the
potential for pipe failure.

Riprap, plunge pools or pads, or other energy dissipaters are to be placed at the
outlet of the barrel to prevent scouring and erosion.

Emergency Spillway

An emergency spillway is to be included in the stormwater wetland design to safely
pass flows that exceed the design storm flows. The spillway prevents the wetland's
water levels from overtopping the embankment and causing structural damage.
The emergency spillway must be located so that downstream structures will not be
impacted by spillway discharges.

A minimum of 1 foot of freeboard must be provided, measured from the top of the
water surface elevation for the 100-year flood event to the lowest point of the wetland
embankment, not counting the emergency spillway.

g) Safety Features

Fencing of wetlands is not generally desirable. A preferred method is to manage the
contours of deep pool areas through the inclusion of a safety bench to eliminate
drop-offs and reduce the potential for accidental drowning.

The principal spillway opening should not permit access by small children, and
endwalls above pipe outfalls greater than 48 inches in diameter should be fenced to
prevent a hazard.

Landscaping

A landscaping plan should be provided that indicates the methods used fo establish
and maintain wetland coverage. Minimum elements of a plan include: delineation
of landscaping zones, selection of corresponding plant species, planfing plan,
sequence for preparing wetland bed (including soil amendments, if needed) and
sources of plant material.

Landscaping zones include low marsh, high marsh, and semi-wet zones. The low
marsh zone ranges from 6 to 18 inches below the normal pool. This zone is suitable for
the growth of several emergent plant species. The high marsh zone ranges from 6
inches below the pool up to the normal pool. This zone will support greater density
and diversity of emergent wetland plant species. The high marsh zone should have a
higher surface area to volume ratfio than the low marsh zone. The semi-wet zone
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refers to those areas above the permanent pool that are inundated on an irregular
basis and can be expected to support wetland plants.

ii. The landscaping plan should provide elements that promote greater wildlife and
waterfowl use within the wetland and buffers.

iv. Woody vegetation may not be planted on the embankment or allowed to grow
within 15 feet of the foe of the embankment and 25 feet from the principal spillway
structure.

v. A weftland buffer shall extend 25 feet outward from the maximum water surface
elevation, with an additional 15-foot setback to structures. The wetland buffer should
be contfiguous with other buffer areas that are required by other regulations or that
are part of the overall stormwater management concept plan. No structures should
be located within the buffer, and an additional setback to permanent structures may
be provided.

vi. Existing trees should be preserved in the buffer area during construction. It is
desirable to locate forest conservation areas adjacent to ponds. To discourage
resident geese populations, the buffer can be planted with trees, shrubs and native
ground covers.

vii. The soils of a wetland buffer are often severely compacted during the constructfion
process to ensure stability. The density of these compacted soils is so great that it
effectively prevents root penetration and therefore may lead to premature mortality
or loss of vigor. Consequently, it is advisable to excavate large and deep holes
around the proposed planting sites and back fill these with uncompacted topsoail.

5.5.2.5 Construction Considerations

To help ensure that stormwater wetlands are successfully installed on a development site, the
following are recommended:

a)

b)

c)

d)

5.5.3

While the earthwork for a stormwater wetland can be completed early in the construction
phase, stormwater wetlands should not be landscaped until the end of the construction
phase, when the contributing drainage area has been stabilized.

Because stormwater wetlands are typically installed early in the construction phase, they
may accumulate a significant amount of sediment during construction. Any
accumulated sediment should be removed from stormwater wetlands near the end of
the construction phase.

To help prevent excessive sediment accumulation, stormwater runoff may be diverted
around the stormwater wetland until the contributing drainage area has become
stabilized.

Sediment markers should be installed in forebays and permanent pools to help determine
when sediment removal is needed.

Bioretention Areas

5.5.3.1 Description

Bioretention areas (also known as bioretention filters and biofilters), which may also be classified
as a low impact development practice, are shallow depressional areas that are filled with an
engineered soil mix and are planted with trees, shrubs and other herbaceous vegetation.
Bioretention areas are designed to capture and temporarily store stormwater runoff in the
engineered soil mix, where it is subjected to the hydrologic processes of evaporation and
franspiration, before being conveyed back into the storm drain system through an underdrain or
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allowed to infiltrate into the surrounding soils. This allows them to provide measurable reductionsin
post-construction stormwater runoff rates, volumes and pollutant loads on development sites.

5.5.3.2 Discussion

Bioretention areas are one of the most effective stormwater management practices that can be
used in Jasper County to reduce post-construction stormwater runoff rates, volumes and
pollutant loads. They also provide a number of other benefits, including improved aesthetics,
wildlife habitat, urban heat island mitigation and improved air quality. Bioretention areas differ
from rain gardens, in that they are designed to receive stormwater runoff from larger drainage
areas and may be equipped with an underdrain.

5.5.3.3 Stormwater Management Credits

Bioretention areas have been assigned quantifiable stormwater management credits that can
be used to meet Jasper County’s stormwater management requirements:

a) Stormwater Runoff Reduction: Subtract 100% of the storage volume provided by a non-
underdrained bioretention area from the runoff reduction volume conveyed through the
bioretention area. Subtract 50% of the storage volume provided by an underdrained
bioretention area from the runoff reduction volume conveyed through the bioretention
areq.

b) Water Quality Protection: Assume that a bioretention area provides an 80% reduction in
1SS loads, a 60% reduction in TN loads and an 80% reduction in bacteria loads.

5.5.3.4 Planning and Design Criteria

Bioretention areas shall meet all of the following criteria to be eligible for the stormwater
management credits described above:

a) Although bioretention areas can be used to manage post-construction stormwater runoff
from conftributing drainage areas as large as 5 acres in size, contributing drainage areas
of between 2,500 square feet and 2 acres are preferred. Multiple bioretention areas can
be used to manage stormwater runoff from larger contributing drainage areas.

b) Although bioretention areas may be used on development sites with slopes of up to 6%,
they should be designed with slopes that are as close to flat as possible to help ensure
that stormwater runoff is evenly distributed over the plantfing bed.

c) Bioretention areas can be designed without an underdrain on development sites that
have underlying soils with an infiliration rate of 0.25 inches per hour (in/hr) or greater, as
determined by NRCS soil survey data and subsequent field testing. Field infiltration test
shall be approved by the DSR prior to use.

d) Although the number of infiltration tests needed on a development site will ultimately be
determined by the local development review authority, at least one infiltration test is
recommended for each bioretention area that will be used on the development site. If
the infiliration rate of the underlying soils on the development site is not 0.25 inches per
hour (in/hr) or greater, an underdrain should be included in the bioretention area design.

e) Since clay lenses or any other restrictive layers located below the bottom of a
bioretention area will reduce soil infiliration rates, infiltration testing should be conducted
within any confining layers that are found within 4 feet of the bottom of a proposed
bioretention area.
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f)

9)

K)

Bioretention areas should be designed to provide enough storage for the stormwater

runoff volume generated by the target runoff reduction rainfall event (e.g., 85" percentile
rainfall event).
Bioretention areas should be designed to completely drain within 48 hours of the end of a
rainfall event. Where site characteristics allow, it is preferable to design bioretention areas
to drain within 24 hours of the end of a rainfall event to help prevent the formation of
nuisance ponding conditions.
Unless a shallow water table is found on the development site, all bioretention area
planting beds should be at least 36 inches deep. If a shallow water table is found on the
development site, the depth of the planting bed may be reduced to 18 inches.
The soils used within bioretention area planting beds should be an engineered soil mix that
meets the following specifications:

i. Texture: Sandy loam or loamy sand.

i. Sand Content: Soils should contain 85%-88% clean, washed sand.

ii. Topsoil Content: Soils should contain 8%-12% topsoil.

iv. Organic Matter Content: Soils should contain 3%-5% organic matter.

v. Infiltration Rate: Soils should have an infiltration rate of at least 0.25 inches per hour

(in/hr), although an infilfration rate of between 1 and 2 in/hr is preferred.
vi. Phosphorus Index (P-Index): Soils should have a P-Index of less than 30.
vii. Exchange Capacity (CEC): Soils should have a CEC that exceeds 10
milliequivalents (meq) per 100 grams of dry weight.

viii. pH: Soils should have a pH of 6-8.
The organic matter used within a bioretention area planting bed should be a well-aged
compost that meets the specifications outlined in the section pertaining to soil restoration
(Section 4.7.1, page 4-17).
Bioretention areas should be preceded by a pea gravel (i.e., ASTM D 448 Size No. 8, 3/8"
to 1/8") diaphragm or equivalent level spreader device (e.g., concrete sills, curb stops,
curbs with “sawteeth” cut into them) and appropriate pretreatment device, such as a
vegetated filter strip or sediment forebay.
If no underdrain is required, underlying native soils should be separated from the planting
bed by a thin, 2 to 4 inch layer of choker stone (i.e., ASTM D 448 size No. 8, 3/8" to 1/8" or
ASTM D 448 size No. 89, 3/8" to 1/16"). The choker stone should be placed between the
planting bed and the underlying native soils.
If an underdrain is required, it should be placed beneath the planting bed. The
underdrain should consist of a 4 fo 6 inch perforated PVC (AASHTO M 252) pipe bedded in
an 8 inch layer of clean, washed stone. The pipe should have 3/8 inch perforations,
spaced 6 inches on center, and should have a minimum slope of 0.5%. The clean, washed
stone should be ASTM D448 size No. 57 stone (i.e., 1-1/2to 1/2 inches in size) and should be
separated from the planting bed by a thin, 2 to 4 inch layer of choker stone (i.e., ASTM D
448 size No. 8, 3/8" to 1/8" or ASTM D 448 size No. 89, 3/8" to 1/16").
Bioretention areas should be designed with side slopes of 3:1 (H:V) or flatter.
The depth from the bottom of a bioretention area to the top of the water table should be
at least 2 feet to help prevent ponding and ensure proper operation of the bioretention
area. On development sites with high water tables, small stormwater wetlands (i.e.,
pocket wetlands) should be used to intercept and freat post-construction stormwater
runoff.
To prevent damage to building foundations and contamination of groundwater aquifers,
bioretention areas, should be located at least:

i. 10 feet from building foundations

i. 10 feet from property lines

ii. 100 feet from private water supply wells

iv. 1,200 feet from public water supply wells
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qa)

s)

v. 100 feet from septic systems

vi. 100 feet from surface waters

vii. 400 feet from public water supply surface waters

Consideration should be given to the stormwater runoff rates and volumes generated by
larger storm events to help ensure that these larger storm events are able to safely bypass
the bioretention area. An overflow system should be designed to convey the stormwater
runoff generated by these larger storm events safely out of the bioretention area.
Methods that can be used to accommodate the stormwater runoff rates and volumes
generated by these larger storm events include:

i. Using yard drains or storm drain inlets set at the maximum ponding depth to
collect excess stormwater runoff.

i. Placing a vertical gravel curtain drain at the downstream end of the bioretention
area) to provide additional conveyance of stormwater runoff into the underdrain
after the planting bed has been filled.

ii. Placing a perforated pipe (e.g., underdrain) near the top of the planting bed to
provide additfional conveyance of stormwater runoff after the planting bed has
been filled.

A landscaping plan should be prepared for all bioretention areas. The landscaping plan
should be reviewed and approved by the local development review authority prior to
construction.

Vegetation commonly planted in bioretention areas includes nafive frees, shrubs and
other herbaceous vegetation. When developing a landscaping plan, vegetation that will
be able to stabilize soils and tolerate the stormwater runoff rates and volumes that will
pass through the bioretention area should be chosen. Vegetation used in bioretention
areas should also be able to tolerate both wet and dry conditions.

A mulch layer, consisting of 2-4 inches of fine shredded hardwood mulch or shredded
hardwood chips, should be included on the surface of the bioretention area.

Methods used to establish vegetative cover within a bioretention area should achieve at
least 75 percent vegetative cover one year after installation.

To help prevent soil erosion and sediment loss, landscaping should be provided
immediately after the bioretention area has been installed. Temporary irrigation may be
needed to quickly establish vegetative cover within a bioretention area.

5.5.3.5 Construction Considerations

To help ensure that bioretention areas are successfully installed on a development site, site
planning and design teams should consider the following recommendations:

a)

b)

To prevent practice failure due to sediment accumulation and pore clogging,
bioretention areas should only be installed after their contributing drainage areas have
been completely stabilized. To help prevent practice failure, stormwater runoff may be
diverted around the bioretention area until the contributing drainage area has become
stabilized.

Simple erosion and sediment control measures, such as temporary seeding and erosion
control mats, should be used within the bioretention area. Appropriate measures should
be taken (e.g., temporary diversion) to divert post-construction stormwater runoff around
a bioretention area until vegetative cover has been established.

To help prevent soil compaction, heavy vehicular and foot fraffic should be kept out of
bioretention areas before, during and after construction. This can typically be
accomplished by clearly delineating bioretention areas on all development plans and, if
necessary, protecting them with temporary construction fencing.
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d) The native soils along the bottom of the bioretention area should be scarified or tilled to a
depth of 3 to 4 inches prior to the placement of the underdrain and/or engineered soail
mix.

e) Construction contracts should contain a replacement warranty that covers at least three
growing seasons to help ensure adequate growth and survival of the vegetation planted
within a bioretention area.

5.5.4 Filiration Practices
5.5.4.1 Description

Most filtration practices are two-chamber structures. The first chamber is a sediment forebay or
sedimentation chamber, which works to remove trash, debris and larger sediment particles. The
second chamber is a filtration chamber, which removes additional stormwater pollutants by
conveying stormwater runoff through a filter media. After passing through the filter media (e.g.,
sand), stormwater runoff is typically returned to the conveyance system through an underdrain.
Because they have very few site constraints beyond head requirements (i.e., vertical distance
between inlet and outlet), filtration practices can often be used on development sites where
other stormwater management practices, such as stormwater ponds and infilfration practices,
cannot.

5.5.4.2 Discussion

Filtration practices treat stormwater runoff primarily through
a combination of the physical processes of gravitational
settling, physical screening, filtration, absorption and
adsorption. The filtration process effectively removes
suspended solids, particulate matter, heavy metals and
fecal coliform bacteriac and other pathogens from
stormwater runoff. Surface filters that are designed with
vegetative cover provide additional opportunities for
biological uptake of nutrients by the vegetation and for
biological decomposition of other stormwater pollutants,
such as hydrocarbons.

There are several variations of filtration practices that can
be used to manage post-construction stormwater runoff on
development sites, the most common of which include -
surface sand filters and perimeter sand filters. A brief Figure 5-3

description of each of these design variants is provided Perimeter Sand Filter in Parking Lot
below: Source: Clean Water Education

Partnership

a) Surface Sand Filters: Surface sand filters are ground-level, open air practices that consist of
a pretreatment forebay and a filter bed chamber. Surface sand filters can tfreat
stormwater runoff from confributing drainage areas as large as 10 acres in size and are
typically designed as off-line stormwater management practices. Surface sand filters can
be designed as excavations, with earthen side slopes, or as structural concrete or block
structures.

b) Perimeter Sand Filters: Perimeter sand filters are enclosed stormwater management
practices that are typically located just below grade in a french along the perimeter of
parking lot, driveway or other impervious surface. Perimeter sand filters consist of a
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pretreatment forebay and a filter bed chamber. Stormwater runoff is conveyed into a
perimeter sand filter through grate inlets located directly above the system.

Other design variants, including the underground sand filter and the organic filter, are intended
primarily for use on ulira-urban development sites, where space is limited.

5.5.4.3 Stormwater Management Credits

Filtration practices have been assigned quantifiable stormwater management credits that can
be used to help meet Jasper County’s stormwater management requirements:

a) Stormwater Runoff Reduction: None. Although filiration practices provide moderate to
high removal of many of the pollutants of concern ftypically contained in
post-construction stormwater runoff, recent research shows that they provide little, if any,
reduction of post-construction stormwater runoff volumes.

b) Water Quality Protection: Assume that a filiration practice provides an 80% reduction in
TSS loads, a 30% reduction in TN loads and a 40% reduction in bacteria loads.

In order to manage post-construction stormwater runoff and be eligible for these “credits,”
filtration practices must satisfy the planning and design criteria outlined below.

5.5.4.4 Planning and Design Criteria

a) Location and Siting

i. Surface sand filters should have a confributing drainage area of 10 acres or less. The
maximum drainage area for a perimeter sand filter is 2 acres.

i. Sand filter systems are generally applied to land uses with a high percentage of
impervious surfaces. Sites with less than 50% imperviousness or high clay/silt sediment
loads must not use a sand filter without adequate prefreatment due to potential
clogging and failure of the filter bed. Any disturbed areas within the sand filter facility
drainage area should be identified and stabilized. Filtration controls should only be
constructed after the construction site is stabilized.

ii. Surface sand filters are generally used in an off-line configuration where the water
quality volume is diverted to the filter facility through the use of a flow diversion
structure and flow splitter. Stormwater flows greater than the water quality volume are
diverted to other conftrols or downstream using a diversion structure or flow splitter.

iv. Perimeter sand filters are typically sited along the edge, or perimeter, of an impervious
area such as a parking lof.

v. Sand filter systems are designed for infermittent flow and must be allowed to drain
and reaerate between rainfall events. They should not be used on sites with a
continuous flow.

b) Surface Sand Filter. A surface sand filter facility consists of a two-chamber open-air
structure, which is located at ground-level. The first chamber is the sediment forebay
(a.k.a sedimentation chamber) while the second chamber houses the sand filter bed.
Flow enters the sedimentation chamber where settling of larger sediment particles occurs.
Runoff is then discharged from the sedimentation chamber through a perforated
standpipe info the filfration chamber. After passing though the filter bed, runoff is
collected by a perforated pipe and gravel underdrain system.

c) Perimeter Sand Filter. A perimeter sand filter facility is a vault structure located just below
grade level. Runoff enters the device through inlet grates along the top of the structure
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f)

g

info the sedimentation chamber. Runoff is discharged from the sedimentation chamber
through a weir into the filfration chamber. After passing though the filter bed, runoff is
collected by a perforated pipe and gravel underdrain system.

Pretreatment / Inlets

i. Pretreatment of runoff in a sand filter system is provided by the sedimentation
chamber.

i. Inlets to surface sand filters are to be provided with energy dissipaters. Exit velocities
from the sedimentation chamber must be nonerosive.

Outlet Structures. Outlet pipe is to be provided from the underdrain system to the facility
discharge. Due to the slow rate of filtfration, outlet protection is generally unnecessary
(except for emergency overflows and spillways).

Emergency Spillway. An emergency or bypass spillway must be included in the surface
sand filter to safely pass flows that exceed the design storm flows. The spillway prevents
filter water levels from overtopping the embankment and causing structural damage. The
emergency spillway should be located so that downstream buildings and structures will
not be impacted by spillway discharges.

Maintenance Access. Adequate access must be provided for all sand filter systems for
inspection and maintenance, including the appropriate equipment and vehicles. Access
grates to the filter bed need to be included in a perimeter sand filter design. Facility
designs must enable maintenance personnel to easily replace upper layers of the filter
media.

Safety Features. Surface sand filter facilities can be fenced to prevent access. Inlet and
access grates to perimeter sand filters may be locked.

Landscaping. Surface filters can be designed with a grass cover to aid in pollutant
removal and prevent clogging. The grass should be capable of withstanding frequent
periods of inundation and drought.

5.5.4.5 Construction Considerations

To help ensure that filiration practices are successfully installed on a development site, the
following are recommended:

a)

To prevent practice failure due to sediment accumulation and pore clogging, filtration
practices should only be installed after their confributing drainage areas have been
completely stabilized. To help prevent practice failure, stormwater runoff may be diverted
around the filtration practice until the contributing drainage area has become stabilized.
Simple erosion and sediment control measures, such as temporary seeding and erosion
control mats, should be used within any landscaped filtiration practices (e.g., surface sand
filters). Appropriate measures should be taken (e.g., temporary diversion) to divert
post-construction stormwater runoff around a landscaped filtration practice untfil
vegetative cover has been established.

To help prevent soil compaction, heavy vehicular and foot fraffic should be kept out of
filtration practices during and after construction.

Construction contracts should contain a replacement warranty that covers at least three
growing seasons to help ensure adequate growth and survival of the vegetation planted
within a landscaped filiration practice.
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5.5.5 Infiltration Practices

5.5.5.1 Description

Infiltration practices, which may also be classified as a runoff reducing low impact development
practice, are shallow excavations, typically filled with stone or an engineered soil mix, that are
designed to intercept and temporarily store post-construction stormwater runoff until it infiltrates
info the underlying and surrounding soils. If properly designed, they can provide significant
reductions in post-construction stormwater runoff rates, volumes and pollutant loads on
development sites. Therefore, infiltration practices can be used to help meet Jasper County’s
stormwater management requirements.

5.5.5.2 Discussion

Although infiltration practices can provide significant reductions in post-construction stormwater
runoff rates, volumes and pollutant loads, they have historically experienced high rates of failure
due to clogging caused by poor design, poor construction and neglected maintenance. If
infiltration practices are to be used on a development site, great care should be taken to ensure
that they are adequately designed, carefully installed and properly maintained over time. They
should only be applied on development sites that have permeable saoils (i.e., hydrologic soil
group A and B soils) and that have a water table and confining layers (e.g., clay lenses) that are
located aft least 2 feet below the bottom of the trench or basin. Addifionally, infiltration practices
should always be designed with adequate pretreatment (e.g., vegetated filter strip, sediment
forebay) to prevent sediment from reaching them and causing them to clog and fail.

There are two maijor variations of infiliration practices, namely infiliration frenches and infiliration
basins. A brief description of each of these design variants is provided below:

a) Infiltration Trenches: Infiliration trenches
are excavated trenches filled with stone.
Stormwater runoff is captured and
temporarily stored in the stone reservorr,
where it is allowed to infilirate info the
surrounding and underlying native soils.
Infiltration trenches can be used fo
manage post-construction stormwater
runoff from conftributing drainage areas
of up to 2 acres in size and should only be
used on development sites where
sediment loads can be kept relatively
low.

b) Infilfration Basins: Infiltfration basins are
shallow, landscaped excavations filled
with an engineered soil mix. They are
designed to capture and temporarily
store stormwater runoff in the engineered
soil mix, where it is subjected to the hydrologic processes of evaporation and
transpiration, before being allowed to infiltrate info the surrounding soils. They are
essentially non-underdrained bioretention areas, and should also only be used on
development sites where sediment loads can be kept relatively low.

Figure 5-4
Infiltration Trench
Source: Bellingham, WA
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5.5.5.3 Stormwater Management Credits

Infiltration practices have been assigned quantifiable stormwater management credits that can
be used to help meet Jasper County’s stormwater management requirements:

a) Stormwater Runoff Reduction: Subfract 100% of the storage volume provided by an
infiltration practice from the runoff reduction volume conveyed through the infiliration
practice.

b) Water Quality Protection: Assume that an infiltration practice provides an 80% reduction in
TSS loads, an 60% reduction in TN loads and an 80% reduction in bacteria loads.

In order to manage post-construction stormwater runoff and be eligible for these credits,
infiltration practices must satisfy the planning and design criteria outlined below.

5.5.5.4 Planning and Design Criteria

Infiliration practices must meet all of the following criteria to be eligible for the stormwater
management “credits” described above:

a) Infiltration trenches should be used to manage post-construction stormwater runoff from
relatively small drainage areas of 2 acres or less. The stormwater runoff rates and volumes
from larger contributing drainage areas typically become too large to be properly
managed within an infiltration tfrench.

b) Although infiliration basins can be used to manage post-construction stormwater runoff
from confributing drainage areas as large as 5 acres in size, contributing drainage areas
of between 2,500 square feet and 2 acres are preferred. Multiple infiliration basins can be
used to manage stormwater runoff from larger contributing drainage areas.

c) Although infiltration practices may be used on development sites with slopes of up to 6%,
they should be designed with slopes that are as close to flat as possible to help ensure
that stormwater runoff is evenly distributed over the stone reservoir or planting bed.

d) Infiltration practices should be used on development sites that have underlying soils with
an infilfration rate of 0.25 inches per hour (in/hr) or greater, as determined by NRCS soail
survey data and subsequent field testing. Field infiltration shall be used and shall be
approved by the Adminstrator.

e) Afleast one infiltration test is required for each infiltration practice that will be used on the
development site.

f) Since clay lenses or any other restrictive layers located below the bottom of an infiltration
practice will reduce soil infiliration rates, infiliration testing should be conducted within
any confining layers that are found within 4 feet of the bottom of a proposed infilfration
practice.

g) Infiltration practices should be designed to provide enough storage for the stormwater
runoff volume generated by the runoff reduction rainfall event

h) Infiltration practices should be designed to completely drain within 48 hours of the end of
a rainfall event. Where site characteristics allow, it is preferable to design infiltration
practices to drain within 24 hours of the end of a rainfall event to help prevent the
formation of nuisance ponding conditions.

i) Infilfration tfrenches should be located in a lawn or other pervious area and should be
designed so that the top of the dry well is located as close to the surface as possible.
Infiltration trenches should not be located beneath a driveway, parking lot or other
impervious surface.

j) Broader, shallower infiltration trenches perform more effectively by distributing stormwater
runoff over a larger surface area. However, a minimum depth of 36 inches is
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K)

o)

s)

recommended for all infiltration trench designs to prevent them from consuming a large
amount of surface area on development sites. Whenever practical, the depth of
infiltration tfrenches should be kept to 60 inches or less.
Unless a shallow water table is found on the development site, all infiliration trenches
should be designed to be at least 36 inches deep. If a shallow water table is found on the
development site, the depth of the stone reservoir may be reduced to 18 inches.
Infiltration trenches should be filled with clean, washed stone. The stone used in the
infiliration trench should be 1.5 to 2.5 inches in diameter, with a void space of
approximately 40%. Unwashed aggregate contaminated with soil or other fines may not
be used in the trench.
Underlying native soils should be separated from the stone reservoir by a thin, 2 to 4 inch
layer of choker stone (i.e., ASTM D 448 size No. 8, 3/8" to 1/8" or ASTM D 448 size No. 89,
3/8" to 1/16"). The choker stone should be placed between the stone reservoir and the
underlying native soils.
The top and sides of the infiliration trench should be lined with a layer of appropriate
permeable filter fabric. The filter fabric should be a non-woven geotextile with a
permeability that is greater than or equal to the infiliration rate of the surrounding native
soils. The top layer of the filter fabric should be located 6 inches from the top of the
excavation, with the remaining space filled with pea gravel (i.e., ASTM D 448 Size No. 8,
3/8" to 1/8") or other appropriate landscaping. This top layer serves as a sediment barrier
and, consequently, will need to be replaced over time. The top layer of filter fabric shall
be designed such that it can be readily separated from the filter fabric used to line the
sides of the infiltration french.
The soils used within infiltration basin planting beds should be an engineered soil mix that
meets the following specifications:

i. Texture: Sandy loam or loamy sand.

i. Sand Content: Soils should contain 85%-88% clean, washed sand.

ii. Topsoil Content: Soils should contain 8%-12% topsoil.

iv. Organic Matter Content: Soils should contain 3%-5% organic matter.

v. Infiltration Rate: Soils should have an infiltration rate of at least 0.25 inches per hour

(in/hr), although an infiliration rate of between 1 and 2 in/hr is preferred.
vi. Phosphorus Index (P-Index): Soils should have a P-Index of less than 30.
vii. Exchange Capacity (CEC): Soils should have a CEC that exceeds 10
milliequivalents (meq) per 100 grams of dry weight.

viii. pH: Soils should have a pH of 6-8.
The organic matter used within an infiltration basin planting bed should be a well-aged
compost that meets the specifications outlined in the section pertaining to soil restoration.
Underlying native soils should be separated from the planting bed by a thin, 2 to 4 inch
layer of choker stone (i.e., ASTM D 448 size No. 8, 3/8" to 1/8" or ASTM D 448 size No. 89,
3/8" to 1/16"). The choker stone should be placed between the planting bed and the
underlying native soils.
Infiltration practices should be preceded by a pea gravel (i.e., ASTM D 448 Size No. 8, 3/8"
to 1/8") diaphragm or equivalent level spreader device (e.g., concrete sills, curb stops,
curbs with “sawteeth” cut into them) and appropriate pretreatment device, such as a
vegetated filter strip or sediment forebay.
The depth from the bottom of an infiltration practice to the top of the water table should
be at least 2 feet to help prevent ponding and ensure proper operation of the infiltration
practice. On development sites with high water tables, small stormwater wetlands (i.e.,
pocket wetlands) should be used to intercept and freat post-construction stormwater
runoff.
To help prevent damage fo building foundations and contamination of groundwater
aquifers, infiltration practices should be located at least:
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i. 10 feet from building foundations

ii. 10 feet from property lines

ii. 100 feet from private water supply wells

iv. 1,200 feet from public water supply wells

v. 100 feet from sepftic systems

vi. 100 feet from surface waters

vii. 400 feet from public water supply surface waters

An observation well should be installed in every infiliration practice. An observation well
consists of a 4 to 6 inch perforated PVC (AASHTO M 252) pipe that extends to the bofttom
of the infiltiration practice. The observation well can be used to observe the rate of
drawdown within the infiltration practice following a storm event. It should be installed
along the centerline of the infiliration practice, flush with the elevation of the surface of
the infiltration practice. A visible floating marker should be provided within the
observation well and the top of the well should be capped and locked to prevent
tampering and vandalism.

Consideration should be given to the stormwater runoff rates and volumes generated by
larger storm events to help ensure that these larger storm events are able to safely bypass
the infiliration practice. An overflow system should be designed to convey the stormwater
runoff generated by these larger storm events safely out of the infiltration practice.
Methods that can be used to accommodate the stormwater runoff rates and volumes
generated by these larger storm events include:

i. Using storm drain inlets set slightly above the elevation of the surface of an
infiliration tfrench to collect excess stormwater runoff. This will create some ponding
on the surface of the infiltration tfrench, but can be used to safely convey excess
stormwater runoff off of the surface of the trench.

i. Using yard drains or storm drain inlets set at the maximum ponding depth of an
infiltration basin to collect excess stormwater runoff.

ii. Using a spillway with an invert set slightly above the elevation of maximum
ponding depth to convey the stormwater runoff generated by larger storm events
safely out of an infiltration basin.

iv. Placing a perforated pipe (e.g., underdrain) near the top of the stone reservoir or
planting bed to provide additional conveyance of stormwater runoff after the
infiltration french or basin has been filled.

The landscaped area above the surface of an infiliration trench may be covered with
pea gravel (i.e., ASTM D 448 size No. 8, 3/8" to 1/8"). This pea gravel layer provides
sediment removal and additional pretreatment upstream of the infiliration french and
can be easily removed and replaced when it becomes clogged.

Alternatively, an infiliration french may be covered with an engineered soil mix, such as
that prescribed for use in infiltration basins, and planted with managed furf or other
herbaceous vegetation. This may be an attractive option when infiltration trenches are
placed in disturbed pervious areas (e.g., lawns, parks, community open spaces).

A landscaping plan should be prepared for all infilfration basins. The landscaping plan
should be reviewed and approved by the local development review authority prior to
construction.

Vegetation commonly planted in infiliration basins includes native trees, shrubs and other
herbaceous vegetation. When developing a landscaping plan, vegetation that will be
able to stabilize soils and tolerate the stormwater runoff rates and volumes that will pass
through the infiltration basin should be chosen. Vegetation used in infiltfration basins
should also be able to tolerate both wet and dry conditions.

aa)A mulch layer, consisting of 2-4 inches of fine shredded hardwood mulch or shredded

hardwood chips, should be included on the surface of an infiliration basin.
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bb)Methods used to establish vegetative cover within an infiltfration basin should achieve at
least 75 percent vegetative cover one year after installation.

cc)To help prevent soil erosion and sediment loss, landscaping should be provided
immediately after an infiliration basin has been installed. Temporary irigation may be
needed to quickly establish vegetative cover within an infiltration basin.

5.5.5.5 Construction Considerations

To help ensure that infiltration practices are successfully installed on a development site, the
following are recommended:

a) To prevent practice failure due to sediment accumulation and pore clogging, infiltration
practices should only be installed after their contributing drainage areas have been
completely stabilized. To help prevent infiltration practice failure, stormwater runoff may
be diverted around the infiltration practice until the confributing drainage area has
become stabilized.

b) Simple erosion and sediment confrol measures, such as temporary seeding and erosion
control mats, should be used within any landscaped infiltration practices. Appropriate
measures should be taken (e.g., temporary diversion) to divert post-construction
stormwater runoff around a landscaped infiltration practice until vegetative cover has
been established.

c) To help prevent soil compaction, heavy vehicular and foot traffic should be kept out of
infiliration practices before, during and after construction. This can typically be
accomplished by clearly delineating infiltration practices on all development plans and, if
necessary, protecting them with temporary construction fencing.

d) Excavation for infiltration practices should be limited to the width and depth specified in
the development plans. Excavated material should be placed away from the excavation
so as not to jeopardize the stability of the side walls.

e) The sides of all excavations should be tfrimmed of all large rootfs that will hamper the
installation of the permeable filter fabric used fo line the sides and top of an infilfration
french.

f)  The native soils along the bottom of an infiltration practice should be scarified or filled to a
depth of 3 to 4 inches prior to the placement of the choker stone and stone reservoir or
engineered soil mix.

g) Construction contracts should contain a replacement warranty that covers at least three
growing seasons to help ensure adequate growth and survival of the vegetation planted
within a landscaped infiliration practice.

5.5.6 Swales

5.5.6.1 Description

Swales (also known as enhanced swales, vegetated open channels or water quality swales) are
vegetated open channels that are designed to manage post-construction stormwater runoff
within wet or dry cells formed by check dams or other control structures (e.g., culverts). They are
designed with relatively mild slopes to force stormwater runoff to flow through them slowly and at
relatively shallow depths, which encourages sediment and other stormwater pollutants to settle
out. Check dams and/or berms installed perpendicular to the flow path further promote settling
and also encourage stormwater runoff to infiltrate into the underlying native soils. Swales differ
from grass channels, in that they are designed with specific features that enhance their ability to
manage stormwater runoff rates, volumes and pollutant loads on development sites.
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5.5.6.2 Discussion

There are several variations of swales that can be used to manage post-construction stormwater
runoff on development sites, the most common of which include dry swales and wet swales. A
brief description of each of these design variants is provided below:

a)

Dry Swales: Dry swales (also known as bioswales), which may also be classified as a low
impact development practice, are vegetated open channels that are filled with an
engineered soil mix and are planted with trees, shrubs and other herbaceous vegetation.
They are essentially linear bioretention areas, in that they are designed to capture and
temporarily store stormwater runoff in the engineered soil mix, where it is subjected to the
hydrologic processes of evaporation and transpiration, before being conveyed back into
the storm drain system through an underdrain or allowed to infiltrate into the surrounding
soils. This allows them to provide measurable reductions in post-construction stormwater
runoff rates, volumes and pollutant loads on development sites.

Wet Swales: Wet swales (also known as wetland channels or linear stormwater wetlands)
are vegetated channels designed to retain water and maintain hydrologic conditions
that support the growth of wetland vegetation. A high water table or poorly drained soils
are necessary to maintain a permanent water surface within a wet swale. The wet swale
essentially acts as a linear wetland treatment system, where the stormwater runoff volume
generated by the runoff reduction rainfall event is intercepted and treated over time.

5.5.6.3 Stormwater Management Credits

Swales have been assigned quantifiable stormwater management credits that can be used to
meet Jasper County's stormwater management requirements:

a)

Stormwater Runoff Reduction: Subtract 100% of the storage volume provided by a non-
underdrained dry swale from the runoff reduction volume conveyed through the dry
swale. Subtract 50% of the storage volume provided by an underdrained dry swale from
the runoff reduction volume conveyed through the dry swale. Although wet swales
provide moderate to high removal of many of the pollutants of concern typically
contained in post-construction stormwater runoff, recent research shows that they
provide little, if any, reduction of post-construction stormwater runoff volumes.

Water Quality Protection: Assume that a dry swale provides an 80% reduction in TSS loads,
a 50% reduction in TN loads and a 60% reduction in bacteria loads. Assume that a wet
swale provides an 80% reduction in TSS loads, a 25% reduction in TN loads and a 40%
reduction in bacteria loads.

In order to manage post-construction stormwater runoff and be eligible for these credits, swales
must satisfy the planning and design criteria outlined below.

5.5.6.4 Planning and Design Criteria

a)

Location and Siting

i. Adryorwetswale should be sited such that the topography allows for the design of a
channel with sufficiently mild slope (unless small drop structures are used) and
cross-sectional area to maintain non-erosive velocities.

i. Enhanced swale systems should have a contributing drainage area of 5 acres or less.
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iv.

Swale siting should also take info account the location and use of other site features,
such as buffers and undisturbed natural areas, and should attempt to aesthetically "fit"
the facility intfo the landscape.

A wet swale can be used where the water table is at or near the soil surface.

b) General Design

Both types of enhanced swales are designed to freat the runoff reduction volume,
and to safely pass larger storm flows. Flow enters the channel through a pretreatment
forebay. Runoff can also enter along the sides of the channel as sheet flow through
the use of a pea gravel flow spreader trench along the top of the bank.

Dry Swale: A dry swale system consists of an open conveyance channel with a filter
bed of permeable soils that overlays an underdrain system. Flow passes info and is
detained in the main portion of the channel where it is filtered through the soil bed.
Runoffis collected and conveyed by a perforated pipe and gravel underdrain system
to the outlet.

Wet Swale: A wet swale or wetland channel consists of an open conveyance channel
which has been excavated to the water table or to poorly drained soils. Check dams
are used to create multiple wetland "cells,” which act as miniature shallow marshes.

c) Physical Specifications | Geometry

Channel slopes between 1% and 2% are recommended unless topography
necessitates a steeper slope, in which case 6-to 12-inch drop structures can be
placed to limit the energy slope to within the recommended 1% to 2% range. Energy
dissipation will be required below the drops. Spacing between the drops should not
be closer than 50 feet.

Dry and wet swales should have a bottom width of 2 to 8 feet to ensure adequate
filtration. Wider channels can be designed, but should contain berms, walls, or a
multi-level cross section to prevent channel braiding or uncontrolled sub-channel
formation.

Dry and wet swales are parabolic or tfrapezoidal in cross-section and are typically
designed with moderate side slopes no greater than 2:1 for ease of maintenance and
side inflow by sheet flow (4:1 or flatter recommended).

Dry and wet swales should maintain a maximum ponding depth of 18 inches at the
end point of the channel. A 12-inch average depth should be maintained.

v. The peak velocity for the 2-year storm must be nonerosive for the soil and vegetative
cover provided.
vi. If the system is in-line, channels should be sized to convey runoff from larger storm
events.
d) Dry Swale

Dry swale channels are sized fo store and infilirate the entire runoff reduction volume
with less than 18 inches of ponding and allow for full filtering through the permeable
soil layer. The maximum ponding fime is 48 hours, though a 24-hour ponding fime is
more desirable.

The bed of the dry swale consists of a permeable soil layer of at least 30 inches in
depth, above a 4-inch diameter perforated PVC pipe (AASHTO M 252) longitudinal
underdrain in a é-inch gravel layer. The soil media should have an infiliration rate of
at least 1 foot per day (1.5 feet per day maximum) and contain a high level of
organic material to facilitate pollutant removal. A permeable filter fabric is placed
between the gravel layer and the overlying soil

The channel and underdrain excavation should be limited to the width and depth
specified in the design. The bottom of the excavated french shall not be loaded in a
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way that causes soil compaction and scarified prior to placement of gravel and
permeable soil. The sides of the channel shall be trimmed of all large roots. The
sidewalls shall be uniform with no voids and scarified prior to backfilling.

e) Wet Swale
i. Wet swale channels are sized to retain the entire runoff reduction volume with less
than 18 inches of ponding at the maximum depth point.
i. Check dams can be used to achieve multiple wetland cells. V-notch weirs in the
check dams can be utilized to direct low flow volumes.

f)  Pretreatment | Inlets

i. Inlets to enhanced swales must be provided with energy dissipators such as riprap.

ii. Pretreatment of runoff in both a dry and wet swale system is typically provided by a
sediment forebay located at the inlet.

ii. Enhanced swale systems that receive direct concentrated runoff may have a é-inch
drop to a pea gravel diaphragm flow spreader at the upstream end of the control.

iv. A pea gravel diaphragm and gentle side slopes should be provided along the top of
channels to provide pretreatment for lateral sheet flows.

g) Outlet Structures
i. Dry Swale: The underdrain system should discharge to the storm drainage
infrastructure or a stable outfall.
i. WetSwale: Outlet protection must be used at any discharge point from a wet swale to
prevent scour and downstream erosion.

h) Emergency Spillway. Enhanced swales must be adequately designed to safely pass
flows that exceed the design storm flows.

i)  Maintenance Access. Adequate access should be provided for all dry and wet swale
systems for inspection and maintenance.

i) Safety Features. Ponding depths should be limited to a maximum of 18 inches.

k) Landscaping. Landscape design should specify proper grass species and wetland
plants based on specific site soils and hydric conditions present along the channel.

5.6 Limited Application Stormwater Management Practices

5.6.1 Dry Detention I Dry Extended Detention Basins

5.6.1.1 Description

Dry detentfion and dry extended detention basins are surface storage basins or facilities designed
to provide water quantity control through detention and/or extended detention of stormwater
runoff.

5.6.1.2 Discussion

Dry detention and dry extended detention (ED) basins are surface facilities infended to provide

for the temporary storage of stormwater runoff to reduce downstream water quantity impacts.
These facilities temporarily detain stormwater runoff, releasing the flow over a period of time. They
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are designed to completely drain following a storm event and are normally dry between rain
events.

Dry detention basins are intended fto provide peak flow reduction and can be designed fo
confrol the extreme flood storm events. Both dry detention and dry ED basins provide limited
pollutant removal benefits and are not intended for water quality treatment. Detention-only
facilities must be used in a freatment train approach with other structural controls that provide
treatment of the runoff reduction volume. Compatible multi-objective use of dry detention
facilities is strongly encouraged.

5.6.1.3 Stormwater Management Credits

Dry detention and dry extended detention have been assigned quantifiable stormwater
management credits that can be used to help meet Jasper County's stormwater management
requirements:

a) Stormwater Runoff Reduction: None. Dry detention and dry ED basins are generally
implemented for peak runoff rate aftenuation and provide little, if any, reduction of
post-construction stormwater runoff volumes.

b) Water Quality Protection: Assume that a dry detention basin provides no water quality
credits. Assume that a dry extended detention basin provides a 40% reduction in TSS
loads, a 10% reduction in TN loads and a 20% reduction in bacterial loads.

In order to manage post-construction stormwater runoff and be eligible for these credits, dry
detention and dry ED basins must satisfy the planning and design criteria outlined below.

5.6.1.4 Planning and Design Criteria

a) Dry detention and dry ED basins are to be located downstream of other structural
stormwater controls providing freatment of the runoff reduction volume.

b) The maximum confributing drainage area to be served by a single dry detention or dry ED
basin is 75 acres.

c) Dry detention basins are sized to temporarily store the volume of runoff required to reduce
the post-development peak flow.

d) Dry ED basins are sized to provide extended detention over 24 hours and can also provide
additional storage volume for normal detention.

e) Routing calculations must be used to demonstrate that the storage volume is adequate.

f)  Vegetated embankments shall be less than 20 feet in height and shall have side slopes no
steeper than 2:1 (horizontal to vertical) although 3:1 is preferred. Riprap-protected
embankments shall be no steeper than 2:1. Geotechnical slope stability analysis is
recommended for embankments greater than 10 feet in height and is mandatory for
embankment slopes steeper than those given above.

g) The maximum depth of the basin should not exceed 10 feet.

h) Areas above the normal high water elevations of the detention facility should be sloped
toward the basin to allow drainage and to prevent standing water. Careful finish grading
is required to avoid creation of upland surface depressions that may retain runoff. The
bottom area of storage facilities should be graded toward the outlet to prevent standing
water conditions. A low flow or pilot channel across the facility bottom from the inlet to
the outlet (often constructed with riprap) is recommended to convey low flows and
prevent standing water conditions.

i)  Adeqguate maintenance access must be provided for all dry detention and dry ED basins.
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5.6.2

5.6.2.1

Inflow channels are to be stabilized with flared riprap aprons, or the equivalent. A
sediment forebay should be provided.

For a dry detention basin, the outlet structure is sized for the design flow and can consist of
a weir, orifice. outlet pipe, combination outlet, or other acceptable control structure.
Small outlets that will be subject to clogging or are difficult to maintain are not
acceptable.

For a dry ED basin, a low flow orifice capable of releasing the storage volume over 24
hours must be provided. The channel protection orifice should have a minimum diameter
of 3 inches and should be adequately protected from clogging by an acceptable
external trash rack

Seepage control or anti-seep collars should be provided for all outlet pipes.

Riprap, plunge pools or pads, or other energy dissipators are to be placed at the end of
the outlet to prevent scouring and erosion. If the basin discharges to a channel with dry
weather flow, care should be taken to minimize tree clearing along the downstream
channel, and to reestablish a forested riparian zone in the shortest possible distance.

An emergency spillway is fo be included in the stormwater pond design to safely pass the
extreme flood flow. The spillway prevents pond water levels from overtopping the
embankment and causing structural damage.

A minimum of 1 foot of freeboard must be provided, measured from the top of the water
surface elevation for the 100-year flood event, to the lowest point of the dam
embankment not counting the emergency spillway.

Multi-Purpose Detention Areas

Description

Multi-purpose detention areas are facilities designed primarily for another purpose, such as
parking lots and rooftops that can provide water quantity confrol through detention of
stormwater runoff.

5.6.2.2 Discussion

Multi-purpose detention areas are site areas primarily used for one or more specific activities that
are also designed to provide for the temporary storage of stormwater runoff to reduce
downstream water quantity impacts. Example of multi-purpose detention areas include:

Parking Lots
Rooftops

Sports Fields
Recessed Plazas

Multi-purpose detention areas are normally dry between rain events, and by their very nature
must be useable for their primary function the majority of the time. As such, multi-purpose
detention areas should not be used for extended detention.

5.6.2.3 Stormwater Management Credits

Multi-purpose detention areas, due to their nature, have not been assigned quantifiable
stformwater management credits that can be used to help meet Jasper County’s stormwater
management requirements.

a)

Stormwater Runoff Reduction: None.
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b) Water Quality Protection: None.

Multi-purpose detention areas are not intended for stormwater runoff reduction or water quality
freatment and must be used in a freatment train approach with other structural controls that can
provide these benefits. In order to manage post-construction stormwater runoff multi-purpose
detention areas must satisfy the planning and design criteria outlined below.

5.6.2.4 Planning and Design Criteria

a) General

b)

Multi-purpose detention areas can be located upstream or downstream of other
structural stormwater controls providing treatment of the runoff reduction volume.
Multi-purpose detention areas are sized to temporarily store a portion or all of the
volume of runoff required to reduce the post-development peak flow to the
pre-development rate. Routing calculations must be used to demonstrate that the
storage volume is adequate.

All multi-purpose detention facilities must be designed to minimize potfential safety
risks, potential property damage, and inconvenience to the facility's primary
purposes. Emergency overflows are to be provided for storm events larger than the
design storm. The overflow must not creafe a significant adverse impact to
downstream properties or the conveyance system.

Parking Lot Storage

iv.

V.

Parking lot detention can be implemented in areas where portions of large, paved
lots can be temporarily used for runoff storage without significantly interfering with
normal vehicle and pedestrian traffic. Parking lot detention can be created in two
ways: by using ponding areas along sections of raised curbing, or through depressed
areas of pavement atf drop inlet locafions.

The maximum depth of detention ponding in a parking lot, except at a flow control

structure, should be 6 inches for a 10-year storm, and ¢ inches for a 100-year storm.

The maximum depth of ponding at a flow control structure is 12 inches for a 100-year

storm.

The storage area (portion of the parking lot subject to ponding) must have a

minimum slope of 0.5% towards the outlet to ensure complete drainage following a

storm. A slope of 1% or greater is recommended.

Fire lanes used for emergency equipment must be free of ponding water for runoff
events up to the extreme storm (100-year) event.

Flows are typically backed up in the parking lot using a raised inlet.

Rooftop Storage

Rooftops can be used for detention storage as long as the roof support structure is
designed to address the weight of ponded water and is sufficiently waterproofed to
achieve a minimum service life.

The minimum pitch of the roof area subject to ponding is 0.25 inches per foof.

The rooftop storage system must include another mechanism for draining the ponding
area in the event that the primary outlet is clogged.

d) Sports Fields. Athletic facilities such as football and soccer fields and tracks can be used
to provide stormwater detention. This is accomplished by constructing berms around the
facilities, which in essence creates very large detention basins. Outflow can be confrolled
through the use of an overflow weir or other appropriate control structure. Proper grading
must be performed to ensure complete drainage of the facility.
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e) Public Plazas. In high-density areas, recessed public common areas such as plazas and
pavilions can be utilized for stormwater detention. These areas can be designed to flood
no more than once or twice annually, and provide important open recreation space
during the rest of the year.

5.6.3 Underground Detention Systems
5.6.3.1 Description

Underground detention is detention storage located in underground tanks or chambers or vaults
designed to provide water quantity control through detention and/or extended detention of
stormwater runoff.

5.6.3.2 Discussion

Underground stormwater storage facilities are typically
constructed with reinforced concrete. Detention tanks
are underground storage facilities typically constructed
with large diameter metal or plastic pipe, or with é;:.- — W
proprietary systems made from plastics. All serve as an = mm“\\\m‘\\\\
alternative to surface dry detention for stormwater *

quantity conftrol, particularly for space-limited areas N

where there is not adequate land for a dry detention
basin or multi-purpose detention area.

Underground detention systems can provide extended ‘\“\\‘“\\
detention of peak runoff rates. Basic storage design NN
and routing methods are the same as for detention A \\\\“
basins except that the bypass for high flows is typically

M

included.

) _ Figure 5-4
Prefabricated concrete vaults are available for Underground Detention System
commercial vendors. In addition, several Source: Stormtech

manufacturers have developed proprietary packaged
detention systems.

5.6.3.3 Stormwater Management Credits

Underground detention systems, due to their nature, have not been assigned quantifiable
stormwater management credits that can be used to help meet Jasper County’s stormwater
management requirements.

a) Stormwater Runoff Reduction: None.
b) Water Quality Protection: None.

Underground detention systems are not infended for stormwater runoff reduction or water quality
freatment and must be used in a treatment frain approach with other structural controls that
provide freatment of the runoff reduction volume. This will prevent the underground vault or
tank from becoming clogged with trash or sediment and significantly reduces the maintenance
requirements for an underground detention system.
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5.6.3.4 Planning and Design Criteria

a) Underground detention systems are to be located downstream of other structural
stormwater controls providing treatment of the runoff reduction volume. See Section 3.1
for more information on the use of multiple structural controls in a freatment train.

b) The maximum contributing drainage area to be served by a single underground
detention vault or tank is 25 acres.

c) Underground detention systems are sized fo provide extended detention of the runoff
reduction volume over 24 hours and temporarily store runoff to reduce fthe
post-development peak flow of the pre-development rates. Routing calculations must
be used to demonstrate that the storage volume is adequate.

d) Detention Vaults: Minimum 3,000 psi structural reinforced concrete may be used for
underground detention vaults. All construction joints must be provided with water stops.
Cast-in-place wall sections must be designed as retaining walls. The maximum depth from
finished grade to the vault invert should be 20 feet.

e) Detention Tanks: The minimum pipe diameter for underground detentfion tanks is 36
inches.

f) Underground detention vaults and tanks must meet structural requirements for
overburden support and traffic loading if appropriate.

g) Adequate maintenance access must be provided for all underground detention systems.
Access must be provided over the inlet pipe and outflow structure. Access openings can
consist of a standard frame, grate and solid cover, or a removable panel. Vaults with
widths of 10 feet or less should have removable lids.

h) A separate sediment sump or vault chamber should be provided at the inlet for
underground detention systems that are in a treatment tfrain with water quality treatment
structural controls.

i) Alow flow orifice capable of releasing the channel protection volume over 24 hours must
be provided. The channel protection orifice should have a minimum diameter of 3 inches
and should be adequately protected from clogging by an acceptable external trash
rack.

Additional outlet based upon hydrologic routing calculations can consist of a weir, orifice,
outlet pipe, combination outlet, or other acceptable control structure.

i) Riprap, plunge pools or pads, or other energy dissipaters are to be placed at the end of
the outlet to prevent scouring and erosion.

k) A high flow bypass is to be included in the underground detention system design to safely
pass the extreme flood flow.

5.6.4 Organic Filters
5.6.4.1 Description

Organic filters are a design variant of the surface sand filter using organic materials in the filter
media.

5.6.4.2 Discussion

The organic filter is a design variant of the surface sand filter, which uses organic materials such as
leaf compost or a peat/sand mixture as the filter media. The organic material enhances pollutant
removal by providing adsorption of contaminants such as soluble metals, hydrocarbons, and
other organic chemicals.
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As with the surface sand filter, an organic filter consists of a pretreatment chamber, and one or
more filter cells. Each filter bed contains a layer of leaf compost or the peat/sand mixture,
followed by filter fabric and a gravel/perforated pipe underdrain system. The filter bed and
subsoils can be separated by an impermeable polyliner or concrete structure to prevent
movement into groundwater.

Organic filters are typically used in high-density applications, or for areas requiring an enhanced
pollutant removal ability. Maintenance is typically higher than the surface sand filter facility due
to the potential for clogging. In addition, organic filter systems have a higher head requirement
than sand filters.

5.6.4.3 Stormwater Management Credits

Organic filters have been assigned quantifiable stormwater management credits that can be
used to help meet Jasper County’s stormwater management requirements.

a) Stormwater Runoff Reduction: None. Organic filters provide little, if any, reduction of
post-construction stormwater runoff volumes.

b) Water Quality Protection: Assume that an organic filter provides an 80% reduction in TSS
loads, a 40% reduction in TN loads and a 40% reduction in bacterial loads.

In order to manage post-construction stormwater runoff and be eligible for these credits, organic
filters must satisfy the planning and design criteria outlined below.

5.6.4.4 Planning and Design Criteria

a) Organic filters are typically used on relatively small sites (up to 10 acres), to minimize
potential clogging.

The minimum head requirement (elevation difference needed at a site from the inflow to
the outflow) for an organic filter is 5 to 8 feet.

b) Organic filters can utilize a variety of organic materials as the filtering media. Two typical
media bed configurations are the peat/sand filter and compost filter. The peat filter
includes an 18-inch 50/50 peat/sand mix over a é-inch sand layer and can be optionally
covered by 3 inches of topsoil and vegetation. The compost filter has an 18-inch compost
layer. Both variants utilize a gravel underdrain system.

c) The type of peat used in a peat/sand filter is critically important. Fibric peat in which
undecomposed fibrous organic material is readily identifiable is the preferred type. Hemic
peat containing more decomposed material may also be used. Sapric peat made up of
largely decomposed matter should not be used in an organic filter.

d) Typically, organic filters are designed as "off-line" systems, meaning that the runoff
reduction volume is diverted to the filter facility through the use of a flow diversion
structure and flow splitter. Stormwater flows greater than the runoff reduction volume are
diverted to other controls or downstream using a diversion structure or flow splitter.

5.6.5 Underground Sand Filters
5.6.5.1 Description

Underground sand filters are a design variant of the sand filter located in an underground vault.
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5.6.5.2 Discussion

The underground sand filter is a design variant of the sand filter located in an underground vault
designed for high-density land use or ultra-urban applications where there is not enough space
for a surface sand filter or other structural stormwater controls.

The underground sand filter is a three-chamber system. The inifial chamber is a sedimentation
(pretreatment) chamber that temporarily stores runoff and utilizes a wet pool to capture
sediment. The sedimentation chamber is connected to the sand filter chamber by a submerged
wall that protects the filter bed from oil and trash. The filter bed is 18 to 24 inches deep and may
have a protective screen of gravel or permeable geotextile to limit clogging. The sand filter
chamber also includes an underdrain system with inspection and clean out wells. Perforated
drain pipes under the sand filter bed extend into a third chamber that collects filtered runoff.
Flows beyond the filter capacity are diverted through an overflow weir.

Due fo its location below the surface, underground sand filters have a high maintenance burden
and should only be used where adequate inspection and maintenance can be ensured.

5.6.5.3 Stormwater Management Credits

Underground sand filters have been assigned quantifiable stormwater management credits that
can be used to help meet Jasper County’s stormwater management requirements.

a) Stormwater Runoff Reduction: None. Underground sand filters provide little, if any,
reduction of post-construction stormwater runoff volumes.

b) Water Quality Protection: Assume that an underground sand filter provides an 80%
reduction in TSS loads, a 30% reduction in TN loads and a 40% reduction in bacterial loads.

In order fo manage post-construction stormwater runoff and be eligible for these credits,
underground sand filters must satisfy the planning and design criteria outlined below.

5.6.5.4 Planning and Design Criteria

a) Underground sand filters are typically used on highly impervious sites of 1 acre or less. The
maximum drainage area that should be freated by an underground sand filter is 5 acres.

b) Underground sand filters are typically constructed in-line, but can be constructed off-line.
For off-line construction, the overflow between the second and third chambers is not

included.

c) The underground vault should be tested for water tightness prior to placement of filter
layers.

d) Adequate maintenance access must be provided to the sedimentation and filter bed
chambers.

5.6.6 Submerged Gravel Wetlands
5.6.6.1 Description
Submerged gravel wetlands are one or more cells filed with crushed rock designed to support

wetland plants. Stormwater flows subsurface through the root zone of the constructed wetland
where pollutant removal takes place.
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5.6.6.2 Discussion

The submerged gravel wetland system consists of one or more freatment cells that are filled with
crushed rock or gravel and is designed to allow stormwater to flow subsurface through the root
zone of the constructed wetland. The outlet from each cell is set at an elevation to keep the rock
or gravel submerged. Wetland plants are rooted in the media, where they can directly take up
pollutants. In addition, algae and microbes thrive on the surface area of the rocks. In particular,
the anaerobic conditions on the bottom of the filter can foster the denitrification process.
Although widely used for wastewater treatment in recent years, only a handful of submerged
gravel wetland systems have been designed to freat stormwater. Mimicking the pollutant
removal ability of nature, this structural control relies on the pollutant-stripping ability of plants and
soils to remove pollutants from runoff.

5.6.6.3 Stormwater Management Credits

Submerged gravel wetlands have been assigned quanfifiable stormwater management credits
that can be used to help meet Jasper County's stormwater management requirements.

a) Stormwater Runoff Reduction: None. Submerged gravel wetlands provide little, if any,
reduction of post-construction stormwater runoff volumes.

b) Water Quality Protection: Assume that a submerged gravel wetland provides an 80%
reduction in TSS loads, a 20% reduction in TN loads and a 40% reduction in bacterial loads.

In order to manage post-construction stormwater runoff and be eligible for these credits,
submerged gravel wetlands must satisfy the planning and design criteria outlined below.

5.6.6.4 Planning and Design Criteria

a) Submerged gravel wetlands should be designed as off-line systems designed to handle
only the runoff reduction volume.

b) Submerged gravel wetfland systems need sufficient drainage area fto maintain
vegetatfion.

c) The local slope should be relatively flat (<2%). While there is no minimum slope
requirement, there does need to be enough elevation drop from the inlet to the outlet to
ensure that hydraulic conveyance by gravity is feasible (generally about 3 to 5 feet).

d) All submerged gravel wetland designs should include a sediment forebay or other
equivalent pretreatment measures to prevent sediment or debris from entering and
clogging the gravel bed.

e) Submerged gravel wetland systems can be allowed to intersect the groundwater table.

f) See the section pertaining to stormwater wetland (Section 5.5.2, page 5-10) for additional
planning and design guidance.

5.6.7 Gravity (Oil-Grit) Separators
5.6.7.1 Description
A gravity separator (also known as an oil-grit separators) is a hydrodynamic separation device

designed to remove settleable solids, oil and grease, debris and floatables from stormwater runoff
through gravitational settling and trapping of pollutants.
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5.6.7.2 Discussion

Gravity separators (also known as oil-grit separators) are hydrodynamic separation devices that
are designed to remove grit and heavy sediments, oil and grease, debris and floatable matter
from stormwater runoff through gravitational setting and trapping. Gravity separator units
contain a permanent pool of water and typically consist of an inlet chamber, separation/storage
chamber, a bypass chamber, and an access port for maintenance purposes. Runoff enters the
inlet chamber where heavy sediments and solids drop out. The flow moves into the main gravity
separation chamber, where further settling of suspended solids takes place. Oil and grease are
skimmed and stored in a waste oil storage compartment for future removal. After moving into the
outlet chamber, the clarified runoff is then discharged.

The performance of these systems is based primarily on the relatively low solubility of petroleum
products in water and the difference between the specific gravity of water and the specific
gravities of petroleum compounds. Gravity separators are not designed to separate other
products such as solvents, detergents, or dissolved pollutants. The typical gravity separator unit
may be enhanced with a pretreatment swirl concentrator chamber, oil draw-off devices that
contfinuously remove the accumulated light liquids, and flow control valves regulating the flow
rafe into the unit.

Gravity separators are best used in commercial, industrial and transportation land uses and are
intended primarily as a pretreatment measure for high-density or ultra-urban sites, or for use in
hydrocarbon hotspots, such as gas stations and areas with high vehicular traffic. However,
gravity separators cannot be used for the removal of dissolved or emulsified oils and pollutants
such as coolants, soluble lubricants, glycols and alcohols.

Since resuspension of accumulated sediments is possible during heavy storm events, gravity
separator units are typically installed off-line. Gravity separators are available as prefabricated
proprietary systems from a number of different commercial vendors.

5.6.7.3 Stormwater Management Credits

Gravity separators have been assigned quantifiable stormwater management credits that can
be used to help meet Jasper County’s stormwater management requirements.

a) Stormwater Runoff Reduction: None. Gravity separators provide little, if any, reduction
of post-construction stormwater runoff volumes.

b) Water Quality Protection: Assume that a gravity separator provides a 40% reduction in
TSS loads, a 10% reduction in TN loads and a 20% reduction in bacterial loads.

In order to manage post-construction stormwater runoff and be eligible for these credits, gravity
separators must satisfy the planning and design criteria outlined below.

5.6.7.4 Planning and Design Criteria

a) The use of gravity (oil-grit) separators should be limited to the following applications:
i. Pretreatment for other structural stormwater controls
i. High-density, ultra urban or other space-limited development sites
ii. Hotspot areas where the control of grit, floatables, and/or oil and grease are
required
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b) Gravity separators are typically used for areas less than 5 acres. It is recommended that
the conftributing area to any individual gravity separator be limited to 1 acre or less of
impervious cover.

c) Gravity separator systems can be installed in almost any soil or terrain. Since these
devices are underground, appearance is not an issue and public safety risks are low.

d) Gravity separators are rate-based devices. This confrasts with most other stormwater
structural controls, which are sized based on capturing and freating a specific volume.

e) Gravity separator units are typically designed to bypass runoff flows in excess of the
design flow rate. Some designs have built-in high flow bypass mechanisms. Other designs
require a diversion structure or flow splitter ahead of the device in the drainage system.
An adequate outfall must be provided.

f) The separation chamber should provide for three separate storage volumes:

i. A volume for separated oil storage at the top of the chamber

i. A volume for settleable solids accumulation at the bottom of the chamber

ii. A volume required to give adequate flow-through detention time for separation of
oil and sediment from the stormwater flow

g) The total wet storage of the gravity separator unit should be at least 400 cubic feet per
contributing impervious acre.

h) The minimum depth of the permanent pools should be 4 feet.

i) Horizontal velocity through the separation chamber should be 1 to 3 ft/min or
less. No velocities in the device should exceed the entrance velocity.

i) A frash rack should be included in the design to capture floating debris,
preferably near the inlet chamber to prevent debris from becoming saturated
with oil.

k) Ideally, a gravity separator design will provide an oil draw-off mechanism to a separate
chamber or storage area.

) Adequate maintenance access to each chamber must be provided for inspection and
cleanout of a gravity separator unit.

m) Gravity separator units should be watertight to prevent possible groundwater
contamination.

n) The design criteria and specifications of a proprietary gravity separator unit should be
obtained from the manufacturer.

5.6.8 Alum Treatment Systems
5.6.8.1 Description

The process of alum (aluminum sulfate) freatment provides treatment of stormwater runoff from a
piped stormwater drainage system entering a wet pond by injecting liquid alum into storm sewer
lines on a flow-weighted basis during rain events.

5.6.8.2 Discussion

When added to runoff, liquid alum forms nontoxic precipitates of aluminum hydroxide [AlI{OH)3]
and aluminum phosphate [AIPO4], which combine with phosphorus, suspended solids and heavy
metals, causing them to be deposited info the sediments of the receiving waters in a stable,
inactive state.

The alum precipitate formed during coagulatfion of stormwater can be allowed to settle in
receiving water or collected in small settling basins. Alum precipitates are stable in sediments and
will not redissolve due to changes in redox potential or pH under conditions normally found in
surface water bodies. Laboratory or field testing may be necessary to verify feasibility and fo
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establish design, maintenance, and operational parameters, such as the optimum coagulant
dose required to achieve the desired water quality goals, chemical pumping rates and pump
sizes.

5.6.8.3 Stormwater Management Credits

Alum freatment has been assigned quanfifiable stormwater management credits that can be
used to help meet Jasper County's stormwater management requirements.

a) Stormwater Runoff Reduction: None. Alum treatment, by its very nature, does not
provide for the reduction of post-construction stormwater runoff volumes.

b) Water Quality Protection: Assume that alum treatment provides a 90% reduction in TSS
loads, a 60% reduction in TN loads and a 90% reduction in bacterial loads.

In order to manage post-construction stormwater runoff and be eligible for these credits, alum
freatment must satisfy the planning and design criteria outlined below.

5.6.8.4 Planning and Design Criteria

Alum treatment systems are complex, and design details are beyond the scope of this manual.
However, further information can be obtained from Internet resources and by contacting local
municipalities and engineers who have designed and implemented successful systems. The
following are general guidelines for alum treatment systems:

a) Injection points should be 100 feet upstream of discharge points.

b) Alum concentration is typically 10 pg/I.

c) Alum tfreatments systems may need to control pH.

d) For new pond design, the required size is approximately 1% of the drainage basin size, as
opposed to 10 fo 15% of the drainage basin area for a standard detention pond.

e) No volume requirement is required when discharging to existing lakes.

5.6.9 Proprietary Structural Controls
5.6.9.1 Description

Proprietary structural controls are manufactured structural control systems available from
commercial vendors designed to treat stormwater runoff and/or provide water quantity control.

5.6.9.2 Discussion

There are many types of commercially-available proprietary stormwater structural controls
available for both water quality freatment and quantity control. These systems include:

Hydrodynamic systems such as gravity and vortex separators
Filtration systems

Catch basin media inserts

Chemical tfreatment systems

Package treatment plants

Prefabricated detention structures

Many proprietary systems are useful on small sites and space-limited areas where there is not
enough land or room for other structural control alternatives. Proprietary systems can often be
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used in pretreatment applications in a tfreatment train. However, proprietary systems are often
more costly than other alternatives and may have high maintenance requirements. Perhaps the
largest difficulty in using a proprietary system is the lack of adequate independent performance
data, particularly for use in Jasper County. Below are general guidelines that should be followed
before considering the use of a proprietary commercial system.

5.6.9.3 Stormwater Management Credits

Proprietary stormwater controls may be assigned quantifiable stormwater management credits
that can be used to help meet Jasper County's stormwater management requirements.
Stormwater credits will be based on independently conducted or reviewed performance
monitoring data.

a) Stormwater Runoff Reduction: To be determined (TBD).
b) Water Quality Protection: TBD

In order to manage post-construction stormwater runoff and be eligible for credits, proprietary
stformwater confrols must satisfy the planning and design criteria outlined below. Information
about how specific proprietary devices and systems can be used to help satisfy the stormwater
management criteria must be provided by the manufacturer and should be verified using
independently-reviewed performance monitoring dafa and calculations.  Information about
the performance of proprietary stormwater controls should be provide to the DSR at the earliest
design stage possible.

5.6.9.4 Planning and Design Criteria

In order for use as a limited application control, a proprietary system must have a demonstrated
capability of meeting the storm water management goals for which it is being infended. This
means that the system must provide:

a) General
i. Independent third-party scientific verification of the ability of the proprietary system to
meet water quality freatment objectives and/or to provide water quantity control.
i. Provenrecord of longevity in the field.
ii. Proven ability to function in Jasper County (e.g., climate, rainfall patterns, soil types,
etc.).

b) Performance Verification. For propriety systems to meet the third-party scientific
verification required above for water quality goals, the following monitoring criteria should
be met for supporting studies:

i. Atleast 15 storm events must be sampled.

i. The study must be independent or independently verified (i.e., may not be
conducted by the vendor or designer without third-party verification).

ii. The study must be conducted in the field, as opposed to laboratory testing.

iv. Field monitoring must be conducted using standard protocols which require
proportional sampling both upstream and downstream of the device.

v. Concentrations reported in the study must be flow-weighted.

vi. The propriety system or device must have been in place for at least one year at the
time of monitoring.

vii. Although local data is preferred, data from other regions can be accepted as long as
the design accounts for the local conditions.
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Table 5.1: How Stormwater Management Practices Can Be Used to Help Satisfy the Stormwater Management Criteria

Stormwater Management Practice Stormwater Runoff Reduction Water Quality Protection Manual Section Page Number
General Application Practices
"Credit": None. "Credit": Assume that a stormwater
pond provides an 80% reduction in TSS
Stormwater Ponds load, a 30% reduction in TN load, and a 5.5.1 5.5
70% reduction in bacteria load.
"Credit": None. "Credit": Assume that a stormwater
wetland provides an 80% reduction in
Stormwater Wetlands 1SS load, a 30% reduction in TN load, 552 5-10
and an 80% reduction in bacteria load.
"Credit": Subtract 100% of the storage |"Credit": Assume that a bioretention
volume provided by a non- area provides an 80% reduction in TSS
) ) ) underdrained bioretention area from  [load, a 60% reduction in TN load, and
Bioretention Areas, No underdrain the runoff reduction volume conveyed [an 80% reduction in bacteria load. 553 515
through the bioretention area.
"Credit": Subtract 50% of the storage "Credit": Assume that a bioretention
volume provided by an underdrained |area provides an 80% reduction in TSS
) ] ] bioretentino area from the runoff load, a 60% reduction in TN load, and
Bioretention Areas, Underdrain reduction volume conveyed through  |an 80% reduction in bacteria load. 5.53 5-15
the bioretention area.
"Credit": None. "Credit": Assume that a filtration
practice provides an 80% reduction in
) ) ) 1SS load, a 30% reduction in TN load,
Filtrafion Practices and a 40% reduction in bacteria load. 554 519
"Credit": Subtract 100% of the storage |"Credit": Assume that an infiltration
volume provided by an infiliration practice provides an 80% reduction in
Infiltration Practices practice from the runoff reduction 1SS load, a 60% reduction in TN load, 555 5.9
volume conveyed through the and an 80% reduction in bacteria load.
infiltration practice.

* Modified from the Coastal Stormwater Supplement to the Georgia Stormwater Management Manual.
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Stormwater Management Practice Stormwater Runoff Reduction Water Quality Protection Manual Section Page Number
"Credit": Subtract 100% of the storage ["Credit": Assume that a dry swale
volume provided by a non- provides an 80% reduction in TSS load,
Dry Swales, No Underdrain underdrained dry swale from the runoff |a 50% reduction in TN load, and a 60% 556 526
reduction volume conveyed through [reduction in bacteria load.
the dry swale.
"Credit": Subtract 50% of the storage "Credit": Assume that a dry swale
volume provided by an underdrained |provides an 80% reduction in TSS load,
Dry Swales, Underdrain dry swale from the runoff reduction a 50% redL.Jc‘rion in TN load, and a 60% 554 5.06
volume (RRv) converyed through the  |reduction in bacteria load.
dry swale.
"Credit": None. "Credit": Assume that a wet swale
provides an 80% reduction in TSS load,
Wet Swales a 25% reduction in TN load, and a 40% 5.5.6 5-26
reduction in bacteria load.
Limited Application Practices
Water Quantity Management Practices
Dry Detention Basins “Credit’: None. "Credit’: None. 5.6.1 5-29
"Credit": None. "Credit": Assume that a dry extended
detention basin provides a 40%
Dry Extended Detention Basins reduction in TSS load, a 10% reduction 5.6.1 5-29
in TN load, and a 20% reduction in
bacteria load.
Multi-Purpose Detenion Areas "Credit”: None. "Credit”: None. 5.6.2 5-31
Underground Detention Systems "Credit”: None. “Credit”: None. 5.6.3 5-33
Water Quality Management Practices
"Credit": None. "Credit": Assume that an organic filter
provides an 80% reduction in TSS load,
Organic Filters a 40% reduction in TN load, and a 40% 5.6.4 5-34
reduction in bacteria load.

* Modified from the Coastal Stormwater Supplement to the Georgia Stormwater Management Manual.

Jasper County, South Carolina

5-43

October 3, 2011



Stormwater Management Design Manual

Stormwater Management Practice

Stormwater Runoff Reduction

Water Quality Protection

Manual Section

Section 5

Page Number

Underground Filters

"Credit": None.

"Credit": Assume that an underground
filter provides an 80% reduction in TSS
load, a 30% reduction in TN load, and a
40% reduction in bacteria load.

5.6.5

5-35

Submerged Gravel Wetlands

"Credit": None.

"Credit": Assume that an submerged
gravel wetland provides an 80%
reduction in TSS load, a 20% reduction
in TN load, and a 40% reduction in
bacteria load.

5.6.6

5-36

Gravity (Oil-Grit) Separators

"Credit": None.

"Credit": Assume that a gravity (oil-grit)
separator provides an 40% reduction in
1SS load, a 10% reduction in TN load,

and a 20% reduction in bacteria load.

5.6.7

5-37

Alum Treatment Systems

"Credit": None.

"Credit": Assume that an alum
freatment system provides an 90%
reduction in TSS load, a 60% reduction
in TN load, and a 90% reduction in
bacteria load.

5.6.8

5-39

Proprietary Systems

"Credit": TBD

"Credit": TBD

569

5-40

* Modified from the Coastal Stormwater Supplement fo the Georgia Stormwater Management Manual.

Jasper County, South Carolina

5-44

October 3, 2011



Stormwater Management Design Manual Section 5
Table 5.2: Factors to Consider When Evaluating the Overall Feasibility of Stormwater Management Practices
Stormwater _
Management Drainage Area Area Required Slope Minimum Head me::g: P;b?;h to Soils Manual Section Page Number
Practice
General Application Practices
No restrictions,
although a
contributing drainage
area of between 10 to | 2-3% of contributin . .
Stormwater Ponds > . 9 15% max 6 to 8 feet No restrictions No restrictions 551 5-5
25 acres or a shallow drainage area
water table is typically
needed to maintain a
permanent pool
No restrictions,
although a
contributing drainage
area of between 5 to 3-5% of contributin
=270 . . . .
Stormwater Wetlands| 25 acres or a shallow ; 9 15% max 2 to 5 feet No restrictions No restrictions 5.5.2 5-10
) . drainage area
water table is typically
needed to maintain a
permanent water
surface
Should drain within 48
) ) 5-10% of tributi .
Bioretention Areas 5 acres ° 9 contibuting 6% max 42 to 48 inches 2 feet hours of end of 5.5.3 5-15
drainage area )
rainfall event
Should drain within 36
) . . 3-5% of tributi
Filtration Practices 2 to 10 acres > O. contibuting 6% max 2to 5 feet 2 feet hours of end of 554 5-19
drainage area )
rainfall event
5% of contributin Should drain within 48
Infiltration Practices 2to 5 acres ) 9 6% max 42 to 48 inches 2 feet hours of end of 555 5-22
drainage area .
rainfall event
. . 0.5% to 4%, although Should drain within 48
5-10% of tirbuti ) .
Dry Swales 5 acres ° 9 contirbuting 1% to 2% is 36 to 48 inches 2 feet hours of end of 5.5.6 5-26
drainage area )
recommended rainfall event
L 0.5% to 4%, although
10-20% of contributin . o .
Wet Swales 5 acres 0_ 9 1% to 2% is 1to 2 feet No restrictions No restrictions 5.5.6 5-26
drainage area
recommended

* Refer to Section 5.4.1 (Page 5-4) for a description of each feasibility factor.

* Modified from the Coastal Stormwater Supplement to the Georgia Stormwater Management Manual.
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Table 5.2: Factors to Consider When Evaluating the Overall Feasibility of Stormwater Management Practices

Section 5

Stormwater -
Management Drainage Area Area Required Slope Minimum Head me::g: P;b?;h to Soils Manual Section Page Number
Practice
Limited Application Practices
Water Quantity Management Practices
. . . 1-3% of contributin o
Dry Detention Basins No restrictions > ) g 15% max 4 to 8 feet 2 feet No restrictions 5.6.1 5-29
drainage area
-30, i i
Dry Extgnded . No restrictions 1-3% O.f contributing 15% max 4 to 8 feet 2 feet No restrictions 5.6.1 5-29
Detention Basins drainage area
Multi-Purpose - 1-3% of contributin .
) P No restrictions > ) g 15% max 4 to 8 feet 2 feet No restrictions 5.6.2 5-31
Detention Areas drainage area
Underground . .
: No restrictions N/A 15% max 4 to 8 feet 2 feet No restrictions 5.6.3 5-33
Detention Systems
Water Quality Management Practices
Should drain within 36
- 3-5% of contributin
Organic Filters 10 acres >0 g 6% max 2 to 5 feet 2 feet hours of end of 5.6.4 5-34
drainage area )
rainfall event
Should drain within 36
Underground Filters 10 acres N/A 6% max 2 to 5 feet 2 feet hours of end of 5.6.5 5-35
rainfall event
L 0.5% to 4%, although
Submerged Gravel 3-5% of contributin ) . .
g 5 acres > ) g 1% to 2% is 2to 5 feet No restrictions No restrictions 5.6.6 5-36
Wetlands drainage area
recommended
Gravity (Oil-Grit .
Y ( ) 5 acres N/A 6% max 4 feet 2 feet No restrictions 5.6.7 5-37
Separators
No restrictions,
although a contributin
drainage area of 6 to 8 feet typically
Alum Treatment between 10 to 25 N/A N/A needed to N/A N/A 56.8 5.39
Systems acres or a shallow construct a
water table is typically stormwater pond
needed to construct a
stormwater pond
Proprietary Systems TBD TBD TBD TBD TBD TBD 5.6.9 5-40

* Refer to Section 5.4.1 (Page 5-4) for a description of each feasibility factor.

* Modified from the Coastal Stormwater Supplement to the Georgia Stormwater Management Manual.
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Table 5.3: Factors to Consider When Evaluating the Applicability of Stormwater Management Practices on a Development Site

Stormwater . Rural Use Suburban Use Urban Use Construction Cost Maintenance Manual Section Page Number
Management Practice
General Application Process
Stormwater Ponds v v N/A Low Low 5.5.1 55
Stormwater Wetlands v v N/A Low Medium 552 5-10
Bioretention Areas \/ \/ \/ Medium Medium 5.5.3 5-15
Filtration Practices ¥ v v High High 5.5.4 519
Infiltration Practices v v v Medium High 555 522
Dry Swales v v * Medium Medium 55.6 5-26
Wet Swales v v * Medium Medium 55.6 5-26
Limited Application Practices
Water Quantity Practices
Dry Detention Basins v v N/A Low Low 5.6.1 529
Dry Extended v v N/A Low Low 5.6.1 529
Detention Basins
Multi-Purpose
Detartior Ao 3 v v Low Low 562 531
Underground . .
Detention Systems N/A N/A v High Medium 563 533
Water Quality Practices
Organic Filters % % v High High 5.6.4 5-34
Underground Filters \/ High High 5.6.5 5-35

Noftes:
\/ = Suitable for use on development sites located in these areas
* = Under certain situations, can be used on development sites located in these areas.
N/A = Not Applicable.
* Refer to Section 5.4.2 (Page 5-5) for a description of each evaluation factor.
* Modified from the Coastal Stormwater Supplement to the Georgia Stormwater Management Manual.
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Table 5.3: Factors to Consider When Evaluating the Applicability of Stormwater Management Practices on a Development Site

Section 5

\/ = Suitable for use on development sites located in these areas
* = Under certain situations, can be used on development sites located in these areas.
N/A = Not Applicable.
* Refer to Section 5.4.2 (Page 5-5) for a description of each evaluation factor.
* Modified from the Coastal Stormwater Supplement fo the Georgia Stormwater Management Manual.

Stormwater 9 Rural Use Suburban Use Urban Use Construction Cost Maintenance Manual Section Page Number
Management Practice
Submerged Gravel . .
Wetlame, 3 3 v High High 5.6.6 536
Gravity (Qil-Grit) . ;
Separafors ¥ ¥ v High High 5.6.7 5-37
Alum Treatment v v N/A High High 568 5-39
Systems
Proprietary Systems ¥ % v TBD BD 569 5-40
Notes:
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6.0 Stormwater Management Plan Development
6.1 General

To assist in the assessment of a site's stormwater management system, a stormwater
management concept plan for the proposed development project shall be developed and
preliminary concept plans shall be discussed at pre-application conferences. The stormwater
management concept plan should illustrate the layout of the proposed development project
and should show, in general, how post-construction stormwater runoff will be managed on the
development site.

The creation of a stormwater management concept plan allows the designer to make decisions
about the layout of the proposed development project. During the creation of the stormwater
management concept plan, most of the site layout, including the layout of lots, buildings,
roadways, parking areas, sidewalks and green infrastructure and stormwater management
practices, can be completed.

An iterative, eight-step process can be used to create and assess a stormwater management
concept plan:

Step 1: Use Better Site Planning Techniques

Step 2: Use Better Site Design Techniques

Step 3: Calculate Stormwater Runoff Control Volume

Step 4: Apply Low Impact Development Practices

Step 5: Check To See If Stormwater Management Criteria Have Been Met
Step 6: Apply Stormwater Management Practices

Step 7: Check To See If Stormwater Management Criteria Have Been Met
Step 8: Finalize Stormwater Management Plan

Each step in this iterative, eight-step process for creating and assessing a stormwater
management concept plan is described in more detail below.

6.2 Approach
6.2.1 Step 1: Use Better Site Planning Techniques

The first and, perhaps, most important step in the process of developing a stormwater
management concept plan is fo use better site planning techniques during the layout of the
proposed development project. The better site planning techniques recommended for use in
Jasper County are discussed in Section 4.0.

The use of these better site planning techniques not only helps protect important primary and
secondary conservation areas from the direct impacts of the land development process, but also
helps preserve pre-development site hydrology and reduce post-construction stormwater runoff
rates, volumes and pollutant loads.

Protecting primary and secondary conservation areas can be thought of as a self-crediting
stormwater management technique (i.e., protecting them implicitly reduces post-construction
stormwater runoff rates, volumes and pollutant loads); however, it is important not to overlook the
stformwater management and other environmental benefits that these better site planning
techniques provide. Better site planning techniques have been assigned quanftifiable
stormwater management credits that can be used when calculating the stormwater runoff
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volumes associated with the post-construction stormwater management criteria. Table 4.1
(page 4-52 through 4-56) summarizes these credits.

6.2.2 Step 2: Use Better Site Design Techniques

The next step in the process of developing a stormwater management concept plan is to use
better site design techniques during the design of the proposed development project. The better
site design techniques recommended for use in Jasper County are discussed in Section 4.0.

The use of these better site design techniques not only helps minimize land disturbance and the
creation of new impervious and disturbed pervious cover, but also helps preserve
pre-development site hydrology and reduce post-construction stormwater runoff rates, volumes
and pollutant loads.

The use of better site design techniques can be thought of as a self-crediting stormwater
management technique (i.e., using them implicitly reduces post-construction stormwater runoff
rates, volumes and pollutant loads). Table 4.2 (page 4-57 through 4-59) summarizes these
credits.

6.2.3 Step 3: Calculate the Stormwater Runoff Reduction Volume

By using a variety of better site planning and design techniques during the creation of a
stormwater management concept plan, it is possible to significantly reduce post-construction
stormwater runoff rates, volumes and pollutant loads on a development site. This helps reduce
the size and cost of the low impact development and stormwater management practices that
are needed to address Jasper County’s stormwater management requirements.

The amount of stormwater runoff reduction needed fo satisfy the stormwater runoff reduction
criteria, known as the runoff reduction volume (RRv), can be calculated by multiplying the depth
of rainfall generated by the target runoff reduction rainfall event (85t percentile storm event) by
the site area and a volumetric runoff coefficient (Rv):

RRv = (P) (Rv) (A) = (12) (6-1)

Where:
RRv = runoff reduction volume (acre-feet)
P = target runoff reduction rainfall (inches)
Rv = volumetric runoff coefficient
A = site area (acres)
12 = unit conversion factor (in./ft.)

A site’s volumetric runoff coefficient, Rv. is directly related to the amount of impervious cover
found on the site:

Rv=0.05 + 0.009(1) (6-2)

Where:
| = site imperviousness (%)
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Calculating the stormwater runoff volume associated with the stormwater runoff reduction
criteria is provided below:

e Measuring Impervious Area: The amount of impervious cover found on a development
site can be measured directly from a set of development plans.

¢ Multiple Drainage Areas: When a development site contains or is divided into multiple
drainage areas, it is recommended that RRv be calculated and addressed separately
within each drainage area.

o Off-Site Drainage Areas: Stormwater runoff from off-site drainage area may be diverted
and conveyed around a development site and excluded from the RRv calculations.

6.2.4 Step 4: Apply Low Impact Development Practices

The next step in the process of developing a stormwater management concept plan is to
distribute low impact development practices across the development site. The low impact
development practices recommended for use in Jasper County are discussed in Section 4.7.

After an initial layout of the proposed development project has been completed using better site
planning and design techniques and the runoff reduction volumes has been calculated, the
designer should be able to begin distributing low impact development practices across the
development site. Many of these practices can be placed in the disturbed and undisturbed
pervious areas that were protected earlier in the process through the use of better site planning
and design techniques.

At this point in the site planning and design process, a designer should have a good
understanding of the post-construction stormwater runoff rates, volumes and pollutant loads that
they will need to manage on the development site. Low impact development practices should
be used, to the maximum extent practical, to reduce these post-construction stormwater runoff
rates, volumes and pollutant loads on the development site. Additional information about these
low impact development practices, including information about their proper application and
design, can be found in Section 4.0.

When applying low impact development practices to a development site, it is important that
they be treated just like stormwater management practices. They should be placed in drainage
or maintenance easements and included in all stormwater management system inspection and
maintenance plans.

All of the low impact development practices recommended for use in Jasper County have been
assigned quantifiable stormwater management credits that can be used to help satisfy the
reduction of the calculated runoff reduction volume. Table 4.1 (page 4-52 through 4-56)
summarizes all of these credifs.

6.2.5 Step 5: Check to See If Stormwater Management Criteria Have Been Met

By distributing runoff reducing low impact development practices across a development site,
and applying the associated stormwater management credits, it is possible to significantly
reduce post-construction stormwater runoff rates, volumes and pollutant loads. Therefore, at this
point in the process of developing and assessing a stormwater management concept plan, the
reduction of the runoff reduction volume should be checked.
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Depending on the number and type of low impact development practices that have been used,
the post-construction stormwater runoff rates, volumes and pollutant loads generated on the
development site may have been significantly reduced. If so, the need for larger and more costly
stformwater management practices, such as wet ponds and stormwater wetlands, may have
been significantly reduced or may have been eliminated altogether.

6.2.6 Step 6: Apply Stormwater Management Practices

Once it has been determined that the runoff reduction volume cannot be reduced exclusively
through the use of green infrastructure practices, the next step in the process of developing a
stormwater management concept plan is to use stormwater management practices to further
manage stormwater runoff rates, volumes and pollutant loads on the development site.

Stormwater management practices (also known as structural stormwater controls, structural
stormwater best management practices or structural stormwater BMPs) are engineered facilities
designed to intercept and manage post-construction stormwater runoff rates, volumes and
pollutant loads. The stormwater management practices recommended for use in Jasper County
have been divided into two groups: (1) general application practices; and (2) limited application
practices. The stormwater management practices are described further in Section 5.0.

After low impact development practices have been distributed across the development site,
and it has been deftermined that the runoff reduction volume cannot be satisfied exclusively
through the use of green infrastructure practices, a designer should be able to begin applying
stformwater management practices to the site to further manage post-construction stormwater
runoff rates, volumes and pollutant loads. Stormwater management practices should be placed
downstream of any previously applied green infrastructure practices to form what are known as
“stormwater management trains”.

When applying stormwater management practices to a development site, they should be
placed in drainage or maintenance easements and included in all stormwater management
system inspection and maintenance plans. Additional information about the use of stormwater
management practices, including information about their proper application and design, can
be found in Section 5.0.

All of the stormwater management practices recommended for use in Jasper County have been
assigned quantifiable stormwater management credits corresponding to the stormwater
management benefits that they provide. These credits can be used to help satisfy the runoff
reduction volume criteria or water quality tfreatment criteria. Table 5.1 (page 5-42 through 5-44)
summarizes all of these credifs.

6.2.7 Step 7: Check to See If Stormwater Management Criteria Have Been Met

Once stormwater management practices have been applied to a development site, site
planning and design teams should check to make sure that the runoff reduction volume or water
quality criteria have been completely satisfied. If the criteria have not been met, designers will
need fo go back to the stormwater management concept plan and apply additional low
impact development and stormwater management practices to further reduce and manage
post-construction stormwater runoff rates, volumes and pollutant loads on the development site.

On many development sites, the process of developing a stormwater management concept
plan will be an iterative process. When compliance with the criteria is not achieved on the first fry,
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designers should return to earlier steps in process to explore alternative site layouts and different
combinations of green infrastructure and stormwater management practices. By periodically
checking to see if the criteria that have been met, they can significantly reduce the amount of
time that this iterative site design process may take.

6.2.8 Step 8: Finalize Stormwater Management Concept Plan

Once the criteria have been completely satisfied, the next step in the process of developing a
stormwater management concept plan is to finalize the plan. The final version of the stormwater
management concept plan should illustrate the layout of the proposed development project
and should show, in general, how post-construction stormwater runoff will be managed on the
development site. The stormwater management concept plan should include all of the
information of the stormwater management plan as discussed in Section 2.0.
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Jasper County Rainfall Frequency Spectrum Analysis
A.l Introduction

On average, approximately 104 storm events with measureable rainfall occur in Jasper County
per year. Most of these storm events are quite small, but a few can generate several inches of
rainfall or more. A Rainfall Frequency Spectrum (RFS) analysis is used fo estimate the relative
percentage of various rainfall events.  This Appendix presents a RFS analysis for Jasper County,
based on rainfall data collected at the Town of Ridgeland.

The RFS analysis presented in this Appendix is based on approximately 60 years of historical
rainfall data collected in Ridgeland including 1941 through 1999 and 2009 through 2010. The
analysis was conducted based on the methodology presented in technical Guidance on
Implementing Section 438 of the Energy Independence and Security Act (USEPA, 2009).

A.2 Rainfall Frequency Specirum (RFS) Analysis
The RFS analysis for Japer County included the following steps:

1. Obtaining the daily rainfall data for Ridgeland via the National Climactic Data Center
(http://www.ncdc.noaa.gov/oa/ncdc.himl).

2. Sequentially list positive rainfall values (i.e. greater than 0.0 inches).

3. Eliminate values less than 0.1 inches (it is assumed that these small events do not produce
runoff).

4, Using the data set from Step 3, calculate the percentile value (using the EXCEL percentile
function, representing the ki percentile of a value in a range) for various percentile
values of interest i.e. 85th, 90th, 100, etc.

5. Plot and/or summarize the percentile values.

Figure A-1 illustrates the positive rainfall values greater or equal fo 0.1 inch used in the RFS
analysis. Figure A-2 graphically illustrates the RFS analysis for Jasper County. Table A-1 below
summarizes the results of the RFS analysis for common percentile values (Savannah, GA results
are included for comparison).

As shown in this analysis the percentage of rainfall event in Jasper County that are less than 1.16
inches account for 85% of all rainfall events. Thus the rainfall amount that should be used in the
volume reduction calculations shall be 1.16 inches. For ease of use and to be conservative, this
value shall be rounded up to 1.2 inches.

Data Percentile
Points
Location (>=0.1in) 50 75 80 85 90 95 99 100
Ridgeland, Jasper Co., SC 4541 0.40 0.81 0.96 1.16 1.45 2.00 3.34 7.75
Savannah, Chatham Co., GA 4367 0.42 0.84 0.96 1.15 1.37 1.94 3.34 8.47

References

U.S. Environmental Protection Agency, 2009. Technical Guidance on Implementing the
Stormwater Runoff Requirements for Federal Projects under Section 438 of the Energy
Independence and Security  Act, EPA  841-B-09-001; December 2009.
www.epa.gov/owow/nps/lid/section438
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Figure A-1
Daily Rainfall
Ridgeland, Jasper County, SC
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Figure A-2
Rainfall Frequency Spectrum Analysis
Ridgeland, Jasper County, SC
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B.1 Infroduction

To better illustrate the step by step process that can be used to create and assess a stormwater
management plan, a simplified example project will be examined. The example project
includes is a 3.00 acre site as illustrated in Figure B-1. The site's existing conditions include an
existing cleared field and a stand of existing native trees. A small drainage channel on the lower
portion of the site (in the existing tree line) carries off-site flows (and on-site flows) to the culvert
under the road. The soils on the site belong to hydrologic soil group (HSG) C.

ROAD

EXISTING TREELINE

AY)
l
-~

CULVERT

Figure B-1
Example Project Existing Conditions

The proposed improvements for the site include a building, front parking lot and driveway, side
parking lot and driveway, and various sidewalks. The proposed improvements are illustrated in
Figure B-2, and include approximately 1.29 acres of impervious area.
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Figure B-2
Example Project Proposed Improvements

B.2 Example Stormwater Management Plan

The iterative, eight-step process outlined in Section 6.0 can be used to create and assess a
stformwater management concept plan as follows:

Step 1: Use Better Site Planning Techniques

Step 2: Use Better Site Design Techniques

Step 3: Calculate Stormwater Runoff Control Volume

Step 4: Apply Low Impact Development Practices

Step 5: Check To See If Stormwater Management Criteria Have Been Met
Step 6: Apply Stormwater Management Practices

Step 7: Check To See If Stormwater Management Criteria Have Been Met
Step 8: Finalize Stormwater Management Plan

Each step in the process is discussed for the development and assessment of a conceptual
stormwater management plan in the sections below.

B.2.1 Step 1: Use Better Site Planning Techniques

Better Site Planning Techniques (Section 4.5) include the protection of primary and secondary
conservation areas. The design team for the example project recognized that the existing trees
and drainage featfure on the lower portion of the site where a candidate for conservation
protection. A 0.55 acre conservation area was established for that would protect the existing
trees and drainage feature on the site. The conservation area is illustrated in Figure B-3.
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Figure B-3
Example Project Conservation Area

B.2.2 Step 2: Use Better Site Design Techniques

Better Site Design Techniques (Section 4.6) are techniques that can be used by a designer to
limit the amount of cleared, disturbed pervious area and impervious area for a development
site. The techniques encourage the designer to assess various components of the development
(i.e., clearing and grading, road widths, parking lot footprint, etc.) to revise planned disturbed
areas and impervious areas to be smaller. In the example project, no better site design
techniques were applied.

B.2.3 Step 3: Calculate Stormwater Runoff Control Volume

Site Data

Site Area, A =3.00 acres

Post-Development Impervious Area = 1.29 acres

Soils=HSG C

85t Percentile Rainfall Event, P = 1.2 inches (from Appendix A)

Calculate Site Imperviousness (1)

| = (Impervious Area + Total Area) x 100%
[=(1.29 ac +3.00 ac ) x 100%

| =43%

Cdlculate Runoff Coefficient (Rv, EQuation 3-23)
Rv =0.05 + 0.009(l)

Rv =0.05 + 0.009(43)

Rv=0.44
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Cadlculate Required Runoff Reduction Volume (RRv, Equation 3-22)
RRv = (P) (Rv) (A) + (12)

RRv = (1.21in) (0.44) (3.00 ac) + (12in/ft)

RRv = 0.132 acre-feet

Calculate Better Site Planning and Better Site Design Credits

The better site planning and better site design credits (that are not self-crediting) can be
considered as a subfraction from the overall project area (and the required runoff reduction
volume could be recalculated based on the revised area). Alternatively, the credits can be
considered as a reduction in the required runoff reduction volume (RRy). For this example, the
credit (RRveredit) in required runoff reduction volume was calculated and a revised runoff
reduction volume was calculated.

RRvcredit = (P) (Rv) (A) = (12)
Veredit = (1.21in) (0.44) (0.55 ac) + (12 in/ft)
Veredit = 0.024 acre-feet

The revised required runoff reduction volume (RRy), after credit for better site planning and
better site design, is:

RRv-revised = RRv - Vcredit
RRv-revised = 0.132 acre-feet — 0.024 acre-feet
RRv-revised = 0.108 acre-feet

B.2.4 Step 4: Apply Low Impact Development Practices

Low Impact Development (LID) Practices (Section 4.7) include practices that are alternatives to
impervious surface and also include practices that receive (and store) runoff from impervious
areas and disturbed pervious areas. The design feam for the example project choose to make
the main parking lot a pervious pavement system and to include bioretention and a grass swale
as shown in Figure B-4.
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Figure B-4
Example Project Low impact Development Practices

The contributing drainage area for each LID practice was determined as illustrated in Figure B-5
as follows: pervious pavement — drainage area (DA) A; bioretention area - DAg; and grass swale
- DAc. The various types of areas within each drainage area is summarized in Table B-1
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Figure B-5
Example Project Drainage Areas
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Table B-1

Summary of Drainage Areas

Impervious | Pervious | Total Area
Description | Area (ac) | Area (ac) (ac)
DAA 0.65 0.00 0.65
DAs 0.62 0.68 1.30
DAC 0.02 0.25 0.27

B.2.5 Step 5: Check To See If Stormwater Management Criteria Have Been Met

Based on the preliminary layout illustrated in Figure B-5, the volume reduction credits for the LID
practice were calculated and compared to the required runoff reduction volume (RRy).

Calculate Permeable Pavement Credit

Since the project site has HSG C soils, it is assumed that an under-drained permeable pavement
system will be required. Per Table 4.1, the credit for an under-drained permeable pavement
system is 50% of the storage volume provide by the system. The volume provided by the system
was calculated based on the following:

Surface Area = 0.65 acres
Depth = 6 inches
Void ratio = 0.32

Note that the depth is the depth of stone reservoir beneath the permeable pavement, not the
thickness of the permeable pavement.

Veredit = 50% x Storage Volume

Veredit = 50% x Surface Area x Depth x Void Ratio
Veredit = 50% % 0.65 ac x 6 in x 0.32 + 12 in/ft
Veredit = 0.052 ac-ft

Calculate Bioretention Area Credit

Since the project site has HSG C soils, it is assumed that an under-drained bioretention area will
be required. Per Table 4.1, the credit for an under-drained bioretention area is 50% of the
storage volume provide by the system. The volume provided by the system was calculated
based on the following:

Surface Area =0.15 acres
Ponding Depth = 9 inches
Planting Bed Depth = 12 inches
Void Ratio of Planting Bed = 0.32

Veredit = 50% x Storage Volume

Veredit = 50% * (Surface Area x (Ponding Depth + (Depth of Planting Bed x Void Ratio)))
Veredit = 50% % (0.15ac x ( 2in+ (12in x 0.32))) + 12 in/ft

Veredit = 0.080 ac-ft

Calculate Grass Swale Credit

Per Table 4.1 (for HSG C soils), the credit for a grass channel is 12.5% of the runoff volume
conveyed by the system. The volume conveyed by the system is calculated by Equation 3-22
and 3-23:
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Imperviousness (I)

| = (Impervious Area + Total Area) x 100%
| =(0.02 ac +0.27 ac) x 100%

|=7.4%

Runoff Coefficient (Rv, Equation 3-23)
Ry =0.05 + 0.009(l)

Rv=0.05 + 0.009(7.4)

Ry=0.117

Runoff Volume (RRv, Equation 3-22)

RRv = (P) (Rv) (A) + (12)

RRv=(1.2in) (0.117) (0.27 ac) =+ (12 in/ft)
RRv = 0.003 ac-ft

Veredit = 12.5% x Runoff Volume
Vereait = 12.5% *x .003 ac-ft
Vereait = .000 ac-ft (or approximately 16 ft3, which is negligible for calculation purposes)

Total LID Veredit = Permeable Pavement Credit + Bioretention Area Credit + Grass Swale Credit
Total LID Vereait = 0.052 ac-ft + 0.080 ac-ft + 0.00 ac-ft
Total LID Vereqit = 0.132 ac-ft

Since the total LID Veredit (0.132 ac-ft) is greater that the revised required runoff reduction volume
(RRvrevised) Of 0.108 acre-feet, the stormwater management plan meets the volume control
portion of the Jasper County stormwater management requirements.

B.2.6 Step 6: Apply Stormwater Management Practices

Since the site meets the volume control portion of the Jasper County stormwater management
regulations, no additional stormwater management practice are required to meet the water
quality (pollutant load) portion of the Jasper County stormwater management regulations, as
long as designed according to manual. However, the site must still meet the peak discharge
rate requirements of the Jasper County stormwater management regulations, which require
post-development peak rates to be less than or equal to pre-development rates for the 2-, 10-,
and 25-year storm events.

The design and assessment of stormwater peak rate attenuation practice is beyond the
purposes of this example and is well documented within other resources. However, to continue
the example, it is assumed that a stormwater pond (Section 5.5.1) will be required as illustrated in
Figure B-6 to comply with the stormwater standards.
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Figure B-6
Example Project Stormwater Management System

B.2.7 Step 7: Check To See If Stormwater Management Criteria Have Been Met

Following the implementation of the stormwater pond, the example project designers would
assess the peak rate discharge of the site in post-development and compare it to pre-
development rates. For the purposes of this assessment, it is assume that the pond aftains the
needed peak discharge aftenuation to meet the requirements for the 2-, 10-, and 25-year
stormwater events.

However, the implementation of the stormwater pond has added to the site's imperviousness
and must be accounted for in revised calculators. Assuming that the pond will have a
permanent pool (i.e. wet pond) with an area of 0.23 acres, the site imperviousness would be
increased.

Calculate Site Imperviousness (I)

lrevised = (IMmpervious Area + Total Area) x 100%
lrevised = ((1.29 ac + 0.23 acres) + 3.00 ac) x 100%
Irevised = 51%

Calculate Runoff Coefficient (Rv, Equation 3-23)
Rv =0.05 + 0.009(1)

Rv =0.05 + 0.009(51)

Ry = 0.51

Calculate Required Runoff Reduction Volume (RRv, Equation 3-22)
RRv = (1.21in) (0.51) (3.00 ac) + (12in/ft)
RRv = 0.153 acre-feet
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Calculate the Revised Required Runoff Reduction Volume
RRv-revised = RRv - Vcredit

RRv-revised = 0.153 acre-feet — 0.024 acre-feet

RRv-revised = 0.129 acre-feet

Since the total LID Veredit (0.132 ac-ft) is still greater than the revised required runoff reduction
volume (RRvrevisea) Of 0.129 acre-feet, the stormwater management plan still meets the volume
control porfion of the Jasper County stormwater management requirements. Had the
implementation of the stormwater pond increased the RRvrevised TO a volume greater than what
could be provided under the proposed stormwater management approach ( LID Vcredit), then
additional conftrols or better site design practices would have been required.

B.2.8 Step 8: Finalize Stormwater Management Plan
Based on the assessment of the conceptual stormwater management plan illustrated above,

the site's stormwater management plan can be finalized and detailed design calculations for all
components can be completed.
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